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ABSTRACT 

The cycloaddition of benzonitrile oxide to 2-alkoxy-5,6-

dihyclro-2H-pyrans was investigated with particular interest 

in the factors affecting the regio- and stereoselectivity 
of the reaction. 	The 2-methoxy analogue showed weak 
activity and little selectivity. The isolated products 

consisted of two by-products, three 1:1 cycloadducts and 

three 2:1 cycloadducts. The -butoxy analogue afforded 

only two cycloadducts. Both arose from attack anti to the 
bulky alkoxy substituent. 

Addition of benzonitrile oxide and Q,j-dipheny1njtrone to 
a bridged pyran, 6,8-dioxabicyclo[3 .2. l]oct-3-ene, showed 
similar selectivity and much enhanced reactivity. 

Levoglucosenone, a chiral bicyclic enone showed excellent 

reactivity and selectivity in reaction with benzonitrile 

oxide. Two cycloadducts were isolated in a ratio of ca. 

100:1 and a combined yield of 71%; the major adduct having 

added from the face anti to the methyleneoxy bridge. This 

isoxazoline was investigated further in reactions involving 

reduction of the carbonyl group, acetal formation and 
nucleophilic addition of nitromethane. 

Levoglucosenone was also shown to be a reactive 

dipolarophjle to other 1,3-dipoles such as nitrones, a 

nitrile imine and a carbohydrate nitrile oxide. 	The 
chemistry of some of these adducts was also investigated. 

Finally, the Michael addition of nitromethane to 

levoglucosenone was investigated under many different 

conditions and with different basic catalysts. The aim was 

to synthesise levoglucosenone with a primary nitro 

substituent to use as a nitrile oxide precursor. 	The 
series of reactions afforded 8 identifiable products, none 

of which was the desired Michael adduct. 
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1. 	INTRODUCTION 

Foreword 

1,3-Dipoles have become a large and wide-ranging area of 

synthetic chemistry since the classification was first 

proposed by R Huisgen in 19581. Although many of these 

species have been well-known for considerably longer it is 

only more recently that their structures have been 

recognised as members of this generic group. 	Prime 
examples are the 1,3-dipolar gases ozone and nitrous oxide 

which are familiar to the chemist and the layman alike. 

The usefulness and scope of 1,3-dipole chemistry has grown 

such that the cumulative literature on the subject has 

become too extensive to be covered comprehensively in this 

introduction. Consequently topics are restricted to those 

most relevant to the work of the project. 

Further information on other aspects of 1,3-dipolar 

cycloadditjon chemistry can be found in Padwa's 

comprehensive volumes  entitled 111,3-Dipolar Cycloadditjon 
Chemistry". A significant proportion of this work concerns 

nitrile oxide cycloadditjons of which more detail can be 

found in Grundman and Grunanger's book  on "The Nitrile 
Oxides". 



1.1 	113-DIPOLES 

1.1.1 	General Description 

The classification of 1,3-dipoles encompasses all types of 

compound that possess the general electronic structure (1). 

This involves four electrons held in three parallel ?-

orbitals. The configuration of the electrons around the 

three heteroatoms in allyl-type dipoles is analogous to 

that of the allyl anion but with no net charge. 

Scheme 1 

R-CN-O.. RCN=O.S 

	

(2) 	 (3) 	 (4) 

	

. 	- 	+ 

	

R-C-N=O.. - R-C==N_O 	R-C=N_O 

	

(7) 
	

(6) 
	

(5) 

The most common representation of a 1,3-dipole is as the 

zwitterjonjc species (1) but the true nature of the system 

can only be appreciated by considering all the resonance 

forms as shown in scheme 1 for a typical nitrile oxide. 

These include the full octet structures (2) and (3), the 



sextet structures (4) and (5), the diradical species (6) 
and a carbene form (7). 

The importance of the diradical structure is a hotly- 

disputed issue and is discussed in more detail in section 
1.2.5. 

The shape of the dipole is bent if it is of the allyl type 

(8) but linear if it possesses an extra orthogonal 7-bond 

and has a propargyl-allenyl structure (9). The extra bond 

does not alter the fundamental chemistry of the system 

therefore both types of structure may be reviewed together. 

The most common dipoles are shown in table 1 as their full 
octet forms. 	The central atom is typically a group V 
element such as N (or P) or a group VI element such as 0 
(or S). 

The classification of compounds as 1,3-dipoles was first 

proposed by R 1-luisgen in 19581. At that time it was not 

easy to prove some of the structures as they were unstable 

and could only be proposed to exist as transient 

intermediates in the reactions of more stable precursors. 

Consequently it was many years before all the entries in 

table 1 had been completed. Many structures were only 

recognised from the tendency of the compounds to undergo 

typical 1,3-dipolar reactions. The best-known of these are 

3+2 cycloaddjtjon5 to double or triple bonds to form 

various five-membered heterocyclic rings. 	it isthese 
reactions that have stimulated the proliferation of 



Table 1 	Common Dipoles 

Propargyl-Allenyl Type 

itriliun Betaines 	 Diazonjuin I3etajnes 

+ - 
Nitrile Ylides 

+ - 
—CN---N— Nitrile linines 

+ - 
—C N-0 Nitrile Oxides 

NN — C 

NN —N— 
+ - 

NN -0 
I. 

Diazoalkanes 

Azides 

Nitrous Oxide 

—CN ---S Nitrile Sulphides 

Allyl Type 

Nitrogen Centre 
	 Oxygen Centre 

)C=N—CzoTnethine Ylides 

—N -rzomethine mimes 

"C=N-0 Nitrones 

+ 
- N=N—N—Aziniines 

- 

—N=N 
+ - 
-0 Azoxy Compounds 

+ - 
0 N—ONitro compounds 

11  1 

- 

Carbonyl Ylides 

+ 
"C=O—N—Carbonyl 

- 
mimes 

7 
+ - 

c==0-0 Carbonyl Oxides 

+ - 
—N= 0—N—Nitrosiniines 

- N= 
+ 
0-0 

- 
Nitrosoxides 

+ - 
0=0-0 Ozone 



interest in 1,3-dipoles and have led to their widespread 

use in all areas of synthetic chemistry. One of the most 

important developments has been their use in natural 

product synthesis in which the 1,3-dipolar cycloadditjon 

can provide a clean, efficient and highly selective route 
to compounds of biological interest. 



C 
	

1.2 	 DIPOLAR CYCLOADDITION REACTIONS 

1.2.1 	The Nature of the Cycloadditfon 

The characteristic l,3-dipolar Cycloaddjtjon is a concerted 

reaction between the dipole and a double or triple bond to 
form a five-membered ring. The two reactants approach in 

two parallel planes to form an orientation complex as shown 

in figure 1. This allows the two flewo-bonds to form with 

conservation of orbital symmetry. As would be expected 

from a Concerted reaction the configuration of a 
substituted alkene is preserved 4,5 

in the Cycloadducts 

The involvement of diradicals has been hotly disputed in 

the literature and is discussed in more detail in section 

1.2.5. The majority of evidence is against this proposal 

and the commonly-held belief is that the bond formation 

is concerted, though not necessarily synchronous due to the 
asymmetric nature of most dipoles6 . 

	

1.2.2 	
Rturbatjon Molecular Orbital Theory 

1,3-Dipolar cycloaddjtjons can be conventionally explained  

and in many cases predicted, by detailed consideration of 

the interacting frontier orbitals. This has led to many 
ab init08'9  and semi-empirical'0  studies based on perturbation 

molecular orbital (PM0) theory. 

The general case is illustrated in figure 2 which shows the 

interaction of the allyl anion frontier orbitals with those 

of ethylene. The combination results in the formation of 
two c- 

bonding molecular orbitals (BMO) and a non-bonding 
molecular orbital (NBMO). Four of the six electrons in 
these orbitals originated from the dipole and two from the 

alkene. The interactions of the highest occupied molecular 

orbitals (HOMO) and the lowest unoccupied molecular 

orbitals (LUMO) of the reactants determine the energy of 
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Figure 1 
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BMO's and therefore also affects the rate and nature of the 

reaction. As is shown in figure 3 when the interacting 

orbitals are closer in energy the stabilisation energy (AE) 

of the 's-bond is greater and the more influence this 

particular interaction has on the reaction. Comparison of 

the relative size of HO/LU and LU/HO interactions led 

Sustmann to classify 1,3-dipolar cycloadditions into three 
groups11 . 

The classes are shown in figure 4 and are differentiated by 

the nature of the dominant dipole MO interaction. Type I 

dipoles such as diazoinethene are controlled by the dipole 

HO/alkene LU interaction. At the other extreme, type III 

dipoles such as nitrous oxide are controlled by the dipole 
LU/alkene HO. 	Type II dipoles e.g. nitrile oxides and 

nitrile imines are under the influence of both 
interactions2 . 

1.2.3 	Regioselectjvjty 

The explanation of regioselectjvity is one of the most 

important uses of PMO theory. The orbitals shown so far 

have been symmetrical but this is very rarely the case in 
practice. 

According to Fukui's rule 12 
 the dominant interaction is that 

in which overlap of the largest orbitals occurs e.g. in 

transition state (10) rather than (11). Therefore, if the 

energy levels of the HO and LU and the sizes of the orbital 

coefficients at each terminus are known for both reactants 

the regioselectjvjty can be predicted. 	Firstly the 
dominant orbital interaction, HO/LU or LU/HO, is determined 

from the closeness of the energy levels, then the 

coefficients are compared to determine the optimum overlap. 



Figure 3 Variation in AE with orbital interaction 
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yl  

Figure 4 Sust]nann Classifications 
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This technique has claimed much success but it is limited 

by the influence of other factors. Regioselectjvity is 

also heavily affected by steric interactions which can in 

some cases outweigh the electronic effects13. Secondary 
orbital effects also play a part in the (de)stabilisation 

of the approach of reactants from certain directions thus 

influencing the outcome of the addition14 . 

1. 2.4 	Stereoselectjvjty 

The identification of the cycloadditjon products is further 

complicated by the possible formation of two stereoisomers 

for each regioisomer. These arise because the dipole may 

attack the dipolarophile from two distinct faces. 

PhR 

(12c) (1 2d) 

For example Caramella and Cellerjno investigated the 

cycloaddjtjon of benzonjtrjle oxide to a series of mono-

substituted cyclo-pentenes15. The relative proportions of 
the isomers (12a-d) varied with the electronic nature of 

the substjtuent, favouring isomer 12a for an electron donor 

and 12c for an electron withdrawing group. 

Control of the stereochemjcal outcome is largely due to 

steric effects. A small difference in the ease of approach 

to two faces may result in a large isomeric selectivity16. 



PMO theory does not favour one face over the other but a 

large effect may be seen due to secondary orbital 
interactions2'14. Influences can be exerted by dipole-dipole 
interactions and Van-der-waals forces. 

1.2.5 	The Concertedness of the Reaction 

1.2.5.1 	The Controversy 

There are three mechanisms to consider for 1,3-dipolar 
cycloaddjtjon reactions". 	The first is the concerted 
mechanism with simultaneous bond formation (scheme 2a). 

Scheme 2 	The Rival Mechanisms 

+ - 

W + Y 	a 	W 
Ncc/  

concerted X Oro' 

L 

/ wN\c_.c/z 
x'1  

7- 

The alternative hypothesis is the diradical mechanism which 

involves a stepwise addition of the dipole to the 
dipolarophile (scheme 2b). 	The third variation is a 
stepwise dipolar mechanism which proceeds via, a 

zwitterjonjc intermediate, (scheme 4, section 1.2.5.4). 



The generally accepted view 18,2 
 is that a typical 1,3-dipolar 

cycloaddition is a concerted symmetry-allowed 	+ 7r2, I 
reaction. It has been suggested that there is a small 

contribution from the diradical form to the ground state of 
the dipole5. 	The addition is not stepwise though the 
formation of the -bonds may be variably asynchronous 

depending on the nature of the dipole. 

1.2.5.2 	The Diradical Mechanism 

The main supporter of the diradical mechanism has been 
Firestone19, who believes that it is able to explain the 
experimental results of 1,3-dipolar cycloadditions. 

It has been claimed'0  that calculations based on the semi-
empirical MINDO/3 method show that a stepwise mechanism is 

consistent with the observed solvent effects, 

stereochemistry and reactivity scales of the reaction, but 

the authors admit that the calculations need more 

refinement and a larger data set. 

A more recent study 20 
 has used unrestricted Hartree-Foc]ç 

(UHF) theory to explore the geometries of dipoles. The 

conclusion reached was that dipoles of 24 electrons e.g. 

CNC, CNN, CNO are highly diradical in character. 	This 
preliminary study has not yet correlated with experimental 
results. 

The Conditions that favour this mechanism and disfavour a 

concerted process are those in which the dipole HO and LU 
are 	equally dominant 21 

i.e. aE, = LIE2. Also the stepwise 
process can be promoted by incorporating radical 

stabilisers in the reactants such as allyl groups. The 

concerted reaction is disfavoured by use of large steric 

groups to block a two-plane transition state. 



Using these Conditions to the full, Mayr has performed the 

first stepwise diradical dipolar cycloaddit ion22  as shown in 
scheme 3. 	

Ph 

Scheme 

Ph 

0 	P1 

7z 

Ph 

Ph 

Ph 

The reaction gave a 4 + 	product which is not an allowed 
product of a concerted process23. 	The mechanism was 
therefore concluded to be diradical, although no concrete 

evidence, such as trapping or ESR of the radical, was 
presented. 

1.2.5.3 	The Concerted Mechanism 

This is the theory that has found greatest support in the 

literature due to its compatibility with experimental 
results5 . 

A concerted mechanism coupled with PMO theory can explain 

the u-shaped activity curves for Sustmarin type II dipoles 

when the dipolarophjle is substituted by donating or 

withdrawing groups. it can also explain the single-sided 

curves seen for type I and III dipoles, whereas for a 

diradical mechanism there should be only one reactivity 
scale for all dipoles. 

The orbital symmetry of a concerted process allows [4+2] 

and [6+4] cycloaddjtjons which are both found 

experimentally. Were the mechanism diradical, there would 



I'-4 

be the possibility of [2+2] or [4+4] products. The absence 
of 	these products (until 1987 22

favours concerted bond 
formation. 

Perhaps the most significant evidence in favour of the 

concerted process is the retention of configuration of the 

reactants. 1,3-Dipolar cycloadditions proceed without loss 

of stereochemistry, thus both 0 -bonds must form together. 
Even Firestone has had to concede on this point19  in studies 
using cis and trans - 1,2-dideuterioethylenes, although he 

claims that the diradical mechanism may be proceeding at 

the same time but at a much slower rate. 

1.2.5.4 	The Stepwise Dipolar Mechanism 

The stepwise dipolar mechanism would be expected to show a 

large change in reaction rate on changing the solvent 
polarity. 	This is not generally observed hence the 

mechanism is disfavoured on these grounds in addition to 

the arguments against a stepwise mechanism discussed in 
section 1.2.5.2. 

Scheme 4 	The Stepwise Dipolar Cycloaddition 
+ 
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Despite this evidence it has recently been shown 24,25 
to be 

Possible to force the reaction to proceed by a stepwise 
mechanism Using extreme conditions. 

Huisgen used thiocarbonyl ylides which have very high FMO 

energy levels. These are so high that the dipoles only add 

to electron poor alkenes and the HO is so strongly 

dominating that unilateral electron flow Occurs to give a 
zwitterion 	

Addition of the Substituted ylide (13) to 
dicyanofumarate (14) gave a high yield of the cis and trans 

isomers in a ratio of 48:52. The mechanism is illustrated 
in Scheme 4. 



1.3 	NITRILE OXIDES 

1.3.1 	Structure and History 

Nitrjle Oxides are Propargy1_a11eny type 1,3-dipo1es that 

	

have the canonical forms shown in scheme 1. 	Although 
normally represented as the octet form they owe much of 
their nature to the other structures26 	The ambivalent 
electrophilic/nucleophilic nature of the termini is due to 

contributions by the sextet forms. The carbene structure 

has been suggested to be responsible for the facile 
diniersation to furoxan27. 

Most nitrile oxides are too reactive to isolate except at 

low temperatures. Some typical half-life times at room 
temperature 28 

are shown in table 2. 

Table 2 	Half-lives of Selected Nitrile Oxides 
benzonjtrile oxide (BNO) 	 30-60 minutes 
4-methoxy ENO 	

7-10 days 
4-methyl BNO 	

5-7 days 
2 6-di1nethy1 BNO 	

unlimited 
4-methoxy-2, 6-diinethyl ENO 	unlimited 
acetonitrile oxide 	

< 1 minute 
di_t_butylacetonitrjle oxide 	unlimited 

It can be seen from these values that the electronic 

influence of substjtuents has less effect on the 

decomposition than the sterjc bulk. This is evidence for 

decay by a mechanism in which the dimerisatjon is impeded by 
Preventing the approach of two nitrile oxides. 

The parent member of the series, forinonitrile oxide (HCNQ) 

does not show the typical reactivity seen for the rest of 
the series. 	

it is explosive even in polymeric or salt 

	

form. Even more unstable is cyanogen_bjS_fljj 	oxide 
(ONC-CNO) which self-detonates at -45°C29  

. Fortunately most 
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nitrjle oxides are not so reactive and are safe to use 

under normal conditions. To prevent diinerjsatjon of the 

dipole it is common to prepare it in situ and in low 
Concentration 

One of the most commonly-used and versatile members of the 
family is benzonjtrjie oxide (PhCNO). 	It was first 
discovered30  in 1894 and was isolated in a crystalline form 
some years later31. Although the first cycloaddjtjon using 
benzonjtrjie oxide was performed in 1937 it was almost a 

decade before the active species was determined4. Following 
this discovery the cycloaddjtjon of flitrile oxides to 

olefins has become a subject that attracts much research 
effort around the world. 

1.3.2 	Peparatjon 

Although nitrile oxides have been identified as transient 

intermediates in numerous reactions there are only a few 

methods for their preparation as shown in scheme 5. 

Scheme 5 	Nitrjle Oxide Generation 

R 	P 

RCH2NO2 	
// 
c - c 

 \\+ 
+ / N\/N\  

R—CN—O 15) 

/ 	\-co2 
- 	 \R'OH 

RCXNOH 	 RCHNO2CO2R' 



The Mukaiyama method involving dehydration of nitro 
compounds with isocyanates32 is one of the most widely-used 
methods. The proposed mechanism for this reaction is shown 
in scheme 6. 

Scheme 6 	The Mukajyama Dehydration 

RCH2NO2 + Et3N 	iii± (RcHNo) + R3 H 

0 0- 
(RCHNO2I) 	 PhN_Ot

11 
!ICHR 

Ph N = C= 0 

o 	 PhNHCQ2H 
J—ONI + H H C) Ph CHR --PhNCO2—N=Cp--_. 	

+ 
H IR C~N_61 

Other dehydrating agents that have been used include acid 
chlorides 33,34 , acid anhydrides 35, p-toluene suiphonic acid 
with heating '37, sulphuric acid 38, phosphorus oxychioride 
(POd 3)39 and diketene40. 	This range of reagents allows 
selection of the most appropriate reaction Conditions. 

Some dipolarophjles cause problems with this method due to 
side-reactions, e.g. carbonyl groups tend to be reactive, 
as 	might be expected 32 from the mechanism of step b in 
scheme 6. 

An equally Common means of generation is base-catalysed 

elimination of HC1 from the corresponding hydroximoyl 
chloride41. 	Benzohydroxjmoyl chloride is made from the 
oxiine by the action of chlorine gas42 or hypochlorite43'44 and 
can be either prepared in situ or isolated as a stable 
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crystalline solid. 

A similar reaction occurs on addition of base to bromo-

oxilnes, which can be conveniently made 45 using N-
bromosuccinimide (NBS) in dry DMF. 

The use of base can be avoided by making the silyl ether 

derivative of the chioro-oxime and generating the nitrile 
oxide with potassium fluoride46. 

Thermolytjc techniques can avoid the need for any reagents 

and have been successfully used to generate nitrile oxides 

by rearrangement reactions at temperatures in the region of 
2000C4?.  

A reversal of the dimerisation process involving 
therinolysis48  or flash vacuum pyrolysis49 (p'vp) of the 
disubstituted furoxan(15) can regenerate the nitrile oxide. 

The use of FVP in this way may be advantageous due to the 

short res4nce time of the product in the furnace. 

1.3.3 	Reactions of Nitrile Oxides 

The short life-time of nitrile oxides is due mainly to the 

ease of dimerisatjon to furoxans (1,215-oxadjazoj.e--N- 
oxides, 15) 

rR N1 
2 RCN0  

I R-C=N+ 

L 
(15) 



Such furoxans are very common by-products in nitrile oxide 
cycloadditjons27'51. If the dimerisation is prevented, e.g.. 

by steric constraints, then nitrile oxides may rearrange to 
isocyanates on heating3 . 

They may be deoxygenated by various reagents, such as 

trialkyl phosphites, to give good yields of the 

corresponding nitrile. The reversal of this process would 

be of use in the generation of nitrile oxides but no 

successful oxidation has yet been reported. 

Nitrile oxides are hydrolysed in water to give the 
hydroxainic acid30. This process is accelerated by acids or 

bases so all base-catalysed preparations of nitrile oxides 

proceed more cleanly in anhydrous conditions. 

Other reactions include nucleophilic attack at the carbon 

atom to give open-chain compounds3. This includes reactions 
with alcohols, amines, 6rignard reagents and even 

nucleophilic radicals. Addition of inorganic and organic 

acids can be used to regenerate the hydroximoyl halide. 

1.3.4 	1,3-Dipolar Cycloaddition Reactions of Nitrile 
Oxides 

1.3.4.1 	The General Case 

In general nitrile oxides exhibit reactivity that fits the 

Sustmann type II classification. 

Comprehensive coverage of the use of nitrile oxide 

cycloadaitions can be found in reviews by A. Padwa2  and 
Grundmann and Grunanger3. 

Selected examples will now be presented to show the nature 

and scope of the cycloadditjon with particular emphasis on 

topics relevant to this project i.e.. the reactions of 

benzonitrile oxide (BNO) with cyclic alkenes, enones and 



Unsaturated sugars. 

1.3.4.2 	Addition to Olefjris 

Addition of nitrile oxides to olefins leads to formation of 
2-isoxazolines (16). 	The high selectivity and cis- 
specificity of the reaction have led to its widespread use 
in synthetic applications52  Nitrile oxide Cycloacldjtjons 
(NOC) have been shown to be a good route to natural 
products53  when followed by hydrogenolytic cleavage of the 
isoxazoljne ring. 

Scheme 7 	The NOC Route 
0 	OH NH2OH 

(18) /I  
(17) 	 N-O  

N 	OH 	 NOH  

(16) 

L1ç 
( (19) 	 20)  

Ring cleavage can be controlled to give various products 
such as(3-hydroxy ketones (17)', -amino alcohols (18), 
(3-hydroxy nitriles (19)56 and o3 -Unsaturated oximes (2O). 

The addition of nitrile oxides to simple acyclic alkenes 

has been extensively Studied. For mono-substituted alkenes 
bearing electron-withdrawing (EW) or electron-donating (ED) 

substjtuents the major product is the 5-substituted 

isoxazoline (21). The reason for this selectivity can be 
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found by close examination of the frontier molecular 
orbitals17. An electron donor raises the energy of the 
dipolarophile molecular orbitals creating dominance of the 
dipole HO interaction. 

Figure 5 	Relative Frontier Orbital Energies 

X EDG 
Z = EWG 
C - Conjugation 

Figure 5 shows the MO sizes and levels for benzonitrjle 

oxide and their relation to levels for the different 
Substituted alkenes9. A conjugated alkene also possesses 
relatively high orbital energy levels and the cycloaddjtjon 

is still dominated by the dipole HO. 	An electron- 
withdrawing group can lower the levels such that both FMO 

interactions are equally significant, so the isomerism is 

determined by orbital interactions in the termini of the 
MO and LU of each reactant. 

The regioisomerism of the product can normally be clearly 
identified by 1H n.m.r. spectroscopy58  since the ring-
junction proton at C-5 of the isoxazo].jne ring will 

resonate at higher chemical shift than the one at C-4 due 
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to the electronegative effect of the oxygen atom. 

1.3.4.3 	cyclic Olefins 

Diphenyl furoxan (22) is well-known as a by-product of 
cycloadd it ions using benzonjtrjle oxide. 	Dipheny].oxa- 
diazole (23) is also commonly observed especially in 

additions involving unreactjve dipolaphi1es59. 	Two 
mechanisms have been proposed for its formation (scheme 8). 

Scheme 8 

+ - 
Ph—C--N-0 

IPhCNO 

Ph 	Ph 	/ 0 	X 

NJf) 
N7\ 	

Ph 
PhCNO 

Ph 	
Ph 	,'O 

A or 

Ph Y-) 

The major pathway is probably60  one involving nucleophiljc 
addition of triethylamine to the carbon of the nitrile 

oxide and subsequent cycloadd it ion, then elimination 
reactions. 	The alternative route is one involving 

formation of a 2:1 adduct which decomposes at the reaction 
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temperature to give the oxadiazole61. Diadducts such as 

these are found when using unreactjve dipolarophjles60'61 

because the double bond of the isoxazoljne is more reactive 

than the original alkene. To prevent diadduct formation, 
a 	large excess of dipolarophile is needed 61 

with a low 
concentration of dipole, which is usually achieved by slow- 
addition techniques3. 

The face-selectivity of the dipole has been investigated on 

symmetrical cyclic systems for which no regioisomerjsm is 

Possible. Addition to norbornene and its methyl analogue 
apobornene gave only products of 	-attack (scheme 9). 

Scheme 9 

Ph 

R= H,CH3  

sy n 

LII  
H 

anti" 

X=Y=OAc 
X,Y 

26) X,Y 	(CH 2)3  

This is explained by the effect of steric hindrance by the 

pseudo-axial d-hydrogens 5 and 662. 	A study of 
Substituted Cyclobutenes63  showed a strong predominance of 
yjl product for (24) but anti for (25) and (26). This is 

explained by charge transfer energy differences between 

R P rexo 

PhCNQ 

a 

endo 
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and anti-transition states. Calculations showed that for 

BNO and seven other dipoles the presence of the acetate 

groups in (24) caused the yn-attack to be energetically 
favoured by charge-transfer. This was so strong that it 

dominated over the steric blocking effect of the 
substj.tuents. 

Regioselectivity has been investigated for a series of 
lnonosubstjtuted cyclopentenes15. The Conclusion reached was 
that the more nucleophilic end of the alkene would 

Preferentially add to the carbon terminus of the dipole. 

This is in accord with results for acyclic akenes15. It was 
also noticed that anti-addition was greatly preferred to 
.yfl-addition with only one exception. The presence of an 
OH substituent caused more .yj2-product to be formed, maybe 
due to a hydrogen-bonding effect in which the oxygen of the 

dipole lowers the energy of the transition state. 

A 	similar study 64 
using a bicyclic dipolarophile gave an 

interesting result when using a cyano substituent. The 

regioselectivity of this system was enhanced from 60:40 to 
85:15 on adding Zn12  as a catalyst. The selectivity was 
not altered on using a different Lewis acid such as Aid 3 . 
The explanation offered was that the high affinity of Zn12  
for carbonitrile groups allowed it to form a complex with 

the substituent thus increasing the polarity of the 
olefjnic bond. 

The 	addition of benzonjtrile oxide 65 
and other nitrile 

oxides 66 
to exocycljc methylene groups has been shown to 

produce spiroisoxazoline products regioselectively and in 
high yield. 
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1.3.4.4 	Addition to Enones 

The conjugation of a carbonyl group with the alkene raises 

the energy levels of the molecular orbitals (figure 5). 

The dipole LUMO and enone HOMO are thus brought closer 

together, increasing the rate of reaction16  and in most 
cases giving very high regioselectivjty. The reaction is 

now controlled by the dipole LUM067  as for Sustmanrj type III 
dipoles. 

The cycloaddjtjon favours the 4-acyl isomer in nearly all 
cases 68 

and produces this isomer regiospecifically in the 

addition of benzonitrile oxide to cyclopentadjenone 69 , 
pyranones70  and sugar enones16 . 

1.3.4.5 	Addition to Carbohydrates 

NOC reactions have been used in carbohydrate chemistry to 

prepare natural products and their derivatives with 
potential biological activity7'. 	With this objective 
nitrile oxides have been added to carbohydrates 
incorporating pendant vinyl55 '71  and acetylenic72  groups. 
Benzonitrjle oxide has been added to endocyclic sugar 
alkenes 73 and enones74  but with better reactivity and 
selectivity for the conjugated system. 

The strategy has been reversed in some cases by generation 

of a sugar nitrile oxide from the hydroxiinoyl chloride 75 or 
nitro derivative 76 

and performing a cycloaddition to a non-
carbohydrate dipolarophile. In one case77  both the nitrile 
oxide precursor and the alkene were incorporated in the 

same molecule allowing an intramolecular NOC under 

Mukalyama conditions. 

Combining the ideas of sugar alkenes and nitrile oxides has 
recently provided 78 

a NOC route to Q-disaccharides, which 

are compounds of potential biological activity that are 



attracting growing interest. 

1.3.4.6 	Addition to Other Dipolarophiles 

The previous sections have only included cycloadditions to 

olefinjc bonds Since they are directly relevant to this 

project but nitrile oxides react well with many other types 
Of multiple bond. 	

More detailed information can be 
obtained from the recent reviews2'3 

These include double bonds such as keteries79, C=N, e.g. in isoxazolines59  and activated carbonyl groups80. Triple bonds 
such as acetylenic or cyan081  bonds generally react more 
slowly than their double-bonded analogues but with greater 
regiospecifjcity82  due to their more polar nature. 



1.4 	OTHER DIPOLES 

A large part of this work involved nitrile oxide chemistry 

hence it was reviewed in some detail in the previous 
section. 	The cycloaddition characteristics of other 
relevant 1,3-dipoles will now be described. 	Further 
details can be obtained from the general reviews2 '18' or 
specific reference S67,83-85.  

1.4.1 	iitrones 

Nitrones(27) are structural analogues of nitrile oxides. 

They react in a similar manner producing isoxazolidj.nes(28) 

on cycloaddition to olefinic bonds. 

1 
H\ = N / R' \,( 2 /0 

/ 	0 	 3 a4 
R 

(27) 	
H 

 (28) 

They are classed as Sustmann type II dipoles since both FMO 
interactions influence the cycloaddition. 	Almost all 
nitrones add to monosubstituted olefins to give the 5-

substituted product, but this selectivity can be 

reversed87. Electron-deficient dipolarophiles have lower 

energy molecular orbitals and can produce the 4-substituted 
product specifically due to dominance of the dipole HO/ 
alkene LU interaction87. 

The carbon atom in nitrone adducts can cause difficulties 

in the identification of products, since it creates a pair 
Of 	./endo isomers, (see section 2.2.3,figure9), for each 

of the four isomers obtainable in the cycloaddition of a 

Propargyl_allenyl type dipole to a cyclic double bond. 



The dimerjsatjon problems associated with nitrjle oxides 

are only apparent for very reactive nitrones83. 

Consequently they are normally quite stable materials that 
can be Synthesjsed89 

 and Stored thus avoiding the need for 
generation in .ait&. 

The yields of products can be very high
90, even quantitative 

91 and the reactions are generally very clean 
and selective 

The isoxazolidine products are generally stable at rooni 

temperature but can decompose to ring-opened compounds on 
heating92'93. 

As was the case for the isoxazolines resulting from nitrile 

Oxide cycloadj05 these isoxazolidines can be used as 

intermediates in a synthesis in which the cYcloaddition is 

used as a coupling technique. The product isOxazolidjne 

can be cleaved by hydrogenoiysj5 usually Under a few 

atmospheres pressure of hydrogen 94 using a catalyst such as 83 

The cleavage can readily be achieved by 
quaternization of the iSoxazolidine95  and reduction of the 
salt with milder reagents such as L1A1H4  or Zn/AcOH. 

The control of facial selectivity" is subject to the same 

sterjc influences found in riitrile oxide cycloaddi0570 
Effects are also seen due to hydrogen -bonding to the oxygen 
of the dipole from proximal hydroxy groups Which stabilise 
the transition state96. 

The favourable reactivity of nitrones has given them a 

prominent place in synthetic chemistry. They can provide 

a method of achieving key stereospecific steps
97  and have 

been used in an intramolecular fashion to synthesise 
 

intermediates of pharmaceutical interest".  



1.4.2 	Nitrile Imines 

Nitrile imines(29) are commonly generated from suitably- 

substituted precursors by thermolytic or base-catalysed 
processes. 

______________________ 	 _____________________________________ 	 I 
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H 

-PhCN-NPh - 	PhC=NNph 
Ph 	

N - 	Ph 	 -HCI 
(29) 

The polarity of (29) is much less than the corresponding 

nitrile oxide so in most cases the imines are a little less 
reactive 99 

and much less regioselectjve. 

Face-selectivity is little altered 62,63 
except in special 

circumstances, e.g. where hydrogen-bonding can cause 

stabilisation of a transition state for an oxide but not an 
imine. 

One of the most common nitrile imines is dipheny].njtrjle 

imine (DPNI, (29)R=Ph) which has been used in reactions with 
simple , cyclic 58 62  and exocyclic olefins 100. It has also been 
added to unsaturated sugar rings101, enones69 1  carbonyl 
groups102  (under forcing conditions), vinylic phosphorus 
contpounds103  and aryl thio- and seleocyanates8'. 

In many of these examples there were direct comparisons 

against benzonitrjle oxide, which was generally shown to be 

	

more active and regioselective. 	In cycloaddition to a 

pendant acetylenic sugar diphenylnitrjle imine would only 

react if the acetylene was activated by a conjugated 

carbonyl group, whereas mesitonitrile oxide reacted with 
the Unactivated acetylene. 
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The selectivity of addition to enones is very 1ow67  and is 
the reverse of that observed for the nitrjle Oxide. This 

has been rationalised on PMO grounds by suggesting a switch 

from dipole LU control in BNO to dipole HO control in DPNI, 
as shown in figure 6. 

Figure 6 

HO  
It Ph-. 	N-N---_.Ph 

(29) 	1 
LU 

i\CO 

The HO of DPNI is not very polar hence there is little 

differentiation between the termini. The carbon terminus 

has a slightly larger orbital coefficient hence has more 

tendency to attach to the enone p2-carbon giving rise to a 
slight preference for the 5-acyl isomer. 

1.4.3 	jjtrile Sulphides 

Nitrjle sulphides(30) are the sulphur analogues of nitrile 

oxides but they have been much less extensively studied 

mainly because of their instability and low reactivity85 . 
They are generated in situ by thermal decomposition of 
cyclic precursors 104 

which decarboxylate in xylene at reflux. 
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(31) 	 (30) 

Nitrile sulphides only add in good yield to dipolarophjles 

that are highly activated and electrophjljc'15 '106 	This is 
due to the very high energy levels for nitrile sulphide 
molecular orbital S105. 

The reactions are always dipole HO 
controlled i.e. Sustinann type I behaviour. Electron-poor 

dipolarophj.les have a lower LU hence there is more 

interaction with the dipole HO and the reaction rate 
increases. 	Other less reactive dipolarophiles such as 
Schiff bases 107 

or aryl nitri].es102  give extremely low yields 
of product, or none at all, even if a large excess of 
dipolaroph lie is employed. 	One problem that may be 
responsible for this lack of productivity is that the 

dipole decomposes to elemental sulphur and the 

corresponding nitrile under the conditions of its 

generation. it has also been shown that in some cases the 

products can undergo cycloreversion on heating109. 

The synthetic potential of nitrile sulphides will therefore 

remain limited until the discovery of an efficient method 

of generating the dipole under less severe conditions. 
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1.5 	LEVOGLUCOSENONE  

The need for safer and more effective fire-retardants has 
prompted extensive research into the pyrolysis of 

carbohydrates under various conditions. One of the major 

products obtained from acid-catalysed pyrolysis is 

iyoglucosenone (32). The simple and economic preparation 

of this enone from cellulose or waste paper has encouraged 

its use as a chiral starting material in multi-stage 
synthesis. 	There has been no previous review of its 
chemistry hence it will be described in detail. 

00 	
0 

II0 M 	-0 
OH OH 

(32) 	 (33) 	(34) 	(35) 

1.5.1 	Discovery and Identification 

The enone (32) was first observed in 1970 by two 
independent groups110'11' studying the pyrolysis of cellulose 
treated with acidic fire retardants. 

It was recognised at this stage as a major new component of 

the pyrolysis residue. In the absence of acid, cellulose 
pyrolysis yields levoglucosan"2(33) as the main product. 

On the basis of n.m.r. and i.r. data' 13 
 the new product was 

originally assigned structure (34), 1,5-anhydro-2,3- 

An alternative structure, 
i -4,5-epoxy-2-pentena1 (35), was later proposed' 14 on the 
basis of a peak in the mass spectrum at m/z 98. 
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It was finally correctly identified by Halpern, Riffer and 
Broido115  as levoglucosenone (32). 	The common systematic 
names for (32) are 

3-enopyranos-2-ulose (carbohydrate nomenclature) and 1R-
6,8-dioxabicyclo [3.2.1]oct-2-en-4-one (chem. abs.). 

1.5.2 	Physical and Spectroscopic Properties 

The 1H and 13C n.rn.r. spectra have been well documented' 14,115 
and analysed116, as have the infra-red and ultra-violet' 15 
spectra. 

The refractive index (n25D 1.5084115), optical rotation 
17 :5-53801  ) and boiling point (55-60°c at l.5mmHg1 '8, 68-72°C 

at 0.7InmHg119) have been measured. 

Mass spectra using El with no special conditions' 14 showed 

no molecular ion but gave a highest peak of m/z 98 

corresponding to loss of CO. This loss of 28 mass units 

has also been observed for bromo12°  and Michael 121 adducts of 
levoglucosenone. A small parent ion at in/z 126 could be 

seen 122 using El on a sample which was freshly purified by 
gas chromatography. 

An 	accurate mass of the molecular ion was achieved 40 by 

g.c.-m.s. using isobutane chemical ionisation (GC-CIMs). 

The highly laevorotatory nature of the molecule has been 

investigated 123 by 01W and CD studies. It was concluded that 

the abnormally large optical rotation is due to the 

negative Cotton effect at 357nm, which corresponds to the 

355nm absorption band of the carbonyl group. 

A study of the electrochemistry of levoglucosenone 124 showed 

an irreversible reduction peak at -1.86V using single sweep 

cyclic voltammetry. That this is due to electro-initiated 

Polymerisation was confirmed by size exclusion hplc (hpsec) 



of the residue which showed a molecular weight range of 
600-2000. 

The ease of Polymerisation of levoglucosenone has also been 
shown by its sensitivity to light115, heat125  and alkaline 
solutions125126  

1.5.3 	Synthesis 

Levoglucosenone was first isolated from the pyrolysis of 
cellulose. 	Since then it has been identified in the 

pyrolysates of other carbohydrates such as starch 127, 
levoglucosan128 D-glucose129'13° amylopectjn129  and phenyl-13- 
D-glucopyraflQjl2B 	The yields obtained from these 
materials are lower than from cellulose betthey could still 
prove synthetically useful. 	Smaller amounts of 
levoglucosenone have been detected by g.l.c. in the 
pyrolysis of ainylose131  and tobacco cellulose132. 	Optimum 
conditions for its formation from cotton fabrics were 

discovered by pyrolysis with varying amounts of THPS-urea-
phosphate flame retard4nt133. 

Trace amounts of levoglucosenone have been seen in the 

pyrograms from py-gc-ms used to characterise the organic 
content of water134  and soil135. it has also been detected 
during pyrolytic characterisation of red algae 

Polysaccharides 136 and from algae growing on meteoric dust 
deposits137  in the blue lakes of the Greenland ice-cap. 

Production of levoglucosenone on a laboratory scale for use 

in small scale synthesis is best achieved from cellulose. 

The major variables in the pyrolysis, i.e. temperature, 

pressure, acid content and sample size have been optimised 

by Shafizadeh et al. The technique for introducing the 
acid catalyst has been improved by Furneaux125  and the 
equipment modified from a tilted pyrex tube in a furnace'19  

138  to a rotating quartz tube heated by a bunsen burner. Even 
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using sophisticated equipment the isolated yields 8,938 of 
levoglucosenon are usually 3-5% although yields measured 

by g.l.c. using small sample sizes have given higher values 
such as Fung's139  claimed 34% using flash pyrolysis of 2mg 
acidified cellulose at 430°C. 

The mechanism of conversion of cellulose to levoglucoseno ne 
has been the subject of much discussion. The enone is 
formally a double-dehydration product of levoglucosan (33), 
the principle product of non-acidic pyrolysis of  cellulose. 
The mechanism of formation of (33) has been well studied132. 

The isolation of a small amount of 116-anhydro-3-deoxy_/3.... 
D-glucopyranos 	(36) from a pyrolysis residue 140 suggests 

that it may be a single-dehydration intermediate on the 

route from (33) to (32). Pyrolysis of (33) has shown 141 that 
it may be a minor precursor of (32), but it could not 

account for the yields observed from cellulose. The same 

study indicated that levoglucosenone is not a primary 

decomposition product, but it is formed from a volatile 
precursor. 

ZU H 

HO OH 

(36) 

This is most probably 

(37) as it has been detected in small amounts by several 
different workers' 19,132,142,143 from normal acid-catalysed 

cellulose pyrolysis and in higher yield (0) from pyrolysis 

in acetone at a pressure of 47 atmospheres144 Confirmation 

of the role of this molecule as a precursor was gained by 
pyrolysis of (37) with H3P04129  to produce (32) in over 10% 
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yield. The suggested mechanism of this transformation is 
shown in Scheme 10. 

Scheme io 	

CH2O 

OH 

 

(32) 

(37) 

Independent synthesis145  of levoglucosenone has been reported 
using the non-pyrolytic routes shown in Scheme 11. 

Scheme 11 
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1.5.4 	Reactions of Levog1ucosenon 

Levoglucosenone undergoes the reactions of a typical enone 

such as nucleophjljc addition to the alkene, reactions at 
the 	carbonyl group, Diels-Alder cycloaddit ions and 
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reduction of either or both double bonds. It also reacts 

as a typical carbohydrate; for example it degrades in 

acidic solutions. This is shown by a darkening of the 

solution and the discovery of oligomeric products. The 

established chemistry of (32) will now be described in some 
detail. 

1.5.4.1 	Additions 

Reduction of the carbonyl group with LiA1H4146  or NaBH4145  
affords a high yield of the threo-alcohol (38a) in which 

the OH is equatorial, together with a small amount of the 

axial isomer (38b). Addition of the Grignard reagent CH3MgI 
normally occurs at the carbonyl group 127 

to give (39) as the 
major isomer (56%). Performing the reaction at -78°C with 
a Cu(I) catalyst promotes addition 3- to the carbonyl to 
give (40) in 64% yield. 

Scheme 12 

(43) 
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With a view to producing non-ionic surfactants, the 

addition of long chain Grignard reagents was investigated. 
Reaction in ether 147 

produced the adducts (41) in low yield. 

Simple catalytic hydrogenation' 'a  using Pd/BAS04/H2  gave the 
saturated ketone (42) (85%). The yield has recently been 
improved 148 

using diphenylsilane/Zncl2/pd(pph) to 95%. 

Reaction of levoglucosenone with bromine formed the 3,4-

dibrornjde which readily underwent dehydrobromination to 
give a 97% yield of 3-bromolevoglucosenone (43). 

1.5.4.2 	/3-Additions 

Acid-catalysed addition of water has been reported 9  to 
produce a 77% yield of the erythro-alcohol (44) from 

heating the enone in aqueous acetic acid solution. An 

analogous reaction with Inethanolic HC1 formed the dimethyl 

aceta]. (46) in a quantitative yield presumably via the/3- 
product (45). 

H3C 

4OCH3  

H3CO 	OCH3  

(46) (45) 

A similar addition was observed 149 
in an attempted Diels-

Alder cycloaddition to furan using a Lewis acid catalyst 
Aid 3. The product (47) was isolated in 20% yield. Base-
catalysed Michael addition has been shown"9  to be an 
alternative route to compounds (44) and (45) using 

triethylamine. This catalyst was also successful for the 
(3-addition of various thiols150  giving sulphide adducts (48) 
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(82-100%). 	Use of ethane dithjol in a similar manner 
afforded the symmetrical dimer (49) (43%). 

0 	r_ U  	 0 R O  S P P 
S-CH2---CH2-S 

(49) 
(47) 

An investigation into the scope of Michael additions to 
levoglucosenone 121 has shown piperidine to be a good catalyst 
for reactions with diethyl malonate. 	The reaction 
proceeded well in EtOH (54%) but no product was formed in 
DMF. 	

The yield was further improved to 70% using a 
transition metal catalyst, Ni (acac)2. Addition of ethyl 
cyanoacetate occurred in EtOH or DMF (49%) and 
2-nitropropane reacted best (67%) in the absence of solvent 

using Triton-B (benzyl trimethy1aoiu hydroxide) as 

catalyst. A more complex mixture of products resulted from 
reaction with 2-methylcyclohexanone. 	Three isomeric 
Michael adducts were isolated and a levoglucosenone dimer 

as shown in Scheme 13. 

1.5.4.3 OlicromerLsation  

As indicated in the previous section levoglucosenone has a 
tendency to dimerise in basic conditions. 	Dimerisation 

(56%) 	has also been observed 151 
	in aqueous 

triethylamine. 	The proposed mechanism involves initial 

Michael addition by the hydroxy anion to levoglucosenone to 

form (44), followed by attack at the/3-position of another 
levoglucosenone molecule. Also isolated were an olefinic 

trimer (52) (18%) and a non-olefinic trixner (53) (8%) whose 

structures were determined. by x-ray crystallography 152. The 
trimers probably formed by further reaction of the anion of 
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Scheme 13 
	

Oligomerisation of Levoglucosenone 
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(51) with 4-hydroxy-levoglucosenone and levoglucosenone 
itself respectively as shown in Scheme 13. 

Attempted substitution of the oxygen of the pyranose ring 

by nitrogen using ammonium carbonate in ethanol resulted 126 

in the formation of a different dimer. The product was not 

the expected pyridone (55) but a pentacyclic o,/3-
unsaturated iinine (54). 

0 

	

_,_, QH 	
0 	0 

0 
0 	

C0, 
'0-I 0  

(54) 	(55) 	(56) 	(57) 

Treatment of levoglucosenone with lnCPBA19  gave a Baeyer-
Villiger oxidation product (37%) which was either the ,3,-

or cx,3- unsaturated lactone, (56) or (57). No evidence 

could be seen of a 3,4-epoxidation product. 

1.5.4.4 	Cycloadditions to Levoglucosenone 

1.5.4.4.1 Diels-Alder Cycloadditions 

Several Diels-Alder cycloadditions have been reported. In 

all cases the new ring is formed by approach of the diene 

from the opposite face to the methyleneoxy bridge. This 

face-specifity has been exploited in natural product 

synthesis (see Section 1.5.5). 

The addition of 1,3-butadiene149  is temperature dependant and 
at 120-130°C afforded two isomers, in a ratio of 3:2 which 

proved to be inseparable by g.l.c. analysis. Raising the 

reaction temperature to 160°C gave a single-adduct (58), 

but a further rise to 200°C caused polymerisation. Less 

temperature-sensitive additions of 1,3-cyclohexadiene and 

1,3-diphenyljsobenzofuran afforded high yields of (59) 

(96%) and (60) (90%) respectively. 
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[t  

(58) 	 (59) 	 (60) 

Cyclopentadiene has been used by more than one group. The 

best yield was achieved by Bhate and Horton138. Reduction 
of the carbonyl group in the cycloadduct produced a mixture 
of isomers with NaBH4  which gave markedly different products 
(61) and (62), on oxidation as shown in Scheme 14. The 

structure of the pentacyclic alcohol (62) was confirmed by 

x-ray crystallography. 	An analogous synthesis 147  has 
exploited the facile addition of cyclopentadiene to make 

the epoxide (63). 

Q
U 

	

0 	 0 + 

65% 

NaBH4 
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1.5.4.4.2 1,3-Dipolar Cycloaddition 

Prior to the present work the only example of 1,3-dipolar 

cycloaddjtjon to levoglucosenone was one resulting from 
heating it in a sealed tube125 . This caused production of 
the isomeric Products (66) and (67) shown in Scheme 15

1  (22%) in a ratio: of 4:3, 	Q:endo. The proposed mechanism 
Of formation is via 3 oxidopyrj1j 	(65), a deformylation 
product of the parent enone. A thermal cycloreversion of 

levoglucosenone would produce this ylide which could then 
add to unreacted starting material in a 1,3-dipolar 
cycloaddition. The isolation of five isomeric dimers of 

(65) from the reaction mixture is supporting evidence for 
the proposed route. 

	

Scheme 15 	+ 

LI

U0 	 0 

	

U 	

'(65) 
0 
+ 

(6 6) exo 	(67) endo 
1.5.5 	

yjitiejc Applications of Lev2glucose0 

Levoglucosenone has proved to be a highly versatile and 

reactive chiral building block for the synthesis of natural 
products and their analogues. 

Work on approaches to the pyranonaphthoinone 
system  153,154  

has involved the reaction of levog1ucose 	with 
O-xylylene. Generated from the dibromjde with Zn powder 

and ultrasound, this diene undergoes a Diels-Alder 
cycloaddition to afford (68) in 53% yield. 



45 

It 	has also been used 155 
as a starting material for the 

synthesis of the tricyclic compound (69), a potential 

intermediate on the route to the kalafungin and nanomycin 

ring systems. The mechanism of the cycloaddition step to 

levoglucosenone is thought to involve an initial Michael 
addition. 

Scheme 16 

OM 
0- 

MeCH2L1 

(32) 

 

?H 	OH 	cH3 

 

(68) 
(69) 	TI 

OH 	0 

Horton 156
et al. have found levoglucosenone to be a useful 

chiron in the synthesis of "functionaljsed carbocycles". 

Two examples of the glycal products of this route are shown 
in Scheme 17. 

Scheme 17 	
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The 	spiro-epoxide (70), made in 50% yield 157 using 
diinethylsulphonjum methylide in DMSO, is an important 

intermediate for the synthesis of branched-chain and amino 
sugars. 

As explained earlier the formation of levoglucosenone by 

the pyrolytic route is formally a double-dehydration of 
cellulose. 	it has been considered possible that 

dehydration could also follow a parallel pathway to produce 

an alternative isomeric enone k-levoglucosenone (71). 

The synthesis of this putative pyrolysis product was 

undertaken by Shafjzadeh et al158. Using levoglucosenone as 
a starting material the isomer was made in six steps and an 

overall yield of 25% as shown in Scheme 18. 

Isolevoglucosenone proved to be less stable than 

levoglucosenone itself and hence would not be expected to 

survive the conditions of pyrolysis if it were formed. 

Scheme 18 
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Controlled pyrolysis 125 
of (71) produced two isomeric 

products (72) and (73) in a combined yield of 34%, (ratio 
3:1, 	:endo). The mechanism of their formation can be 

assumed to be analogous to the deformy1ation/1,3-dipolar  
cycloaddition mechanism proposed for the pyrolytic products 

of levoglucosenone (Section 1.5.4.4.2). 

Neither these adducts nor the parent enone (71) could be 

detected from the pyrolysis residue of cellulose; hence 

there is no evidence that isolevoglucosenone is produced as 
a dehydration product. 

Methylide (74) has been used in the chiral synthesis' 7  of 
(-)--mu1tistrjatin (75), an insect pheromone, and acetyl 

serricornin (76), the sex pheromone of the cigarette 

beetle. More recently (74) has been converted 159 in two 
steps to (77), a known precursor to (+)-Prelog-Djerassi 
lactonic acid (78). 

Scheme 19 
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Other natural product syntheses starting with 

levoglucosenone have been reported including a 12-step 
synthesis 160 of the chiral alkaloid (-)-allo-yohimtane (79). 

The initial steps include a Diels-Alder Cycloaddition to 

form the 'E' ring followed by eliminative Wolf f-Kishner 

reduction. A Diels-Alder approach using acetyl pentadiene 

initiated an 18-step synthesis16' of (80), a key intermediate 
on the route to reserpine. As is shown in Scheme 20 the 

desired adduct (81) was formed with an elimination product 
as a minor impurity. 	Further heatng of the reaction 
mixture caused the remaining adduct to eliminate acetic 

acid to give a quantitative yield of the diene. 

Scheme 20 
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The same group of workers have also reported 162 
a 20-step 

synthesis of (82), a potential intermediate in the 

synthesis of tetrodotoxin (TTX), (83), the potent food 

toxin found in puffer fish which disrupts the mammalian 
nervous System. 

This Synthesis, as in the previous one, starts with the 

Diels-Alder adduct (81). This is used to provide the ring 

structure for (82) which is then modified to form the 

cyclohexane ring with the desired stereochemistry and 
functionality needed for TTX. 

Scheme 21 
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Brinlacombe's group at Dundee have reported 146 
the use of 

levoglucosenone in studies related to the synthesis of 

derivatives of purposamjne C, a component of the antibiotic 
gentamicin Cia 	The synthesis of IrIethy1_M,NI_diacetyl__ 
purposalitene C (84) is shown in Scheme 21. 

Levoglucosenone has been used to prepare 1,6-

anhydrohexopyranose derivatives. These have recently been 
the subject of a patent application 163 

due to their efficacy 
as herbicides and plant growth regulators. This serves to 

emphasise the potential commercial applications of 

levoglucosenone as a precursor to valuable biologically 
active compounds. 
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2 	DISCUSSION 

The project initially involved the use of alkoxy-pyran 

dipolarophiles as model systems for 1,3-dipolar 

cycloadditions to unsaturated sugar alkenes. The effect of 

substituent steric bulk was investigated using benzonitrile 
oxide as a typical 1,3-dipole. 

The work progressed onto the use of a bridged pyran system 

which showed enhanced selectivity and reactivity. 	The 
success of this dipolarophile led to the selection of 

levoglucosenone as an unsaturated carbohydrate worthy of 

further study. As predicted, this enone proved to be both 

reactive and selective. The cycloaddition chemistry of 

levoglucosenone and its derivations was investigated. Then 

the resultant adducts were subjected to further 
derivatjsation. 

The aims and results of each section of work will now be 

discussed, starting with the model systems and progressing 

onto the chemistry of levoglucosenone and its derivatives. 

2.1 	2-ALKOXY-5. 6-DIHYDRO-2H-PYP.ANS 

The inethoxy and butoxy-5,6_dihydro_2H_py5 were prepared 

using modified literature procedures. Each compound was 

used in cycloadditions with benzonitrile oxide. Initial 

work with the methoxy analogue concentrated on the 

optimisation of reaction conditions and the conclusive 

identification of all the cycloaddition products. 	The 
butoxy analogue was then used to investigate the effect of 

a large steric blocking group on the regio- and 

stereoselectivity of benzonitrile oxide addition. 



R= CH3  (85) 
R = But (86) 
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2.1.1 	Synthesis 

2-Methoxy-5, 6-dihydro-2H-pyran(85) 	was prepared 164 by 
bromination of 3 1 4-dihydro-2H-pyran in the presence of 
NaOMe in methanol to give the 3-bronlo-2-niethoxy derivative. 
This is a modification 165 

of the original literature method' 
in which sodium methoxjde has replaced liquid ammonia as 
the basic reagent. 	Dehydrobromination was accomplished 
smoothly by heating with additional sodium methoxide. 

The butoxy analogue of (85) was prepared by a similar 

procedure based on the method of Sweet and Brown 165  but using 
N-bromosuccjmjde in place of bromine to give a cleaner and 
more controlled brominatjon. 

The product, 3-bromo-2-butoxytetrahydropyran (87), was 
obtained in a reasonable yield (65%) only after problems of 

thermal degradation had been overcome. It was found that 
distillation of the oil at Ca. 120°C resulted in elimination 
of t-buty]. alcohol. This afforded the known bromide 5-
bronio_3 ,4_dihydro_2H_pyran (88) which was identified by its 
boiling point 167 

and 'I-I n.m.r. spectrum. Lower temperature 

distillation allowed the product to be purified with 

minimal decomposition. Similar degradation problems have 

been encountered with analogous 2-alkoxy pyrans on heating 
alone 165 , or in the presence of 	5 168 ,or p-toluene-sulphonjc 
acid169 . Thermal dehydrobromination was observed 167 during 
distillation of 2 ,3-dibrolnotetrahydropyran at ca. 120°C, to 
give the same product (88) observed in this study. 
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The desired elimination of HBr from (87) was carried out by 

heating with sodium t-butoxide in t-butyl alcohol to give 

the unsaturated alkoxy pyran in moderate yield. 

Attempts were made to improve the overall yield by 

dehydrobromirjatjon of the crude bromide in situ to avoid 

degradation at the distillation stage but no improvement 
could be seen. 

2.1.2 	Cycloaddjtjon of Benzonjtrjle Oxide to 2-Nethoxy- 
5, 6-dihydro-2H-pyran 

2.1.2.1 	Using Excess Alkene 

A methoxy group was chosen as the substituent in the 
initial investigation. 	This is a moderately strong 
inductively electron-withdrawing group 170  of low steric bulk 
hence it was expected to react slowly in an unselective 
manner. 

Several precautions were taken to ensure that by-products 

were kept to a minimum. The established technique  of 

generating benzonitrileoxjde in situ from benzohydroxinioyl 
chloride and triethylamine was used. 	The hydroxiinoyl 
chloride was added over 12 hours to a solution of the 
dipolarophile and 	t4c amount of triethylamine using 
a syringe pump. This ensured that benzonitrile oxide was 

present in a very low concentration at all times to 

minimise the tendency of the nitrile oxide to dimerse to 
3, 4-diphenyl-]., 2, 5-oxadiazole-N-oxjde (21), a process that 
proceeds readily in solution. 	The half-life of 
benzonitrjle oxide in solution at room temperature is 30- 
60 minutes28. To further decrease the extent of this side- 
reaction a large excess (6:1) of the dipolarophile was 
used. 



The reaction was performed in refluxing benzene and the 

products separated by dry flash column chromatography. 

Three of the possible four adducts were isolated as shown 
in scheme 22. 	The fourth adduct (89) could not be 

detected. The ratio of these isomers was determined by 
quantitative 	 as 5.7:2.4:1.01, (90):(91):92. 
Adducts (90) and (91) are formed by attack of the nitrile 

oxide anti to the substituent and (89) and (92) by syn 

attack. The reaction showed a face-selectivity of 8:1 in 

favour of the anti products. 

The regio-selectivity was less pronounced. A selectivity 

of 3:1 was seen in favour of adducts in which the oxygen of 

the nitrile oxide is attached to C-4 of the pyran ring. 

This selectivity is in accord with that observed in 

additions of benzonjtrile oxide to substituted 
cyclopentenes15  and can be related to the low activating 
effect of the methoxy group. 

The combined yield of the adducts was low (21%) indicating 

that the dipolarophile was indeed of low reactivity. This 

was confirmed by the formation of two by-products in the 
reaction. 	Diphenylfuroxan (22), the dimer of 
benzonitrileoxjde, was isolated in 2% yield and 3,5-

diphenyl-1,2,4-ox adiazole (2) in 6%. 

The formation of (2) can be rationalised by two processes: 

a spontaneous decomposition of an unstable 2:1 adduct61  or 
the action of triethylamine on the nitrile oxide followed 

by 1,3-dipolar cycloadditjon60'171  as described in section 
1.3. 

The identification of each isomer was achieved mainly by 
h.p.1.c. 	A table of proton resonances and coupling 

constants is shown (Table 3). The regioisomerism can be 

deduced from the relative positions of the protons at the 

ring junctions. The proton at C-4 of the isoxazoline ring, 
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Table 3 	Selected1Hn.m.r.data 

(90)-(95) R = Me 

(98),(99) RBut 

ppm 
Ha 

Hb 

Hc 

Ha,Hb 

Hb,Ijc 

12Q1 
4.41 

3.43 

4.78 

LII 
4.96 

4.27 

3.69 

L2 
4.89 

3.63 

4.60 

4.19 

2.83 

4.47 

L21L 
4.76 

4.08 

3.17 

LI 
4.35 

3.25 

4.40 

181 
4.53 

3.36 

4.68 

jj 
5.26 

4.21 

3.74 

5.8 

8.1 
0.6 

8.0 
6.1 

8.5 
8.8 

4.1 
< 1.0 

3.8 
5•3 

4•3 

7.6 

7.0 
1.8 

8.3 
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ie adjacent to the oxygen atom, is deshielded and will 

consequently resonate at a higher 6 value than the other 
ring junction proton at C-5. 

The orientation of the alkoxy substituent in relation to 

the newly-formed ring was not straightforward to assign 

from n.m.r. data alone, since the products can adopt 

different conformations. The highly crystalline nature of 

the adducts allowed the structure of the major isomer to be 

unambiguously determined as (90) by x-ray crystallography. 

Figure 7 

H 

A 

Ha 	
He, Ph 

- —0 
HA 

OMe 

The conformation that the molecule adopts has a chair-like 

pyran ring and the methoxy group equatorial as in figure 
7A, rather than axial (figure 7B). 

The torsion angles between protons on the pyran ring have 

been extracted from the x-ray data and using a modified 
Karplus equation 172 

the sizes of the expected couplings have 

been calculated. Comparison of these values against those 

measured from the n.xn.r. spectrum (see Table 4) shows a 
generally good correlation. 

The coupling from Ha to Hb (see Table 3) is not large for 

an axial/axial coupling but this may be rationalised by the 

cis-fused isoxazoline ring causing some distortion of the 
chair conformation. 	it is also known that coupling 
constants are reduced in close proximity to electronegative 
heteroatomslTh  such as the oxygen in the ring or in the 
alkoxy group. 
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The other trans diaxial coupling in the molecule, between 

Hd and He, is much larger (11.3Hz) and is closer to that 

expected from calculations. Another notable coupling is 

that between ring junction protons Hb and Hc (8.1Hz), which 

is consistent with acis-fused isoxazoline and a concerted 

cycloaddjtjon mechanism. A long-range four-bond coupling 
can be clearly seen between Hc and He'. 	This is a 
phenomenon that occurs between protons in this planar 'W' 

configuration - see later adducts, especially those of 

levoglucosenone, for more examples. Assignments of all 

resonances and couplings were made with the assistance of 

double-resonance decoupling experiments. 

The major adduct having been extensively analysed and 

conclusively assigned, the identification of the other 

isomers became a simpler task. The second isomer (91) was 

produced in half the quantity of the major isomer and has 

the opposite regiochemjstry based on the chemical shifts 
of Hb and Hc, (4.27 and 3.68 ppm). 

The question of configuration and conformation is answered 

by looking carefully at the coupling constant between Ha 

and Hb. This is very small (0.6Hz) and is only consistent 

with structure (96). It is concluded that the isoxazoline 

ring was formed by attack of benzonitrjle oxide anti to the 

alkoxy substituent, as in the major isomer, and it has 
adopted the 	configuration shown, with the substituent 
axial. 	The isoxazoline ring has its oxygen atom in a 

nominally axial position, but due to the planarity of the 

five-membered ring, the axial/axial torsion angle between 

it and the methoxy substituent has decreased. Consequently 

the angle between Ha and Hb has increased to approaching 900  
thus there is very little coupling between these protons. 

The minor isomer (92) was found to have the same regio-

chemistry as the major adduct. Thus its stereochemistry 

was opposite in nature, resulting from attack of the 



nitrile oxide syn to the inethoxy group. The conformation 

proposed for this isomer is one with the methoxy group 

axial as in structure (97). This is in accord with the 

observed coupling of 6.1Hz for Ha-Hb and the W coupling 
across the ring to Hc. 

Hd 

H 
Ph- 

A_ ~--.-'O 

(96) 	
OMe 

 

H 

OMe 

(97) 

It can be noted at this stage that in all the conformations 

proposed that oxygen atom in the isoxazoline ring has 
occupied an axial-like position. 

It can also be noted that, in cycloaddjtjons to form these 

simple bicyclic adducts, the stereochemistry of attack 

cannot simply be deduced from the size of the n.m.r. 

coupling Ha-Hb without careful consideration of the 
Possible molecular conformations. 

2.1.2.2 Using Equimolar Alkene and Benzonjtrjle Oxide 

The need for such a large excess of dipolarophile was 

tested by reacting the starting materials in exactly the 

same manner, but in equiinolar amounts. 

A total of eight products were isolated from the reaction 

mixture by a combination of column chromatography and 
preparative h.p.l.c. 	These consisted of the same five 

products as isolated in the previous reaction, along with 
three new compounds which were identified by mass 

spectrometry and elemental analysis to be 2:1 adducts. 

These 2:1 adducts are formed by addition of benzonitrile 
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Oxide across the C=N bond ofisoxazo1ine ring Of one of the 
initially-formed mono-adducts. This is to be expected for 

dipolarophiles with low reactivity because the C=N of the 

isoxazolines is a dipolarophile of comparable reactivity. 

This has been observed in benzonitrjle oxide addition to 
other unreactive species such as Cyclohexa_13_djene2 

To discover whether the three 2:1 adducts were formed 
directly from the three mono-adducts already isolated, a 
small pure sample of each mono-.adduct was reacted in turn 

with more benzonitrjie oxide. In each case the products 

were analysed by qualitative h.pl.c. and the retention 

times compared to those of the adducts of the full 

reaction. it was found that the adducts could be related 
as shown in scheme 22. 

Quantitative h.p.l.. was then used to determine the 

relative yields of the products as : diphenylfur 	2.3, 1:1 	
mono-adducts (90) 3.3, (91) 1.3 4,  (92) 1.0 and 2:1 adducts (93) 0.8 0, (94)  0.21  (95) 0.5. 

Further support for the structures of the new products was 

shown by the similarity of their fl.m.r. resonances and 

couplings to those of their precursors (see Table 3). The 

two most abundant 2:1 adducts, (93) and (95), were 

Conclusively identified by x-ray crystallography as in the 
case of the major mono-adduct (90). It was necessary to 
confirm these results conclusively since this was intended 

to be a key study in a series of analogous reactions. 

The second addition in each case occurs from the less 

hindered face. The steric requirements of these tricyclic  
Systems results in small changes in some of the angles and 

couplings. As shown in Table 4, the calculated coupling 

constants for these species are also in good agreement with 
empirically derived values. 
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Table 4 	Comparison of Observed Coupling Constants v's 
Those Calculated #from X-ray Diffraction Torsion 

Angles for Compounds (90), (93) and (95) 

(90) (93) (95) 
610  Jobs Jcalc 2L Jobs Jcalc Jobs Jcalc 

a,b -164 5.8 9.7 -161 8.8 9.3 42 5.3 4.9 
b,c 31 8.1 6.2 38 4.1 5.3 -41 4.3 5.0 
c,d -36 3.6 5.6 -40 3.6 5.2 -76 2.2 1.6 
c,d' -84 3.6 0.5 -79 3.1 1.5 43 4.1 4.8 
d,e 171 11.3 10.1 174 11.9 10.2 66 1.6 2.3 
d,e' 51 5.8 3.8 54 5.9 3.5 -54 3.8 3.5 
d',e 51 3.7 3.8 54 3.1 3.5 -54 5.9 3.5 

-69 2.7 2.0 -65 1.1 2.3 -173 12.4 10.1 

= 7.76 COS 	1.1 COS2 	+ 1.4 (reference 172) 

2.1.3 	Cycloadditjons of Benzonjtrjle Oxide to 2-Butoxy- 
5, 6-dihydro-2H-pyran 

The effect of a larger substituent at C-2 of the pyran ring 

was investigated by the reaction of benzonitrile oxide with 

the t-butoxy analogue (86). 

Similar reaction conditions involving a 6:1 ratio of 

alkene: nitrile oxide were used. Only four products were 

isolated from the reaction mixture : oxadjazole (23) 7%, 

furoxan (22.) 14% and two adducts (98) 28%, (99) 13%. 
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As can be deduced from the n.m.r. data in Table 3, the two 

products of this reaction are isomerically identical to the 

two most-favoured products of the initial study. 	Both 
isomers result from nitrile oxide addition anti to the 

large t-butoxy group and despite careful searching, no 

other isomers could be found in the reaction mixture. 

Considering the probable limits of detection to be Ca. 0.5% 

it can be concluded that the face-selectivity has been 

increased to at least 80:1. The regio-selectivity has not 
significantly altered (2.4:1.0 Compared to 2.8:1.0) because 

the two substjtuents have similar electronic influences. 

It is concluded that larger substituents at C-2 in the ring 
can increase 	face selectivity but there is little 

improvement in regioselectjvjty. A significant electronic 

effect is required to alter the characteristics of the 

double bond. If the improvement in regio-selectivity Could 

be coupled to an increase in reactivity the yield of 

products would improve due to less propensity for side-

reactions to occur. Also, less excess of alkene would need 

to be used and the rate of addition of the nitri].e oxide 
precursor could be increased. 

S 
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2.2 	6.8-DIOXABICYCLOI3,2,11OCT-3_ENE (100) 

The bicyclic pyran (100) was used to investigate the 

cycloaddjtjon reaction of BNO with a more rigid structure. 

It was expected that this dipolarophile would show similar 

regioselectjvjty to the previous 2-alkoxy pyrans since the 

methyleneoxy bridge is effectively a restricted alkoxy 
group. 	The effect on regioselectivjty could not be 

predicted with any certainty from molecular models but it 

was hoped that (100) would be at least as selective as the 

2-butoxy pyran (86). 

2.2.1 	synthesis of 6.8-Dioxabjcyclol3.2.11oct_3_ene 
1100)  

The 	literature synthesis 174, as outlined in Scheme 23, 
starting from the dimer of acrolein (101) was attractive 

because of the ready availability of the starting 
materials. 

Scheme 23 

0 	
CHO CH2OH 

9 	
[H] 	 p - Z: 	-ft.- ctj 

 

7 	
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18 	5 -  HBr 
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0  
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However, the reported yields were low for the final 

dehydrobrom mat ion step (30-51%17 ). 	This was due to 
formation of a mixture of isomeric bromides (102) in a 
ratio of 5:4175, equatorial : axial. The desired orientation 

for base-catalysed elimination is one that has the bromine 

and hydrogen atoms in a trans-diaxjal arrangement 185 as in 
(104). 	Consequently an improvement in the desired 

synthesis could be achieved by forming a single adduct of 
this configuration. 

The direct closure of the methyleneoxy bridge by action of 

bromine on the hydroxymethyl pyran was shown' 76  by Brown etal 
to produce an equal amount of each bromide. 

Reduction of the isomeric parity was achieved in the 

present work using -bromosuccinjmide as the brominating 

agent. Distillation of the product gave the mono-bromide 
in 50% yield (unoptilnised). The axial : equatorial ratio 
was determined by 1H n.m.r. to be 9:1. 

Scheme 24 

C H2OH 

	

r CH2öH 	
Hö/) 

L-o 

	

Z 0 	 Br 

Br 

	

(104) 	(3) 

polymeric etcj 
residue - 

The observed ratio is not thought to be an artifact of the 

purification procedure as the isomers have not been 

reported to be separable by distillation. The proposed 

mechanism is a polar one, consistent with known reactions 
of NBS1' 178 

in the absence of light or radical initiators, 

proceeding via an intermediate such as the bromonium ion 

(103). Subsequent intramolecular nucleophilic attack by 



the hydroxy function leaves the bromine Preferentially in 
the axial position (104). 	

The small amount of the 
equatorial isomer could arise from attack on a bromonjum 

ion that has formed on the more hindered face of the ring, 
yj to the Substituent 

It must be noted that the bromjnation had to be performed 

in Sufficiently dilute Solution to prevent formation of a 
Sticky Polymeric residue. 	This by-product arises from 
intermolecular reactions which predominate at higher 
concentrations of starting material. 

The dehydration was performed using the literature method176 

Involving heating the bromide to reflux in ethanol with up 

to three equivalents of KOH, giving the desired alkene in 

56% yield. A larger excess of KOH was not used as this is 

known to cause isomerism to 6l8_dfloxabicyc1o[321]02 
ene176' 179 

Use of up to one equivalent of an alternative base DBU, 

(18_dioxabicyclof54OJufldec7) in ethanol or benzene 

showed no signs of the desired alkene even after prolonged 

contact. A greater excess was not used due to the problem 

Of isomerism experienced Previously with KOH. 

2.2.2 	CVCloaddition to Benzonitrjle Oxide 

The reaction was performed using the techniques described 
Previously Involving generation of the dipole 

	over 
24 hours in the presence of a large excess (5

-fold) of dipolarophile 

Column chromatography of the product mixture afforded three 
Separable 	fractions 	: 	diphenyloxadiazole 	(4%), 
diphenylfuroxan (5%) and mixed cycload5 (71%). 

H.p.l.c. analysis of the final fraction showed the presence 
Of two  isomeric adducts in the ratio 4:1. 	The major 



product (105) was isolated in pure form by crystallisation  
from ether. The minor isomer proved to be very difficult 

to isolate despite using several solvent systems for 

preparative t.l.c., dry flash column chromatography and 
m.p.l.c. 

9 	
0 

 10 	 9 	j10 

5 3  
Ph 	

Ph5\02 

4 
(105) 	 (106) 

Eventually a small amount (3mg) of adduct (106) was 

isolated by preparative h.p.1.c. using very small sample 

loadings and a low polarity solvent system to ensure 

separation : retention times were 71 minutes for the minor 

isomer and 80 minutes for the major isomer with eluent 10% 

ethylacetate in hexane. Measurement of the peak integrals 
of the 1 

H n.m.r. spectrum of this crude adduct fraction 
confirmed the isomer ratio as 4:1. 

The structure of the major isomer was determined by 
examination of its 1H n.m.r. spectrum. The assignment of 
resonances and couplings was achieved using double 

irradiation decoupling and 2-dimensional n.m.r. techniques. 

Figure 8 shows a contour plot of the hoinonuclear 2-D 
correlation spectroscopy or 'cosy' experiment. Also shown 
is the 'LRCQSY' spectrum in which the small, long-range 
couplings have been enhanced. 

The small coupling for H1-H2  (1.1Hz) proves the structure 
(105) from which it can be seen that attack of the nitrile 

oxide has occurred from the face opposite to the 
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Figure 8 	 2-D Spectra of Compound (105) 
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methyleneoxy bridge. The regio-chemistry of the adduct is 

in agreement with the examples discussed in the preceding 

sections. The proton H-6 resonates at a higher S value 

than H-2 (5.12 ppm and 3.83 ppm respectively). 	it can 
therefore be concluded that the oxygen of the nitrile oxide 

has added to the oiefjnjc carbon that is furthest from the 
methyleneoxy bridge. 

The COSY spectrum shows correlations between adjacent 

protons (H-i, H-2), (H-2, H-6), (H-6, H-7a and H-7b) and 

(H-8, H-7a and H-7b) as marked. The LRCOSY also shows 

these couplings but in reduced intensity to allow emphasis 

of long-range couplings. The clearest example of this is 

the 0.9Hz coupling between H-1 and H-7b. The existence of 

this five-bond coupling is unexpected and must be due to 

the rigidity of the pyran ring which is caused by the 

conformation-locking effect of the methyleneoxy bridge. 

Final confirmation of the structure was obtained by x-ray 
crystallography. 

The H-C-C-H torsion angles were obtained from the x-ray 

study and the expected n.m.r. coupling constants calculated 
as before172. Comparisons of these values to the observed 
spectral values shows a good correlation (see Table 5). 

Table 5 

Observed vs Calculated Coupling Constants for Compound (105) 

Coupling 
J(ObS)/Hz 

: 	1,2 
0 : 

2,6 6,7a 6,7b 7a,8 7b,8 8,9x 8,9n 
J(calc)/Hz : 	4.0 

10 
7.1 

6 
8.0 

8 
6.3 

5 
2.7 

1.5 
3.0 

5 
6.0 

0 
1.4 Angle/deg :-67.3 -21.6 148.6 29.7 -60.7 57.9 32.2 -89.2 

The minor isomer (106) was identified as the regio-isomer 

of the main product by its n.m.r. spectrum. In this case 

H-2 resonated at a higher '-value than H-6 (4.32 ppm c.f. 
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3.79 PPM). Double-irradiation decoupling provided most of 

the information required but problems were experienced with 

overlapping peaks at &3.9 due to the protons at C-7. 

These were separated by changing the n.m.r. solvent from 
CDC13 	to CD3CQCD3. Changing the polarity of the n.m.r. 
solvent has the effect of moving the position of some 

resonances in the spectrum but leaving coupling constants 
and Splitting patterns unaltered. 	In this case a more 
Polar solvent was used to achieve the separation 	In 
another example a less polar solvent, benzene, proved 

equally effective in dispersing overlapping signals in the 
Spectra of analogous sugar compounds78. 

The advantages of this technique were exploited for the 

n.m.r. spectra of other new compounds described later in 
this project. 

It has therefore been shown that benzorjtrj1e oxide 

cycloaddition to this bridged pyran dipolarophjle is face 

specific with attack taking place exclusively anti 
to the 

methyleneoxy bridge. The regio_selectjvjty is better than 

the 2-alkoxy pyrans discussed earlier, (4:1 c.f. 2.8:1), 

and the olefjnjc bond seems to be of higher reactivity as 
shown by the lower amounts of by-products and better yields 
Of Cycloadducts 

2.2.3 	
cycloaddjtjon to C,N-Djpheny1njtr one 

Having shown the bicyclic alkene to be a reactive 

dipolarophile towards BNO, the Corresponding reaction with 
.9,N-diphenylnitrone was investigated. This is an easier 

reagent to use than BNO as it is a relatively stable 

storable solid with very little tendency to undergo side 
reactions. 

Heating the starting materials in toluene at reflux for 24 

hours gave a reaction mixturesich could be separated into 



two fractions by column chromatography. The first fraction 

was unreacted nitrone (54%) and the second a mixture of 
cycloadducts (47%). 	The isomeric adducts could not be 

CL 

separated by prepaiive methods but reverse phase h.p.l.c. 

was used to determine the ratio of products as 18:14:67. 

The major isomer was retained longest on this column as it 

was the least polar of the three. It was obtained pure by 

fractional crystallisation of the product mixture from 

diethyl ether and was identified as the tricyclic 

isoxazolidjne (107) on the basis of n.m.r. spectral 

evidence. There are a total of eight possible isomers 

arising from attack of a nitrone on such an unsymmetrical 

bicyclic alkene. Each facial isomer has two regioisomers 

as in nitrile oxide chemistry, but due to the pro-chiral 

carbon atom in the nitrone there is also the possibility of 

exo or endo attack for each one of these, as illustrated 
in figure 9. 

Figure 9 

(107) 

As in the case of the major isoxazoline isomer (105), 

addition has occurred from the face anti to the 

methyleneoxy bridge as indicated by the small coupling 

between H-i and H-2 (1.7Hz). The regioisomerjsm is also 
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similar as shown by the H-6 proton ( ä= 4.78 ppm) being 
more deshielded than H-2 ( 9 = 3.00 ppm) due to the 
proximity of the oxygen of the isoxazolidine ring. 

The extent of g/endo selectivity was determined by the 

use of nuclear Overhauser enhancement (floe), see Table 6 

and figure 10. The most significant observations are as 
follows: 

Irradiation of the bridgehead proton H-i causes 

enhancement of H-3 but not Ph-3. 

Irradiation of H-6 affects H-9 

C) 	Irradiation of the phenyl signal at c6.86 strongly 

affects the phenyl resonance at S:7.18 and H-3. 

d) 	Irradiation of H-2 has no effect on H-3 and vice 
versa. 

By showing the proximity of H-6 to the methyleneoxy bridge 

observation b) confirms the facial isomerism previously 
proposed. 	Observations a), C) and d) indicate very 
strongly that the adduct is the result of endo rather than 

exo approach as shown in figure 9. 

Neither of the other two isomers could be isolated or 

identified, nevertheless it can be concluded that Q,{-
diphenylnitrone has added to this alkene with less isomeric 

selectivity than BNO; approximately 4:1:1 versus 4:1. 

The yield, however, is considerably better (100% based on 

consumed nitrone); hence the nitrone addition, although 

requiring a longer reaction time and higher temperature, is 

shown to be cleaner because of the lack of by-products and 

less difficult to perform due to the lack of special 

conditions needed to generate the dipole. 
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Figure 10 	n.O.e. Spectra of Compound (107) 
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Table 6 	Nuclear Overhauser Enhancements for Compound (107) 

Irradiated Proton Enhancements ( )/% 

H-i 
H-2 

NPh-o (<1) ,H-3 (3) ,H-2 (5) 	,CPh 	(0). NPh-o (2.5),H-1 (7) ,H-6 (9) 	,H-3 	(0). H-3 NPh-o (3) ,CPh-m/p (4) 	,H-1 	(3.5). CPh-m/p CPh-o (16) ,H-3 (10),H-1 (0). NPh-o NPh-m (5) ,H-1 (3) ,H-3 (7) 	,H-2 	(4). 
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2.3 	LEVOGLUCOSENONE 

The preliminary experiments discussed in previous sections 

had provided useful information about factors affecting the 

cycloaddjtjon of benzonitrjle oxide to substituted pyran 
rings. 

Complete facial specificity could be achieved in the 

presence of a substituent of large steric bulk or a 1,6- 

anhydro bridge (carbohydrate nomenclature). 	The 
regioselectivity shown in these reactions was not very good 

but improvements were expected to be made by activating the 
double bond. 

Levoglucosenone (32) was chosen as a potentially selective 

dipolarophile. It possesses a 1,6-anhydro bridge and the 

olefinic bond is activated by a carbonyl group. Enones are 

known to be active and selective in cycloadditions to 

nitrile oxides (section 1.3.4.4). Levoglucosenone is also 

desirable as a dipolarophile because it is chiral and is 

made by a single step process from inexpensive starting 

materials. Cycloaddition reactions using levoglucosenone 

could therefore provide a valuable synthetic route to 

natural products and compounds of biological interest. 

2.3.1 	Preparation 

Levoglucosenone (32) was prepared from acidified 

commercially available microcrystalline cellulose using 
literature guidelines" ',125k The apparatus used by other 

groups has varied from a pyrex tube tilted at 100  from the 
horizontal in a furnace119, to a rotating quartz tube heated 
by a bunsen burner138. This specialised equipment was not 

available so the procedure was adapted to allow the use of 

a simple vertical F.V.P. furnace with normal pyrex 

glassware as shown in figure 11. 
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Figure 11 	PYROLYSIS APPARATUS 
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The yields obtained were in the region of 4-5%, which is 

higher than those previously reported from laboratory scale 
pyrolyses118' 119, 138 

The most obvious attractions of this synthesis are the low 

cost of the starting materials and the synthetic potential 

of the highly functionaljsed chiral product. 	With 
commercial applications in mind the cellulose starting 

material was substituted in one experiment by shredded 

newspaper. The yield obtained in this instance was only 

3%, but it was enough to confirm that waste paper could be 

used in the production of valuable chiral materials i.e. 

levoglucosenone and its derivatives. 

2.3.2 	Cycloadditjon to Nitrile Oxides 

2.3.2.1 	Benzonitrile Oxide 

The first dipolar cycloaddjtion was performed using 

benzonitrjle oxide under similar Conditions to previous 

examples. The dipole was generated in situ over a period 

of 25 hours in the presence of a four-fold excess of 

levoglucosenone. Careful work-up of the reaction mixture 

(preparative t.l.c.) afforded two 1:1 adducts in a ratio of 
ca. 100:1. 

The major adduct (71%) was identified as (108) by 1H n.m.r. 
It was established that the addition occurred from the face 

anti to the bridge as shown by the small coupling (1Hz) 
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between the ring junction protons H-i and H-2. 	The 
regioisomerjsm was determined by the relative positions of 
H-2 (S= 4.82 ppm) and H-6 ( 5= 4.49 ppm). The favouring 
of this regloisomer, i.e. with the nitrile oxide oxygen 

terminus attached to the olefinic carbon furthest from the 

carbonyl group, has also been observed in the cycloaddition 

of BNO to other enones and it is the expected isomer by 
FMO predictions67. 

The assignment was confirmed conclusively by x-ray 

crystallography (see appendix 6 ). Table 7 shows the H-C-

C-H torsion angles obtained by this technique and the 

expected coupling constants calculated from them by the 
Karplus equation. 

Table 7 

Observed vs Calculated Coupling Constants for Compound (108) 

Coupling : 	1,lOx 1,10n 1,2 2,6 
J(obs)/Hz : 	4.8 1.8 1.2 10.0 
J(calc)/Hz 5.3 1.4 2.1 6.9 
Angle/deg : 	-38.1 84.0 -68.2 -23.1 

The n.m.r. examination of this isomer was initially 
performed in CDC13  but in this solvent the H-10 protons were 
not well resolved. The use of a more polar solvent has 

previously proved to be advantageous (section 2.2.2) so 

the spectrum was re-run in deuterated acetone. As shown in 

figure 12, running the spectrum at different solvent 

polarities allows all the resonances to be seen clearly 

without problems due to overlapping, although not all are 

resolved at once in any one solvent. Since the sizes of 

couplings remain constant in all solvents it is acceptable 

to extrapolate values from one spectrum to another. 

The minor isomer (0.6%) was identified as (109) by n.m.r. 

The positions of H-2 (5.49 ppm) and H-6 (4.56 ppm) showed 
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Figure 12 N.m.r. Spectra of (108) at 200MHz in Various Solvents 
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that the regiochemistry was the same as the major Isomer. 

The coupling between H-i and H-2 (6Hz) confirmed that the 

nitrile oxide had added syn to the methyleieo>cy bridge. 

This isomer was detected in very small quantities but it is 

the only example known of syn addition to levoglucosenone. 

Ph 0 

(110) (111) 

Despite thorough investigation of the reaction mixture 

there was no evidence of the other possible adducts (110) 

and (ill) or the expected by-products; furoxan (22) and 

oxadiazole (23). Thus the reaction appears to be totally 

regiospecjfjc and highly face-selective (100:1). The lack 

of by-products and the regiospecificity are attributed to 

the nature of the olefinic band. The conjugated carbonyl 

group highly activates it to 1,3-dipolar cycloaddition and 

causes a rapid and regiospecjfjc addition. The alkene is 

so active that high yielding reactions could still be 

achieved upon relaxation of the precautions taken to avoid 

diinerisation of the nitrile oxide. The major isomer was 

isolated in 52-58% yield when the reagent addition time was 

cut to 15 hours, the concentration doubled and no excess 
alkene used. 

2.3.2.2 	4 Cvano-2,2_dimethyl_1,3dioxo1ane Oxide 

Having established that benzonitrile oxide undergoes a 

fast, selective cycloaddjtjon to levoglucosenone, a more 

carbohydrate-like nitrile oxide (113), was investigated. 

This dipole was generated in situ from the hydroxinioyl 
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chloride (112) using triethylamine. 

A solution of (112) was added over 3 hours to a two-fold 
excess of levoglucosenone. 	Separation of the reaction 
mixture by chromatography afforded a significant amount of 
furoxan (115) (28%), and mixed cycloadducts (58%). 
Integration of the methyl resonances of the proton n.m.r. 

of this mixed product sample showed the presence of three 

isomers in a ratio- of 16:12:1 which corresponds to yields 

of 32%, 24% and 2% respectively. The third isomer was 

present in such a small quantity that its identification is 
tenuous. 

Cl 
C=NOH 

(112) 	 (114) 

o 0 	 0 
i  0 

N N 
Et 0 

(113) X 	
(115) 

The major product was isolated by trituration but no other 

isomers could be separated in a pure form. 	It was 
identified as (114) by n.m.r. spectroscopy. 	The same 
reglo- and stereochemistry has therefore predominated as 

in the cycloaddition of benzonjtrjle oxide to 
levoglucosenone. 

The second isomer could not be identified, although it is 

likely to be the regioisomer of (114) due to the reluctance 

of levoglucosenone to allow cycloaddition to the syn face. 

If this is the case the carbohydrate nitrile oxide has 

shown considerably less regioselectivity than benzonitrile 

oxide. The formation of the furoxan in such a high yield 

suggests that the dipole was also significantly less 

reactive than benzortrjle oxide. 
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2.3.3 	Cycloaddition to Other Dipoles 

Most of the Cycloaddition reactions discussed so far were 

performed with benzonitriie oxide. This reagent was used 

because of its known reactivity and ease of preparation. 

The use of the same 1,3-dipo].e allowed investigation of the 
properties of various dipolarophiles 

Levoglucosenone showed such a selective, reactive dipolar 

cycloaddition reaction with BNO that it was decided to 

investigate its reaction with a selection of other dipoles. 

The nitrones, nitrile imine and nitrile sulphide dipoles 

chosen were ones that were closely analogous to BNO. This 

allowed the enone to be used to compare the reactivitjes 

and selectivities of the various types of dipole. 

2.3.3.1 	C, N-Diphenyinitrone 

Levoglucosenone was treated with , -diphenylnjtrone in the 
same manner as 6,8-dioxabjcyclo{3.2.1)oct_3_ene (section 
2.2.3). Column chromatography afforded a single i:i adduct 

(116) in good yield (68%). As none of the other seven 

possible isomers was found, despite careful searching, the 

reaction appears to be completely isomer-specific. The 

n.m.r. techniques established in previous sections were 

used to determine which isomer of the possible eight had 
been formed. 	This was determined as before from the 
Positions of H-2 ((c= 4.64 ppm) and H-6 (5= 3.34 ppm) and 
the coupling between H-i and H-2 (1.3Hz). 

The stereochemistry at C-5 and thus the exo or endo 

approach of the reactants was determined by n.O.e. studies. 

Irradiation of H-5 had no effect on H-2 and a very small 

enhancement (1.5%) of H-6. Conversely irradiation of H-2 

strongly enhances H-i (5.3%) and H-6 (8.5%) but does not 

increase the H-5 signal. 	These observations strongly 

favour the structure (116) which arises from endo approach 

of the nitrone and forms the isoxazoljdjne ring with H-5 on 

the opposite face to the ring-junction protons H-6 and H- 
2. 
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Finally, this assignment was confirmed by x-ray 

crystallography (see appendix 7 ). 	The H-C-C-H torsion 

angles are listed in Table 8 which also includes the 

corresponding empirical and calculated coupling constants. 

Q Table  

H 
H °  Observed vs Calculated Coupling Constants 

Ph Coupling 

for 	(116

.30 	

) 

l,lOx l,lOn 1,2 2,6 6,5 
J(obs)/Hz 4.0 <1 1.3 6.8 4.5 

Ph 
J(calc)/Hz : 	6.1 1.4 1.8 7.6 5.1 
Angle/deg : 	-31.3 91.0 -72.1 -13.9 -129.4 

(116) 

The facial and regioisomerism were as expected from the 

previous examples, i.e. the oxygen terminus of the dipole 
is attached to the olefjnjc /3-carbon and attack has 
occurred from the face anti to the bridge. 

2.3.3.2 C-Phenyl_N_Benzylfljtrone 

An analogous nitrone cycloaddjtjon was performed on 

levoglucosenone by Miss T. Cook as part of a BSc. honours 
project1 . The chosen analogue was one with a benzyl group 

rather than phenyl on the nitrogen. The synthetic interest 

of this nitrone is that on hydrogenolysjs of the 

isoxazoljdjne ring in a cycloadduct the N-O bond may cleave 
with elimination ofenzyl, 83  No such elimination is 
expected from the phenyl analogue (116). 	Thus the 
variation of nitrone substituents might provide a method of 

controlling elimination of the amine function in the 
cycloadduct. 
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The reaction of -phenyl-N-benzylnitrone with 
levoglucosenone afforded a single 1:1 adduct in high yield 

(87% w.r.t. unreacted nitrone). The product was identified 
as (117) or (118) by its 1H n.m.r. spectrum (H-2 4.39 ppm; 
H-6 3.29 ppm; J12  < 1Hz). The use of n.O.e. again provided 
a distinction between the exo and endo approaches. 

Irradiation of H-2 gave strong enhancements of H-i (5%) and 

H-6 (7.5%) but did not affect H-5. Similarly, irradiation 

of H-6 caused enhancement of H-2 (6%) but not H-5. 

Finally, irradiation of H-5 caused a very small increase in 

H-6 (2%) and a larger enhancement of H-12a/b (5%). It can 

thus be concluded that H-5 is on the opposite face of the 

iSoxazoljdjne ring to H-6 and H-2 and the adduct has formed 
due to endo approach of the reactants (117). 

This is the same isomer favoured by the analogous 
diphenyinitrone cycloadditjon. 	Both reactions show 
impressive ,selectivity and good yields, due largely to the 

propertiesievoglucosenoe as a dipolarophile. 

2.3.3.3 	Diphenylnitrjle Imine 

Diphenylnitrj.].e imine is usually generated by in situ 

dehydrochlorjnation of the hydrazonoyl chloride in a very 
similar manner to the base-catalysed generation of 
benzonjtrile oxide. 	The initial products of the 
cycloaddition to an unsymmetrical cyclic olefinic bond may 



be any of four isomeric pyrazolines. In some instances the 

initial products dehydrogenate under the reaction 
Conditions to give pyrazoles180 . 

0 

Ph/s (119) 	
Ph 

Ph 

(120) 

In the cycloaddjtion of diphenylnitrile imine to 

levoglucosenone the final products isolated were the two 

regioisolnerjc pyrazoles (119) and (120) in a combined yield 

of 62%. The tendency of the initial adducts to oxidise is 

attributed to the gain in stabilisation achieved on 

converting from the non-aromatic pyrazoline ring to the 

aromatic pyrazole. In addition the new double bond is 

further stabilised by conjugation to the carbonyl group. 

These factors account for the failure to detect any of the 

initial saturated adducts in the reaction with 
levog1ucosenone 

The absence of ring junction protons in these pyrazoles 

prevented regiojsomer identification by examination of 
relative n.m.r. chemical shifts. 

No evidence could be gained by x-ray crystallography since 

no single crystals of sufficient quality could be grown for 

either isomer, despite both pyrazoles being stable 
crystalline solids. 

The identifications were finally achieved by applying the 

n.O.e. technique to the major isomer. The interactions 

under investigation were those of a longer range than 



normal, i.e between the bridgehead proton H-i and the ortho 

protons of the phenyl ring attached to Position 3 (see 
figure 13). 

Figure 13 	
n.0.e. Enhancements of the Major Isomer 

H.  HK  

The two sets of ortho protons were distinguished by 

examining analogous systems. The phenyl ring attached to 
the C=N (Ph-c) group is expected to have a higher 6 value 
for its ortho protons than the phenyl ring attached to the 
nitrogen atom (Ph-N). 	Irradiation of the Ph-C ortho 
protons enhanced the Ph-C met/pra protons strongly (10%), 

but had no effect on H-i. Irradiation of H-i enhanced H10 

(3%) and the Ph-N ortho protons (1.5%) but had no effect on 
the Ph-C ortho resonance. 	Hence the major isomer was 
identified as (119), having Ph-N proximal and Ph-C distal 
w.r.t. the bridgehead position c-i. 	Thus the product 
yields were (119) 55% and (120) 7%. This regio-selectivity 

Of 8:1 is less than the corresponding reaction with 

benzonitrile oxide but still favours the same isomer. This 

may be due to the less-polar frontier orbital interactions 

expected for nitrij.e imines which would have a weaker 

directional influence on the cycloaddjtion. 



2.3.4.1 	Attempted Cycloadditjon to a Nitrile Sulphide 

The in situ generation of p-methoxybenzonitrile sulphide is 
normally achieved 85 

by thermal decarboxylatjon of 5(4-
methoxyphenyl) -1,3, 4-oxathiazol-2-one in refluxing xylene 
or mesitylene. 

Heating a solution of this precursor and a two-fold excess 

of levoglucosenone at reflux in dry xylene overnight 

resulted in complete consumption of the starting material. 

Examination of the reaction mixture revealed no trace of 
the expected cycloadditjon products. 	Instead, near 
quantitative yields of p-methoxybenzonitrile and sulphur 
were obtained. 	These are the expected decomposition 

products resulting from fragmentation of the nitrile 

sulphide, a process which is known to compete with 

cycloaddition for all but the most electron-deficient 
dipolarophjles105109  

It is likely therefore, that levoglucosenone is simply not 

reactive enough. Literature yields for nitrile sulphide 

additions tend to be very low unless the other reagent is 

highly activated by electron withdrawing groups as in 

dimethoxyacetylene dicarboxylate (DMAD). 

2.3.4.2 Attempted Cycloadditjon to a Nitrile Oxide 

Generated by the Isocyanate Method 

The previous nitrile oxide cycloadditjons discussed in this 

study have involved dehydrochlorination of the hydroxiinoyj. 

chloride. Another in situ method of generation that is 

commonly used involves the dehydration of primary nitro 

compounds by isocyanates. This method, first investigated 
by Mukaiyama32  using phenyl isocyanate, is widely used for 
natural product synthesis76. it is compitnientary to the 
hydroximoyl chloride route as it increases the range of 

functional group compatible with nitrile oxide 



Cycloaddition reactions. In particular some carbohydrate 

nitrile oxides have been formed by a modified Mukalyama 
method 78 , in which tolylene_2,4_diisocyaflate is used to make 

the reaction work-up easier. This isocyanate forms an 

insoluble polymeric urea with diaminoethane thus removing 
it cleanly from solution. 

Two different carbohydrate-type nitrile oxides were tried 

with the hope of developing a route to C-disaccharides. 
The reaction of levoglucosenone with the nitroxylose (121) 

by this method produced an intractable black tar from which 

no products could be isolated or even detected despite 

several attempts at purifitjon. A similar black tar was 

formed in the reaction of 2(2nitroethoxy)tetrahydropyran 
(122) with levoglucosenone and the diisocyanate. Both of 

these nitro compounds have been used successfully in nit-

rile oxide cycloadditions to less reactive dipolarophjles 

than levoglucosenone so the problem appeared to lie in the 
nature of the enone. 

(122)  

0 
Ac Oni 	)CH2NO2 

AcO (121) OAc 

Under similar conditions to the above, the reaction was 

repeating omitting the nitro compound. No black tar was 

observed and levoglucosenone was recovered in 68% yield. 

It appears, therefore, that the failure of the reactions is 

due to a direct interaction of levoglucosenone with the 

nitro compounds in the presence of the base. Considering 

the mechanism of the Mukaiyama reaction, the carbonyl group 

of the enone is likely to interact with the nitronate anion 
as in step b of scheme 6. 



This problem may be avoided by protection of the carbonyl 

group prior to reaction, but the resulting alkene will very 

likely be less reactive and selective than the parent 

enone. Alternatively the roles of the reactants could be 
-observed.i.e. a nitrile oxide derivative of levoglucosenone 

could be prepared and reacted with an unsaturated 

carbohydrate. Both these alternative strategies have been 

investigated and are discussed in subsequent sections. 



2.4 	LEVOGLUCOSENONE_2_ (1, 3-DIOXOLANE) ACETAL 

As stated in the previous section, the enone character of 

levoglucosenone causes problems under Mukaiyaina conditions 

thus limiting its synthetic utility. The acetal derivative 

(123) was prepared to allow examination of the 

cycloaddjtion chemistry of a protected levoglucosenone. 

The initial investigation was conducted using benzonitrile 

oxide generated by dehydrochiorination of the corresponding 

hydroximoyl chloride. Only if the alkene was shown to be 

suitable would this approach be extended to include nitrile 
oxides generated by the isocyanate method. 

2.4.1 	syntheses of Acetal Derivatives 

The synthesis was initially attempted using a solution of 

levoglucosenone in ethylene glycol with 
chlorotrimethylsjlane as a catalyst'81. These conditions 
proved to be too severe, giving a gummy product which 

solidified on distillation and cooling. The absence of a 

strong absorbance at 1650-1800cm' in the i.r. spectrum of 

the product confirmed that the carbonyl group had reacted. 
Unfortunately there were no olefinic resonances in the 1H 
n.in.r. spectrum indicating that the alkene had also 

reacted. The most likely identity of this product is the 

2:1 adduct (124), in which levoglucosenone has undergone a 
Michael addition to C-4 and acetal formation at C-2. 

0 

E -0  03 	0 	
0H 0 

(123) 	 (124) 



The mass spectrum gave a highest peak at rn/z 257 which 

corresponds to (M+1). Unfortunately the elemental analysis 

did not confirm the product as (124) but this structure is 

still thought to be the most likely. Further evidence is 

gained by analogy with the reaction of levoglucosenone and 

the anion of nitromethane (see section 2.8). Under certain 

conditions the nitronate anion undergoes a nucleophilic 

attack at both C-4 and C-2 of levoglucosenone to give the 
2:1 adduct. 

The desired acetal product (123) was successfully 

synthesised using a milder procedure 182 
involving a smaller 

excess of ethylene glycol, with removal of water from the 

reaction mixture by azeotropic distillation with benzene 

(Dean and Stark trap). Acetal (123) was identified by its 

spectroscopic properties and confirmed by elemental 
analysis. 

Prior to the reaction of (123) with benzonitriie oxide, a 

standard isoxazoline acetal (125) was synthesised to aid 

the identification of cycloadducts by acting as a compound 

of known configuration. it was prepared by reacting the 

readily available isoxazoline (108) with ethylene glycol 

using the same method 182 
found to be successful for synthesis 

of the acetal derivative of levoglucosenone itself. 

2.4.2 Cycloadditjon of Benzonjtrjle Oxide to 

Levoglucosenone-2-(1, 3-dioxolane) Acetal 

The reaction of benzonjtrjle oxide with (123) was conducted 

as previously described by slow addition of the reagent 

solution (24 hours) to a large excess of alkene (10-fold) 

to prevent formation of nitrile oxide dimers. 

Work-up of the reaction mixture gave a residue containing 

a mixture of products and unreacted alkene. The excess 

starting material was removed by column chromatography to 



leave the mixed products. The separation of these products 

could not be accomplished by column chromatography on 

silica or on alumina, but was successful using a low 

loading on silica preparative t.l.c. plates. This allowed 

isolation of the following compounds from the reaction 

mixture: diphenyloxadiazoj.e (10%), diphenyl furoxan (11%) 

and three cycloadducts: (125) (0), (126) (15%) and (127) 
(12%) 

0 

0 	
HO 

0 	
0D 

PhCNQ 	
hOD Ph 

Ph 	
Ph N 

(125) 	 (126) 	 (127) 

The furoxan and oxadiazole are the expected nitrile oxide 

by-products commonly found in reactions with unreactive 

dipolarophiles (see section 2.1). The 1:1 adduct (125) was 

easily identified by comparison to the reference compound 

prepared from (108) and ethylene glycol. The 2:1 adduct 
(126) showed a similar 1H n.m.r. spectrum to (125) but the 

integral of the aromatic region was doubled. This, and the 

molecular ion peak at m/z 408 in the mass spectrum, 

provided convincing evidence for the proposed structure. 

The third adduct was also identified by n.ni.r., with 

particular attention paid to the resonances of the ring-

junction protons and the size of their couplings, as in 

previous examples. No other products were detected despite 

the low overall recovery of 52%. The configuration of the 

isolated cycloadducts indicated that the cycloaddition was 

face-specific with a regioselectivity of 1.1:1.0 favouring 

the same isomer as in the cycloaddition to the parent 
enone. 
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The protection of the carbonyl group in this manner has 

therefore been shown to be disadvantageous. The facial 

selectivity is as good as levoglucosenone itself but the 
regio-.selectivity is very weak. 	Also lost is the 
reactivity of the dipole, as shown by the presence of the 
oxadjazole and furoxan by-products and the tendency for 2:1 
adduct formation. 	

The alkene (123) is so reduced in 
activity that the isoxazojine double bond of (125) is of 
Comparable dipolarophilic Strength. 

It can thus be Concluded that the protection of the 

carbonyl group as an acetal is not recommended since all 

the reactivity and selectivity advantages of the enone have 
been lost. 
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2.5 	REDUCTION OF THE CARBONYL GROUP OF ISOXAZOLINE 
ll0I 

One of the aims of this project is ultimately to produce 

isoxazolines incorporating two sugar rings; one from each 

of the reactants in a 1,3-dipolar cycloadditjon. Such a 

tricyclic product could then undergo hydrogenolysis to 

cleave the N-O bond of the isoxazoline, leaving a C-

disaccharide. To explore the feasibility of this reaction 

sequence using levoglucosenone, a model compound was 

needed. Since the cycloaddjtjon of levoglucosenone and 

benzonitrjle oxide had been rapid and high yielding, the 

major isoxazoline product (108) was used for further study. 

Hydrogenolysis of this material would be expected to 

proceed with concomitant reduction of the carbony]. group. 

This would be likely to lead to an undesirable mixture of 

isomeric alcohols. To avoid this, a selection of reducing 

agents were tested to find a system that could selectively 

reduce the carbonyl group prior to the ring cleavage 
reaction. 	The reagents, conditions and results are 

tabulated fully in the experimental section 3.8. 

2.5.1 	Using Sodium Borohydride 

Reductions using NaBH4  are most commonly performed in an 
alcoholic solvent. it was found that isoxazoline (108) was 

only sparingly soluble in ethanol at room temperature so 

dichloromethane was used as a cosolvent(50%). Addition of 

a large excess of borohydride (2 moles per mole 

isoxazoline) caused full reduction of the ketone in two 

hours at room temperature as monitored by t.l.c. 

The product was isolated in good yield (80%), but was shown 

by n.xnr. to be a mixture of two isomers present in almost 
equimolar amounts. 	Although the isomers proved to be 

inseparable by preparative chromatography and fractional 

crystallisation, reverse phase h.p.l.c. gave a separation 
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that could be used analytically. With a solvent system of 

Water/methanol (3:1) the alcohols separated easily. They 

were labelled arbitrarily A and B and their relative 

abundances were calculated from their peak areas. 

Isomer 	 Retention Time/min 	 Ratio 
A 	 12 	 54 
B 	 9.5 	 46 

OR 
/ Ph 	 Ph 4X 

-N OR 	 °----N H 

A 

(128) 	R H 	(129) 

(130) 	R = COO-i3 	(131) 

(132) 	R COPh 	(133) 

A 	study of literature precedents 183,184  suggested that a 
change of solvent may alter the selectivity. 

Using pure isopropyl alcohol the starting material 

dissolved on prolonged stirring at room temperature. 

Reacting this solution with NaBH4  exactly as before gave a 
quantitative yield of the same two isomers in a ratio of 

A:B = 46:54. The selectivity, although reversed, is still 
very weak (8% be). 
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Changing the reaction solvent to diethylene glycol dimethyl 

ether (diglyme) altered the isomer ratios very little, A:B 

= 43:57, and lowered the yield to only 31% after 3 hours. 

The low recovery may have been due to either a slow 

reaction, or to problems encountered at the work-up stage, 

with the high boiling point of dyglyme. 

2.5.2.1 	Derivative #1: Acetate 

An alternative solution to the discovery of an 

enantiospecific reducing agent is to separate the two 

isomers. Derivatives of the two alcohols were made in the 

hope that they would be separable by chromatography. This 

would allow subsequent hydrogenolysis reactions to be 

performed on the isomers individually. 

The mixed alcohols from the ethanolic reduction were 

acetylated using acetic anhydride in pyridine. Only the 

acetate of isomer A (131) could be isolated in a pure form 

and in good yield (93%). The remainder of the product 

material was an inseparable mixture of two or more 

compounds probably containing the acetate of isomer B and 

an elimination product. It is concluded that this isomer 

has a configuration that is more prone to loss of acetic 

acid. This may suggest a trans-diaxjal arrangement of H 

and OAc in the molecule B since this is a configuration 

that is thought to be favourable for base-catalysed 
elimination185 . 

On further investigation the acetate of isomer B (130) was 

made in 44% yield. This was still not good enough to allow 

acetylation to be a viable means of separating the 
alcohols. 



2.5.2.2 	Derivative 12 : Benzoate 

The Synthesis of the benzoate esters was Undertaken in the 

hope that the products would be stable, separable and 

formed in high yield. The benzoYlation was Conducted under 

standard conditions Using benzoyl chloride in dry pyridine. 

Taking a mixed sample of alcohols (ratio A:B = 
52:48) the reaction afforded a 48% yield of the mixed benzoates (132) and (133) 

by chromatography on silica. No separation could 
be achieved Using preparative or analytical t.l.c. 

Separation was Possible, however, Using an analytical 

reverse phase h.pl.c. column; hence small scale samples 

would be Isolable by a preparative version of this 
technique. 	

Hence this derivat isat ion produces stable 
isomers but the method appears to be unsuitable for the 
large-scale separation of alcohols (128) and (129). 

A later reaction, Using pure alcohol B gave a 
65% yield of the benzoate (132). 

This was useful for confirming the 
assignment of the h.p.lc. peaks in spectra of the mixed 
benzoates. 

2.5.3 	
IJjg Lithium Aluminium Hydride 

Lithium aluminium hydride (LAH) is a readily available and 
commonly used reducing agent'. Unlike NaBI-1

4 , it reacts 
violently with water and requires scrupulously dry reaction 

conditions. Traditionally, standard procedures use diethyl 
ether but more recently tetrahydrof 	(THF) has become 
the solvent of choice. 

The initial reaction of (108) with LAH was conducted under N2 
 in dry ether with dichloromethafle as a Co-solvent (50%). 

The reaction proceeded very quickly at room temperature and 

was quenched after stirring for one hour. The standard 
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work-up comprising aqueous hydrolysis, then extraction, 

drying and evaporation gave a high recovery of material. 

Analysis of this of this residue by 1H n.xn.r. showed the 
presence of several products. These were shown by t.1.c. 

analysis not to be starting material, but more polar 

products of low mobility. 

The presence of more than two products suggests that LAB 

was too reactive in diethyl ether and has attacked 

functional groups in the molecule other than the carbonyl. 

The most likely target is the isoxazoline ring which is 

known to be cleaved by LAB to give the i-amino alcohol186 . 

The reaction was repeated using dry THF, in which the 

starting material was fully soluble, hence there was no 

need for a co-solvent. 

LAH is known to be less active in THF so the reaction was 

allowed to stir at room temperature under nitrogen for 16 
hours183. At this stage t.l.c. showed a single-spot product 
which was more polar than the starting material. Normal 

work-up afforded a good yield (89%) of the same isomeric 
alcohols obtained by NaBH4  reduction, but with a greater 

selectivity (A:B = 25:75 by h.l.p.c.). Having a product 

ratio of 3:1 it was hoped that the major isomer could be 

obtained pure by fractional crystallisation (a technique 

which had failed for equixnolar isomers). 

Careful recrystalljsatjon from CHC13/petrol gave clear 
needles of isomer B with 48% recovery and 88% ee. This 

product was potentially useful for carrying forward to the 

hydrogenolysis stage, although its production was very 

wasteful of valuable material and its purity was low. 



	

2.5.4 	Using Zinc Borohydrjde 

Treatment of isoxazoline (108) with a large excess of a 
solution of Zn(BH4 ) 2  in THF at room temperature for 16 hours 

resulted in complete reduction of the carbonyl group. The 

product was isolated in 92% yield and was shown by h.p.l.c. 

to have an isomeric ratio of A:B = 29:71. 

This is very similar in both yield and selectivity to the 
result using LiA1H4, therefore zinc borohydride shows no 
significant advantage in the reduction of this compound. 

	

2.5.5 	Using Borane - THF 

A solution of borane in THF was used to reduce (108) in 82% 

yield, over one hour at room temperature. The product 

ratio was 76:24 in favour of isomer A. This selectivity is 

comparable to that of LAH but favours the other isomer. 

Since isomer A was in large excess its isolation was 

attempted by careful fractional crystallisation. 	The 
crystals isolated from EtoAc/petrol trituration were of 

nearly the same composition as the initial mixture. Pure 

ethanol gave crystals that were richer in the minor 

component and a mother liquor enriched with isomer A. This 

was evaporated to dryness then slowly recrystallised from 
ethanol over 2 months. 	The mother liquor from this 

treatment, when analysed by h.p.l.c., showed the presence 

of isomer A (129) and impurities from the solvents. This 

was the only sample of alcohol (129) to be completely 

separated from (128) but it was in too small a quantity and 

too impure to allow a full analysis. 



2.5.6 	Using Lithium tri-sec-butylborohydride  

IL-selectride 

L-selectride is one of the new generation of reducing 

agents which owes its high selectivity to the bulky alkyl 

groups attached to the boron centre. Its steric bulk is 

such that even a seemingly distant group on the target 

molecule can result in high face selectivity. 	As a 
consequence of its size, the reagent is not reactive 

towards highly hindered carbonyl groups. 

The addition of a commercial THF solution of L-selectride, 

to a solution of the starting material in THF under 

nitrogen, caused full consumption of the starting material 

in under one hour at room temperature. Work-up of the 

reaction mixture by hydrolysis with lM HC1 gave a highly 

isolnerically pure product (98% ee), but in very low yield 

(18%). The use of a lower reaction temperature (-780) and 
a peroxide oxidative work-up 187 allowed complete hydrolysis 

of the organo-boron complex and increased the yield to 86%. 

The product was recrystallised from CH2C12/ether to give 
long thin needles which were fully characterised by the 

normal techniques. The crystals were of sufficient quality 

for x-ray crystallography which confirmed the structure of 

isomer B as (128). The hydroxyl group is in a pseudo-axial 

position on the opposite face of the pyran ring to the 1,6-

anhydro bridge of levoglucosenone. 

This psuedo-axial nature is in agreement with the 

base-catalysed elimination of acetic acid from the acetate 

of isomer B as discussed in section 2.5.2.1. 

This reagent has successfully reduced the carbonyl group in 

a high yield and in such good selectivity that no 

separation process would be needed for the next step of a 
synthesis. 
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2.6 	REDUCTION OF ISOXAZOLIDINES (116) AND (117) 

2.6.1 	Reduction of Benzylphenyljsoxazoljdjne (117) 

The formation of nitrone adducts of levoglucosenone is 

under investigation for the same reason as the nitrile 

oxide cycloaddition products. 	A synthetic strategy 

involving sugar rings as substituents on the dipole and 

dipolarophile would give a tricyclic product on 

cycloaddition. Cleavage of the N-O bond in the newly-

formed ring leaves a C-disaccharide of pre-determined 
configuration. 

Hydrogenolytic cleavage of the isoxazolidine rings of the 

nitrone adducts (116) and (117) would require a prior 

reduction of the carbonyl group. 	An extensive 
investigation into the reduction of the nitrile oxide 

adduct (108) had shown L-selectride to be the reagent of 

choice hence it was the first to be tried on adduct (117). 

Initial trials were performed by Miss T. Cook as part of a 

BSc. honours project188 
 

Using the same experimental conditions as before (117) was 

reduced rapidly and cleanly by L-selectride. The product 

was a white crystalline solid, (95% yield), which was shown 

by n.m.r. and h.p.l.c. to be a sing6 isomer. 	The 
stereochemistry of the product was determined partly by the 

size of proton couplings, but more definitively by n.O.e. 

spectroscopy. In particular, the lack of an enhancement 

between H-5 and H-7 shows that H-7 is on the "upper" face 

of the pyran ring i.e. the hydroxyl group is on the face 

opposite to the methyleneoxy bridge. This is in agreement 

with the selectivity observed in L-selectride reduction of 

isoxazoljne (108). 
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2.6.2 	Reduction of Diphenylisoxazoljdjne (116) 

2.6.2.1 	Reaction with L-selectrjde 

Addition of L-selectrjde to a solution of the isoxazoljdjne 
(116) in THF at -78°C, followed by warming to room 

temperature and stirring for 16 hours, did not give a large 

amount of clean product as with previous reductions using 

this reagent. Analytical t.1.c. at this stage showed a 

substantial amount of unreacted starting material. 

A further aliquot of reagent was therefore added to bring 
the total excess up to 8-fold. 	Stirring the reaction 
mixture for 5 hours more produced no noticeable change and 

it was therefore heated to reflux for 24 hours. 

Work-up by the usual oxidative method gave a reaction 

mixture which separated into twelve distinct bands on 

preparative t.l.c. Allowing for the possibility that some 

bands may be due to decomposition of products on silica, it 

is clear that the reaction has produced many by-products 

due to the severe conditions that had to be employed. Only 

one of these bands gave a significant amount of product to 

allow identification. The seventh band from the top of the 

plate, at R=0.4, gave a brown oil which could not be made 

to give clean crystals by normal purification techniques, 

despite solidifying on several occasions. The most likely 

structure for this product is (134) based on the following 

data. Infra-red spectroscopy showed the presence of OH 
(3450 cm 1, broad) and C=O (1675 cm 1, strong) groups. 
n.m.r. showed resonances that clearly corresponded to five 

aromatic protons, the two methyleneoxy bridge protons, the 

two ring junctions and five others; at least one of which 
is a hydroxyl group. 	The mass spectrum (El) showed a 

highest mass of m/z 218. This would correspond to M-16 for 

(134), a result consistent with literature precedents for 

molecules with the levoglucosenone structure 120,121 i.e. the 



molecular ion is often not seen and the highest mass 

corresponds to loss of an oxygen atom. No other data could 

be gathered because the compound decomposed when subjected 

to purification techniques such as chromatography or 
crystallisation. 

The proposed structure fits the spectral data and is 

rationalised by a reductive cleavage of the isoxazolidine 

ring (scheme 25). Isoxazoljdjne rings are normally stable 

to L-selectride although they are known to undergo thermal 

cleavage under extreme conditions92. 

Scheme 25 

CHL 

0 	 )r_~HH 
NN Ph 	 HN Ph 

Ph H 

(iTh) 

[H] AHO 

(134) 

The lack of reactivity of L-selectrjde with the carbonyl 

group suggests that the steric constraints in this region 

of the molecule are too great to allow the bulky reagent to 

attack. The fact that the benzylphenyl analogue reacted 

readily shows that the steric requirements are at a 

critical level in these molecules and a small difference in 

structure can make a significant difference in reactivity. 

2.6.2.2 	Reaction with Lithium aluminium Hydride 

Reduction of isoxazoljdjne (116) with excess LAH in THF 

under normal Conditions and work-up proceeded rapidly and 

cleanly. The product alcohol was isolated as a single 

isomer in quantitative yield. The extraordinary success of 

this reaction compared to previous reductions can be 

attributed to the choice of reagent. As suggested in the 

previous section the carbonyl group in (116) is highly 



hindered. 	This probably causes one face to be greatly 

favoured over the other for attack, even by a reagent of 

such low steric bulk as LAH. Hence this reaction gave 

complete stereospecificity with a reagent that showed only 

low selectivity in reduction of analogous compounds. 
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2.7 	REACTION OF ISOXAZOLINE (108) WITH NITROMETHANE 

Aim 

In the presence of a suitable base nitromethane reacts as 

the nitronate anion and undergoes additions to typical 

Michael acceptors and polar double bands such as 

Such an addition produces primary nitro compounds suitable 

for use in the generation of nitrile oxides by the 
Mukaiyama method32 . 	it should therefore be possible to 

generate the nitrile oxides of levoglucosenone and its 

derivatives e.g. (135), (136). These dipoles could then be 

used in a reversed-role reaction to form the 47 - rather 
than the 27r- component in a 1,3-dipolar cycloaddition and 

ultimately to increase the scope of C-disaccharide 
synthesis from levoglucosenone. 

Reaction 

The reaction was conducted in the presence of three 
different bases. 	As is shown in table 9, all three 

catalysts gave a mixture of the two expected isomers (137) 

and (138), which could not be easily assigned by 1H n.m.r. 
even though their spectra were quite distinct. The carbon 

atom C-7 is a quaternary centre so proton coupling 

constants could give no significant indication of the 

isomerism. As both products were crystalline solids one 

of them was submitted for x-ray crystallographic analysis 

and was shown to have structure (137). The nitromethane 

moiety has therefore added from the same face as the 

methyleneoxy bridge, i.e. anti to the isoxazoline ring. By 

default the other isomer was deemed to have the opposite 
configuration. 
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Table 9 

Base* Excess 

CH3NO2 

Solvent Reaction 

Conditions (138) 

Y i e 1 d/ % 

(137) 	Overall 

Et 3N6-fold 1,2-DCE 3 days 25°C 19 9 	28 
2 days 

ref lux 

NaOMe 4-fold MeOH 4 days 25°C 1 6 	7 

TMG solvent CH3NO2  2.5hr 	0°C 

1 	hr 25°C 45 34 	79 

# TMG = 1,1,2,2-tetrarnethylguanidifle 

* A catalytic amount was used in all cases. 

0N "0H °N ftCH2NU2 

0 	

CH2 OH 

(136) 	 (137) 	 (138) 

As shown in table 9, TMG proved to be the most efficient 

catalyst, giving substantially greater yields than the 

other bases and using much milder conditions. The reaction 

shows low selectivity, producing almost equal amounts of 

the two isomers which are separable by column 

chromatography. Both of these enantioiners are potential 

nitrile oxide precursors using the isocyanate reaction. 



O2N
0 O2N 

J5 
OH 

(139) 
	

(140) 
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2.8 	REACTION OF L EVOGLUCOSENONE WITH NITROMETHANE 

Levoglucosenone is known to undergo Michael additions at 

C-4 with various anions generated from alcohols 9, thlols150  
and other molecules121  having an acidic proton. The yields 
of these base-catalysed reactions range from very high to 

very low but the additions invariably occur 
stereospecifically from the exo face. 	Addition of 
nitromethane in such a manner would form a levoglucosenone 

- derived nitrile oxide precursor such as (139). 	This 
should react under Mukaiyama Conditions to generate the 
nitrile oxide (135). 

2.8.1 	Reactions Using TMG Catalyst  

2.8.1.1 Using Nitromethane Solvent 

Use of TNG as the catalyst and nitroxnethane as the solvent 

had given very successful results for other cyclic enones 89 . 

These conditions proved to be too reactive for 

levoglucosenone. The reaction did not stop at the desired 

product (139) but went on to produce two isomeric 2:1 

adducts in a combined yield of 98% (140:89%, 141:9%). The 

products were separated by column chromatography and gave 

analytical and spectroscopic data consistent with 2:1 



105 

addition. 

The identification of the isomers was not a trivial 

process. Because the centre at C-2 is quaternary, it could 

not be used to determine the stereochemistry of the 
attached groups by 1H n.m.r. coupling constants. 	The 
stereochemistry at C-4 was easier to deduce by this method: 

the small couplings for J 5  (cz 1Hz) are consistent with 

addition of nitromethane from the exo face in both 

isomers158' 156• Addition to this face of levoglucosenone is 

greatly preferred due to the steric blocking effect of the 
methyleneoxy bridge. 

Despite the crystalline nature of the major adduct its 

structure could not be determined by resorting to x-ray 
crystallography. 	Regardless of the solvent used, the 
compound formed agglomerations of irregular flakes on 

recrystallisation which were not suitable for use. The 

configuration at C-2 of the major isomer was deduced by 

analysis of long-range C-H n.m.r. coupling constants. 

The small coupling for H3a/C-9 of 2.8Hz provides evidence 

for C-9 being in an equatorial position. This conclusion 

is strengthened by comparison to the coupling H3a/C-10. 

This coupling is 9.1Hz and typical of a trans-diaxial 
arrangement. 

Scheme 26 

02NCH2 	 O2N
0 02N 	OH 

(140) (139) 



02 

0 

B 

0 

02N 	 02N 
(143) (139) 
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The reaction IS presumed to involve an initial Michael 

addition at C-4 followed by a second nucleophjljc addition 

to the carbonyl group at C-2, (Scheme 26). 

2.8.1.2 	1.2-Dichloroethane as Solvent 

It was hoped that repeating the reaction in an inert 
solvent, 1,2-dichloroethane using only one equivalent of 
nitromethane would allow the reaction to proceed only to 

the mono-adduct leaving the carbonyl group intact. 

In practice this was found not to be the case. 	Two 
products were isolated from the reaction mixture: (140) 

(6%) and a new highly crystalline product. This compound 

was shown by mass spectrometry (m/z 313, M) and infra-red 
spectroscopy (1725 cxn 1, C=O) to consist of two 
levoglucosenone units and one nitromethane, but its 

structure could not be deduced from this data. It was 

found to crystallise very easily to give clear needles of 
high melting point (244-50c, EtOH) which were ideally suited 
to x-ray analysis. This technique allowed the product to 

be identified as the pentacyclic compound (142). 

This compound is thoughito arise from further reaction of 

the initial Michael adduct (139) with another molecule of 

levoglucosenone as shown in scheme 27. 

Scheme 27 
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The structure having been determined, the 1H n.m.r. spectrum 
could now be fully assigned by extensive use of n.0.e. 

(figure 14) and double-irradiation decoupling. The results 

of spin decouplings are illustrated in the connectivity 

diagram in figure 15 and the nuclear Overhauser 

enhancements are shown in table 10. The rigid nature of 

the molecule makes it particularly appropriate for this 

type of analysis. As expected the greatest enhancements 

were seen between the pairs of geniinal protons on C-7, C-
16 and C-13. Most of the enhancements are between vicinal 
protons but other significant signals are seen between 

protons separated by more than 3 bonds, such as H-5/H-3, H-
10/H-16a, H 3/H13N  and H-10/H-12, since they are spatially 
close. There is no enhancement for H-11/H-13 because they 

resonate at the same place in the spectrum and cannot be 

selectively irradiated. The lack of enhancement between H-

11 and H-10 is as expected from their trans-diaxial 
orientation. 

The 3-bond coupling constants extracted from this study are 

shown in table 11 alongside the expected couplings (as 

calculated from the modified Karplus equation '72) and the 
torsion angle observed by x-ray crystallography. The two 

sets of angles are in close agreement; perhaps a reflection 

of the rigidity of the structure. 

In conclusion the use of equimolar starting materials did 

not give the desired 1:1 Michael adduct (139) but produced 

the 2:1 adduct (140) in 18% yield. 

It must therefore be concluded that under these reaction 
conditions: 

a) the addition of nitromethane to C-4 is not 

sufficiently more facile than addition to the carbonyl 

group to prevent the formation of diadducts. 



Figure 14 	iQ.e. Spectra of Compound (142) 

H1 0 
	

2 SHipm 

Li 4') 

H-9 

H-16e 
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Figure 15 

Connectivity Diagram for (142) : Proton-Proton Couplings in Hz 

F- 
7.6 

E 
 48 	26 	4•7 	11•5 K - 	C 	Q 	H 	 J _ _ _ Z \5y\ 

	

NP-1  _8 A 13_
-3 	

_ D 

	 G 5-3 

A: H-16a D: H-3 
B: H-16e E: H-7x 
C: H-9 F: H-7n 
G: H-13x K: H-8 
H: H-il L: H-12 
J: H-13n Q: H-b 

N 	NP: H-1/H-5 

H 

Table 10 	Nuclear Overhauser Enhancements in Figure 14 

Irradiated Proton 	Enhancements ( )/% 

H-iO H-16a (2) H-9 (3). H-12 H-13x (3) 	, H-10 (2) 	, H-il (4). H-il H-3 (4) 	, H-12 (2.5). 
H-13x(H-7n) H-13n (6). 
H-7n(H-13x) H-9 (1) 	, H-7x (12), H-16e (3). H-7x H-8 (3) 	, H-7n (7). 
H-3 H-5 (2.5),H -13n(2). 
H-9 H-7n (1) 	, H-16e(2) 	, H-16a (1), 

H-8 (3) 	, H-b (6). H-16e H-9 (2) 	, H-7n (4) 	, H-16a (14). H-16a H-16e (14), H-9 (2) 	, H-10 (4). 

Table 11 	Observed vs Calculated Coupling Constants for (142 

Coupling 
J(obs)/Hz 

: 	3,11 
: 	8.4 

8,7x 
4.8 

8,7n 8,9 	9,10 9,16a 9,16e 
J(calc)/Hz : 	4.5 6.0 

0 
1.5 

	

2.6 	4.7 

	

3.4 	4.0 
2.4 
2.4 

4.5 
2.9 Angle/deg : 	-44.7 -31.9 95.2 -54.4 	-48.6 64.5 -59.2 

Coupling 	: 
J(obs)/Hz 	: 

10,11 
11.5 

11,12 12,13x 12,13n 
J(calc)/Hz 	: 12.1 

1.5 
2.7 

5 
6.6 

1.0 
1.8 Angle/deg 	: 159.8 -60.4 -25.7 100.0 



110 

b) 	the methylene protons adjacent to the nitro group are 

still acidic enough to be removed allowing a tandem 
Michael addition to occur. 

	

2.8.1.3 	Using Excess Levoglucosenone 

To prevent the formation of di(nitromethyl) products the 

reaction was repeated using a 2-fold excess of 

levoglucosenone. The conditions were also moderated (0°C-
RT for 4h compared to RT for 65hr) in an attempt to stop 

the initial Michael adducts reacting further. 

This did not prove successful. The reaction was performed 

as described above and afforded a very high yield (95%) of 

the pentacyclic 1:2 adduct (142). The formation of 2:1 

adducts had been prevented but it appears that the initial 

Michael adduct readily reacted with the excess 
levoglucosenone. 

	

2.8.1.4 	Using a Protic Solvent 

2.8.1.4.1 Methanol 

To prevent the formation of (142) equimolar quantities of 

starting materials were used in a protic solvent. These 

conditions were intended to discourage the formation and 
reaction of anion (143). 

An equiinolar amount of the two starting materials was 

dissolved in methanol containing a catalytic amount of TMG. 

The mixture was only allowed to react for one hour and the 
temperature was kept low (O°C-RT). Column chromatography 
afforded two products: the known Michael adduct119  of 
methanol and levoglucosenone (144) (13%) and a new compound 

which was identified by its spectroscopic properties as 

(145) (42%). By comparison of the n.m.r. spectrum of (145) 

with those of the adducts (140) and (141) it was deduced 



that nitrornethane added to the endo side of the carbonyl 
group as in the major 2:1 adduct (140). 

(  0 
 

aO 
MeO 	 Me 

02 

(144) 	 (145) 

Thus methanol seems to deprotonate too readily in the 

presence of TMG, competing with the nitronate anion for 

nucleophilic addition. it is known that ethanol is less 
easily deprotanated'2' by TMG hence use of this alcohol as 
the reaction solvent may reduce the extent of undesirable 
side reactions. 

2.8.1.4.2 Ethanol 

The reaction in ethanol was monitored by t.l.c. and found 

to be much slower than in methanol. it required 18 hours 

at room temperature to proceed to completion. 

Chromatography of the reaction mixture afforded two 

isolable products in low yield and a large amount of 

unidentifiable oily material. The major product showed a 

peak in the infra-red spectrum at 3390 cm-1  and a single 
ethyl resonance in the 1H n.m.r. it was isolated as a dark 
oil and proved to be difficult to purify. Based on a full 
analysis of the 1H n.m.r. spectrum the product was 
identified as (146), the ethyl analogue of (145), the major 

product recovered from the reaction in methanol. 

U 	f NO2(So  OR 0H 

EtO 	OH 	E O 	OH 02N N02 

(146) 	 (147) 
(148) 
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The minor product was isolated in a very impure state and 

could not be purified sufficiently to be analysed fully. 

On the basis of a hydroxyl absorption in the infra-red 

spectrum and the presence of two ethyl resonances in the 1H 
n.m.r. it was tentatively assigned structure (147). 

In conclusion, the reaction in ethanol afforded two 

products based on the Michael addition of the solvent 

(146) 11% and (147) 3%. TMG is active enough to promote 
f3 -addition of the solvent even using ethanol, hence it 
will be necessary to find a weaker catalyst to synthesise 
(139) in a protic solvent. 

2.8.2 	Reactions with Other Bases as the Catalyst 

Due to the excessive reactivity of protic solvents in the 

presence of TMG, a series of weaker basic catalysts were 

examined in the attempted synthesis of (139). 

2.8.2.1 Triethylamine 

Triethylamine was identified from previous work (section 

2.7), as a less active catalyst than TMG for promoting 

nitromethane addition to a carbonyl group. 

Reaction of equimolar amounts of levoglucosenone and 

nitromethane for 18h in methanol, with a trace amount of 

triethylamine, afforded the same two products in the TMG-

catalysed reaction but with reversed selectivity: (144), 
50%; (145), 25%. 	It is concluded that triethylamine is 

able to promote nitromethane addition to the carbonyl group 

but is still too reactive with methanol. 

2.8.2.2 Triton-B 

The use of Triton-B methoxide at 60°C by the method of 
Ginsburg and Pappo19°  was even less successful. The reaction 
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mixture contained considerable amounts of black oil, 

probably due to the elevated reaction temperature. Two 

products were isolated 	(140), 33% and a new compound 

(148), 22% which was identified as the nitromethyl adduct 

of (142) from its analytical and spectroscopic properties. 

2.8.2.3 Diethylamjne 

The use of Et2NH and the method of Kloetzej.19 ', which 
involves a 6-fold excess of nitromethane in methanol, 

afforded a small amount of the di(nitromethyl) product 

(140), 3% and a significant yield of (145), 40%. 	Thus 
diethylaniine seems to be too active in promoting addition 

of methanol and attack of nitromethane at the carbonyl 

group. The second addition might be avoided by reducing 

the reactant ratios to 1:1 but the Michael addition of 

methanol would still be favoured over nitromethane. 

2.8.2.4 	Sodium Methoxide 

Sodium methoxide is another base which is known190  to be less 
active in promoting addition to a carbonyl group. It was 

used to try to produce (139) by the method of Walker192 . 

This involves formation of sodionjtromethane, (Na4 CH2NQ2), 
which adds to the enone. This technique was successful in 

preventing 2:1 addition despite the fact that 2 equivalents 

of reagent were used, but the reaction did not stop after 

formation of the critical Michael adduct. As had been the 

case in many previous reactions, there was a very low 

recovery of products, possibly due to the heat generated in 
the 	a-i reaction. The two isolated products were the 

pentacyclic alcohols (142), 10% and (148), 8%. 

2.8.3 	Conclusion 

None of the reagents and conditions used were successful in 

the synthesis of the desired Michael adduct (139). This 
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may still be possible if a more extensive investigation of 

reaction conditions is undertaken. In particular, the use 

of carefully controlled low temperatures and short reaction 

times may allow formation of (139) in conditions that 

discourage further reaction. 	Should this not prove 

successful it may be necessary to turn to other methods 

such as the use of organolithium or organocuprate reagents. 
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2.9 	REACTION OF LEVOGLUCOSENONE WITH DIETHYLNITRO 

MALONATE (DENiM) 

The Michael addition of nitromethane to levoglucosenone had 

posed problems due to the lability of the methylene 

protons remaining adjacent to the nitro group. Changing 

the base and its conditions of use had not provided the 

desired product. An alternative strategy was attempted 

using a substituted nitroinethane for the Michael reaction 

then subsequently removing the substituents to leave the 

desired primary nitro compound. 

Diethylnjtromalonate (DENIM) was thought to be an ideal 

reagent since it analogue diethylmalonate (DEM) is one of 

the best-known and widely-used Michael donors. Also, the 

ester groups should activate the donor molecule by 

increasing the acidity of the central proton and then be 

easily removable after the Michael addition, by standard 
procedures193 . 

2.9.1 	DENiM Addition 

Reaction of DENiM with levoglucosenone in 1,2-

dichioroethane solution at ref lux was complete after 41 

hours, using a catalytic amount of TMG. After work-up a 

single Michael adduct (149) was isolated as a viscous 

liquid in good yield (80%). 

Et02  C 	 x 	(149) XO 

02N  CO2Et 	(150) X NNHH3(NO2)2 



116 

The n.m.r. spectrum of the adduct has a small coupling, 

(0.9Hz), between H-4 and H-5. Had the addition been from 

the endo face the coupling J45  would be expected to be much 
larger hence the adduct is assumed to have the 

stereochemistry shown (149). The product was then fully 

characterised as its solid DNPH derivative (150). 

DENIM has therefore added to levoglucosenone in a specific 
and high yielding reaction. 	The use of a substituted 

nitromalonate has successfully prevented abstraction of 

further protons and formation of by-products such as (142) 

and (148). 

2.9.2 	Decarboethoxylatjon 

Standard textbook procedures are available for removal of 

geminal diesters from malonates193. These typically involve 
acidic or basic hydrolysis and thermal decarboxylation. 

Initial attempts at hydrolysis of (149) with acid produced 

black reaction mixtures, from which no identifiable 

products were isolated. This failure was attributed to 

decomposition of the molecule due to its sensitivity to 
acid. 

Basic hydrolysis was attempted according to the procedure 

of Rapoport and Holden194. A high yield of DENiM (87%) was 

recovered from the reaction mixture indicating that the 

attack of 0H at C-4 had caused a retro-Michael addition. 

Following the failure of the acidic and basic hydrolyses, 

sodium cyanide was used according to the literature 
method195. It has been claimed that the reagent promotes 
decarboethoxylation by simple heating in DMS0196. No attempt 
was made by the authors to suggest a mechanism for the 

reaction. Use of the recommended procedure 195 produced an 
intractable black tar and no isolable products. 	It is 
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again possible that the reaction failed due to the 

instability of the carbohydrate portion of the molecule. 

In conclusion, the use of DENIM in Michael addition to 

levoglucosenone provides a single adduct in high yield. 

The removal of the ester substjtuents from this adduct has 

not yet been achieved due to the high sensitivity of the 

system. Once this step has been completed, the resulting 

primary nitro compound will be a potential precursor to a 

nitrile oxide derivative of levoglucosenone. 
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2.10 	CONCLUSION 

The cycloaddition of benzonitrile oxide to the alkoxy 

pyrans (85) and (86) was investigated as a model system for 

the addition of nitrile oxides to sugar alkenes. 	The 
methoxy substituent provided little directing influence as 

shown by the isolation of three 1:1 cycloadducts. it also 

had little activating effect on the olefinic bond hence the 

reaction also afforded two by-products and three 2:1 

cycloadducts. The butoxy analogue was considerably more 
selective. 	The large alkoxy group totally precluded 

addition from the syn face. 

The bicyclic structure (100) showed enhanced activity and 

selectivity towards benzonitrile oxide. The 1,6-anhydro 

bridge gave the dipolarophile great rigidity and created a 

very effective steric block of addition to the syn face. 

This alkene also showed its reactivity by undergoing a 

quantitative addition to c,N-diphenylnitrone. 

Levoglucosenone was identified as a potential carbohydrate-

derived dipolarophile. Its desirable features inicuded: 

(1) 	a single-step preparation from readily-available 

inexpensive starting materials; 

a 1,6-anhydro bridge; 

a double bond activated by a carbonyl group. 

The addition of benzonitrile oxide to levoglucosenone 

proved to be very reactive and selective. Two cycloadducts 

were isolated in a ratio of ca. 100:1 and a combined yield 

of 71%. Both adducts possessed the same regio-chemistry 

hence the reaction was completely regiospecific. This is 

most likely due to the strong directing effect of the 

carbonyl group. The major adduct arose from addition anti 
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to the 1,6-anhydro bridge as expected. The minor isomer is 

the only known example of a product arising from 

cycloaddition to the syn face of levoglucosenone despite 

extensive investigations of its Diels-Alder reactions. 

Levoglucosenone also showed highly reactive and specific 

reactions to nitrones. The two nitrones investigated gave 

68% and 87% yields of single cycloadducts. 

Other dipoles, including a carbohydrate nitrile oxide, also 

added readily to levoglucosenone but in lower yield and 

less selectively. 

The carbonyl group of the enone caused degradation problems 

in attempted cycloadditon using the isocyanate method of 

generation of nitrile oxides. A possible solution to this 

problem was the protection of the carbonyl group as an 

acetal. This was found to cause a significant loss of 

reactivity and selectivity in reaction with benzonitrile 
oxide. 

Reduction of the carbonyl group in isoxazoline (108) was 

achieved enantiospecifically and in good yield by L-

selectride, a highly sterically-hindered borohydride 
reducing agent. 	This reagent was found to be equally 

successful in the reduction of the carbonyl group in the 

isoxazolidine (117) in near quantitative yield. 

Finally, a series of experiments was conducted into the 

nucleophilic addition of nitromethane to levoglucosenone-

derived compounds. The intention was to produce primary 

nitro compounds that could be used as precursors to 

carbohydrate nitrile oxides. Tetramethylguanidine (TMG) 

was found to be an excellent catalyst for this addition. 

It added nitroinethane to isoxazoline (108) in 79% yield to 

produce two isomers in a ratio of ca. 4:3. 
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The addition of nitromethane to levoglucosenone itself was 

examined under many sets of conditions using various 

reagents. 	The desired Michael adduct (139) was not 

isolated from any of the reaction mixtures despite 

extensive investigation. 	Eight other products were 

isolated and identified. It was found that nitromethane 

could add to both the carbonyl group and the/3-position, as 

could anions derived from alcoholic solvents. The Michael 

addition of DENiM to levoglucosenone provided a viable 

route to a diester analogue of (139) in 80% yield. The 

hydrolysis and decarboxylation of this analogue would 

provide an alternative synthetic route to (139) and a 

nitrile oxide derivative of levoglucosenone. 

In conclusion, the factors affecting the course of nitrile 

oxide cycloadditions to carbohydrate compounds and model 

systems have been investigated. Levoglucosenone has been 

shown to be a highly-reactive and selective dipolarophile. 

The use of this enone in cycloaddition reactions could 

provide a synthetic route to valuable carbohydrate 

compounds of potential biological interest. 
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3. EXPERIMENTAL  

	

3.1 	GENERAL 

3.1.1 	Glossary of Terms, Symbols and Abbreviations 

	

atm. 	atmosphere 

	

BB 	broad band 

	

BNO 	benzonjtrjle oxide 

	

b.p. 	boiling point 

	

br 	broad 

	

CD 	circular dichroism 
Chem.Abs. chemical abstracts 

	

CNDO 	complete neglect of d-orbitals 

	

COSY 	COrrelation 5pectroscopy 
d 	doublet 

	

dec 	decomposition 

	

DEN 	diethylmalonate 
DENiM 	diethylnitromalonate 

	

DEPT 	distort jonless 	enhancement 	by polarisaton 
transfer 

	

DMAD 	dimethyl acetylene dicarboxylate 

	

DMF 	dilnethylformamide 

	

DMSO 	dimethylsulphoxide 

	

DNPH 	2, 

	

DPNI 	Diphenylnjtrjle mime 

	

ee. 	enaritjomerjc excess 
El 	electron ionisation 

	

ether 	diethyl ether 

	

FAB 	fast atom bombardment 

	

FNO 	frontier molecular orbital 

	

FVP 	flash vacuum pyrolysis 
g 	gram 
g.c. 	gas chromatography 

GC-CIMS gas chromatography 

spectrometry 
h 	hour 

- chemical ionisation mass 
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HOMO 	highest occupied molecular orbital 

h.p.l.c. high performance liquid chromatography 
hpsec high performance size exclusion chromatography 
Hz Hertz 
INOC Intramolecular Nitrile Oxide Cycloadditjon 
i.r. infra-red 
J coupling constant 

coupling constant between atoms separated by 5 
bonds 

LAH lithium aluminium hydride 
light 
petrol petroleum ether of b.p. 40-60°C 
lit literature value 
LRCOSY long range COSY 
LUMO lowest unoccupied molecular orbital 
M multiplet 
M moles per litre 
M molecular ion 
InCPBA m-chloroperbenzojc acid 
min minute 
M1 millilitres 
mmHg pressure in millimetres of mercury 
minol milliinole 
MO molecular orbital 
mol mole 
M.P. melting point 
Inpic medium performance liquid chromatography 
MS mass spectrometry 
m/z mass to charge ratio 
nm nanometre 
n.xn.r. nuclear magnetic resonance 
NOC nitrile oxide cycloaddition 
n.O.e. nuclear Overhauser enhancement 
ODS octadecyltrichlorosilane  
ORD optical 	rotatory dispersion 
petrol as light petrol 
PMO perturbation molecular orbital 
p.p.m. parts per million 
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p.s.i. 	pounds per square inch 

py-gc-ins pyrolysis-gas chromatography-mass spectrometry. 
q quartet 

s singlet 

t triplet 	(n.m.r.) 

tertiary 

temp. temperature 

THF tetrahydrofuran 

t.l.c. thin layer chromatography 

TMS tetramethylsilane 

U.V. ultra-violet 

W four-bond coupling 	(n.rn.r.) 

optical rotation 

chemical shift 

A thermal energy 

wavelength 

')max wavenurnber of absorbance maximum 

3. 1.2 	Instrumentation 

(1) 	Elemental Analysis 

Elemental analyses were performed by Mrs E. McDougall using 

a Carlo Erba elemental analyser model 1106. 

Infra-red Spectroscopy 

I.r. spectra were recorded as Nujol mulls or liquid films 

on a Perkin Elmer 781 spectrophotometer. 

Mass Spectroscopy 

Low resolution mass spectra were recorded on a Kratos MS902 

instrument by Miss E. Stevenson. Exact mass measurements 

and FAB spectra were recorded on a Kratos MS50TC instrument 

by Mr A. Taylor. 
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Melting Points 

Melting points were measured on a Gallenkamp capillary tube 

apparatus and are uncorrected. 

Nuclear Magnetic Resonance Spectroscopy 

1H n.m.r. spectra were recorded on Bruker WP80SY, WP200SY 

and WH360 instruments by Miss H.Grant, Mr.J. R. A. Millar, 

Dr. D. Reed and Dr. I. Sadler. 

13 
spectra were recorded on the two larger spectrometers 

and all 2D and n.O.e. spectra were recorded on the WH360 
machine. 

Chemical shifts () in all spectra are measured in parts 

per million downfield from tetramethylsilane (=O.0). 

Optical Rotation 

Optical rotations were measured on Optical Activity or 

Perkin Elmer 141 polarimeters using 2m1 of filtered 
solution. 

X-ray Crystallography 

The x-ray diffraction analyses were performed on a Stoé 

STADI-4 four-circle diffractometer by Dr. A. Blake and Dr. 

R. 0. Gould. 

3.1.3 	Chromatography 

(1) 	High Performance Liquid Chromatography 

Routine analyses were performed using a single pump and an 

isocratic solvent system with peak detection using a Cecil 
CE212 u.v. monitor. 
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Complex analyses were performed on a Gilson 2-pump system 

controlled by an Apple II computer. Peak detection was 

achieved by a Gilson u.v. monitor at 254nm linked to a 

Venture Mark II digital integrator and a servoscribe chart 

recorder. The samples were applied by a Rheodyne valve 

injector onto normal phase polished stainless steel 8mm x 

250mm (semi-preparative) and 5mm x 250mm (analytical) 

commercially-packed columns. 

The isocratic system used the above columns or a reverse 

phase Shandon column, 5mm x 150mm, fitted with a septum 

injected port packed with 5,WIODS/TMS silica. 

Thin Layer Chromatography 

Preparative t.l.c. was carried out using glass plates (20cm 

x 20cm) coated with Kieselgel GF254  silica containing 13% 
calcium sulphate and a fluorescent indicator. 

Analytical t.l.c. was carried out on commercial aluminium-

backed silica plates from various sources. Detection was 

achieved by u.v. irradiation (254nin), iodine vapour 

staining or acid-charring using 10% H2SO4 solution and a 
hotplate. The acid-char technique was found to be parti-

cularly useful for detection of carbohydrate compounds. 

Column Chromatography 

Flash-column chromatography was performed on 15cm x 4/6cm 
columns slurry-packed with Kieselgel 60, 230-400 mesh ASTM 

silica gel and eluted under an applied pressure of 5 p.s.i. 

nitrogen. Dry-column flash chromatography was performed 

using 7 and 15cm diameter sinters filled to a depth of 5 

and 7cm with t.l.c. grade silica and eluted under a vacuum 
supplied by a water pump. 
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3.1.4 	Solvents and reagents 

All reagents were standard laboratory grade and were used 

as supplied unless specifically stated in the text. 

Solvents for general use were normally filtered through 

celite and/or stored over molecular sieve. 

Dry ether, benzene and toluene were standard laboratory 

grade solvents dried over sodium wire. 

THF was always freshly-distilled from L1A1H4/CaCl2  and light 
petrol was double-distilled petroleum ether of b.p. 40- 
60°C. 

Dry pyridine was prepared by distillation from potassium 

hydroxide and dry ethanol by distillation from magnesium. 

H.p.1.c. solvents were h.p.l.c. grade and were degassed 

prior to use by filtration under vacuum through celite or, 

in the case of aqueous solvents, by nitrogen purging for 30 
mins. 
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3.2 	PREPARATION OF DIPOLES 

3.2.1 	Readily Available Dipoles 

Ci) 

Q,N-Diphenylnjtrone is commercially available and was used 

as supplied (97%) by Lancaster synthesis. 

4-Methoxybenzonjtrile sulphide was generated in situ by the 
method of Howe 105  from 5-(4-methoxyphenyl) -1,3, 4-oxathiazol-
2-one which was prepared by Miss M. McKie using the 

standard literature method. 

4-Cyano-2, 2-diinethyl-i, 3-dioxolane-N-oxide was generated in 

situ by dehydrochlorjnatjon of the chioro-oxime which was 

prepared by Miss A. Young using the method of Jones et al 97. 

3.2.2 	Benzonjtrjle Oxide 

Benz ohydroximoyl chloride, the precursor to benzonitrile 

oxide, was prepared by a modified literature procedure198 . 
A solution of o(-benzaldoxime (10.27g, 10.3 nunol.) in dry 

chloroform (250m1) in a 500m1 flask was cooled to -5°C in a 
dry ice - acetone bath. Chlorine gas was passed through 

the solution until the colour changed from Oxford blue 

through mid-green to sunset yellow. The excess chlorine 

was removed by displacement with nitrogen gas and the 

solution was evaporated to dryness. The solid residue was 

triturated from chloroform with hexane to give the product 

as white prisms (7.96g, 60%), m.p. 47-48°C (lit., 50- 
510C)199 
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3.2.3 	Diphenylnitrile imine 

This dipole was generated in situ by dehydrochlorjnatjon of 

N-phenylbenzohydrazonoyl chloride which was prepared by the 

method of Huisgen200. 	It was found that the final 
chlorination step using Pd 5  was only successful if 
scrupulously anhydrous conditions were used. The product 

was recrystallised from acetone-water to give pale green 

prisms (4.3g, 40%) m.p. 128-131°C (lit.201, 131°C) 

3.2.4 	C-Phenyl-N-benzylnitrone 

This nitrone was prepared using the method of Delamare and 

Coppinger202, by the oxidation of Lj-dibenzylhydroxy1amine 

with t-butyl hydroperoxide. The product is stable enough 

to be prepared prior to use if stored in the cold. 



3.3 	PREPARATION OF DIPOLJAROPHILES 

	

3.3.1 	2Methoxy_5 i 6_dihydro....2H_pyrafl (85) 

This Unsaturated pyran was prepared by Ian M. Dawson using 
the method of Woods and Sanders1  but modified as Suggested 
by Sweet and Brown165 . 

3.3.2 	t-BUtoxy-5 6-dihydro-2H...pyran (8) 

This compound was prepared by a modification of the 
literature route203. 

3.3.2.1 	romo_2_t_butoxytetrahydropyran (fl 

To one equivalent of 3 i 4-dihydro_2H_pyra (20.0g, 0.24mo1) 
in-t-butyl alcohol (lOOmi) and 1,2-dichloroethane (lOOml) 
was added, in small portions, -bromosuccinjmide (42.4g, 
0.24mo1) at 30-40°C. The mixture was stirred overnight at 
this temperature and then evaporated to near dryness under 

vacuum. Pentane was added and the resultant precipitate of 
succinimide removed by filtration. 

The solvent was removed and the product purified by vacuum 
distillation (36.6g, 65%) b.p. 74°C at 0.25mmiig (lit.203 , 
45°C at 0.2nunHg). 

	

3.3.2.2 	2tButoxy_5,6...djhydro....2H...pyrafl (86) 

Dehydrobromination of (87) was carried out using the 
procedure of Sweet and Brown165 . The bromo compound (36.6g, 
0.15mol) was added slowly to a solution of sodium t-

butoxide (0.3mol) made from NaH (7.5g) in -butyl alcohol 

(250ml). The solution was stirred and refluxed overnight, 

the majority of solvent removed at atmospheric pressure, 

water added and the mixture extracted with ether. The 

extract was dried, the solvent removed at atmospheric 
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pressure and the product purified by distillation under 
vacuum (10.4g, 43%) b-p. 44°C at 0.3nuiiHg (lit. 203, 56°C at lOmmHg). 

3.3.3 	
(1OQ) 

3.3.3.1 42romo_68_d4oxabicyclo13211octan (1j 

To a stirred solution of 

pyran (9.98g, 87.5nunol) in dry carbon tetrachloride (500m1) 

was addedN-bromosuccinimide (15.6g, 87.5minol) in one 

portion. A slight warming of the flask was noticed and the 

solution was left to stir overnight. The majority of the 

solvent was removed under vacuum and the residue partioned 

between methylene chloride (150ml) and water (150xnl). The 

organic layer was dried, the solvent removed and the 

residue distilled under vacuum to afford the product as a 
pale yellow oil (8.46g, 50%) b-p. 70°C at 1.3inmHg; 5H 
(360MHz, CDC13) see table 12; IC (50MHz, CDC13) 101.4 (C-
5), 73.0 (C-l), 67.6 (C-7), 46.9 (C-4), 24.6 (C-2 or C-3), 
24.1 (C-3 or C-2). 

3.3.3.2 	Dioxabicyclof3211oct3en (100) 

To a stirred Solution of potassium hydroxide (2.22g, 

36minol) in ethanol (50ml) was added to the mono-bromo 

compound (102) (4.70g, 24.4mol) and the resulting Solution 
heated to reflux for 24 hours. 	After filtration and 
removal of the solvent by distillation at atmospheric 

pressure water (50ml) was added and the mixture extracted 

continuously with ether for 10 hours. The ether layer was 

dried, evaporated and the residue distilled under vacuum to 

afford the product as a clear liquid, (1.55g, 56%), b.p. 
80°C at 16nimHg (lit.175 , 58°C at lnunHg) ; SH (200MHz, CDC13), 
see table 13; C (50MHz, CDC13, BB and DEPT), 128 (C-3), 125 
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(C-4), 95 (C-5), 71 (C-i), 68 (C-7), 33 (C-2). 

3.3.4 	Levoglucosenone; 1, 6-anhyclro-3 , 4-dicleoxy-/3- Q - 
givcero-hex-3-enopyranos__u0s (32) 

Levoglucosenone was prepared using the apparatus shown in 

figure ii (section 2.3) and the general method of 
Shafizadeh119  with the modifications of Furneaux125 . 

3.3.4.1 	Cellulose starting material 

To suspension of cellulose powder (150g) in ethanol (400ml) 

was added orthophosphoric acid (88%, 3.4g). The solvent 

was removed under vacuum to leave cellulose with 2% w/w 
acid catalyst. 	This was pyrolysed in batches of 20g 
(350°C, 20 mm, 1 atm) to leave a brown oily residue to 

which was added chloroform (200inl). This was washed with 
a saturated aqueous solution of NaHCO3  (2x200m1), water 

(200m1), dried over MgSO4 and evaporated to minimum volume. 

Pure levoglucosenone was obtained as a pale green oil 

either by column chromatography (silica, ethyl acetate-

light petrol, 15:85), or by fractional distillation, (7.5g, 
5%), b.p. 60-63°C at 0.2mnmHg (lit. 119 , 68-72°C at 0.7xnmHg); 

[]D32 = -550°  (C=1.0, CHC13) (lit.119, -530°C). 

3.3.4.2 	Newspaper Starting Material 

A sample of typical newsprint (114.1g, Daily Express 

27/11/87, black and white pages only) was shredded then 
treated with H3PO4  exactly as for cellulose samples. The 

treated paper was pyrolysed in 14g batches and the 

pyrolysate worked-up by column chromatography as before to 

yield levoglucosenone as a golden oil, (3.81g), which was 

further purified by Kugelrohr distillation (3.3g, 3%) oven 
temp. 100°C at 0.5mmHg. 
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Table 12 
	

1H n.rn.r. data (360MHz, CDC13)or (102) 

Proton-Proton 

Coupling J/Hz 

7.2 

7x'l 5.0 

0.8 

1, 2e 1 

1, 2a 3.0 

2e, 2a 14.3 

2e, 3e 1.2 

2e, 3a 5.4 

2a, 3e 5.1 

2a, 3a 12.9 

3a, 3e 15.3 

3a,4 5.2 

3e,4 1 

4,5 <1 

5,3e 1 (W) 
4,1 <1 (51) 

2a, 7x 1.5 (W) 

3e,1 1 (W) 

2e,5 1 (5J) 

2e,4 1.1 (W) 

Proton 	 Ifl .10 
H-i 
	

4.51 

H-2e 	 1.38 

H-2a 	 2.23 

H-3e 	 1.90 

H- 3 a 	 2.40 

H-4 
	

3.93 

H-5 
	

5.40 

H-7 
	

3.81 

H 7N 	 3.90 

(102) 
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Table 13 
	

1H n.in.r. data (20OMHz 	CDC13jfor (100j 

Proton-Proton 
Proton 	 Coupling 	 jjHz  

7x'7N 

7 ,1  6 

7)1,1  - 
1,2a 1 
1, 2b 6 
1,3 1.5 
2a, 2b 18 
2a, 7x  1.5 

2a,3 4 
2b,3 2 
2b,7 2 
3,4 10 
4,5 3 

H-i 	 4.43 
H-2a 	 1.69 
H-2b 	 2.55 
H-3 	 5.69 
H-4 	 5.52 
H-5 	 5.24 

H-7 
	

3.72 

H-7 
	

3.48 

it 

H 

(100) 
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3.4 	CYCLOADDITIONS TO 	 6-DIHYDRO-2H-PYRANS  

3.4.1 	Cycloaddition of Benzonitrile Oxide to 2-Methoxy 

5. 6-dihydro-2H-pyran (85) 

3.4.1.1 	Using Excess Dipolarophile 

To a stirred solution of pyran (85), (4.92g, 43.3nunol) and 

triethylamine (1.06g, 10.5nunol) in dry benzene (50m1) was 

added a solution of benzohydroximoyl chloride (1.07g, 

6.9mmol) in dry benzene (20m1) over 48h by means of a 

motorised syringe. The solution was then heated to reflux 

for 8h and filtered through celite. 	A portion of the 

solution (10%) was kept for h.p.l.c. analysis and the 

remainder separated by dry-column flash chromatography 

(silica, 15-30% ether in hexane) to afford the following, 

in order of elution : 3,5-diphenyl--1,2,4-oxadjazole (23) 
(44mg, 6%); 3,5-diphenyl-1,2,4,-oxadjazole-N-oxjde (22) 

(60mg, 7%); 1SR15SR,6SR-5-methoxy-7-phenyl_4,g...dioxa_8_ 

azabicyc1o14.3.O1non-7ene (90) (212mg, 13%), clear prisms 
m.p. 56°C (from ether), (Found: C,66.7; H,6.47; N, 6.03. 
C13H15NO3  requires C,66.9; H,6.43; N,6.Ol%) ; SH(360MHz, CDC13 ) 

see table 14; m/z (El) 233 (M), 202, 201, 173, 145; 1SR. 

2SL.6R5-2-methoxv_7_phenyl_3,9_djoxa_8_azabjcyclof43Ol_ 
non-7-ene (91), (75mg, 5%), white prisms m.p. 81°C (from 
light petrol) ; (Found : C,66.6; H,6.42; N,6.02. 	C13H15NO3  
requires C,66.9; H,6.43; N,6.01%); E(360MHz, CDC13) see 
table 15; m/z (El) 233 (M), 202, 173, 144; 1RS,5SR,6RS-5-

methoxy-7-phenyl4 , 9-dioxa-8-azabjcyclo 14.3. Olnon-7-ene 
(92), (20mg, 1%), white needles m.p. 103°C (from light 
petrol); (Found : C,66.2; H,6.40; N,5.95. C13H15NO3  requires 
C,66.9; H,6.43; N,6.0l%); cH (360MHz, CDC13) see table 14; 
m/z (El) 233.1047 (M, C13H15NO3  requires 233.1052), 202, 
173, 172, 160, 145. 



135 

3.4.1.2 	Using Equimolar Reactants 

To a stirred solution of the dipolarophile (85) (0.82g, 

7.2minol) and triethylamine (1.04g, 10.5inmol) at reflux in 

dry benzene (50m1) was added a solution of benzohydroximoyl 

chloride (1.07g, 6.9nunol) in dry benzene (20m1) over a 

period of 30h by motorised syringe. Completion and work-

up of the reaction was performed as described above. 

H.p.l.c. analysis of the reaction mixture (normal phase 

column 8mmx 250mm, Gilson gradient elution system, Venture 

MkII digital integrator) showed the presence of seven 

compounds in the molar ratios shown. 

Furoxan 1:1 adducts 2:1 adducts 
Compound: 	(22) (90) (91) 	(92) (93) (94)'(95) 
Molar Ratio: 	2.3 3.3 1.3 	1.0 0.8 0.2 	0.5 

The three new compounds, (93) to (95) were characterised as 

follows :2RS, 3SR, 7SR-3-inethoxy-1, l0-diphenyl-4 .8, l2-trioxa-

9, ll-diazatrjcyclof7.3.O.02'7ldodec...lO...efle (93), white cubic 
crystals m.p. 160°C (from ether); (Found : C,68.2; H,5.72; 
N,7.94. 	C20H20N204  requires C,68.2; H,5.68; N,7.95%); SH 
(200MHz, CDC13) see table 14; m/z (El) 352(M), 321, 238, 

234, 173, 145, 131; The structure was confirmed by x-ray 

crystallography (appendix 3 ); 1SR, 2SR, 6SR, 7SR-6-inethoxy-

1, 10-diphenyl-5, 8, 12-trioxa-9, ll-diazatrjcyclo 17. 3. 0. 0'] - 

dodec-lO-ene (94) white solid, the yield was too low to 

allow recrystallisation; &H(200MHz, CDC13) see table 15; 
in/z (El) 352.1452 (M, C20  H20N204  requires 352.1423), 309, 

279, 222, 170, 141, 119, 105; 1SR.2SR.3SR,7RS-3-methoxy-

1, 10-diphenyl-4 .8, 12-trioxa-9, 11-diazatricyclo[7.3.0. 02,7_ 

idodec-10-ene (95), clear prisms m.p. 165°C (From light 
petrol); (Found: C,67.7; H,5.68;N,7.86. C20H20N204  requires 
C,68.2; H,5.68; N,7.95%); 6H (200MHz, CDC13) see table 14; 
in/z (El) 352.1422 (Mt, C20H20N204  requires 352.1423), 322, 
238. 
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3.4.1.3 	Further Cycloaddjtjorjs to Monoadducts 

Using the same procedure as above each of the 1:1 adducts 

was converted by reaction with benzontrile oxide into the 

corresponding 2:1 adduct. 	H.p.1.c. analysis showed the 

following results; (90) begat (93), (91) begat (94) and 

(92) begat (95) thus the previous identifications were 
confirmed. 

3.4.2 	Cycloaddition of Benzonitrile Oxide to 2-Butoxy- 

5, 6-dihydro-2H-pyran (86) 

To a solution of the pyran (86) (2.0g, 12.8inmol) and 

triethylamine (0.32g, 3rnmol) at reflux in dry benzene 

(50m1) was added a solution of benzohydroximoyl chloride 

(0.33g, 2.14mmol) over 36h by motorised syringe. 	The 
mixture was heated under reflux for a further 12h, filtered 

through celite and evaporated to dryness. 	H.p.l.c. 
analysis of the crude reaction mixture using 4-xnethoxy-2-

nitroaniline as internal standard showed the presence of 

3 1 5-diphenyl-1,2,4-oxadiazole-N-oxide 	(22) 	(14%), 
1SR, 5RS, 6SR-5-t-butoxy-7-phenyl-4 , 9-dioxa-8--azabjcyclo-

14.3.Olnone-7-ene (98) (28%) and 1SR,2RS,6RS-2-t-butoxy-7-

phenyl-3,9-djoxa-8-azabjcyclol4.3.olnon_7_efle (99) (13%). 

The two cycloadducts were isolated by preparative t.1.c. 

(silica, ether-hexane 1:3) and characterised as follows: 

(98) white needles mp. 	129°C (from pentane); (Found: 
C,69.5; H,7.68; N,5.07. 	C16H21NO3  requires C,69.8; H,7.64; 

N,5.09%); SH (360MHz, CDC13) see table 14; m/z 275 (M), 

219, 202, 146; (99) white needles in.p. 133°C (from pentane); 
(Found: C,69.9; H,7.79; N,5.06. 	C,6H21NO3  requires C,69.8; 

H,7.64; N,5.09%) ; &H (360MHz, CDC13 ) see table 15; in/z (El) 
275 (M), 274, 247, 202, 188. 
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Structures for Table 14 

0 
OR 	 OR 

C 10  NN 
C71h 
	 8 	Ph 

N 	012, 

(151) 	 (152) 	\_ 4/ 
/ 	; 1:1 adduct numbering 	 Ph 

2:1 adduct numbering 

Structures for Table 15 

+ 	t- c- 

	

Ph'N ,2 q 	 (1 54) 

(153) 	
II 	Ph 

1:1 adduct numbering 	 2:1 adduct numbering 

Footnotes for Tables 14/15 

360MHz 	 C) 	Analogous resonance and couplings 
200MHz 	 are matched in the table with the 

relevant numbering system shown 
d) 	not determined 
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ik1e 14 Comparative 1H n.m.r. data 	for structures 
(151) and (152) 

1:1 adducts 21 adducts 
(98) (90) (92) (95) (93) 

esonanceJpp 6H/Ppma Resonance 6}I/ppmb 	H/pprnb 

Ph-0 7.85 7.80 7.63 Ph-0 8.04 7.98 
7.66 7.78 

Ph-rn/p 7.36 739 739 Ph-rn/p 7.40 7.51 
H-1 4.68 4.78 4.60 H-7 4.40 4.47 
H-2a 2.13 2.16 2.15 H-6a 2.04 1.98 
H-2b 2.06 2.03 2.15 H-6b 1.90 1.82 
H-3a 3.76 377 399 H-5a 3.95 3.70 
H-3b 3.94 3.92 3.55 H-5b 3.44 3.83 
H-5 4.53 4.41 4.89 H-3 4.35 4.19 
H-6 3.36 3.43 3.63 H-2 3.25 2.83 
OC113 - 3.35 3.16 CH3 2.78 2.73 
(CU3)3 	0.98 

Coupling JJHz LHz!I/Hz Co2plig LHZ J/Hz 

5,6 7.6 5.8 6.1 3,2 5.3 8.8 
6,1 7.0 8.1 8.5 2,7 4.3 4.1 
1,2a 3.8 3.6 3.5 7,6a 4.1 3.6 
1,2b 2.9 3.6 3.5 7,6b 2.2 3.1 
1,3a 	(W) < 1 - - 7,5a 	(W) - 
1,3b 	(W) 1.2 - 0.9 7,5b 	(W) - - 
2a,2b 12.0 14.9 d 6a,6b 15.3 15.2 
2a,3a 11.0 11.3 9.2 6a,5a 12.3 11.9 
2a,3b 5.3 5.8 4.0 6a,5b 5.8 5.9 
2b,3b 2.4 2.7 4.0 6b,5b 1.6 1.1 
2b,3a 4.7 3.7 5.9 6b,5a 3.8 3.1 
3a,3b 11.8 11.6 11.5 5a,5b 11.6 11.8 
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Table 15 Comparative 1H n.in.r. data(CDC13)C for structures 

(153) and (154) 

1:1 adducts 2:1 adduct 
(99) (91) (94) 

Resonance 6H/ppina 6H/ppina Resonance 6H/ppmb 

Ph-0 7.67 7.68 Ph-0 8.00/7.68 
Ph-in/p 7.41 7.41 Ph-in/p 7.40 
H-2 5.26 4.96 H-6 4.76 
H-i 4.21 4.27 H-7 4.08 
H-6 3.74 3.69 H-2 3.17 
H-5a 1.61 1.61 H-3a 1.60 
H-5b 2.00 1.98 H-3b 0.96 
H-4a 3.90 3.77 H-4a 3.68 
H-4b 3.50 3.58 H-4b 3.51 
OCH3 - 3.45 OCH 3.36 
(CH3)3  1.28 - 

Coupling JIHz J/Hz Coupling JIHz 
2,1 18 0.6 6,7 < 1 
1,6 8.3 8.0 7,2 3.8 
6,5a 9.1 9.4 2,3a 12.7 
6,5b 7.4 7.6 2,3b 6.2 
5a,5b 13.5 13.3 3a,3b 13.7 
5a,4a 9.7 11.2 3a,4a 12.9 
5a,4b 4.8 4.5 3a,4b 5.0 
5b,4a 3.3 3.3 3b,4a 2.0 
5b,4b 4.9 4.5 3b,4b 1.9 
4a,4b 11.4 11.2 4a,4b 11.7 
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3.4.3 	cycloaddjtjon of Benzonitrjle Oxide to 
6,8 DJ-oxabicyclo{3.2.floct_3_efle (100) 

To a stirred solution of (100) (1.52g, 13.6mmol) and 

triethylamine (0.41g, 4.1imnol) at reflux in dry benzene 

(25m1) was added a solution of benzohydroximoyl chloride 

(6.43g, 2.7mmol) in dry benzene (lOml) over 24h by 

motorised syringe. The solution was heated to reflux for 

a further 16h and filtered through celite. The solvent was 

removed under vacuum and the residue separated by flash-

column chromatography (silica, 5-25% ethyl acetate in light 

petrol) to afford oxadiazole (23) (4%), furoxan (22) (5%) 

and mixed cycloadducts (105) and (106) (71% combined). The 
isomeric ratio was determined by 1H n.m.r. as 4:1, 
(105) : (106). 	The major isomer was isolated pure by 

fractional crystallisation of the mixture from ether and 
characterised 	as 	lR,2R,6R,8S_3_phenyl_4....aza....51011... 
trioxatricyclo162 10261undec...3...,efle (105), m.p. 124°C (from 
ether); (Found: C,67.7; H,5.70; N,6.07. 	C13H13NO3  requires 
C,67.5; H,5.62; N,6.06%; 6'H (360MHz, CDC13) see table 16; 
C (50MHz, CDC13) 156.2 (C-3), 130.0 (Ph), 128.8 (Ph), 126.9 
(Ph), 98.5 (C-l), 74.6 (C-6), 70.8 (C-8), 68.7 (C-9), 53.3 

(C-2), 33.6 (C-7). The minor isomer was identified by 1H 
n.m.r. 	as 	lR2R6R,8S_5_phenyl_4..aza...3,1o,ll.....trjoxa_ 
tricyclo16.2.l.o2ó1ufldec....4...efle (106) ,H (360MHz, CDC13) see 
table 16; C(360MHz, CDC13) 160 (C-5), 130 (Ph), 129 (Ph), 
127 (Ph) , 98 (C-1), 79 (C-2) , 71 (C-8) , 67 (C-9) , 39 (C-6) 
31 (C-7) 

3.4.4 	Cycloaddition of C-N-DI
.
phenylnitrone to 

6 f 8 Dioxabicyclo13211oct...3....efle (100) 

A Solution of (100) (514mg, 4.6mxnol) and the nitrone 

(925mg, 4.7mmol) in dry toluene (lsml) was heated under 

reflux for 24h. The solvent was removed and the mixture 

separated by flash-column chromatography (silica, light 

Petrol-ethyl acetate 4:1). The isolated compounds were 
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identified as unreacted nitrone (500mg) and mixed cyclo-

adducts (663mg, 47% yield but 100% based on consumed 

nitrone). H.p.l.c. analysis (reverse phase ODS/TMS column 

5mm x 150mm, water-methanol 40:60) showed the presence of 

three isomers in the ratio 18:14:67; retention times 12.0, 

13.5 and 14.8 mins respectively. 	The major isomer was 

isolated by fractional crystallisation from ether and 

identified as 1RS,2RS,3RS,6RS,8SR_3,4_djpheflyl_5,1011_ 
trioxa-4-azatrjcycloI6.2.1.02.6 Jundecane (107) long clear 
needles m.p. 158°C (from ether); (Found: C73.9; H,6.47; 
N,4.52. 	C19H19NO3  requires C,73.8; H,6.19; N,4.53%); SH 
(360MHz, CDC13) see tables 16 and 17; 4FC(50MHz, CDC13) 152.5 
(Ph-N, 4y), 141.10 (Ph-C, 4y), 129.0, 128.4, 127.7, 126.4, 

120.6, 113.5, 99.6 (H-8), 73.5, 73.2, 69.7, 67.4 (C-b), 

59.2 (C-7), 32.9 (C-2); iu/z (El) 309.1365 (M, C19H19NO3  
requires 309.1365), 250, 222, 180, 155, 130, 91, 77. 

Table 17 Nuclear Overhauser Enhancements for Compound 

(107) 

Irradiated 	 Positive Effects 

Proton 

H-b H-3 3%, H-2 5% 
H-3 Ph(N)-o 3%, Ph(C)-m/p 4%, H-1 3½% 
H-6 H-9  N 2%, H-2 7% 
Ph(C)-m/p Ph(C)-O 16%, H-3 10% 
PH(N)-O Ph(N)-in 5%, H-1 3%, H-3 7%, H-2 4% 
H-2 PH(N)-O 2.5%, H-b 7%, H-6 9%, 	(H-3 0%) 



T1e 	16 	1Hn.rn.r. data 	(360MHz. CDC],) for 	compounds 	of 
structure 	(15) 

(105) (106) (107) 
Resonance Jf/p äH/ppm H/pprn 
Ph-0 7.60 7.6" 7.50(N-4)/7.17(C_3) 
Ph-rn/p 7.41 74  (iv) 

7.37(N-4,rn)/7.31(N_4,p) 

/686(C-3) 
H-i 5.74 5.74 5.54 
H-2 3.85 4.32 3.00 
H-3 (ii) (ii) 4.72 
H-6 5.12 3.7- 4.78 

3. 
H-7a 2.22 1.89 1.97 
H_7bW 2.12 2.00 1.97 	 H 	H 
H-B 4.55 4.60 4.56 	 10 

H 9N  3.80 3.91 3.84 
H-9x 3.80 3.91 3.78 

0" 

Coupling J/Hz i/Hz 
6 	

2 ILHz 	7 

1,2 - - 1.7 	 0 	11 

2,3 (ii) (ii) 9.4 	 Ph 
2,6 10 9 9.4 Ph 6,7a 6 10 8 

(155) 6,7b 8 9 8 
7a,7b 15 14 (1) 
7a,8 5 5 2.1 
7b,8 1.5 2 2.1 
8'9N - 2 1.1 

9N' 9x (i) (j) 7.3 
8,2 	(5J) - - 0.6 
7b,1 	(W) - 1 - 
Footnotes 

(1) 	 not determined  arbitrary 	labels 
a/b 

(ii) 	not relevant  Signal hidden under 

major isomer 
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3.5 	CYCLOADDITIONS TO LEVOGLUCOSENONE 

3.5.1 	Cycloadditions of Nitrile Oxides 

3.5.1.1 	Benzonitrile Oxide 

To a stirred solution of levoglucosenone (32) (171mg, 

1.36mmol) and triethylainine (50mg, 0.5Inmol) at reflux in 

dry benzene (lornl) was added a solution of benzohydroxamoyl 

chloride (56mg, 0.36mmol) in dry benzene (5m1) over 25h 

using a motorised syringe. 

The mixture was heated for a further 16h, filtered through 

celite and separated by preparative t.l.c. (silica, light 

petrol-ethyl acetate 3:1) to afford unreacted 

levoglucosenone (106mg) and two 1:1 cycloadducts. 

The major adduct was identified as 1R,2S,6R,8R-5-phenyi-

3,9, 11-trioxa-4-azatricyclo[6.2 .1. 02'6 lundec-4-en-7-one (108) 

(62mg, 71%) clear prisms m.p. 177-178°C (from ether); 
(Found: C,63.7; H,4.59; N,5.66. 	C13H11N04  requires C,63.7; 
11,4.52; N,5.71%) ; 	

D 32 + 146°  (C=0.50, CHC13) ; Vmax (Nujol) 
1750 (C=0), 1560 (C=N), 1225, 1120, 1105, 985, 975, 

915cm 1 ;gH see table 18 and figure 12 in section 2.3; SC 
(50MHz, CDC13) 191.6 (C-7), 155.1 (C-5), 130.3 (Ph), 128.2 

(Ph), 128.0 (Ph), 99.7 (C-8), 80.9 (C-2), 73.3 (C-i), 65.2 

(C-b), 53.1 (C-6); m/z (El) 245 (M), 217, 188, 171, 144. 

The identity was confirmed by x-ray crystallography 

(appendix 6 ). 	The minor adduct was identified as 

1R, 2R, 6S, 8R-5-phenyl-3 .9, li-trioxa-4-azatrjcyclo 16.2. 1. o26i - 

undec-4-en-7-one (109) (1mg, 0.6%) m.p. 134-5°C (from ether 
- 	light petrol) ; (Found: C,62.8; H,4.78; N,5.32. 	C1311  11 N04  

requires C,63.7; H,4.52; N,5.71%); SH (360MHz, CDC13) see 
table 18; m/z (El) 245.0675 (M, C13H11N04  requires 245.0688), 
217, 188, 171, 158, 143. 
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3.5.1.2 	-Cvano-2.2-dimethy1-1,3-dioxolane Oxide (113) 

To a stirred solution of levoglucosenone (1.04g, 8.25mmol) 

and triethylamine (0.44g, 4.4inmol) in dry ether (60m1) at 
0°C was added a solution of the chloro-oxjme (112) (0.720g, 

4.Ommol) in dry ether (40m1) over 3h using a motorised 

syringe. The solution was stirred at room temperature for 

a further 16h then the precipitate of Et3NHC1 (444mg) was 
removed by filtration and the mixture separated by flash-

column chromatography (silica, light petrol-ethyl acetate 

4:1) to yield unreacted levoglucosenone (441mg), the 

furoxan (115) (dimer of the nitrile oxide, 125mg, 28%) and 

mixed cycloadducts (624mg, 58%). N.in.r. analysis of the 

mixture showed three isomers in yields of 32, 24 and 2% as 

judged by integration of the methyl resonances. The major 

isomer was triturated from the mixture using methylene 

chloride-hexane and identified as 1R.2S,6R,8R-5-(22-

diinethyl_l.3_dioxolan_4_yl)_3,9,ll_trioxa_4_ 
azatrjcyclol6.2.l.02 '6lundec_4_efl_7_ofle (114) m.p. 152.3°C; 
(Found: C,53.4; H,5.67; N,5.18. 	C12H14N06  requires C,53.5; 
H,5.62; N,5.20%) ; [0.] D24-1210  (C=O. 5, (CH3 ) 2C0) ; Vinax (Nujol) 
1740 (C=O), 1260, 1215, 1125cm 1 ; 8H(360MHz, CDC13) see table 
18; 6C(50MHz, CDC13) 191.9 (C-7), 154.7 (C-5) , 110.6 (C-15), 
99.4 (C-8), 80.5, 73.7, 71.2, 66.8, 65.2, 53.9, 36.1 (çH3), 
25.5 (CH3); m/z (El) 254, 212, 154, 112, 110, 102, 101. 

The other isomer(s) could not be isolated. 
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Table 18 H n.in.r. Data for Nitrile Oxide Adducts of 

Levoglucosenone (156) 

(109) (114) (108) (108) (108) 
Resonance cH/ppm H/PPai 6H/ppm 6H/ppinbfl 6H/ppmbfl 

Ph-0 7.69 - 7.76 7.21 7.83 
Ph-in/p 7.38 - 7.41 7.45 7.45 
H-i 4.71 5.00 5.09 454C 5.18 C 

H-2 5.49 4.71 4.82 4.40 5.05 
H-6 4.56 4.06 4.49 4.28 4.98 
H-8 5.16 5.19 5.19 4•53C 5.17c 

HiON  4.22 3.93 4.01c 3.59 4.22 
H-10X  3.82 3.91 3.98c 3.39 4.00 
H-12 - 4.96 - - - 
H-13a - 4.15 - - - 
H-13b - 4.21 - - - 
(CH 3)2 - 1.47 - - - 

Coupling J/Hz J/Hz J/Hz 

1O,'ON  8.4 8 8.0 

lox'1 	4.8 4.1 4.8 

10 NI  1 - - 1.8 
1,2 6.2 0.9 1.2 
2,6 11.2 10.2 10.0 
2,8(5J) - - 0.8 

1,6 	(W) - - 0.6 

2,1O 	(W) 0.9 - - 
12,13a - 6.6 - 
12,13b - 6.6 - 
13a,13b - 8.5 - 
12,6 	(W) - 0.6 - 
2,? - 0.9 - 

Footnote 

a 	360MHz 
	

i 	CDC13  

b 	200MHz 
	

ii 	CDC13/(CD3)2C0 1:1 
C 	overlapping resonances 	iii (CD3)2C0 



3.5.2 	Cycloaddjtjon of Nitrones 

3.5.2.1 	, N-Djphenylnjtrone 

A solution of levog1ucOsefl 	(0.71g, 5.6mxnol) and C-N-- 
dipheny1njtr 	(1.14g, 5.8minol) in dry toluene (20ml) was 
heated under reflux for 2 days then evaporated to dryness 

and purified by dry-column flash chromatography (silica, 

light Petrol-ethyl acetate) 70:30). This afforded a single 

1:1 adduct which was identified as IR,2S,5S,6R,8R..45... 
diPhenvl_3,9,11_trioxa...4...azatrjcycloI62lO26  
one (116) clear prisms m.p. 176-7°C (from ether); (Found: 
C,70.4; H,5.27; N,4.30. 	C19H17N04  requires C,70.6; H,5.30; 
N,4.33%); [c]D33  _1000 (C=0.51  CHC13); 1max (Nujol) 1730 
(C=O), 1600, 14901  12501  1220, 1125, 1015, 980, 920, 880 
830 cm-1 	

, 
; &H (360MHz, CDC13 ) see table 19 and discussion of 

fl.O.e. effects in section 2.3; gC (50MHz, CDC13) 196.4 (C-
7), 149.2 (Ph-N,4y), 140.7 (Ph-C,4y), 128.9, 128.5, 127.9

1  
126.9, 123.1 and 117.0 (all Ph), 100.9 (C-B), 77.8 (C-2), 
73.0 (C-5/C-1), 70.7 (C-1/C-5), 65.8 (C-b), 58.5 (C-6); 
m/z (El) 323 (Mt), 222, 180, 91: the structural assignment 
was confirmed by x-ray crystallography (appendix 7). 

3.5.2.2 CPhenyl_N_benzylfljtrone 

This cycloaddition was performed by Miss T. Cook as part of 
a BSc. honours year project. 

The procedure used was as for addition of the diphenyl 
analogue above. 	The reaction afforded a single 1:1 
cyc1oadduc 	,5s, 6R, 8R-4-benzyl_5_phenyl....3 .9. ll-trjoxa- 
4azatricyclof621o2.o1ufldecafl7 	(117) (1.03g, 51% 
yield but 87% based on Unreacted nitrone), needles mn.p. 
138-9°C (from ethanol); (Found: C,71.1; H,5.65; N,4.26. 
C20H19N04  requires C,7b.2; H,5.67; N,4.l5%); 

[OJD24  2130  
(C=1.0, CHC13) ; )) max (Nujol) 1720 (C=0) , 16001  1120cni 1 , SH 
(360MHz, CDC13) see table 19 and discussion of n.O.e. 



effects in section 2.3; 	6C (50MHz, CDC13) 197.5 (C-7), 
138.6 (Ph,4y), 137.2 (Ph,4y), 128.6 to 127.2 (Ph), 100.2 

(C-8), 77.3 (C-2), 73.0 (C-1/C-5). 72.9 (C-1/C-5), 65.6 (C-

10), 59.6 (Ph-CH2), 57.0 (C-6); m/z (El) 337 (M), 236, 142, 
104, 91, (PhCH2-), 77 (Ph). 
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Table 19 1H n.rn.r. Data for Cornpounds of Structure (157) 

10 
(157) Ph 	Rz- 30" 

14 
Ar 

(116) (117) 

Resonance äH/pprna 

H-i 5.05 4.85 

H-2 4.64 4.39 

H-5 4.86 4.05 

H-6 3.34 3.29 

H-7 

OH 

H-B 

H-10  

HiON  
Ph 

5.23 

3.96 

3.97 

7.54 (N) -0 

7.34(N) -rn/p 

7. 19 (C) -O 

6.98(C)-rn/p 

5.24 

3.89 

3.85 

7.53 Ph-0 

7.32 Ph(8H) 

(158) 
	 (159 )C 

H/pprn 
	S H/pprna 

4.90 
	

4.72 

4.24 
	

4.50 

4.97 
	

4.05 

2.68 
	

2.59 

3.66 
	

3.58 

2.20/1.14 
	

2.42 

5.51 
	

5.49 

3.87 
	

3.82 

3.78 
	

3.77 

7.51(N) -0 
	

7.43 Ph-C 

7.37(N)-rn/p 
	7.28 Ph(8H) 

7 . 43 (C) -O 

6.92(C)-rn/p 

CH Ph 
	

3.97/3.82 
	

4. 08(2H) 

Coupling J/Hz J/Hz J/Hz J/Hz 

:LO, 'ON 8.0 7.9 7.8 7.6 

4.0 4.7 5.0 5.0 

l,lO < 1 0 0.9 0.9 

1,2 1.3 0 0.8 0 

2,6 6.8 7.5 5.0 3.5 

5,6 4.5 6.7 1.7 5.6 

6,7 - - 6 5.7 

7,8 - - 2.5 2.3 

1,6 	(W) 0.7 0 0 0 

2,7 	(W) - - 1.0 0 

12a,12b - 14.3 - 14.2 

a 	360MHz, CDC13  
b 	200MHz, CDC13  
c 	reduced adducts, R1  or R2  = OH (section 3.7) 



3.5.3 	cycloaddjtjon of Dipheny1njtrje Imine 

This was performed using the method of Huisgen200: to a 
solution of -pheny1benzohydrazony1 chloride (172mg, 

0.75mmol) and levoglucosenone (141mg. l.immol) in dry 

toluene (lOmi) under nitrogen was added a solution of 

triethylamine (0.3g, 3xninol) in toluene (5m1) dropwise at 

room temperature. The solution was refluxed for 1.5h. No 

remaining chloride was detected by t.i.c., the mixture was 

filtered through celite, 10% was set aside for h.p.l.c. 

analysis and the remainder separated by column 

chromatography (silica, light petrol - ethyl acetate 80:20) 

and preparative t.1.c. (silica, light petrol - ethyl 

acetate 70:30) to afford two pyrazole products 1S,8R,-3,5-

diPhenvl_2,6 _dehydro_ 9 , 11_dioxa_34_diazatricyclo 
f 6 .2 .1.02 '6 lundec-4_en_7_ofle (119)- (131mg, 55%) , pale yellow 
prisms m.p. 185°C (ethanol); (Found: C,68.9; H,4.23; N,8.44. 
C19H14N203  requires C,71.7; 11,4.43; N,8.80%) ; [o] D 29  -118°C 
(C=0.5, CHC13); ')max (Nujol) 1690 (C=0), 1600, 1500, 1100, 
890, 770crn 1 ; SH (360MHz, CDC13) 8.29 (211, m, Ph(c)-ortho), 
7.50 (8H, m, Ph), 5.65 (1H, d, J110  4.3, H-i), 5.56 (1H, S, 
H-8), 4.16 (1H, dd J 	7.0 J101 4.3, H-10x  (exo)). 	4.08 
(1H, d, 	i lON lOx 7 . 0 , 	H-10  N (endo)); n.O.e. 	experiments: 
irr 5.65 causes 7.50 + 1.5%, 4.16 + 3%, irr. 8.29 causes 

7.50 + 10%, 5.65 no effect; ãC(50MHz, CDC13, BB and DEPT) 
284.5 (C=0), 152.6 (C=N), 149.5 (C-2), 137.9 (Ph-4y), 130.7 

(Ph-4y), 129.8 (Ph), 129.4 (Ph), 129.0 (Ph), 128.3 (Ph), 

123.6 (Ph), 112.0 (C-6), 101.9 (C-B), 20.5 (C-i), 67.5 (C-

10); m/z (El) 318 (M), 290, 289, 273, 245, 128, 77. 

The minor isomer was identified as 1S,8R-3,5-djpheflyj.-,-
dehydro-9, 11-dioxa-4 , 5-diazatricyclo 16.2. 1.02,6 lundec-3-en-
7-one 

.02'6lundec-3-en- 
7-one (120) (17mg, 7%), mpt 179°C (EtCH); (Found: C,71.4; 
H,4.36; N,8.73. C19H14N203  requires C,71.7; H,4.43; N,8.80%) ; 
[]D28  -167°  (C=0.5, CHC13) ; Vmax (Nujol) 1705 (C=O), 1600, 

1525, 1500, 1100, 995, 850, 785, 770, 695, 685; tSH(200MHz, 
CDC13) 7.68 (4H, m, Ph-0), 7.46 (6H, in, Ph-m), 5.84 (lH, d, 
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J1,1OX 4. 2, H-i), 5.55 (1H, S, H-8), 4.18 (iH, d, J110  6.6 

10,1 4.2, H-10 	(exo)), 4.00 (1H, d, J lON lOx 6 . 6 , HiO N  
(endo)); 5C (50MHz, CDC13, BB and DEPT) 179.7 (C=0), 146.8 
(C=N), 138.9 (C-2), 132.3 (Ph-4y), 131.4 (Ph-4y), 129.0 

(Ph), 128.7 (Ph), 128.2 (C-6), 127.2 (Ph), 124.2 (Ph), 

101.1 (C-8), 71.5 (C-i), 68.0 (c-b); in/z (El), 318 (M), 

290, 289, 273, 245, 128, 77. 

3.5.4 	Cycloaddition of a Nitrile Sulphide 

Using the method of Howe105, a solution of levoglucosenone 
(0.31g, 2.5mmol) and 5(4-methoxypheny1)1,3,4-oxathjazo__ 

one (257mg, 1.23mmol) in dry, distilled xylene (25m1) was 

heated under reflux for 16h. Separation of the mixture by 

preparative t.1.c. afforded sulphur (35mg, 89%), 4- 

methoxybenzonitrile 	(132mg, 	81%) 	and 	unreacted 
levoglucosenone. 

3.5.5 	Cycboaddjtjons to Levoglucosenone using the 
Isocyanate Method 

3.5.5.1 	Reaction with NitroXylose (121) 

To a solution of levoglucosenone (2.25g, 17.8mmol), 

triethylamine (0.99, 9xnmol) and tolylene diisocyanate 

(7.77g, 44.5mmol) in dry 1,2-dichboroethane (80m1) at 

reflux with stirring, was added a solution of nitroxylose 

(121) (4.83g, 17.8inmol) in 1,2-dichioroethane (50mb) over 

a period of 8h by means of a motorised syringe. 	The 

mixture was refluxed for a further 8h and 1,2-diaminoethane 

(bOmi, excess) in ether (lOOmi) was added dropwise over 10 

mins with stirring to polymerise the remaining isocyanate. 

Filtration through celite followed by removal of solvents 

afforded a black intractable tar from which no products 

could be isolated. 
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3.5.5.2 Reaction with 2-(2-Nitroethoxy)tetrahydropyn 
(122) 

To a solution of levoglucosenone (2.41g, 19.1mniol), 

triethylamine (0.48g, 4.8mmol) and tolylene diisocyanate 
(4.2g, 24minol), in 1,2-dichioroethane (30m1) at reflux was 

added a solution of 2-(2-nitroethoxy)tetrahydropyran 
(1.67g, 9.54mmol) in 1,2-dichloroethane (lOmi) over 2 hours 

by means of a motorised syringe. The mixture was heated 

for a further hour then a solution of 1,2-djainjnoethane 

(3g) in ether (50inl) was added dropwise with stirring. The 

mixture was filtered and evaporated to leave a black tar 

(5½g) from which no products could be isolated. 

In a similar experiment the nitro compound was omitted, but 

the reaction was worked-up as usual. 	In this case 
levoglucosenone was recovered in 68% yield. 
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3.6 	LEVOGLUCOSENONE_2_ (1, 3-DIOXOLANE) 
3.6.1 	Acetaljsation of Levog1ucose0 ne  
3.6.1.1 	Q.ajngthe Method of Chan. Brook and Cha1y181  

To a Solution of levoglucOseflo 	(435mg, 3.45 mmoi) in 
ethylene glycol (25m1) was added chlorotrjmethyisiiane 

(1.761fll,22.4 mmol) and the Solution was Stirred at room 

temperature for 16h then neutralised to pH6 with 5% aqueous 

NaHCO3 Solution, extracted with methylene chloride (2 x 

lOOmi), washed with brine (lOOmi) and evaporated under 

vacuum. The residue was purified by Kugelrohr distillation 
(2000c 

at 0.3 mmHg) to give a low melting solid, .2S,5p-
4- (1. 3-dioxolan-2_yl) -2- (2-hydroxyethoxy) -6. 8-dioxabjcycj 
LiLijcte (124) (145mg,16%), ln.p.61°c; (Found: 
C,50.6;H,7.06 	C10H1606  requires C,51.7; H,6.94); 

{°']D24 (c=0.112, CHc13); )max (film) 3350 (OH), 2960, 2900, 1385, 
1360, 1100cm 1(c-0 str); ãH(20oMh,cDc1) 5.02 (IH, S, H-5), 
4.60 (IH, d, J17  5. 1, H-i), 3.4-4.1 (12H, m), 2.00 (2H, d, 
J 3.1, H- b); £C(5OMHZ,CDC1) 100.1 (C-.5), 74.5 (C-1/C-2), 
74.4 (C-1/C-2), 70.1 (C-7), 65.6( dres.,c-ii, C-12), 64.5 

(C-9), 61.5 (C-b), 30.6 (C-3); m/z (El) 257 (M-1-1), 239, 

210, 196, 187, 170, 159, 151, 143, 140, 125, 86. 

3.6.1.2 	
Using the Method of Schjemenz and KaacJ.z182  

A solution of levoglucosefl 	(1.88g, 14.9 mmol) and 
ethylene glycol (2.77g, 45 inmol) in dry benzene (60m1) with 

toluene sulphonic acid (5mg) was heated under reflux for 4h 

with a Dean and Stark trap fitted below the condenser. The 
solution was washed with 5% aqueous NaHCO3  solution (50m1), 

	

the organic layer removed, dried and evaporated. 	The 
residue was purified by column chromatography (6% 

deactivated alumina, light Petrol-ethyl acetate 60:40) to 
give the desired product 

(123) (1.16g, 46%) as white 
needles, in.p. 117.8°C (from ethyl acetate/light petrol); 
(Found: C,56.7; H,5..94• C8H1003  requires C,56.5; H,5.92%); 



t1D 116 (c=1.00, CHC13) ;max (Nujol) 1260, 1165, 1095, 
1030, 1000, 975, 920, 805cm 1; SH (200MHz,CDC1) see table 
20; C (50MHz, CDC13I BB) 132.4 (C-2), 125.9 (C-3), 101.9 (C-
4), 100.9 (C-5), 70.8 (C-i), 67.6 (C-7), 65.3 (C-9/C-10), 
65.2 (C-9/C-10); m/z (El) 170(M), 151, 140

1  125, 81. 

3.6.2 	
nrnound(l25) the Acetal Derivative of (lQj 

Compound (125) was synthesised as a single isomer by the 

reaction of adduct (108) with ethylene glycol by the 

previous method. The reaction afforded 1R,2S,6R,8R_7_(l3_ 

2,6 	 azatri 

(173mg, 32%) as pale orange 
needles, M.P. 212°C (from isopropyl alcohol); (Found: 
C,62.6; H,5.15; N,4.90. 	C15H,5N05 requires C,62.3, H,5.23; 
N,4.84%); t]D24  + 203° (c=0.0785, CHC13); Sn (200MHZ, 

(CD3)zco) see table 20; m/z (El) 289.0949 (M, C
15H15 5  N0 

requires 289.0950), 280, 268, 260, 248, 218, 188, 131, 119. 

3.6.3 	
ygjpddjtio of Benzonjtrile Oxide to (123) 

To a stirred solution of (123) (1.16g,6.82 mmol) and 

triethylamine (0.2i1, 2.8 mmol) at reflux in dry benzene 

(25m1) was added a solution of benzohydroximoyl chloride 
(10

5mg,0.675 mmol) in dry benzene (25 ml) over 24h using a 

motorised syringe. The solution was heated for a further 

6h, evaporated and the excess alkene (0.89) removed by 

column chromatography (silica, light petrol-ethyl acetate 

40:60). The residue was separated by preparative t.l.c. 

(silica, light Petrol-ethyl acetate 70:30) to give 

oxadjazole (23) (8mg, 10%); furoxan (22) (9mg, 11%); 

CyCloadduct (125) (9mg, 6%), 1:1 cycloaduc ,2R,6R,8p- 

9, 11-1-rioxa_4_azatricyclo... 
(127) (18mg, 12%) as white prisms, 

M.P. 170°C (from CHC13/petrol); rO]D 24 -1020  (C=0.115, CHC13); SH (360MHz, (CD 	seesee table 20; m/z (El) 289.0950 (M, 
C15H15N05 requires 289.0950), 279, 2601  242, 228, 214, 2001 



185, 131, 119 and 2:1 cycloadduct 1R,2S,9S,11R_10_(1,.. 
dioxolan-2-yl) -5, 8-djphenyl-3 .7,12, l4-tetraoxa-4 
thzatetracyc1o19.2.1.029.0481tetradec_5_ene (126) (21mg, 
15%) m.p. 188°C (dec., phase change at 1400C); [c] 24  -268°  
(C=0.0995, CHC13);I-I (200MHz, CDC13) see table 20; m/z (El) 
408.1329 (M, C22H20N206  requires 408.1321), 3921  377, 3181  
305, 289, 260, 226, 188, 144, 125, 105, 86, 77 (Ph) 
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Table 20 1Hn.ni.r. Data for Compounds (123), (125) to (127) 

alkene 1:1 adducts 2:1 adduct 
(123) (125) (127) (126) 

Resonance H/ppmwx   H/ppin SH/1313mSH/ppmwx  
Ph-0 - 7.81 7.8 8.07/ 7 .77 
Ph-rn/p - 7.41 7.4 7.46/7.33 
a 4.70 4.91 5.05 4.72 
b 6.23 4.53 4.19 4.31 
c 5.56 4.16 5.02 3.74 
d 5.16 5.07 4.95 4.97 
e 3.67 3.86 3.76 3.83 
f 3.67 4.04 4.05 3.89 
g 3.97 3.75(3H) 4.09(1H) 3.71/ 3 .58 

3.07(1H) 4.02(2H) 2.91/2.56 

3.87(1H) 

Coupling J/Hz J/Hz J/Hz J/Hz 
e,f Z 7.7 7.3 7.8 
a,e 2.8 4.5 4.9 4.5 
a,f 1.7 0.8 < 1 1.5 
a,b 4.5 1.4 1.2 2.0 
b,c 9.9 9.3 10.4 4.6 
b,d 	(5J) - 0.8 1.2 - 
c,d 	(W) 2.2 - - - 

ft1 ftc 
io 0 9 

LO2 0 Is 
6 	 13 o 2 

1:1 adduct 	2:1 adduct 
numbering 	numbering 

HM H1 

L
: '77e  + 6 	

0 

3 	0 DIO 
b 	

c 0 
alkene 	table 
numbering 	labelling 

Footnotes 

(CD 3 ) 2C0 
	

(y) 360 MHz 
CDC13 	 (z) not determined 
200 MHz 
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3.7 	REDUCTION OF NITRONE ADDUCTS OF LEVOGLUCOSENONE 

3.7.1 	Reduction of (117) using L-selectrjcje 

To a stirred solution of the isoxazolidine (117) (815mg, 

2.4mmol) in freshly-distilled THF under nitrogen at -78°C 
was added L-selectride, (lithium tri-.sec-butylborohydride) 
(7.2m1 of 1M solution in THF, 7.2mmol). The solution was 

allowed to warm to room temp., stirred for 16h then worked-

up using the oxidative method of Fortunato and Ganem187. The 
solution was cooled to 0°C, 10% NaOH solution (loinl) was 
added dropwise then 30% H202  solution (7m1) very carefully. 
This mixture was stirred overnight, water (50ml) added and 

the solution extracted with methylene chloride (7 x 50m1). 

The extract was washed with water (lOOmi), sat. Na2S205  
solution (lOOmi) and sat. NaCl solution (looml), then dried 

and the solvent removed to leave a white crystalline solid. 

This solid was shown to be a pure single isomer of the 

desired product lR.2S,5S,6R,7R18R-4-benzyi-7_hydroxy....5.... 

phenyl-3,911-trioxa_4_azatrjcyclol6.2.l.02.6lufldecafle (159) 
(775mg, 95%), clear plates, ni.p. 140-1°C (from ether); 
(Found: C,70.7; H,6.22; N,4.17. 	C20H21N04  requires C,70.8; 
H,6.24; N,4.13%); [°]D24  -820  (C=0.50, CH2C12); )max (Nujol). 
3390 (OH) , 1150, 1140, 925, 700 cm- 1 ; SH (360MHz, CDC13) see 
table 19; 8C (50MHz, CDC13, BB and DEPT) 141.2 (Ph-4y), 
137.1 (Ph-4y), 128.8-127.2 (Ph), 102.2 (C-8), 75.6 (C-2), 

71.2 (C-i or C-5), 68.7 (C-5 or C-i), 66.6 (C-b), 66.0 (C-

7), 59.6 (C-12), 48.8 (C-6); m/z (El) 339 (M), 262, 220, 

196, 145. 

3.7.2 	Reduction of (116) 

3.7.2.1 	Ring-Opening Using L-selectrjde 

To a solution of the isoxazolidine (233) (265mg, 0.82mmol) 

in dry distilled THF (15ml) under nitrogen at -78°C was 

added L-selectride (3.3ml of 1M solution in THF, 3.3mmol) 
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and the solution stirred for 16h at room temp. Another 

3.3m1 of L-selectride solution was added and the mixture 

stirred for another 5h, heated to reflux for 24h, subjected 

to the oxidative work-up as before and separated by 

preparative t.l.c. (silica, light petrol-ethyl acetate 

70:30). Twelve bands could be seen on the plates, only one 

of which gave an isolable amount of identifiable product. 

From n.m.r. and i.r. evidence the proposed structure for 

this product is iR,3R,4S,5R-3-benzy1-4-hydroxy_7,_ 

dioxabicyclol3.2.i1-octan-2-one (134) (33mg, 17%) brown 

solid; )max (Nujol) 3450 (OH), 1675 (C=0), 1250, 1120, 975, 

860, 710cm 1 ; 6H (200MHz, CDC13) 7.92 (2H, in, Ph-0), 7.50 

(3H, in, Ph-in/p), 5.62 (1H, s, H-i), 4.65 (1H, in, Cr54  5.2 
2.5, H-5) , 4.07 (111, d, J 6M6x 7.1, H-6  (endo) ) , 3.98 

(1H, dd, J 9b9a 11.5 J 9b,3  5.6, H-9b) , 3.87 (1H, dd, J 6x6N  7.1 
2.5, H-6  (exo)), 2.22 (1H, dd, 

J9a,9b 11.5  J9a,3 14.0, H-
9a), 1.91 (1H, dd, J45  5.2 Cr43  1.3, H-4), 1.84 (1H, d, J 
1.2, OH), 1.71 (1H, in, 

J 3,9a 14.0 J 39b  5.6 Cr  34  1.3, H-3); m/z 

(El) 218 (M -16), 182, 149, 105, 77; the product could not 

be obtained pure by recrystallisation hence no further 

evidence could be gained. 

3.7.2.2 	Using Lithium Aluminium Hydride 

To a solution of the isoxazolidine (116) (658mg, 2.04mniol) 

in dry distilled THF (40inl) under nitrogen at 0°C was added 
LiA1H4  (310mg, 8mmol). The solution was stirred for 4h at 
0°C then a further 16h at room temp. Water (loml) was added 

(dropwise) then 1M HC1 (40m1), the mixture extracted with 

DCM (3 x 50ml), dried with MgSO4  then evaporated under 

vacuum to give the alcohol product as a pure single isomer 
identified as iR.2S, 5S,6R,7R8,8R-4,5-djphenyj.-7-hydroxy-
3,9, 1l-trioxa-4-azatrjcyclol6.2. 1. 02'6lundecane (158) (672mg, 

100%), long clear needles, m.p. 146-7°C (from ethanol); 
(Found: C,70.0; H,5.86; N,4.33. 	C19H19N04  requires C,70.1; 
H,5.89, N,4.30%); [o]D24 _1300 (C=O.53, CHC13); '1 max (Nujol) 
3570 (OH), 1605cm 1  (Ph); SH(200MHz, CDC13) see table 19; 
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6C (50MHz, CDC13, BB), 149.5, 142.6, 128.8, 128.61  127.5, 
126.1, 121.3, 114.1 (all Ph), 102.2 (C-B), 74.3/ 70.8/69.5 
(C-1/C-2/c-5) 66.7/66.1 (C-l0/C-7), 49.6 (C-6); m/z (El) 
326 (M -I-l), 325 (M), 248, 180, 91, 77. 
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3.8 	REDUCTION OF THE NITRILE OXIDE ADDUCT (108) 

3.8.1 	Methods and Results 

Method (i) General 

To a solution of (108) in methylene chloride-ethanol (1:1) 

at room temperature was added sodium borohydride (2.5 

equivalents). 	The solution was stirred for 2h, water 

added, the mixture extracted with methylene chloride, dried 

and evaporated to leave the isomeric products as a white 
solid. 

Method (ii) 

As method (i) but isopropyl alcohol used as the reaction 

solvent and lM HC1 used in place of water in the work-up. 

Method (iii) 

As method (i) but using diethylene glycol dimethylether 

(diglyme) as the solvent. 

Method (iv) 

Similar to method (i) but ZnBH4  reagent and THF solvent. 

Method (v) 

Uses a large excess (10 equivalents) of LiA1H4  in ether with 
methylene chloride as a co-solvent with an aqueous work-up. 

Method (vi) 

As for method (v) but using THF as the reaction solvent. 

Method (vii) 

Uses a 3-fold excess of BH3  solution in THF with a 
hydrolytic work-up by KOH. 

Method (viii) 

As method (iv) but L-selectride reagent and acidic work-up 

with lM HC1. 
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Method (ix) 

Improved version of method (viii) using the oxidative work-

up of Fortunato and Ganem187  as described in previous 
examples (section 3.7.1). 

The results are summarised in table 21. 

Isomer 'B' was obtained as a pure compound from method (ix) 

(or method (vi) by fractional crystallisation of the 

product mixture) and was identified by x-ray 

crystallography (appendix 8 ) as  1R.2S.6R.7R.8R,7-hydroxy-
5-phenyl-3 , 9, 11-trioxa-4-azatricyclol 6.2 . 1. 02'6lundec-4-ene 
(128) thin clear needles, m.p. 2360C (from ethanol), (Found: 
C,62.3; H,5.34; N,5.56. 	C13H13N04  requires C,63.1; H,5.30; 
N,5.67%); [o<] 026  + 230°  (C=1.0, CH2C12); )max (Nujol) 3430 
(OH), 1410, 1215, 1145, 1050, 930cm 1 ; 6H (360NHz, (CD3) 2S0) 
see table 22; 6C (90MHz, (CD3 ) 2S0, BB and DEPT) 158.3 (C-

5), 130.4 (Ph-4y), 129.5 (Ph), 128.6 (Ph), 126.6 (Ph), 

101.7 (C-8), 78.8 (C-2), 70.2 (C-i), 65.7 (C-b), 62.9 (C-

7), 43.9 (C-6); in/z (El) 247.0848 (Mt, C13H15N04  requires 
247.0845) , 172, 146, 117, 104, 91, 77. 

Isomer A (129) could not be isolated as a pure compound but 

n.m.r. data could be extracted from the spectrum of a mixed 

sample (see table 22). 

3.8.2 	Derivatives 

3.8.2.1 Acetates 

These derivatives were made using the standard method of 

acetic anhydride in pyridine. The acetate of alcohol 'B' 
was 	characterised as 1R, 2S, 6R, 7R, 8R-7-acetoxy-5-phenyl- 

3,9,lb-trioxa-4-azatrjcyclol62lo2'6lufldec.4....efle 	(130) 
(44%), m.p. 149-150°C (from CH2C12-hexane) 	[o24 + 114°C 
(C=6.065, CHC13); 'linax (Nujol) 1740cin 1  (C=O) SH (200MHz, 
(CD3 ) 2S0) see table 22; m/z (El) 289.0943 (M, C15H15N05 
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requires 289.0950), 229, 200, 186, 172, 156, 146, 105, 77. 

The acetate of alcohol 'A' was 1R,2S,6R,7S,8R-7-acetoxy-5-
phenyl-3 .9, 1l-trioxa-4-azatrjcyclol 6.2. 1.02,61 undec-4-ene 
(131) (93%) , m.p. 158-160°C (from CHC13-petrol) ; (Found: 
C,62.2; H,5.16; N,4.93. 	C15H15N05  requires C,62.3; H,5.23; 
N,4.84%), [°<]D24 + 138°C (C=0.060, CHC13); )max (Nujol) 
1740cin 1  (C=0); 6H (360MHz, CDC13) see table 22; SC(5OMHz, 
CDC13, DEPT), 130.6, 128.8, 128.5, 127.3, (all Ph), 97.6 (C-

8), 81.3 (C-2), 71.7 (C-1/C-7), 71.5 (C-7/C-1), 67.0 (C-

10), 45.4 (C-6), 20.6 (Cu 3); m/z (El) 289 (M'), 229, 186, 
146. 

3.8.2.2 	Benzoates 

These derivatives were made using the standard method of 

benzoyl chloride in dry pyridine. Benzoylation of a mixed 

isomer sample produced both benzoates as seen by h.p.1.c. 
(reverse phase, eluent 40% H20 in MeOH) but these could not 
be separated by t.1.c. or column chromatography. 

Benzoylation of pure alcohol B produced 1R,2S,6R,7R,8R-7-

benzoyloxy-5-phenyl-3 , 9, 11-trioxa-4azatrjcyclol 6.2. 1. 02,61 - 

undec-4-ene (132) (65%), as clear prisms, m.p. 152°C (from 
ethanol) (Found: C,67.7; H,4.79; N,3.98. C20H17N05  requires 
C,68.3; H,4.88; N,3.99%); [o<]D24  + 262°  (C=O. 141, CHC13); 

'max (Nujol) 1725cm 1  (C=O); cH (200MHz, CDC13) see table 22; 
Sc (50MHz, CDC13, BB) 165.0 (C=0), 156.9 (C=N), 133.1 - 

126.3 (Ph), 98.8 (C-B), 78.0 (C-2), 75.9 (C-l), 70.9 (C-7), 

66.3 (C-b), 42.8 (C-6); m/z (El) 351.1101 (M,C20H17NO5  
requires 351.1106), 229, 186, 143, 105, 77. 
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Table 21 Results of Reductions of (108) 

Method Reagent 

(i) NaBH4  

NaBH4  

NaB; 

 ZnBH4  
 LiA1H4  

 L1A1H4  
 BH3  

 L_selectrjde(d) 
 L_selectride(e) 

Isomer 
01vent Temp Yield/%(a) Ratio A:B 
CH2C12/EtOH RT 2h 80 54:46 
IPA RT 3h 100 46:54 
Diglyine RT 3h 31 43:57 
THF RT 16h 92 29:71 
Et20 RT lh 0 - 
THF RT. 16h 89 25:75 
THF RT lh 82 76:24 
THF RT lh 18 1:99 
THF -78°C, 4h 86 1:99 

Footnotes 

isolated 

By h.p1.c. reverse phase, 
eluent H20/MeQH 3:1 
too reactive - caused by-

products and complex 
mixture 

work-up by 1M HC1 

oxidative work-up - 

see section 3.7.1 



163 

Table 22 1H 	n.m.r. data for Compounds (128) 	to (132) 

(129) (131) (128) (130) (132) 
Resonance S H/ppm 6H/ppm SH/ppm S H/ppm ~H/ppm 

ai bli aii ci bi 
H-1 4.90 4.98 4.85 4.97 5.05 
H-2 4.49 4.50 4.26 4.48 4.39 
H-6 3.58 3.78 3.95 4.34 4.11 
H-7 3.27 4.66 3.73 5.04 5.28 
H-8 5.51 5.56 4.81 5.31 5.59 
H-10 3.75 3.96 3.68 3.83 3.94 
H-10 N 3.94 4.02 3.89 4.07 4.02 
Ph-0 7.90 7.72 7.67 7.71 7.75,7.25 
Ph-in/p 7.45 7.38 7.41 7.42 7.49,7.25 
other O5.25 CH32.03 Of5.24 CH32.82 - 

Coupling J/Hz J/Hz JH/z J/Hz J/Hz 
1,2 

- 1.0 1.3 0.8 - 

2,6 9.2 9.2 9.1 9.4 8.8 
6,7 7.4 7.3 7.4 7.6 7.5 
7,8 7.1 2.3 6.5 0.4 - 

5.5 5.0 5.4 5.3 4.7 
10,i - 1.0 0.9 0.8 - 

OH,7 2.0 
- 1.9 - - 

lox ,lO 7.2 7.8 7.6 7.7 7.7 
2,8 	(5J) - 1.0 - - - 

2,7 	(W) - 0.5 
- 1.7 1.9 

2,OH 	(W) - 
- 1.3 - - 

8,1 	(W) - - 
- 0.3 - 

(CD3 ) a SO 	(i) 200MHz 

CDC13 	 (ii) 360MHz 
(C) 	(CD 3) 2C0 



3.9 	ADDITION OF NITROMETHANE TO ISOXAZOLINE (108) 

Method (i) 

To a solution of isoxazoline (108) (1.06g, 4.33mmol) in 

1,2-dichloroethane (25m1) was added CH3NO2  (1.6g, 25.8inmol) 
and triethylamine (0.1g, l.Omrnol). 	The solution was 
stirred for 3 days, heated at reflux for 2 days and 

separated by flash column chromatography (silica, 20-40% 

ethyl acetate in light petrol) to afford unreacted starting 

material (636mg, 60%) and two isomeric adducts. 

Adduct (138) 1R2S6R7R.8R_7_hydroxy_7_nitromethyl_5_ 
phenyl-3 , 9, ll-trioxa-4-azatrjcyclol 6.2. 1.02,6 lundec-4-ene 

(254mg, 19%), white platelets m.p. 154-5°C (from ethanol); 
(Found: C,54.5; H,4.50; N,9.16. C19H14N206  requires C,54.9; 
H,4.6l; N,9.l9%); 	[]D26 + 2050  (C=l.0o, CHC13); )max 
(Nujol) 3500 (OH), 1555, 1345cm 1 ; 6H (200MHz, CDC13) see 
table 23; m/z (El) 306 (M), 260, 205, 188, 1171  106, 77. 

Adduct (137): 7S isomer of (138), confirmed by x-ray 

crystallography (see appendix g ), (122mg, 9%), white 
needles m.p. 150°C (from chloroform light petrol); (Found: 
C,54.7; H,4.51; N,9.23. C14H,4N2O6  requires c,54.g; H,4.61; 
N,9.19%);10<1D27 + 56°  (C=1.00, CHC13); 	max (Nujol) 3460 
(OH), 1570, 1340cm 1 ; SH (200MHz, CDC13-(CD3 ) 2C0) see table 
23; m/z (El) 306 (M),260, 245, 218, 214, 146, 144, 106, 77. 

Method (ii) 

A solution of isoxazoline (108) (458mg, 1.87mmol), CH3NO2  
(460mg, 7.54mmol) and NaOMe (20mg) in methanol (25m1) was 

stirred at room temp. for 4 days. Column chromatography 

on silica afforded unreacted starting material (343mg, 

75%), (138) (7.5mg, 1%) and (137) (32mg, 6%). 

Method (iii) 

To a solution of isoxazoline (108) (528mg, 2.16mnmol) in 
Ch3NO2  (lOml) at 0°C was added tetramethylguanidine (0.lml). 
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The solution was stirred for 2.5h at 0°C then lh at room 
temp. 	Column chromatography on silica afforded the 

combined adducts (522mg, 79%) in a ratio of 57:43, 

(138) : (137) 

Table 23 H n.in.r. 	Data for Compounds (137) 	and 	(138) 

(138) (137) 
Resonance /pp(i) H/ppm 
Ph-ortho 7.97 7.49 
Ph-meta 7.45 7.24 
H-i 5.05 4.76 
H-2 4.36 4.21 
H-6 3.74 3.72 
OH 3.80 3.49 
H-12a 4.68 4.39 
H-12b 4.11 4.12 
H-8 5.47 5.39 

H  

Coupling J/Hz J/Hz 

Oq  
1, lox  4.0 4.7 )Ph 
1,10 N 1.1 0 
2,6 8.3 8.4 

q. 

12a,12b 12.9 11.7 R'=CH2NO2 , R2=H 
10 

11 'ON 7.9 7.7 R1=H, R2=CH2NO 2  

Footnote 

200MHz, CDC13  

200MHz, CDC13/(CD3)2C0 
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3.10 	ADDITION OF NITROMETHANE TO LEVOGLUCOSENONE 

3.10.1 	Methods and Results 

Typical Procedures 

A 	Non-alcoholic Solvent 

To a solution of levoglucosenone (0.960g, 7.62nurtol) in 1,2-
dichioroethane (50m1) at 0°C was added 5 drops TMG. To this 
was added a solution of CH3NO2  (230mg, 3.77mmol) in 1,2-
dichloroethane (lOmi) dropwise over 30 mins. The flask was 

allowed to warm to room temperature while stirring for 4h. 

The solution was washed with 1M HC1 (20ml), dried, 

evaporated and separated by column chromatography (silica, 
light petrol-ethyl acetate 60:40). 

B 	Alcoholic Solvent 

To a solution of levogiucosenone (148mg, 0.85mxnol) in 
methanol (5m1) at 0°C was added triethylamine (one drop) and 
CH3NO2  (72mg, 6141, 0.85mmol) by syringe. The solution was 

allowed to warm to room temperature while stirring for 18h. 

The solvent and remaining volatiles were removed and the 

residue separated by dry-column flash chromatography 

(silica, light petrol-ethyl acetate 70:30) to afford (144) 
(50%) and (145) (25%) 

3.10.2 	Characterisation of Products 

1R, 2W, 4W, 5S-2-hydroxy-2 , 4-di (nitromethyj.) -7, 8-dioxabjcyc].o-
t3.2.11octane (140), clear flakes, in.p. 117-8°C (from 
ether); (Found: C,38.3; H,4.77; N,11.3. C8H12N207  requires 
C,38.7; H,4.87; N,11.3%); [O]D24  -720  (C=1.0, EtOH); )max 
(Nujol) 3480 (OH), 1560, 1350 (NO2), 1290, 1245, 1135, 1050, 
995, 925cm 1; 9H (360MHz, (CD3)2co) see table 25; SC (50MHz, 
(CD3) 2CO 3  BB and DEPT) 101.2 (C-i), 81.3 (C-9), 76.0 (C-b), 
72.8 (C-s), 69.4 (C-2), 66.5 (C-6), 33.9 (C-4), 27.7 (C-3); 
in/z (El) 202, 159, 158, 141, 125; m/z (FAB, glycerol) 249 
(M+l). 



Table 24 Reactions of CHNo 2  with Levoglucosenone 

sen Lev oglucoon 	 CH3NO2 	Base' 	Solvent 	Temp 	Time 	Products (Yields/)b  Weightg molar 	 inpiar 

quiva1ents equivalents 

(e) 1.020 1 Solvent TMGC CH3NO2(10) 	RTd 0.072 1 1 
21h 140 (89), 141 (9) 

(f) 0.960 2 1 
TMG 1,2DCEk(5) 	RT 65h 140 (61), 142 (18) 

0.159 1 
TMG 1,2DCE 	(60) 	0°C-RT 4h 142, (18) 

0.148 1 
1 TMG MeOH(5) 	0°C-RT lh 144 (13), 145 (42) 

(g) 1.09 1 
1 

2 TritonB1 

Et 3N MeOH(5) 0°C-RT 18h 144 (50), 145 (25) 
(h) 1.58 1 6 

MeOH(1.13) 	60°C 3h 140 (33), 148 (22) 
(i) 1.57 1 2 

Et2NH MeOH(5) 	RT 6 days 140 (3), 145 (40) 
0.539 1 1 

NaOMe MeOH(5) 	RT 15 mins 142 (10), 148 (8) 
(j) 0.220 1 1 

TMG EtOH(15) 	RT 18h 146 (11), 147 (3) 
piperidine EtOH(5) 	Reflux llh Intractable mixture 

Footnotes 

(a) catalytic amount unless otherwise stated 
(g) method of Ginsburg and Pappo'9°  involving a 40% solution 

(b) isolated yields 
of base 

(h) method of Kloetzel191  (c) tetramethylguaflij 
(d) room temperature; approximately 25°C 

(i) method of Walker'92  involving sodionitromethane 

(e) method of Baraldj189 
(i) method of Shafizadeh etal121  
(k) 1,2dichloroethane (f) reaction initially performed by Ian Watt (1) PhCH2N(CH3)3.OMe 
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(141) :2S-isomer of (140); only a very small quantity of 

material was available so characterisation was by 1H n. in. r. 
only - see table 25. 

1R, 3S, 4R, 5R, 8S, 9R, bR, hR. l2S-4 -hydroxy-j.0-njtro- 

6,14,15, 17-tetraoxapentacycloliO.2. 1. 	15,8 03'1lheptadecan- 

2-one (142), clear needles, m.p. 244-5°C (from ethyl 
acetate); (Found: C,49.5; H,4.74; N,4.52. C13H,5N08  requires 
C,49.8; H,4.83; N,4.47%); [c.]D24  -201°  (C=1.0, CH2C12);max 
(Nujol) 3470 (OH), 1725 (C=0), 1545cm 	(NO2 ); 6H(36OMHz, 

(CD 3) 2C0) see tables 10, 11, 26 and figures 14, 15; 8C (50 

MHz, (CD3 ) 2CO 3  BB and DEPT) 103.8, 100.9, 85.2, 73.2, 73.0, 

70.4, (C-4), 66.5 (C-7/C-13), 66.2 (C-7/C-13), 45.6, 45.3, 

38.4, 29.5 (C-16); in/z (El) 313 (M) , 285, 240, 147, 121; 

the structure was confirmed by x-ray crystallography (see 

appendix 10). 

1R, 4S, 5R-4-rnethoxy-7 , 8-dioxabjcyclol3 .2. 11-octan-2--one 

(144) is a known compound121. 

hR. 2R, 4S, 5R-2-hydroxy-4-methoxy-2-njtroinethyh-7 , 8-dioxa-

bicycbol3.2.11octane (145), mustard prisms m.p. 135°C (from 

aqueous ethanol); (Found: C,43.6; H,5..97; N,6.50. C8H13N06  
requires C,43.8; H,5.98; N,6.39%); 

[MID 24 -94°  (C0.85, 
CHC13) ; ')max (Nujol) 3390 (OH), 1550cm; SH (200MHz, CDC13 ) 
see table 25;C (50MHz, CDC13 , DEPT) 102.1 (C-i), 79.6 (C-
9), 75.5 (C-la), 74.0 (C-5), 66.3 (C-6), 50.5 (C-4), 32.4 

(C-3) ; m/z (El) 173, 127, 113, 95. 

lR, 2RS, 3S, 4R, 5R, 8S . 9R, lOP, liP, 12S-2 , 4-dihydroxy-lO-nitro-

2-nitromethyl -6,14,ls,l7-tetraoxapentacyclo-

110.2.1.14 '9 .15 '8.O3'1 heptadecane (148); m.p. 184°C (dec, from 

ethyl acetate); (Found: C,4.41; H,4.49; N,7.08. C14H18N2010  
requires C,44.9; H,4.85; N,7.48%); 	[]D24 -83°  (C=0.060, 
(CH3) 2C0) ; ')max (Nujol) 3400cm (OH) ; SH (200MHz, (CD3) 2C0) 

see table 26; ni/z (El) 374 (M), 357, 318, 236, 194, 180, 
138, 69. 



1R1 2R.3S1 5R-4-ethoxy_2_hydroxy_2_njtromethyl_7,8_ 

dioxabicvclol3.2.l]octane (146): tentative assignment since 

the product was oily and could not be isolated pure; Vmax 

(film) 3490 (OH), 1550, 1380cm 1  (NO2); 6H (200MHz, CDC13-
(CD3 ) 2C0 1:1) see table 25. 

2 i 4-diethoxv-2-hydroxy_7.8-dioxabicyclof3.2.iloctane(147): 

very tentative assignment due to the presence of a pair of 
large triplets at:1.2 in the 1H n.m.r. spectrum and 'max 
(film) 3390cm 1  (OH) in the infra-red. 

Table 25 11j n.in.r. Data for Compounds (140), (141), (145) 
and (146) 

(140) (141) (145) (146) 

Resonance H/pp 6H/ppma 6H/ppm bii cii 6H/ppm 

H-i 5.39 5.38 5.33 5.29 

H-3a 2.17 2.23 1.78 1.81 

H-3e 1.68 2.05 2.22 2.25 

11-4 2.61 2.74 3.30 3.5 

H-5 4.58 4.62 4.65 4.60 

H-6x  3.86 3.90 3.85 3.8 

H-6  N 4.10 4.10 3.77 3.8 

OH 4.93 4.66 280 4.42 

Other C(10)112  5.07 4.95 - - 
C(10)112 4.85 4.72 - - 
C(9)112 	4.65 4.86 4.86 4.78 

C(9)H2  4.49 4.69 4.67 4.78 

OC - - 3.38 - 
CH2CH3  - - - 3.55 

CH2CH3  - - - 1.16 

a 	(CD 3)2C0 	 (1) 	360MHz 
b 	CDC13 	 (ii) 	200MHz 
c 	CDC13/(CD3 ) 2cO 111 	(iii) 	confirmed by D 2  0 shake 
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Table 25 Cont. 

(140) (141) (145) (146) 

Coupling J/Hz J,/Hz J/Hz J/Hz' 

6N'6x 

6N'5 1.0 1.1 1.2 

6 ,5  5.4 5.4 5.1 

5,4 le 0 3.3 

4,3a 6.9 7.2 4.4 4.3 

4,3e 1.7 1.6 1.8 2 

4,10 8.2,6.5 8.7,6.4 - 
3a,3e 15.3 15.3 15.0 15 

1,4 	(5J) 15e 

1,3e 	(W) 15e 1.6 

5,3e 	(W) 1.5e 2.0 

OH,3a 	(W) 1.0 

Other 

(CH2)9a,9b 11.6 12.0 12.4 

(CH2)10a,10b 13.8 13.8 - 
10,11 7.1 

d - couplings not all resolved 

e - approximate 

140 : R1=R2=CH2NO2, R3=OH 
141 	: R1=R3=CH2NO2, R2  =OH 

145 : R1=OCH3, R2=CH2NO21  R3=OH 
146 : R1=OCH2CH3, R2=CH2NO2, R3=OH 

R 
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Table 26 1H n.Tn.r. Data for Products (142) and (148) 

Resonance 

H-i 

H-3 

OH 

H-5 

H-7  

H-7  
H-8 

11-9 

H-b 

H-li 

H-12 

H-13  
H-13 

N 

H-16 eq 

Hl6ax  
H-18 

Coupling 

(W) 	1,13 

3,11 

(W) 3,16 eq 

(W) 	5, 16ax 

8 

8,9 

(W) 	8, 16ax 

9,10 

9, 16 eq 

16ax 
10,11 

11,12 

12,13N  
12,13X  

l3)(, 13N 

16, 16ax 
18a, 18b 

(148) 

a H/ppm 

5.39 

2.47 

4.69, 4.32 

5.08 

3.69 

4.04 

4.48 

2.66 

5.18 

3.70 

4.27 

3.83 

4.01 

2.63 

2.10 

5.53, 4.7 
J!Hz 

0.3 

8.6 

0 

1.7 

7.6 

4.8 

1.3 

1.8 

0 

4.5 

4.0 

4.5 

11.9 

0 

0.4 

5.7 

7.5 

13.3 

11.4 

(142) 
SH/pplfl(8) 

5.08 

3.57 

4.67 

5.08 

3.68 

4.03 

4.46 

2.75 

5.12 

4.40 

4.58 

4.04 

4.45 

2.24 

1.78 

J/Hz 

0 

8.4 

2.4 

1.8 

7.6 

4.8 

0 

2.6 

1.8 

4.7 

4.5 

2.4 

11.5 

1.5 

1.0 

5.3 

7.9 

13.3 

(142) R'R' = =0 

(148) R1=CH2NO2, R2 =OH 

Footnote 

360MHz, (CD3) 2C0 

200MHz, (CD3)2C0 

11 
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3.11 	MICHAEL ADDITION OF DIETHYLNITROMALONATE (DENiM) 

TO LEVOGLUCOSENONE 

To a stirred solution of levoglucosenone (1. 62g, 12.8mmoi), 

and DENiM (2,90g, 14.2mmoi) in 1,2-dichioroethane (20m1) 

was added tetramethyiguanidine (2 drops). The mixture was 

stirred for 2hr at room temp. then 41h at reflux. 

The solvent was removed under vacuum and residual starting 

material removed by Kugeirohr distillation (120°C at 

0.2mmHg) to leave a golden syrup residue. This is the pure 

Michael adduct 1R,4R,5S-4(nitromalonyl)-7,8-djoxabicyclo-

13.2.11octan-2-one (149), (342g, 80%); ')max (film) 1750 

(C=O), 1560cm 1 ; SH (360MHz, CDC13) see table 27;C (50MHz, 
CDC13, BB and DEPT) 196.1 (C-2), 161.7 (C-b), 161.2 (C-b), 

100.4 (C-i), 97.2 (C-4), 72.2 (C-5), 68.6 (C-6), 64.0 (C-

li/il'), 43.3 (C-4), 32.6 (C-3), 13.3 (C-12/12 1); m/z (El) 
331.0904 (M, C13H,7N09  requires 331.0903) 303, 286, 257, 243, 
229, 161, 137, 123, 115. 

This was characterised as the DNPH derivative by addition 

of Brady's Reagent (20ml) to 0.415g ketone. The product 

(150) fell out of solution as a yellow precipitate (508mg, 

79%), orange/yellow needles m.p. 145-60C (from ethanol) 
(Found: C,44.7; H,4.11; N,13.8. C19H2N5O12  requires C,44.6; 
H4.14; N,13.7%); [o]D24 -277°C (C 0.456, CHC13);9max (Nujol) 
3330 (w,NH), 1560, 1340 (NO2), 1750 (C=0); 6H (200MHz, 
CDC13) see table 27; m/z (El) 307, 306, 276, 215, 169, 123. 



Y/ J 

Table 27 	H n.m.r. 	data for compounds (149) 	and 	(150) 
H/ppm (CDC13 ) 

Resonance H/pp H/ppm' 0 
H-i 5.00 5.65 

H 3ax  2.77 2.87 

frn-co: H-3eq  2.39 2.65 Et02C
t  

H-4 3.31 3.28 02N 	2 

H-5 5.29 5.34 

H-6x  4.02 4.07 149:x = 0 

3.99 4.01 150:x = NNHC6H3  (NO2) 2 
CH2-11 4.28 4.37 

CH2-1i' 4.27 4.36 

CH3-12 1.25 1.32 

CH3-12' 1.24 1.30 

NH - 10.9 	(br) 
H-3' - 9.11 

 8.32 

 - 7.94 

(149) (150) 

Coupling J/Hz J/Hz 

8.0 8.0 

6N'5 0 1.7 

2.0 5.2 

5,4 0.9 2.2 

4'3ax 9.2 9.0 

4,3eq  2.5 0 

3,1 	(W) 1.8 0 

3,5 	(W) 0.7 < 1 

4 1 1 	( 5J) 0.9 0 

C113,CH3  7.1 7.2 

61,5' - 9.5 
51,31 - 2.6 

31,61 - 0.3 

Footnote 

a 	360MHz 	 b 	200MHz 



174. 

REFERENCES 

1 	R. Huisgen, Centenary Lecture, London, December 8th 

1960; Proc ChemSoc., 1961, 357; Reference 2, Vol. 1, 

7-14. 

2 	A. Padwa (Ed.), 11,3-Dipolar Cycloaddition Chemistry', 
John Wiley and Sons, New York, 1984, Vols. 1 and 2. 

3 	C. Grundmann and P. Grunanger, The Nitrile Oxides, 

Springer-verlag, Berlin, 1971. 

4 	Reference 2, vol. 1, chap. 1. 

5 	R. Huisgen, J. Org. Chem, 1976, 41 	, 403. 

6 	K. N. Houk, J. Sims, R. E. Duke Jnr., R. W. Strozier 

and J. K. George, J. Am. Chem. Soc, 1973, 95, 7287 

7 	J. Bastide, N. E. I. Ghandour and 0. Henri Rousseau, 

Bull. Soc. Chim. Fr., 1973, 2290 and 2294. 

8 	J. S. Clovis, A. Echell, R. Huisgen, R. Sustmann, G. 

Wallibillich and V. Weberndorfer, Chem. Ber, 1967, 

100, 1593. 

9 	K. N Houk, J. Sims, C. R. Watts and L. J. Luslais, J. 

Am. Chem. Soc., 1973, 95, 7301-7315. 

10 	J. M. Lluch and J. Bertran, Tetrahedron, 1982, 38 

1847. 

11 	R. Sustmann, Tetrahedron Lett., 1971, 

2717. 

12 	K. Fukui, Fortsch. Chem. Forsch., 1970, 15 f  1; Acc. 
Chem. Res., 1971, 4., 57. 

13 	J. Plumet, G. Escobar, C. Manzano, 0. Arjona, P. A. 

Carrupt and P. Vogel,, Heterocycles, 1986, 24 

1535. 

14 	A. J. Blake, N. Harding and J. T. Sharp, Tetrahedron 

Lett, 1988, 29 	, 6361. 

15 	P. Caramella and G. Cellerino, Tetrahedron Lett, 1974, 

, 229. 

16 	H. Gnichtel and L. Ansorge, Liebigs. Ann. Chem., 1985, 

2217. 

17 	K. N. Houk, Acc. Chem. Res., 1975, 8. 	,, 361. 



lb 

18 M. 	S. 	Haque, J. 	Chem. Educ., 	1984, 	61 , 	490. 
19 K.tJHouk, 	R.(.Firestone, L. Munchausen, 	P. Mueller, 	B. 

Arrsen and L. 	Garcia, J. 	Am. 	Chem. 	Soc., 1985, 	107, 
7227. 

20 S. 	Kahn, 	W. 	Hehre and J. 	Pople, 	J. 	Am. Chem. 	Soc., 
1987, 	109, 	1871. 

21 K.LHouk, J. Am. 	Chem. Soc., 	1986, 	108, 	554. 
22 J. 	Baran and H. Mayr, J. 	Am. 	Chem. 	Soc., 1987, 	jQ, 

6519. 

	

23 	R. Hoffmann and R. B. Woodward, J. Am. Chem. Soc., 
1965, 87, 2046 and 4388. 

	

24 	R. Huisgen, G. Mioston and E. Langhals J. Org. Chem, 
1986, 51, 4085. 

	

25 	R. Huisgen, G. Mioston and E. Langhals, J. Am. Chem. 

g., 19861  108, 6401. 

	

26 	Reference 2, Vol. 1, Chap. 3. 

	

27 	G. Barbaro, A. Battaglia and A. Dondoni, J. Chem. Soc 
1970, 588. 

	

28 	Reference 3, p16-17. 

29 C. Grundmann, V. Mini, J. M. Dean, H. D. Frommeld, 
Liebigs Ann. Chem., 1965, 687, 191. 

	

30 	A. Werner and H. Buss, Chem. Ber., 1984, 22., 2193. 

	

31 	Reference 2, Vol. 1, p11 

	

32 	T. Mukaiyama and T. Hoshino, J. Am. Chem. Soc., 1960, 
82, 5339. 

33a T. Shimizu, Y. Hayashi, H. Shibafuchi and K. Teramura, 

Bull. Chem. Soc. Jpn., 1986, 59, 2827. 

33b K. Harada, E. Kaji and S. Zen, Chein. Abs., 1980, 93, 

26351; Nippon Kagaku Kaishi, 1981, 	, 1195-8; Chem. 
Pharin. Bull., 1980, 28 	3296 

34 T. Yoshioka, K. Yamamoto, Y. Shimauchi, Y. Fukagawa 

and T. Ishikawa, J. Chem. Soc., Chem. Commun., 1984, 

1513. 

	

35 	A. McKillop and R. Kobylecki, Tetrahedron, 1974, 30, 
1365. 

36 	T. Shimizu, Y. Hayashi and K. Teramura, Bull. Chem. 
Soc. Jpfl., 1984, 57,  2531. 



37 T. Shimizu, Y. Hayashi and K. Teramura, J. Org. Chem., 

1983, 	4, 	3053. 
38 I. 	Vigalok, I. 	Moisak 	and 	N. Svetlakov, Khim. 

Geterotsiki. 	Soedin, 	1969, 	(1), 	175; Chem Abs., 1969, 
71, 	3330. 

39 G. 	B. Bachman and L. 	Strom, J. 	Org. Chem., 1963, j, 
1150. 

40 S. 	Tsuchima, T. 	Tsujikawa 	and 	0. Aki, Jap. Patent 
6824, 	902, 	28 Oct. 	1986; Chem Abs., 1969, 70, 	87344. 

41 P. Huisgen and W. Mack, Tetrahedron Lett., 1961, 

583. 

42 	Y. H. Chiang, J. Org. Chem., 1971, 36 	, 2146. 
43 	G. A. Lee, Synthesis, 1982, 508-9. 

44 	G. McGillivray and E. Krooden, S. Afr. J. Chem., 1986, 

, 54-6. 

45 	A. Baruah, D. Prajapati and J. Sandu, Heterocycles, 

1988, 27 	, 1127. 

46 	R. F. Cunico and L. Bedell, J. Org. Chem., 1983, 48, 
2780. 

47 	T. Shimizu, Y. Hayashi, H. Shibafuchi and K. Shimizu 

Teramura, Bull. Chem. Soc. Jpn., 1987, 60, 1948; 

Synth. Cominun., 1986, 488; Bull. Chem. Soc. Jpn., 

1985, 58, 2519. 

48 	T. Shimizu, Y. Hayashi, T. Taniguchi and K. Teramura, 

Tetrahedron, 1985, il 727. 
49 	W. R. Mitchell and R. M. Paton. Tetrahedron Lett. - 

1979, 2443. 

50 	G. Hobbs, G. D. Innes and J. N. MacPherson, Can. J. 

Chem., 1966, 44 	, 4554. 

51 	R. Huisgen, Angew. Chem. Ind. Ed. Engl., 1963, 2, 565, 

633. 

52 	A. P. Kozikowski, Acc. Chem. Res., 1984, fl, 410. 
53 	A. P. Kozikowski and P. D. Stein, J. Org. Chem., 1984, 

2301. 

54 	D. P. Curran, B. Kim, H. Piyasena, R. Loncharich and 

K. N. Houk, J. Org. Chem., 1987, 52, 2137. 



IN 

55 	V. Jager and I. Muller, Tetrahedron, 1985, 41, 

3579. 

56 	G. Zinner and H. Gunther, Chem. Ber., 1965, 98, 1353. 

57 	V. Jager and H. Grund, Agnew. Chem. mt. Ed. Engl., 

1976, 15 	, 50. 

58 	R. Huisgen, H. Huber and R. Sustrnann, Chen. Ber., 100, 

1802; 1967. 

59 P. Caramella, P. Frattini and P. Grunanger, 

Tetrahedron Lett., 1971, 	', 3817. 

60 	P. Caramella, A. Corsaro, A. Compagnini and F. Albini, 

Tetrahedron Lett., 1983, 24 	, 4377. 

61 	G. Bianchi, C. DeMicheli and R. Gandolfi, J. Chem 

Soc., Perkin Trans. I, 1972, 1712. 

62 	W. Fliege and R. Huisgen, Liebigs Ann. Chem., 1973, 

2038. 

63 	M. Burdisso, R. Gandolfi, M. Lucchi and A. Rastelli, 

J. Org. Chem., 1988, 53, 2123. 

64 	J. Plumet, G. Escobar, C. Manzano, 0. Arjona, P. A. 

Carrupt and P. Vogel, Heterocycles, 1986, .j 	
IF 

1535. 

65 P. Caramella, P. Frattini and P. Grunanger, 

Tetrahedron Lett., 1971, 3817. 

66a S. Papdopoulos and J. Stephanidou-Stephanatou, 

Liebigs. Ann. Chem., 1985, 1697. 

66b K. C. Lui and R. K. Howe, J. Org. Chem., 1983, 4, 
4590. 

66c N. G. Argyropoulos and E. Coutouli-Argyropoulou, L. 
Heterocyci. Chem., 1984, 21, 1397. 

67a G. Bianchi, R. Gandolfi and C. deMicheli, J. Chem. 

Res. (S), 1981, 6 

67b M. DeAmici, C. DeMicheli, A. Ortisi, G. Gotti, R. 

Gandolfi and L. Toma J. Org. Chem, 1989, 54, 793. 

68 	G. Bianchi, C. DeMicheli, R. Gandolfi, P. Grunanger, 

P. V. Finzi and 0. V. dePava, J. Chem. Soc., Perkin 

Trans I, 1973, 1149. 

69 N. G. Argyropoulos and N. E. Alexandrou, J. 
Heterocycl. Chem., 1979, 16, 731. 



'lid 

70 	M. J. Fray, E. J. Thomas and D. J. Williams, J. Chem. 

Soc., 	Perkin Trans. 	I, 	1985, 	2763. 

71 V. Jager and R. Schohe , Tetrahedron, jQ 	, 2199. 

72 J. M. J. Tronchet, B. Baehler and A. Bonenfant, Helv. 

Chiin. 	Acta., 	1976, 	59, 	941; 	1979, 	62, 	1622. 

73 H. 	Gnichtel, 	L. Autenrieth,, 	P. Luger and K. Vangehr, 

Liebigs Ann. Chem., 	1982, 	1091. 

74 H. 	Gnichtel and L. 	Autenrieth-Ansorge, 	Liebigs Ann. 

Chem., 	1985, 	2217. 

75 J. 	M. 	J. 	Tronchet 	and J. 	Poncet, 	Carbohydr. Res., 

1976, 	4., 	119. 

76 AJ.Kozikowski and S. Goldstein, J.Orq. 	Chem., 1983, 

48, 	1141. 

77 M. Prashad and B. Fraser-Reid, J. Org. Chem., 	1985, 50 

It 	
1564. 

78 I. 	N. 	Dawson, 	T. 	Johnson, 	R. M. 	Paton and R. 	A. 	C. 

Rennie, J. Chem. Soc., Chem. Commun., 1988, 	1339. 

79 L. 	Bruche, 	M. 	Gelnii and G. Zecchi, J. 	Org. 	Chem., 

1985, 	50, 	320€ 

80 Reference 3, p120. 

81 D. J. Greig, D. G. Hamilton, M. McPherson, R. M. Paton 

and J. 	Crosby, J. 	Chem. 	Soc., Perkin Trans I., 	1987, 

607. 

82 Reference 3, p130 

83 Y. 	Takeuchi and F. 	Furusaki, Adv. 	Heterocyci Chem., 

1977, 	21, 	207. 

84 Reference 2, Vol. 	1, Chap. 3 

85 R. N. Paton, Chem. Soc. Rev, 1989, 	j.  33 

86 D. 	Black, 	R. 	Crozier and V. Davis, 	Synthesis, 1975, 

205- 

87a J. 	Sims and K. N. Houk, J. Am. 	Chem. Soc., 	1973, 	95, 

5798. 

87b P. D. Croce, C. LaRosa, R. Stradi and M. Ballabio, J. 

Heterocycl. 	Chem., 	1983, 2.0, 519. 

88 A. 	Bened etal, 	J. 	Chem. 	Soc., Perkin Trans. 	I, 	1984, 

1. 



179 

89 	I. Bruning, R. Grashey, H. Hawk, R. Huisgen and H. 

Seidl, Org. Syn. Coil. Vol. V, 1124. 

90 	J. Hamer and A. Macaiuso, Chem. Rev., 1964, 64, 473. 

91 R. Grashey, R. Huisgen and H. Leitermann, Tetrahedron 

Lett., 1960, (12), 9. 

92 	E. Winterfeldt, W. Krohn and H. Strache, Chem. Ber., 

1969, 102, 2346. 

93 	A. Branchi, S. Carli and A. Goti, Heterocycles, 1988, 

27 	, 17. 

94 	I. Panf ii and M. Chmielewski, Tetrahedron, 1985, 41 

4713. 

95 	P. Deshong and J. Leginus, J. Org. Chem., 1984, 49, 

3421. 

96 	M. Burdisso, R. Gandolfi, P. Pevarello and A. Rastelli 

Tetrahedron Lett., 1987, 28 	1225. 

97 	I. 	Panf ii, 	M. 	Chinielewski and C. 	Beizechi, 

Heterocycles, 1986, 24 	, 1609. 

98 	M. Ihara, M. Takahashi, K. Fukumoto and T. Kametani, 

J. Chem. Soc., Chem. Conmiun., 1988, 	, 9. 

99 	D. Horton and J. H. Tsai, Carbohydr. Res., 1978, 67, 

357. 

100 D. N. Dhar and R. Ragunathan, Tetrahedron, 1984, 4 
1585. 

101 H. Gnichtel and A. Ronzheimer, Liebigs Ann. Chem., 

1982, 985 

102 E. G. Tsatsaroni, N. G. Argyropoulos and N. E. 

Alexandrou, J. Heterocyci. Chem., 1984, 21 	, 701 

103 A. Platonov, E. Mavorova, G. Akimora and V. 

Christokletov, Zh. Obshch. Khiin., 1982, 52 	, 451 

104 J. Franz and L. Black, Tetrahedron Lett., 1970, 

1381. 

105 R. K. Howe, T. Gruner, L. Carter, L Black and J. 

Franz, J. Org. Chem., 1978, j. 	, 3736. 

106a A. Danios, R. Gould, M. Harding, R. M. Paton, J. F. 

Ross and J. Crosby, J. Chem. Soc., Perkin Trans. I, 

1981, 2991. 



im 

106b R. K Howe and J. E. Franz, J. Org. Chem., 19741  39, 
962. 

107 R. Gould, R. M. Paton, J. Ross, M. Walkinshaw and J. 

Crosby, J. Chem. Res. (S), 1986, (5), 156; (M), 1986, 

(5), 1372. 

108 R. K Howe and B. P. Shelton, J. Org. Chem., 1981, 46, 
771. 

109 P. M. Paton, F. M. Robertson, J. F. Ross and J. 

Crosby, J. Chem. Soc., Perkin Trans I, 1985, 1517. 

110 Y. Tsuchiya and K. Sum!, J. Appl. Polym. Sci, 1970, 

14, 2003. 

111 F. A. Wodley, J. Appl. Polym. Sc!, 1971, 15, 835. 

112 K. Josephson, Chem. Ber, 1929, 62B, 313. 

113 A. E. Lipska and G. E. McCasland, J. Appl. Polym. 

ca., 1971, 15, 419-35. 

114 L. K. M. Lam, D. P. C. Fung, Y. Tsuchiya and K. Sumi 

J. Apppl. Polym. Sci., 1973, 17, 391-9. 

115 Y. Halpern, R. Riffer and A. Broido, J. Org. Chem., 
1973, 38 (2), 204-9. 

116 G. Domburgs, I. Berzina, E. Kupce and I. Kirsbauni, 

Khim. Drev., 1980, (3), 99-102. 

117 M. Mori, T. Chuman and K. Kato, Tetrahedron Lett., 
1982, .23   (44), 4593. 

118 F. Shafizadeh and P. Chin, A.C.S. Syrip. Ser., 1976, 

39, 179 

119 F. Shafizadeh, R. H. Furneaux and T. T. Stevenson, 

Carbohydr. Res., 1979, 71, 169. 

120 D. Ward and F. Shafizadeh, Carbohydr. Res., 1981, 93, 

284. 

121 F. Shafizadeh, D. Ward and D. Pang, Carbohydr. Res., 
1982, 102., 217. 

122 G. Domburgs, I. Berzina, I. Kirsbaums and M. Gavars, 

Khim Drev., 1978, 	, 105 

123 A. Ohnishi, E. Takagi and K. Kato, Bull. Chem. Soc. 

Ipi, 1975, 49 	1959 -. 
124 C. Z. Smith, J. H. P. Utley and H. L. Chem, J. Chem. 

Res. (5), 1987, 88 



125 R. H. Furneaux, J. M. Mason and I. J. Miller, j. Chem. 
Soc., Perkin Trans I f  1984, 1923. 

126 S. Bystricky, T. Sticzay, M. Koos and V. Kettman, 

	

Chem. Papers, 1986, 40 	, 79. 

127 F. Shafizadeh and P. Chin, carbohydr. Res., 1977, 58
f  79. 

128 F. Shafizadeh and P. Chin, Carbohydr. R 	1976, 46, 
149. 

129 F. Shafizadeh, R. H. Furneaux, T. T. Stevenson and T. 

G. Cochran, Carbohydr. Res., 1978, 61, 519• 

130 S. G. Donthurg, G. Dobele, G. A. Rossinskaya B. Rone 

and T. N. Skripchen]co, Khiin Drev., 1988, 	, 41 
131 A. Van der Kaaden, J. Havericamp, J. J. Boon and J. W. 

de Leeuw, J. Anal. Appi. Pyrol, 1983, 5, 199. 

132 A. Ohnishi and K. Kato, Bejtrage zur Tabakforschg, 
1977, 9, 147. 

133 W. E. Franklin, J. Macromal. Sci. Chem., 1984, 

	

, 377. 
	A21 

134a A. Bruchet, C. Anselve, 0. Marsigny and J. 

	

Mallevialle Aqua, 1987 	, 102. 
134b F. Gadel and A. Bruchet, Rater Res-, 1987, 21 

1195. 

135 C. Saiz-Jimenez and J. W. deLeeuw, Org. Geochem., 
1984, ., 287. 

136 R. J. Helleur, E. R. Hayes, J. S. Craigie and J. L. 
McLachlan, J. Anal. Arymi Pyroj., 1985, 8, 349. 

137 F. Godel, G. Torri and A. Bruchet, Science of the 
Total Environment, 1987, 62, 107 

138a P. Bhate and D. Horton, Carbohydr. Res., 1983, 122, 
189. 

138b P. Bhate, J. Galluccj and D. Horton, Acta. Cryst, 
1984, C40, 468. 

	

139 D. P. C. Fung, iod Science, 1976, 	, 55. 
140 A. Ohnish!, K. Kato and E. Takagi, Polymer J., 1975, 

7 	, 431 

141 A. Brojdo, N. Evett and C. C. Hodges, Carbohydr. Res., 
1975, 44, 267. 



IOL 

142 	F. Shafizadeh, R. H. Furneaux, T. T. Stevenson and T. 

G. Cochran, Carbohydr. Res., 1978, 67, 433 - 

143 R. H. Furneaux, J. M. Mason and I. J. Miller, J. Chem. 

Soc., Perkin. Trans. I, 1988, 	, 49. 

144 P. Koll and J. Metzger, Angew. Chem. mt. Ed. Engl., 
1978, 	, 754. 

145 P. Koll, T. Shultek and R. W. Rennecke, Chem. Ber., 
1976, 109, 337. 

146a J. S. Brimacoinbe, F. Hunedy, A. M. Mather and L. C. N. 

Tucker, Carbohydr. Res., 1979, 68, 231 ; 1978, 60, 
Cli.. 	-. 

146b J. Pecka and M. Cerny, Coil. Czech. Chem. Commun., 
1978, 4, 1720. 

147a F. Shafizadeh, M. G. Essig and D. D. Ward, Carbohydr. 

1983, 114, 71. 

147b M. G. Essig and F. Shafizadeh, ibid, 1984, 127, 235. 

147c M. G. Essig, F. Shafizadeh, T. Cochran and R. 
Stenkamp, ibid, 1984, 129, 55- 

148 E. Keinan and N. Greenspoon, J. Am. Chem. Soc., 1986, 
108, 7314 

149 D. D. Ward and F. Shafizadeh, Carbohydr. Res., 1981, 
, 155. 

150 M. G. Essig, Carbohydr. Res., 1986, 156, 225. 

151 F. Shafizadeh, R. H. Furneaux, D. Pang and T. T. 

Stevenson, Carbohydr. Res., 1982, 100, 303. 

152 T. T. Stevenson, R. H. Furneaux, D. Pang, F. 

Shafizadeh, L. H. Jensen, and R. E. Stenkamp, 

Carbohydr. Res., 1983, 112, 179- 	ibid, 1982, 104, 
ii,  -. 

153 S. Chew and R. J. Ferrier, J. Chem. Soc. Chem. 
Coinmui., 1984, 911. 

154 S. Chew, R. J. Ferrier 

1988, 174, 161 

155 J. N. Freskos and J. S. 

Commun., 1985, 658. 

156 P. Bhate and D. Horton, 

191 

and V. Sinnweil, Carbohydr. 

Swenton, J. Chem. Soc. Chem. 

Carbohydr. Res., 1985, 139, 



oJ 

157 Y. Gelas-Mjalhe J. Gelas, D. Avenel, R. Brahmj and M. 

Gilijer-pandraud Heterocycles 1986, jj 	, 931. 
158 R. H. Furneaux, G. J. Gainsford, F. Shafjzadeh and T. 

T. Stevenson, Carbohydr. Res., 1986, 146, 113. 

159 M. Mori, T. Chuman and K. Kato, çnbohydr. Res., 1984, 
129, 73. 

160 M. Isobe, N. Fukamj and T. Goto, Chem. Letters, 1985, 
71-4. 

161 N. Isobe, N. Fukaini, T. Nishikawa and T. Goto, 
Heterocycles, 1987, 	, 521 

162 M. Isobe, T. Nishi]cawa, S. Piku]. and T. Goto, 
Tetrahedron Lett., 1987, 28 	', 6485. 

163 R. H. Furneaux, R. F. Henze].1 and P. C. Tyler, 

t. App., EP229, 034; Chem. Abs., 108, P56537w. 
164 Prepared by I. M. Dawson. 

165 F. Sweet and R. K. Brown, Can. J. Chein., 1968, 46, 
707. 

166 G. F. Wood and H. Sanders J. Am. Chern. Soc., 1946, 	, 
2483. 

167 R. Paul Bull. Soc. Chim.Fr., 1934, 1397. 

168 W. Parham and H. Holmquist 	Am. Chem. Soc., 1951, 
73, 913. 

169 M. Julia and B. Jacquet Bull. Soc. ChimFr., 1963, 
1983. 

170 P. R. Wells, 'Linear Free Energy Relationships', pub. 
Academic Press, 1968, p38. 

171 K. Bast, M. Christi, R. Huisgen and W. Mack, Chem. 
1973, 106, 3312. 

172 	
3 JH,H= 7.75cos 219 - l.lcos9+ 1.4: C. A.G. Haasnoot, F. 
A. A. M. DeLeeuw and C. Altona, Tetrahedron, 1980, 36, 
2783. 

173 D. H. Williams and I. Fleming 'Spectroscopic Methods 

in Organic Chemistry', 3rd edn., McGraw Hill, p100-
102. 

174 F. Sweet and R. K. Brown Can. J. Chem.,, 1968, 46, 
2289. 



175 R. Srivastava and R. Brown Can. J. Chem, 1970, 48
., 830. 

176 T. Murray, C. Williams and R. Brown,Org. Cheni., 
1971, 36 	, 1311. 

177 W. Foerst (ed.) 'Newer Methods of Preparative Organic 

Chemistry', Academic Press, 1964, .., 151. 

178 H.cHouse, 'Modern Synthetic Reactions', pub. W. A. 
Benjamin, 2nd edn. 

179 R. Ranganayakulu and R. Brown J.Org
. Chem., 1974, 39, 

3941. 

180a S. Kitane, T. Kabula, J. Vebre]. and B. Laude, 
Tetrahedron Letts., 1981, j 	, 1217. 

180b M. Kuehne, S. Weaver and P. Franz J. Org
. Chem.,, 1964, 

22, 1582. 

180c R. Huisgen, R. Sustmann and G. Walibjilich 
cb 

1967, 100, 1786. 

180d R. Fusco, G. Bianchetti and D. Pocar Gazz. Chjin. 
1961, 91, 1233. 

181 T. H. Chan, M. A. Brook and T. Chaly, aynthesis, 1983, 
203. 

182 G. P. Shiemenz and H. Kaack, Liebigs Ann. Chem., 1973, 
9, 1480. 

183 A.Akhtar andkMarsh J. Chem. Soc (Cj, 1986, 937. 
184 D. G. Wigfield 	trahedron, 1979,'.L5-, 449-462. 
185 R. T. Morrison and R. N. Boyd 'Organic 

Chemistry', Allyn and Bacon, U.S.A., 1973, 3rd edn., 
p480 et.seq. 

186 P. Confalone, G. Pizzolata, D. Confalone and M. 
Uskokovic, j. Q. Chem, Soc., 1980, .02, 1954. 

187 J. Fortunato and B. Ganem, J. Org. Chern.,, 1976, 41 
2194. 

188 Miss T. Cook, Bsc. project 1988, University of 

Edinburgh, "CYcloaddition Reactions of 
Levog1ucosenot 

189 P. G. Baraldi, A. Barco, S. Benettj, G. P. PollInj, D. 

Simonj and V. Zanirato, Tetrahedron 1987, fl 4669. 



WOR 

190 E.D. Bergmann, D. Ginsburg and R. Pappo Org. 

Reactions, 1954, 10, 179. 

191 M. C. Kloetzel, J. Am. Chem. Soc., 1974, 69, 2271. 

192 G. N. Walker J. Org. Chem, 1965, 30, 1416. 

193a B. Witkop and R. K. Hill, J. Am. Chem. Soc., 1958, fl, 
6592. 

193b H.. House, 'Modern Synthetic Reactions', pub. W. A. 
Benjamin, 2nd edn., p515 et seq. 

194 H. Rapoport and K. Holden J. Am. Chem. Soc., 1962, 84, 
635. 

195 A. P. Krapcho, G. A. Glynn and B. J. Grenon 

Tetrahedron Lett., 1967, 215. 

196 A. P. Krapcho, G. A. Glynn and B. J. Grenon, 

tt7 

197 R. H. Jones, G. C. Robinson and E. J. Thomas 1984, 40 

177. 

198 Reference 2, Vol. 1, Ch. 3, 291 

199 Y. H. Chiang J. Org. Chem., 1971, 36, 2146. 

200 R. Huisgen, M. Seidel, G. Walibillich and H. Knupfer 

Tetrahedron, 1962, fl, 3. 

201 H. Pechmann and L. Seaburger Ber. Dtsch, Chem. Ges, 
1894, fl, 2121. 

202 H. E. Delamare and G. M. Coppinger J. Org. Chem., 
1963, 28, 1068. 

203 F. Korte, A. Bilow and R. Heinz, Tetrahedron, 1962, 
18, 657. 



ARM 

ppendix1 	Published Work 

Some sections of the work presented in this thesis have 

been published. The papers are listed below and a copy of 

each is included in the following pages. 

"Regio- and Face-selective Formation of 1:1 and 2:1 

Adducts by 1,3-Dipolar Cycloaddition of Benzonitrile 
Oxide to 2 Alkoxy-5,6_dihydro_2_pyransts, Alexander J. 

Blake, Ian M. Dawson, Angus C. Forsyth, Trevor 

Johnson, R. Michael Paton, Robert A. C. Rennie and 

Paul Taylor, J. Chem Res (5). 1988, 328; (M), 1988, 
2548. 

2 	"Regio- and Face-selective 1,3-Dipolar Cycloadditjons 

to Levoglucosenone", Alexander J. Blake, Angus C. 

Forsyth and R. Michael Paton, J. Chem Soc. Chem 
Commum., 1988, 440. 

3 "Highly Selective Base-Catalysed Additions of 

Nitromethane to Levoglucosenone", Angus C. Forsyth, R. 

Michael Paton and Ian Watt, Tetrahedron Lett., 1989, 

.Q (8), 993. 



IN 

Regio- and Face-selective Formation of 1:1 and 2:1 
Adducts by 1,3-Dipolar Cycloaddition of Benzonitrile Oxide 
to 2-Alkoxy-5,6-dihydro-2Hpyrans 

Alexander J. Blake, Ian M. Dawson,' Angus C. Forsyth,' Trevor Johnson,' 
R. Michael Paton,I,* Robert A. C. Rennie,' and Paul Taylor' 

I  Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EHS 3.LI, U.K. 
' Imperial Chemical Industries PLC, P.O. Box 11, The Heath, Runcorn, Cheshire WA 7 4QE, U.K. 

Reprinted from 

JOURNAL OF CHEMICAL RESEARCH (S) 



10 

328 

I. CHEM, RESEARCH (S). I 

Regio- and Face-selective Formation of 1: 1 and 2: 1 	 J. Chem. Research (S. 
1988,328-329 Adducts by 1,3-Dipo(ar Cycloaddition of Benzonitrjle Oxide 	J. (hem Research 01), 

to 2Alkoxy-56djhydro.2H..pyrans 1988,2548-2580 

Alexander J. Blake,' Ian M. Dawson,' Angus C. Forsyth,' Trevor Johnson 
,b R. Michael Paton,a,* Robert A. C. Rennie 

,b and Paul Taylor' 
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Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 
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With a vies to using 2.3-unsaturated sugars2 as the dipolaro-
phile component in nitrile oxide cycloadditionst we have 
examined the reaction of benzonjtrjlc oxide with 2-alkoxy-
5.6-dihydro-2/1..pyrans (1) as a simple model system. We 
find that the addition is face- and regio-selective affording, as 
the major products, isoxazolines (2), in which the carbon of 
the 13-dipole is attached to pyran C(3) and is anti to the alkoxy group. 

the carbon of the 1,3-dipole attached to C(2) of the pyran; 
i.e. there is an antiperiplanar relationship between the new 
C—C bond and the methoxy substituent. 

The products were identified from their analytical and 
spectroscopic properties and, in the case of the major adduct 
(2a), by X-ray crystallography, The regiochemistry of each 
adduct is readily deduced from its 360 MHz 'H n.m.r. spec-
trum [see Figures 2, 3(a), and 5(a)1. For compound (2a) 

(a) 

"N Ph Ph N" 	 "N Ph 
(2) 	 (3) 	 (4) 

PhC—Q- 	PhC_O 	PhC_o- 

H 	
H Ph Ph  

(8) 	 (9) 	 (10) 
Scheme (a) A = Me; (b) A = Bu' 

Treatment of 2-methoxy-5,6dihydro 2 H-pyran (1a)3  
tth benzonjtrjje oxide (6:1), generated in situ by dehydro-chlorination of benzohydroximo\ l chloride in order to mini-

mise competing dimerisation reactions, afforded the isoxazo-
lines (2a), (3a), and (4a), together with furazan V-oxide (6) 
and oxadiazole (7 )7 as by-products. The fourth possible 
adduct (52) was not detected. The ratio of isoxazolines 
(2a)-(4a) was determined by h.p.I.c. analysis to be 
5.7:2.4:1,0, respectively, corresponding to an 8:1 prefer-
ence for attack by the nitrile oxide at the face opposite to the 
methoxy substituent and 3: 1  in favour of regioisomers with 

"-9,. 
( 	)--.OR 	Ph 	Ph 	Ph 

Ph: 	N11 	 Nl~ N N, - 	 N!Ph 

(5) 	 (6) 	 (7) 

*To receive any correspondence. 
'For the use of nitrite oxide cvcloaddjtions in natural product synthesis see ref. I. 
4.5-Dihydroisoxao 5  

H0 	

H, 

OCH3 

Hd 

4.6 42 	38 	34 	22 
8" 

(b) 

~!, . J.~ 
MO 

OCH3 
H0 	 -1, 

Hd 	
H, 

56 	4.6 	42 	38 	34 	2 0 
a,' 

Figure 2 'H N.m.r. spectra (360 MHz) of (a) isoxazolirie (2a) and 
)b) isoxazoline (3a) 

Figure 2(a)J the signal due to ft adjacent to the oxygen of 
the isoxazoitne is at higher frequency than that for ft. whereas the order of the chemical shifts (ft, ft) is reversed 
for isomer (3a) IFigure 2(b)J. The conformation of the ad-
ducts can be deduced from the coupling constants. In all 
three cases the pyran ring adopts a chair-like arrangement, 
albeit distorted to accommodate the cis-fused isoxazoline 
ring, with the oxygen from the nitrite oxide occupying an 
axial-like position fsee e.g. Figures 3(a) and 5(a)). 

Repetition of the experiment with a 1: 1 ratio of reactants 
afforded, in addition to the isoxazoljnes (2a)-(4a), the 2:1 
products (8)-(I0) which result from the addition of a second 
benzonitrile oxide to the less-hindered face of the C==N in 
each monoadduct Structures (8)-(10) were confirmed by 
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H0  

Hd,PHC Hb 

Hd  
Figure 3(a) Conformation of isoxazoline (2a) 

Ph 	He  0 

OMe 
Figure 5(a) Conformation of isoxazoline (3a)  

329 

Techniques used: ,V-Ray crystallography, 360 MHz 'H n.m.r. spec-
troscopy. h.p.I.c. 

References: 13 

Figure I: ant, and svn Approach of benzonitrile oxide to 2-alkoxy-
dihydroprans (I) 

Figure 3: Alternative conformations for compound (2a) 

Figure 4: Molecular structure of isoxazoline (28) 

Figure 5: Conformations of isoxazolines (3a) and (4a) 

Figure 6: Approach of benzoniirile oxide to isoxazoline (2a) 

Figure 7: Molecular structure of compound (8) 

Figure 8: Molecular structure of compound (10) 

Tables 1, 2: 'H N.m.r, data for compounds (2)-(4) and (8)-(] 0) 

Table 3: Torsion angles (Ø/) in the crystal and '1-I n.m.r. coupling 
constants (J/Hz) for the monoadduct (2a) and diadducts (8) and 
(10) 

Tables 4-24: Crystal-structure data for compounds (28), (8). and 
(I 0) 

independent synthesis from their respective 1: 1 adducts and 
for (8) and (10) by X-ray crystallography. In reactions 
between nitrile oxides and weak dipolarophiles such as (1), 
formation of 2:1 products is not unexpected since the imino 
group of the initially formed isoxazoline is itself a moder-
ately reactive dipolarophile.I1  

In order to study the effect of a more bulky  substituent at 
C(2). t-butyloxydihydropvran (ib) was treated with benzo-
nitrile oxide under similar conditions. Using a 1:6 mole ratio 
of hydroximoyl chloride to alkene. four products were 
formed: isoxazolines (2b) (28%) and (3b) (13%), furazari 
\-oxide (6) (14%), and oxadjazole (7) (7%). Neither of the 

svn-adducts (4b) and (5b) could be detected; (ace selectivity 
in this reaction is therefore estimated to be greater than 80:1. 
From these results it is concluded that increasing the bulk of 
the 2-alkoxy substituent improves the degree of face selec-
tivity but has little effect on regiochemistry. 
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Benzonitrile oxide and C,N-diphenylnitrone undergo highly regio- and face-selective cycloaddition reactions with 
levoglucosenone; in each case the major product results from approach anti to the 1,6-bridge of levoglucosenone, 
the oxygen of the 13-dipole becoming attached to the Is-carbon of the enone unit. 
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Regio- and Face-Selective 1,3-Dipolar CycloacjcJ it ions to Levoglucosenone 
Alexander J. Blake, Angus C. Forsyth, and R. Michael Paton* 

Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ, U.K. 

Benzonjtrjje oxide and C,N-diphenylnjtrone undergo highly regio- and face-selective cycloaddition reactions with 
levoglucosenone in each case the major product results from approach anti to the 1,6-bridge of levoglucosenone, 
the oxygen of the 1,3-dipole becoming attached to the 13-carbon of the enorie unit. 

Levoglucosenonei- (1) is a chiral bicyclic D-glucose derivative 
prepared by pyrolvsis of cellulose. Although its formation' 
and some aspects of its chemistry, such as its thermal 
stabitity,2  addition,3  and Diels-Alder reactions, have been 
investigated in detail, its potential as a reactive dipolarophile 
has so far been neglected. We now report that it undergoes 

Levogluco 	= 
enopvranos.2.u!osc 

highly selective ccloaddition reactions with benzonitrile 
oxide (PhCN-o-- ) and C.N-diphenvinjtrone (PhCH=N 
Ph-O-). 

There are four possible adducts between levoglucosenone 
and benzonitrile oxide: two regloisomers (2) and (3)1 resulting 

Systematic names: (2) and (4) 5-phen1-3.911-trioxa-4azatrjcyclo 
(6.2.1.0 2  'jundec-4-en-7-one: (3) and (5) 3-phenvt-5.9. 11 -trioxa-4- 
azairicvclo(6,2. I .0 2Mjundec.3cn7one. 	(7) 	4.5-diphenv!-39. II - 
irioxa-4-azatricyclo[6.2. 1 .02-]undecan-7-one. 
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0 	N00 
Ph 

(2) 	 (3) 

i— O 	 .—O 

Ph 

rO  
Ph 

(4) 	 (5) 

Ph Ph 
- 

", 0 

(6) 

0 

PhN,'5 \\ 
0 	 P1 Ph  

)< 0 
Ph ' 'H 	 H1  Ph 

(70) 	 (7b) 

from lower face' approach of the 1.3-dipole to the alkene 
double bond, i.e. from the side opposite the .6-anhvdro 
bridge, and the two corresponding isomers (4) and (5)t from 
'upper face' attack. 

In order to minimise the competing dimerisation to 
diphen furazan V-oxide (6). benzonitrile oxide was gener-
ated in the presence of an excess of dipolarophile b 
dehydrochlorination of henzohydroxvimoyl chloride, it well-
established sources of benzonitrjje oxide. A solution of the 
hydroximoyl chloride (56 mg) in benzene was added by means 
of a syringe pump during 25 h to a refluxing solution of 
levoglucosenone (171 mg) and triethvlamine (0.05 g) in 
benzene and the mixture heated for a further 16 h. Removal of 
triethvlamine hydrochloride by filtration. followed by prepa-
rative tIc. [silica eluant hexane-EtOAc (3: 1)] of the residue 
afforded unreacted levoglucosenone (106 mg) and two 1: 
cycloadd ucts. 

The structure of the major component (mp. l77—l7 C, 
M 245. 62 mg. 71% based on henzonitrile oxide) was 
identified as (2) from its n.m.r. spectra. ] -iC N.M.T. spectro- 

Figure I. Structure of adduct (7a) and its atomic labellinii scheme. 

scopy showed that it was it single compound rather than a 
mixture of isomers and the regio- and stereo-chemistry was 
established from its 	J n.m. r. spectrum (361) MI {z). Proton 
H(2) appears at higher chemical shift 0 4.52) than that for 
H(6) 0 4.49). establishing that the ox\gcn of the nitrile oside 
is attached to the -carhon of the enonc unit of es oglueosc-
none. A similar predominance for this mode of addition has 
been reported pres musty for the reaction of henzonitrile 
oxide with c clohex-2-enone and is consistent with frontier 
molecular orbital predictions. The stereochemistry of the 
adduct can he deduced from couplings H(2)-H(6) and 
H(l)-H("). The large value (1(1 Hz) for the former is 
characteristic of the cts-4,5-dihJroisoxazole unit and the 
small (11 Iz) coupling bets's een H) I) and 1`1(2) pros ides strong 
support for structure (2).§ in which the torsion angle 
H(l)-C( 1 )-C(2)-H(2) is much greater than that expected for 
the alternative structure (4). 

The minor adduct (nip. 134135 C. Al - 245. 1 mg. ((ba) 
was assigned structure (4) on the basis of its I  H n mr. 
spectrum. In common with isomer (2) the signal for H(2) is at 
higher chemical shift than that for H(6) (a 5.49 cf. 4.561: it 
must therefore have the same regiochemistry but opposite 
stereochemistry at the ring Junctions. The observed coupling 
of 6 Hz for H) 1)-H(2). consistent with the predicted smaller 
torsion angle, provides further supporting evidence for this 
assignment. Neither of the other two possible adducts (3) and 
(5). could he detected. The reaction is apparentk reuiospecific 
and highly face selective, attack from the less hindered lower 
face being greatl preferred (ca. 100: 1). 

There are eight possible products for the corresponding 
reaction with C..\-diphenylnitrone: cxv- and cody-isomers for 
each pair of regiotsomers resulting from 'upper' and 'lower' 
face attack. Treatment of levoglucosenone (0.71 g)  with 
CA'-diphenvinitrone (1.14 g) in toluene under reflux yielded a 
single 1: 1 adduct (m.p. 176-177C. 	323. 1.23 g. 65%). 
From its 1 H n.m.r. spectrum {o 4.64 IH(2)L 4.56 fH(5)J. 3.34 
f1I(6)1: J. 1.3.]- 6.5. J,, 4.5 Hz) it ssas identified as either 
the endo or exo-adduct (7). The absence of a significant 
nuclear Overhauser effect (<2,) between protons H(S) and 

This assignment sas confirmed by ,V-rii crsiallor.iptiv. Details 
wifl he published in the lull paper.  
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H(h) % a' taken as es IdenCe in las our of the i'nili structure 

(7a) This assignment was contirnied h ,V-r,is cry 

graphs 	(Figure I I. thus establishinp not onis the regiii- ,ind 

face peciticuty of the reaction, hut also the eni/o-;tpproaeh 01 

C,tvt,iflts (torsion ani.ile H(5)-C( )-C( o (-H( 6) I-")'  ) \ ne if 

the other seven possible I 1 adducts was detected. 

The degree of specificity in these reactions is remarkably 

hi ,-,h 	Recentir reported 1 I 	examples invoking crelo- 
additions to ci.l -unsauurated lactones shoss comparable selee- 

tivity tor henLonitrile oxide 	hut signiticantly less for ni- 
t! Ofles. 	Les oglucosenone is a reactis e dipolarophile. it us 

ru ito. 	(or (7,1-1 1 -N O, ohorhornl'ie, paee group P2 2 2 a 
= 	1.00 354), 	= h. 12111(61 A. f 	l77 0. 	1), 

1.351 g em '. Z = 4; 1313 data measured to H = hft Ustite ('u-k' 5  
r,idiatioii semi-empirical absorption Correction using ig scan', reline-
mcnt based on 1256clata Aith F 6o(F). At convenience, R = (1.O 5t 
and R5  = ().( i95(i. respcciisel - for 195 parameters. Direct methods 
icided the positions of all non-H atoms; iterative cycles of least-

squares refinement and difference Fourier svnthescs indicated H-

atoms s hich sere thereafter relined in lived, calculated positions is Oh 
a common isotropic thermal parameter.5  'the phens I rings is crc 
constrained to he ideal. rigid hexagons. The final difference Fourier 
synthesis revealed no feature above 027 i' A . Molecular gcometr 

calculations utilised CALC and illustrations were prepared using 
ORTEPII. 	Atomic co-ordinates, bond lengths and angles. and 
thermal parameters have been deposited at the Cambridge Crystallo-

graphic Data Centre. See Notice to Authors. Issue No. I. 

readily ;iv;uil;ihle. and should prose to he a salu;ihle source of 
e;irhohs drate derivatives. 

Rei'ci u'cil, Vt/i .S'i'meniher 1987: Coot. 1313 
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HIGHLY SELECTIVE BASE-CATALYSED ADDITIONS OF NITROMETHANE TO LEVOGLUCOSENONE 

Angus C. Forsyth, R. Michael Paton,* and Ian Watt 

Department of Chemistry, University of Edinburgh, 

West Mains Road, Edinburgh EH9 3JJ, Scotland 

Summary: Nitroinethane undergoes base-catalysed addition to levoglucosenone 

affording 2:1 and 1:2 adducts (2) and (7)  in high yield ( 959); 

the products result from initial Michael addition exclusively at 

the exo-face of the alkene anti to the 1,6-anhydro bridge. 

Levoglucosenone (1)1 is a cellulose-derived ,-unsaturated bicyclic ketone 

which is attracting widespread current interest as a chiral source of both 

carbohydrate3  and non-carbohydrate4  derivatives. 	Of particular note is the 

degree of face selectivity shown for reactions in which it acts as the 

target for Michael additions5  and as the 21r-component in Diels Alder6  and 

1,3-dipolar7  cycloadditions. 	Attack usually takes place from the less 

hindered exo-face anti to the 1,6-anhydro bridge. 	We now report that 

levoglucosenone undergoes highly selective base-catalysed reactions with 

nitromethane yielding 2:1 or 1:2 adducts depending on reactant ratio. 

Treatment of levoglucosenone with an excess of nitromethane (1:48) at 

15-20°C in the presence of a catalytic amount of 1,1,3,3-tetramethyl-

guanidine (TMG) afforded a mixture of two isomeric 2:1 adducts in a combined 

isolated yield of 98%. 	From their analytical and spectroscopic properties8  

the adducts were identified as exo,endo-di(nitromethYl) compound (2a, 89%) 

and its exo,exo-isomer (2b, 9%). 	No other levoglucosenone-derived products 

were detected. 

f 
00

MeNO2 	 MeNO2

NO2
base  base OH 

02N 02N 
JOH 	02N RNO2 

(6) 
(2a) 
	

(2b) 

Scheme I 

993 
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The conformations of the adducts were deduced from their H n.m.r. data 
by comparison with literature values9,10 for related compounds (3)-(5) 
(Table). 	In both cases the pyranose ring adopts the expected chair-like 
arrangement. 	The small coupling (1 Hz) between H(4) and H(S) is consistent 

only with the nitromethyl group at C(4) being axial and exo to the 
1,6-anhydro bridge. 	The alternative structure with H(4) axial would give 
substantially greater couplings to both H(S) and H(3a). 	For compound (2a) 
assignment of the configuration at C(2) was made by comparison of the 3CH 

couplings between H(3a) and the carbons of the nitromethyl groups [C(9) and 
C(lO)]. 	The observed value for H(3a)-C(9) of 2.8 Hz strongly supports the 
proposed gauche arrangement with the nitromethyl substituent at C(2) 
equatorial.11 	In contrast the coupling between H(3a) and C(lO) of the 

nitromethyl group at C(4) , which is known to be axial, is 9.1 Hz as expected 
for a trans-diaxial arrangement. 

The reaction pathway presumably involves initial Michael addition at 
C(4) by the nitronate anion (CH2NO2) exclusively from the less hindered 
exo-face to form 1:1 adduct (6) (Scheme 1). 	Subsequent base-catalysed 
addition of a second nitromethane to the carbonyl group at C(2) affords (2a) 

and (2b) with lower although significant selectivity (10:1), the major 
product resulting from endo-attack. 

0—O 	 0 04 
 F4 CH3  OH 	CH3 	 OH OCH2 Ph 

(3) 	 (4) 	 (5) 

Having established that 2:1 addition products are formed when 

nitromethane is used as solvent, the reaction was repeated with 
levoglucosenone in excess. 	A solution of nitromethane and levoglucosenone 
(1:2) in 1,2-dichloroethane was stirred with TMG (catalytic amount) at 
0-20°C for 4 hours. 	From the reaction mixture was isolated a white 
crystalline solid. 	Elemental analysis and mass spectrometry (m/z 313) 
indicated that it was derived from two molecules of levoglucosenone and one 
of nitromethane.12 	The detailed structure was established by X-ray 
crystallography13 as pentacyclic compound (7). 	The proposed mechanism for 
its formation (Scheme 2) involves Michael addition to levoglucosenone of the 

nitronate anion (8) resulting from removal of a proton at C(10) of the 

initial 1:1 adduct (6), followed by intramolecular nucleophilic addition to 
the carbonyl group at C(2). 	The high isolated yield (95%) shows that every 

step in the series of additions is highly selective; in each case attack 
occurs exclusively at the exo-face. 
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Table 	1H n.m.r. coupling constants (Hz) (a) 

H6 
H6 4__- o 

H1 
H4 H5 H3a 	

H2NO2 

,CH2 	OH 
02N 

Compound 1,3e 3a,3e 3a,4 3e,4 3e,5 4,5 5,6n 5,6x 6n,6x 

(b) 1.5 	15.3 6.9 1.5 1.5 	0.9 1.0 5.4 	7.7 
(c) 

- 	 15.2 7.4 1.6 - 	 <1 0.9 5.4 	7.7 

(3) (d) - 	 14.9 6.9 1.5 - 	 2.0 2.0 4.0 	- 

(4)(e) 
- 	 12.8 6.1 1.5 - 	 2.0 2.0 4.0 	- 

(5) (e) - 	
- 45 <15 - 	 2.8 0.8 5.4 	7.7 

(a) Spectra recorded in CD3COCD3 at 360 MHz; (b) other couplings: 
1,4 -1, 4,10a 8.1, 4,10b 6.1, 9a,9b 11.6, lOa,lOb 13.8 Hz; 	(C) other 
couplings: 4,10a 8.7, 4,10b 6.4, 9a,9b 12.0, lOa,lOb 13.8 Hz; 
(d) ref 9; 	(e) ref 10. 
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Carrying out the reaction under similar conditions with equimolar 

amounts of nitromethane and levoglucosenone afforded a mixture of the same 
principal products (2a) and (7) in 61% and 18% yields respectively. 	These 
results demonstrate that the Michael addition of nitromethane to levogluco-

senone occurs in near quantitative yields with exceptionally high 
selectivity. 

Acknowledgement. We thank the SERC for the award of a studentship (A.c.F). 

References and Footnotes 

Systematic name: 	1, 6-anhydro-3, 4-dideoxy_3_D_g1ycero_hex_3_enopyraflos. 
2-ulose. 

F. Shafizadeh, R.H. Furneaux and T.T. Stevenson, Carbohydr. Res., 1979, 71, 169. 

M. Mon, T. Chuman, and K. Kato, Carbohydr. Res., 1984, 129, 73; 	Y. 
Gelas-Miahie, J. Gelas, D. Avenel, R. Brahrni, and H. Gillier-Pandraud, 
Heterocycles, 1986, 24, 931. 

Eg J.N. Feskos and J.S. Swentom, J.C.S. Chem. Cornlnun., 1985, 658; 	M. 
Isobe, N. Fukani, T. Nishikawa, and P. Goto, Heterocycles, 1987, 25, 
521; Tetrahedron Lett., 1987, 28, 6485. 

F. Shafizadeh, D.D. Ward, and D. Pang, Carbohydr. Res., 1982, 102, 217; 
M. Essig, Carbohydr. Res., 1986, 156, 225. 

D.D. Ward and F. Shafizadeh, Carbohydr. Res., 1981, 95, 155; P. Bhaté 
and D. Horton, Carbohydr. Res., 1983, 122,. 189. 

A.J. Blake A.C. Forsyth, and R.M. Paton, J. Chem. Soc., Chem. Commun., 1988, 440. 

1, 6-Anhydrc-3 , 4-di deoxy-2, 4-di-C-nitromethy1_D_ribo_hexopyranse (2a), 
m.p. 117-8°C (Et20) (Found: C, 38.3; H, 4.8; N, 11.3. 	C8H12N207  
requires C, 38.6; H, 4.8; N, 11.3%); 	[a) 4  -72' (c 1.0, EtOH); 'max 
(Nujol) 3480 (OH), 1560, 1350 cm' (NO2); 	6c (50 MHz, CDC13) 101.2 
(C-i), 81.3 (C-9), 76.0 (C-b), 72.8 (C-5), 69.4 (C-2), 66.5 (C-6), 33.9 
(C-4), 	27.7 	(C-3); 	m/z 	(f.a.b., 	glycerol) 	249 	((M+1)). 
1, 6-Anhydro-3, 4-dideoxy-2, 4-di-c-nitromethy1--D-arabinohexopyranose 
(2b), m.p. 107-9°; m/z 248 (Mi'). 

P. Bhate and D. Horton, Carbohydr. Res., 1985, 139, 191. 

R.H. Furneaux, G.J. Gainsford, F. Shafizadeh, and T.T. Stevenson, 
Carbohydr. Res., 1986, 146, 113. 

Eg C. Morat, F.R. Taravel, and M.R. Vignon, Magn. Reson. Chem., 1988, 
26, 264 and references therein. 	We thank Drs D. Reed and I.H. Sadler 
for performing these experiments, details of which will be published in 
the full paper. 

1R,3S,4R,5R,8S,9R,10R llR,l2S-4-Hydroxy-1O-njtro-6,14,15,17_tetraoxa 
pentacyc1o[bo.2.1.l4 .15,8.O3,ll]heptadecafl_2_one (7), m.p. 244-5°C 
(EtOAc) (Found: C, 49.5; H, 4.7; N, 4.5. 	C13H15N08 requires C, 
49.8; H, 4.8; N, 4.5%); 	[c 4  -201' (c 1.0, CH2C12); 'max (Nujol) 
3470 (OH), 1725 (C=O), 1545 cm' (NO2); m/z 313 (M). 

We thank Dr R.O. Gould for the structure determination, details of which 
will be presented in the full paper. 
(Received in UK 5 December 1988) 



im 

	

Appendix 2 	X-ray Crystallographic Data for Compound (90) 

	

Table 28 	 Data collection and processing 

(90) (93) (95) 

Diffractometer STADI-2 CAD4 STADI-2 

Scan Mode w -20 

Radiation MQKa  MOKa  MO-Ka  

0-range 	(°) 2.5-25 1-25 2.5-25 

Index range h 0-33 0-15 0-49 
k o-,io o-,io 0446 
1 045 -17417 0411 

Data measured 1249 3384 3279 

Data used 1068 2491 2361 

[F>2a (F) 3 [F>2c (F) ] [F>2a (F) ] 

Figure 16 	Crystal structure of isoxazoljne (90) 

6) 
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Table 29 	 crystal Data 

(90) (93) (95) 

Molecule Formula C13H 15 NO3  C20H19 N 204  C20H 19 N 204  

M 233.25 351.39 351.39 

Crystal System Orthorhombic Monoclinic Orthorhombic 

a 	(A) 28.208(16) 12.681(5) 8.3823(28) 

b 	(A) 8.448(4) 9.1472(15) 39.406(17) 

c(A) 5.001(3) 13.860(11) 10.752(3) 

3 	(degrees) - 90.97(6) - 
V 	(A3 ) 1191.7 1723.4 3551 

Space Group Pna21  P21/c Pbca 

Z 4 4 8 

Dx 	(gcrn 3 )  1.300 1.354 1.314 

Crystal Columnar Tabular Rhomboid 

(mm) 0.40x0.44x0.72 0.63x0.63x0.25 1.24x1.12x0.16 

tL(MOKa) (crnl) 0.87 0.57 0.55 
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Table 30 	
Structure analysis and refinerrnt 

EN 	 (93) 
	

(95) 

Method of solution 

Method of refinement 

Treatment of H-atoms 

S(a) Autorra tic direct methods 
SHELX84 (a) 	MULTAN80(b)  

Full matrix least-squares 

In fixed, calculated positions(c)  

Anisot.ropic refinement 	C,N,0 	 C,N,O 	 C,N,0 

Weighting scheme 

Final R,R 
---w 

Final AF synthesis 
max, min residues 

(e 3)  

o2(F)+0.00307F 2 

0.04071, 0.0616 

0.17, -0.16  

	

+000347F 	o2(F) +0.00144F2  

	

0.0485, 0.0798 	0.050, 0.0835 

0.29, -0.41 	0.18, -0.25 

SHc84. G.M. Sheidrick, University of Göttingen, 1983. 

Main, P., Fiske, S.J., Hull, S.E., Lessinger, L., Germain, G., 
Declercq, J.-P. and Woolfsori, M.M. 	(1980). MULTAN80, A 
System of Caipiter Programs for the Automatic Solution of 
Crystal Structures from X-ray Diffraction flata. Univs of York, 
England and Louvain, Belgium. 

SHELX76. G.M. Sheldrick, University of Can-bridge, 1976. 
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Table 31 Bond Lengths(A) with standard deviations for (90) 

C(1) - C(2) 1.512( 5) C(7) -C(71) 1.484( 5) 
C(1) - C(6) 1.517( 5) N(8) - 0(9) 1.424( 5) 
C(1) - 0(9) 1.454( 5) 0(51) -C(52) 1.435( 6) 
C(2) - C(3) 1.519( 6) C(71) -C(72) 1.385( 5) 
C(3) - 0(4) 1.423( 4) C(71) -C(76) 1.390( 5) 
0(4) - C(5) 1.408( 4) C(72) -C(73) 1.385( 6) 
C(S) - C(6) 1.532( 5) C(73) -C(74) 1.39.3( 6) 
C(5) -0(51) 1.385( 5) C(74) -C(75) 1.380( 6) 
C(6) - C(7) 1.496( 5) C(75) -C(76) 1.384( 6) 
C(7) - 	N(8) 1.282( 5) 

Table 32 Angles(degrees) with standard deviations for (90) 

C(2) - C(1) - C(6) 117.2( 3) C(6) - C(7) -C(71) 127.2( 3) 
C(2) - C(1) - 0(9) 110.1( 3) N(8) - C(7) -C(71) 119.6( 3) 
C(6) - C(1) - 0(9) 102.5( 3) C(7) - N(8) - 0(9) 108.2( 3) 

 - C(2) - C(3) 111.6( 3) C(1) - 0(9) - 	N(8) 106.5( 3) 
 - C(3) - 0(4) 109.7( 3) C(S) -0(51) -C(52) 112.9( 3) 
 - 0(4) - C(S) 110.38(24) C(7) -C(71) -C(72) 120.3( 3) 

0(4) - C(5) - C(6) 111.4( 3) C(7) -C(71) -C(76) 120.2( 3) 
0(4) - C(S) -0(51) 108.9( 3) C(72) -C(71) -C(76) 119.5( 3) 
C(6) - C(S) -0(51) 108.0( 3) C(71) -C(72) -C(73) 120.0( 3) 
C(l) - C(6) - C(5) 110.6( 3) C(72) -C(73) -C(74) 120.5( 4) 
C(1) - C(6) - C(7) 98.5( 3) C(73) -C(74) -C(75) 119.3( 4) 
C(S) - C(6) - C(-7) 111.0( 3) C(74) -C(75) -C(76) 120.4( 4) 
C(6) - C(7) - N(8) 113.2( 3) C(71) -C(76) -C(75) 120.4( 3) 

Table 33 Torsion angles(degrees) with standard deviations for (90) 

C(6) - C(1) - C(2) - C(3) -36.9( 5) C(1) - 	C(6) - 	C(7) -C(71) 158.9( 3) 
0(9) - C(1) - C(2) - C(3) 79.7( 4) C(5) - C(6) - 	C(7) - 	N(8) 94.0( 4) 
C(2) - C(1) - C(6) - C(S) 35.0( 4) C(S) - C(6) - 	C(7) -C(71) -85.0( 4) 
C(2) - C(1) - C(6) - C(7) 151.3( 3) C(6) - C(7) - 	N(8) - 0(9) 3.3( 4) 
0(9) - C(1) - C(6) - C(S) -85.7( 3) C(71) - C(7) - 	N(8) - 0(9) -177.6( 3) 
0(9) - C(1) - C(6) - C(7) 30.7( 3) C(6) - C(7) -C(71) -C(72) -4.6( 5) 
C(2) - C(1) - 0(9) - N(8) -156.9( 3) - 	C(6) - 	C(7) -C(71) -C(76) 177.8( 3) 
C(6) - C(1) - 0(9) - N(8) -31.5( 3) N(8) - C(7) -C(71) -C(72) 176.5( 3) 
C(1) - C(2) - C(3) - 0(4) 51.1( 4) N(8) - C(7) -C(71) -C(76) -1.1( 5) 
C(2) - C(3) - 0(4) - C(S) -68.2( 3) C(7) - N(8) - 0(9) - C(1) 18.5( 4) 
C(3) - 0(4) - C(5) - C(6) 67.4( 3) C(7) -C(71)   -177.4( 3) 
C(3) - 0(4) - C(S) -0(51) -173.5( 3) C(76) -C(71)   0.2( 6) 
0(4) - C(S) - C(6) - C(1) -48.6( 4) C(7) -C(71) -C(76) -C(75) 177.5( 3) 
0(4) - C(S) - C(6) - C(7) -157.0( 3) C(72) -'C(71) -C(76) -C(75) 0.0( 6) 
0(51) - C(S) - C(6) - C(1) -168.2( 3) C(71)    0.0( 6) 
0(51) - C(S) - C(6) - C(7) 83.5( 3) C(72) -C(73) -C(74) -C(75) -0.3( 6) 
0(4) - C(S) -0(51) -C(52) 69.4( 4) C(73) -C(74) -C(75) -C(76) 0.4( 6) 
C(6) - C(5) -0(51) -C(52) -169.5( 3) C(74) -C(75) -C(76) -C(71) -0.2( 6) 
C(1) - C(6) - C(7) - N(8) -22.1( 4) 
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Table 34 Atomic coordinates with esds for (90) 

C (l) 
x 

0 32331(10) 
Y 

04089(3) 
z ulso 

0.3782(10)  
 

0.27157(10) 0.3699(3) 0.4214(11) 
0.0509(16) 
0.0602(19) 

0(4) 
0.2586 7(10) 
0.29118(6) 

0.2103(3) 
0.09338(24) 

0.3020(12) 0.0607(20) 
C(5) 0.33651(9) 0.1207(3) 

0.3930 
0.2844(10) 

0.0569(12) 
 
 

035841(9) 0.2732(3) 
00444(15) 

0.3950(10) 	 0.0426(14) 
N(8) 

0.39535(9) 
0.37921(9) 

0.3369(3) 
0.4406(3) 

0.2092(9) 00412(14) 
0(9) 0.33060(8) 0.46750(25) 

0.0458(9) 
0.1079(9) 

0.0531(14) 
0(51) 
C(52) 

0.36592(7) -0.00418(21) 0.3527(9) 
0.0572(13) 
0.0588(13) 

 
0.35353(11) 
0.44608(9) 

-0.1489(3) 
0.2909(3) 

0.2196(16) 0079(3) 

 
 

0.46469(10) 0.1855(3) 
0.1961(9) 
0.3806(10) 

0.0417(14) 
0.0491(15) 

C(74( 
0.51246(10) 
0.54214(10) 

0.1479(4) 
0.2154(4) 

0.3739(12) 0.0567(18) 
 0.52338(12) 0.3197(4) 

0.1826(11) 
-0.0015(11) 

0.0558(18) 
 0.47569(11) 0.3578(3) 0.0049(10) 

0.0592(18) 
0.0528(17) 

Table 35 Atomic coordinates for H atoms for (90) 

H(1) 
11(21) 

x 
0.3300 

Y 
0.4912 

z 
. 05390 

ulso 
0.0500 

11(22) 
0.2644 
0.2502 

0.3674 
0.4604 

0.6335 0.0600 
11(31) 0.2602 0.2176 

0.3232 
0.0866 

0.0600 
11(32) 
Fl(S) 

0.2232 0.1783 0.3632 
0.0400 
0.0550 

11(6) 
0.3329 
0.3706 

0.1314 
0.2423 

0.0702 0.0400 
H(521) 03776 -0.2415 

0.5930 
0.2804 

0.0400 
11(522) 
H(523) 

0.3559 -0.1324 0.0059 
0.0700 
0.0700 

11(72) 
0.3177 
0.4419 

-0.1817 
0.1325 

0.2723 0.0700 
11(73) 0.5268 0.0658 

0.5294 
0.5182 

0.0400 
11(74) 
11(75) 

0.5794 0.1864 0.1785 
0.0400 
0.0400 

11(76) 
0.541 
0.4614 

0.3719 -0.1515 0.0400 
0.4399 -0.1396 0.0400 

Table 36 Anisotropic thermal parameters in 4 2  for 	(90) 

CO) 
U11 	U22  

0.0607(16) 	0.0365(13) 
U33  

0.0554(18) 
U23  

-0.0076(15) 
U13 	U12  

0.0009(17) 	-0.0008(12)  
 

0.0514(15) 	0.0519(17) 
0.0468(16) 

0.077(3) -0.0078(19) 0.0082(19) 	0.0043(13) 
0(4) 

0.0491(16) 
0.0494(11) 	0.0418(10) 

0.086(3) 
0.0796(16) 

-0.0017(21) 
0.0045(13) 

0.0026(18) 	0.0021(12) 
 
 

0.0424(13) 	0.0336(12) 0.0574(18) -0.0003(14) 

	

0.0082(13) 	-0.0039(8) 

	

-0.0022(14) 	-0.0033(10) 
 

	

0.0464(14) 	0.0383(13) 

	

0.0503(15) 	0.0328(12) 
0.0433(14) -0.0047(14) -0.0012(14) 	-0.0030(10) 

N(8) 0.0552(14) 	0.0473(13) 
0.0404(15) 
0.0569(17) 

-0.0056(14) 
0.0092(14) 

-0.0043(13) 	-0.0044(11) 
0(9) 
0(51) 

0.0558(12) 	0.0478(12) 0.0680(16) 0.0114(12) 
-0.0014(13) -0.0032(11) 
-0.0022(11) 	0.0057(9) 

C(52) 

	

0.0506(9) 	0.0332(9) 

	

0.0641(19) 	0.0373(15) 
0.0927(19) 
0.136(4) 

-0.0015(13) -0.0155(13) 	-0.0014(7) 
 
 

0.0469(14; 	0.0347(13) 0.0436(15) 
-0.0200(23) 
-0.0083(12) 

	

-0.0174(25) 	0.0011(13) 

	

-0.0038(14) 	-0.0070(11) 
 

	

0.0527(15) 	0.0487(14) 

	

0.0523(16) 	0.0587(17) 
0.0459(15) 	- 0.0028(16) 0.0017(16) 	-0.0057)12) 

 0.0496(15) 	0.0542(17) 
0.0591(19) 
0.0637(21) 

0.0030(18) 
-0.0067(17) 

-0.0074(17) 	0.0024(13) 
 
 

0.0627(18) 	0.0540(16) 
0.0650(17) 

0.0609(20) -0.0044(18) 

	

0.0045(17) 	-0.0014(13) 

	

0.0148(18) 	-0.0089(15) 0.0438(15) 0.0494(17) 0.0008(16) 0.0029(17) 	-0.0021(14) 
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Appendix 3 	x-ray Crystallographic Data for Compound (93) 

q - 	 A  

Figure 17 Crystal structure of Compound (93) 

For details of a) Data Collection and Processing 
b) Crystal Data 

see Appendix 2. 
C) Structure Analysis and Refinement 
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Table 37 Bond Lengths(A) with standard deviations for (93) 

C(1) -C(2) 1.533(3) C(10) -C(l01) 1.470(3) 
C(1) -N(9) 1.4766(24) N(11) -0(12) 1.3988(21) 
C(1) -0(12) 1.4604(22) C(ll) -C(12) 1.389(3) 
C(l)-C(11) 1.5095(25) C(11) -C(16) 1.380(3) 
C(2) - C(3) 1.528( 	3) C(12) -C(13) 1.392( 3) 
C(2) -C(7) 1.527(3) C(13) -C(14) 1.367(4) 
C(3) -0(4) 1.4228(24) C(14) -C(15) 1.375(4) 
C(3)-0(31) 1.3824(23) C(15) -C(16) 1.391(3) 
0(4) - C(S) 1.427( 	3) 0(31) -C(32) 1.424( 3) 
C(S) - C(6) 1.500( 	4) C(101) -C(102) 1.386( 3) 

 -C(7) 1.511(3) C(101) -C(106) 1.383(3) 
 -0(8) 1.4425(25) C(102) -C(103) 1.382(3) 

0(8) -N(9) 1.4582(21) C(103) -C(104) 1.372(3) 
N(9) -C(10) 1.4280(24) C(104) -C(105) 1.380(4) 

C(10) -t(11) 1.2746(25) C(105) -C(106) 1.391( 3) 

Table 38 Angles(degrees) with standard deviations for (93) 

C(2) - C(1) - N(9) 105.60(14) N(9) -C(10) -N(11) 114.92(16) 
C(2) C(l) -0(12) 107.35(14) (9) -C(10) -C(101) 121.61(16) 
C(2) -C(1) -C(11) 118.74(15) N(11) -C(10) -C(101) 123.36(17) 
N(9) -C(1)-0(12) 104.63(13) C(10) -N(11) -0(12) 108.60(15) 
N(9) -C(l) -C(11) 111.63(14) C(1) -0(12) -N(11) 107.72(13) 

0(12) -C(l) -C(].1) 107.95(14) C(1) -C(11) -C(12) 119.03(17) 
C(1) -C(2) -C(3) 113.52(15) C(1) -C(11) -C(16) 121.43(17) 
C(1) -C(2) -C(7) 100.62(15) C(12) -C(11) -C(16) 119.54(18) 
C(3) -C(2) -C(7) 112.47(15) C(11) -C(12) -C(13) 119.74(20) 
C(2) -C(3)-0(4) 111.15(15) C(12) -C(13) -C(14) 120.25(23) 
C(2) -C(3)-0(31) 106.99(15) C(13) -C(14) -C(15) 120.39(24) 
0(4) -C(3) -0(31) 106.78(15) C(14) -C(15) -C(16) 119.95(23) 
C(3) -0(4)-C(S) 111.39(16) C(11) -C(16) -C(15) 120.13(20) 
0(4) -C(5) -C(6) 110.25(19) C(3) -0(31) -C(32) 114.52(16) 
C(S) -C(6) -C(7) 111.65(20) C(10) -C(101)-C(102) 119.57(18) 
C(2) -C(7) -C(6) 115.27(18) C(10) -C(101)-C(106) 120.46(18) 
C(2) - C(7) - 0(8) 103.15(15) C(102) -C(101) -C(106) 119.96(19) 
C(6) -C(7) -0(8) 108.13(17) C(101) -C(102) -C(103) 119.55(20) 
C(7) -0(8) -N(9) 106.68(13) C(102) -C(103)  121.00(22) 
C(1) -N(9) -0(8) 107.16(13) C(103) -C(104)  119.50(23) 
C(1) -N(9) -C(10) 102.72(14) C(104) -C(105)  120.37(22) 
0(8) -N(9) -C(10) 109.79(13) C(101) -C(106) -C(105) 119.61(20) 



Table 39 Torsion angles(degrees) with standard deviations for ( 93 ) 

N(9) - C(1) - C(2) - 	C(3) 91.87(17) 0(4) - 	C(5) - C(6) 	- 	C(7) 54.1( 	3) 
N(9) - C(1) - C(2) - C(7) -28.50(17) C(S) - 	C(6) - C(7) 	- C(2) -40.3( 	3) 

0(12) - 	C(1) - 	C(2) - 	C(3) -156.91(14) C(S) - C(6) - C(7) 	- 0(8) /4.45(23) 

0(12) - C(1) - C(2) - 	C(7) 82.72(16) C(2) - C(7) - 0(8) 	- 	N(9) -37.59(17) 
C(11) - C(1) - 	C(2) - 	C(3) -34.25(23)  - 	C(7) - 0(8) 	- 	N(9) -160.12(16) 
C(11) - C(1) - 	C(2) - 	C(7) -154.62(16)  - 0(8) - 	N(9) 	- C(1) 19.26(17) 
C(2) - C(1) - N(9) - 0(8) 6.97(17) C(7) - 	0(8) - 	N(9) 	-C(10) -91.60(16) 
C(2) -C(1) -N(9) -C(10) 122.63(15) C(1) -N(9) -C(10) 	-N(IL) -3.99(21) 

0(12) - 	C(1) - 	N(9) - 	0(8) -106.16(14) C(1) - 	N(9) -C(10) 	-C(101) 172.41(17) 
0(12) - C(1) - 	N(9) -C(10) 9.50(17) 0(8) - 	N(9) -C(10) 	-N(11) 109.76(18) 
C(11) - C(1) - 	N(9) - 	0(8) 137.34(14) 0(8) - 	N(9) -C(10) 	-C(101) -73.84(20) 
C(11) -C(1) -N(9) -C(10) -107.00(16) N(9) -C(10) -N(11) 	-0(12) -3.73(21) 
C(2) -C(1) -0(12)-N(11) -123.97(14) C(101)-C(10) -N(11)-0(12) 179.90(16) 
N(9) -C(i) -0(12) -N(11) -12.09(17) N(9) -C(10) -C(101)-C(102)-169.46(18) 

C(11) -C(i) -0(12) -N(11) 106.93(15) N(9) -C(10) -C(101)-C(106) 9.6(3) 
C(2) - 	C(1) -C(11) -C(12) -75.38(23) N(11) -C(10) -C(101)-C(102) 6.6( 	3) 
C(2) -C(1) -C(II) -C(16) 105.11(21) N(11) -C(10) -C(101)-C(106)-174.35(19) 
N(9) -C(1) -C(11) -C(12) 161.43(17) C(10) -N(11) -0(12) 	-C(1) 10.04(19) 
N(9) -C(1) -C(11) -C(16) -18.07(24) C(1) -C(11) -C(12) 	-C(13) -179.16(19) 

0(12) -C(l) -C(11) -C(12) 46.97(22) C(16) -C(11) -C(12) 	-C(13) 0.4(3) 
0(12) -C(1) -C(11) -C(16) -132.53(18) C(1) -C(11) -C(16) 	-C(15) 178.86(19) 
C(l) - C(2) - C(3) - 	0(4) -159.96(15) C(12) -C(11) -C(16) 	-C(15) -0.6( 	3) 
C(i) - C(2) - C(3) -0(31) 83.82(18) C(11) -C(12) -C(13) 	-C(14) 0.3( 	4) 
C(7) - 	C(2) - C(3) - 	0(4) -46.54(21) C(12) -C(13) -C(14) 	-C(15) -0.7( 	4) 
C(7) - C(2) - C(3) -0(31) -162.76(15) C(13) -C(14) -C(15) 	-C(16) 0.4( 	4) 
C(l) - C(2) - C(7) - C(6) 157.76(17) C(14) -C(15) -C(16) 	-C(11) 0.3( 	4) 
C(l)-C(2)-C(7) -0(8) 40.12(17) C(l0) -C(101)-C(102)-C(103) 178.18(19) 
C(3) - C(2) - C(7) - C(6) 36.63(24) C(106) -C(101) -C(102)-C(103) -0.8( 	3) 
C(3) -C(2) -C(7) -0(8) -81.00(18) C(10) -C(101)-C(106)-C(105)-178.44(20) 
C(2) - C(3) - 0(4) - 	C(5) 62.91(20) C(102) -C(101) -C(106)-C(105) 0.6( 	3) 

0(31) - 	C(3) - 0(4) - C(S) 179.26(16) C(101) -C(102) -C(103)-C(104) 0.4( 	3) 
C(2) - C(3) -0(31) -C(32) -162.14(16) C(102) -C(103) -C(104)-C(105) 0.3( 	4) 
0(4) -C(3) -0(31) -C(32) 78.77(19) C(103) -C(104) -C(105)-C(106) -0.6( 	4) 
C(3) - 	0(4) - C(5) - 	C(6) -67.12(22) C(104) -C(105) -C(106)-C(101) 0.1( 	3) 

Table 40 Atomic coordinates with esds for (93 

x Y z ulso 
 0.70288(14) 0.34457(20) 0.53724(12) 0.0335(10) 
 0.62243(15) 0.40511(20) 0.60347(12) 0.0343(10) 

C)3) 0.63614(1S) 0.5681 3(21) 0.62291(13) 0.0366(10) 
0(4) 0.58682(12) 0.60794)16) 0.70464(9) 0.0475(8) 

 0.63409(21) 0.5349(3) 0.77994(14) 0.0560(14) 
 0.61262(21) 0.3738(3) 0.77473(15) 0.0555(13) 

C)7) 0.64637(16) 0.31028(23) 0.68590(13) 0.0425(11) 
0(8) 0.75993(11) 0.30082(16) 0.68694(9) 0.0451(8) 
N)9) 0.79187(12) 0.29059(17) 0.59334(10) 0.0356(9) 
C(10) 0.79898(14) 0.14063(20) 0.56743(13) 0.0358(10) 
NO 1) 0.72767(13) 0.09794(17) 0.51195(11) 0.0398(9) 
0(12) 0.657 11(10) 0.21319(13) 0.49666(9) 0.0388(8) 
Cli1) 0.74015(14) 0.44203(20) 0.46222(12) 0.0343(10) 
C(12) 0.67339(17) 0.46766(24) 0.38880(14) 0.0450(12) 
CO 3) 0.70709(22) 0.5557(3) 0.31851(15) 0.0561(14) 
C(14) 0.80559(22) 7.61 63(3) 0.321 34(16) 0.0619(15) 
C(1 5) 0.87192(20) 0.5922(3) 0.39395(17) 0.0585(14) 
C 	6) 0.83906(17) 0.50495(23) 0.46482(15) 0.0468(12) 
0(31) 0.58405(11) 0.64285(14) 0.55461(9) 0.04l 1(8) 
C(32) 0.61380(20) 0.79227(23) 0.54620(18) 0.0563(14) 
C(101) 0.88639(15) 0.04708(21) 0.59885(13) 0.0375(10) 
CO 02) 0.89981(17) -0.08988(23) 0.56078(15) 0.0477(12) 

 0.98372(19) -0.17610(25) 0.58853(17) 0.0555(14) 
 1.05363(18) -0.1286(3) 0.65362(16) 0.0563(14) 

C)105) 1.03969(18) 0.0070(3) 0.69225)1 ' 0 fl71 4 

C(106) 0.95596(16) 0.0957(3) 0.66497(14) 0.0455(11) 



Table 41 Atomic coordinates for H atoms for (93 

x Y z ulso  
 0.5419 0.3994 05788 0.0500 
 0.7192 0.5937 0.6278 00500 

 0.7182 0.5532 0.7800 00500 
 0.6017 0.5783 0.8412 00500 
 0.6554 0.3192 0.8285 0.0500 
 0.5291 0.3554 0.7823 0.0500 

H(7) 0.6037 0.2079 0.6801 0.0500 
 0.5956 0.4194 0.3864 0.0500 
 0.6552 0.5763 0.2615 0.0500 
 0.8316 0.6837 0.2661 0.0500 

H()5) 0.9495 0.6410 0.3959 00500 
H(16) 0.8910 0.4864 0.5220 00500 

 0.5695 0.8421 0.4915 00500 
 0.6971 0.7990 0.5326 0.0500 
 0.5975 0.8496 0.6081 0.0500 
 0.8451 -0.1292 0.5097 0.0500 
 0.9945 -0.2830 0.5584 0.0500 
 1.1192 -0.1973 0.6743 0.0500 
 1.0940 0.0448 0.7440 0.0500 
 0.9452 0.2024 0.6953 0.0500 

Table 42 Anisotropic thermal parameters in A2  for ( 93 ) 

U11  U22  U33  U23  U13  U12  
 0.0349(9) 0.0285(9) 0.0369(10) -0.0014(7) -0.0082(7) -0.0032(7) 
 0.0361(10) 0.0339(10) 0.0329(9) 0.0019(7) -0.0026(7) -0.0023(8) 
 0.0387(10) 0.0361(10) 0.0349(10) -0.0016(8) 0.0001(7) 0.001 0(8) 

0(4) 0.0571(9) 0.0473(9) 0.0382(8) -0.0061(6) 0.0040(6) 0.0076(7) 
C(5( 0.0699(15) 0.0630(15) 0.0350(12) -0.0066(10) -0.0021(10) 0.0086(12) 

 0.0686(15) 0.061 3(14) 0.0365(11) 0.0090(10) 0.0039(10) 0.0030(12) 
 0.0473(12) 0.0425(11) 0.0375(11) 0.0072(9) -0.0016(8) -0.0024(9) 

0(8) 0.0522(9) 0.0501(9) 0.0328(7) -0.0008(6) -0.0089(6) 0.0098(7) 
N(9) 0.0411(9) 0.0329(8) 0.0327(8) 0.0011(6) -0.0067(6) 0.0008(7) 
C00) 0.0382(10) 0.0312(10) 0.0377(10) 0.0038(8) -0.0008(8) -0.0024(8) 
NO 1) 0.0429(9) 0.0297(8) 0.0466(10) 0.0004(7) -0.0055(7) 0.0004(7) 
0(12) 0.0429(8) 0.0291(7) 0.0442(8) -0.0019(5) -0.0130(6) 0.0000(6) 
CO 1) 0.0410(10) 0.0289(9) 0.0330(9) -0.0020(7) 0.0000(7) 0.0036(8) 

 0.0508(12) 0.0435(11) 0.0405(11) 0.0039(9) -0.0026(9) 0.0030(9) 
 0.0768(16) 0.0555(14) 0.0359(11) 0.0089(10) -0.0028(10) 0.0088(12) 
 0.0807(18) 0.0505(14) 0.0549(14) 0.0124(11) 0.0218(13) 0.001 1)13) 
 0.0593(14) 0.0542(14) 0.0621(14) 0.0114(11) 0.0099(12) -0.0081(11) 
 0.0468(12) 0.0438(12) 0.0497(12) 0.0048(9) 0.0028(9) -0.0051(9) 

0(31) 0.0469(8) 0.0321(7) 0.0443(8) 0.0038(6) -0.0038(6) -0.0001(6) 
C(32( 0.0637(15) 0.0345(11) 0.0707(16) 0.0088(11) 0.0030(12) -0.0043)10) 

 0.0354(10) 0.0366(10) 0.0405(10) 0.0077(8) 0-0019(8) 0.0005(8) 
 0.0456(12) 0.0418(12) 0.0556(13) 0.0020(10) -0.0014(10) 0.0043(9) 
 0.0527(13) 0.0462(13) 0.0678(15) 0.0064(11) 0.0005(11) 0.0130(11) 
 0.0461(12) 0.0608(15) 0.0620(14) 0.0190(12) 0.0012(10) 0-013401) 
 0.0445(12) 0.0721(16) 0.0545(14) 0.0116(12) -0.0095(10) 0.0026011 

C(106) 0.0406(11) 0.0497(12) 0.0463(11) 0.0048(9) -0.0025(9) -0.0022)9) 
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Appendix 4 	X-ray Crystallographic Data for Compound (95) 

rigure JM 	- 	- --- 
compound (95) 

For details of a) Data Collection and Processing 
b) Crystal Data 

see Appendix 2. 
C) Structure Analysis and Refinement 



Table 43 Bond Lengths(A) with standard deviations for (95) 

C(1) - C(2) 1.519( 4) C(10) 	-C(101) 1.470( 4) C(1) - N(9) 1.473( 4) N(ll) 	-0(12) 1.410( 3) C(1) -O(12) 1.485(4) C(101)-C(102) 1.389(4) C(l) -C(11) 1.521(4) C(101)-C(106) 1.388(4) C(2) 
C(2) 

-C(3) 
-C(7) 

1.540(4) 
1.517(4) 

C(102)-C(103) 1.373( 5) 

C(3) - 0(4) 1.417( 4) 
C(103)-c(104) 1.394(5) 

C(3) -0(31) 1.402(4) 
C(104)-C(105) 
C(105)-C(106) 

1.372( 
1.384(5) 

5) 

0(4) 
C(5) 

- C(S) 
- C(6) 

1.450( 
1.511( 

 
 

C(11) 	-C(12) 1.394( 4) 

C(6) - C(7) 1.524( 5) 
C(11) 	-C(16) 
C(12) 	-C(13) 

1.383( 
1.383( 

 
 C(7) - 0(8) 1.450( 4) C(13) 	-C(14) 1.375( 5) 0(8) - N(9) 1.473( 3) C(14) 	-C(15) 1.379( 5) N(9) -C(10) 1.434( 4) C(15) 	-C(16) 1.403( 5) C(10) -(11) 1.294( 4) 0(31) 	-C(32) 1.423( 5) 

Table 44 Angles(degrees) with standard deviations for (95) 

C(2) 
C(2) 

- C(1) 
- C(1) 

- N(9) 
-0(12) 

105.65(22) 
107.63(22) 

N(9) -C(10) 	-N(11) 115.10(24) 
C(2) - C(1) -C(11) 117.65(24) 

N(9) 
N(11) 

-C(10) 	-C(101) 120.91(24) 
N(9) 
(9) 

- C(1) -0(12) 104.65(21) C(10) 
-C(10) 	-C(101) 
-N(11) 	-0(12) 

123.9( 
108.12(23) 

3) 

0(12) 
- C(1) 
- C(l) -C(11) -C(11) 

113.53(23) 
106.86(22) 

C(1) -0(12) 	-N(11) 107.51(20) 
C(l) - C(2) - C(3) 114.01(24) 

C(10) 
C(10) 

-C(101)-C(102) 121.0( 3) 
C(l) -C(2) -C(7) 100.24(23) 

-C(101)7c(106) 
C(102)-C(101)_C(106) 

119.5( 3) 
C(3) 
C(2) 

- C(2) 
-C(3) 

- C(7) 113.46(25) C(101)-C(102)_C(103) 
119.5(3) 
119.9( 3) 

 -C(3) 
-0(4) 
-0(31) 

111.62(25) 
109.16(24) 

C(102)-C(103)_C(104) 120.8(4) 
0(4) -C(3) -0(31) 111.45(25) 

C(103)-C(104)_C(105) 
C(104)-C(105)_C(105) 

119.0(3) 
 

0(4) 	- 
-0(4) 

 
-C(S) 111.68(25) C(101)-C(106)C(105) 

120.8(3) 
120.0(3) 

C(S) 	-  
- C(6) 
- C(7) 

	

110.4( 	3) 

	

1I2.4( 	3) 
C(1) -C(11) 	-C(12) 117.8( 3) 

C(2) 	- C(7) - C(6) 113.5( 	3) 
C(1) 
C(12) 

-C(11) 	-C(16) 
-C(11) 	-C(16) 

122.2( 3) 
C(2) 	- 
C(6) 

C(7) - 0(8) 103.42(23) C(11) -C(1-2) 	-C(13) 
120.0( 
120.0( 

3) 
3) 

C(7) 	- 
C(7) 
0(8) 

- 0(8) 
- N(9) 109.71(25) 

105.86(19) 
C(12) -C(13) 	-C(14) 120.4( 3) 

C(l) 	- N(9) - 0(8) 106.92(19) 
 
 

-C(15) 
-C(16) 

120.1( 3) 
C(1) 	- 
0(8) 	- 

N(9) -C(10) 103.08(20) C(11) -C(16) 	-C(15) 
120.2( 
119.3( 

3) 
3) N(9) -C(10) 107.60(19) C(3) -0(31) 	-C(32) 113.9( 3) 
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Table 45 Torsion angles (docrees) with standard deviations for (95) 

N(9) C(1) - C(2) - 	C(3) -89.3( 3) 0(4) - 	C(S) - 	C(6) 	- 	C(7) -53.9( 4) 
N(9) - C(1) - C(2) - C(7) 32.2( 3) C(S) - 	C ( 6 ) - 	C(7) 	- C(2) 42.3( 4) 

0(12) - C(1) - C(2) - 	C(3) 159.27(23) C(S) - 	C ( 6 ) - 	C(7) 	- 	0(8) -72.8( 3) 
0(12) - C(1) - C(2) - C(7) -79.2( 3) C(2) - 	C ( 7 ) - 	0(8) 	- 	N(9) 36.5( 3) 
C(11) - C(1) - C(2) - 	C(3) 38.6( 4)  - 	C(7) - 	0(8) 	- 	t(9) 158.00(23) 
C(11) - C(1) - C(2) - 	C(7) 160.17(25)  - 0(8) - 	N(9) 	- 	C(1) -15.8( 3) 
C(2) - C(1) - N(9) - 0(8) -11.2( 3) C(7) - 0(8) - 	N(9) 	-C(10) 94.32(23) 
C(2) - C(1) - N(9) -C(10) -124.46(23) C(1) - 	N(9) -C(10) 	-N(11) 6.4( 3) 

0(12) -C(1) -N(9) -0(8) 102.29(21) C(1) -N(9) -C(10) 	-C(101)-170.62(24) 
0(12) - C(i) - 	N(9) -C(10) -11.0( 3) 0(8) - 	N(9) -C(10) 	-N(11) -106.4( 3) 
C(11) - C(1) - N(9) - 	0(8) -141.55(22) 0(8) - 	N(9) -C(10) 	-C(101) 76.6( 3) 
C(11) - C(1) - N(9) -C(10) 105.17(25) N(9) -C(10) -N(11) 	-0(12) 1.5( 3) 
C(2) -C(.1) -0(12) -N(11) 124.51(23) C(101) -C(10) -N(11) 	-0(12) 178.44(24) 
N(9) -C(1) -0(12) -(11) 12.4(3) N(9) -C(10) -C(101)-C(102) 171.7(3) 

C(11) - C(1) -0(12) -N(11) -108.25(23) N(9) -C(10) -C(101)-C(106) -6.7( 4) 
C(2) - C(1) -C(i1) -C(12) 62.9( 4) N(11) -C(10) -C(101)-C(102) -5.1( 4) 
C(2) - C(1) -C(Ii) -C(16) -114.8( 3) N(11) -C(10) -C(101)-C(106) 176.6( 3) 
N(9) - C(1) -C(1i) -C(12) -173.0( 3) C(10) -N(11) -0(12) 	- C(1) -8.9( 3) 
N(9) -C(1) -C(i1) -C(16) 9.3( 4) C(10) -C(101)-C(102)-C(103)-178.9( 3) 

0(12) -C(1) -C(ii) -C(12) -58.2(3) C(106) -C(101) -C(102)-C(103) -0.6(5) 
0(12) -C(1) -C(11) -C(16) 124.1(3) C(10) -C(101)-C(106)-C(105) 178.6(3) 
C(i) -C(2) -C(3) -0(4) 161.76(24) C(102) -C(101) -C(106)-C(105) 0.3(5) 
C(1) - C(2) - C(3) -0(31) 38.1( 3) C(101) -C(102) -C(103)-C(104) -0.2( 6) 
C(7) - C(2) - C(3) - 0(4) 47.8( 3) C(102) -C(103) -C(104)-C(105) 1.2( 6) 
C(7) - C(2) - C(3) -0(31) -75.8( 3) C(103) -C(104) -C(105)-C(106) -1.5( 5) 
C(l) - C(2) - C(7) - C(6) -160.9( 3) C(104) -C(105) -C(106)-C(101) 0.8( 5) 
C(l) - C(2) - C(7) - 0(8) -42.0( 3) C(1) -C(11) -C(12) 	-C(13) -176.2( 3) 
C(3) - C(2) - C(7) - C(6) -38.9( 4) C(16)  -C(13) 1.6( 5) 
C(3) - C(2) - C(7) - 0(8) 79.9( 3) C(1) -C(11) -C(16) 	-C(15) 176.7( 3) 
C(2) - C(3) - 0(4) - 	C(S) -60.8( 3) C(12) -C(11) -C(16) 	-C(15) -0.9( 5) 

0(31) - C(3) - 0(4) - C(S) 61.6( 3) C(11) -C(12) -C(13) 	-C(14) -0.8( 5) 
C(2) - C(3) -0(31) -C(32) -163.5( 3) C(12) -C(13) -C(14) 	-C(15) -0.7( 6) 
0(4) - C(3) -0(31) -C(32) 72.8( 3) C(13) -C(14) -C(15) 	-C(16) 1.3( 6) 
C(3) - 0(4) - C(5) - C(6) 64.4( 3) C(14) -C(15) -C(16) 	-C(11) -0.5( 5) 

Table 46 Atomic coordinates with esds for (95) 

x Y z ulso CO) 0.5839(4) 0.11870(7) -009529(24) 0.0367(15) 
 0.4054(4) 0.11611(7) -0.0728(3) 0.0420(16) 
 0.3571(4) 0.08714(8) 0.0157(3) 0.0458(17) 

0(4) 0.2013(3) 0.09196(6) 0.06379(22) 0.0598(15) 
 0.1893(4) 0.12315(9) 0.1347(3) 0.0619(22) 
 0.2160)4) 0.15349(9) 0.0513(3) 0.0590)21) 
 0.3723(4) 0.1511 8(8) -0.0206(3) 0.0471(17) 

0(8) 0.50533(23) 0.15698(5) 0.06291(18) 0.0438(12) 
N(9) 0.6451(3) 0.14139(5) 0.00263(20) 0.0361(13) 
C(10) 0.7252(4) 0.16741)7) -0.06652(25) 0.0381(16) 
N(11) 0.7081(3) 0.16563(6) . -0.18593(23) 0.0461(15) 
0(12) 0.6080(3) 0.13782(5) -0.21278(18) 0.0463(12) 

 0.8250(3) 0.19279(6) -0.0034(3) 0.0386(16) 
 0.9188(4) 0.21528(8) -0.0709(3) 0.0589(21) 
 1.0132)5) 0.23837(10) -0.0097(4) 0.0691(25) 
 1.0159(4) 0.23967(9) 0.1199(4) 0.0640(23) 
 0.9250(4) 0.21 704(8) 0.1860(3) 0.0601(22) 
 0.8288(4) 0.19373(8) 0.1256(3) 0.0484(18) 

C(11) 0.6775(4) 0.08578(7) -0.1074(3) 0.0402(16) 
C(12) 0.6402(4) 0.06435(7) -0.2063(3) 

- 
0.0505(18) 

CO 3) 0.7152(4) 0.03322(8) -0.2171(4) 0.0601(21) 
C(14) 0.8280(5) 0.02341(8) -0.1316(4) 0.061 7(22) 
CO 5) 0.8685(5) 0.04475(9) -0.0350(4) 0.0652(23) 
C(16) 0.7923(4) 0.07627(8) -0.0219(3) 0.0514(19) 
0(31) 0.4703(3) 0.08457(5) 0.11120(19) 0.0478(12) 
C(32) 0.4636(5) 0.05339(9) 0.1778(4) 0.077(3) 
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Table 47 Atomic coordinates for H atoms for (95 

x V z Ulso 
H(2) 0.3371 0.1097 -0.1547 00400 
1-1(3) 0.3546 0.0636 -0 0358 0.0500 
H(51) 0.0720 0.1248 0.1757 00700 
1-1(52) 0.2782 0.1230 0.2073 0.0700 
11(61) 0.1186 0.1551 -0.0142 0.0600 
H(62) 0.2182 0.1761 0.1080 00600 
1-1(7) 0.3607 0.1696 -0.0944 0.0500 
1-1(102) 0.9176 0.2146 -0.1713 0.0500 
H(103) 1.0862 0.2557 -0.0626 0.0500 
1-1(104) 1.0884 0.2582 0.1675 0.0500 
H(105) 0.9286 0.2174 0.2864 0.0500 
1-1(106) 0.7566 0.1763 0.1788 00500 
1-1(12) 0.5528 0.0720 -0.2745 0.0500 
1-1(13) 0.6849 0.0165 -0.2932 0.0500 
1-((14) 08851 -0.0011 -0.1401 0.0500 

 0.9590 0.0372 0.0309 0.0500 
 0.8232 0.0929 0.0542 0.0500 

1-1(321) 0.5539 0.0533 0.2494 0.0700 
11(322) 0.4845 0.0326 0.1146 0.0700 
1-1(323) 0.3474 0.0506 0.2199 0.0700 

Table 48 Anisotropic thermal parameters in A 2  for (95) 

U11  U22  U33  U23  U13  U12  
 0.0417(16) 0.0345(14) 0.0339(14) 0.0033(12) -0.0030(13) 0.0010(13) 
 . 	0.0406(17) 0.0463(17) 0.0391(15) -0.0021(13) -0.0053(13) 0.0029(14) 
 0.0353(17) 0.0533(18) 0.0490(18) -0.0039(15) 0.0002(14) -0.0068(14) 

0(4) 0.0417(13) 0.0685(15) 0.0692(15) -0.0049(12) 0.0049(12) -0.0122(11) 
 0.0506(21) 0.0680(23) 9.0672(21) -0.0107(19) 0.0165(18) -0.0018(19) 
 0.0490(20) 0.0634(21) 0.0644(21) -0.0091(18) -0.0003(18) 0.01 38(18) 
 0.0484(19) 0.0496(17) 0.0432(16) -0.0008(14) -0.0055(15) 0.0082(16) 

0(8) 0.0409(12) 0.0451(11) 0.0453(12) -0.0075(9) 0.0067(10) -0.0002(9) 
N(9) 0.0398(14) 0.0325(11) .0.0360(12) -0.0003)10) 0.0002(10) -0.0007(11) 
C(10) 0.0463(17) 0.0331(14) 00349(15) 0.0061(12) 0.0018(13) 0.0072(14) 
N(1 1) 0.0559(16) 0.0382(13) 0.0441(15) 0.0011(11) 0.0022(13) -0.0006(13) 
0(12) 0.0616(14) 0.0432(11) 0.0340(10) 0.0029(9) -0.0028(10) -0.0026(11) 

 0.0379(16) 0.0312(14) 0.0468(16) 0.0022(13) 0.0019(13) 0.0028031 
 0.0630(22) 00604(21) 0.0532(19) 0.0175(17) -0.0036(18) -0.0177(19) 
 0.0666(25) 0.0610(22) 0.080(3) 0.0201(20) -0.0048(21) -0.0275(19) 
 0.0627(23) 0.0508(20) 0.078(3) -0.0039(18) -0.0104(20) -0.0155(18) 
 0.0703(25) 0.0572(20) 0.0528(20) -0.0103(17) 0.0012(18) -0.0122(19) 
 0.0536(20) 00435(17) 0.0481(17) -0.0045(14) 0.0043(15) -0.0074(16) 

C(1 1) 0.0381(17) 0.0379(15) 0.0446(16) -0.0015(13) 0.0071(14) -0.0013(13) 
 .0.0538(20) 0.0407(16) 0.0568(18) -0.0076(15) -0.0039(16) -0.0025(16) 
 0.0665(23) 0.0399(17) 0.0737(23) -0.0124(17) -0.0017(20) -0.0016(17) 

CO 4) 0.0640(23) 0.0372(17) 0.084(3) -0.0079(17) 0.0114(22) 0.0065(17) 
C(15) 0.0646(24) 0.0595(21) 0.0713(23) 0.0041(19) -0.0056(19) 0.0227(20) 
CO 6) 0.0543(21) 0.0497(18) 0.0502(18) 	. -0.0022)15) -0.0039(16) 0.0083(16) 
0(31) 0.0480(13) 0.0445(12) 0.0509(13) 0.0103(10) -0.0040(10) -0.0075)10) 
C(32) 0.086(3) 0.0626(22) 0.081(3) 0.0328(21) -0.0032(23) -0.0123(22) 
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Appendix 5 	x-ray Crystallographic Data for Compound (105). 

Figure 19 	Crystal Structure of Compound (105) 
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Crystal Data:- C13H13N039  H = 231.25, monoclinic, space group P21/n, a 

21.284(5), b = 5.2090(9), c = 21.6845), P = 110.433(17), V = 2252.84 

[from diffractometer setting angles for 13 reflections with 28 = 35-39 1  

= 1.541e4)], Z = 8, Dcalc  = 1.364 g cm 3 9  T = 298K, colourless plate, 

0.46 x 0.25 x 0.04 mm, P = 0.760 mm 1, F(000) = 976. 

Data Collection and Processing;- Sto STADI-4 four-circle diffracto-

meter, graphite-monochromated Cu-K• X-radiation, T = 298K, -20 scans 

with w scan width (1.05 + 0.347tan8)°, 3579 reflections measured 28maX 

120, h -23 9 22, k 0 9 5, 1 0 9 24), 2405 unique (Rjnt = 0.017) 9  giving 

879 with F 	6(F) for use in all calculations. 	The three standard 

reflections showed random variations of ±47., but no significant crystal 

decay or movement w apparent. 

Structure Solution and Refinement:- Automatic direct methods 	located 

all non-H atoms which were then refined anisotropically, with H atoms in 

fixed, calculated posjtjonsX2. 	At final convergence fi, Rw = 0.0757, 

0.0893 respectively, S = 1.185 for 142 refined parameters and the 'final 

AF synthesis showed no peak above 0.27 e 3. The weighting scheme w 

+ 0.00080F2  gave satisfactory agreement analyses and in the final 

cycle (/Cr) max  NS 0.05. 

Atomic scattering factors were inlaidX2, molecular geometry calculations 

utilised CALCX3  and the Figure was produced by ORTEPIIX4. 
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Table 49 Bond Lengths(A) with standard deviations 

C(l) -C(2) 1.520(20) C(l') -C(2') 1.539(21) 
C(l) -0(10) 1.437(18) C(l') -0(10) 1.415(18) 
C(1) -0(11) 1.393(18) C(l') -0(11') 1.423(19) 
C(2) -C(3) 1.531(19) C(2') -C(3') 1.498(21) 
C(2) -C(6) 1.543(19) C(2') -C(6') 1.501(20) 
C(3) -N(4) 1.297(19) C(3') -N(4') 1.270(20) 
C(3) -C(1P) 1.465(17) C(3') -C(1P') 1.512(18) 
N(4) -0(5) 1.428(17) N(4') -0(5') 1.408(17) 
0(5) -C(6) 1.426(18) 0(5') -C(6') 1.486(18) 
C(6) -C(7) 1.526(21) C(6') -C(7') 1.543(21) 
C(7) -C(8) 1.525(23) C(7') -C(8') 1.504(22) 
C(8) -C(9) 1.526(23) C(8') -C(9') 1.465(22) 
C(8) -0(11) 1.449(20) C(8') -0(11') 1.445(20) 
C(9) -0(10) 1.451(17) C(9') -0(10') 1.435(18) 

Table 50 Angles(degrees) with standard deviations 

C(2) -C(1) -0(10) 108.6(11) C(2') -C(1') -0(10') 109.5(12) 
C(2) -C(1) -0(11) 113.6(12) C(2') -C(1') -0(11') 108.1(12) 

0(10) -C(1) -0(11) 105.0(11) 0(10')-C(1') -0(11') 105.8(12) 
C(1) - C(2) - C(3) 116.1(11) C(1') -C(2') -C(3') 118.3(12) 
C(1) -C(2) -C(6) 111.5(11) C(1') -C(2') -C(6') 114.3(12) 
C(3) -C(2) -C(6) 99.4(10) C(3') -C(2') -C(6') 99.3(12) 
C(2) -C(3) -N(4) 113.7(12) C(2') -C(3') -N(4') 115.3(13) 
C(2) - C(3) -C(lP) 125.6(11) C(2') -C(3') -C(1P' ) 124.8(12) 
N(4) -C(3) -C(1P) 120.7(12) N(4') -C(3') -C(1P') 119.5(13) 
C(3) - N(4) - 0(5) 107.7(11) C(3') -N(4') -0(5') 109.3(12) 
N(4) - 	0(5) - C(6) 110.4(10) N(4') -0(5') -C(6') 106.2(10) 
C(2) -C(6) -0(5) 104.4(11) C(2') -C(6') -0(5') 105.6(11) 
C(2) -C(6) -C(7) 115.9(12) C(2') -C(6') -C(7') 116.6(12) 
0(5) -C(6) -C(7) 109.6(12) 0(5') -C(6') -C(7') 107.4(11) 
C(6) - C(7) - C(8) 113.6(13) C(6')   106.9(12) 
C(7) - C(8) - 	C(9) 113.2(13) C(7') -C(8') -C(9') 118.7(14) 
C(7) -C(8) -0(11) 107.2(13) C(7') -C(8') -0(11') 108.2(13) 
C(9) -C(8) -0(11) 100.5(12) C(9') -C(8') -0(11') 104.4(13) 
C(8) -C(9) -0(10) 104.5(12) C(8') -C(9') -0(10') 104.3(12) 
C(1) -0(10) -C(9) 106.0(10) C(1') -0(10')-C(9') 105.9(11) 
C(1) -0(11) -C(8) 103.4(11) C(1') -0(11')-C(8') 99.5(11) 
C(3) -C(1P) -C(2P) 119.3(10) C(3') -C(1P')-C(2P') 118.6(10) 
C(3) -C(1P) -C(6P) 120.5(10) C(3') -C(1P')--C(6P') 121.0(10) 
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Table 51 Torsion ang1s(degrees) with standard deviations 

0(10) -C(1) -C(2) -C(3) 176.7(11) 0(10')-C(1') -C(2') -C(3') -175.5(12) 
0(10) -C(1) -C(2) -C(6) -70.5(14) 0(10')-C(1') -C(2) -C(6') 68.1(15) 
0(11) -C(1) -C(2) -C(3) -66.9(15) 0(11')-C(1') -C(2') -C(3) 69.7(16) 
0(11) -C(l) -C(2) -C(6) 45.9(16) 0(11')-C(1') -C(2') -C(6) -46.7(16) 
C(2) -C(1) -0(10) -C(9) 95.0(12) C(2') -C(1') -0(10')-C(9') -87.7(13) 

0(11) -C(l) -0(10) -C(9) -26.8(13) 0(11')-C(1') -0(10')-C(9') 28.6(14) 
C(2) -C(l) -0(11) -C(8) -74.0(14) C(2') -C(1') -0(11')-C(8') 73.8(13) 

0(10) -C(1) -0(11) -C(8) 44.5(13) 0(10')-C(1') -0(11')-C(8') -43.4(13) 
C(1) -C(2) -C(3) -N(4) 131.2(13) C(1') -C(2') -C(3') -N(4') -132.0(15) 
C(1) - C(2) - C(3) -C(1P) -51.2(18) C(1') -C(2') -C(3') -C(1P) 41.6(20) 
C(6) - C(2) - C(3) - 	N(4) 11.5(15) C(6') -C(2') -C(3') -N(4') -7.8(17) 
C(6) -C(2) -C(3) -C(IP) -170.9(12) C(6') -C(2') -C(3') -C(1P') 165.8(13) 
C(1) - C(2) - C(6) - 	0(5) -141.9(11) C(1') -C(2') -C(6') -0(5') 143.7(12) 
C(1) - C(2) - C(6) - C(7) -21.2(16) C(1') -C(2') -C(6') -C(7') 24.6(18) 
C(3) - C(2) - C(6) - 0(5) -18.9(13) C(3') -C(2') -C(6') -0(5') 16.8(14) 
C(3) -C(2) -C(6) -C(7) 101.7(13) C(3') -C(2') -C(6') -C(7') -102.3(14) 
C(2) - 	C(3) - 	N(4) - 	0(5) 0.9(16) C(2') -C(3') -N(4') -0(5') -5.4(18) 
C(1P) - C(3) - 	I'T(4) - 	0(5) -176.8(11) C(1P')-C(3') -N(4') -0(5') -179.3(11) 
C(2) -C(3) -C(1P) -C(2P) -21.8(18) C(2') -C(3') -C(1P')-C(2P) 34.5(18) 
C(2) -C(3) -C(1P) -C(6P) 163.5(11) C(2') -C(3') -C(1P')-C(6P)-152.4(12) 
N(4) -C(3) -C(1P) -C(2P) 155.7( 1-2) N(4') -C(3') -C(1P)-C(2P)-152.2(13) 
N(4) -C(3) -C(1P) -C(6P) -19.1(18) N(4') -C(3') -C(1P')-C(6P') 20.9(19) 
C(3) - N(4) - 0(5) - C(6) -14.7(15) C(3') -N(4') -0(5') -C(6') 16.6(15) 
N(4) - 0(5) - 	C(6) - C(2) 21.6(14) N(4') -0(5') -C(6) -C(2') -21.1(14) 
N(4) - 	0(5) - 	C(6) - C(7) -103.1(13) N(4') -0(5') -C(6) -C(7') 104.0(12) 
C(2) - 	C(6) - C(7) - C(8) 26.7(18) C(2') -C(6') -C(7') -C(8') -30.8(17) 
0(5) - C(6) - C(7) - 	C(8) 144.5(13) 0(5') -C(6') -C(7') -C(8') -148.9(12) 
C(6) - C(7) - C(8) - 	C(9) 56.7(18) C(6') -C(7') -C(8') -C(9') -57.0(18) 
C(6) -C(7) -C(8) -0(11) -53.3(16) C(6') -C(7') -C(8') -0(11') 61.6(15) 
C(7) - C(8) - 	C(9) -0(10) -88.1(15) C(7') -C(8') -C(9') -0(10') 95.3(15) 

0(11)   -0(10) 25.9(14) 0(11')-C(8') -C(9') -0(10') -25.2(15) 
C(7) -C(8) -0(11) -C(1) 75.6(14) C(7') -C(8') -0(11')-C(1') -85.7(14) 
C(9) -C(8) -0(11) -C(1) -42.9(14) C(9') -C(8') -0(11')-C(1') 41.6(14) 
C(8) -C(9) -0(10) -C(1) -0.4(14) C(8') -C(9') -0(10')-C(1') -1.6(14) 
C(3) -C(1P) -C(2P) -C(3P) -174.8(10) C(3') -C(1P')-C(2P')-C(3P') 173.2(10) 
C(3) -C(1P) -C(6P) -C(5P) 174.7(10) C(3') -C(1P')-C(6P')-C(5P')-173.0(10) 
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Table 52 Selected H atom torsion angles(degrees) with standard deviations 

H( 1) - C(l) - C(2) - 	H(2) -67.3(17) H(1') -C(l') -C(2') -H(2') 66.3(18) 
H(l) - 	C(1) - C(2) - 	C(3) 53.8(18) 11(1') -C(l - ) -C(2') -C(3) -53.3(20) 
11(1) - C(1) - C(2) - 	C(6) 166.6(14) 11(1') -C(l') -C(2') -C(6') -169.7(15) 
0(10) -C(1) -C(2)-H(2) 55.6(15) 0(10')-C(l') -C(2') -H(2') -55.9(16) 
0(11) -C(1) -C(2) -11(2) 172.0(13) 0(11')-C(l') -C(2') -H(2') -170.7(13) 
H(l) -C(l) -0(10) -C(9) -146.1(15) H(l') -C(l') -0(10')-C(9') 151.7(15) 
H(1) -C(1) -0(11)-C(8) 166.7(15) 11(1') -C(l') -0(11')-C(8') -165.6(16) 
H(2) - C(2) - 	C(3) - 	N(4) -114.1(15) H(2') -C(2') -C(3') -N(4') 116.9(17) 
H(2) - C(2) - C(3) -C(1P) 63.5(18) 11(2') -C(2') -C(3') -C(1P') -69.5(19) 
C(1) - C(2) - C(6) - H(6) 94.1(16) C(1') -C(2') -C(6') -11(6') -92.1(17) 
H(2) - C(2) - C(6) - 	0(5) 102.4(15) H(2') -C(2') -C(6') -0(5') -104.3(16) 
H(2) - C(2) - C(6) - 	11(6) -21.6(20) 11(2') -C(2') -C(6') -H(6') 19.9(21) 
H(2) - C(2) - C(6) - 	C(7) -136.9(15) 11(2') -C(2') -C(6') -C(7) 136.6(16) 
C(3) - C(2) - C(6) - 	11(6) -143.0(14) C(3') -C(2) -C(6) -H(6') 141.0(14) 
N(4) - 0(5) - 	C(6) - 	11(6) 141.2(15) N(4') -0(5') -C(6') -H(6') -138.1(15) 
C(2) -C(6) -C(7) -H(7A) -92.7(17) C(2') -C(6') -C(7') -H(7A')-149.1(15) 
C(2) -C(6) -C(7) -H(7B) 148.3(15) C(2') -C(6') -C(7') -H(7B') 90.3(18) 
0(5) - C(6) - C(7) -H(7A) 25.0(18) 0(5') -C(6') -C(7) -H(7A') 92.8(16) 
0(5) - C(6) - 	C(7) -H(7B) -93.9(16) 0(5') -C(6') -C(7') -11(73') -27.8(18) 
H(6) - C(6) - 	C(7) -H(7A) 148.6(17) 11(6') -C(6') -C(7') -H(7A') -32.2(20) 
H(6) -C(6) -C(7) -H(7B) 29.7(20) 11(6') -C(6') -C(7') -H(73)-152.8(17) 
11(6) - C(6) - C(7) - C(8) -91.9(17) 11(6') -C(6') -C(7') -C(8') 86.1(16) 
C(6) - C(7) - C(8) - 	11(8) 179.7(16) C(6') -C(7') -C(8') -H(8') -175.6(15) 
H(7A) - C(7) - C(8) - H(8) -60.7(21) H(7P.')-C(7') -C(8') -11(8') -57.3(20) 
H(7A) -C(7) -C(8) -C(9) 176.2(15) H(7A')-C(7') -C(8') -C(9') 61.4(20) 
H(7A) -C(7) -C(8) -0(11) 66.3(18) H(7A')-C(7') -C(8') -0(11') 179.9(14) 
H(7B)   -H(8) 57.9(21) H(7B')-C(7') -C(8') -H(8') 63.7(21) 
H(7B) -C(7) -C(8) -C(9) -65.1(19) H(7B')-C(7')   -177.7(16) 
H(7B) -C(7) -C(8) -0(11) -175.1(14) H(7B')-C(7') -C(8') -0(11') -59.1(18) 
C(7) - C(8) - 	C(9) -H(9A) 152.1(16) C(7') -C(8') -C(9') -H(9A') -23.4(21) 
C(7) -C(8) -C(9) -H(9B) 30.8(20) C(7') -C(8') -C(9') -H(9B')-145.1(16) 
H(8) - C(8) - C(9) -H(9A) 32.2(23) 11(8') -C(8') -C(9') -H(9A) 92.9(20) 
H(8) - C(8) - C(9) -H(93) -89.2(21) 11(8') -C(8') -C(9') -11(93') -28.8(22) 
11(8)   -0(10) 151.9(16) 11(8') -C(8') -C(9') -0(10')-148.4(15) 
0(11) -C(8) -C(9) -H(9A) -93.8(16) 0(11')-C(8') -C(9') -H(9A')-143.9(15 
0(11) -C(8) -C(9) -H(9B) 144.8(15) 0(11')-C(8') -C(9') -H(9B') 94.3(17) 
H(8) -C(8) -0(11) -C(1) -164.7(17) H(8') -C(8') -0(11)-C(1') 159.4(17) 
H(9A) -C(9) -0(10) -C(1) 119.0(15) H(9A')-C(9') -0(10)-C(1') 116.6(15) 
H(9B) -C(9) -0(10) -C(1) -119.3(15) H(93') -C(9') -0(10')-C(1') -121.9(15) 
C(3) -C(1P) -C(2P) -H(2P) 5.2(17) C(3') -C(1P')-C(2P')-F1(2P') -6.8(16) 
C(3) -C(1P) -C(6P) -H(6P) -5.3(17) C(3') -C(1P')-C(6P')-H(6P') 7.0(17) 
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Appendix 6 	X-ray Crystallographic Data for Compound (108) 

Figure 20 	Crystal Structure of Compound (108) 
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Crystal data for C, 3 H, NO,: orthorhombic, F' 21  2, 2,1 	a = 5.5044(2), 

9.65966), c = 20.9223(9) A, U = 1112.2 A 3 , 	 = 1.464 g cm- 

2 = 4; 1305 data measured to theta = 600 using Cu-K Ph 	X-radiation, 

semi-empirical absorption correction using psi scans, rerinement based 

on 997 data with E > 6sigmaF). At convergence, R, 	0.0333, 0.0436 

respectively for 153 parameters. Direct methods" yielded the 

positions of all non-H atoms; Iterative cycles of least-squares 

refinement and difference Fourier syntheses indicated H-atoms which 

were thereafter refined in fixed, calculated positions with a common 

Isotropic thermal 	parameter x2. The phenyl ring was constrained to be 

an ideal, rigid hexagon. 	The final difference Fourier synthesis 

revealed no feature above 0.17 e A 3 . 

Table 53 Bond Lengths() with standard deviations 

C(1) - C(2) 1.508( 5) C(5) -C(1P) 1.476( 4) 
C(1) -C(10) 1.511( 5) C(6) - C(7) 1.529( 4) 
C(l) -0(11) 1.443( 4) C(7) - 0(7) 1.203( 4) 
C(2) - 0(3) 1.442( 4) C(7) - C(8) 1.518( 4) 
C(2) - C(6) 1.533( 4) C(8) - 0(9) 1.410( 4) 
0(3) - N(4) 1.425( 4) C(8) -0(11) 1.410( 4) 
N(4) - C(5) 1.282( 4) 0(9) -C(10) 1.448( 4) 
C(S) - C(6) 1.502( 4) 

Table 54 Angles(degrees) with standard deviations 

C(2) - C(1) -C(10) 111.4( 	3) 
C(2) - C(1) -0(11) 109.2( 	3) 

C(10) - C(1) -0(11) 101.1( 	3) 
C(1) - C(2) - 0(3) 110.0( 	3) 

 - C(2) - C(6) 115.5( 	3) 
0(3) - C(2) - C(6) 103.36(24) 

 - 0(3) - 	N(4) 108.20(24) 
0(3) - N(4) - C(S) 108.6( 	3) 
N(4) - C(S) - 	C(6) 113.4( 	3) 
N(4) - C(S) -C(1P) 120.4( 	3) 
C(6) -C(5) -C(1P) 126.16(24) 
C(2) - C(6) - C(5) 99.69(24) 
C(2) 	- C(6) - C(7) 112.71(24) 

C(S) - C(6) - C(7) 	113.21(24) 
C(6) - C(7) - 0(7) 	123.7( 3) 

- C(7) - C(8) 	113.91(25) 
0(7) - C(7) - C(8) 	122.4( 3) 

- C(8) - 0(9) 	109.54(25) 
C(7) - C(8) -0(11) 	106.85(24) 
0(9) - C(8) -0(11) 	106.69(24) 
C(8) -0(9) -C(10) 107.27(23) 
C(1) -C(10) - 0(9) 	103.2( 3) 
C(1) -0(11) -C(8) 102.77(23) 
C(S) -C(lP) -C(2P) 120.09(19) 
C(5) -C(1P) -C(6P) 119.68(19) 



218 

Table 55 Torsion angles(degrees) with standard deviations 

C(lO) - C(l) - C(2) - 	0(3) -179.4( 3) C(lP) - C(5) - C(6) C(7) -77.6( 3) 

C(lO) - C(l) - C(2) - 	C(6) 64.1( 4) N(4) - C(5) -C(lP) -C(2P) -6.9( 4) 

0(11) - C(l) - C(2) - 0(3) 69.8( 3) N(4) - C(S) -C(lP) -C(6P) 167.6( 3) 

0(11) - C(l) - C(2) - C(6) -46.7( 4) C(6) - C(5) -C(lP) -C(2P) 175.03(24) 

C(2) - C(1) -C(10) - 0(9) -83.3( 3) C(6) - 	C(5) -C(1P) -C(6P) -10.5( 4) 

0(11) - C(l) -C(10) - 0(9) 32.6( 3) C(2) - C(6) - C(7) - 0(7) 151.3( 3) 

C(2) - C(l) -0(11) - C(8) 74.4( 3) C(2) - C(6) - 	C(7) - C(8) -27.6( 3) 

C(10) - C(l) -0(11) - 	C(8) -43.2( 3) C(5) - C(6) - C(7) - 0(7) 39.1( 4) 

C(l) - C(2) - 0(3) - 	N(4) -149.1( 3) C(5) - C(6) - C(7) - 	C(8) -139.8( 3) 
C(6) - C(2) - 0(3) - 	N(4) -25.3( 3) C(6) - C(7) - C(8) - 0(9) -59.0( 3) 

C(l) - C(2) - C(6) - C(S) 143.8( 3) C(6) - 	C(7) - 	C(8) -0(11) 56.2( 3) 

C(1) - C(2) - C(6) - 	C(7) 23.4( 4) 0(7) - 	C(7) - 	C(8) - 0(9) 122.1( 3) 

0(3) - C(2) - C(6) - 	C(S) 23.6( 3) 0(7) - C(7) - 	C(8) -0(11) -122.7( 3) 
0(3) - C(2) - C(6) - C(7) -96.7( 3) C(7) - 	C(8) - 0(9) -C(10) 98.4( 3) 

C(2) - 0(3) - N(4) - C(S) 16.2(  0(11) - 	C(8) - 0(9) -C(10) -16.9( 3) 

0(3) - N(4) - C(5) - C(6) 0.7(  C(7) - C(8) -0(11) - 	C(l) -78.7( 3) 

0(3) - N(4) - C(S) -C(lP) -177.57(23) 0(9) - 	C(8) -0(11) - C(1) 38.4( 3) 

N(4) - C(S) - C(6) - 	C(2) -15.8( 3) C(8) - 0(9) -C(10) - 	C(1) -10.2( 3) 

N(4) - C(5) - C(6) - C(7) 104.2( 3) C(S) -C(lP) -C(2P) -C(3P) 174.43(20) 

C(1P) - C(S) - C(6) - C(2) 162.4(  C(S) -C(lP) -C(6P) -C(5P) -174.46(20) 

Table 56 Selected H atom torsion angles(degrees) with standard deviations 

H(1) - C(1) - 	C(2) - H(2) -68.2(  H(2) - C(2) - 	C(6) - 	C(S) 100.0( 3) 

H(1) - 	C(1) - C(2) - 0(3) 55.4( 4) H(2) - 	C(2) - C(6) - 	H(6) -23.1( 5) 

H(1) - C(1) - 	C(2) - C(6) 171.9(  H(2) - 	C(2) - 	C(6) - 	C(7) -139.6( 3) 
C(10) - 	C(1) - C(2) - H(2) 55.8(  0(3) - C(2) - 	C(6) - 	H(6) -146.7( 3) 
0(11) - 	C(1) - C(2) - H(2) 166.6( 3) N(4) - C(S) - 	C(6) - 	H(6) 139.2( 3) 

H(1 - 	C(l) -C(10) - 0(9) -157.1( 3) C(1P) - 	C(S) - C(6) - 	H(6) -39.0( 4) 

H(1) - 	C(1) -C(10) -H(10A) -38.1( 5) H(6) - 	C(6) - 	C(7) - 	0(7) 84.6( 4) 

H(1) - 	C(l) -C(10) -H(1OB) 84.0( 5) H(6) - 	C(6) - C(7) - 	C(8) -96.5( 3) 

C(2) - 	C(l) -C(10) -H(10A)-157.7(  C(6) - C(7) - C(8) - H(8) -179.3( 3) 
C(2) - 	C(1) -C(10) -H(10B) -35.7(  0(7) - 	C(7) - 	C(8) - 	H(8) -0.4(  

0(11) - 	C(1) -C(10) -H(10A) 86.4( 4) H(8) - 	C(8) - 	0(9) -C(10) 140.0( 3) 

0(11) - 	C(1) -C(10) -H(10B)-151.6( 3) H(S) - C(8) -0(11) - 	C(1) -159.8( 3) 
11(1) - 	C(l) -0(11) - C(8) 166.2( 3) C(8) - 	0(9) -C(lO) -H(10A)H08.8( 4) 
H(2) - 	C(2) - 0(3) - N(4) -94.7( 4) C(8) - 0(9) -C(10) -H(1OB) 129.2( 3) 
C(1) - 	C(2) - 	C(6) - H(6) 93.1( 4) C(S) -C(1P) -C(2P) -H(2P) 5.6( 3) 
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Appendix 7 	X-ray Crystallographic Data for Compound (116) 

Figure 21 	Crystal Structure of Compound (116) 
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Crystal data for C19 H17 N04: orthorhombic, P 2,21 21 , a = 9.2952(4), 

b = 11.0535(4), c = 15.1210(6) A, U = 1555.0 A 3 , 	 1.351 g cm-3 , 

Z = 4; 1313 data measured to theta = 60 using Cu-K.,,,,. 	-radiation, 

semi-empirical absorption correction using psi scans, refinement based 

on 1256 data with F > Ssigma(F). 	At convergence, 	R., 	R. 	= 0.0571. 

0.0950 respectively for 195 parameters. Direct methods'' yielded the 

positions of all non-H atoms; iterative cycles of least-squares 

refinement and difference Fourier syntheses indicated H-atoms which 

were thereafter refined in fixed, calculated positions with a common 

Isotropic thermal parameter". The phenyl rings were constrained to be 

Ideal, rigid hexagons. The final difference Fourier synthesis 

revealed no feature above 0.27 e A°. 

Table 57 Bond Lengths() with standard deviations 

C(l) - C(2) 1.511( 5) C(5) - C(6) 1.560( 5) 

C(l) -C(lO) 1.515( 6) C(5) -C(1P) 1.500( 4) 

C(l) -0(11) 1.461( 5) C(6) - C(7) 1.513( 5) 

C(2) - 0(3) 1.421( 4) C(7) - 0(7) 1.204( 5) 

C(2) - C(6) 1.553( 5) C(7) - C(8) 1.503( 6) 

0(3) - N(4) 1.463( 4) C(8) - 0(9) 1.439( 6) 

N(4) - C(5) 1.494( 4) C(8) -0(11) 1.394( 6) 

N(4) -C(7P) 1.439( 4) 0(9) -C(10) 1.459( 6) 

Table 58 Angles(degrees) with standard deviations 

C(2) - C(l) -C(lO) 111.5( 	3) 
C(2) - C(1) -0(11) 108.9( 	3) 

C(10) - C(l) -0(11) 102.5( 	3) 
C(l) - C(2) - 	0(3) 105.8( 	3) 
C(l) - C(2) - C(6) 114.8( 	3) 
0(3) - C(2) - C(6) 104.8( 	3) 
C(2) - 0(3) - N(4) 103.80(24) 
0(3) - N(4) - C(5) 103.51(23) 
0(3) - N(4) -C(7P) 106.69(22) 

 - N(4) -C(7P) 117.01(24) 
N(4) - C(S) - C(6) 102.6( 	3) 
N(4) -C(5) -C(1P) 112.35(25) 

 - C(5) -C(1P) 114.0( 	3) 
C(2) - C(6) - C(S) 103.5( 	3) 
C(2) - C(6) - C(7) 114.3( 	3) 

C(S) - C(6) - C(7) 	111.5( 3) 
C(6) - C(7) - 0(7) 	122.2( 4) 

- C(7) - C(8) 	117.0( 3) 
0(7) - C(7) - C(S) 	120.8( 4) 

- C(8) - 0(9) 	108.0( 4) 
C(7) - C(8) -0(11) 	110.0( 4) 
0(9) - C(8) -0(11) 	105.5( 4) 
C(8) - 0(9) -C(10) 	107.4( 4) 
C(1) -C(lO) - 0(9) 	103.0( 3) 
C(l) -0(11) - C(8) 	102.9( 3) 
C(5) -C(1P) -C(2P) 121.71(21) 
C(5) -C(1P) -C(6P) 118.22(21) 
N(4) -C(7P) -C(8P) 119.92(20) 
N(4) -C(7P) -C(12P) 119.93(20) 
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Table 59 Selected H atom torsion angles(degrees) with standard deviations 

H(l) - C(l) - 	C(2) - H(2) -72.1( 5) C(7P) - 	N(4) - 	C(5) - 	H(S) 31.6( 4) 
H(l) - C(l) - C(2) - 	0(3) 53.0( 4) N(4) - 	C(5) - C(6) - 	H(6) 108.6( 4) 
H(l) - 	C(l) - 	C(2) - 	C(6) 168.0( 3) H(5) - 	C(S) - 	C(6) - 	C(2) 110.1( 4) 

C(10) - 	C(l) - 	C(2) - 	H(2) 51.0( 5) H(5) - 	C(5) - 	C(6) - 	H(6) -129.4( 4) 
0(11) - C(1) - 	C(2) - 	H(2) 163.4(  H(5) - 	C(S) - 	C(6) - 	C(7) -13.2( 4) 
H(l) - C(l) -C(lO) - 0(9) -150.3(  C(1P) - 	C(5) - C(6) - 	H(6) -13.1(  
H(l) - C(l) -C(l0) -H(10A) -31.3(  H(5) - 	C(5) -C(1P) -C(2P) -155.1( 3) 
H(l) - C(l) -C(10) -H(10B) 91.0( 5) H(5) - C(5) -C(IP) -C(6P) 21.8( 4) 
C(2) - 	C(l) -C(10) -H(10A)-150.8( 4) H(6) - C(6) - 	C(7) - 0(7) 68.6( 5) 
C(2) - C(l) -C(l0) -H(10B) -28.6( 6) H(6) - C(6) - 	C(7) - 	C(8) -111.8( 4) 

0(11) - C(l) -C(10) -H(1OA) 92.9( 5) C(6) - 	C(7) - 	C(8) - 	H(8) -164.0( 4) 
0(11) - C(l) -C(10) -H(10B)-144.9( 4) 0(7) - C(7) - 	C(8) - 	H(8) 15.6( 7) 
H(l) - C(l) -0(11) - C(8) 164.3( 4) H(8) - 	C(8) - 0(9) -C(10) 146.6( 5) 
H(2) - C(2) - 0(3) - N(4) -79.8( 4) H(8) - 	C(8) -0(11) - 	C(1) -164.7(  
C(l) - 	C(2) - 	C(6) - H(6) 105.6( 4) C(8) - 0(9) -C(10) -H(10A)-117.1(  
H(2) - 	C(2) - C(6) - C(S) 108.5( 4) C(8) - 	0(9) -C(10) -H(10B) 121.0( 5) 
H(2) - 	C(2) - C(6) - H(6) -13.9( 5) C(5) -C(lP) -C(2P) -H(2P) -3.1( 4) 
11(2) - C(2) - 	C(6) - C(7) -130.1( 4) C(5) -C(1P) -C(6P) -H(6P) 3.0( 4) 
0(3) - C(2) - C(6) - 	H(6) -138.8( 4) N(4) -C(7P) -C(8P) -H(8P) 4.5( 4) 
0(3) - N(4) - C(S) - H(5) -85.4( 4) N(4) -C(7P) -C(12P)-H(12P) -4.5( 4) 

Table 60 Torsion angles(degrees) with standard deviations 

C(10) - C(1) - C(2) - 0(3) -176.0( 3) N(4) - C(5) - 	C(6) - C(7) 135.3( 3) 
C(10) - C(1) - C(2) - C(6) 68.9( 4) C(1P) - 	C(5) - 	C(6) - C(2) 133.7( 3) 
0(11) - C(1) - C(2) - 0(3) 71.6( 3) C(1P) - 	C(S) - 	C(6) - C(7) -103.0( 3) 
0(11) - C(1) - 	C(2) - C(6) -43.5( 4) N(4) - C(S) -C(1P) -C(2P) 32.9( 3) 
C(2) - C(1) -C(10) - 0(9) -90.1( 4) N(4) - C(5) -C(1P) -C(6P) -144.09(24) 

0(11) - C(1) -C(10) - 0(9) 26.2( 4) C(6) - C(5) -C(1P) -C(2P) -83.3( 3) 
C(2) - C(1) -0(11) - C(8) 76.4( 4) C(6) - C(5) -C(1P) -C(6P) 99.8(  

C(10) - C(1) -0(11) - C(8) -41.8( 4) C(2) - 	C(6) - 	C(7) - 0(7) 170.7(  
C(1) - C(2) - 0(3) - N(4) -161.2( 3) C(2) - C(6) - 	C(7) - 	C(8) -8.9(  
C(6) - C(2) - 0(3) - N(4) -39.5( 3) C(5) - 	C(6) - 	C(7) - 0(7) 53.8( 5) 
C(1) - C(2) - C(6) - C(5) 132.1( 3) C(S) - 	C(6) - 	C(7) - 	C(8) -125.8( 4) 
C(1) - 	C(2) - C(6) - C(7) 10.6( 4) C(6) - 	C(7) - 	C(8) - 0(9) -72.8( 5) 
0(3) - C(2) - C(6) - C(S) 16.4( 3) C(6) - C(7) - 	C(8) -0(11) 41.9( 5) 
0(3) - C(2) - C(6) - C(7) -105.0( 3) 0(7) - C(7) - 	C(8) - 0(9) 107.6( 5) 
C(2) - 0(3) - N(4) - 	C(5) 48.3( 3) 0(7) - C(7) - 	C(8) -0(11) -137.7( 4) 
C(2) - 0(3) - N(4) -C(7P) 172.34(23) C(7) - C(8) - 	0(9) -C(10) 93.1(  
0(3) - N(4) - C(S) - C(6) -35.8( 3) 0(11) - C(8) - 	0(9) -C(lO) -24.5(  
0(3) - N(4) - C(5) -C(1P) -158.57(23) C(7) - 	C(8) -0(11) - 	C(l) -74.8( 4) 
C(7P) - N(4) - 	C(S) - C(6) -152.78(25) 0(9) - 	C(8) -0(11) - C(l) 41.4( 4) 
C(7P) - N(4) - C(5) -C(1p) 84.4( 3) C(8) - 0(9) -C(10) - 	C(l) -2.0( 4) 
0(3) - N(4) -C(7P) -C(8P) 25.8( 3) C(5) -C(1P) -C(2P) -C(3P) -176.90(23) 
0(3) -N(4) -C(7P) -C(12P)-158.67(21) C(S) -C(1P) -C(6P) -C(5P) 177.01(22) 
C(5) 	-N(4) -C(7P) -C(8P) 141.06(25) N(4) -C(7P) -C(8P) -C(9P) 175.51(21) 
C(5) 	- N(4) -C(7P) -C(12P) -43.4( 3) N(4) -C(7P) -C(12P)-C(11P)-175.52(21) 
N(4) 	- C(5) - C(6) - C(2) 12.0( 3) 
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Appendix 8 	x-ray Crystallographic Data for Compound (128) 

Figure 22 	 Crystal Structure of Compound (128) 
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Crystal Data:- C13H13N041  K = 247.239  monoclinic, space group P211  a = 

11.0187(22) 9  b = 5.2804(9), c = 11.0088(17), P = 115.074(9), V = 

580.24 ['from 28 values for 31 reflections measured at ±u (28 = 24-26, 

A = 0.71073)], 2 = 2, Dcaic = 1.415 g cm 3, T = 295K, colourless 

needle, 1.19 x 0.042 x 0.077 mm, p = 0.099 mm, F(000) = 260. 

Data Collection and Processing:- StoL9  STADI-4 'four-circle di'ffracto-

meter, graphite-monochromated Mo-Ku  X-radiation, T = 295K 9  w-28 scans 

with w scan width (0.99 + 0.347tan0), 2629 reflections measured 28max 

45 9  h -11 - 11, k -5 4  3, 1 -U 4 11), 1278 unique (Rt = 0.027), 

giving 990 with F 	6o(F) for use in all calculations. 	Despite random 

variations of ±3% in the intensities of the standard reflections, there 

was no evidence for significant crystal decay or movement. 

Structure Solution and Refinement.— Automatic direct methods 	located 

all non-H atoms which were then refined anisotropically, with H atoms in 

fixed, calculated positionsX2, excepting H(70) which was constrained to 

be 0.96A from 0(7). 	At final convergence R, Rw  = 0.0382, 0.0525 

respectively, S = 0.678 for 152 refined parameters and the final áF 

synthesis showed no feature above 0.32 e4. The weighting scheme w' = 

+ 0.00528F2  gave satisfactory agreement analyses and in the final 

cycle 	'max was 0.38. 

Atomic scattering factors were inlaidX2, molecular geometry calculations 

utilised CALCX3 and the Figure was produced by ORTEPIIX4. 
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Table 61 Bond Lengths(A) with standard deviations 

C(1) - 	C(2) 1.510( 6) C(5) -C(1P) 1.465( 	6) 
C(1) -C(lO) 1.509( 6) C(6) - 	C(7) 1.550( 	6) 
C(l) -0(11) 1.430( 5) C(7) - 0(7) 1.431( 	6) 
C(2) - 	0(3) 1.457( 6) C(7) - 	C(8) 1.505( 	6) 
C(2) - C(6) 1.526( 6) C(8) - 0(9) 1.434( 	5) 
0(3) - 	!(4) 1.420( 6) C(8) -0(11) 1.414( 	6) 
N(4) - C(5) 1.276( 6) 0(9) -C(10) 1.449( 	6) 
C(S) - C(6) 1.511( 6) 

Table 6 2 Angles(degrees) with standard deviations 

C(2) - 	C(l) -C(lO) 110.9( 3) C(5) - 	C(6) - C(7) 112.2( 4) 
C(2) - C(1) -0(11) 109.8( 3) C(6) - 	C(7) - 0(7) 113.1( 4) 
C(10) - 	C(1) -0(11) 101.6( 3) C(6) - 	C(7) - 	C(8) 109.7( 4) 
C(1) - 	C(2) - 0(3) 109.4( 4) 0(7) - 	C(7) - 	C(8) 108.8( 4) 
C(1) - 	C(2) - 	C(6) 115.8( 4) C(7) - 	C(8) - 0(9) 110.4( 4) 
0(3) - 	C(2) - 	C(6) 103.9( 4) C(7) - 	C(8) -0(11) 108.7( 4) 
C(2) - 0(3) - N(4) 107.8(  0(9) - C(8) -0(11) 106.6( 4) 
0(3) - N(4) - C(5) 109.6(  C(8) - 0(9) -C(10) 106.9( 3) 
N(4) - C(5) - C(6) 113.2( 4) C(l) -C(10) - 	0(9) 101.8( 3) 
N(4) - 	C(5) -C(1P) 121.0( 4) C(1) -0(11) - C(8) 101.9( 3) 
C(6) - 	C(5) -C(1P) 125.8( 4) C(S) -C(lP) -C(2P) 120.2( 3) 
C(2) - 	C(6) - 	C(5) 99.7( 4) C(S) -C(1P) -C(6P) 119.8( 3) 
C(2) - C(6) - C(7) 114.2( 4) 
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Table 63Selected H atom torsion angles(degrees) with standard deviations 

H(l) - C(1) - 	C(2) H(2) -72.5( 5) C(1P) - 	C(S) - 	C(6) - 	H(6) -43.1( 7) 
H(1) - C(1) - 	C(2) - 	0(3) 51.4( 5) C(2) - 	C(6) - 	C(7) - 	H(7) 149.1( 4) 
H(l) - C(1) - C(2) - 	C(6) 168.3( 4) C(5) - 	C(6) - C(7) - H(7) -98.3( 5) 

C(10) - C(1) - C(2) - H(2) 51.5( 5) H(6) - C(6) - C(7) - 	H(7) 25.9( 6) 
0(11) - C(l) - 	C(2) - 	H(2) 163.0( 4) H(6) - C(6) - C(7) - 0(7) 144.0( 4) 
H(l) - C(l) -C(l0) - 	0(9) -161.9( 4) H(6) - C(6) - C(7) - 	C(8) -94.4( 5) 
H(l) - C(l) -C(10) -H(10A) 79.0( 6) C(6) - C(7) - 0(7) -H(70) 84.0(26) 
11(1) C(1) -C(10) -H(10B) -43.5( 6) H(7) - C(7) - 0(7) -H(70) -158.4(26) 
C(2) - C(l) -C(10) -H(10A) -40.2( 6) C(8) - C(7) - 0(7) -H(70) -38.1(26) 
C(2) - C(1) -C(10) -H(10B)-162.7( 5) C(6) - C(7) - C(8) - H(8) 178.0( 4) 

0(11) - C(l) -C(10) -H(10A)-156.9( 5) H(7) - C(7) - C(8) - H(8) 60.3( 6) 
0(11) - C(l) -C(10) -H(1OB) 80.6( 5) H(7) - C(7) - C(8) - 0(9) -60.8( 6) 
H(1) - C(1) -0(11) - 	C(8) 169.4( 4) H(7) - C(7) - 	C(8) -0(11) -177.4( 4) 
H(2) - C(2) - 0(3) - N(4) -96.4( 5) 0(7) - C(7) - 	C() - H(8) -57.8( 6) 
C(l) - C(2) - 	C(6) - 	H(6) 93.9( 5) H(8) - 	C(8) - 0(9) -C(10) 134.9( 5) 
H(2) - C(2) - C(6) - 	C(5) 101.5( 5) H(8) - 	C(8) -0(11) - 	C(1) -158.2( 5) 
H(2) - C(2) - C(6) - H(6) -22.3( 7) C(8) - 0(9) -C(10) -H(10A) 134.6( 5) 
H(2) - C(2) - C(6) - 	C(7) -138.6( 5) C(8) - 0(9) -C(10) -H(1OB)-102.9( 5) 
0(3) - C(2) - 	C(6) - 	H(6) -146.1( 4) C(5) -C(1P) -C(2P) -H(2P) 0.1( 6) 
N(4) - 	C(5) - 	C(6) - H(6) 138.6( 5) C(5) -C(1P) -C(6P) -H(6P) -0.1( 6) 

Table 64 Torsion angles(degrees) with standard deviations 

C(10) - C(l) - C(2) - 	0(3) 175.3( 3) C(1P) - C(5) - C(6) - 	C(7) 73.0(  
C(10) - C(l) - C(2) - C(6) -67.7( 5) N(4) - C(5) -C(1P) -C(2P) -0.4(  
0(11) - C(1) - 	C(2) - 0(3) -73.1( 4) N(4) - C(5) -C(1P) -C(6P) 179.6( 4) 
0(11) - C(1) - 	C(2) - 	C(6) 43.8( 5) C(6) - C(5) -C(1P) -C(2P) -178.7( 4) 
C(2) - C(1) -C(10) - 0(9) 78.9( 4) C(6) - C(5) -C(1P) -C(6P) 1.4( 6) 

0(11) - C(1) -C(i0) - 0(9) -37.8( 4) C(2) - C(6) - 	C(7) - 0(7) -92.9(  
C(2) - C(1) -0(11) - C(8) -71.6( 4) C(2) - 	C(6) - 	C(7) - 	C(8) 28.8(  
C(10) - C(1) -0(11) - C(8) 45.9( 4) C(5) - 	C(6) - C(7) - 0(7) 19.7( 5) 
C(l) - C(2) - 0(3) - 	N(4) 147.2( 3) C(S) - C(6) - C(7) - C(8) 141.4( 4) 
C(6) - C(2) - 0(3) - 	N(4) 22.9( 4) C(6) - C(7) - C(8) - 	0(9) 56.9( 5) 
C(1) - C(2) - 	C(6) - 	C(S) -142.3( 4) C(6) - C(7) - C(8) -0(11) -59.7( 5) 
C(l) - C(2) - 	C(6) - 	C(7) -22.4( 5) 0(7) - C(7) - C(8) - 0(9) -178.9( 3) 
0(3) - C(2) - C(6) - C(S) -22.3( 4) 0(7) - 	C(7) - 	C(8) -0(11) 64.5( 5) 
0(3) - C(2) - C(6) - C(7) 97.6( 4) C(7) - C(8) - 	0(9) -C(10) -105.2( 4) 
C(2) - 0(3) - N(4) - 	C(5) -13.6( 5) 0(11) - C(8) - 0(9) -C(10) 12.6( 4) 
0(3) - 	N(4) - C(5) - 	C(6) -2.3( 5) C(7) - 	C(8) -0(11) - 	C(l) 81.9( 4) 
0(3) - N(4) - C(5) -C(1P) 179.3(  0(9) - 	C(8) -0(11) - 	C(1) -37.0( 4) 
N(4) - C(5) - 	C(6) - C(2) 15.9(  C(8) - 0(9) -C(10) - C(1) 15.5( 4) 
N(4) - C(S) - C(6) - 	C(7) -105.3( 5) C(5) -C(1P) -C(2P) -C(3P) -179.9( 3) 

C(1P) - C(5) - 	C(6) - 	C(2) -165.7( 4) C(S) -C(IP) -C(6P) -C(5P) 179.9( 3) 
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Appendix 9 	x-ray Crystallographic Data for Compound (137) 

Figure 23 	Crystal Structure of Compound (137) 
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Crystal Data:- C10102061 H = 306.24, monoclinic, space group P21, a = 

10.15809), b = 5.8184(7), c = 12.1470(l14, 	= 107.186(11)° , v = 

685.94 [from 28 values for 29 reflections measured at ±w (28 = 30-32, 

A = 0.710734)], Z = 2, Dcalc = 1.483 g cm 39  T = 295K 9  colourless lath, 

0.96 x 0.31 x 0.12 mm, .i = 0.110 mm', F(000) = 320. 

Data Collection and Processing:- Sto STADI-4 four-circle diffracto- 

meter, 	 Mo-Ku. X-radiation, T = 295K, u-28 scans 

using the learnt-Profile methodXS, 1007 unique reflections 28max 	h 

-10 4 10, k 0 4 6, .1 0 4  13), giving 954 with F 	6u(F) for use in all 

calculations. No significant crystal decay or movement was apparent. 

Structure Solution and Refneient:- Automatic direct methods 	located 

all non-H atoms which were then refined anisotropjcally, with H atoms in 

fixed, calculated po51tiot sx2, excepting H(70) which was freely refined. 

At final convergence R, Rw = 0.0367, 0.0556 respectively, S = 1.355 for 

190 refined parameters and the final AF synthesis showed no peak above 

0.24 e4 3. A secondary extinction coefficient refined to 1.3(3) x 10, 

the weighting scheme w 1  = o2(F) + 0.00106F2  gave satisfactory agreement 

analyses and in the final cycle (O/or) max  was 0.06. 

Atomic scattering factors were inlaidX21  molecular geometry calculations 

utilised CALCX3  and the Figure was produced by ORTEPIIX4. 
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Table 65 Bond Lengths(A) with standard deviations 

C(l) - C(2) 1.504( 6) C(7) - 0(7) 1.412( 5) 
C(1) -C(lO) 1.502( 7) C(7) - C(8) 1.544( 6) 
C(l) -0(11) 1.421( 6) C(7) -C(1N) 1.526( 6) 
C(2) - 0(3) 1.448( 5) C(8) - 0(9) 1.414( 6) 
C(2) - C(6) 1.537( 5) C(8) -0(11) 1.402( 6) 
0(3) - 	N(4) 1.430( 5) 0(9) -C(10) 1.453( ;) 
N(4) - C(5) 1.280( 5) C(1N) -N(1N) 1.487( 6) 
C(S) - 	C(6) 1.513( 5) N(1N) -0(1N) 1.213( 5) 
C(5) -C(1P) 1.466( 5) N(1N) -0(2N) 1.208( 5) 
C(6) - C(7) 1.559( 5) 

Table 66 Angles(degrees) with standard deviations 

C(2) - C(l) -C(lO) 110.3( 4) C(6) - C(7) -C(1N) 107.4( 3) 
C(2) - C(l) -0(11) 109.0( 4) 0(7) - C(7) - 	C(8) 108.8( 3) 
C(10) - C(1) -0(11) 103.3( 4) 0(7) - C(7) -C(1N) 112.1( 3) 
C(1) - C(2) - 0(3) 108.9( 3) C(8) - C(7) -C(1N) 112.4( 3) 
C(1) - C(2) - 	C(6) 115.1( 3) C(7) - C(8) - 0(9) 110.4( 4) 
0(3) - 	C(2) - C(6) 104.6( 3) C(7) - C(8) -0(11) 110.2( 4) 
C(2) - 0(3) - N(4) 106.9( 3) 0(9) - 	C(8) -0(11) 106.7( 4) 
0(3) - N(4) - 	C(5) 109.8( 3) C(8) - 0(9) -C(10) 107.2( 4) 
N(4) - C(5) - 	C(6) 113.3( 3) C(1) -C(lO) - 	0(9) 102.2( 4) 
(4) - C(S) -C(1P) 118.2( 3) C(l) -0(11) - 	C(8) 102.2( 3) 
C(6) - C(5) -C(1P) 128.5( 3) C(7) -C(1N) -N(1N) 112.1( 3) 
C(2) - C(6) - C(5) 98.9( 3) C(1N) -N(1N) -0(1N) 118.4( 4) 
C(2) - C(6) - 	C(7) 115.6( 3) C(1N) -N(lN) -0(2rfl 119.2( 4) 
C(S) - C(6) - C(7) 112.9( 3) 0(1N) -N(1N) -0(2N) 122.4( 4) 
C(6) - C(7) - 0(7) 107.2( 3) C(5) -C(1P) -C(2P) 119.4( 3) 
C(6) - C(7) - C(8) 108.8( 3) C(5) -C(1P) -C(6P) 120.2( 3) 
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Table 67 Torsion angles(degrees) with standard deviations 

C(10) - C(1 - C(2) - 	0(3) 177.0(  C(2) - C(6) - C(7) - 	0(7) -93.3( 4) 
C(lO) - 	C(l) - 	C(2) - 	C(6) -66.0(  C(2) - 	C(6) - 	C(7) - 	C(8) 24.1( 4) 
0(11) - C(l) - C(2) - 	0(3) -70.2( 4) C(2) - 	C(6) - 	C(7) -C(1N) 146.0( 3) 
0(11) - 	C(1) - 	C(2) - C(6) 46.8( 5) C(5) - 	C(6) - 	C(7) - 	0(7) 19.5( 4) 
C(2) - C(1) -C(1O) - 	0(9) 86.1( 4) C(5) - 	C(6) - 	C(7) - 	C(8) 137.0( 3) 

0(11) - C(1) -C(lO) - 0(9) -30.3( 5) C(5) - 	C(6) - C(7) -C(1N) -101.1( 4) 
C(2) - 	C(l) -0(11) - C(8) -74.8( 4) C(6) - C(7) - C(8) - 0(9) 63.4( 4) 

C(lO) - C(l) -0(11) - C(8) 42.5( 4) C(6) - C(7) - C(S) -0(11) -54.2( 4) 
C(l) - 	C(2) - 	0(3) - 	N(4) 148.1( 3) 0(7) - C(7) - C(S) - 0(9) 179.9( 3) 
C(6) - C(2) - 0(3) - 	N(4) 24.6( 4) 0(7) - C(7) - C(8) -0(11) 62.3( 4) 
C(l) - C(2) - C(6) - C(5) -142.9( 3) C(1N) - 	C(7) - C(8) - 0(9) -55.3( 5) 
C(1) - C(2) - C(6) - C(7) -22.2( 5) C(1N) - 	C(7) - C(8) -0(11) -173.0( 3) 
0(3) - C(2) - C(6) - 	C(5) -23.5( 4) C(6) - C(7) -C(1N) -N(1N) 172.8( 3) 
0(3) - C(2) - C(6) - 	C(7) 97.3( 4) 0(7) - C(7) -C(1N) -N(1N) 55.3( 4) 
C(2) - 0(3) - 	N(4) - 	C(5) -15.2( 4) C(8) - C(7) -C(1N) -N(lN) -67.6( 4) 
0(3) - 	N(4) - 	C(5) - 	C(6) -1.4( 5) C(7) - 	C(8) - 0(9) -C(10) -100.3( 4) 
0(3) - N(4) - C(S) -C(1P) 179.3( 3) 0(11) - C(8) - 0(9) -C(10) 19.5( 5) 
N(4) - C(5) - C(6) - 	C(2) 15.9( 4) C(7) - 	C(8) -0(11) - C(1) 80.9( 4) 
N(4) - 	C(S) - C(6) - 	C(7) -106.8( 4) 0(9) - C(8) -0(11) - C(1) -39.0( 4) 

C(1P) - 	C(S) - 	C(6) - C(2) -164.8( 4) C(8) - 0(9) -C(10) - 	C(1) 6.9( 5) 
C(1P) - 	C(S) - C(6) - 	C(7) 72.5( 5) C(7) -C(1N) -N(1N) -0(1N) 74.7( 5) 

N(4) - C(5) -C(1P) -C(2P) 35.1( 5) C(7) -C(1N) -N(1N) -0(2N) -104.8( 4) 
N(4) - C(S) -C(1P) -C(6P) -137.9( 4) C(S) -C(1P) -C(2P) -C(3P) -173.1( 3) 
C(6) - 	C(S) -C(1P) -C(2P) -144.1( 4) C(5) -C(1P) -C(6P) -C(SP) 173.0( 3) 
C(6) 	- C(5) -C(1P) -C(6P) 42.8( 5) 

Table 68 Selected H atom torsion angles(degrees) with standard deviations 

H(l) - C(l) - C(2) - H(2) -69.8( 5) H(6) - C(6) - 	C(7) -C(1N) 23.4( 4) 
H(l) - C(l) - C(2) - 0(3) 53.7( 5) C(6) - C(7) - 0(7) -H(70) -82.6(93) 
H(l) - C(1) - 	C(2) - 	C(6) 170.7( 4) C(8) - C(7) - 0(7) -H(70) 159.8(93) 

C(lO) - C(l) - C(2) - H(2) 53.4( 5) C(1N) - C(7) - 0(7) -H(70) 34.9(93) 
0(11) - C(l) - C(2) - H(2) 166.2( 4) C(6) - C(7) - 	C(8) - H(8) -175.6( 4) 
H(l) - C(l) -C(10) - 0(9) -153.7( 5) 0(7) - C(7) - 	C(8) - 	H(8) -59.1( 5) 
H(1) - 	C(l) -C(lO) -H(10A) 87.6( 7) C(lfl - C(7) - 	C(8) - 	11(8) 65.7( 5) 
H(l) - C(1) -C(1O) -H(10B) -34.8( 7) C(6) - C(7) -C(N) -H(1NA) 52.4( 5) 
C(2) - C(1) -C(10) -H(10A) -32.6( 7) C(6) - C(7) -C(1N) -H(1NB) -66.8( 5) 
C(2) - 	C(1) -C(lO) -H(I0B)-155.0( 5) 0(7) - C(7) -C(1N) -H(1NA) -65.1( 5) 

0(11) - C(l) -C(lO) -H(10A)-149.0( 5) 0(7) - C(7) -C(1N) -H(1NB) 175.7( 4) 
0(11) - C(l) -C(lO) -H(10B) 88.6( 6) C(S) - C(7) -C(lN) -H(1NA) 172.0( 4) 
H(l) - C(1) -0(11) - 	C(8) 165.1( 5) C(8) - C(7) -C(1N) -H(1NB) 52.9( 5) 
H(2) - C(2) - 0(3) - 	N(4) -9.8( 5) 11(8) - C(8) - 	0(9) -C(lO) 140.8( 5) 
C(1) - C(2) - C(6) - H(6) 92.8( 5) 11(8) - 	C(8) -0(11) - C(1) -160.0( 4) 
11(2) - C(2) - C(6) - 	C(S) 100.0( 4) C(8) - 	0(9) -C(10) -H(1OA) 125.6( 5) 
H(2) - C(2) - C(6) - H(6) -24.2' 6) C(8) - 	0(9) -C(lO) -H(10B)-112.1( 6) 
11(2) - C(2) - C(6) - 	C(7) -139.2( 4) H(1NA)-C(lN) -N(1N) -0(1N) -164.9( 4) 
0(3) - 	C(2) - C(6) - 	11(6) -147.8( 4) H(1NA)-C(1N) -N(1N) -0(2N) 15.6( 6) 
N(4) - C(5) - 	C(6) - 	11(6) 138.3( 4) H(1NB)-C(lN) -N(1N) -0(1N) -45.7( 6) 

C(1P) 	- C(5) - C(6) - 	11(6) -42.4( 6) H(lNB)-C(lN) -N(1N) -0(2N) 134.8( 5) 
H(6) 	- C(6) - C(7) - 0(7) 144.0( 4) C(S) -C(1P) -C(2P) -H(2P) 6.9( 5) 
:-1(6) 	- C(6) - C(7) - C(8) -98.5( 4) C(S) -C(1P) -C(6P) H(6P) 7.0( 5) 
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Appendix io 	X-ray Crystallographic Data for Compound (142) 

Figure 24 	Crystal Structure of Compound (142) 
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Crystallographic Data for (142) 

Crystal Data:- C13H1NO2, M = 313.22, monoclinic, 	space group 

P21, 	a = 8.640(2), b = 9.453(2), c = 9.087(2)A, 	13 = 117.68(1)°, 

V 	= 	657.2A 3 	[from setting angles for 10 hO] and 4 OkO data, 

20 = 536°, 	=0.71073A] , 2 = 2, Dcaic = 1.583 g cm 	3,  T = 295K, 

colourless needle, 0.8 x 0.2 x 0.08 mm, 	t = 0.125 mm-1 , 

F(000) = 328. 

Data Collection and Processing: - Stoë STADI-2 2-circle diffrac- 

tometer, 	graphite monochromated MoKa X-radiation, 	T = 295K, 

w-scans with w-range (1 .0+0.5sint/tan0)° , 1221 unique reflections 

(2emax  50', 	h: -10 -> 10, 	k: 	0 -> 10, 1: 0 -> 10) giving 1098 

with F 	1 6a(F) for use in all calculations. 	No significant 

crystal decay or movement was apparent. 

Structure Solution and Refinement:- Automatic direct methodsxl 

located all non-hydrogen atoms which were then refined anisotro-

pically; hydrogen atoms were located and refined positionally 

with fixed temperature factors of U = 0.05A2. 	At final conver- 

gence, 	R, R 	= 0.032, 	0.041 respectively, 	S = 1.48 for 243 

refined parameters and the final difference synthesis showed no 

peak or trough outside ±0.2 eA 3. No extinction or absorption 

corrections were made. 	The weighting scheme w 1 	al (T) + 

0.000511F 2 	gave satisfactory agreement analyses, and in the 

final cycle, the maximum shift over error was 0.18. 

InlaidX 2  atomic scattering factors were used, molecular 

geometry calculations utilised CALCX 4, and the Figure was 

produced by PLUTO 
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Table 69 	Bond Lengths(A) with 	standard deviations 

C(1) - 	0(1) 1.436( 5) C(11) -C(12) 1.521( 6) 
C(1) - 	C(2) 1.548( 5) C(11) -0(15) 1.412( 5) 
C(1) - 	0(5) 1.406( 5) 0(11) -C(16) 1.431( 6) 
0(1) - 	C(6) 1.450( 5) C(12) -0(12) 1.210( 6) 
C(2) - 0(2) 1.428( 4) C(12) -C(13) 1.536( 5) 
C(2) - 	C(3) 1.524( 5) C(13) -C(14) 1.569( 5) 
C(2) -C(13) 1.543( 5) C(14) -C(15) 1.532( 5) 
C(3) - 	C(4) 1.530( 5) C(14) -C(20) 1.544( 5) 
C(4) - 	C(S) 1.539( 5) C(15) -0(15) 1.452( 5) 
C(4) -C(20) 1.539( 5) C(15) -C(16) 1.517( 6) 
C(S) - 0(5) 1.448(  C(20) -N(21) 1.527( 5) 
C(S) - 	C(6) 1.521(  N(21) -0(22) 1.220( 5) 
C(11) -0(11) 1.406( 6) N(21) -0(23) 1.221( 5) 

Table 70 Angles(degrees) with standard deviations 

0(1) - CO) - C(2) 110.1( 3) C(11) -0(11) -C(16) 106.4( 4) 
0(1) - 	C(1) - 0(5) 104.5( 3) C(11) -C(12) -0(12) 120.0( 4) 
C(2) - 	C(1) - 0(5) 111.1( 3) C(11) -C(12) -C(13) 115.4( 3) 
C(1) - 	0(1) - 	C(6) 106.3( 3) 0(12) -C(12) -C(13) 124.6( 4) 
C(1) - 	C(2) - 0(2) 103.0( 3) C(2) -C(13) -C(12) 110.8( 3) 
C(1) - 	C(2) - 	C(3) 108.2( 3) C(2) -C(13) -C(14) 114.7( 3) 
C(I) - 	C(2) -C(13) 111 .7 ( 3) C(12) -C( 13) -C( 14) 110.3( 3) 
0(2) - C(2) - 	C(3) 113.1( 3) C(13) -C(14) -C(15) 110.7( 3) 
0(2) - C(2) -C(13) 112.4( 3) C(13) -C(14) -C(20) 112.1( 3) 
C(3) - 	C(2) -C(13) 108.4( 3) C(15) -C(14) -C(20) 110.5( 3) 
C(2) - 	C(3) - C(4) 107.1( 3) C(14) -C(15) -0(15) 109.4( 3) 
C(3) - 	C(4) - 	C(S) 109.5( 3) C(14) -C(15) -C(16) 113.1( 3) 
C(3) - 	C(4) -C(20) 107.2( 3) 0(15)   101.6( 3) 
C(S) - 	C(4) -C(20) 112.5( 3) C(11) -0(15) -C(15) 101.2( 3) 
C(4) - C(S) - 0(5) 108.5( 3) 0(11) -C(16) -C(15) 104.6( 4) 
C(4) - 	C(S) - C(6) 112.7( 3) C(4) -C(20) -C(14) 116.6( 3) 
0(5) - 	C(S) - C(6) 100.5( 3) C(4) -C(20) -N(21) 107.4( 3) 
C(1) - 0(5) - 	C(5) 101.5( 3) C(14) -C(20) -N(21) 110.6( 3) 
0(1) - C(6) - C(S) 103.4( 3) C(20) -N(21) -0(22) 120.1( 3) 
0(11) -C(11) -C(12) 109.9( 4) C(20) -N(21) -0(23) 116.1( 3) 
0(11) -C(11) -0(15) 107.0( 3) 0(22) -N(21) -0(23) 123.8( 4) 
C(12) -C(11) -0(15) 107.6(3) 

Table 71 Bond Lengths(A) involving hydrogen 

C(1) - 	H(1) 1.02( 5) C(11) -H(11) 1.00( 5) 
0(2) - 	H(2) 0.81( 4) C(13) -H(13) 0.91( 4) 
C(3) -H(3A) 1.02( 4) C(14) -F1(14) 0.92( 4) 
C(3) -H(3B) 1.03( 4) C(15) -H(15) 1.02( 4) 
C(4) - H(4) 0.94( 5) C(16) -H(16A) 0.90( 4) 
C(S) - H(S) 0.94( 4) C(16) -H(16B) 1.04( 4) 
C(6) -H(6A) 1.07(  C(20) -H(20) 1.06( 4) 
C(6) -H(6B) 0.89(  
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Table 72 Torsion angles (degrees) with standard deviations 

C(2) 	- C(1) - 	0(1) - 	C(6) -93.2(3) C(12) -C(11) -0(11) -C(16) -90.7(4) 
0(5) 	- C(1) - 	0(1) - 	C(6) 26.2(4) 0(15) -C(1l) -0(11) -C(16) 25.8(4) 
0(1) 	-C(1) -C(2) -0(2) -70.1(3) 0(11) -C(11) -C(12) -0(12)--121.9(4) 
0(1) 	- C(1) - 	C(2) - 	C(3) 49.9(4) 0(11) -C(11) -C(12) -C(13) 58.8(5) 
0(1) 	- C(1) - 	C(2) -C(13) 169.1(3) 0(15) -C(11) -C(12) -0(12) 122.0(4) 
0(5) 	- C(1) - 	C(2) - 0(2) 174.6(3) 0(15) -C(11) -C(12) -C(13) -57.3(4) 
0(5) 	- C(1) - 	C(2) - 	C(3) -63.4(4) 0(11) -C(11) -0(15) -C(15) -42.7(4) 
0(5) 	- C(1) - C(2) -C(13) 53.8(4) C(12) -C(11) -0(15) -C(15) 75.4(4) 
0(1) 	- C(1) - 0(3) - 	C(5) -46.2(3) C(11) -0(11) -C(16) -C(15) 1.3(4) 
C(2) 	- C(1) - 0(5) - C(S) 72.5(3) C(11) -C(12) -C(13) - C(2) 163.3(3) 
C(1) 	- 0(1) - 	C(6) - C(S) 3.3(4) C(11) -C(12) -C(13) -C(14) 35.2(4) 
C(1) 	- C(2) - C(3) - 	C(4) 52.0(4) 0(12) -C(12) -C(13) - C(2) -16.1(5) 
0(2) 	- C(2) - CO) - C(4) 165.4(3) 0(12) -C(12) -C(13) -C(14)-144.2(4) 
C(13)- C(2) - 	C(3) - 	C(4) -69.3(4) C(2) -C(13) -C(14) -C(15)-160.7(3) 
C(l) 	- C(2) -C(13) -C(12) 168.6(3) C(2) -C(13) -C(14) -C(20) -36.9(4) 
C(1) 	- C(2) -C(13) -C(14) -65.7(4) C(12) -C(13) -C(14) -C(15) -34.8(4) 
0(2) 	- C(2) -C(13) -C(12) 53.4(4) C(12) -C(13) -C(14) -C(20) 89.1(3) 
0(2) 	- C(2) -C(13) -C(14) 179.1(3) C(13)   -0(15) 58.2(4) 
C(3) 	- C(2) -C(13) -C(12) -72.3(4) C(13)    -54.3(4) 
C(3) 	- C(2) -C(13) -C(14) 53.4(4) C(20) -C(14) -C(15) -0(15) -66.6(4) 
C(2) 	- C(3) - 	C(4) - C(S) -53.9(4) C(20) -C(14) -C(15) -C(16)-179.1(3) 

-  - 	C(4) -C(20) 68.4(4) C(13) -C(14) -C(20) - C(4) 37.6(4) 
C(3) 	- C(4) - C(5) - 0(5) 65.7(4) C(13) -C(14) -C(20) -N(21) 160.6(3) 
C(3) 	- C(4) - C(S) - C(6) -44.6(4) C(15) -C(14) -C(20) - C(4) 161.6(3) 
C(20)- C(4) - C(S) - 0(5) -53.3(4) C(15) -C(14) -C(20) -N(21) -75.4(4) 
C(20)- C(4) - C(S) - 	C(6)-163.7(3) C(14) -C(15) -0(15) -C(11) -78.6(4) 
C(3) 	- C(4) -C(20) -C(14) -53.5(4) C(16) -C(15) -0(15) -C(11) 41.2(4) 
C(3) 	-C(4) -C(20) -N(21)-178.2(3) C(14) -C(15) -C(16) -0(11) 90.8(4) 
C(5) 	- C(4) -C(20) -C(14) 66.8(4) 0(15) -C(1S) -C(16) -0(11) -26.4(4) 
C(S) 	- C(4) -C(20) -N(21) -37.8(4) C(4) -C(20) -N(21) -0(22) 124.0(4) 
C(4) 	- C(5) - 	0(5) - 	C(1) -71.7(3) C(4) -C(20) -N(21) -0(23) -55.8(4) 
C(6) 	- C(S) - 0(5) - 	C(1) 46.7(3) C(14) -C(20) -N(21) -0(22) -4.2(5) 
C(4) 	- C(5) - C(6) - 	0(1) 85.0(4) C(14) -C(20) -N(21) -0(23) 175.9(3) 
0(5) 	- C(S) - 	C(6) - 	0(1) -30.3(4) 

Table 73 Angles(degrees) involving hydrogen 

H(1) - 	C(1) - 	0(1) 109.2(25) 0(11) -C(11) -H(11) 116.4(26) 
H(1) -C(1) -C(2) 111.8(25) H(11) -C(11) -C(12) 105.0(26) 
H(1) -C(1) -0(5) 109.9(25) H(11) -C(11) -0(15) 110.7(26) 
C(2) - 0(2) - 	H(2) 105.8(31) C(2) -C(13) -H(13) 108.6(28) 
C(2) - C(3) -H(3A) 112.1(25) C(12) -C(13) -H(13) 102.5(28) 
C(2) - C(3) -H(3B) 106.4(24) H(13) -C(13) -C(14) 109.2(28) 
H(3A) - 	C(3) -H(3B) 109.4(33) C(13) -C(14) -H(14) 108.4(27) 
H(3A) - C(3) - C(4) 109.6(25) H(14) -C(14) -C(15) 108.7(27) 
H(3B) - 	C(3) - C(4) 112.2(24) H(14) -C(14) -C(20) 106.2(27) 
C(3) - C(4) - 	H(4) 110.1(29) C(14) -C(15) -H(1S) 113.4(24) 
H(4) - 	C(4) - C(S) 109.4(29) H(15) -C(15) -0(15) 106.3(24) 
H(4) - C(4) -C(20) 108.2(29) H(15) -C(15) -C(16) 111.9(24) 
C(4) - C(S) - 	H(S) 109.5(26) 0(11) -C(16) -H(16A) 104.2(28) 
H(5) - C(S) - 0(5) 109.9(26) 0(11) -C(16) -H(16B) 113.8(24) 
11(5) - C(S) - C(6) 115.3(26) C(15) -C(16) -H(16A) 109.5(28) 
0(1) - 	C(6) -H(6A) 108.2(24) C(15) -C(16) -H(16B) 107.4(24) 
0(1) -C(6) -H(6B) 109.3(29) H(16A)-C(16) -H(16B) 116.6(37) 
C(S) - C(6) -H(6A) 118.0(24) C(4) -C(20) -H(20) 106.3(23) 
C(S) - C(6) -H(6B) 110.7(29) C(14) -C(20) -H(20) 110.7(23) 
H(6A) - C(6) -H(6B) 107.0(38) H(20) -C(20) -N(21) 104.5(23) 
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