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A B S T R A C T

I. Acid catalysed formation of butylidene acetals of certain

polyols and ^galactose was., studied,

i) Galactitol afforded the 1,3~0-butylidene and 2,3-0-butylidene 

monoacetals without any kinetically controlled product,

ii) 1-Deoxy-B-galactitol (l^fucitol) produced 4»6-0-butylidene- 

1-deoxy-B^galactitol as main product together with a stereoisomeric 

mixture of 2,3-monoacetals and a pure 4,5-monoacetal,

iii) Galactitol under stronger conditions initially produced a 

complex mixture from which was isolated 2;3:4,5-di-0-butylidene 

acetal and another dibutylidene acetal with the probable structure 

of 2,4:5,6-di-O-butylidene acetal in small yields and 1,3:2,4:5,6- 

tri-O-butylidene-DL-galactitol and 1,3:4,6-di-O-butylidenegalactitol 

in moderate yields. Longer reaction times afforded the 1,3:4,6-di-

O-butylidenegalactitol as the main product with a considerable amount 

of 1,3:2,4 :5,6-triacetal.

iv) 3-0-Methyl-^glucitol afforded a stereoisomeric mixture of 

2,4 :5,6-di-0-butylideneacetal as the only diacetal,

v) 1-Deoxy-D-glucitol gave the 2,4:5,6-di-O-butylidene derivative 

as the main diacetal.

vi) 2-Deoxy-^glucitol gave an unidentified kinetically controlled 

product and 1,3:4,6-di-0-butylideneacetal as the thermodynamically 

controlled diacetal.

vii) D-Galactose afforded the 4,6-0-butylidene derivative as the 

main monoacetal.



II. A new method for separating the five and six-memhered cyclic 

acetals of polyols on basic resin Dowex-1 x 8 (OH") is described.

III. Hudear magnetic resonance spectroscopy and mass spectrometry

were used for characterisations and structural analysis of the

butylidene acetals.

IV. The possibility of utilization of c-OH vicinal

coupling constants in deriving structural information about cyclic 

acetals is discussed.
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I. IHTRODUCTIOH

Cyclic acetals are the condensation products of polyhydroxy 

compounds with aldehydes and ketones. The reaction usually requires 

an acid catalyst. The most commonly used acids are the mineral acids 

and some Lewis acids such as zinc chloride.

The mechanism for the cyclic acetal formation is usually 

represented as shovm below (Fig. 1-1

R H C = 0  4. H* (RHCOH) (I)

^HOH .  (R H C O H )' = -  W

I I

I I

- |^ Ç H - Ô = C H R  ± 1  Ç H -0 .  ^

I I
I

(m.)

Fig. 1-1

First step is the formation of a conjugated acid(l) which reacts 

with one of the nucleophilic hydroxyl group oxygens, to form a hemi- 

acetal(ll) and then th^i intermediatefreacts with the second hydroxyl 

group forming an acetal ring. The hemi-acetal formation in simple 

triols preferentially occurs on the primary hydroxyls^ but this 

situation is complicated in the case of the higher polyhydric alcohols 

such as ^glucitol. • In 1-deoxy derivative of L^glucitol, initial 

formation of intermediate products suggests that hemi-acetal formation 

does not involve the primary hydroxyl group. This is probably

R. a  a



because, the deoxy group enhances the nucleophilicity of the adjacent 

hydroxyl group.^

The most . important industrial use of acetals is in the resins field. ' 

Some of the polymeric products have been patented.^’ ^ It has also 

been observed that some methylated 2,4-nionoacetals of D-glucitol 

provide protection against carbon tetrachloride ind^iced liver damage in
5rats. The importance of cyclic acetal derivatives as protecting 

groups in carbohydrate chemistry is well recognised.^ This arises 

from the fact that cleavage of the acetal group under mild acid 

conditions does not result in a change of the stereochemistry of the 

original carbohydrate molecule. Isopropylidene derivatives are 

usually used for this purpose, because they can be easily synthesised 

and removed under very mild conditions. Isopropylidene and other 

ketals favour the formation of five-membered acetal rings but aldehydes 

tend to yield six-membered rings,^ therefore when the protection of 

alternate hydroxyl groups is required, benzylidene acetals are more 

commonly used. The role of acetal protection in synthetic carbohydrate 

chemistry can be demonstrated as follows in preparation of L-xylose 

from D-glucitol (Pig. 1-2)

CH^OH

i v  V h c  , o H , H
I / ' P h  I /

H-C— 0 H-C —  O
I IH-C-OH CEO
ICH^OH 2

2,4-0~Benzylidene-D-glucitol L-Xylose

Fig. 1-2



For a given hydroxy compound, the number of theoretically possible

isomers can be very high. Formally, in practice, the structural

isomers formed during an acetalation reaction is far less than that

exp)ected from theoretical considerations. For example, although eight

and nine-membered cyclic acetals are possible, such structures have

never been observed. Even the seven-membered acetal rings are rarely,

observed. The most common acetal rings are the six-membered 1,3-dioxane

rings, possibly because the rings can take the stable chair
8conformations (Fig. 1-3).

H

H

Fig. 1-3

Five—membered acetal rings are also quite common. These are 

in fact the derivatives of 1,3-dioxolane, therefore they are named as

1,3-dioxolane derivatives, e.g. 1,2-0-alkylideneglycerol or 2-alkyl-4- 

hydroxymethyl-1,3-dioxolane (Fig. 1-4).^



C—H
4.; c — H

H O H g C /  \ q -
3

i / H

Fis. 1-4

Pre-knowledge of types of structural isomers obtainable from a

given acetalation reaction is desirable. The rules of Barker and 
3 10Bourne ’ are extremely useful for this purpose. In these rules the 

Greek letters a, P and Y used to indicate the relative positions 

of the hydroxyl groups involved in the acetal formation. An a-ring 

represents a five-membered ring (l,3-dioxolane), a P-ring represents 

a six-membered ring (1,3-dioxane) and à Y -ring represents a seven- 

membered ring (1,3-dioxepane). The letters (t) and (c) represent the 

relative stereochemistry of hydroxyl groups in a polyol. According 

to the Fischer projection formula, the hydroxyl groups which are on the 

same side of the carbon chain are called cis (C) and those which are on 

the opposite side of the carbon chain called trans (t). Later trans (t) 

and cis (c) were replaced by threo and erythro respectively.^^

The Barker and Bourne rules are as follows:

(i) p-Erythro-rings are the most preferred ones in the formation of 

cyclic acetals, in which large groups at positions 2, 4 and 6 are 

equatorial, (pig. 1-5).



R,
"C“OH -C — Ov p H

RCHO I \ / H  _  T ^ o ^ RC- ---► - c -  c
I I ~  ^ 2 ^ 0C" OH - Q—  o
Rz R;

Pig. 1-5

(ii) The second preference is for P-rings in which one of the 

primary hydroxyl groups of the polyol is involved in the acetal 

formation (Fig. 1-6).

C H j O H  ■ H j C  “ O .  „  ,Î f / ^ \
C-OH - 0 - 0

R, R,

Fig. 1-6 
(X,

(iii) The third preference is for*q-threo, P-threo and Y -threo rings 

The a-threo rings are formed from two neighbouring secondary hydroxyl 

groups in threo configuration (Fig. 1-7).



-C-OH

H O C -
I
I

R.

RCHO
— —

Pi
- C - 0

0 - C -
I

R,

Fig. 1-7

H R

The p-threo rings involve two alternate secondary hydroxyl groups 

in threo configurations (Fig. 1-8, a) and g-erythro rings are formed 

from neighbouring secondary hydroxyl groups in erythro configuration 

(Pig. 1-8,t).

R

H

R,
I

-c —  o 
I

-C —  o
I
I

R«

HR (t)

Fig. 1-8



A Y -threo ring usually adopts a skew conformation (Fig. I-9) .12

RII
C

-C -

-c-
—  C “

I
I

R 2

Pig. 1-9

At equilibrium, the reaction mixture usually contains the isomers

with P-erythro and p-rings in higher yields, as the thermodynamically

stable products. But in the early stages of acétalisation, relatively

less stable acetals can be the chief products.

It is known that polyols normally adopt planar zig-zag

conformations in the crystalline state when 1,3-diaxial interactions

are not p r e s e n t . H o w e v e r  in solution, these polyols can adopt
14several twisted conformations which may partly explain the formation 

of kinetically controlled products during the initial stages of an 

acetalation reaction. At equilibrium,products with the lowest free 

energy are dominant regardless of the original conformation of the 

polyol.
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It will "be profitable to reconsider some of the factors that may 

affect the acetalation reactions in the light of the latest discovered 

conformational facts. It is now known that in solution, acyclic 

derivatives of polyols with the xylo configuration of hydroxyl groups 

will exist in a twisted conformation about the carbon-carbon bonds which 

carry the hydroxyl groups in syn-axial p o s i t i o n s . D i s t o r t i o n  is 

caused by syn-axial interactions of hydroxyl groups (Fig, I-IO).

OHHO

HO

a) Fully extended coplanar zig-zag 
conformation of xylitol.

Calculated non-bonded interaction 
energy 2̂  kcal mol"1.

Hif— OH 
C H 2O H

b) Conformation a) rotated about 
C^-C^ bond by 120°.

Calculated non-bonded interaction 
energy 1.8 kcal mol"1.

Fig. 1-10

D-Glucitol has been shown to exist as a bent molecule'^ in the 

crystalline state. Figure 1-11 shows the syn-axial interactions in this 

polyol, when the carbon chain is in the planar zig-zag conformation.

OHHO

HO OH

OH

. Fig. 1-11



The hent-conformation of ^gluoitol can partially explain the 

kinetically controlled formation of 2,3-monoacetals of this polyol and 

its derivatives.^^' The polyols with hent conformations must he

energetically less stable than non-hent molecules because in the latter 

case the carbon chain possess a stable zig-zag conformation in which 

the syn-axial interactions are non existent. .The carbon chain in 

D-glucitol can regain its zig-zag conformation with the formation of

2,4-monoacetal derivatives (Fig. 1-12) and with the elimination of syn- 

axial interactions in this molecule. This could probably be another 

reason for the thermodynamic stability of this type of ring in D-glucitol,

rOH

R
OH

OH

• Fig. 1-12

18It has been pointed out by J.A. Mills that an axial hydroxyl group

on a six-membered acetal ring may be preferred to the equatorial one.

Thus the benzylidenation of arabinitol favoured the formation of a 
191,3-monoacetal where the hydroxyl group on C-2 is axial to the ring, and 

not the formation of a 3,5-monoacetal in which the hydroxyl group occupies 

the equatorial position (Fig. 1-13).
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Ho

R
OH

HO

H

R
OH

OH

1.3-monoacetal of D-arabinitol 3,5-monoacetal of D-arabinitol
Pig. 1-13

Similarly B-glucitol favours the formation of 2,4-acetal rings^^
20 21 and galactitol affords the stable 1,3:4,6-dimethylene and benzylidene

acetals. .
Also during the methylenation of D-glycero-D-gluco-heptitol which 

contains 2,4- and 4,6-hydroxyl groups in P-erythro configuration, the

2.4-acetal ring was formed preferentially because the 4,6-ring contains
22an equatorial hydroxjd group.

23 24Latest quantitative studies * on $-hydroxy-2-isopropyl-1,3-dioxane 

showed that when equilibrated in cyclohexane, the axial hydroxyl is 

preferred by a free energy difference of 0.9 kcal mol" over the isomer 

with an equatorial hydroxyl group, and by a difference of 0.5 kcal mol  ̂

in isopropyl alcohol or t-butyl alcohol (Pig. 1-14)•

Ho

cis
AGgoo = +0*9 kcal mol -1

trans

Pig. 1-14

It was suggested that electron withdrawing substituents at the 5-axial 

position could decrease the stability of cis form due to dipole-dipole
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repulsions (Pig. 1-15) unless an opposite force,like intramolecular
25hydrogen bonding,compensates for this effect.

Electronegative substituents such as chlorine X = Cl (Pig. 1-15,p) 

and bromine X = Br (Pig. 1-15,p) prefer the equatorial positions.

P
Pig. 1-15

However in 5-fluoro-1,3-dioxane, it was found that the fluorine

atom preferred the axial position X = P (Pig. I-15,0i) This

phenomenon was recently explained by L. Phillips^^ who suggested that
27 28the so-called, "Gauche effect" ’ predominates when the electro­

negativity of X is increased.

The %auche effect” rule was defined as a tendency of a compound to

adopt a structure which has the maximum number of gauche interactions
27between the adjacent electron pairs and/or polar bonds. It was 

later suggested that this rule only applies for very electronegative 

substituents and for oxygen functions,but it is only reliable when the 

molecules are in s o l u t i o n . T h i s  rule especially applies to the 

1,2-disubstituted ethanes. These suggestions together with the hydrogen

bond formation explain the preference of a hydroxyl group for axial 

positions.
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In the light of these arguments the 1,3î4»6-diacetals of 

D-mannitol containing the hydroxyl groups at equatorial positions 

(Fig. I-I6), are expected to he relatively unstable,hut on the

" - - HO

Fig. 1-16

29 30contrary these acetals are obtained easily and in good yields. ^

1,3:4»6-Di-0~butylidene-2-deoxy-D-mannitol was also obtained in 

good yield as described in this thesis (Section Vl). It is probably 

reasonable to suggest that, the stabilities of these acetals are 

increased by the energy lowering effect of intramolecular hydrogen 

bonding of equatorial hydroxyl groups to the neighbouring ring oxygens 

(Fig. 1-16).

B-Aratinitol does not give the 3,5-monoaoetals (3-ring) in which

the equatorial hydroxyl group cannot form intramolecular hydrogen
18 19bonds with the acetal ring oxygens. ’ Thus the Barker and Bourne

rules do not distinguish between the stabilities of the two possible 

P-rings which may be different due to equatorial or axiial disposition 

of the hydroxyl groups.
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It is now possible to say that a P-ring or a p-threo ring in a 

chair conformation with an axial hydroxyl group which is capable of 

forming intramolecular hydrogen bonds with the acetal ring oxygens, 

and has gauche carbon-oxygen bond dipole interactions with the ring 

oxygens ̂ is more favoured than a p-ring or a p-threo-ring with an 

equatorial hydroxyl group which has only trans carbon-oxygen bond 

dipole interactions and cannot form hydrogen bonds.

The gauche effect can indeed be an important factor in the 

formation of cyclic acetals. It was pointed o u t ^ ^ ^ t h a t  theoretically, 

arabinitol can afford both cis and trans fused ring isomers (Pig. 1-17),

C H g O H  
I 

HO-C-H  
I

H-C-OH
I

H -C-OH 
I 
CHjOH

H C H O /h

CHjOH
H C HO /h

2,453,5“ trans

1,3:2,4-018

CH,OH

Fig. 1-17



14

"but in practice only the cis isomer has heen observed,although the 

non-bonded interactions favour the trans isomer. This situation can 

be explained by the effect of carbon-oxygen bond dipole interactions 

between the ring oxygens which have 1,2-disubstituted ethane type 

r e l a t i o n s . T h e  trans isomer has three trans carbon-oxygen bond 

dipole interactions while the cis.isomer has only the gauche carbon- 

oxygen bond dipole interactions.

This stability of cis fused ring systems was first recognised by 
18Mills. In later years 1,3:2;4:5,6-tri-0-benzylidenegalactitol was 

32synthesised. In this thesis it is also shown that a tri-O-butylidene- 

galactitol with the same structure is formed in moderate yield. The 

formation of 1,3:2,4-rings in galactitol acetals can be explained using 

the same arguments as for 1,3:2,4-diacetals of arabinitol. It can be 

seen clearly that in 1,3:2,4 î5»6-triacetals of galactitol, all carbon- 

oxygen bond dipole interactions between the ring oxygens of the fused 

rings are of the gauche type (Fig. 1-18).

H,R

R

R

Fig. 1-18
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In 1965 Foster _et al observed two stereoisomeric methyl 

416-0-'benzylidene-2,3-di-O-methyl-a-D-glucopyranosides. The 

structures (l) and (ll) were offered for these compounds (Fig. I-19).

MeO
3  OMe

^  OMeQr" - e o

I n
Fig. I - 19

One of the isolated isomers (m.p. 129.5-127°) was converted to 

the other isomer smoothly with hydrogen chloride in carbon tetra­

chloride. For this reason conformation (ll) was assigned to the 

unstable isomer. Recently an alternative conformation (ill) was 

suggested (Fig. l-20) for the unstable isomer.

MeO ^  OMe
III

•p-i n. T on



16

However, in the structure (ill), the phenyl group on the acetal carbon 

is axial to the acetal ring. This situation is very likely to cause 

instability. Therefore it is not likely that, in solution, this 

compound exists mainly in conformation (ill). An equilibrium may 

exist between the conformation (ill) and another conformation which 

contains acetal ring in the boat form. An alternative conformation 

could be (iv), in which the acetal ring is in a pseudo twist-boat form 

and contains the phenyl group in the equatorial position.

OMe

Pig. 1-21

The free energy of a twist boat form is less than that of a 

boat conformation. Unlike the structure (ll) , the conformation (iv) • 

contains one carbon-oxygen bond which has gauche type dipole 

interactions with the carbon-oxygen bond dipole of the sugar ring 

which may be another stabilisation factor. Thus, it seems possible 

that, in solution an equilibrium exists between the conformations (ill) 

and (IV).



17

The ahove acetal (Pig. 1-20,III) is the only example reported,in 

which a large group at position 2 of the 1,3-dioxane ring occupies an 

axial configuration. It is well established that the large 

substituents on the acetal carbon of a six-membered ring prefer the 

equatorial positions simply because of the destabilisation effects 

arising from the 1,3-diaxial interactions between the axial substituent 

and the ring-protons.

The preference of the substituents on the acetal carbon for axial 

or equatorial positions is also dependent on the electronegativity of

the substituent. Increased electronegativity favours the axial
34 23 25isomers. This phenomenon is known as "the anomeric effect". ’

Thus for example, the alkoxy groups prefer the axial position. In

the following synthesis of 2-alkoxy-1,3-dioxane (Pig. 1-22), the

axial isomer was favoured by about 2:1 over the equatorial one under
23 35equilibrium conditions. *

CHj

T  •
H-C-OH

I 
CH,

Major product

Pig. 1-22
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In the axial position the alkoxy group can avoid the "rahhit-ear 

interactions" of the syn-axial electron pairs on the hetero atoms.

R

/ C H ,

Pig. 1-23

The figure 1-23 shows that in (l) and the dipole repulsions due 

to the orientations of the unshared p electron lohes are at maximum 

(rahhit-ear orientation), whereas in (jjl^ohere is a minimum number of 

dipole repulsions.

The above discussions could point out the reasons for the 

preferential formation of 5-membered 1,3-dioxQlane rings in the 

trichloroethylidene acetals of D-glucose.^^ In the hypothetical acetal,

2-trichloroethylidene-1,3-dioxane, the trichloroethylidene group is 

directed to the axial position by the "anomeric effect". However 

this creates strong 1,3-diaxial interactions between the axial 

trichloroethylidene group and the ring protons causing instability 

in the acetal ring (Pig. 1-24)• Therefore, it is reasonable to
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expect the reactions of polyhydroxy compounds with trichloro- 

acetaldehyde, to afford five-memhered acetal rings in which these 

interactions may he avoided.

c u ? h '

Pig. 1-24

In six-memhered acetals, stereoisomerism on the acetal carbon 

is not common due to the effects discussed above. However, this 

type of isomerism is quite common amongst the five-membered acetals. 

The substituent on the acetal carbon of 1,3-dioxolane can be either 

on the same side or on the opposite side of the mean plane of the 

ring as the substituent at position C-4 or C-5,and these are usually 

called cis and trans isomers respectively. Pigure 1-25 shows the 

cis and trans isomers of 1,2-0-alkylidene glycerol.
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R

p

b

H

a

Cis, Trans

Pig. 1-25

The cis configuration is not a favoured one, because of the 

interactions of the large groups. The more stable 1,3-diox©lane 

derivatives are those in which the large groups are trans (Pig. 1-25,b)•

In the literature, there are several examples of this type of 

isomerism, obtained from polyols as well as sugars. Por example, 

two of the four possible isomers of 2,3:4,5-&i-0-benzylidenegalactitols 

were o b t a i n e d . A n  example of this in sugars is the formation 

of the isomeric trichloroethylidene acetals of D-glucose. Reaction 

of this sugar with chloral hydrate in the presence of sulphuric acid 

afforded two monoacetals, namely, a- and p-1,2-0-trichloroethylidene- 

a-D-glucofuranoses, differing only in their configurations at acetal 

carbon atoms, and four isomeric 1,2:5,6-di-O-trichloroethylidene-a-D- 

glucofuranoses, two of which are shown in the figure 1-26.
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Fig. 1-26

II.A Cyclic Acetals of Galactitol
i) Introduction

The crystal-structure analysis of galactitol has shown that

the planar zig-zag conformation is adopted in the solid state, hy

this compound (Fig. II-l).^^*^^

H OH

Fig. II-1
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It was also suggested that, the absence of the 1,3-interactions in

this molecule, allows the planar zig-zag conformation also to exist in 
14solution. Galactitol molecules also undergo thermal movements about

a centrosymmetrical structure when the constraint of the crystal field
14has been eliminated by dissolution.

The known reactions of galactitol with several aldehydes showed

that galactitol acetals generally favour the 1,3-dioxane rings with

the axial hydroxyl substituents on the C-2 and 0-5. Thus the reaction

of galactitol with benzaldehyde afforded 1,3î4»6-di-O-benzylidenegalac- 
- 21titol in 93% yield. The reaction with formaldehyde again gave 

1,3:4i6-di-O-methylenegalactitol in good yield. These results conform 

with the rules of Barker and Bourne.

In the galactitol molecule, two types of six-membered rings are 

possible, namely |3- and |3-threo rings. According to the above 

mentioned rules, the P-ring is the most stable acetal ring possible for 

this molecule. The second possible favourable acetal ring for 

galactitol is g-threo ring. It has been shown that, the acetalation 

of 1,6— disubstituted galactitols affords g-threo rings.

In a recent work, the reaction of dimethylgalactarate with 

paraformaldehyde and concentrated sulphuric acid was found to give 

the 2,3:4,5- and 2,5:3,4“di-0-methylene acetals in 2 to 1 ratio.

These were both reduced by lithium aluminium hydride to 2,3:4,5-

di-O-methylenegalactitol and 2,5:3,4-&i-0-methylenegalactitol

)mp(
40

39respectively. The structural evidence for these compounds was

supplied by mass spectrometry and n.m.r. spectrometry.
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ii) Butylidene Monoacetals of Galactitol

Some optically active monoacetals of galactitol are known.^

For example, the 1,3-0-ethylidene-L-galactitol was obtained hy the
42reduction of the 4,6-0-ethylidene-B-galactose. But in the literature

no report on the direct formation of monoacetals of galactitol has 

appeared.

It was decided to investigate the formation of the monoacetals of 

this polyol and to compare its results with those obtained from the 

similar reactions of D-glucitol. In this polyol 2,3-monoacetal rings 

are formed under kinetically controlled conditions. The formation of 

an intermediate product was indicated by a minimum on the curve of. change 

of rotation with time of this r e a c t i o n . I n  the case of galactitol, 

polarimetric studies were not possible because of its optical inactivity 

and therefore g.l.c. was used in monitoring the reaction (Fig. II-2).

The initial formation of two monoacetals was observed from the reaction 

of galactitol with n-butyraldehyde in 0 ,5^-hydrochloric acid but no 

kinetic preference was observed for either of the monoacetals.

The reaction of approximately equimolar quantities of galactitol 

and n-butyraldehyde in 0 .5^-hydrochloric acid gave an optically-inactive 

fraction after 48 h. This mixture contained mainly two monoacetals.

Some diacetal, present in the mixture, was extracted with chloroform.

The syrupy monoacetal fraction, thus obtained was crystallised on 

standing at 5 ,̂ but it could not be separated into its 

components by chromatography on silica gel or by fractional
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I—Galactitol
II—2,3— 1 i dene—T)L—f?a lacti to 1
III— 1 13—Q—Bu’tylidene-'HTr-^alao'ti'tol 

1,3 !4f 6—Di-O-butyliclene^alacti toi
III

III

II

20 Min

17

20 h

( Pye—104 • Apiezon-K ; temperature 180^)

Fig. II-2

crystallisation, although it was possible to recrystallise it as a 

mixture from ethanol-ether. The monoacetals were separated by column 

chromatography on Dowex-1 X8 (OH) resin. The compounds separated in 

this manner, were shown to be a crystalline 1,3-0-butylidene-DL- 

galactitol (Fig. II-3,l) and a crystalline 2,3-2,-butylidene-DL- 

galactitol (Fig. 11-3,1$ .
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H) H-C-OH
I'0 —  C-H 1HO-C-H
IH-C-OH
CHgOH

1, B-O-butyl idene

(4i6-0-butylidene)-HL-galact it ol

Fig. II-3

CHgOH

H” C—  0

0-C-H
HO-C-H
H-C-OH

CHgOH

2 f 3-0-butylidene

(4,5 -O-but ylidene)-HL-galactitol

II

It was shown that after 48 h, the reaction mixture contained the

1.3-monoacetal in higher yield, however a considerable amount of

2.3-monoacetal also existed. The only diacetal which could be isolated 

from this reaction mixture in small yield was 1,3:4,6-di-O-butylidenegal. 

actitol.

iii) The Structural Analysis of 1,3-£-Butylidene-HL-galactitol

The monoacetal (Fig. II-4,l) was characterised as its crystalline 

tetra-acetate (Fig. II-4,H)a.nd tetra—benzoate (Fig. II-4,IIl) 

derivatives. Méthylation of the free hydroxyl groups of this compound, 

using methyl iodide and silver oxide in dimethylformamide, gave two 

crystalline products. The main product was the fully methylated

1,3-0-butylidene-HL-galactitol (Fig. II-4,IV). This compound was

characterised by its n.m.r. and mass spectrum. The infrared spectrum

(nujol mull) did not show any hydroxyl peaks.
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■ The other product, isolated in very small amount, was shown to he 

a trimethyl-1,3-monoacetal.

\  / ° “ f2
C H - C - OR/  \  I0 — —  C — H ̂̂  IRO - C - HIH - C - ORI

CHg OR

(I) R = H

(II) R = Ac

(III) R = Ba
(IV) R = Me

Pig. II-4

I
The trimethyl 1,3-monoacetal was also characterised hy its n.m.r. 

and mass spectrum. The infrared (nujol and KBr disc) and n.m.r. 

showed the presence of a hydroxyl group in the molecule hut the position 

of the hydroxyl group was not located.

Quantitatively, the monoacetal (Pig. II-4,l) consumed 2.04 mol of 

periodate ion and liberated 1.12 mol formaldehyde and O.9I mol formic 

acid. The acetal group of (iV) was removed in the presence of the 

acidic resin Amberlite -120(H^, to give a crystalline tetra-O-methylhex- 

itol (Pig. II-5i V). "When (v) was treated with boron trichloride 

at -70° galactitol (Vl) was obtained.
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CH OHI I ̂
H — C — OMe H — 0 — OHI I

H O - C - H  . BCU HO - C - H

MeO - C - H -70° HO - G— HI I
H — C — OMe H — G—  OHI ICHgOMe GHgOH

(v) (VI)

Pig. II-5

The structure of tetra-O-raethylgalactitol (v) was derived as 
follows. It did not consume any periodate ion showing the absence of 

vicinal hydroxyl groups. Tritylation gave a crystalline monotrityl 

derivative indicating the presence of only one free primary hydroxyl 

group. These results indicate the structure of this compound to be 

2,4,5,6-tetra-O-methyl-HL-galactitol (v).
The tetra-O-methylgalactitol was further characterised by the mass 

spectrum of its acetate derivative.

iv) The Structural Analysis of 2,3-0-Butylidene-HL-galactitol

The monoacetal (Pig. II-6,l) was characterised as its crystalline 

tetra-acetate derivative. The acetal consumed 2.05 mol of periodate 

ion and liberated 1.08 mol of formaldehyde and 1.00 mol of formic acid. 

On méthylation, the acetal (l) gave a syrupy tetramethyl ether (ll).
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CH.OH CH^OMe CH^OMe
I  ̂ I  ̂ I 2

H — C — O ^ H  H — G — 0 / H  H — C — OH
------ jj—^ _J --------------'"xp H — > I

0 - C - H  ^3 7 0 - C - H  ^ 3 7  H O - C - HI I I
H O - C - H  MeO - C - H  MeO-C - HI I I
H - C - O H  H - C - OMe H -C - OMe1 I I

CHgOH CHgOH CH OMe

(I) (II) (III)

Pig. II-6

The hydrolysis of (ll) hy the acidic resin Amberlite -120(H^ gave 

a tetra-O-methylhexit@l , which on déméthylation with boron trichloride 

produced galactitol.

The structure of tetra-O-methylhexitol (ill) was proved as follows. 

It consumed 1.06 mol of periodate ion and its periodate oxidation products 

gave methoxy acetaldehyde (pigs. II—7» IV) and tri-0—methyl—HL—threose 

(Pigs. II-7; V). The former was characterised as its known, 

crystalline £-nitrophenylhydrazone and the latter was characterised by its 

n.m.r. and mass spectrum and elemental analysis.

CH^OMe CH^OMeI ̂  I
H - G - OH CHO ■ (IV)

H O - C - H  ^ +

MeO - C - H  CHOI I,H - G - OMe MeO - C - H  (V)I ICH^OMe H - C - OMe' I
(ill) CHgOMe

Pig. II-7
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II-B Formation and Some Reactions of Di- and Triacetals of Galactitol

i)' Results and Discussion

The reaction of 1 mol galactitol with approximately 2 mol 

n-hutyraldehyde in ^^-hydrochloric acid was studied. G.l.c. analysis 

of the reaction mixture at certain time intervals showed the initial 

formation of several products (Pig. II-8). • It is known from
20 21previous work on acetalation of galactitol that, either 1,3:4,6-diacetal ’

32or 1,3:2,4:5,6-triacetal is obtained depending on the reaction conditions. 

In this work, a mixture of acetals containing a triacetal in highest yield 

was obtained, after 14 h. This reaction also gave some 1,3:4,6-di-0- 

butylidenegalactitol but in low yield. . The remaining products consisted 

of a complex mixture of several diacetals. Ro monoacetals were detected.

It was possible to separate the various groups of products by solvent 

extraction or by column chromatography on alumina. The butylidene 

triacetals were soluble in light petroleum, therefore they could be 

extracted directly from the syrupy mixture. At the same time 1,3:4,6- 

d.i-0-butylidenegalactitol precipitated out on addition of light petroleum 

and was removed by filtration. Although light petroleum first dissolved 

all the products except 1,3:4,6-diacetal, on standing in a cool place, the 

mixture of diacetals was deposited as a syrup. The triacetals thus 

remained in the light petroleum. The syrupy mixture of dibutylidene 

galactitols was shown to be free from the triacetals and 1,3:4,^(ii-2" 

butylidenegalactitol by t.l.c. in solvent benzene-methanol (9:l) • The 

remaining syrupy mixture was expected to contain mainly the structural and 

stereoisomeric forms of 1,3:4,5“ s,nd 2,3:4»5“<liacetals (Pig. II-9) from 

theoretical considerations. It vjas not possible to isolate any of the 

isomers of the former.
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0— CH,

HyCj.CH H - C - O H

H - C - 0/  ^C.H_
I  ̂ ^. HgC - OH

CHgOHI ^H - C - 0 ^
'^\H

CHgOH

1, 3î4»5-^i“2,“l>î‘tylidenegalactitol 2,3:4»5-di-0-butylidenegalactitol 

(D-form) (meso-form)

Fig. n-9

Several attempts to resolve the diacetal mixture failed. However 

column chromatography on neutral alumina gave two crystalline diacetals 

in very small yields, when diethyl ether containing 2^ methanol was used 

as eluent.

One of the diacetals, thus obtained showed variable m.p. on several 

recrystallisations from carbon tetrachloride. All the various crystalline 

fractions of this product showed a slightly broadened triplet at *U 4*95 

in their 60 MHz n.m.r. spectra. This broad triplet was partially 

resolved into three overlapping triplets by the 220 MHz spectrometer.

The absence of the higher field triplets on n.m.r. spectra suggested
29that the diacetal contained only five-^nembered rings. The highest 

m.p. obtained for this product was 83°. The acetal behaved like a single 

substance on t.l.c. and g.l.c. A correct elemental analysis was obtained 

as a dibutylidene galactitol. The correlation of the n.m.r. spectrum 

with its structure will be discussed later. Sufficient product was not 

obtained to conduct further structural analysis using the usual chemical
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methods hut there is good evidence from n.m.r. studies to assign the 

structure of 2,3:4;5-di-0-butylidenegalactitol (Fig. II-9), to this 

product which is a stereoisomeric mixture on the acetal carbon atoms.

The other crystalline fraction from the alumina column was also 

recrystallised from carbon tetrachloride. As for the above diacetal, 

chemical methods for structural analysis could not be used and therefore 

the predicted structure of this compound was based on its n.m.r. and 

mass spectra, which will be discussed in later sections. Thus, the 

unexpected structure of 2,4:5,6-di-O-butylidenegalactitol (Fig. II-10), 

was assigned to this compound. It is rather unusual to obtain an 

acetal of galactitol containing a P-threo ring, but this product 

apparently existed in the reaction mixture, in a very small amount 

(Fig. II-8). The insignificant yield and easy decomposition at room 

temperature indicated its structural instability.

CHgOH
I ^

HO - C - J ^ C H . C ^ H ^

CH.C.H

Fig. n-10
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The g.l.c. of the reaction of galactitol with n-hutyraldehyde

(Fig. II-8), suggested that most of the products which existed in

the reaction mixture after 20 h, disappeared after a reaction time

of four days. After five days at room temperature the reaction

mixture solidified. The products isolated at this stage consist

only of the 1,3: 4»6-di-0-hutylidene acetal .and the 1,3:2,4:5,6-triacetal.

The 1,3:4,6-diacetal was obtained in higher yield but no other diacetals

were observed in significant amounts. These results suggested that at

initial stages several diacetals were formed which gradually converted

into the thermodynamically stable acetal, 1,3:4,6-di-O-butylidenegalact it ol,

together with the slightly less stable 1,3:2,4:5,^-triacetal. However

shorter reaction times produced a higher yield of the triacetal,

suggesting that, even this compound gradually converted to the 1,3:4,6-
20 21diacetal. Very high yields were also reported * for other 1,3:4,6- 

diacetals of galactitol, using hydrogen chloride as catalyst, which also 

suggest the higher stability of the 1,3:4,6-diacetals compared to the 

1,3:2,4:9,6-triacetals under stronger conditions.

ii) Structural Analysis of 1,3:4,6-Hi-O-butylidenegalactitol

The 1,3:4,6-di-O-butylidene acetal (Fig. II-ll) was obtained 

in good yield from the reaction in ^^-hydrochloric acid, after a long 

reaction time, and also in smaller yield in 0 .^H-hydrochloric acid 

(lI.A-ii). These two compounds were identical as shown by their n.m.r. 

spectra and mixed m.p. The diacetal could be recrystallised from 

ether, carbon tetrachloride or methanol giving the pure compound which 

melted at 135°. It gave the diacetate and dibenzoate derivatives in
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good yield. On méthylation the acetal produced a dimethyl ether 

(Fig. 11-11,II). Hydrolysis of this, with the acidic resin IR-120(H^ 

gave a di-0—methyl hexitol (ill), which on déméthylation produced 

galactitol.

CH^OHI
H - C - O HI

HO - G - CHI
HO - C - HI
H - C - O HICHgOH

-70' ^Cl.

C^H^CHO

H

H^C^.HC

H^C^.HC.

.0 - CH^I 2
H - C - O HI
0 - C - HI
0 — C — HI
H - C - OHI
0 - CH„

DMP

(I)

I
CH I 
AggO

CH,OHI
H - 0 - OCH,

I
HO - C - HI
HO - C - HIH - C - OCH,I -

CHgOH •

H

HyCj.HC

H7C3.HC

0 - CH_1
H - 1C - 1 OCH
0 -

1
c - H
1

0 - c - 1 H
H - 1c - 1 OCH^
0 - CHg

(III)

i i) HalO^ 
ii} HaBH,

CHgOH 
2 H - C - OCH.I

CHgOH

+ 4 OgH

(IV)

COCl

Fig. 11-11

(II)

Hi-p^-nitrohenzoyl
-2-0-methylglycerol
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The di-O-methylgalactitolfII) consumed 1.07 mol of periodate ion (after 

24 h) and liberated no formaldehyde and formic acid. The reported^^ m.p, 

of 2,5“di-0-methylgalactitol is 183.5°« In our hands, the m.p. could 

only be raised up to 176-177*5° and the tetra-acetate of this compound 

had m.p. 148° (reported by Painter as 88.5° ) Periodate oxidation 

of di-O-methylgalactitol . followed by borohydride reduction as used by 

Painter, gave 2-0-methylglycerol, characterised as its known 

crystalline di-£-nitrobenzoate.^'^ From these results, we can assume 

that, 2,5""di-0-methylgalactitol and its tetra-acetate are dimorphic.

On tritylation with 2 mol of trityl chloride, the 2,5-di-O-methyl- 

galactitol gave a crystalline ditrityl derivative (Fig. 11-12) also 

indicating the presence of two unoccupied primary hydroxyl groups in 

the molecule.

CHp - OC(Ph)
I ^

H — C — OMeI
H O - C - HI
H O - C - HI
H - C - OMe

CH^ - OC(Ph) ,

Fig. 11-12

The tetra-acetate of 2,9-di-O-methylgalactitol was further characterised 

by its mass spectrum which will be discussed in sectionIX.
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The formation of 1,6:3,4— and the 1,4:3,6-diacetals is very 

unlikely due to considerations of ring sizes, therefore it can he 

safely assumed that, 2,5-di-O-methylgalactltol can only result from a 

diacetal which has the structure of 1,3:4,6—di-O—hutylidenegalactitol.

A detailed study of the n.m.r. spectra, which confirm the assigned 

structure of the diacetal and its derivatives, will he given in the 

section VIII.

iii) Isolation and Structure of 1,3:2, 4:3»6-Tri-O-hutylidene­

galact itol

The triacetal fraction formed in the reaction of galactitol

with n-hutyraldehyde was separated hy the light petroleum extraction of

the syrupy mixture of acetals. The t.l.c. in henzene-methano 1 (9:l)

showed only one spot and g.l.c. analysis of the semi-crystalline

triacetal fraction gave an unresolved peak (a shoulder was detectable), .

(Fig. II-8). Examination of this fraction by n.m.r. spectroscopy

indicated that it was mainly a stereoisomeric mixture of triacetals.

A pure triacetal was obtained from the concentrated light petroleum

solution as colourless plates, on standing at -5°» The chemical shifts

of the acetal-proton signals in the n.m.r. spectrum of this compound

could only be explained in favour of the 1,3:2,4:3,6-triacetal.
13Proton and C n.m.r. spectra of this compound will be discussed in

section VIII. Further evidence for the structure of this triacetal

was furnished by mass spectroscopy which is discussed in section IX.

The mother liquor, left from the crystallisation of the 1,3:2,4:5,6-

triacetal, contained a very small quantity of another triacetal which could

be the diastereoisomer of the isolated product, as well as some
45polymerisation products of n-butyraldehyde and other triacetals of 

different structures, as indicated by the presence of extra signals in



37

the n.m.r. spectra. It was not possible to isolate any other pure 

acetals from this mixture.

The most common chemical method for the determination of the 

structures of hexitol triacetals is the partial hydrolysis of the 

compounds and the identification of the f r a g m e n t s . H o w e v e r  

because of the possibility of acetal ring migration, this method 

should be applied with caution. Under mild hydrolysis conditions, 

and assuming no acetal migration takes place, the 1,3:2,4:5,6-tri-0- 

butylidene-:^-galactitol is expected to give a mixture of 1,3:5,6- 

diacetal, 1,3-monoacetal and 1,3:2,4-diacetal. The partial hydrolysis

of the above tri-O-butylidenegalactitol was attempted, using 

trifluoroacetic acid as catalyst. This acid was shown to be a-good 

catalyst for the complete hydrolysis of the benzylidene and isopropylidene
/ o

acetal groups, but it proved unsatisfactory for the complete hydrolysis
49of the butylidene acetals. Therefore it was chosen for rapid partial 

hydrolysis of the triacetal in this work. However, several partial 

hydrolysis products were obtained amongst which the 1,3:4,6-diacetal and 

the 1,3-monoacetal were identified by g.l.c. and t.l.c., indicating that 

acetal migration had taken place.

iv) Acid Catalysed Migrâtion of 2.3:4.5-Ui-Q^butylidenegalactitol 

When some trifluoroacetic acid was added to the solution of 

2,3:4,5-di-O-butylidenegalactitol in CDCl^ and the reaction was followed 

by n.m.r. spectroscopy, a rapid formation of a higher field triplet at 

X  5*4 was observed. The position of this triplet v̂as characteristic 

for a six-membered acetal ring proton. This observation suggested a 

migration of the five—membered rings to the six-membered rings. The 

n.m.r. spectra, at certain time intervals of this reaction are shown in 

Pig. 11-13.
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These spectra also suggested that there was no noticeable 

hydrolysis during the migration, since no other triplets due to ' 

partial hydrolysis products were observed. If a very rapid 

hydrolysis of the acetal to the polyol and aldehyde is assumed, 

then the reformation of other acetals or the formation of another 

triplet at T  5*2 due to polymerised hutyraldehyde should have been 
observed.

The product at the end of the reaction was analysed by t.l.c. 

and it was found to move the same distance as 1,3:4,6-di-O-butylidene- 

galaotitol. The migration was also followed by g.l.c., which confirmed 

the formation of 1,3:4,6-di-O-butylidene galactitol from 2,3:4,5-<ii-2.- 

butylidene galactitol in the presence of trifluoroacetic acid 

(Fig. 11-14).

HO

Fig. 11-14

The rate of this migration was found to be dependent on the 

amount of trifluoroacetic acid. The g.l.c. showed much slower 

reaction because less trifluoroacetic acid was used. A plot of 

the ratios of the two acetal proton triplet integrals vs. time
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is shown in Fig. 11—1$. The rate of change of the ratios was very 

fast in the first 10 min. hut in h, the reaction slowed down and 

reached an equilibrium. After a reaction time of 14 h, hydrolysis 

of the acetals was observed. The position of the triplet in the 

n.m.r. spectrum of the hydrolysed product was the same as the 

position of the triplet obtained from the polymeric n-butyraldehyde 

( T  5.2). ,

1.5-

1.0

0.5

[Ratio

//
/

/
f

//
//

10 20 30 40 50 60 min

Chancre of the ratio of the acetal nroton triolets 
( 1,3 :4,6-/2,3 :4 ,5-) with time in CDCl oonteinin? 20?-

P ig .11-15 CP coon.
These results are not consistent with the results of Rainer 

50Bonn and Ingolf Bjong who studied the reaction of 2,3:4,5-d.i-0- 

benzylidene galactitol with benzaldehyde and zinc chloride and 

observed the formation of 1,3:2,4î5i6-tri-O-benzylidene'galactitol. 

These authors claimed that under the light of their result, the 

rules of Barker and Bourne are valid only if the aceialation of 

alditols is performed under kinetically controlled conditions.
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However, no reaction mechanism was suggested for this product. On

considering the Barker and Bourne rules the 1,3:4,6-diacetal was

the expected product and in fact this acetal was formed from the

2,3:4>5-d.i’butylidenegalactitol. It seems that, in the reported

reactions of È,3:4,5-di-0-benzylidenegalactitol with zinc chloride

and benzaldehyde, the reactant acetal was first hydrolysed to the

polyol or perhaps migrated to the 1,3:4,6-diacetal and then hydrolysed.

It is conceivable that these products further reacted with excess

benzaldehyde to give the 1,3:2,4:5,6-tri-O-benzylidenegalactitol.

The reported yield of the triacetal in this reaction was only 30%.

Usually with zinc chloride catalyst,only the kinetically stable acetals 
51are observed. It is known that during acetalation reactions, the

catalytic action of zinc chloride is lost after a while, through the

■2(H2°)2
51 52formation of the hydrated complex,''ZnClg(HgO)g and this results in

kinetic control of the reaction,

ZnClg(PhCHO)g + 2HgO   ZnCl2(H20)g+ 2C^H^CH0

Thus, a thermodynamic stage could not have been reached during 

the formation of the above mentioned triacetal, under the catalytic 

action of zinc chloride.
Rainer Bonn and Ingolf Bjong^^ discussed the preferential formation 

of 2,4-rings from D-glucitol by considering the "bent” and zig-zag 

conformations of this polyol and pointed out that the planar zig-zag 

conformation of H-glucitol would lead to the optimal 0 (2)-0 (4) distance 

for p-erythro ring closure but in a bent conformation the distance between 

0 (2)-0 (4) is ca. 4.2A which is almost twice the distance between these
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two atoms when the molecule is in the zig-zag conformation and only 

a complete turning of 120° would lead to an optimum 0(2)-0(4) 

orientation. Therefore the preference of p-erythro ring should he 

slight. These arguments in fact support the assumption that the 

preferential formation of acetal rings under thermodynamically 

controlled conditions is determined hy the free energy content of the 

products hut not hy the conformations of the reactants.

These arguments however, do not explain the claims of these 

authors concerning the Barker and Bourne rules, which were established 

as a result of investigations carried out on the structures of cyclic 

acetals isolated under thermodynamically controlled conditions.

Hence, contrary to the suggestions of R. Bonn and I. Bjong, the Barker 

and Bourne rules may not he applied to kinetically controlled reactions 

of polyols; for example under kinetically controlled conditions, the 

main product of D-glucitol and n-hutyraldehyde is the 2,3-monoacetal and 

not the stable 2,4-monoacetal.

The proceeding discussions were substantiated when some thermo­

dynamically controlled reactions of 1,3:2,4:5,6-trihutylidenegalactitol 

were investigated. As it was pointed out before, the partial hydrolysis 

of the trihutylidenegalactitol resulted in a mixture containing the 

1,3:4,6-diaC-etal. In another reaction of the trihutylidenegalactitol 

in 51”hydrochloric acid with n-hutyraldehyde, the 1,3:4,6-dlhutylidene- 

galactitol was obtained in 35^ yield after a reaction of four days 

(pig. 11-16) indicating that in the reaction of galactitol with 

aldehydes the triacetal is formed under kinetically controlled 

conditions, hut may undergo gradual hydrolysis and convert to the 1,3:4,6- 

acetal under thermodynamically controlled conditions.
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III Butylidene Acetals of 1-Deoxy-^~^alactitol (L-Fucitol).

i) Introduction

The reactions of. 1-deoxy-B-galactitol (Fig. III-l) with 

aldehydes are expected to he more complicated than the corresponding 

reactions of galactitol. Galactitol is a symmetrical molecule producing 

enantiomers, which result in the reduction of the number of possible 

acetal isomers by half. In 1-deoxy-D-galactitol, the symmetry is 

removed by the introduction of the deoxy group at C-1. Although this 

polyol has only five hydroxyl groups, formation of many more different 

acetals is possible.

C H j

H-C-OH
I

HO-C-H
I

HO-C-H
I

H -C -O HI
CHjOH

CH

OH HO H

Fig. III-l

Previous studies with n.m.r. showed that some acyclic 1—deoxy—

D—galactitol derivatives prefer the planar zig—zag conformation (Fig. Ill—l) 

in solution.
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Very few examples of acetal formation from this polyol are

available in the literature. A dibenzylidene derivative of unknown

structure^^ and the 2,3:4,5-di-O-isopropylidene dérivâtive^^ have been

reported. ITo work has been published on the monoacetals of this

polyol with the exception of 4,5-di-0-benzyl-1,3-0-benzylidene-6-deoxy-

L-galactitol which was prepared from 4,5-di-O-benzyl-l,3-0-benzylidene-L- 
56galactitol.

ii) Results and Discussion

In the reaction of 1-deoxy-D-galactitol with aldehydes, the 

preferential formation of 2,3-monoacetal in high yield is expected under 

kinetically controlled conditions, in parallel with the reaction of 

1-deoxy-D-glucitol. There is no possibility of formation of other stable 

acetal rings involving the C-2 hydroxyl group, other than the mentioned

2,3-ring. According to the Barker and Bourne rules, the most stable 

acetal ring for 1-deoxy-D-galactitol spans 4,^-positions but known 

reactions of galactitol suggest that the g-threo rings are also possible.

The reaction was monitored by g.l.c. on an Apiezon-K column, at l6^°. 

Samples, taken at certain time intervals were silylated for this purpose. 

The chromatograms obtained, are represented in Pig. III-2. This 

suggested that the 2,3-monoacetal (l) was formed as the main product in 

the early stages of the reaction. After 19 h, the mixture still 

contained a considerable amount of 2,3-monoacetal unlike the corresponding 

reaction of 1—deoxy—D—glucitoi, in which this monoacetalelmost completely 

disappeared at equilibrium.
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In all stages of the reaction, quite a large amount of unreacted 

L-fucitol (l-deoxy-D-galactitoi) was also present,again unlike the 

reactions of 1-deoxy-D-glucitol and galactitol (Fig. III-2).

In accounting for the presence of 4,5- and 4,6-monoacetals, the 

migration of the 2,3-monoacetal in favour of these products can he ruled 

out because of the large distances involved. It is therefore more 

reasonable to accept that the reaction involves the initial fast formation 

and hydrolysis of the 2,3-monoacetal, together with the slow formation of 

the 4,5- and 4,6-monoacetals. After two days the 4,6-0-butylidene 

derivative was obtained in highest yield. The two monoacetals,

2,3-0-butylidene-1-deoxy-D-galactitol (Fig. III-3,l) and 4,5-0-butylidene- 

1-deoxy-D-galactitol (Fig. III-3,Il) were isolated in smaller yields.

CH.I 3H - 0 - OH

HO - 0 - H

H O - C - H

H - G - OH

CHgOH CHgOH

II

Fig. III-3



48

The acetalation reaction of galactitol and 1-deoxy-D-galactitol 

is comparable since both polyols afford acetals with the same type of 

ring systems. However, when the reaction mixtures are compared 

at various stages , under similar conditions, the presence of 

1—deoxy—D-galact it ol after a reaction time of two days may seem unexpected 

since the activating effect of the deoxy group should have produced a 

faster reaction. Indeed, as implied by g.l.c. studies, the

formation of 2,3-monoacetal in 1-deoxy-D-galactitol is much faster than 

the formation of the analogous ring from galactitol. The low . yield of 

this product in the former case could be explained if hydrolysis is 

considered under longer reaction time, whence the position of equilibrium 

shifts towards the reactants. It is clear from the synthetic and g.l.c. 

evidence that both galactitol and its 1-deoxy derivative afford 3- and 

g-threo rings in considerable amounts under kinetic and thermodynamic 

conditions. However, neither of these polyols showed the presence of a 

truly kinetically controlled intermediate acetal. In comparison,

D-glucitol and some of its derivatives produce high yields of kinetically 

controlled products. This can be explained simply in terms of the hi^i 

tendency of the formation of the 2,4-rings (3-erythro), which shortens the 

life time of the 2,3-rings (d-threo) . In galactitol and 1-deoxy-D-galactitol

2,4-acetal rings are 3-threo type, which is not a favoured conformation, 

therefore the 2,3-monoacetals of these polyols are obtained in much better 

yields than the analogous acetals of D-glucitol and its derivatives under 

thermodynamically controlled conditions.
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iii) Synthesis and Structures of Monobutylidene l—Deoxy—D—galactitols

Although 1—deozy—D—galactitol can easily he obtained hy the 

reduction of L-fucose with sodium horohydride (Fig. Ill-4) the method 
is costly.

CH
HO

OH
OH

OH

C H 3
I

H-C-OH  

 ̂ HO-C-H

HO-C-H  
I

H-C-OH
I
C H 2O H

PiR.III-4
It was therefore decided to synthesise the polyol from D-galactose, 

hy desulphurisation of the diethyl mercaptai derivatives with Raney
57nickel. The method was described hy Wolfrom in 1944 and hy Jones and

58
Mitchell in 1958. The diethyl thioacetal of g-galactose (n) was 

easily obtained and purified from the free sugar hy recrystallisation. 

The reduction of the thioacetal hy freshly prepared and thoroughly 

washed Raney nickel gave a reasonable yield of 1-deoxy-D-galact it ol 

(L-fucitol) . Fig. III-5 shows the reaction path.
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H - C ^  H - C - H
I^S-C^H I

C H 2O H  H - C - O H  H - C - O H
HO yj 0 2c w c«TT I ^

H O - C - H  Raney M  ^ H O - C - H

H O - C - H  H O - C - HI I
H - C - O H  H - C - O HI ICHgOH CHgOH

II n i

Raney Hi
CH^
1 ^

H - C - 1 OH
1

HO - C - 1 H
1

HO - C - H
1

H - C - OH

CHgOH

IV

Pig. III-5

However, when insufficient Raney nickel was used the crystalline

monoethyl thioacetal (ill) was obtained as r e p o r t e d . T h e  épimérisation
59of hydroxyl groups hy Raney nickel catalyst is known. However the

1-deoxy-D-galact it ol which was obtained from D-galactose was identical 

with the one obtained from L-fucose.
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The reaction of this polyol with n-hut yral dehyde in H-hydro chloric 

acid gave a syrupy mixture of several acetals in which the monoacetal 

component was the main product. A mixture of some diacetals were 

separated from the monoacetals hy extraction with light petroleum 

(60-80°). T.l.c. of this extract in henzene-methanol (9:l), showed the 

presence of several diacetals, hut none of these could he crystallised 

from the mixture.

The monoacetal fraction was analysed hy t.l.c. in solvent methyl 

ethyl ketone, saturated with water. This suggested the presence of 

five and six-memhered ring monoacetals. The six-memhered monoacetals 

usually move slightly faster than the five-memhered ones in this solvent.

The same solvent mixture gives a very distinct separation between mono 

and diacetals of polyols, therefore it was possible to check the purity 

of the di— and monoacetal fractions in all the acetal preparations 

reported in this thesis. However, this solvent mixture is not capable 

of separating the six-memhered monoacetals of different structures from 

each other. Structural isomers of five-memhered monoacetals also are 

not separated. The reaction mixture also contained some unreacted 

polyol which did not move on t.l.c. (methyl ethyl ketone-water).

The unreacted polyol was crystallised out from the ethanolic solution 

of the monoacetal fraction. The mixture of monoacetals, thus purified 

from diacetals and polyol was applied to a column of Dowex-1 X8 (0H~) 

resin, as described in section III, iv. The syrupy six-memhered monoacetal 

eluted first and in highest yield. Further fractions from the column 

contained a mixture of two five-memhered ring acetals, namely.



52

2,3-;0“-hutylidene-1-deoxy~D—galactitol and 4»5”0“hutylidene—1-deoxy—D— 

galactitol which were separated hy fractional crystallisation from 

ethanol. 4,5-0-hutylidene-1-deoxy-D-galactitol crystallised out 

leaving the 2,3-monoacetal in solution, which was crystallised from 

light petroleum.

The syrupy 4 ,6-0-hutyl idene-1 -deoxy-D-galact it ol (Fig. Ill, 6, l) 

was characterised as its crystalline tri-acetate derivative (ll) .

The monoacetal (l) also afforded a crystalline trimethyl ether (ill).

H - C - OR
RO —

1
c -  1 H

0 -- 1
c - H

H - 1
c - OR

0 --
1
CHg

(l) R = H

(11) R = Ac

(III) R = Me

Fig. III-6

The yield of the tri-methyl ether of this acetal was low, therefore 

it was not possible to carry out the usual méthylation and hydrolysis 

procedures in the structural investigations. However periodate oxidation 

and especially physical methods, such as n.m.r. spectroscopy were extremely 

useful in this respect.

Thus the monoacetal (l) consumed 0.97 mol of periodate ion and it 

did not release any acidic fragments. The acetaldehyde released from
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this reaction was precipitated as its crystalline 2,4-dinitrophenyl- 

hydrazone derivative.

The 2,3-monoacetal (Fig. III-3,l) consumed 2.03 mol periodate ion 

and released 1.2 mol of formaldehyde and 0.97 mol formic acid. Release 

of formaldehyde from this molecule proves the presence of free hydroxyl 

groups on C-5 and C-6. This finding limits the possible structures of 

the acetal to 2,3-, 2,4- and 3,4-nionoacetals. The 2,4- and 3,4- 

monoacetals, however, should not only consume 1 mol of periodate ion 

and should not release any formic acid. These facts are only compatible 

with the structure of 2,3-0-butylidene-l-deoxy-D-galactitol.

Further structural evidence derived from the n.m.r. spectrum 

(discussed in section Vlll-iii) shows this material to be a mixture of 

stereoisomers. The low field triplets ( 5.10) are characteristic for

five-membered acetal ring protons.

The 4,5”£-l>utylidene-1-deoxy-D-galactitol (Fig. III-3,Il) consumed

1.2 mol of periodate ion but it did not produce any formaldehyde nor

formic acid. Thus the periodate oxidation alone could not distinguish the

structure of this compound from that of the 4,6—monoacetal. But the

n.m.r. spectrum of this compound showed an acetal-proton triplet at “C 4*95

(section VIIl) which is characteristic for a five-membered ring acetal-protn,

whereas the n.m.r. spectrum of the 4,6-0—butyl idene—1 -deoxy-D-galact it ol

showed the acetal-proton triplet at T5»4, characterising a six-membered

ring. Although, the periodate oxidation also does not exclude the

possible 3,6—mono and 2,5-nionoacetal, higher field acetal-proton signals
29are expected for seven—membered ring butylidene acetal—protons.
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The observation of only one acetal-proton triplet and one 

deoxy-methyl doublet (sectionVHO in the spectrum of 4,5-0-butylidene- 

1-deoxy-D-galactitoi suggested that this was a pure stereoisomer.

Only one 4,5- monoacetal was obtained, therefcre it was not possible to 

predict the stereochemistry of the compound on the acetal carbon atom.

The 4,5“2.“Hutylidene acetal was also obtained in low yield directly 

from the concentrated solution of the reaction mixture in chloroform.

Another crystalline fraction was separated out on extraction of 

the reaction mixture with chloroform after a short reaction time of 20 min, 

This product was not identified. However, its 60 MHz n.m.r. spectrum 

indicated it to be a butylidene acetal (m.p. 159°) as suggested by a 

triplet at X4»95« After standing at room temperature for some time 

it absorbed U.V. light strongly at 223 nm, probably due to elimination 

of n-butyraldehyde and hence decomposition.

iv) Separation of the Five and Six-membered Ring Monoacetals

The separation of five and six-membered butylidene monoacetals 

of several polyols have been attempted on silica gel and alumina.^ ’

In some cases a partial separation was achieved but generally the methods 

did not give satisfactory separations. The same techniques were employed 

in order to separate the monoacetals of galactitol but they nroved 

unsuccessful. It was then decided to investigate the possible use of a 

basic ion—exchange resin Dowex—1 X8 (OH”) , which was widely used for the 

separations of anomeric mixtures of glycosides. ' ^ The separations

achieved in this field were explained by the different acidities of C—2
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hydroxyl groups of the a- and p-glycosides,^^ Similarly, the primary

and secondary hydroxy groups attached to the five- or six-memhered
2acetal rings usually have different acidities, therefore, it was 

expected that these compounds would act in the same way on this resin.

Indeed a 95% separation of 1,3-£-hutylidene-DL-galactitol and

2.3-0-hutylidene-DL-galactitol was achieved at the first attempt, using 

deionised and CO^-free water as eluent. Later five and six-memhered 

acetals of 1-deoxy-D-galactitol were also successfully separated.

Dowex-1 X8 is an anion exchanger with henzyltrimethyl ammonium 

active groups. It is supplied in the chloride form and is cross-linked 

with 8% of divinylhenzene. The resin is converted to the hydroxyl form, 

hy treating with three bed volumes of 4^ sodium hydroxide solution.

The separation of the monoacetals on this resin can be explained 

in terms of the different acidities of the C-1 primary hydroxyl group of

2.3-0-butylidene-DL-galactitol (Fig. III-7,l) and the secondary hydroxyl 

group on C-2 of the 1,3-0-butylidene-DL-galactito 1 (Fig. III-7,Il)

Similarly the hydroxyl group on C—5 of 4,6-0—butylidene-1 -deoxy-D-galact it ol 

(Fig. II-7,III) and primary hydroxyl groups on C-6 of 2,3-0-butylidene-1- 

deoxy—D—galactitol and 4,5-0—but yl idene—1 —deoxy-D—galact it ol (Fig. Ill—7, IV 

and V respectively) , have different acidities and are resolved on the resin.
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Fig. III-7

Generally, primary alcohol groups are more acidic than the 

secondary ones.^* Also in compounds (ll) and (ill) the axial 

hydroxyl groups are involved in intramolecular hydrogen bonding with the 

ring oxygens, whereas in compound (l) the primary hydroxyl cannot form 

strong hydrogen bonding because of the free rotation. This makes the 

secondary hydroxyl group on the 1,3-dioxane ring (ll) even less acidic. 

As expected, the greater acidity and sterio availability of the primary 

hydroxyl group gives stronger interaction with the resin particles and 

hence the acetals carrying this group,namely 2,3-monoacetals of 

galactitol and 1-deoxy-D-galact it ol (l and IV) and 4,5-nionoacetal of 

1-deoxy-D-galactitol (v), eluted last from the resin column.



57

IV. Butylidene Acetals of 3-0-Methyl-D-glucitol

i) Introduction

The reaction of 3-2,~niethyl-D-glucitol with acetone yielded 

1,2:5,6- and 2,4:5,6-di-isopropylidene derivatives^^ (Fig. IV-l).

Benzylidenation of this polyol afforded two crystalline di-O-henzylidene
65derivatives of the same structure namely the 2,4:5,6-dihenzylidene 

acetals, however, their n.m.r. spectra were different and the chemical 

shifts of the acetal proton signals indicated that two henzylidene acetals 

were diastereoisomers on the 5,6-benzylidene acetal carbon.

HgC - 0. /CH.I XH-C - 0 ^  CH,I ^
H^CO-C - H ̂ I

H-C - OH
H-C - 0.

I X ̂HgC - 0^ CHj

CH.OHI ^
H - C - 0I \  /H_CO - C - H c
 ̂ I /H - C - 0
H - C - 0

CH.

CH.

CH
HgC - 0 ̂  CH

1,2:5,6-di-O-isopropylidene-3-0- 

methyl-B-glucitol

2,4:5,6-di-O-is opropyl idene-3-0 

methyl-D-glucitol

Fig. IV -1

The reactions of 3-0-methyl-D-glucitol with several aldehydes were 

followed polarimetrically and it was shown that this polyol does not
1

afford kinetically controlled intermediate products unlike D-glucitol. 

Tlie reaction with n—butyraldéhyde afforded only one monoacetal in good
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yield for which the structure, 2,4-0-hutylidene-3-O-methyl-D-glucitol
1was assigned as a result of chemical methods. It was mentioned

in previous sections, that D-glucitol gave 2,3-monoacetal as an 

intermediate product. As this is not possible in the case of the 

3-0-methyl derivative, it was not surprising that only one monoacetal 

(2,4-ring) was observed.

ii) Results and Discussion

The changes in the optical activities of the reaction mixtures 

of some polyols with n-but yral dehyde are shown in Pig. IV-2.

3-0-Methyl-D-glucitol is the only polyol which showed a smooth 

decrease in the optical activity of its reaction mixture, suggesting 

the formation of only one type of acetal. All the other curves showed 

minimums, indicating the formations of different products at different 

stages of the reactions. It is possible to obtain kinetically 

controlled products by stopping these reactions at the times corresponding 

minimums.

The reaction of 3-0-methyl-D-glucitol with n-but yral dehyde in 

0 .^^-hydrochloric acid was followed by g.l.c., and in agreement with 

previous work, the main product was found to be the 2,4-monoacetal.

The 3-0-methyl-D-gluctiol, used in this work was prepared by 

the reduction of 3-0-methyl-D-glucopyranose, with sodium borohydride.

Although 3-0-methyl-D-glucopyranose was available commercially, a 

synthesis of this sugar from D-gluoose was also attempted. The path 

of this reaction is shown below (Pig. IV-3)•
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y
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Fig. IV-3

Thus, 3-2,-niethyl-D-glucose (iv) was obtained in moderate yield and 

reduced to 3-0-methyl-D-glucitol which was obtained as a pale yellow 

syrup. 3-0-Methyl-D-glucitol was characterised as its crystalline 

bis-phenylboronate. The polyol also gave the previously known 

diastereoisomeric 2,4î5»^“<ii^®^2;ylidene acetals.
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The reaction of 3-0-methyl-D-glucitol with n-butyraldehyde, 

using 5^-hydrochloric acid or anhydrous zinc chloride gave a syrupy 

product which was very soluble in all the organic solvents. When

the product was examined by t.l.c. in benzene-methand it

behaved as a single compound. The g.l.c. analysis of the syrup 

as its t.m.s. (trimethylsily.l^j derivative on Apiezon-K column at 

180°, showed two very close peaks in approximately equal intensities. 

All the attempts to crystallise the product failed and the syrup 

showed no tendency to solidify on keeping at -5° for three months.

The elemental analysis of the product supported the assumption that, 

the product was a dibutylidene acetal of 3-0-methyl-D-glucitol.

The structure of this compound was shown to be the 2,4^5»6-di-O- 

butylidene-3-O-methyl-D-glucitol by chemical methods.

iii) Structural Analysis of 2,4:5,6-Di-0 -butylidene-3-0-methyl-D- 

glucitol

The 100 MHz n.m.r. spectrum of the syrupy dibutylidene-3-0- 

methyl-D-glucitol showed that the acetal in fact was a mixture of 

diastereoisomers. The n.m.r. spectrum which will be discussed 

further in the section VIII, is shown in Fig. VIII-IQ. triplet at 

%"5.47 is characteristic for a six-membered acetal ring proton and 

triplets at X  5.03 and T  5.11 are due to the acetal protons of the 

diastereoisomeric five-membered rings. The attempts to separate 

these isomers failed, therefore the syrupy mixture was used as it 

stood for the structural investigations employing chemical methods.
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The dihutylidene acetal (Fig. IV - 4, II; R^Rg = C^Hy, R* = H and 

R^R^ = C^Hy, Rg = h) was methylated with methyl iodide and silver oxide 

to give a syrupy methylated acetal (ill, R^Rg = C^Hy, R* = H and 

R^R^ = C^Hy, R^ = H) for which the n.m.r. spectrum showed two 

methoxyl signals.

CHgOH

H - Ç - OH 
H.CO - C - H ̂ I

H - C - O HI
H - C - O H

CHgOH

(I)

RCHO + H

CHgOH

H^CO - C - H

Hg C - 0

(II)

I Mild acid hydrolys:

CHgOCH,I ̂  ^
H — C — 0

I \  /H.CO - C - H CI \H - C - 0I
H — C — 0I
Eg C - 0

(III)

CHgOCHj
H - C - O H  

H^CO - Ç - H 
H - J - OH 
H - C - O H  

CHgOH

(V)

H

R.

^2
\

R,

CHpOHI
H - C - 0 ̂

I /H.CO - C - H CI /  \
H _ C - o'I
H - C - O HICHgOH •

(IV)

H

R.

Fig. rV-4
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The acetal-proton signals showed the ratio of the stereoisomers 

remained unchanged after méthylation. The dihutylidene acetal 

dimethyl ether was refluxed as a solution in ethanol-water in the 

presence of acidic resin IR-120( H ^ . This removed the butylidene 

groups completely giving the dimethyl-D-glucitol (Fig. IV-4» V) .

The dimethyl ether (v) consumed 2.15 mol periodate ion and released 

1.08 mol of formaldehyde and 1.10 mol of formic acid, as expected 

from structure (v).
The presence of a primary hydroxyl group and hence evidence for 

structure (ll) was obtained as follows. A tosyl derivative of the 

acetal (Fig. IV-5,l) was prepared which could not be crystallised but 

gave correct C, H analysis results. The tosylate (Fig. IV - 5>l) 

was reduced by lithium aluminium hydride to give a syrupy 

1-deoxy derivative (Fig.. IV-5,Il). The 1-deoxy-dibutylidene acetal 

could not be obtained in a perfectly pure state, however, in the n.m.r. 

spectrum the appearance of a doublet for the deoxy group at X  8.69 

was good evidence for the formation of the 1-deoxy compound (ll) from 

the dibutylidene-3-O-methyl-D-glucitol.

CH^OTs CHI I
H - C  — H H — Ç - H

HLCO - C - H ^0 H.CO - Ç - H C3 I /  \  J I C Hr,
H - C - 0, • C^Hy LiAIH4 ^  H - C - 0 3 7

H - C  - Ovw H — 0 — 0 ^
Hg C - 0 ^  ^ C ^ H y  Hg C - 0 - ^  ^  C^Hy

II

Fig. IV-5
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Further evidence for the presence of the primary hydroxyl group 

was obtained by the infrared spectrum of the dibutyl idene-3-0-methyl- 

D-glucitol. A 0,00 2 M carbon tetrachloride solution of the acetal 

showed absorptions at 3710 cm \  3645 cm  ̂ and 3612 cmT^. The band at 

3645 cm  ̂ is characteristic for a free primary hydroxyl group and the 

band at 3612 cm  ̂ is characteristic for bonded primary hydroxyl group. 

The spectrum showed no absorption bands for secondary hydroxyl groups.

The 1,3-di-O-methyl-D-glucitol was also synthesised from

2,4-0-benzylidene-5,6-0-isopropylidene-D-glucitol (Fig. IV-4,]I;

= C^H^pRgR^ = OH^). This compound was methylated using silver 

oxide and methyl iodide and the methylated compound was hydrolysed 

using trifluoroacetic acid, to give 1,3-di-O-methyl-D-glucitol.

The dimethylglucitol, thus obtained was found to show the same 

chromatographic behaviour as the one obtained from di-O-butylidene-3-0- 

methyl-D-glucitol.

iv) Synthesis of a Di-O-methylene-3-O-methyl-D-glucitol

The reaction of 3-0-methyl-D-glucitol with formalin in the presence 

of sulphuric or hydrochloric acid gave a crystalline dimethylene-3-0- 

methyl-D-glucitol in moderate yield. The compound gave a single peak 

on g.l.c. (Apiezon-K 180^) and a single spot on t.l.c. (m.e.k-water) .

The méthylation of this compound afforded a crystalline methyl ether 

in slightly impure state therefore a satisfactory methoxyl analysis 

was not obtained. However the hydrolysis of this methylated acetal
69

using H-hydrochloric acid and phloroglucinol as catalyst gave a syrupy 

product which was chromâtographically identical with the 1,3-di-O^-methyl- 

D—glucitol. Therefore the structure of this compound was assumed to be
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2,4:5,6-di-0-methylene-3-0-methyl-D-glucitol.

A dimethylene derivative of 3-0-methyl-D-glucitol was reported 

in 1935 tut no structural information was available on this product. 

The m.p. of the reported acetal was 135° and our acetal had m.p. 122°, 

but no evidence could be obtained with regard to the structural 

relationship.

Déméthylation of dimethylene-3-O-methyl-D-glucitol was attempted, 

using a novel method which had not been applied in carbohydrate 

chemistry.70 it was hoped that the method would yield, 2,4:5,6-

di-O-methylene-D-glucitol. The reaction was carried out according 

to the equation

3R0-CH^ + 2Ig + DaBH^ ----►  B(0R)^ + 3CH^I + Hal + 2Eg

However, the end product was found to be a mixture of mainly

2,4-0-methylene-D-glucitol and D-glucitol as shown by g.l.c. and 

t.l.c., indicating that the 5,6-acetal ring had also been removed. 

With modifications, this reaction shows possibilities for effecting 

selective cleavage of some acetals as well as déméthylation.
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V. Butylidene Acetals of 1-Deoxy-D-glucitol

i) Introduction

1—Deoxy—^glucitol is expected to behave very similarly to 

D-glucitol when its reactions with aldehydes are considered under • 

conditions favouring the formation of monoacetals. In fact it was shown 

that this polyol also affords a 2,3-0-butyl idene-1 -deoxy-^gluci t ol 

(Fig. V-1, l) under kinetically controlled conditions which is converted 

to the thermodynamically stable 2,4-0-butylidene-1-deoxy-I^glucitol 

(Fig. V-1, II).

CH^ CH^

H - Ç - 0 ^  H - C - 0 ^  . /H

0 — C — H HO — C — HI 3 7 I
H - Ç - O H  H - C - O ^  C^Hy

H - C - O H  H - C - O H ̂ I ICHgOH CHgOH

I II

Fig. V-1, II

This similarity suggests that the hydroxyl group on C-2 is more 

reactive than the primary hydroxyl on C-6, towards acetalation. Also 

the formation of the 2,3-monoacetal and not the 3,4-monoacetal, indicates 

that the acidified aldehyde, ECHOH"*" (Fig. 1-1 ), attacks the C-2 hydroxyl 

group and the 2,3-acetal is easily formed by ring closure. The "bent" 

conformation of D-glucitol and 1—deoxy-D-glucitol further increases the 

steric accessibility of the C—2 hydroxyl and shortens the distance between
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-the C-2 and C-3 hydroxyls thns making the ring closure easier. Under

longer reaction conditions this acetal leads to the formation of the

2,4-rnonoacetal. The mechanism of this conversion was found to he

dependent on the reaction conditions. G.l.c. studies suggested that

the 2,3-monoacetal of D-glucitol first hydrolysed to polyol and then

re-reacted to form the 2,4-monoace tal in the aqueous medium,but under

non-aqueous conditions, using dimethylformamide containing hydrogen

chloride,the 2,3-acetal rearranged to the 2,4-monoacetal.^^

A dimethylene acetal of unknown structure obtained directly from

1-deoxy-U-glucitol has been reported.7^ Two diastereoisomeric

2,4!5|6-di-0-benzylidene-3-0-methyl-1-deoxy-U-glucitols were synthesised

by the lithium aluminium hydride reduction of the 1-0-tosyl derivatives
65of the stereoisomeric 2,4:5,6-di-O-benzylidene-3-0-methyl-j^glucitols.

The diacetals obtained by direct acétalisation of U-glucitol usually
3have the 1,3:2,4-structure, however in the case of the 1-deoxy derivative, 

this structure is not possible, but a diacetal with a structure of 

2,4:5,6-, may be expected to be preferred. This is only true if

1-deo3qjr-U-glucitol behaves comparatively to U-glucitol.

ii) Results and Discussion

1-Deoxy-D-glucitol in fact afforded the structure 2,4 :5,6- 

with n—butyraldéhyde although the yield was not as high as expected.

In all stages of the reaction, products consisted of a complex mixture 

of structural and stereoisomers as shown by g.l.c and n.m.r snectroscopy.
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H O

HX; C 3H,

Pig. V-2

After two days, 2,4:$,6-diacetal which moved fastest on t.l.c. plate 

in benzene-methancl (9:1; v/v) was present in highest yield and this was 

the only acetal isolated in workable amounts ( Pig,V-2 ), Although another 

crystalline product was obtained in extremely small yield,with elemental 

analysis for a dibutylidene-1 -deoxy-hexitol, a mixture was indicated by 

n.m.r. spectroscopy.

The 2,4:5,&-diacetal was isolated by fractionation of the reaction 

mixture on neutral alumina, eluting with diethyl ether. The n.m.r. 

spectrum showed this product to be a mixture of stereoisomers which 

differed by the configuration of the acetal-proton on the five-membered 

ring (Section VIII, iii). A very small amount of pure cis isomer was 

also isolated. The structure of the diacetal was determined by chemical 

methods (details. Section V, iii).
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The formation of several products from 1-deoxy-p-glucitol may be 

better understood, when the stereochemistry of some of its theoretically 

possible diacetals is considered. It is possible that the 2,4:3,5-diacetal 

of 1-deoxy-D-glucitol (Fig, V-3) is formed, due to the reasonable 

stability of the cis fused ring system with 0-inside conformation.

Although in this structure the -CH^OH group is axial to the 3,5-ring, the

2,4-ring has an eq^torial methyl group which increases the stability of 

the molecule.

R

R

Pig. V-3

The other theoretically possible fused ring system with two 

six-membered rings is the 3»5^4»6-diacetal (Pig. V-4), however the 

formation of this structure is unlikely as it contains the less stable 

trans-fused system (Section l) as well as carrying the (-CH(OH).CH^) 

group axially to the 3,5-&CGtal ring. This destabilises the molecule.
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Ç H s
CHOH 

RR

Pig. V-4

The other possible diacetals of 1-deoxy-D-glucitol can only have 

separated acetal rings, such as the 2,3:4,6- and 3,4:5,6-diacetals.

The former is the more stable of the two since it contains a six-membered 

ring. The complexity of the actual reaction mixture suggests that some 

of these structures are probably formed during the reaction.

iii) Structural Analysis of 2,4:5,6-Di-0-butylidene-1-deoxy-D-glucitol 

The diacetal was very soluble in all organic solvents, hence 

uncrystallisable, however its purity was assessed from its elemental 

analysis as well as g.l.c. and t.l.c. studies. On acétylation a syrupy 

monoacetate derivative was obtained. The diacetal (Pig. V-5,l) was also 

methylated to give the compound (ll), which showed no hydroxyl absorption 

with i.r. spectroscopy. The acetal groups were removed from the compound 

(ll) by hydrolysis with acidic resin IR-120(H ). The monomethyl hexitol, 

thus obtained, consumed 2.13 mol periodate ion and released 1.10 mol of 

formaldehyde and 1.05 mol of formic acid, showing it to have the structure 

of 1-deoxy-3-0-methyl-D-glucitol (ill).
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The diacetal (l), therefore must he the 2,4:5»6-di-O-hutylidene-1- 

deoxy-B-glucitol. Further evidence for this structure was supplied hy 

its n.m.r. spectrum, showing the presence of five and six-memhered acetal

rings, and its i.r. spectrum in carbon tetrachloride which showed a sharp
“■1 T2absorption at 3580 cm characteristic of a secondary, intramolecularly

hydrogen bonded hydroxyl group.
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VI. Butylidene Acetals of 2-Beoxy-B-glucitol (2-deoxy-B-mannitol)

i) Introduction

The known diacetals of 2-deoxy-B-glucitol consist of a 

dimethylene"^^ and a di-(nitrohenzylidene)^^ derivative, both of unknown 

structure.

The only monoacetal obtained in a pure state is the 1,3-0-butyl idene-2- 
1deoxy-B-glucitol. The presence of a 3,4-butylidene derivative in an 

unresolved mixture has also been reported.

2-Beoxy-D-glucitol most probably exists in the extended planar 

zig-zag conformation due to the absence of any 1,3-diaxial interactions.

ii) Results and Discussion

2-Beoxy-B-glucitol (Fig. VI-1, II) was obtained from commercially 

available 2-deoxy-B-glucose (l) by sodium borohydride reduction 

(Pig. VI-1).^

,0 H

/' \  
( O H H / I  

H O V - f  OH 
H

NaBK

H -

CHgOH
1 ^
C - H

HO -
1
C - H

H -
1
C - OH
1

H - 0 - OH1
OEg OH

II

Fig. VI-1
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The reaction of 2-deoxy-B-glucitol with n-hutyraldehyde under the 

thermodynamically controlled conditions, in the presence of hydrobromic 

acid gave the 1,3:4,6-diacetal which is favoured by the Barker and 

Bourne rules. This reaction was monitored by g.l.c. on Apiezon-K column.

The chromatograms obtained at certain time intervals are shown in 

Figure VI-2. As the g.l.c. results suggested, the reaction was very fast 

and resulted in the formation of the 1,3:4>G-di-O-butylidene-2-deoxy-^ 

glucitol as the main product. When the reaction was stopped after 2 h, 

the diacetal was isolated as a syrup which was then crystallised from 

light petroleum.

However, the g.l.c. analysis of the reaction (Fig. VI-2) suggested 

that, a considerable amount of another, obviously less stable product was 

formed at the early stages of the reaction. The reaction was stopped 

after %  min in order to obtain this kinetically controlled product, which 

was isolated as a syrupy mixture in good yield. T.l.c. in benzene-methanol 

(9:1, v/v), showed that the mixture contained 1,3:4,&-diacetal as well 

as the uncharacterised kinetically controlled a c e t a l . T h e  n.m.r. spectroscopy 

showed overlapping triplets at about T4.95 suggesting the presence of five- 

membered acetal rings. The complexity of the acetal-proton region implied 

that the unidentified product was a mixture, most probably of the 

stereoisomeric forms.

Attempts were made to separate the kinetically controlled diacetals 

of 2-deoxy-^glucitoi on neutral and basic alumina and silica gel using 

several solvent systems as eluent. The resin Bowex-1 x 8 (OH ) was also 

tried, with methanol-water as eluent, without success.
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The syrupy mixture of the diacetals was stored at -5°, after a 

separation attempt on a silica gel colnmn. After several days, a partial 

crystallisation was observed and about a month later solidification was 

complete. The recrystallised solid gave the 1,3:4,6-diacetal in pure 

state. It was assumed that a trace of acid, possibly from the silica gel 

column or from the solvents used, catalysed the conversion of the unstable 

acetal to the stable 1,3:4,6-diacetal.

The reaction of 2-deoxy-D-glucitol with n-butyraldehyde proved to be 

very different from the similar reactions of D-glucitol and its 

1-deoxy derivative. In 2-deoxy derivative the absence of the C-2 hydroxyl 

group eliminates the possibility of formation of the 2,4-acetal ring which 

is characteristic for ^glucitol, nor is it possible to obtain the 2,3-acetal 

ring which is also obtained from ^glucitol under kinetically controlled 

conditions.

It is clear from the results obtained that 2-deo2y-^glucitol behaves 

as D-mannitol derivative rather than a derivative of B-glucitol towards 

acetalation. D-Mannitol also afforded the 1,3:4,6-dibutylideneacetal 

under thermodynamically controlled conditions together with some 1,3:2,5: 

4;6-triacetal, but direct formation of 1,3- and 4,6-mono or 1,3:4,6-diacetals 

from T^glucitol is not known.

iii) Structural Analysis of 1,3:4,6—Di—0—butylidene-2-deoxy—D-glucitoi 

The n.m.r. spectrum of the title acetal indicated the presence 

of two six-membered acetal rings, which limited the possible structures 

to the 1,3:4,6- and 3,5:4,6-. Theoretically the latter would be unstable 

as the trans-fused system (Pig. VI-3) contains the (-CHg—CHgOH) group axial 

to the 3,5-ring (analogous to 3,5^4,6-diacetal of 1-deoxy-f^glucitol,

Pig. V-4).
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R

Fig. VI-3

The diacetal was methylated to give (ll) which was obtained as a 

syrup and purified by vacuum distillation.
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The methyl ether of the acetal (ll) was hydrolysed hy refluxing 

it in the presence of acidic resin Amberlite IR-12O(h’*0« Thus a

chromâtographically pure, 2-deoxy-D-glucitol monomethyl ether was 

obtained. The periodate oxidation of this compound did not produce 

any formic acid and formaldehyde but it consumed 1.1 mol of periodate 

ion, proving the structure of this compound to be 2-deoxy-$-0-methyl-D- 

glucitol (ill). The methyl ether (ill) also gave a syrupy tetra­

acetate derivative (iV), the mass spectrum of which will be discussed 

in a later section.

These results showed the presence of a free hydroxyl group on C-5 

of the diacetal (l). Considering both chemical and spectroscopic 

evidence the most reasonable structure is 1,3:4,6-di-0-butylidene-2- 

deoxy-D-glucitol.

The monobenzoate derivative of the 1,3:4,6-diacetal (Pig. VI-5, l) 

was also subjected to acid hydrolysis in order to find out if 

benzoyl migration took place and compare the results obtained from 

méthylation and hydrolysis studies. Because of the possibility of 

benzoyl migration, hydrolysis could not be used in the structural analysis 

of the cyclic acetal. The acid hydrolysis of the benzoylated acetal 

(Pig. VI-5, l) afforded the crystalline monobenzoate derivative which was 

also characterised as its crystalline tetra-acetate derivative (ill).
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After periodate oxidation, the monohenzoate (ll) produced 1.2 mol 

formaldehyde, eliminating the possibility of any substituent on 0-6 

and C-5; and 2.1 mol of formic acid thus showing the structure of this 

compound as 1-0-benzoyl-2-deoxy-D-glucitol.
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VII The Synthesis of 4,6-0-Butylidene-D-galactose

The reactions of aldehydes with galactose usually afford the 

4,6-monoacetals in good y i e l d . ^3, 75 Synthesis of 4,6-0-huty 1 idene-^- 

galactose was achieved using hydrobromic acid as catalyst in aqueous 

medium (Exp. 59 )• The product was obtained as a syrup and freeze-dried

to a powder. The product contained mainly 4,6-monoacetal, although some 

unidentified acetals and galactose were also present. The galactose was 

removed by fractionation on a cellulose column eluting with ethyl methyl 

ketone saturated with water and the galactose free product was crystallised 

from dry acetone. The monoacetal was characterised as its triacetate 

derivative, the n.m.r. spectrum of which is discussed in SectionVlll-iy,

The 60 MHz spectrum of the free acetal clearly showed it to be an anomeric 

mixture (two anomeric doublets were, observed), but acétylation in pyridine 

with acetic anhydride gave only the p-anomer. Same result was obtained 

from the acétylation of 4»6-0-butylidene-D-glucose which gave only the 

P-anomer. The impure 4,6-0-butylidene-B-galactose was reduced with 

sodium borohydride to give some 4|6-0-butylidene-D-galactitol in pure 

state. This acetal was not distinguishable from 1,3-butylidene-DL-.o*alactitoi 
by chromatography, and had the same m.p. and mixed m.p. 72 - 74°»
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VIII Applications of H.m.r, Spectroscopy to Structural Investigations 

of Cyclic Acetals

i) Introduction

H.m.r. spectroscopy has proved to he one of the most useful 

techniques in structural studies of carbohydrate derivatives.^^»^%any 

applications of this technique to structural problems confronted in the 

study of the cyclic acetal derivatives of carbohydrates,^^ as well as
77to simple diols and polyols, have appeared in the literature. In 

1963 R.U. Lemieux ^  al. were able to show that, 1,3:2,4-dimethylene-L-

threitol existed in the 0-inside conformation with the use of n.m.r.
a . 78data.

H.m.r. spectroscopy can be successfully applied to structural 

determinations, where the classical methods fail. , For example, the 

mild acid hydrolysis methods used in the structural investigations of 

fully substituted acetal derivatives of some polyols, are not always 

successful due to the possibility of acetal ring migration. However, 

the structures of 1,3:2,4:5»6-tri-O-benzylidenegalactitolswere
32successfully determined by interpretation of their n.m.r. spectra.

Further advantages of the technique were illustrated when n.m.r. 

spectra of a wide range of cyclic acetals were interpreted to show that 

assignments of the absolute configurations on the acetal— carbon atoms, 

as well as determinations of the ring sizes were possible. For example, 

several 2—phenyl—1,3-dioxane derivatives with equatorial substituents 

at positions 4 and 6 showed a single acetal-proton signal in the range 

of X. 4.82 - 5 .02.^^ The acetal signals of several 4-alkyl-2-phenyl

1,3-dioxdane derivatives were in the ranges "C 4*62 — 4*67 and
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T  4.46 - 4*52 and these were assigned to the cis and trans isomers
79respectively. Using these n.m.r. data the authors were ahle to

assign the configurations at the acetal-carhon atoms of many hen%ylidene
32 79acetals of more .complex carbohydrates. *

More recently n.m.r. studies on seven-memhered acetals showed that 

the 2,5-methylene protons of 1,3:2,9:4,6-tri-O-methylene-D-mannitol and 

1,3î4»6-di-0-henzylidene-2,5-^-methylene-^-mannitol were isochronous 

(equivalent nuclei which exhibit the same chemical s h i f t ) . T h i s  

suggested that the acetals were either undergoing a fast ring inversion 

process between two degenerate chair forms (Pig. VIII-I) or that they 

existed in the conformâtionally stable twist chair conformation 

(Fig. VIII-I).

Twist boat

R

Twist chair
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Chair 

Fig. V III-1

Similar arguments and n.m.r. data were used to show that 

1,3:2;5:4,6-tri-O-ethylidene-D-mannitol and 2,5-0-ethylidene-1,3:4,6- 

di-O-methylene-D-mannitol existed in the stable twist chair form 

(Fig. VIII-l), but in some bicyclic derivatives where 1,3-dioxolane 

rings are trans fused to 1,3-diox§pane rings at C-3 and C-4, the seven-
81 82membered ring may assume a twist-boat conformation. *

Investigations on conformational equilibrium in 1,3-dioxane 

derivatives were also made using n.m.r. spectroscopy. For example, the 

n.m.r. spectrum of 5-methyl-5-isobutyl-1,3-dioxane (IOO MHz in CSg) at 

86° (where a slow equilibration process occurs) gave two separate AB 

systems for the protons H^, and H^, showing the existence of two

conformations at equilibrium (Fig. VIII-2). 83
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H

H— y H—6

Fig. VIII-2

The application of n.m.r. speotroscopy in the cyclic acetal field 

remained limited "because of the complex appearance of the spectra.

In recent years, the availability of high field n.m.r. instruments, made 

it possible to derive first order or approximately first order
Q .

information from complex molecules. In this thesis it is shown that 

using high field n.m.r. spectrosoqpy, it is possible to obtain complete 

structural information about some cyclic acetal derivatives of hexitols. 

However, due to insufficient data in the literature on this subject, 

the structural assignments are made with caution in the cases where 

chemical evidence is not very strong. In many cases both 100 M Hz
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and 220 MHz spectra are necessary for complete interpretation. The 

double resonance technique is also used to assign the signals. The 

spectra obtained during this work will be discussed after some aspects 

of n.m.r. spectroscopy are considered.

ii) Aspects of High Resolution Proton Magnetic Resonance
■ _ . 85, 86, 87Spectroscopy ’ ’

The basic principle of nuclear magnetic resonance spectroscopy 

is that the nuclei of the same species, protons in this case, but in 

different chemical environments absorb energy at different radio 

frequencies, when placed in a given magnetic field, due to the differing 

screening effects of the electrons. The separation between the 

absorption lines is called the chemical shift, when expressed in 

dimensionless field independent units. The absolute measurements of 

the screening constant at a nucleus is not possible; therefore it is 

necessary to compare the absorption line positions with the position of 

a resonance in a suitable reference compound. Tetramethyl silane is 

usually used as a reference compound since it gives a single, sharp 

n.m.r. signal and at a position where not many organic molecules give 

n.m.r. signals. However, tetramethyl silane (T.M.S.) is not soluble in 

water; therefore for the measurements in DgO, 2,2-dimethyl-2-silapentane- 

5-sulphonate is usually used.

Chemical shifts are normally defined in the dimensionless 

parameter Ô (p.p.m.) according to the equation (a) .

^  sample ^ref. .^6 LZSj. .10° (à)
^ref.
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Most of the p.m.r. signals of organio compounds fall between Ô 0 

and 6 10. Another scale, often used, is the x  scale. The relation 

between T  and Ô is given by T  = 1 0 - 6 .  In this thesis usually 5 

scale is used, but the "C scale is used for the acetal-proton signals 

for reasor^ of existing familiarity in the associations of ring sizes 

with T  values.

Spin-spin coupling.- Although the low resolution n.m.r. spectrum of

ethanol gives three n.m.r. signals as shown in figure VIII-3, under

high resolution fine structure can be observed on each line

(Pig. VIII-3)• The n.m.r. signals of methylene and methyl protons

thus give a quartet and triplet respectively. Further splittings may

be observed on the hydroxyl and methylene resonances when the exchange of
85the hydroxyl proton is sufficiently suppressed.

CH

CH
OH

CH,OH
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This fine structure is caused by so-called spin-spin interactions 

between different nuclei. This magnetic coupling is independent of 

the applied field and transmitted by electrons through the chemical 

bonds. In so-called first order spectra the magnitude of the coupling 

constant (measured in Hz) may be deduced directly from splittings in 

the observed multiplets.

First order analysis can be applied under the following 

conditions.

a) The difference between the chemical shifts of the two coupled 

protons (in Hz) must be more than six times the coupling constant.

b) Each proton in one group must be coupled equally to each and every 

proton in the second group.

In a first order spectrum the following characteristics are 

observed;

a) There is no manifestation of coupling between magnetically 

equivalent protons.

b) The multiplicity of a proton or a group of equivalent protons is 

dependent on the number of coupled protons,and the number of observed 

peaks is equal to the number of coupled protons plus one.

c) The peaks are symmetrical about the position of the line that would 

be observed in the absence of coupling; the separation within the 

multiplet is equal to j and the intensity distribution is binomial 

i.e. 1:1, 1:2:1, 1:3:3:1, etc.

Geroinal coupling.- Spin-spin interactions of the geminal protons are 

called "geminal couplings". Usually the magnitude of this type of
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coupling is quite large (12 to 18 Hz), and usually negative in sign.^^ 

The magnitude of the geminal coupling is dependent on the 

nature and electronegativity of the substituents on the neighbouring 

carbon atoms. For example in fluorene (Fig. VII1-4, l) , a large 

negative value for was observed whereas in (ll) the geminal

coupling is only ( 0 + 2  Hz) . Thus the inductive effect of an 

electron withdrawing group usually causes a positive increment.

Rv .R
o

B

II

V
ca. J.-n - 6 Hz —  ,— AB

III

Fig. VIII-4
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The values of geminal coupling decrease down to ca.- 6 Hz as the

angle between the geminal protons increases e.g. as in III compared to

II. In 1,3—dioxane derivatives, the magnitude of the geminal coupling

constants are usually in the range of -6 to -14 Hz. Figure VIII-5
85shows jigeminal 1,3-dioxane. ^

H 2 H H
J 2 ^ ~ 6.0 to — 6.2

^  —10.9 to —11.5
H°H

“ ĥ ĥ "" -12.6 to -13.5

Fig. VIII-5

Vicinal coupling.- The spin-spin interactions between the protons on 

the adjacent carbon atoms are called "vicinal coupling". An extremely 

useful rule was established by Karplus for predicting the dependence of 

vicinal coupling on the dihedral angle (^) as given by

£  = Cos^(|) - C for 0 ^ ^  ^  ^ 30°

£  = £ ^ ^  Cos^Cj) - C for 90^2^ ^  :^l80°

In these equations, £^, £ ^^ ,  and C are constants. However the 

vicinal coupling constants are effected by factors other than the 

dihedral angle such as the electronegativities and orientations of 

substituents, hybridisation of the carbon atom,bond angles and bond 

lengths. These must be taken into account in applications of the
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Karplus equation. The angular relationship of the vicinal coupling 

constant is shown in figure VIII-6.

10

8 

6Î

0 30 60 90 120 150
^  )

180

Fig. VIII-6

Long range coupling.- Spin-spin couplings, which sometimes occur over 

four bonds are called long range coupling. Usually protons in a 

planar zig-zag conformation separated by four bonds along a W  path 

couple c o n s i d e r a b l y . T h e  protons may be separated by hetero 

atoms or double bonds since this type of coupling is independent of the 

nature or hybridisation of the intervening atoms. The magnitude of the 

coupling is usually in the range of 0 - 2.5 Hz. The long range coupling 

can give valuable information in structural determinations. For example, 

the n.m.r. spectrum of 2,5-isopropylidene-1,3:4»6-di-O-methylene-D- 

mannitol showed broadening of the equatorial protons of 0-methylene 

groups in the 1,3-dioxane rings, which is caused by long-range coupling 

between the equatorial acetal-protons and equatorial geminal protons
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suggesting that these protons are positioned on a W  path.^^
The presence or absence of long range coupling may also be used 

in eliminating one or more of the possible structures proposed for a 

compound, for example one of the conformations proposed for the acetal, 

methyl 2,3-^-methyl-4» 6-0-benzylidene-b-glucopyranoside in which the 

phenyl group occupies the axial position on the acetal— carbon (Fig. 1-20, 

page 15) t should show a broadening of the acetal-proton signal due to 

W  coupling with the equatorial proton on C-6.

iii) The General Characteristics of the H.m.r. Spectra of Acetals

The n.m.r. spectra of butylidene acetals are easily recognised by 

their low field acetal-proton triplets, which usually appear in the 

range X  4.5 - 5 .6, and the high field propyl group signals. In 100 MHz 

spectra the propyl groups give two separate group of signals, a 

multiplet for the CHg'CH2 group in the region Ô 1-2, and a non- 

symmetrical triplet for the CH^ group near Ô 1. In the 220 MHz spectrum 

the (CHg) multiplet is separated into two groups, the low field one being 

assigned to the (CH^) nearest the ring oxygens. The methyl group of 

the propyl side chain appears as a symmetrical triplet which is now part 

of a first order spectrum.

The chemical shifts of the acetal-proton triplets are dependent on 

the ring sizes, thus providing a means for distinguishing the five and
29six-membered butylidene acetal rings. The five-membered ring acetal- 

protons usually appear at or below"C 5*10 and the six-membered butylidene 

acetal-proton triplets appear at or a b o v e 5 *40.
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The chemical shifts of acetal-proton signals of several six- 

memhered butylidene acetals are shown in Table VIII-1. It is seen 

that the substituents on the 1,3-dioxane ring influence the chemical 

shifts only slightly-. The available data is not sufficient to make 

generalised structural assignments possible, however it is reasonably 

safe to use the chemical shifts of butylidene acetal-proton triplets 

in determining the ring sizes of the acetals.

The acetal-proton signal of 1,3:4»6-di-O-butylidenegalactitol 

(contains cis-1,3-dioxane ring) at T  5.38 resonates at lower field than 

the acetal-proton of 1,3:4» 6-dibutylidene-D-mannitol at %  5*51 (contains 

trans-1,3-dioxane ring). This is in agreement with the observation 

that the benzyl proton signal of cis-3-hydroxy-2-phenyl-1,3-dioxane (X4*®0 ) 

appears at lower field than the trens isomer (T 5.02 ).

Separate acetal-proton triplets are usually observed for the 

stereoisomers, with differing configuration on the acetal-carbon atoms 

of the 1,3-dioxolane derivatives. Configurational assignments are 

only possible in the cases where both the triplets are observed.

The 100 MHz spectrum of 2,3-0-butylidene-1-deoxy-H-galactitol 

(Fig. VIII-8) in H^O for example, showed two overlapping acetal-proton 

triplets at "C 4*96 and X  4.85» indicating a stereoisomeric mixture.

Two configurational isomers are possible (Fig. VIII-7).
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a

CiH3 " 7

1,3:4; 6-Di~0-lDutylide n e galactitol

4; 6-0“Ba-bylidene~1-deoxy-2,3, 5-tri- 
0-methyl-^galactitol

5.37 H H OH

5.38 H H OMe (# OMe)g
CH. ^ 3

1 y 3-0-Butylidene-2,3;5;^-tetra-0- 
methyl^alactitol

1 y 3:4; 6-Di-0--lDutylidene-2y 5-di-O- 
methylgalactitol

5.41 H H OMe

5.42 H H OMe

4;6-0-Bu'tylidene-1-deoxy--2,3-isopropyl~ 5*43 H
idenegalactitol

1 ;3î4;6-Di-0;-b'atylidene-2,4-di-0- 5*54 H
benzoylgalactitol

4;6-D-Hiitylidene-1 y2y 3;5-tetra-O- 5*5V  H
ace ty 1-D-gluc i t ol

1 y 3:4; 6-Di-O-butyl i dene-^manni toi 5*51 H

4;6-0-Butylidene-1 y 2y 3;5“’tetra-0;- 5*49 H
aoetylgalactitol

4;6-0;-Butylidene-1-deoxy-2y 3y 5“'tri-0- 5*49 H
aoetyl-H-galactitol

4;6-0;-Butylidene-2y 3-isopropylidene- 5«49 H
galaotitol

1 ; 3^4; ô-Di-Q-butyli dene-2y5-di-0- 5*48 H
acetylgalactitol

(ÇH OMe) 
CH OMe 2

H OCOC^H

OCOCH^ H

OH • H

(ÇHOAc),
CHgOAo'

H OCOCH (ÇHOMe)g
CHgOMe

H OCOCH^ (CHOMe)
. ^ CH, 2
HOH^C, ^

H OH

H OCOCH^

Table VIII-1
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H O  y
CHoOH

(I) R' = H

(II) R' = -C^Hy

Fig. VIII-7

The acetal-proton in isomer (l) is expected to he more deshielded 

since it is on the same side of the 1,3-dioxolane ring as the 

4-suhstituent. Deshielding arises from the expansion of the electron 

clouds of the aoetal-proton and the close proximity of the 4-suhstituent. 

In isomer (ll), deshielding of the aoetal-proton is also expected 

because of the effect of the methyl group which is now ois to the 

acetal-proton however the effect of this group is less than that of 

the larger 4-substituent. The lower field triplet was therefore 

assigned to isomer (l).

The signal of the methyl groups (deoxy) appears at high field as 

doublets in the spectra of the acetals of 1-deoxy-hexitols. The 

spectrum of 2,3-0-hutylidene-1-deoxy-D-galactitol (Fig. VIII-8) showed 

two partially overlapping doublets at 6 1.36 and 6 1.43. The low 

field doublet was assigned to the 5-ioethyl group of isomer (l) which 

is deshielded by the cis n-propyl group.
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In the spectrum of 4t5-2.-'butylidene-1-deoxy-D-galactitol 

(Fig. VIII-9) only one acetal-proton was observed at X  4 .89, 

therefore this product was assumed to he a pure stereoisomer, hut 

it was not possible to assign the configuration on the acetal-carbon.

The configuration of the acetal-proton of 2,3-0-butylidene-^- 

galactitol also could not be determined, since the n.m.r. spectrum 

of the fully methylated compound showed only one acetal-proton triplet 

at X  4«95» Interconversion of configurational isomers is not likely 

during méthylation, therefore the product is either the thermo­

dynamically preferred one or the acetal-proton signals of both stereo­

isomers are superimposed.

The 100 MHz spectrum of 2,4:5,6-di-O-butylidene-3-O-methyl-D- 

glucitol shows a triplet at T 5*42 for the 1,3-dioxane ring acetal- 
proton (Fig. VIII-IO) and two overlapping triplets at X  9 .11 and 

X  9.04 for the five-membered ring acetal-proton, suggesting the 

presence of stereoisomers only for the 9,6-acetal ring. The low 

field triplet at T  9*04 was assigned to the trans isomer (Fig. VIII-11,II) 

and the triplet at X  9*11 to the cis isomer (Fig. VIII-11,l); as in 

the former case, the acetal-proton is deshielded by the large 

substituent (2,4-ring), on the same side.
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(I) = CbH^ R^ = H ; R^ OMe r "̂ = CHgOH

(II) R^ = H B ^ =  , R^ OMe R^ = GHgOH

(III) = C^H? 2R = H ; R^ OH R"̂  = CH
(IV) R^ = H R^ = C^H ; R^ = OH = CH
(?) R^ 2R =• H ; R^ = OMe R^ =

3
CH3

(VI) R^ H R^ = C^H ; R^ = OMe • r "̂ = CH3̂
(VII) R̂ R^ = H ; R^ = OMe r "̂ = CHgOMe

(VIII) R^ = H R^ = C H ; R^ = OMe r "̂ = CHpOMe

Fig. VIII-11

Similar assignments were made for the other stereoisomeric 

^*4:5*6-hntylidene acetals of B-gluoitol derivatives (Table VIII-2) 

from their 100 MHz spectra.
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Fig. VIII-11

Compound 2,4-ring 5,6-ring

(T) cis (t T ) trans ( TT )

I 5.42 5.11;
II 5.42 5.04
III* 5.40 5.12
IV* 5.40 5.05
V 5.47 5.1 1

VI 5.47 5..03
VII 5.43 5.1 L

VIII 5.43 5.06

60 MHz spec trim
Table VIII-2

All the above compounds were obtained as the mixtures of stereoisomers which 

could not be resolved. However, fractionation of 2,4:9,6-di-O-butylidene- 

1-deoxy-p-glucitol on alumina gave some pure trans isomer in extremely low 

yield. The 60 MHz spectrum (the low field part) of the pure isomer and 

the mixture is shown in figure VIII-12.
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J
4

Snectrum of the stereoiRomerio 
mixture.

Fi^.VIII-12

4 Ô
Spectrum of the pure isomer ( Trans ).

The methoxyl ^rouo nroton sisals which appear as 

sharp sinylets are easily detectable even in complex spectra.The snectrum 

of 1,3:4,6-dibutylideneyalactitoi dimethyl ether showed a methoxyl siynal 

at X 6 . 5 7  (integrated for six protons).The fully methylated 1,3-monoacetal 

had methoxyl siynals a t T  6.54t6.56(two methoxyl groups)and a t T  6.62,

The tri-O-methyl—1,3-monoacetal had methoxyl siynels at X  6.50,6.51 ^nd 

6.54.The 2, 3-monoacetal tetramethyl ether showed methoxyl sisals at X  6.50 

6.52,6,60,and 6.61,The 2,4,5,6-tetra-O-methylralactitoi and 1,4,5,6-tetra- 

0-methylrral«ctitol g‘“ve methoxyl sifyials at X 6.4'^,6.50,6.54,6.61 and at 

”C 6.50,6.51,6.60,6.61 respectively.These results are in aareement 

with the results of E,B,Rathbone et al.^^* ^
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iv) Utilisation of the (-OH) Proton Signals in Structural Analysis

A coupling between a hydroxyl group proton and a proton on the

same carbon can sometimes be observed in the n.m.r. spectra of certain

hydroxy compounds, which may be used to obtain additional structural 
92, 93information.^ ' This type of coupling is not always observed due to

the fast exchange rate of the labile hydroxyl proton. Normally at room

temperature the rate of exchange of hydroxy proton is considerably faster

than the n.m.r. time scale, unless this process is slowed down by other 
88effects. Hydrogen bonding may be one of the reasons for slowing the

exchange of the hydroxyl p r o t o n s . T h e  J couplings are usually
■ HO-G-H

observed in solvents, such as DMSO which provide a strong intermolecular 

hydrogen bond with the hydroxyl groups as shown in figure VIII-13.^^*

H
O

H

CH
CH

Pig. VIII-13

The chemical shifts of hydroxyl group protons are concentration and 

temperature dependent. In complex molecules, these properties may be 

useful in determination of the hydroxyl group signals.

Figure VIII—14 shows the 60 MHz n.m.r. spectra of 1,4î3»6— 

dianhydromannitol. Identification of the hydroxyl proton signal is difficult 

in the spectrum of the concentrated solution (l), but on dilution (ll), a
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doublet due to the hydroxyl group proton moves to higher field. The 

identification of the signal is confirmed by addition of a trace of 

trifluoroacetic acid (ill), which increases the rate of exchange of the 

hydroxyl proton thus removing the observed splitting of the signal.

\  /
° CDC I

Fig. VIIH4

6:2: 1 %

Experimental difficulties are encountered in observation of the

2  couplings in cases where it is not possible to obtain the organic 
HO-C-H
compounds in sufficiently pure state. Hence it was not possible to

observe any _J couplings in any of the syrupy acetals obtained. 
HO-C-H

The 1,3:4,6-dibutylidene acetal of 2-deoxy-B-glucitol only gave a 

broadened hydroxyl signal even after several crystallisations, possibly due 

to the presence of a .trace of acid.
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A consideralDle amount of data on alcohols, available in the

literature, show, that almost certainly the coupling constants
HO-C-H oo

are dependent on the dihedral angles, analogous to the Karplus rules.

The values usually are, ça. 2-4 Hz,and ça. 12 Hz.
syncljn?.! antiperiplanar

In cyclohexanol derivatives, it was suggested that the observed

J. coupling constants are the average values of all of the rotameric 
HO-C-H

conformations which are obtained by the rotation of 0-H/C-H bonds.

An equatorial hydroxyl group has three preferred rotameric conformations, 

where the dihedral angle ((j)) can be 60°, 180° and 300°, An axial 

hydroxyl group has only two important rotameric conformations which are 

mirror images of each other (l) with ( J )  = 60° and 300°. The third rotamer 

(ll) with ̂  = 180° is probably less favoured due to hydroxyl hydrogen axial 

hydrogen interactions (Pig. VIII-1^)

300°

II

Fig. VIII-15

In agreement with these arguments, larger coupling constants 

(ca. ^  5 Hz) were observed for the equatorial hydroxyl protons of some

cyclohexanol derivatives.
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In 1,3—dioxano derivatives an opposite situation is expected, because

interactions between the hydroxyl hydrogens and axial hydrogens do not

exist. On the contrary the ring oxygens provide a source of donatable

electrons for intramolecular hydrogen bonding (Fig. VIII-16),which

facilitates the retention of the preferred rotameric conformation of the

hydroxyl group with a dihedral angle of ca. 180°.

In the 100 MHz spectra of benzylidene, chioroethylidene and

butylidene 1,3î4>6-diacetals of galaotitol, hydroxyl protons showed large

coupling constants ( J_ 12 Hz), suggesting that the conformations of
HO-C-H

the hydroxyl group protons and protons on the same carbons are antiperiplanar 

(Fig. VIII-16).

Fi g VIII-16

In 1,3-dioxane derivatives, an equatorial hydroxyl proton is expected

to show similar coupling constant values as in cyclohexanol derivatives,

since it also has three preferred rotameric conformations with (j) = 60^,

180°, 300°. The largest coupling constant observed for these compounds

is ca. 5 Hz. Thus it is possible to distinguish between axial and ^

equatorial hydroxyl substituents whenever the observation of the JT
HO-C-H

coupling is possible.
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The 100 MHz spectrum of 1,3î4,6-dihutylidene-^mannitol showed a

doublet for the hydroxyl proton with J_ I.5 Hz. The small value
HO-C-H

of the coupling constant suggested that the hydroxyl occupies an equatorial 

position and the dihedral angle between the hydroxyl proton and the axial 

proton is about 60-80° (Fig. VIII-17).

Fig. VIII-17

In other words, the contribution of the other theoretically possible 

ro tamer ( (j) = 180°) of the equatorial hydroxyl to the average value of 

the coupling constant is very small. Similar observations could not be 

made in the case of 1,3:4,8- di-O-butylidene-2-deoxy-^glucitol 

where a broad hydroxyl proton signal was obtained (Fig. VIII 38). The 

1,3:5,8-dibutylidene-^mannitoi gave one doublet for each of the hydroxyl

group protons, with coupling constants of 6 Hz and 4 Hz.- . _

■ . “ The signal with the larger coupling constant can be

attributed to the 4-OH, if the carbon skeleton is assumed to exist in the 

zig-zag conformation (Fig. VIII-18). In this case the hydroxyl on C-4 

has less rotameric freedom than the hydroxyl on C—2, due to possible hydrogen
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bonding with one of the ring oxygens, which could increase the population 

of the rotameric conformation with a large dihedral angle ca. <}> = 180°, 

giving a large coupling constant (Fig, VIII-18).

Fig. VIII-18

In the 100 MHz spectrum of 1,4:3,6-dianhydro-^glucitol, as expected, 

two doublets for hydroxyl groups were observed. The signal with larger 

coupling constant (J. 6 Hz), can be assigned to the C- 5 hydroxyl proton, 

because its rotameric freedom is almost locked by the intramolecular 

hydrogen bonding (Fig, VIII-19), and the dihedral angle at this
O mconformation is about 120 , The •'hydroxyl group,although not in an exact

H

H

Fig, VIII-19
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equatorial situation)can however have similar rotameric conformations* 

It is on this basis that the observed average coupling constant of 4 Hz 

is expected.

In the spectrum of 1,4î3,6-dianhydromannitol) only one doublet for 

the hydroxyl groups was observed with a coupling constant of 8 Hz. In 

this molecule both hydroxyl groups are involved in intramolecular 

hydrogen bonding (Fig. VIII-20).

,0"H

H
H

H - O

Pig. VIII-20

The observation of a large coupling in this case, also confirms the

accuracy of the assignments in the D-glucitol compound. However in

dianhydromannitol,probably both rings are puckered,thus causing larger

dihedral angles between the hydroxyl protons and protons on the same

carbon atom and therefore showing larger J, value of 8 Hz than the
HO-C-H

analogous D-glucitol derivative.

The hydroxyl group proton signals can also give information about the 

degree of substitution of an alcoh o l , t h e  primary hydroxyl proton couples 

to two protons thus giving a triplet) whereas a secondary alcohol only gives 

a doublet. In the case of a tertiary alcohol a singlet is expected.
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however a singlet is usually observed for any type of alcoholic protons 

in the presence of trace acid, therefore assignments of tertiary alcohols 

need extra caution.

In all the spectra considered, the chemical shifts of hydroxyl 

protons were found to be concentration dependent.- This is due to the 

existence of an equilibrium in the solution in which protons are present 

in various molecular species, such as the intermolecularly hydrogen bonded 

dimeric, trimeric or polymeric forms as well as the non-bonded monomer 

and the intramolecular1y hydrogen bonded monomeric species. The observed 

chemical shift is an average of all the species present. The equilibrium 

therefore is dependent on the concentration, temperature and the nature of 

the solvent. In pyridine and dimethyl sulphoxide, the hydroxyl chemical 

shifts change only by insignificant amounts, possibly due to hydrogen 

bonding of these solvents with the compounds considered. In fact,in these 

solvents the hydroxyl proton resonances move to very low field due to 

hydrogen bonding.

A preliminary experiment carried out on the change of chemical shifts 

with dilution of the hydroxyl protons of certain cyclic acetal derivatives 

are shown in figure VIII-21.

In all the spectra, the signals move to higher field by dilution.

The explanation is that, in moderate concentrations, the intermolecularly 

hydrogen bonded species dominate the equilibrium but are reduced in number 

by the addition of more solvent. The best solvent for this type of 

investigation is carbon tetrachloride, however due to the low solubility of 

the compo"unds studied in this solvent, deuterated chloroform was used.
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At infinite dilution, only the monomeric species is expected to he 

present in the solution, and hence the position of the signal gives the 

true chemical shift of the hydroxyl proton. In other words, the chemical 

shift of the hydroxy proton at infinite dilution is only dependent on its 

magnetic environment. This can he useful in determining the nature of the 

hydroxyl groups. Investigations on the behaviour of hydroxyl proton 

chemical shifts of alcohols and phenols have appeared in the literature.^^*^^’^^ 

In some cases, the equilibrium constants for monomer^dimer formation were 

evaluated and the results were explained in terms of the equilibrium between
97 98the hydrogen bonded species. Ouellette and Booth found that the slope of 

the dilution curve (chemical shift vs mole fraction) at low concentrations 

(e.g. 0.020 to 0.002 mole fraction range) in carbon tetrachloride was 

directly related to the steric environment of the hydroxyl proton.

So far no work on the application of this phenomenon to carbohydrate 

derivatives has been reported. In this thesis, some preliminary 

experiments carried out with cyclic acetals are shown in figure VIII-21,

It was not possible to observe the hydroxyl signals at very low 

concentrations and therefore the results are only interpreted qualitatively. 

However with the use of digital signal averages (C.A.T.) it should be possible 

to work at very low concentrations, to provide valuable information in the 

carbohydrate field.
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In figure VIII-21 it is seen that, for dilutions between O.4M and 

0.G5M, there is only a small change in. the hydroxyl chemical shifts of 

1,3:4,6-di-O-butylidene-B-mannitoi and 1,3:4,6-di-O^butyl idene-2-deoxy- 

B-glucitol. This situation can be an indication of the presence of 

predominant intramolecular hydrogen bonding in these compounds, since 

intramolecular hydrogen bonding is not expected to be concentration 

dependent.
2In the case of 1,4:3,6-dianhydroglucitol, the curve for -OH is

similar to that of 1,4:3,6-dianhydro mannitol, but the curve for -OH

shows a faster change in chemical shift. The latter hydroxyl (OH ),

therefore, must be positioned on 0-5 where it cannot form intramolecular

hydrogen bonding, and the former (OH^) on 0-2 where intramolecular hydrogen

bonding is possible.

The dilution curve for OH of the 1,3:5,6-di-O-butylidene-D-mannitol

is almost parallel to the curve of 1,3:4,6-di-O-butylidene-D-mannitol but 
2the curve for OH shows a faster shift to high field on dilution, which 
2indicates that OH cannot form intramolecular hydrogen bonding and this 

limits its position to C-2 (Fig. VIII-I8).
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v) Spectroscopic Evidence for the Structures■of 2,4:5,6- 

and 2,3:4,5-Bihutylidenegalactitols

The presence of free primary hydroxyl groups in 2,3:4»5“ 

dihutylidenegalactitol was indicated hy the hydroxyl group proton signal 

which appeared as a triplet (integrating for two protons), in the 60 MHz 

n.m.r. spectrum. The signal collapsed to a single line on addition of 

a trace of trifluoroacetic acid.• The overall spectrum was too complex 

for assignments of the other signals, hut the superimposed acetal-proton 

triplets at X  4*92 in the 60 MHz spectrum was a good indication for the 

presence of a five-memhered ring. The observation of only a low field 

triplet, precludes the presence of a six-membered ring.

Mass spectroscopy also provided additional information for the 

structure of this compound as shown in the next section.

The 100 and 220 MHz spectra of 2,4:5,6-di-O-butylidene-BL-galactitol 

are shown in figures VIII-22 and 23. Even the 220 MHz spectrum was too 

complicated for complete interpretation but the acetal-proton signals 

were easily detectable. The high field acetal-proton triplet at %  5*42 

can be assigned to the butylidene acetal-proton of the 1,3-dioxane ring 

and the triplet at X  4*94 to the 1,3-dioxolane ring.

In the 100 MHz spectrum, two separate hydroxyl signals were observed 

(Pig. VIII-22). The hydroxyl signals in the 220 MHz spectrum broadened 

due to the presence of trace of water in the solvent (Pig. VIII-23).

The assignments of the signals were confirmed by the addition of a 

trace of trifluoroacetic acid to the solution whereupon the hydroxyl 

signals converged to a single, sharp line (Pig. VIII-22).
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•C,M,

OH«

0M»

■bzz

OH

1

Fig, VIII-22 100 MHz spectrum of 2,4‘5i6-di-0-butylidene~I>L-galactitol
a) in CICl^
b) with trace of CF^COOH.
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A triplet and a doublet (the coupling constant can be measured 

easily on the expanded spectrum, although this could not be seen in the 

normal spectrum) for the hydroxyl group protons indicated that a primary 

and secondary hydroxyl groups were present. The above findings limit 

the possible structures to 1,3:4,5-di-O-butylidene-D^galactitol and

4î5f6—di-O-butylidene-D^galactitol. Two of the possible conformational

formulae for the former are (l) and (ll) (Fig, VIII-24),

I

(D-form)
R = C 3 H ;

Fig. VIII-24

H

OH

II

(p-forai)

The conformation (l) is a reasonably stable one in which the

1,3-dioxane ring has two equatorial substituents and an axial hydroxyl

group which is capable of forming intramolecular hydrogen bonding.

Therefore a large J, type coupling is expected,but the observed
HO-C-H

coupling is only 2 Hz, indicating that the hydroxyl group is more likely an 

equatorial one. The conformation (ll) is also a configurational isomer of
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(l), (differing in configuration on the 1,3-dioxane ring acetal-carhon) 

although it contains the secondary hydroxyl in the equatorial position, 

the 4»5-ring is axial,thus causing instability.

For the other possible structure,namely 2,4:5,6-di-O-butylidene-D^ 

galactitol, the most probable conformation is shown in figure VIII-2^,

C,H

(p-form) '

Pig. VIII-25

which fits best to the observed spectrum. The mass spectroscopic evidence 

also supported this structure.

vi) The Il.m.r. Spectra of 1,3;2,4;5«6-Tri-O-butylidene-DL-galactitol.

The 100 MHz spectrum of 1,3:2,4:3,6-tri-0-butylidene-pL-galactitol 

was very complicated but the acetal-proton triplets were easily detectable at 

"C 5.40, 5.25 and 4.78. These signals were confirmed by a double resonance 

experiment, by irradiating the -CHg-CHg- multiplet at S l.#5»
(Fig, VIII-26) which converged the triplets to singlets. The chemical 

shifts of these acetal-protons are also in accordance with the assumed 

structure. The signals at T  5*25 &nd 5*40 are too high for five- 

membered ring acetal—protons but the triplet at X  4*78 can only be due to 

a five-membered ring acetal-proton which must be deshielded by the oxygens 

of 2,4-ring.
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The only triacetal obtained was stereoisomerically pure, therefore 

the configuration on the 5,6-ring acetal-carhon could not he assigned, 

however after crystallisation of this product,the mother liquor yielded 

a syrupy product whose n.m.r. spectrum showed several triplets hut none 

at lower field than "C 4*78. This syrupy product was assumed to he a 

mixture of the other stereoisomer of 1,3:2,4:5,6-triacetal and possibly 

some other triacetals of different structure,and some polymerised 

hutyraldehyde. It appears that the triplet at "C4«78 is due to the trans 

isomer of the two possible 1,3:2,4:5,6-tri^Xbutylidene-DL-galactitol 

(Fig, VIII-27), in which the acetal-proton of the 5,6-ring is closer to the 

2,4-ring.

C HR'= C3ÏÏ7 -, R2= H ( £12.) ^ 7
R'= H , R%= C3 H 7  ( T r ^ n  )

Fig. VIII-27

The same conformation also explains the shift of the 2,4-ring 

acetal-proton triplet to low field ("T 5*25) due to deshielding effect 

of the oxygens of the 5,6-ring. The 220 MHz spectrum of the triacetal was 

better resolved. The low field part of the expanded spectrum with the 

possible assignments is shown in figure VIII-28.
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irvii) IT.m.r. Spectra of some 1,3:4«6-T)iacetals of n.alactitol and fflhe 

Derivatives

In this section, the 100 MHz n.m.r. spectra of 1,3:4,6- 

dibutylidene, 1,3î4»6-dichloroethylidene and 1,3:4,6-dihenzylidene acetals 

of galactitol and some derivatives of these acetals are considered.

The structure of the 1,3:4,G-dibutylidene acetal was derived, hy synthetic

methods in section II-B. The 1, 3î4»6-di-0-cKloro«^i’Wgalactitol was
■ • 100 * prepared according to the method of H.B. Sinclair who also determined

its structure hy synthetic methods. The 1,3:4,&-di-0-hen^ylidenegalactitol
21was prepared hy the method of Hudson et al. who also determined its 

structure.

The 60 MHz n.m.r. spectrum of the 1,3î4»6-dihenzylidenegalactitol 

in dioxane was described briefly and the benzylidene acetal signal at 

T4"78 was used as evidence for the suggested conformation (Fig. VIll-29, l)» 

in which two 1,3-dioxane rings have one axial and two equatorial substituents. 79

HO

OH
1 11

Fig. VlII-29
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Some years later H.B. Sinclair^^^ et suggested a different 

conformation for the 1,3:4,6-dichloroethylidenegalactitol, based on 

theoretical considerations, in which the 1,3-dioxane rings were axiah 

to each other and the equatorially disposed hydroxy groups could form 

hydrogen bonds with the neighbouring ring oxygens (Fig. VlIl-29, ll).^^^ 

It was suggested that the energy lowering of these hydrogen bonds was 

sufficient to overcome the axial interactions. However, detailed 

examination of 100 MHz n.m.r. spectra in this thesis revealed that, all 

three acetals and their derivatives existed in the conformation (l) .

The n.m.r. spectrum of 1,3:4»6-di-O-butylidenegalactitol is shown 

in figure Vlll-30. Identical chemical shifts were observed for the 

equivalent protons of the two 1,3-dioxane rings due to the symmetrical 

disposition of two rings. The same phenomenon was also observed for 

the other 1,3:4»6-diacetals and their derivatives. The spin-spin 

couplings and chemical shifts (table Vlll-3) were obtained by 

approximate first order measurements. The similarities of the n.m.r, 

spectra of 1,3:4»6-diacetals pointed strongly to a common structure.

The 100 MHz spectrum of 1,3:4»6-di-O-butylidenegalactitol is presented 

as a model in assigning the signals of other acetals.

The geminal protons were easily recognised in all the spectra.

In figure Vlll-30, the lower half of the signal for the axial geminal 

protons was superimposed onto the signal of H^, which appeared as a

sharp singlet in all the spectra, suggesting a zero or very small
1 2  2 coupling between H and H . The signal of H * was obtained as a

broadened doublet at 6 3»6l. Double resonance s-t the centre of this
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p'doublet caused the high field doublet of H to oonverge to a single

line showing that,these protons were ooupled. At the same time the

small splittings on the geminal proton signals were removed showing
2that,they were also caused by the spin-spin interactions of H .

2'
The hydroxyl proton signal (h  ) was easily recognised by its

2 oconcentration dependence. The large coupling between H and H is

diagnostic for an axial hydroxyl group (Section Vlll-iv).
2Each line of the H doublet in the same spectrum was in fact an 

unresolved triplet as confirmed by expansion to a 250 Hz scale 

(Pig. VIII-31) . The computed spectrum of the compound (shown in the 

same figure) was obtained by the use of the computer p r o g r a m m e " U . E . A .  

n.m.r. basic non-iterative" which gave a reasonably good agreement 

with the observed spectrum.
uIn the n.m.r. spectrum of the dimethyl ether of 1,3:4,o-

dibutylidenegalactitol, the low field part of which is represented
2in figure VIII-32, the H signal appeared as a broad line, or a slightly

resolved triplet, depending on the resolving power of the speotrometer.

The eight lines due to the geminal protons were well separated. The

low field quartet centred at 6 4«29» was assigned to the equatorial

geminal proton and the high field quartet centred at 6 3*72 was assigned

to the axial one. Irradiation of the signal of (5 3.22) collapsed

the splittings on the geminal protons,thus simplifying the spectrum

(upper spectrum, figure VIII-32) to a four-line AB pattern,which

confirmed the accuracy of the interpretation. The computed spectrum

of this compound (figure VIII-33) was obtained with the programme " U*E.A, 
101n.m.r. basic". The chemical shifts and coupling constants read

directly from the observed spectrum were fed into computer and the
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Fig, VIII-31 a) 100 MHz spectrum of 1,3î4»6-di-0-TDutylidenegalactitol 

in CDCl^ (250 Hz sweep width) h) Computed spectrum.
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values unobtainable from the spectrum were found by interpolation.

The values taken from the observed and the computed spectrum aye 

shown in table VIII-3»

The coupling constants ( ^  could not be measured from the 

spectra, as the fine splittings on the and signals were not 

observed due to insufficient resolving power of the instrument used.

These values therefore, are given as smaller than 1 Hz in the tables.

viii) The H.m.r. Spectra and the Structures of Some Acetals of 

Hexitols and Heoxy-hexitols 

In this part, the n.m.r. spectra of 1,3-0~butylidene-2,4»5t6-tetra-O- 

acetyl-HL-galactitol (l), 4,6-0-butylidene-1,2,3,3-tetra-O-acetyl-D- 

glucitol (2), 4,6-0-butylidene-2,3,3-tri-0-acetyl-1-deoxy-D-galactitol (3), 

1,3:4,6-di“0-butylidene-D-mannitol (4) and 1,3:4,6-di-0-butylidene-2-deoxy- 

D-glucitol (5) are considered. The 100 MHz spectra of some of these 

compounds were interpretable but in some cases the 220 MHz spectra were 

necessary for unambiguous assignment of signals. In order to facilitate 

the comparison of the above compounds, the acetals(2), (3) and (5) are 

called 1,3-0-butylidene-2,4,5 » 6-t et ra-O-acetyl-L-gulit ol, 1,3-0-butylidene- 

2,4,5-tr i-O-acetyl-6-deoxy-L-galact itol, 1,3:4,6-di-0-butylidene-5~deoxy- 

D-mannitol respectively.

The n.m.r. spectrum of 1,3:4,6-di-O-butylidene-D-mannitoi indicated 

that the protons on either of the 1,3-dioxane rings have identical 

chemical shifts. The observation implied the following possibilities:

(i) the protons of the two 1,3-dioxane rings are equivalent and therefore 

exhibit the same shift and (ii) the protons of the two 1,3-dioxane rings 

are not equivalent but have coincidental shifts.
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The first possibility is the case foimd for the 1,3:2,5:4,6- 

trimethylene-D-mannitol in which the acetal-protons are equivalent due 

to the presence of an axis of symmetry in the twist-ohair or twist-boat 

conformations (Pig. VIII-34)

- H

Fig. VIII-34

In the case of the 1,3:4,6-diacetals a similar conformation is 

not favourable due to the interactions of the hydroxyl groups on C-2 

and C-5 (Pig. VIII-35, l)•

Ha
0\ H3

OH HO

I

; h o

Ha

II

Pig. VIII-35
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A more favourable conformation is (ll), in which the interactions

between the hydroxyl groups are minimised and possible intramolecular

hydrogen bonding further increases the stability. The magnitude of

the coupling constant also supports this view as discussed in

the section Vlll-iv.

The conformation (ll) also possesses a two-fold rotational symmetry

axis perpendicular to the C-3, C-4 bond, of type D^. Therefore the

protons of both rings are equivalent.

Fig. VIII-36, shows the 220 MHz spectrum of the compound (4),

(Fig. VIII-35, 11). The signal of was found to be a triplet at

S  3.401 coupling to the equatorial HI with a coupling constant of 10 Hz, 
2also to the H  with the same coupling constant. The large vicinal

1 2coupling constant indicated that protons H and H were antiperiplanar

and hence both axial. The equatorially positioned geminal proton

H1^ gave a quartet at 5 4*22 since it was strongly coupled to H^
(geminal coupling, 10 Hz) and to H with a coupling constant, of 4»7 Hz,

which is characteristic of synclinal vicinal protons. In the 100 MHz

spectrum, the quartet of H^ and the doublet of H^ overlapped with the 
2signals of H appearing as a complex multiplet. The splitting of the 

hydroxyl group proton signal was observed in the 100 MHz spectrum, 

whereas a singlet was obtained in the 220 MHz spectrum.

The large coupling constants J,  ̂  ̂ indicated that these protons were
r ,  H-̂

antiperiplanar (Table VIII-4 ),

The 100 MHz spectrum of the compound (5) (Fig. VIII—37) was too 

complicated for complete interpretation (Fig. VIII-38), but the 220 MHz
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spectrum (Fig. VIII-39) gave a good separation of the signals, thus

providing evidence for the structure (ill) (Fig. VIII-37)•

1 *3-0-3utylidene ring of this compound is probably identical with the

1,3-ring of the compound (4). In the spectra of these two compounds,
1 /the similarities of the H , H signals for the 1,3-rings supported

1 /  this view. A triplet for H and a quartet for H showed similar

coupling constants and chemical shifts in both spectra (Table VIII-4

and 5)• The of the compound (5) appeared as a quartet at 5 3.55
due to its coupling to both (j _  ̂ 10 Hz; large dihedral angle)

4 /and to H (J  ̂ , 4 Hz; small dihedral angle). The multiplet of
2 ^H in the spectrum of the compound (5) overlapped with the quartet of HI. 

The assignments of the other signals are shown in figure VIII-39*

H

III
Fig. VIII-37

In the 100 MHz (Fig. VIII-40) ■and 220 MHz (Fig. VIII-41) spectra 

of 1,3-^-butylidene-2,4»5»6-tetra-0-acetyl-L-gulitol, the H^ appeared 

as a triplet at 6 3.37 (J  ̂ ./= J . p 10 Hz) and the equatorial proton
”h  ,H "h \ h

H1^ as a quartet at 04*20 (j . 10 Hz; J p 5*5 Hz). In the 100 MHz
h \ h ' h ',it
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spectrum, the signals of HI were ohscured due to overlapping of

other signals in the region Ô 4-4«5» tiut in the 220 MHz spectrum and

its expansion (Pig. VIII-42), these signals and those of H^ (a sextet)

could he seen clearly. The signal of H^ was observed in both spectra as

six lines. The analogy in chemical shifts and coupling constants of the

1.3-ring protons of the three above mentioned aoetals, indicated the

similarities of these rings. In the 100 and 220 MHz spectra of
2

compound (4) the signal of H was a complicated multiplet due to the 

extra couplings to the hydroxyl group proton.

On the other hand, galaotitol derivatives showed considerably 

different n.m.r. parameters. The vicinal coupling constants of the

1.3-ring protons were invariably small (also exhibited by the 1,3:4,&-

derivatives), indicating that the conformations are synolinal .
2The proton H occupies the equatorial position in these compounds hence

the dihedral angles of the vicinal protons are about 60°.
1 <The geminal protons (H ,H ) in galaotitol derivatives appeared

as a pair of quartets. The magnitude of the geminal coupling constants

was 13 Hz in the 220 MHz speotrum(Pig. VII1-43)•

The signal for H^ appeared as a quartet at ca. Ô 4*7 in all the

spectra (Figs. VIII-44, 45» 46, 47) except in the 220 MHz spectra

(Figs. VIII-43 and 48) where a broad line was obtained (poor resolution).

However on the expanded scale some splittings were observed (Fig. VIII-44)•
2The spin-decoupling experiments (irradiation of the signal of H ) 

confirmed the assignments of the geminal proton signals and also the 

signal of H^. In the 100 MHz spectra of both the galaotitol derivatives
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3the signal of H was a quartet partially overlapped by the signals of

geminal protons. This quartet was collapsed to a doublet by the
2irradiation of the signal of H . This experiment is represented in

the spectrum of 1,3-0-butylidene-2,4,5-tri-O-aoetyl-6-deoxy-L-galaotitol

(Pig. VIII-47)• In the case of the compound (l) more complex results

were obtained as the signals of and partially overlap the signals 
1 1 ^  3of H , H and H , however it was still possible to make assignjments.

Conformational information was also supplied by the signals due to

the side chain part of the monoaoetals. In the galaotitol derivatives

the coupling constants ^  „ 9*0 Hz indicated an antiperiplanar
H-^,IT

conformation for these protons, whereas in the compound (2) the value 

of J  ̂ . was only 1.0 Hz suggesting that in this case the conformation

is synclinal.. The coupling constants J_ . c in the spectra of the
H^,ÿ

compounds (3) and (2) were also small indicating the synclinal conformation 

of these protons. These results are in agreement with the planar zig-zag 

conformation of the polyols.

The signals of H^ and H^ in the spectra of the monoaoetals appear 

at lowest field. The signal of H^ in the spectra of the galaotitol 

derivatives appeared as a quartet and the assignment was confirmed by 

double resonance at the centre of the quartet due to H^, whereupon the 

coupling between H^ and H^ was not observed. The signal of H^ was a 

multiplet of seven or eight lines. These signals were better separated 

in the 220 MHz spectra (Pigs. VIII-44 and 48) .

In the spectrum of 1,3-0-butylidene-2,4,5? 6-tetra-O-aoetyl-L-gulitol 

in CDCl^, the signals of H^ and H^ had coincidental shifts and therefore 

appeared as a broad singlet (Pigs. VII1-40 and 4l)« Hence, in this case.
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it was not possible to measure the magnitude of the . Another
ir,ÿ

interesting aspect of the spectrum was the extra splittings shown by

the signal of Under the first order considerations, the maximum

multiplicity expected from these signals 4s . four lines, caused by a

large geminal coupling and a second coupling to the vicinal proton
6However the signal of H appeared as a pair of quartets (centred at

Ô 4 .11) partially overlapping the quartet of h1^ , which implied that

H^ coupled to H^ as well as H^, The signal of H^ was a quartet as ,

expected which partially overlapped the aoetal-proton triplet. These

signals were better separated in the 220 MHz spectrum (Pig. VIII-42),

with chemical shifts & 4*42 and 4«13-

A double resonance experiment (Pig. VIII-49) confirmed the above

assignments. The irradiation of the signal of H^ and H^ at Ô 5*36

simplified the signals of H^ and H^ to doublets showing that the small

splittings were due to the coupling of the geminal H^ and H^ to H^ and

H^. The existence of a long range coupling between H^ and H^ implied

that these protons were either on a \/\/ path as in conformation (l)

(Pig. VIII-50) or that they possessed the conditions for "Virtual Coupling",

A virtual coupling is possible when the coupling between and H^
76

is large. (Similarly, the anomeric proton signal of p-D-galactopyranose

penta-acetate appeared as a quartet due to virtual long range coupling to

H^, since the protons H^ and H^ possessed coincidental chemical shifts
J6and also coupled strongly). In the extended planar zig-zag conformation 

(ill) and in the conformation (l) , the dihedral angle between H^ and H^ 

is small. But in the bent conformation (ll) , the dihedral angle is 

large.
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In t he 100 MHz spectrum of the same compound in deutero henzene , 

the signals of and were partially separated. The signal of
5appeared as a quartet partially overlapping the multiplet of H

(Fig. VIII-5/). In this case, hy means of a double resonance

experiment, it was possible to measure the coupling between and H^.

The small splittings of the quartet were removed on irradiation

of the signal of at S 3»73t leaving a doublet with a large coupling

constant of 8.0Hz, which was obviously due to the coupling of H^ to H^.

The large coupling constant  ̂suggested that these protons were
ir,H^

almost antiperiplanar, which excluded the extended planar zig-zag 

conformation (ill .) (Fig. VIII-SO) of the carbon chain and also the 

conformation (l) , in which the protons h "̂ and H^ are synclinal 

The most suitable conformation for the observed n.m.r. data was that of 

(II).

CHoOAc OAc

o a III

III

Fig. VIII-50
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6 5 4 3 é
Fig, VIII-51 100 MHz spec-truin of 1,3-0-lDutylidene-2,4,5,6-tetra-O-acetyl-

^gulitol in (low field pari).
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ix) The Spectra of the Fully Acetylated 4 ,6~Q-Butylidene Aoetals 

of D-Galactose and B-Glucose

The 100 MHz spectrum of 4,6-0-butylidene-l^y^tri-0-acetyl-p-B-

galactopyranose was fully interpreted to show the existence of a cis

fused ring system. The signals of H^ and H^ appeared as pairs of

symmetrical quartets. The signal of iP appeared as a quartet, very

similar to the signal of H in the galaotitol derivatives (section VIII-

viii), hut at higher field. The assignments of the signals were

confirmed hy double resonance experiments. The signal of H^ was

located hy the irradiation of the signal of H^ (Fig. VIII-5-), and the/
irradiation of H^ confirmed the assignments of' H^, H^ and H^ (Fig. V T H -
\ 1 253)• In the 100 MHz spectrum, the signal of H and H were partially

overlapped hut 220 MHz spectrum provided a good separation (Fig. VIII-54).

The magnitude of the ^  _ was found to he characteristic for a
H ,H^

P-galactopyranose derivative (Tahle VIII-9). The coupling constants 

obtained are in agreement with the assumed cis fused ring conformation of 

this compound.

A complex 100 MHz spectrum was obtained for the 4 » 6-0-hutylidene-|3-

D-glucopyranose tri-acetate in which the signal of H^ showed extra — /
splittings,probably due to the ’’virtual coupling” of H^ to H^

(Fig. VHI-55) . The 220 MHz spectrum provided a better separation

for the signals of h \  H^, H^ and H^ hut the signals of H^, H^ and H^ 

remained unchanged (Fig. VIII-56) . The magnitude of the J . p was
" h ',h ^

characteristic for a p-glucopyranose derivative, and the values of J. , p ,
h ',h

and 2  o were in agreement with the data obtained from the galactose 
H ,H^

aoetals since the configurations of protons up to C-3 are the same in both 

compounds (Table VIII-IO) but  ̂ . was smaller in the spectrum of the
h -̂ ,it

galactose acetal. The coupling constant  ̂ . was found to be large in
h -̂ ,h ^

the D-glucose acetal due to the trans diaxial relationship of the protons 

and H^ in the trans fused ring system (Fig. VII1-5^) •
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R R
H

R Ha %1 Hg %3

H 463 407 407.0*884 382.5* 361 361.0*388 388.0*
H CHgCl 485 417 392 369 401
Me 460 429 429-0* 372 371*5* 322 *322.0 402 *402.5

Ac C3H7 451 421 386 483 396
Bz G3H7 441 427 389 511 410
Me (=6̂ 5 563 448 396 339 440

Chemical shifts in Hz.

R -H'.Hg ■“H2H3

H G3H7 -12.0- *12.0 2.0 2.0* 1-5 1.5* < 1*
H CHgCl -11.0 2.0 1.5 tt

Me 03*7 -12.5 - *-12.0 *
1.5 1.5 1*5 1. *

5 It ft

Ac C3H7 -13.0 1.5 1.5 II

Bz C3H7 -13.0 1.0 1.0 n

Me -12.0 1.0 1.0 ft

'

Coupling constants in Hz.
* Values obtained from the ooinnuted snectra*

Table VII1-3 Chemical shift and .Coupling constant data for some

l,3;4T^"-(liRcetals of galaotitol and their derivatives 

in chloroform-d*
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CIÎEI'ÎICAL SHIFTS 

*

h 5

H^'

Ha

COUPLING CONSTANTS

'-H^H^

-H^H^

-H^H^

-H^H^

•-h V

-H^H^

“H^H^

-H^H^

-H^H^

( 220 î'iHz snectrum )
Hz
748

925

869

783

442

3.40

4.20
3.95

3.55

2.00

899 4.09

829 3.75

988;999 4.49;4.54

( 220 MHz snectrum )

- 10.0
10.0
5.0

10.0
4.0

12.0
3.0

3.0

- 12.0

Table VIII-5 Chemical shift and couoling constant data for

1,1:4,6-di-0-butylidene-5-deoyy-H-mannitol 

in chloroform-d.
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x) C Spectra of Some Butylidene Aoetals 

13The C n.m.r. spectra of some "b'atylidene aoetals suggested

that this technique could he applied to the investigations of cyclic
13acetals. The figure VIII-59 shows the C spectrum of 1,3:2,4:5,&-<-

tri-O-hutylidene-DL-galactitol; the acetal-carhon signals appear at

lowest field and well separated from the ring protons. The high

field signals are due to the propyl group carbons,and also well
13separated from the ring protons. There is no data on the C spectra

of cyclic acetals in the literature although some polyols have been 
102studied. It is known that the number of the signals,in the spectra

of symmetrical polyols are equal to the half of the number of carbon
102atoms in the molecule. The same situation was observed for the

symmetrical cyclic acetal derivatives, such as the 1,3:4,6-di-0-

butylidenegalactitol which showed only seven signals. However in 
13the C spectrum of the unsymmetrical acetal, 1,3-0-butylidene-DL- 

galactitol, one signal for each carbon atom was observed.
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Acetal Ring Propyl
carbons protons groups

1,3î2,4î5»6”Tri-0-butylidene-J3L-galactitol 105.3 78.4 37.2
101.5 74.2 36.9
98.2 71.8 35.9

69.4 17.7
68.3 17.4
65.6 14.1

13.9
1;3-0-Butylidene-DL-galactitol 103.4 78.4 43.5

72.9 18.0
71.1 14.3
69.1
64.2
63.6

1,3:4» 6-Di-0-butylidene-2-deoxy-D-gliicitol 102.6 80.2 37.1
102.0 77.0 36.4

70.5 17.5
66.5 17.2
61.5 . 14.0

1,3:4» 6-Di-0-butylidene-I)L-galactitol 102.6 76.3 36.7
72.1 17.2
62.6 10.0

Table VIII- 11 Chemical shifts (8) of some butylider
acetals relative to tetramethyl silane.



167

(O ro
I- - 10 81
rHOm

0-p•H-PÜc6
rHI
Q)

1
•HI
•HA
"T
VO

ITV

CM

ro

ON
ïH
>

•H



168

to

ro
0 
81
rHOU1
I—I0-p•H
§

{(D
?
CM1
•H

9'
•H

?
VO

ro

tpO

"6
Q)ftto
A
S

Oro

>
tlû

•H



169

IX The Application of Infrared and Mass Spectroscopy to the 

Structural Investigations

i) Infrared Spectroscopy

' The characteristic -OH stretching frequency (3500-3700 cm
%

in the infrared spectra of hydroxy compounds may he a valuable tool in

obtaining structural information. However, the formation of hydrogen

bonding, alters the appearance of the spectrum, therefore reliable

information can only be obtained in non-polar solvents, such as

carbon tetrachloride, as very dilute solutions. Concentrations of

O.OO5M in carbon tetrachloride are considered to be free from inter-

molecular hydrogen bonding.

The intramolecularly bonded hydroxyl groups absorb at lower

frequencies than the free hydroxyl groups. In a wide range of

5-hydroxy-1,3-dioxane derivatives, the free hydroxyl groups were found

to be in the range 3633 - 3644 cm  ̂ and the bonded hydroxyl groups in

the range 3592 - 3604 cm ^

The i.r. spectra of 1,3:4»6-di-O-butylidenegalactitol and 2,4:5,6-

di-0-butylidene-1-deoxy-D-glucitoi in carbon tetrachloride at

concentrations lower than O.OO5M, showed sharp absorption bands at 35^0 cm \

which suggested that the hydroxyl groups of these compounds had similar

conformations. The band at 3580 cm  ̂ is characteristic for intra-
72moleoularly bonded secondary hydroxyl groups. The i.r. spectra of 

1,3:4,6-di-O-butylidene-H-mannitol and 1,3:4,6-di-O-butylidene-2-deoxy- 

D-glucitol, showed slightly broader absorption bands at 3550 cm 

and 3540 cm"^ respectively. Similarities of the absorption bands again 

suggested similar conformations for the hydroxyl groups.
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The absorption lines in the i.r. spectrum of the 2,4:5,6-d.i-O- 

butylidene-3-0- methyl-D-glucitol were.at 3708, 3&45 and 3612 cm .

The absorptions at 3612 and 3648 cm  ̂ were repeated for 2,4:5,6-di-^- 

isopropylidene-3-O-methyl-D-glucitol. The line at 3612 cm  ̂was
65claimed to be characteristic for primary hydroxyl groups.

ii) The Mass Spectra of Some Butylidene Acetals

In the mass spectra of the butylidene acetals, the molecular

ion (M)**" and the ion for (M-1)**" are always o b s e r v e d , t h e  ion (M-l)^

being found in higher abundance. The other characteristic ion is

the (M-43)*^, formed by the loss of n-propyl group, which is especially

intense in the spectra of 2,3:4,5-&ibutylidenegalactitol and

1,3:2,4:5,6-tri-O-butylidene-DL-galactitol. The "half-ions" observed

in the spectra of the cyclic acetals are formed by the "^rupture"
105mechanism, which involves the fission of the bond separating the 

two rings. The mass number of the half-ions are equal to the half 

of the molecular weight in the symmetrical molecules. In non- 

symmetrical molecules more than one h-ion can be observed and sum of 

the mass number of these signals give the molecular weight. The 

fused ring systems also give h-ions by a different mechanism.

In the mass spectrum of the 1,3:2,4:5,6-tri-O-butylidene-DL- 

galactitol the intense peaks at m/e 229 and m/e 115 are formed by the 

h-rupture mechanism as shown below.

m

\
A  H- c -  0

« , <  \ . L

/ e  2 2 9

m,/e 1 1 5
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The spectrum of 1,3:4,6-di-0-hutylidenegalactitol dimethyl ether

contained an intense peak at m/_e 275 and half-ion at m/e 159 (table IX-l) .

The most abundant peak in the spectrum of 2,3:4,5-di-0-butylidene- 
galactitol was m/e 247» The other characteristic peak was the h-ion
at m/e 145. The peak, m/e 259 formed by the loss of (-CH^OH) group from the 
molecule, gave the m/e 187 by further loss of butyraldéhyde. Some 
fragmentation of this compound is shown below.

CH,OH

O '  /  I
H ▼

°\ Hpj\~0\,CH20H
O ^

m/e 245

C 3H,

^ O / y
m / e  1 4 5

C,H,CHO , „  — ►  m/e 187

m,/ e  2 5 9

In the mass spectrum of the 2,4:5,6-di-O-butylidene-DL-galactitol, 

the absence of the peak at nŷ_e 145 supported the n.m.r. evidence in favour 

of the assumed structure (section VIII-v„_.) and discarded the structure 

1,3:4,5’~<ti-0-butylidene-DL-galactitol, from which the ion m/e 145 could 

have arisen as the h-ion. The h-ions m/̂ , 175 and m/(e 115 expected from the 

2,4:5,6-diacetal were in fact observed. However these peaks also exist in 

the spectra of other galactitol acetals and therefore they cannot be regarded 

as structural evidence.
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iii) The Mass Spectra of the Partially methylated Alditol Acetates 

Obtained from the Cyclic Acetals

The fragments m/e 133 (a) and m/e 89 (b) were observed in the 

mass spectra of the 2,4,5,6-tetra-0-methyl-DL-galactitol diacetate and 

1,4,5,6-tetra-O-methyl-DL-galactitol diacetate. The secondary fragments 

derived from (a) by the loss of methoxyl groups and methanol appeared at 

m/e 102, m/e 71, and m/e 101.^^^

OCH-I +
C H   OCH_ CH - -- OCH_I  ̂ I ^CHg OCĤ  • CHg OCĤ

m/e 133 m/e 89

A B

The fragment m/e 59 (c) was formed by formaldehyde elimination from
3.108

;
C H  C H ,  -------------- HgC . 0 + l ^ O M e

^  H j C

m/e 59

B C

The characteristic peaks in the spectrum of 1,4,5,6-tetra-0-methyl- 

galactitol diacetate were the primary fragment (d) , m/e 233 and the 

secondary fragment (e ) m/e 113, derived from (d) by the elimination of
109acetic acid.
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AcO
1 C H j  -  O C H ,

-  602  C H  -  O G O C H _  =

I  ̂ “
3  C H  -  O C O G H j

4  C H = % r : z O C H _+ - 3

D m/e 233 \

OlVle

Me

OMe-60
D ----------p.

Me
m/e 113 

E
d-iottftocte

The spectrum of 2,4»5»6-tetra-0--raethylgalactitol'^also contained a

fragment at 233 with the prohahle structure of (f ) . This compound

also gave a peak at m/e_ 117 (C) which is characteristic for molecules
107containing a primary acetoxy group and an adjacent methoxyl group.

CHgOCOCHj
C H O C H

3
C H O C O C H ^  C B L O C O C H ,
I 3  I 2  3

C H - ::-- - - ,  O C H _  C H — — O C H ^
♦  3  + 3

P  G

The peak at m/e 277 shown hy the spectra of "both the tetra-O-methyl

diacetates may have formed hy the loss of a (-CHgOCH^) group from the 
107molecules.
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The primary fragment with the highest mass numher in the spectrum of

2,5-di-O-methylgalactitol tetra-acetate (h) was 5 /e 305, which was formed 

hy the loss of an acetoxymethyl group from the molecule.

m/e^117

...

m/e 117

CH^OCOCH- I  ̂ 3
H - C OCH-

H.COCO - C - H

H.COCO - C - H
 h —

H - C - OCH.

CHgOGOCBL

m/e 305

H

The most intense signal in the spectrum of 2,5-di-O-methylgalact it ol 

tetra-acetate (h) was m/e 117.

The presence of the ion, m/e 275 in the spectrum of 2-deoxy- ^

-v-5“̂ -niethyl-1,3î4j6-tetra-0-acetyl-D-glucitol (2-deoxy-5-0-methyl-

D-arahino-hexitol acetate) indicated the presence of a primary acetoxy1

group. A very intense peak at m/e 117 indicated the presence of a

( ) group which suggested carhon-5 as the position of the methoxyl
CHgOAc 

group in (J). gy m/e 275
CHgOAc
I '
CH^

m/e 117

AcO — C — H IH — C — OAc 
 h -H - C - OMe

CEgOAc
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It has been shown that^^^ the primary fragment (k), obtained from 

3-deoxy-2-O-methyl-D-arabino-hexito1 acetate by the elimination of 

-CHg-OAc,imdergoes the following fragmentation sequence. ^Only the 

fragments which carry C-6 acetoxyl group can undergo these reactions^.

I
{^2
CHOAc
I
CHOAc

CHgOAc

'OMe
AcQ

— AcO O—Ac

OlVle

-60
"^AcO- A .  ,O-Ac

K.

OMe

-60
0 ”“ Ac ——^ Ô — H

OMe OMe

K,
-32

m/e 155

K2

m/e 113 

K3

m/e 8l

The fragment (l) obtained from (j) can also undergo similar

fragmentations.
+

CH- -OMe

H — C — OAc
I

AcO— C — H 
1
CH_
ICHgOAc

m/e 275

AcO—̂  Ac

AcO OMe
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—60
O —Ac

OiVleAc
L

-42 •QO — H

OMe
l/e 113

O—Ac

OMe

Lg m/e 135

m

The fragment (L^) cannot eliminate methanol as easily as , therefore

an intense peak at 113 was observed•

The characteristic peaks in the spectrum of 1-deoxy-3-O-methyl-D-

glucitol tetra-acetate (m ) were the m/e 131 and m/e 217 formed hy the
107fission of bond. The primary peak with the highest mass

number, m/e 26l (u) was observed in a relatively high intensity, which.is 

characteristic for alditol acetates methylated at position 3 and acetylated 

at positions 4» 5 and 6. This fragment was also observed in the spectrum

m/e 275 CH. m/e 131

H “ C — OAc

H CO - C - H

H - 0 - OAoI
H — C — OAc
 I......

CHgOAc

M

CH-I
CHI
CH
ICH.

: OMe 

OAo 

OAc 

OAc

m/e 261
m/e 261
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of 1,3-di-O-methyl-D-glucitol tetra-acetate which also showed another 

characteristic primary fragment (p) at m/e l6l. The secondary fragments 

formed from (?) were as follows.

CH^^^^OMe
I

H — - G   OAc
/ A

H —  C = O M e  

-

H

CH.

H C ^  OMe

>
C = 0

CH.

m/e l6l 

P

mi/e 129 m/e 87

The ion m/e 101 also forms from (P) as follows;

HC OMe

MeO - C
I
H

H C   0. —

3 H- C --- OMe

H - C - OMeII
CH

HC OMe

m/e 101
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X. General Techniques and Materials

The 60 MHz n.m.r. spectra, recorded on a Varian E.M, 360 instrument, 

were used for routine control analysis of the products and in monitoring 

some of the reactions. The 100 MHz spectra were run on a Varian HA-100 

instrument and the 220 MHz spectra were recorded hy P.C.M.U., Harwell, 

using a Varian HR-220 spectrometer. All spectra were obtained at 

ambient temperature with internal references, except in the case of spin 

decoupling experiments, where the high field propyl group signals were 

irradiated, an external reference was used. The reference compound was 

sodium 4»4-dimethyl-4“Silapentane-1-sulphonate for the D^O solution and 

tetramethylsilane (T.M.S.) for all others.

The mass spectra were recorded by the University of London 

Intercollegiate Research Service on an A.E.I. MS-902, using direct 

insertion mode with an ionization potential of 70 eV , in temperature 

range 200-220°.

Gas-liquid chromatography (g.l.c.) was carried out on a modified Perkin-

Elmer P-11 and a Pye-104 instrument, both equipped with flame ionisation

detectors. The stationary phases used, were Apiezon-K (7»55̂ )»_

0V-17(7'5^ and P.P.E. (5^) on Celite. The liquid phase Apiezon-K was

found to be the best, for the separation of the cyclic butylidene acetals.

With the exception of some fully methylated derivatives, all samples were
110gas chromatographed as their trimethylsilyl ethers. A solution of the

sample ca. 10 mg in dry pyridine (0.5 ml) was treated with hexamethyl- 

disilazane (0.2 ml) and trimethylchloro silane (O.I ml) for 10 min. at 

room temperature. Hie precipitate was removed by centrifugation and the 

solution rotary evaporated to dryness at 40*̂ » The residue was taken up 

in dry diethyl ether (0.5 ml) and used for injection into the chromatograph. 

The values are relative to ^-glucitol in the case of the D-glucitol 

acetals, and to galactitol in the case of the galactitol acetals.
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The infrared spectra were recorded on a Perkin-Elmer 257 instrument. 

The samples were examined as their sodium chloride discs, nujol mulls 

or as neat syrups. The examinations of the hydroxyl stretching regions 

were carried out on a Perkin-Elmer 325spectrophotomet er. The samples

were used as their dilute solutions in carbon tetrachloride.

The optical rotation measurements were carried out with the 

Perkin-Elmer-141 polarimeter, using 1 dm. glass or quartz cells.

Silica gel coated glass or precoated plastic plates were used for 

thin layer chromatography. The solvent system (a) (ethyl methyl ketone, 

saturated with water), was used for the separations of mono and 

diacetals and for the separations of polyols from acetals. The solvent 

(b) (benzene-^nethanol: 9*1J v/v) was used for the separations of di- 

and triacetals and partially methylated polyols and their acetate 

derivatives. The detection of the chromatograms was achieved with 5% 

ethanolic sulphuric acid at 120°.

Paper chromatography was carried out on Whatman Wo.1 paper. The 

solvent mixture A (m.e.k. - H^O) ■ was used for the separation of the 

five and six-membered monoacetals. For the separation of polyols and 

partially methylated polyols, the solvent system, butanol-ethanol-water 

(40:11:19) was used.

The chromatograms were detected by dipping the dried papers in a 

solution of silver nitrate (2.5 g) in acetone (490 ml) and water (lO ml) 

and then into an ethanolic sodium hydroxide solution (sodium hydroxide:

2 g, ethanol: 98 ml, water:2 ml) to produce brown spots. Aqueous sodium

thiosulphate solution (2.5^) was used as a fixer.

Optical densities were measured using Unicam S.P. 500 and Unican SP 1800 

spectrophotometers.
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Materials: Pyridine was distilled over sodium hydroxide pellets at

115-117° and stored over sodium hydroxide. W,W-Dimethyl formamide 

(DMP) was distilled at atmospheric pressure and dried over molecular 

sieve (type 4A) . The n-hutyraldehyde was freshly distilled for each 

experiment. D-Glucose, D-galactose, 2-deoxy-D-glucose and galactitol 

were obtained from Koch-Light Laboratories Ltd., The acetals,

1,3:4» 6-di-O-butylidene-D-mannitoi, 1,3:5» 6-di -0-but y1i dene-D-mannit o1 

and 4»6-0-butylidene-D-glucitol tetra-acetate were kindly supplied by 

Dr. D. Lewis and a sample of 4»6-0-butylidene-D-glucose was supplied by 

Mr. T.J. Julnes. A sample of L-fucose was kindly supplied by 

Dr. E. Percival.
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XI. Experiments

Experiment 1 Reaction of Galactitol with Butyraldéhyde

A solution of galactitol (l5 gj 1 mol) in 0.5 W-hydrochloric 

acid (500 ml) was shaken with n-hutyraldehyde (6 ml; O .9 mol) and the 

solution was left at room temperature for 48 h, then neutralised with 

W-sodium hydroxide (25O ml) and evaporated under vacuum to I50 ml.

Some crystals of 1,3:4,6-di-O-butylidenegalactitol (l) which formed during 

concentration, were filtered off and washed with water. The

filtrate was extracted with chloroform (2 x 75 ml), dried and evaporated 

to dryness. Crystallisation of the residue from ether gave a further 

crop of the diacetal, m.p. 131-133°, total yield 1.8 g, R^ = 2.20;

= 0.70 (solvent a). The recrystallised diacetal (l) had a m.p.

133-135°" (Found; C, 57.99; H, 8,84. requires:

0, 57.91; H, 9.03^.

The aqueous layer gave a solid on evaporation which was extracted 

with ethanol (3 x 75 ml). Removal of the solvent resulted in a syrup 

(12.5g), t.l.c. of which in solvent A showed two spots, ^  = 0.27 and 

Bjp = 0 *38.
A column of Dowex-^1 X8 , 200-400 mesh (chloride form* 300 g) , was 

washed with M-sodium hydroxide (3 l) and then with deionised and COg- 

free water (3 l).

The mixture of the monoacetals in water (5 ml) was applied to the 

column and eluted with deionised and COg-free water. The fractions 

collected (25 ml) were analysed by t.l.c. The syrupy 1 «3-0-butylidene- 

DL-galactitol (ll) was eluted first,which crystallised on standing at 

5° overnight (2.4 g). Recrystallised acetal (from ethano1-ether, 5:1; v/v),
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had m.p. 73-75°* (Pound: C, 50*94; H, 8.62. ^^0^20^6 requires:

C, 50*83; H, 8.53^)* =0.27 (solvent a ) .

Later fractions on concentration gave syrupy 2,3-0-butylidene- 

DL-galactitol (ill) which crystallised on standing (1.3 g). The 

reorystallised acetal (ethanol-ether, 5:1; v/v) had m.p. 83-85°.

(Found: C, 50.66; H, 8.57* 0^20^6 requires: C, 50.83; H, 8.53^ .

Rp= 0.38 (solvent A).

Experiment 2 Derivatives of the Acetals Obtained from Experiment 1.

A solution of 1,3-U-buty1idene-DL-galactito1'(ll) (0.20 g) 

was acetylated with acetic anhydride (1.5 ml) in pyridine (4 ml) to 

give the tetra-acetate (0.35 s) 1 (lOO^) . The recrystallised compound 

(from ethanol) had m.p. 111-112° (Found: C, 53*56; H, 6.85.

^18^28^10 requires: C, 53*46; H, 6.98^ .

A solution of (ll) (O.25 g) was benzoylated with benzoyl chloride 

(1.5 ml) in pyridine (lO ml), to give the tetra-benzoate (0.40 g) (57^), 

m.p. 89-91° after recrystallisation from ethanol. (Found: C, 70*07;

H, 5 .52. C^gH^gO^Q requires: C, 69.93; H, 5*55^*

The a,cetal (ill) (50 mg) was acetylated with acetic anhydride (l ml) 

in pyridine (3 ml). The resulting 1,4,5,6-tetra-0-acetyl-2,3-0- 

butyl idene-DL-galact itol (83 mg) had m.p. 46-48° when reorystallised from 

ethanol-light petroleum. (Found: C, 53*33; H, 6.77* ^18^28^10

requires: C, 53*46; H, 6.98^).

The acetal (l) (O.3O g) was acetylated with acetic anhydride (2 ml) 

in pyridine (IO ml). The resulting 2,5-di-O-acetyl-1,3:4,6-di-O- 

butylidenegalactitol (0.26 g) (67%) crystallised from carbon tetrachloride.
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M.p. 200-202°. (Pound:- C, 57*58; H, 7*92. C^qH^qOg requires:

C, 57*74; H, 8*08/o).

The acetal (l) (l g) was benzoylated in pyridine (15 ml) with 

benzoyl chloride (1 ml) to give 2,5-di-0-benzoyl-1,3:4,6-di-O-butylidene- 

galactitol in quantitative yield (I.70 g) . M.p. 154-156°* 

Recrystallisation from boiling ethanol gave m.p. 157-159°* (Found:

C, 67*58; H, 6.83* ^28^34^8 requires: C, 67.45; H, 6.87^) *

Experiment 3 Méthylation of 1,3-0-Eutylidene-DL-galactitol.

A solution of the acetal (ll) (3 g) in ¥,H-dimethylformamide (25 ml)

was stirred with silver oxide (IO g) and methyl iodide (IO ml) for 24 h

at room temperature. The solids were filtered off and washed with 

H,H-dimethylformamide. The filtrate and the washings were evaporated

and remethylated. The suspension was filtered and the filtrate was 

evaporated completely under vacuum leaving a white solid which was 

extracted with light petroleum. The concentrated extract deposited a 

syrup overnight at -5°. The supernatant liquor was decanted and the 

syrup was crystallised from ethanol-light petroleum. The infrared 

spectrum (nujol mull) showed absorptions in the hydroxyl stretching range. 

The n.m.r. spectrum and elemental analysis indicated the compound to be 

the 1,3-0-butylidene-tri-O-methyl-DL-galactitol, m.p. 91-93°, yield O.I6 ĝ  

Rp = 0.24 (solvent B) . (Found: C, 56.53; H, 9*21; OMe, 33*18.

requires: C, 56.10; H, 9*42; OMe, 33*45^)*

The t.l.c. of the supernatant liquor showed one spot in solvent B 

( ^  = 0 .49)* Evaporation of the solvent gave a colourless syrup which 

crystallised on standing at -5°, m.p. 22-24°, yield 2.6 g (69^). The
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tetramethyl ether gave a single peak on g.l.c. and its infrared spectrum 

showed no hydroxyl absorption. (Pound: C, 57*73; H, 9*71; OMe, 42.21.

^14^28*^6 f^qu^res: C, 57*51; H, 9*65; OMe, 42.46^).

Experiment 4 2,4,5,6-Tetra-O -methyl-DL-galact it ol

A solution of the fully methylated 1,3-monoacetal (2.1 g) in ethanol-

water (7:3; 5^ ml) was refluxed and stirred for 3 h with Amberlite

IR-120 (h"*! resin (5O ml) and then concentrated to a syrup.

T.l.c. in solvent B, showed this to contain a product with ^  = 0.16

and a small amount of unhydrolysed acetal (R = 0.49) which was removed by
■ o-extraction with light petroleum (b.p. 4O-6O ). The remaining syrup 

crystallised from ether-light petroleum to give 2,4,5,6-tetra-O-methyl-BL- 

galactitol, m.p. 72-74°, yield 0.74 g (43*5^)* (Pound: 0, 50*31;

H, 9*12; OMe, 51*73* ^10^22*^6 requires: C, 50*41; H, 9*31; OMe, 52.10^)

A solution of this compound (15O mg) in pyridine was treated with 

acetic anhydride to yield the syrupy 1,3-di-0-acetyl-2,4,5,6-tetra-O-methyl- 

BL-galactitol (74^) whose infrared spectrum showed no hydroxyl absorption. 

(Found: 0, 51*81; H, 8.20. ^14^26^8 requires: 0, 52*16; H, 8.13^*

111Experiment 5 Déméthylation of 2,4,5,6-Tetra-O-methyl-DL-galactitol

The foregoing methyl ether (40 mg), in dichloromethane (3 ml) was 

treated with boron trichloride (4 ml) at -75° for 1 h, then left at room 

temperature for 24 h. Methanol (IO ml) containing water (l ml) was added 

to the reaction. The solvent was evaporated off after h. Successive 

addition and evaporation of methanol left a white solid which was 

reorystallised from ethanol-water to give galactitol (78^), m.p. and mixed

m.p. 187-188°.
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Experiment 6 2,4i5i6-Tetra-0-methyl-1-0-trlphenylmethyl-DL-galactitol
IlOO «‘'jj

A solution of the foregoing methyl ether^in pyridine (3 ml) was treated 

with trityl chloride (200 mg) for 5 days at room temperature. A solid 

separated on pouring into water which was filtered and dried and 

recrystallised from ethanol to give the title compound (55^), m.p. 134-136°. 

(Pound: C, 72.36; H, 7.37; OMe, 25*50. ^29^36^6 requires: C, 72*47;

H, 7.55; OMe, 25.83/0).

Experiment 7 Méthylation of 2,3»-0-Butylidene-DL-galactitol

The solution of the acetal (ill) (3 g) in H,B-dimethylformamide 

(20 ml) was treated with silver oxide (IO g) and methyl iodide (IO ml) 

for 24 h. After the removal of the solid the filtrate was remethylated. 

The suspension was filtered and the filtrate was evaporated. The residue 

was extracted with light petroleum to give the syrupy 1,4,5,6-

tetra-Q-methyl-2,3,-0-hutylidene-DL-galactitol, with = 0.42 in solvent B, 

Yield 2.7 g (71/0), h.p. 113-116^0.4 mm Eg. (Found: C, 57*35; H, 9*49;

OMe, 42.16. -̂14̂ 28^6 f^quircs: C, 57*51; H, 9*65; OMe, 42.46/).

Experiment 8 1,4,5,6-Tetra-O-methyl-BL-galactitol

A solution of the fully methylated 2,3-monoacetal (2.5 g) in ethanol- 

wat er (7:3; v/v) (25 ml) was refluxed with stirring in the presence of 

Amberlite IR-120 (H^ resin (25 ml) for 3 h, then filtered and evaporated 

to give a syrup for which the t.l.c. in solvent B showed one main product 

(Rp = 0.19) with a small amount of unhydrolysed acetal. The product was 

resolved chromâtographically over silica gel, eluting with benzene-methand 

(9:1; v/v), to yield the tetramethyl ether (I.5 g; 74/) * (Found: 

c, 50*57; H, 9.10; OMe, 51.88. ^^0^22^6 requires: C, 50*41; H, 9.31;

OMe, 52.10/).
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The tetramethyl ether (50 mg) was acetylated with acetic anhydride 

(1 ml) in pyridine, to give a syrupy diacetate (92/). T.l.c. (in

solvent B) indicated a single product ( ^  = 0.47), for which i.r.

spectroscopy showed no hydroxyl absorption. (Found: C, 51«96; H, 8.23;

OMe, 38.17. ^14^26^8 requires: C, 52.16; H, 8.13; OMe, 38.50/).

Experiment 9 Déméthylation of 1,4,5,6-Tetra-O-methyl-DL-galactitol

The tetramethyl ether (26 mg) was demethylated with boron trichloride 

(2 ml) as in Experiment 5, to yield galactitol'(70/), m.p. and mixed m.p.

187-189°.

Experiment 10 Periodate oxidation of 1,4,5,6-Tetra-O-methyl- 

DL-galactitol

A mixture of tetra-O^methylgalactitol (25O mg) and aqueous solution 

of sodium metaperiodate (0.25 g in 5 nii) was left at room temperature for

1.5 h. The reaction mixture was distilled after addition of more water 

(3 ml) and the distillate (3 ml) was treated with a warm solution of 

2-nitrophenylhydrazine. Crystallisation of the precipitate from aqueous 

ethanol gave orange needles of methoxyacetaldehyde £-nitrophenylhydrazone 

(0.16 g, 75/), m.p. and mixed m.p. 113-116°.

The residual solution was extracted with chloroform (10 x 15 ml), which 

on evaporation gave a chromâtographically pure syrupy tri-Q-methyl-DL- 

threose ( ^  = 0.26 in solvent B) . The presence of three methoxyl groups 

were deduced from its n.m.r. spectrum. Yield 0.15 S (88/). (Found:

C, 51*57; H, 8.64; OMe, 57.01. CyH^^O^ requires: C, 51*84; H, 8.70;

OMe 57.40/).
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Experiment 11 1,3:4,6-Di-Q-butylidene-2,5-di-Q-methylgalactitol

A solution of the diacetal (l) (1.1 g) in H,H-dimethylformamide 

(20 ml) was stirred with silver oxide (5 g) and methyl iodide (5 ml) at 

room temperature for 23 h. The solids were filtered off and the filtrate

was evaporated “bo dryness. The residue was extracted with hot diethyl

ether which on cooling gave the crystalline dimethyl ether. Its i.r. 

spectrum showed the absence of free hydroxyl groups and t.l.c. gave a 

single spot = 0.55 in solvent B. Yield 0.95 S (79/). After 

recrystallisation from ether or methanol the compound had m.p. l62-l64°. 

(Found: 0, 60.25; H, 9*33; OMe, 19*41. -̂]6̂ 30*̂ 6 requires: C, 60.35;

H, 9*50; OMe, 19.50/).

Experiment 12 2,5-Di-0-methylgalact itol

A solution of the foregoing dimethyl ether (0.7 g) in ethanol-water 

(7:3, v/v; 25 ml) was refluxed with Amberlite IR-120 (H*^ resin (25 ml) 

for 2 h. The resin was filtered off and filtrate was evaporated down to 

a solid which after several recrystallisations from ethanol gave the 

pure dimethyl ether, m.p. 176-177*5°, yield 0.2 g (43*5/)* ^  = 0.03

in solvent B and R^ = 0.12 in benzene-methano1 (9:2). (Found: C, 45*54;

H ,  8.52; OMe, 29.78. C g H  g O g  calc.: C, 45*70; H, 8.63; O M e ,  29-52/).

The dimethyl ether (40 mg) was acetylated in pyridine (3 ml) and 

acetic anhydride (4 ml), to give a tetra-acetate (90/) m.p. 148°, which 

gave a single spot on t.l.c., R^ = O .42 in solvent B. (Found: C, 5O.8I;

H ,  6.79; OMe, 16.33. C ^ H g g O ^ Q  calc.: C, 50*79; H, 6*93; O M e ,  I 6 . 4 O / ) .
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Experiment 13 Déméthylation of 2,5-Di-O-methylgalaotitol

The dimethyl ether (28 mg) was demethylated in dichloromethane 

(2 ml) with boron trichloride (2 ml) as in Experiment 5 to give galactitol 

(to/), m.p. and mixed m.p. 18T-188°.

Experiment 14 2,5-Di-0-methyl-1,6-di-O-triphenylmethylgalactitol

A solution of the foregoing dimethyl ether (50 mg) in pyridine (5 ml) 

was treated with trityl chloride (15O mg) for 5 days. A gummy product 

separated which solidified on cooling, when the reaction mixture was 

poured into water. The reorystallised (from ethanol) ditrityl derivative 

(42/) had m.p. 202-204°. (Pound; C, 79-54; H, 6.56; OMe, 9 .O7. 

^46^46^6 requires: C, 79-51; H, 6.67; OMe, 8 .93/).

Experiment 15 Periodate oxidation of 2,5-Di-O-methylgalactitol

A solution of the dimethyl ether (62 mg) was prepared in O.OI5 M

sodium periodate (200 ml), a portion (2 ml) of which was used in

determination of the periodate ion consumption after 2 h. The remaining

solution was extraoted with chloroform and evaporated down to give a

syrup (58 mg) , which on borohydride reduction, yielded 2-0-methyiglycerol

(57 mg). This was converted to its di-£-nitrobenzoate, m.p. 158-160°
44

(lit. m.p. 159-5-160.5).

Experiment 16 General Method for Periodate Oxidations
112

A. Periodate ion uptake determination.- Separate solutions

(0.015 M) of sodium metaperiodate (0.321 g) and potassium iodate (0.321 g) 

in water (IOO ml) were prepared. An aliquot (l ml) of each solution was 

diluted 250 times and its optical density measured at 223^*3 using water 

as reference.
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A linear calibration graph, relating optical density to the per cent 

ion composition of the solution, was obtained by assuming that the 

periodate solution contained 0/ 10^ and 100/ 10^ and that the iodate 

solution contained 100/ 10^ and 0/ 10^ ions.

The sample under investigation (ca. 0.01 g) was accurately weighed 

and dissolved in the 0.015 M-sodium metaperiodate solution (lO ml).

The optical densities of aliquots (l ml) taken at certain time intervals 

(e.g. after 2 h and 16 h) and diluted 250 times, were measured. The 

calibration graph was used to deduce the corresponding 10^ contents and 

hence the 10^/ reduced by the test samples. The data gave the number 

of mol. of periodate ion required to oxidise one mol. of the sample,

2,5-0-methylene- D-mannitol was used as a standard compound to check 

the accuracy of the method. Periodate oxidation results for compounds 

investigated are given in the appropriate discussion sections.

B. Estimation of formaldehyde.- The formaldehyde was estimated 

spectrophotometrically by its colour reaction with chromotropic acid 

reagent (chromotropic acid sodium salt (0.2 g) in H^O; conc.

20 ml; 80 ml). Periodate oxidation was carried out on the reference 

compound, 2,5-0-methylene-D-mannitol, and the test sample as described in A. 

After 20 h,aliquots (l ml), from the standard solution, were diluted 

accurately to 10 ml., 20 ml., and 50 ml and an aliquot (l ml) from the test 

sample was diluted to 20 ml. A portion (l ml) from each diluted solution, 

was mixed with an accurately measured amount of 20/ aqueous sodium sulphite 

solution (O.l ml) and chromotropic acid reagent (8.4 ml). A blank sample 

of water (l ml) was treated in the same way. The samples were heated for 

1 h in a boiling water bath to develop the characteristic violet colour.
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After cooling, 0,4/ aqueous thio urea solution (0.5 ml) was added to 

the solutions bringing the total volume to 10 ml. The optical 

densities of the samples were measured at 570 nm using the blank 

solution as reference sample. A linear calibration graph was prepared 

by plotting the optical densities obtained for the standard,

2,5-0-methylene-D-mannitol, against the calculated formaldehyde 

concentration of the samples. The formaldehyde liberated from the test 

samples was deduced from this graph.

114
C. Estimation of formic acid.- A solution of the test sample

(ca. 0.01 g) in 0.015 M-sodium metaperiodate solution (10 ml) was

prepared and after I6 h, an accurately measured portion (5 ml) was

treated with two drops of ethylene glycol, to reduce the excess periodate,
_2and then titrated against standard 10 H-sodium hydroxide solution, with 

methyl red as indicator. A titration was also carried out on a "blank" 

sample of sodium periodate solution similarly treated. The difference 

in the titres was used to deduce the formic acid produced by periodate 

oxidation of the test sample.

Experiment 17 The Reaction of Galactitol with n-Dutyraldehyde 

in 5 R-Eydrochloric Acid

A. Kinetically controlled Reaction.- Galactitol (7.5 s) and 

n-butyraldehyde (l2 ml) were shaken in 5 D-hydrochloric acid (lO ml) 

for 17 h at room temperature. The reaction mixture was extracted with 

chloroform (3 x 100 ml), washed with sodium bicarbonate solution, dried 

(Da^SO^) and evaporated to a syrup (7.3 g) which deposited some crystals 

of 1,3:4,6-di-O-butylidenegalactitol on treatment with light petroleum
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(l50 ml). The product was recrystallised from methanol to give m.p. 

and mixed m.p. 133-135° and yield 1.5 g.

The light petroleum solution also deposited a syrup on storing at 

-5° overnight, which was shown by t.l.c, to be a mixture of acetals other 

than the 1,3:4j6-diacetal. The acetal mixture (2.5 g) was fractionated 

on a column of neutral alumina (300 g) eluting with diethyl ether.

The fractions (10 ml) were monitored by n.m.r. spectrometer. Rotary 

evaporation of fractions 90-110 yielded a solid (70 mg) which melted at 

124-126^ after several crystallisations from carbon tetrachloride.

R.m.r, spectroscopy presented evidence in favour of the structure 

2,4:5,6-di-0-butylidenegalactitol. (Pound: C, 58.05; H, 9.01.

^14^26^6 requires: C, 57.91; H, 9.03^).
The next 30 fractions also gave a solid (15O mg) on evaporation, 

which melted at 83°, after several recrystallisations from carbon 

tetrachloride. R.m.r. spectroscopy presented evidence in favour of the 

structure 2,3:4,5-di-0-butylidengalactitol (stereoisomeric mixture). 

(Found: C, 57.60; H, 8.79. ^14^26^6 rcQ^ires: C, 57.91, R, 9*03^.
On evaporation, the remaining supernatant light petroleum solution 

gave a syrup (3 g) for which t.l.c. showed a single spot ( ^  = O.63) . 

in solvent B. Colourless crystals of 1,3:2,4:5,6-tri-O-butylidene-DL- 

galactitol was obtained when the light petroleum solution of the syrup 

was kept at ~5°* Crystallisation was also achieved from methanol 

solution by addition of water. The recrystallised acetal (2 g) had 

m.p. 80-83°. (Pound: C, 62.70; H, 9*26. C^gH^gO^ requires:

C, 62.76; H, 9 .36/0).
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B, The Reaction under Thermodynamic Conditions.- Galactitol 

(7.5 s) and n-hutyraldehyde (l2 ml) were shaken with 5 R-hydrochloric 

acid (20 ml) at room temperature, for 5 days. The reaction mixture was 

extracted with chloroform, washed with sodium hicarbonate solution and 

water, then dried and evaporated. The syrup obtained, deposited crystals 

of the 1,3:4,6-diacetal on addition of light petroleum, which were 

filtered, washed with light petroleum and recrystallised. Yield 4*5 Si 

m.p. and mixed m.p. 133-135°.

The concentrated filtrate and washings next deposited crystals 

of 1,3:2,4:5,6-tri-O-butylidene-BL-galactitol (3.7 s) on storing at -5°, 

with m.p. 78-80°. The recrystallised compound had m.p. and mixed m.p. 

80-83°.

Experiment. 18 Some of 1,3:2,4:5,ë-Tri-O-tutyliaene-

DL—galactitol
A. A solution of the triacetal (O.l g) in trifluoroacetic acid-

water (9:1; v/v) (l ml), was left at room temperature for 15 min and

rotary evaporated to give a syrup, for which t.l.c. in solvent B, showed

several spots R = 0.0 (monoacetals), ^  = 0.26, ^  = 0.33, R^ = 0.43 
P =.. = =

(l,3:4,6-diacetal). G.l.c. analysis indicated a more complicated

reaction mixture.

B. A solution of the triacetal (lOO mg) in glacial acetic acid 

(5 ml) was left at room temperature, overnight. The solvent was 

evaporated under vacuum and the triacetal was recovered unchanged.

C. The triacetal (5 g) was shaken with n-butyraldehyde (2 ml) 

in 5 N-hydrochloric acid ( 50 ml ) for four days.The l,3:4»6-di-0- 

butylidenegalactitol (l#5 s) was isolated as in experiment 17-B, 

m.p. and mixed m.p. 133-135°*
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Experiment 19 Attempted Synthesis of 1,3:4i6-I)i-0-hut.ylidene-

2,5-0-i8opropylidenegalactitol

The 1,3:4»6-dihutylidenegalaotitol (3 g) was shaken in 

2,2-dimethoxypropane (20 ml) in the presence of toluene-£-sulphonic 

acid (0.5 g) at room temperature for 4 h. The starting material was 

recovered unchanged.

Experiment 20 1,3:4,6-Di-O-chloroethylidenegalactitol

The compound was prepared from galactitol (16 g) and chloro- 

acetaldehyde diethyl acetal (3O g), according to the method of 

H.B. S i n c l a i r . T h e  product was separated as a gum, which solidified 

on standing (3 g). The recrystallised acetal (90/ ethanol), had 

m.p. 217-220°, lit. m.p. 214-219°.

Experiment 21 1,3:4,6-I)i-0-hen%ylidene-2,5-di-0-methylgalactitol

A solution of 1,3:4,6-di-O-henzylidenegalactitol (1 g) (prepared 

according to Hudson^s method) in DME was stirred with silver oxide (5 g) 

and methyl iodide (5 ml), at room temperature for 24 h. The usual 

working up procedure as in Experiment 7 gave the dimethyl ether (O.I g) , 

m.p. 225-227° (decomp.). (Found: C, 68.19; H, 6.66; OMe, I5 .88.

^22^26^6 requires: C, 68.37; H, 6.78; OMe, I6.O6/).

Experiment 22 The Reaction of 1,3-0-Butylidene-DL-galactitol with 

Acetone

The monoacetal (0.3 g) was stirred in acetone (25 ml) containing 

sulphuric acid (l drop) and anhydrous copper sulphate (O.5 g) for 14 h. 

After removal of the solids, the reaction mixture was concentrated to a
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syrup and extracted with hot light petroleum. The t.l.c. of the

extract in solvent B, showed some impurities, = 0.20 (main product)

R^ =0.17 (impurity), ^  =0.14 (impurity), ^  = 0.00 (impurity).

The syrupy product was not purified further.
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Experiment 23 1-Deoxy-D-galactitol (L-fucitol)

115A. D-Galactose diethyl thioacetal.

A solution of D-galaotose (50 g) in concentrated hydrochloric 

acid (75 nil) in a wide-necked bottle with a glass stopper was shaken 

vigorously with ethanethiol (50 ml), releasing the pressure occasionally. 

After 5 min, heat evolved and some ice was added, whereupon the reaction

mixture solidified. The white solid was recrystallised twice from boiling

water giving the diethyl thioacetal(50 g), m.p. 140-142°, lit. m.p. 140-142°.

B. Raney nickel

Mckel-aluminium alloy (90 g) was added gradually with stirring 

to a solution of 6 R-sodium hydroxide (5OO ml) in a 2 1 beaker kept in ice. 

The solution was then allowed to come to room temperature and then heated 

at 70° for 2 h. After cooling, the Raney nickel was washed thoroughly with 

water until completely free of alkali.

C. Partial Besulphurisation of B-Galactose diethyl thioacetal

D-Galactose diethyl thioacetal (l g) in 70/.ethanol (50 ml) .(

was refluxed with Raney nickel (6 ml) for 1-|- h. The used nickel was 

filtered through Celite containing a top layer of charcoal and washed well 

with water-ethanol. • Paper chromatography showed-that the main product was 

not the expected 1-deoxy-D-galactitol (R^ = O.46, butanol-ethanol-H^O; 

40:11:19)* Evaporation of the ethanol and recrystallisation of the residue 

(ethanol) gave pure 1-deoxy-1 -g^ethyl-D-galact it ol ( ^  =0.66, butanol 

ethanol H^O; 40:11:19), m.p. 150-152°, l i t . m . p .  149-151°*
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D • Complete Desulphurisation of D-galactose diethyl thioacetal 

A solution of the foregoing diethyl mereaptal (30 g) in 80/ 

ethanol (600 ml) was mixed with freshly prepared Raney nickel (5OO ml) 

and stirred under reflux for 1-J- h. The nickel was filtered through 

Celite with a top layer of charcoal and washed well with ethanol-water.

The filtrate gave a solid on evaporation, which was crystallised from 

ethanol to give 1-deoxy-D-galactitol (L-fucitol) (l2 g), m.p. 153°, lit.^^ 

m.p. 153°. The mixed m.p. with the authentic compound, obtained as 

described in Experiment 24, showed no depression. Paper chromatography in 

solvent (butanol, ethanol H^O; 40:11:19) gave R^ = 0.46 in agreement with
58 “the reported values.

Experiment 24 1-Deoxy-D-galactitol from L-Eucose

A solution of L-fucose (0.5 g) in water (15 ml) was treated with 

sodium borohydride (0.15 g) for 2 days at room temperature and then shaken 

with Amberlite IR-120 (h"^ resin (30 ml). The resin was filtered off and 

the filtrate was evaporated to a syrup, from which the borate ions were 

removed as the volatile methyl borate by rotary evaporation after addition of 

methanol, leaving a white solid, which was recrystallised from ethanol to 

give L-fucitol (0.4 g), m.p. 153-154°*

Experiment 25 Investigation of the Reaction of L-Fucitol with 

n-Butyraldehyde.

A. By G.l.c.

L-Pucitol (3.5 g) as a solution in R-hydrochloric acid (200 ml) 

was mixed with n-butyraldehyde (l.7 ml). The samples (2 ml) were withdravm 

at certain time intervals and neutralised with R-sodium hydroxide (2 ml) .
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The solvent was removed by rotary evaporation at 40° and the resiude was 

extracted with dry pyridine (l ml) and centrifuged to remove the solids.

The t.m.s. derivatives were prepared as explained in general techniques.

The pyridine was removed by rotary evaporation and the residue was extracted 

with dry diethyl ether, centrifuging where necessary, and injected (2 jH.L ) to 

the fractometer.

B. By Polarimeter

A solution of L-fucitol (0.5 M) in ^hydrochloric acid was mixed 

with ni-butyraldehyde (0.5 M)and the change in optical activity was followed 

using a polarimeter. The change of optical activity with time was plotted

as shown in page S9,

Experiment 26 4,5-0-Butylidene-1-deoxy-D-galactitol

A part of the remaining reaction mixture (15O ml) from the Experiment 25 - A 

was neutralised after 48 h, evaporated to dryness and the residue was extracted 

with ethanol. The solution deposited the crystals of L-fucitol (O.15 g) , which 

were filtered off. The filtrate was evaporated and the residue was extracted 

with chloroform which deposited some crystals of 4,5-0-butylidene-1-deoxy-D- 

galactitol (O.I g), from the concentrated solution on standing at -5° for 

2 days, m.p. 103-105°.Several recrystallisations gave m.p.105-108°(2,̂ =0.67,5-A). 

= + 18.7° (C, 0.49 in methanol) ; (Found: C, 54.35; H, 9.02.

^10^20^5 requires: C, 54.5; H, 9.l/). ;

Experiment 27 Reaction of 1-Deoxy-D-galactitol with n-Butyraldehyde 

A solution of 1-deoxy-D-galactitol (7 g) in R-hydrochloric acid 

(400 ml) was shaken with ^-butyraldéhyde (5 ml) and left at room temperature
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for 2 days. Some water insoluble oily material was extracted with 

light petroleum and the water layer was neutralised with 4R~sodium 

hydroxide and rotary evaporated to a syrup. T.l.c. of the syrup in

the solvent A showed three spots, = O.O9, (L-fucitol), = 0.65(4,6-mono-
= = acetal),

Rp^ = 0.67 (five-membered ring monoacetals).

The syrup was extracted with ethanol which deposited some unreacted 

polyol from the concentrated solution on standing at 0 - 5° overnight.

The solid was filtered off and the filtrate (containing only a trace of 

L-fucitol) was rotary evaporated to syrupy mixture of acetals (4.O g), 

which was fractionated on a Dowex-1 (OH”) resin (25O g) column, eluting with 

deionised and COg-free water. The fractions were examined by t.l.c..

The 4;6^0rbutylidene-1-deoxy-D-galactitol eluted first, giving 1.7 g of 

syrupy chromâtographically pure acetal (R^ =0.65 in solvent A). [a]^^

= -9 .64° (c, 0.56 in methanol); (Pound: C, 54*01; H, 8.93«

^10^20^5 requires: C, 54.50; H, 9*l/)*

The fractions containing the five-membered acetals (R^ =0.67, 

solvent a ) were combined and evaporated to give a syrupy mixture (2.0 g) 

which solidified on keeping at -5° and gave the crystals of 4,5-0-butylidene-

1-deoxy-D-glucitol (0.4 g), from ethano1-diethylether solution (l:1, v/v) , 

m.p. 105 - 108°.

The mother liquor from the above reaction was evaporated to a syrup 

which gave more crystals from ether-light petroleum solution (light 

petroleum added to a turbidity) on keeping at -5°, yield 0.8 g. Several 

recrystallisations gave crystals of 2,3-0-butylidene-1-deoxy-D-galactitol 

(0.6 g, stereoisomeric mixture), m.p. 66-68°, [a]^^ = -12.8° (c, 1.09 in
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methanol); (Pound: C, 54*78; H, 8.97. -̂]0̂ 20*̂ 5 requires: C, 54*50;

H, 9.1/).

Experiment 28 4,6-Q-Eutylidene-1-deoxy-2,3,5-ini-O-methyl-D-galactitol

A solution of the 4,6-butylidene-1-deoxy ac.etal (0.9 g) in BMP (20 ml), 

was stirred with silver oxide (5 g) and methyl iodide (5 ml), for 24 h.

The methylated product was isolated as in Experiment 7 and crystallised 

from the concentrated solution of light petroleum. The yield was small 

(0.25 g) and the product contained some impurity which was removed after 

several recrystallisations from light petroleum, m.p. 6l - 63°.

(Pound: C, 59*63; H, 9*64. ^13^26^5 ^sq^^res: C, 59*50; H, 9«90/).

Experiment 29 2,3,5-Tri-0-acetyl-4,6-0-butylidene-1-deoxy-D-galactitol

A solution of the 4 ,6-butylidene-1-deoxy acetal (O.IO g) in pyridine 

was acetylated with acetic anhydride (l ml) at room temperature overnight.

A solid was separated on pouring into ice-water which was crystallised 

from ethanol-water, yield 0.12 g, m.p. 153-156°. (Pound: C, 55*81;

H, 7.32. C^gH^gOg requires; C, 55*48; H, 7*56/).

Experiment 30 Periodate Oxidation of 4,6-0—Butylidene-1-deoxy-D- 

galactitol

The title acetal (O.25 g) was dissolved in sodium periodate (0.2 g) 

solution in water (5 ml) and kept at room temperature for 3 h. The 

reaction mixture was neutralised with sodium bicarbonate solution and 

after addition of more water (5 ml), it was distilled. The distillate 

(3 ml) was collected and treated with the 2,4-dinitrophenyl hydrazine
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reagent (O.14 g in 2 ml methanol, H^SO^ added to dissolution). The

2,4-dinitrophenylhydrazone of acetaldehyde (0 .I8 mg) immediately 

precipitated and gave orange needles after crystallisation from

ethanol-water m.p. 140-145°.

66Experiment 31 3-0-Methyl-D-glucopyranose

1,2:5,6-Di-0-isopropylidene-a-D-glucofuranose (78 g) , acetone 

(75 ml) and pulverised sodium hydroxide (32 g) were mechanically 

stirred in a three-necked flask equipped with a condenser, and a dropping 

funnel. The mixture was warmed under reflux to 45° and dimethyl sulphate 

(42.6 ml) was added dropwise from the funnel during 90 min, after which 

the temperature was raised to 60° for a further 90 min. and then 

lowered to 50° for 3 h. The cooled contents of the flask were diluted 

with water and extracted with chloroform (3 x I50 ml). The extracts, 

after washing with water and drying over sodium sulphate, were concentrated 

and the 1,2:5,6-di-0-isopropylidene-3-^-methyl-a-D-glucofuranose was freed 

from acetone condensation products by heating on a steam bath at 1 - 3 mm Hg. 

Yield 83 g.

This product in ethanol-water was boiled with resin Amberlite IR-120(h"^ 

with stirring for 3 h and then filtered. The filtrate was evaporated to a 

syrup which was crystallised from ethanol to give the 3-0-methyl-D- 

glucopyranose, m.p. 168°, lit. m.p. l68°, yield 10 g.

Experiment 32 3-0-Methyl-D-glucitol

3-^-Methyl-a-D-glucopyranose (2 g) and sodium borohydride (0.3 g) 

were dissolved in water (20 ml) and kept at room temperature overnight.



202

The usual procedure as in Experiment 24 gave the syrupy 3-%0-methyl-D- 

glucitol (1.9 g), = 0.29 (hutanol-ethanol-HgO; 30:11:19).

Experiment 33 Eis-phenylhoronate of 3-Q-methyl-D-glucitol

3“0-Methyl-D-glucitol (80 mg) was dissolved in dry methanol (2 ml) 

and treated with phenyl horonic acid (53 mg) for 5 min. The removal 

of the solvent under vacuum deposited a solid, which was crystallised 

from carbon tetrachloride, m.p. 142-146°. The compound on 

recrystallisation, gave the pure bis-phenylboronate of 3-£-methyl-D- 

glucitol (68 mg), m.p. and mixed m.p. 147 - 148°. (Pound: C, 60.91;

H, 5.82; B, 5 .93. ^19^22^2^6 calc.: C, 62.01; H, 6.00; B, 5-87/).

Experiment 34 Bi-0-methylene-3-0-methyl-B-glucitol

3-0-Methyl-B-glucitol (O.5 g) was mixed with formalin (0.7 ml) and 

treated with concentrated hydrochloric acid (2 ml). The mixture was 

refluxed for h on a water bath and the water present was removed on a 

rotary evaporator to give a thick syrup which was triturated with boiling 

light petroleum until all the diacetal was extracted. The yield was 0.2 g, 

m.p. 117-122°. The extracted diacetal on recrystallisation from carbon 

tetrachloride gave the pure title compound (0 .I5 g) , m.p. 120-123°

[a]^^ = -7.6 (c, 1.0 in methanol). (Pound: C, 49.00; H, 7.24.

requires: C, 49*08; H, 7*32/) .

70Experiment 35 Attempted Bemethylation of Bimethylene-3-O-methyl-

B-glucitol

A solution of the foregoing dimethylene acetal (O.I g) in dry carbon 

tetrachloride (5 ml) was stirred with iodine (0.4 g) and sodium borohydride 

(0.03 g) for 2 h at 40°, whilst a stream of nitrogen was passed through the
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solution. Methanol (20 ml) was added to the reaction mixture 

refluxed for further 2 h. The concentrated solution was poured into 

water and the iodine destroyed with sodium thiosulphate. After removal 

of all the solvents, the residue was taken up in pyridine and silylated.

G.l.c. showed the presence of 2,4-0-methylene-B^glucitol and D-glucitol.

Mixed t.m.s. derivatives of the product and the standards gave identical 

chromatograms at various temperatures.

Experiment 36 Méthylation of Bi-O-methylene-3-0-methyl-B-glucitoi

Bimethylene-3-^-methyl-B-glucitol (0.2 g), methyl iodide (2 ml) and 

silver oxide (1.5 g) were warmed at 70° for h, after cooling more 

methyl iodide (2 ml) was added and the mixture was stirred for a further 

24 h at room temperature. The solid was filtered off, washing with 

dimethylformamide. The filtrate was rotary evaporated to remove the 

solvent. The residue was extracted with carbon tetrachloride which 

deposited the crystalline title compound (70 mg), m.p. 6^-67°which was slightly 

impure (off white crystals). (Pound: C, 50*66; H, 7*90; OMe, 24*26.

^10^18*^6 requires: 0, 51.27; H, 7*74; OMe, 26.49/).

Experiment 37 Hydrolysis of Bi-O-methyl-di-O-methylene-B-glucitol

The title compound (40 mg) was refluxed with phloroglucinol (25 mg) 

in 0.5 H-hydrochloric acid for 4& h. The polymeric material was filtered 

and washed with a little methanol. After evaporation, the filtrate gave a 

syrupy product which co-chromatographed with 1,3-di-O-methyl-B-glucitol 

(R^ = 0.49 in butanol-ethanol-HgO; 40:11:19)*
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Experiment 38 2,4:5,6-1)i-0-butylidene-3-0-methyl-D-glucitol

A solution of 3-0-methyl-D-glucitol (3 g) in 5 H-hydrochloric acid

was mixed with freshly distilled n-butyraldehyde (5 ml) and shaken

vigorously for 6 h at room temperature. The reaction mixture was then

extracted with light petroleum. The extract was washed with sodium

bicarbonate solution and water, dried and evaporated down to a syrup.

The polymeric nj-butyraldehyde products were removed on a neutral alumina

column and the syrupy acetal (3 g) thus purified,behaved as a single

substance on t.l.c. in solvents A and B, but gave two very close peaks on

g.l.c. using Apiezon-K as the liquid phase (stereoisomeric mixture).
25

Attempts to crystallise this product failed. [a]^ = -2.9° (o , 0.85

in carbon tetrachloride), (Pound: C, 60.07; H, 9.29; OMe, 10.11. 

^15^28*^6 requires: C, 59.18; H, 9*27; OMe, 10.19/).

Experiment 39 Méthylation of the 2,4:5,6-Bi-0-butylidene-3-Q- 

methyl-B-glucitol 

•The stereoisomeric title acetal (l.3 g) in H,g-dimethylformamide 

(25 ml) was mixed with methyl, iodide (5 ml) and silver oxide (5 g) and 

stirred for 22 h at room temperature. The 2,4:5,6-di-O-butylidene-1,3- 

di-0-methyl-B-glucitol was obtained as in Experiment 7 as a pale yellow 

syrup (0.8 g), =0.51 (solvent B) . (Pound: C, 61.62; H, 9*59;

OMe, 18.81. C^gH^gOg requires: C, 60.35; H, 9*49; OMe, 19*49/).

Experiment 40 Hydrolysis of 1,3:4,6-di-O-butylidene-3-0-methyl- 

B-glucitol

The syrupy diacetal dimethyl ether (O.7 g) in ethanol (20 ml) was 

treated with Amberlite IR-120 (H^ resin (3O ml) containing water (20 ml)
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and refluxed for 2 h. The resin was then filtered off washing well with 

hot methanol, and the filtrate was rotary evaporated to give a syrup, 

which was extracted with diethyl ether, and evaporated down to a syrup 

(0.2 g). Paper chromatography showed some impurity, therefore the 

product was purified hy preparative paper chromatography in hutanol- 

ethanol-water (40:11:19; v/v).

The purified compound (20 mg) was acetylated in pyridine with acetic 

anhydride overnight at room temperature to give the syrupy tetra-acetate 

derivative which was chromâtographically pure, t.l.c. = O.4I in solvent B,

Experiment 41 Partial Hydrolysis of 2,4:5,6-Bi-0-hutylidene-3-0- 

met hyl-D-gluc itol

The title compound (0.3 g) in aqueous hydrohromic acid (ca. 24/,

10 ml) was refluxed for 30 min. After neutralisation with sodium 

hydroxide, the water was removed by rotary evaporation and the residue was 

extracted with hot light petroleum. The crystals of 2,4-0-butylidene-3-0- 

methyl-B-glucitol (O.I g) were obtained from the light petroleum solution 

oh cooling. M.p. and mixed m.p. 155-156°.

Experiment 42. Phenyl boronate of 2,4-0-butylidene-3-0-methyl-B- 

glucitol

2,4-0-butylidene-3-O-methyl-B-glucitol (70 mg) from the previous 

experiment was dissolved in dry methanol (2 ml) and treated with phenyl 

boronic anhydride (90 mg) for 10 min. Evaporation of methanol left a 

syrup which was extracted with carbon tetrachloride and filtered. The 

clean solution gave the crystals of the phenyl boronate (70 mg), m.p.

105 - 107°.
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Experiment 43 l-Beoxy-B-glucitol

A suspension of D-gluoose toluene-p-sulphonylhydraz6ne (25.0 g) 

in methanol (TOO ml) was gradually treated with potassium borohydride 

(15.0 g) and then refluxed for 12 h. Methanol was removed by rotary 

evaporator and the residue taken in water (5OO ml)• Potassium ions 

were removed from the solution by treating with Amberlite IR-120 (h”̂  

resin and then taken to dryness by evaporation under reduced pressure.

The residue was repeatedly dissolved in methanol and evaporated to remove 

boric acid as the volatile methyl borate. The residual syrup contained

1-deoxy-B-glucitol and B-glucitol as shown by paper chromatography in 

solvent (butanol : ethanol :water; 40:11:19)» The syrup was fractionated on

a cellulose column (7*5 z 80 cm), eluting with ^-butanol saturated with 

water. Fractions containing the 1-deoxy-B-glucitol were combined and 

concentrated to a white solid which on recrystallisation from ethanol had 

m.p. 128 - 129°, lit^^m.p. 128 - 129°, yield 2.5 g.

Experiment 44 1-Beoxy-B-gluc itol

A - Glucose diethyl thtnncotn%

A solution of B-glucose (50 g) in concentrated hydrochloric acid

(75 ml) was treated with ethane thiol as in Experiment 23-A. The

solidified product was crystallised from boiling water to give diethyl 

mereaptal (50 g) , m.p. 128°. '

B — Besulphurisation of B-Cfuoose diethyl thioacetal

A solution of the title compound (30 g) in 80/ ethanol (5OO ml)

was mixed with freshly prepared Raney Rickel (5OO ml). The reaction was

carried out as in Experiment 23-B to give the pure 1-deoxy-B-glucitol (l2 g) 

(crystallised from ethanol), m.p. and mixed m.p. 129 - 130°.
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Experiment 45 2,4:5,6-Di-0-butylidene-1-deoxy-D-glucitol

A mixture of 1-deoxy-B-glucitol (3 g) , n-butyraldehyde (3 ml) and 

concentrated hydrohromic acid (1 ml) was shaken overnight at room 

temperature and then extracted with petroleum ether (60 - 80°)•

The extract was neutralised with sodium bicarbonate, washed and dried 

over sodium sulphate. Removal of the solvent under reduced pressure 

gave a syrup (3.5 g), for which t.l.c. in solvent B showed a major fast 

moving product and several minor products. The mixture of the acetals 

(3.5 g) was fractionated on neutral alumina column (200 g) , eluting with 

diethyl ether. First 30 fractions (IO ml each) contained polymeric 

products of butyraldéhyde and the next 100 fractions contained the 

2,4:5,6-diacetal which behaved as a single substance on t.l.c. (solvent B 

and solvent a). Yield 1 g. (Found: C, 61.34; H, 9.44. ^14^26^5

requires: C, 61.28; H, 9»55/) »

Experiment 46 The Unknown dibutylidene-1-deoxy-B-glupitols

1-deoxy-B-glucitol (0.5 g) was dissolved in concentrated hydrohromic 

acid (0.2 ml) and mixed with n-butyraldehyde (0.4 ml). The reaction was 

stoppped after 2.5 h, by neutralising with sodium hydroxide solution, and 

rotary evaporated down to give a syrupy residue, which was extracted with 

light petroleum. The concentrated extract gave a crystalline mixture of 

diacetals on standing at -5° for 2 days, m.p. 67-69°, yield 30 mg. 

(Found: C, 61.49; H, 9.54).

Experiment 47 3-0-Acetyl-2,4:5,6-di--0'butylidene-1 -deoxy-B-glucitol

A solution of di-O-butylidene-1-deoxy-B-glucitol (0,2 g) in pyridine 

(5 ml) was treated with acetic anhydride (l ml) and kept at room
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temperature for 15 h, then poured into ice-water. A syrup separated 

out which was extracted with chloroform. Evaporation of the solvent 

gave a syrup (0.25 g) which failed to crystallise. (Pound: C, 60.58;

H, 8.76. -̂16̂ 28*̂ 6 requires: C, 60.73; H, 8.92/).

Experiment 48 Méthylation of 2,4:5,6-di-O-butylidene-1-deoxy-B- 

glucitol

A solution of the diacetal (O.4 g) in dry dimethyl formamide (lO ml) 

was stirred at room temperature with silver oxide (6 g) and methyl iodide 

(6 ml) for 15 h. The syrupy methylated diacetal (O.3 g) was obtained as 

in Experiment 7. (Pound: C, 63*51; H, 9*93; OMe, 12.09»

^15^28^5 requires: C, 62.47; H, 9*78; OMe, 10.76/).

Experiment 49 Hydrolysis of 2,4:5,6-di-O-butylidene-3-0-methyl-1- 

deoxy-B-glucitol

The methylated acetal (O.25 g) was refluxed with 0.1 H-hydrochloric 

acid (10 ml) for 5 h. The cooled reaction mixture was poured into water 

(25 ml), whereupon a brown oil separated, which was removed by extraction 

with a little chloroform. The water layer, on evaporation gave the pure 

syrupy monomethyl ether of 1-deoxy-B-glucitol (O.15 g) . (Found: C, 46.99»

H, 8.84; OMe, 17.02. C^H^^O^ requires: C, 46.14; H, 8.85; OMe, 17.03/).

Experiment 50 2,4-0—Rutylidene-5 » 6-0-isopropylidene-1-deoxy-

B-glucitol

2,4pO-Eutylidene-1-deoxy-g-glucitol (0.2 g) (prepared according to
61

the method of P.J.V. Cleare) dissolved in dry acetone (25 ml) was stirred 

with anhydrous copper sulphate (2 g) and concentrated sulphuric acid
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(1 drop), at room temperature for 5 h and then the solid was filtered 

off. The solvent was removed from the filtrate and the residue was 

extracted with light petroleum, which on evaporation yielded a syrup 

(0.1 g) for which t.l.c. in solvent B, showed one spot = 0.38.

(Pound: C, 60.35» H, 9,26, requires: C, 59.97; H, 9,

Experiment 51 Preparation of 2-^eoxy-B-gluc itol

2-Beoxy-B-glucose (l g) and sodium borohydride (0.2 g) were dissolved 

in water (lO ml), and kept at room temperature for 24 h. 2-Beoxy 

-B-glucitol was obtained as in Experiment 24 and crystallised from 

ethanol, yield 0.9 g (86/) m.p. 105 - 106°, lit?\a.p. IO5 - 106°.

Experiment 52 1,3:4»6-Bi-O-butylidene-2-deoxy-B-glucitol

2-Beoxy-B-glucitol (3 g) was dissolved in concentrated hydrobromic 

acid (2 ml) and mixed with freshly distilled n-butyraldehyde (3.2 ml) by 

vigorous shaking. An exothermic reaction started soon after the 

addition of the aldehyde. The reaction flask was cooled by dipping 

into cold water for a few minutes and then left at room temperature for 

3 h. The reaction mixture was neutralised by the addition of sodium 

hydroxide solution and rotary evaporated to dryness. The residue was

extracted with light petroleum, which on concentration and keeping at

-5°, gave the crystals of 1,3:4,6-diacetal (I.8 g) R^ = 0.42 (solvent B) , 

[a]p^ = +16 (c,1 in carbon tetrachloride) m.p. 6l - 63° after 

recrystallisation. (Found: C, 61.13; H, 9*38. ^14^26^5

C, 61.28; H, 9.55/).

The diacetal (O.I g) was acetylated with acetic anhydride in 

pyridine to give a syrupy monoacetate derivative, for which i.r. showed 

no absorptions in the hydroxyl stretching region.
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Experiment 33 3-0-Benzoyl-1,3:4» 6-di-0-but,ylidene-2-deoxy-I)-glucitol

A solution of the 1,3:4»6-dibutylidene acetal (2 g) in pyridine 

(20 ml) was treated with benzoyl chloride (4 ml) at room temperature 

for 14 h and then poured into water. A syrup separated which was

extracted into chloroform and dried. Removal of the solvent under

vacuum gave the syrupy monobenzoate which did not crystallise. Yield 

2 g. I.r. spectroscopy did not show any absorptions in the hydroxyl 

stretching range. (Pound: C, 66.64; H, 7.13. ^21^30*^6

C, 66.64; H, 7.99^).

Experiment 34 Acid hydrolysis of 3-Q-benzoyl-1,3:4»6-di-O-butylidene 

-2-deoxy-D-glucitol

The foregoing benzoate (I.9 g) was dissolved in ethanol (70/,

30 ml), and boiled with stirring in the presence of Amberlite I.R, 120(H*^ 

resin (25 ml) for 3 h. The resin was filtered and washed well with hot 

ethanol. The concentrated ethanol solution gave crystals on standing 

overnight in a cool place. Recrystallised monobenzoyl-2-deoxy-D-glucitol 

had m.p. I6O - 162°. I.r. spectrum showed carbonyl absorption, n.m.r. 

spectrum gave aromatic signals (integrated for 5 protons) . (Pound:

C, 57.41 ; H, 6.75. ^13^18^6 requires: C, 57.76; H, 6.71/).

Experiment 53 3»4»5» 6-Tetra-0-acetyl-1-0-benzoyl-2-deoxy-D-

glucitol

The monobenzoyl-2-deoxy-D-glucitol (50 mg) (from the Experiment 54) 

was dissolved in pyridine and treated with acetic anhydride (l ml), at 

room temperature for 2 days and then poured into water. The crystals 

(50 mg) which separated on cooling at 0°, were filtered, washed with
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water and dried, m.p. 69 - 71°. (Pound: C, 58.11; H, 5 .66.

^21^26^10 requires: C, 57.52; H, 5.97/).

Experiment 56 5-O-Methyl-l,3:4» 6-di-0-butylidene-2-deoxy-I)-gluoitol

A solution of the 1,3:4,6-diacetal (0.9 g) in dry dimethyl formamide 

(15 ml) was stirred at room temperature with silver oxide (2.5 g) and 

methyl iodide (3 ml) for 24 h. The monomethyl derivative was obtained 

as in Experiment 7» as a liquid which was distilled under reduced pressure, 

b.p. 172 - 178°/8 mm Hg, yield 0 .5 g. (Pound: C, 62.33; H, 9*97;

OMe, 10.52. C^^H^gO’̂ requires: C, 62.47; H, 9.78; OMe, 10.76/).

Experiment 57 Kinetically Controlled Reaction of 2-Beoxy-D- 

Glucitol with n-butyraldehyde

2-Deoxy-D-glucitol (2 g) was dissolved in concentrated hydrobromic 

acid (1 ml) and mixed with n-butyraldehyde (2.5 ml). The exothermic 

reaction was stopped exactly after -g- min. by neutralising with sodium 

hydroxide solution. The reaction mixture was rotary evaporated to 

dryness and extracted with light petroleum. Removal of the solvent 

gave a syrup (3.5 g)• T.l.c. in solvent B showed 2 spots R^ = 0.42 

(1,3:4» 6-diacetal) , R^ = O.5O (kinetically controlled unknoivn diacetal).

Experiment 58 Acid hydrolysis of 5-0-methyl-1,3:4,6-di-O-butylidene- 

-2-de oxy-B-gluci t o1

A solution of the title compound (0.45 g) in aqueous ethanol (70/) 

was refluxed with the resin Amberlite IR-120 (H^ (25 ml) for 3 h with 

stirring. The resin was then filtered off and washed well with hot 

ethanol. Removal of the solvent left a syrup, which was dissolved in
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ethyl acetate (t.l.c. showed three spots) and kept at -5° overnight, 

whereupon syrupy 5-0-methyl-2-deoxy-B-glucitol (O.l g) separated, t.l.c. 

of which showed one spot = 0.03 in solvent B.

The above monomethyl ether (60 mg) was acetylated in pyridine 

(2 ml) with acetic anhydride (l ml) at room temperature for 14 h, to give 

the 1,3,4»6-tetra-O -acetyl-5-0-methyl-2-deox,y-B-glucitol as a pale 

yellow syrup (75 mg). (Pound: C, 51.56; .H, 6.85; OMe, 8.93.

015^2489 requires: C, 51*71; H, 6.94; OMe, 8.9O/).

Experiment 59 4» 6-0-Butylidene-B-galactopyranose

B-Galactose (IO g) in hydrobromic acid solution (5 ml; 48/ in 

100 ml water) was mixed with n-butyraldehyde (8 ml) and shaken well.

The reaction mixture was left at room temperature for 2 days and then 

neutralised with R-sodium hydroxide. The water was removed under reduced 

pressure, to leave a syrup which was extracted with eth a n d -ethyl. acetate 

(250 ml; 1:1, v/v). Evaporation of the solvent left a hygroscopic solid 

(15 g) which showed some unreacted B-galactose on t.l.c. in solvent A.

Part of the product (5 g) was fractionated on a silica gel column, 

eluting with solvent A, to give the galactose free.4i6-0-butylidene acetal, 

which was crystallised and recrystallised from dry acetone, yield 3.4 g» 

m.p. 119.5- 121.5° . (Pound: 0, 51.17; H, 7.57. -̂10̂ 17*̂ 6 requires:

C, 51*49; H, 7.34/0).

Experiment 60 a , 6-0-butylidene-1, 2, 3-Tri-O-acetyl-P-B-galactopyranose

4»6-0-Butylidene-B-galactose (0.3 g) was acetylated in pyridine (5 ml) 

with acetic anhydride (2 ml) at room temperature for I6 h. The reaction 

mixture was concentrated under vacuum and poured into water whereupon a syrup 

separated, which was crystallised from methanol-water, to give the title
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compound (0.3 g), m.p. 94-97° (Pound: C, 53-39; H, 6.75.

Cl6^24*^9 requires: C, 53.32; H, 6.71/) .

Experiment 6l 4, 6-0-BUtylidene-1,2,3-td-O-acetyl-p-B-glucopyranose

4,6-0-Butylidene-D-glucose (0.5 g) was acetylated in pyridine 

(10 ml) with acetic anhydride (2 ml) as in Experiment 60 to give the 

title compound (0.3 g), m.p. and lit. m.p. 162-164°.

Eynfirimerit 6? A, 6-0-Bntvli dnne-B—"-n I ̂ cti to1.

The crude 4»6-^-‘butylidene-B-galactose (2g) was reduced with 

sodium borohydride (0.3 g) in experiment 51,to give 4 ,6-Oj-brt/lidene- 

^c^alactitol (l,3 g) ,m. n.72-74°,Rp-0.27 (solvent A),

Exneriment 63 Cnrvertion of 2,4:5,6-J)i-0—but-vlidere-3-O-mcthvl-» 

B-.r-lticitol into 1-Beoxy—derivative

A solution of 2,4 •5,6-di-0-butylidene-3-0-methyl-B-gliicitol (0.5 g) 

and toluene-T5-sulphonyl chloride (0.36 g) in pyridine (5 ml) was stored 

overnight at room temperature.A small amount of water was added and 

the mixture Was noured into a. solution of sodium bicarbonate.The syrup 

which separated was extracted with chloroform.Evaporation of the solvent 

gave the syrunv tosvl de?'ivative (0.4 g). (Pound: 0,57,82; S,7*98.

^ 2 2 ^ 3 d V  requires: 0,57.62; H,7.4T/).

Lithium aluminium hydride (o.3 g)was added to a solution of the 
foregoing toluene-p-sulphonate (0.3 g) in ether ' 2>0 ml) and refluxed 

for 12 h.Excess reduetant was destroyed with ethyl acetate and 

the alcoholates with water.Evaporation of the ether gave the syrupy (0,2 g) 

1-deoxy derivative.The n.m.r. soectrum of the product confirmed the 

presence of deoxy grouo in the molecule.

a. R.C
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