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ABSTRACT

I. Acid catalysed formation of butylidene acetals of certain

polyols and D-galactose was. studied.

i) Galactitol afforded the 1, 3-0O-butylidene and 2,3-O-butylidene
monoacetals without any kinetically controlled product.

ii) 1—De<;xy—__]_)—gala,ctitol (i;-fucitol) produced 4,6-0-butylidene~
1-deoxy-D-galactitol as main product together with a stereoisomeric
mixture of 2,3—monoacet§ls and a pure 4,5-monoacetal.

iii) Galactitol under stronger conditions.initially produced a
complex mixture from which was isolafed 2y 3:4,5-di-0O-butylidene
acetél and another dibutylidene acetal with the probable structure
of 2,4:5,6—di—97buty1idene acetal in small yields and 1,3:2,4:5,6—-
tri-O-butylidene-Dl~galactitol and 1,3:4,6-di-0-butylidenegalactitol
in moderate yields. Longer reaction times afforded the 1,3:4,6-di-

-gfbutylidenegalaotitol as the main product with a coﬁsiderable amount
of 1,3:2,4:5,6~triacetal. |

iv) 3engethy1-2ugl£citoi afforded a stereoisomeric mixture of
2,4:5,6~di-0-butylideneacetal as the bnly diacetale.

v) 1-Deoxy-D-glucitol gave the 2,4:5,6-di-O-butylidene deriVative‘
as the main diacetal.

vi) 2~-Deoxy-D-glucitol gave an unidentified kinetically controlled
product and 1,3:4,6~di~O-butylideneacetal as the thérmodynamically
controlled diacetal;

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

main monoacetal.



I1.

II1,

Iv.

A new method for separating the five and six-membered cyclic

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

Nuclear magnetic resonance spectroscopy and mass spectrometry
were used for characterisations and structural analysis of the

butylidene acetals.

The possibility of utilizatiop of JH—C—OH type vicinal
coupling constants in deriving structural information about cyclic

acetals is discussed.
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I. INTRODUCTION

Cyclic acetals are the condensation proaucts of polyhydroxy
" compounds ﬁith 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.

bThe mechanism for the.cyclic acetal formation is usually

represented as shown below (Fig. I—1).1

RHC=0 + H = (RHCOH)+ @

' ] H
. . y KR
HOH _ (pHcoH) = ¢H-O-C:H (I
CH OH ( ) CHOH  'OH ®
[ ]

L s
HQ CH-O=cHR -HL CH-O\_ .-
~— ~— -

(1)

Fig, I-1

First step is the formation of a conjugated acid(I) which reacts
with one of the nucleophilic hydroxyl group oxygens, to form a hemi-
‘acetal(II) and then the-x intermediaté?%%aots with the second hydroxyl
group forming an acetal ring. The hemi-acetal formation‘in simple
;;tﬁols preferentially occurs on the primary hydroxy152 but this
situation is complicated in the case of the higher polyhydric alcohols
such as g-glucitol.' In 1-deoxy derivaﬁive of gbglucitol, initial
formation of intermediate products suggests that hemi-acetal formation

does not involve the primary hydroxyl group. This is probably

RHG
LIBRARY



because, the deoxy group enhances the nﬁcleophilicity of the adjacent
hydroxyl group..1

The most . important indﬁstrial'use of acetalé is in the resins field.
Some of the polymeric‘products have been patented.3’ 4‘ It has also
been observed that some methylated 2,4-monoacetals of E—glﬁcitol

provide protection against carbon tetrachloride induced liver damage in

5

rats. vThe imﬁortance of cyclic acetal derivatives as protecting
groups in carbohydrate chemistry is well recognised.6 'Tpis arises
from the fact that cleavage of the acetal group under mild acid
conditions does not result in a change of the étereoéhemistry 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 qther
ketals favour the formation of five-membered acetal rings but aldehydeé
fend to yleld six-membered rlngs,3 thefefore when the protéction of
alternate hydroxyl groups is required, benzylldene acetals are more
commonly used. The role of acetal protection in synthetlc carbohydrate
chemistry can be demonstrated as follows in preparation of E-xylose

from D-glucitol (Fig. I—2).7

CH CH
201:[ ' 203"
H-C- ‘ H-C—0 ’ g
\ H P'b(OAc) ' 7 H* HO H 0
HO- C-H —> no-c-x ¢’ —> Ho /OH,H
N N
| /// Ph H‘l /// Ph
H-C—0 “E-C—0
| | | -~ Ho
H-C-0H CHO ’
CH20H :
2 ,4-Q-Benzy]‘.idene-D—gluci tol L-Xylose



For a given hydroxy compound, the number of theoretically possible
isomers can be very high. Nbrmally,vin‘practice, fhe structural
isomers formed during an qoetalation reéctidn is far less thén that
expected 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

conformations (Fig. I—3).8 ,

~ H
L H H
Hs H o H 1 H
HH gk&H —_ HQA‘VL
H H T no o9
Fig. I-3

Five-membered ‘acetal rings are also quite common. These are
in fact the derivatives 6f 1, 3~dioxolane, therefore they are named as
1, 3~dioxolane derivafives, eege 1y2-0-alkylideneglycerol or 2-alkyl-4-

hydroxymethyl-1, 3-dioxolane (Fig. I-4).9



Fig. I-4
Pre-knowledge of types of structural isomers obtainable from a
given acetalation reaction is desirable. The rules of Barker and

Bourne3’1o

are extremely useful for this purpose. In these rules the
Greek letters a, B and Y afe used fo indicate the relative positions
of the hydroxyl groups involved in the acetal formation. An g-ring
répresents a five-membered ring (1,3—dioxoiane), aFB-ring represents
.a six—membered ring (1,3—dioxane) and a Y -ring represents a seven-—
membefed ring (1,3-dioxepane) . The letters (T) and (C) repfesent the
relativé stereochemistry of hydroxyl groups in a polyol. According
to the Fischer projectioh formula, the hydroxyl groups which are on the
same side of the carbon chéin are called cis (C) and those which are on
the opposite side of the c;rbon chain called E:ggg (T). Later trans (7)
and 235_(0) were replaéed by threo and erythro respectiveiy.11

The Barker and Bourne rules are as follows: |
(i) B-Erythro-rings are the mostvpreferred ones in the formation of

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

equatorial. (Fig. I-5).



B' '31
-C-OH -c— o0 " H
| RCHO | N\ _H ' 07‘R
-C- -C- c. =
| | I “R R, 70
-C-OH -C— 0
! 1
R, R,

Fig.I-5

(ii) The second preference is for B-rings in which one of the
primary hydroxyl groups of the polyol is involved in the acetal

formation (Fig. I-6).

CH,OH - HC—0
-é-z '] NoH = o~/ R

RCHO -C- c = |
-C-OH ¢ -0 |
' :
R, R,

Fig. I-6
[0 4

(iii) The third preference is for*é-threo, B-threo and Y-threo rings.

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

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



R, R |
i , V! H
(M Rego O\ M — R,
Ho-c::- o—?- \gp \R: HR
R, R, ?
Fig. I-7

The B-threo rings involve two alternate secondary hydrokyl groups
in threo configurations (Fig. I-8, a) and a—-erythro rings are formed
from neighbouring secondary hydroxyl groups in erythro configuration

(Fig. 1-8,b).

| R
-C- \c/H | /R, 07"  (a)
o—c- R R

C—o0” MR | >’HR ()
1 -0 -

1 ) IRZ

Fig. I-8



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

At equilibrium, the reaction mixture usually contains the isomers
with B—erythro and B-rings in higher yields, as the thermodyﬁamically
stable products. But in the early stages of acetalisation, relatively
less stable acetals can be the chief products.

It is known that poljols normally adopt planar zig-zag
conformations in the crystalline state when 1,3-diaxial interactions

13, 14

are not present. However in solution, these polyols can adopt

14

several 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.



It will be profitable to reconsider some of the factors that may
affect the acetalation reactions in thé light of the latest discovered
conformational facts. It is now known that in~soluti§n, acyclic |
'derivétives of polyols with the xylo configuration of hydroxyl groups
will exist in a twisted conformation about the carbon-~-carbon bonds which
14, 15

carry the hydroxyl groups in syn-axial positioms. Distortion is

caused by syn-axial interactions of hydroxyl groups (Fig. i—10).

HO_H " H
H HOx
OH | OH
HO H - HO H
H ‘ H
H
HOH H ’ HY— OH
oy CH,OH
a) Fully extended coplanar zig-zag b) Conformation a) rotated about
conformation of xylitol. 03—04 bond by 120°.
Calculated non-bonded interaction Calculated non-bonded interaction
energy 24 kcal mol=l. energy 1.8 kcal mol-T,

Fig. I-10

P—Glucifol has been shown to exist as a bent molécule15 in the

crystalline state. Figure I-11 shows the gyn—axial interactions in this

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

HO 4

H~OH

. Fige I-11



The bent-conformation of D-glucitol can partially explain the
kinetically controlled formation of 2, 3-monoacetals of this polyol and

16, 17

its derivatives. The polyols with bent conformations must be
ehergetioally less stable than non-bent moleoﬁles 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
£Lg1ucifol can regain its zig-zag conformation with the formation of
2,4-monoacetal derivatives (Fig. I-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.

o <~—1-OH
I2\1¢£:fo
OH
H
OH
- Pig. I-12

It has been poinfed out by J.A; Mills18 that an axial hydroxyl group
on a six-membered écetal ring méy be preferred to the equatorial one.
Thus the benzgylidenation of arabinitol favoured the formation of a
1,3—m0noacetal19 where the hydroxyl group on C-2 is axial to the ring,and -
not the formation of a 3,5-monoacetal in which the hydfoxyl group occupies

the equatorial position (Fig. I-13).
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HO . H -
¢ °§%\ ' e
R ~ 0 OH
OH ,
H
‘ HO OH
) . OH .

1, 3~-monoacetal of Qbarabinitol 3y5~monoacetal of D-arabinitol

17

Similarly D-glucitol favours the formation of 2,4-acetal rings
and galactitol affords the stable 1,3:4,6-dimethylene2o and benzylidene21
acetals. - N A

M so 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

an equatorial hydroxyl group.22

Latest quantitative studies23' 24

on 5-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-1 over the isomer

with an equatorial hydroxyl group, and by a difference of 0.5 kcal mol—1

 in isopropyl alcohol or t-butyl alcohol (Fig. I-14).

Ho

o . — o OH
H (9] / ~ H / )
(eHye (CHye |

cis ‘ : trans
' . -1

Fig. I-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 (Fig. I-15) unless an opposite force.iike intramolecular
hydrogen bonding,compensates for this effect.25
Electronegative substituents such as chlorine X = C1 (Fig. I—15,p)

and bromine X = Br (Fig. I—15,B) prefer the equatorial positions.

xf | |
A

However in 5-fluoro-1,3-dioxane, it was found that the fluorine
atom preferred the axial position X = F (Fig. I—15A30.25 This
phenomenon was recently explained by L. Phillips26 who suggested that

the so-called, "Gauche effect" 27,28

predominates when the electro-~
negativity of X is increased. |

The "gauche effect’ rule was defined as a tendency of a compound to
adopt a structure which has the maximum number of gauche interactions
between the adjacent electron pairs and/or polar Bonds.z7 It was
later suggested that this ru;e only applies for very electronegative
substituents and for oxygen functions,but it is only reliable when the
molecules are in solution.26 This rule especially applies to the
1,2-disubstituted ethanes. These suggestions together with the hydrogen
Vbond formation explain the preference of a hydroxyl group for axial

positions.
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In the light of these arguments the 1,3:4,6-diacetals of
D-mannitol containing the hydroxyl groups at equatorial positions

(Fig. I—16), are expected to be relatiVely unstable,but on the

Fig. I-16

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

‘1;3:4,6—Di—g—buty1idehe-2—deoxy-2—mannitol was also obtained in
good yield as described in this thesis (Section VI). 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. I-16). 4
QeArabinitol does not give the 3,5-monocacetals (B-ring) in which
the equatorial hydroxyl group cannéf form intramolecular hydrogen
bonds witﬁ the acetal.ring oxygens.18’ 19 Thus the B#rker and Bourne
rules do not distinguish between the stabilities of the two possible
B-rings which may be different due to equatorial or axial disposition

of the hydroxyl groups.
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It is now possible to say that a f-ring or a B—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 B-ring or a PB-threo-ring with an
equatorial hydroxyl group which has only frans carbon-oxygen bond
dipole interactions and cannot form hydrogen bonds.

The gauche effect can indeed be an important factor in the

26,31

formation of cyclic acetals. . It was pointed out that theoretically,

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

CH,OH
| - :
Ho'f'” | CH,OH

H-C-0 HCHO/H :

I ~ 37
H -C-OH -

|

CH,OH

244:3,5~ trans

HCHO /W' 'ﬂ,

\o. CH,OH
o A
11,3:2,4-cis

Fig. I-17
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but in practice only the cis isomer has been oBserved,although the:
non-bonded interactions favour the trans isomer. This situation can
be explained by the e ffect of carbon-oxygen bond dipole injeractions
between the ring oxygens which have 1,2—disubstituiedbethane type
rela,tions.26 The trans isomer has three trans carbon-oxygen bond
dipole interactions while the cis. isomer has onl& the gauche carboh—
oxygen bond dipole interactions.

Thié stability of cis fused ring systems was first recognised by
Mills.18 In later years 1,3:2,4:5,6-tri-O-benzylidenegalactitol was
synthesised.32 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 expiéined using
the same arguments as for 1,3:2,4-diacetals of arabinitol. It can be
seen clearly that in 1,3:2,4:5,6-triacetals of galactitol, all carbon-—

oxygen bond dipole interactions between the ring oxygens of the fused

rings are of the gauche type (Fig. I-18).
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In 1965 Foster et al observed two stereoisomeric methyl

33

4,6-0-benzylidene-2,3-di-0-methyl—a-D-glucopyranosides. The

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

Fig. I - 19 .

One of the_isolated isomers (m.p. 125.5~127°) was convérted to
~the other isomer smoothly with hydrogen chlofide in carbon tetra-
chioride. For this reason conformation (II) was assigned to the
unstable isomer. Recently an alternative conformation (III) was

suggested (Fig. I-20) for the unstable isomer.o |

III

T - T_ 7N
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However, in the structure (III), 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 thét, in solution, this
compound exists mainly in conformation (III). An equilibrium may
exist between the conformation (III) and another conformation which
contains acetal ring in the boat form. An élfernative 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.

.

Fig. I-21

The free energy of a twist boat form is less than that of a
boat conformation. Unlike the structure (II), 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 (III)

and (IV).
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The above acetal (Fig. I-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 iarge
substituents on the acetal carbon of a six—membered ring prefer the
- equatorial positions simply because of the @estabilisation effects
>arising from the 1,3-diaxial interactions between the axiai substituent
and the ring—protoﬁs.

The preference of the substituents on the acetal carbon for axial
or equatorial positions is also dependent on the electronegativity of
the substituent; Increased eleotronegativity favours the aiial

34 23, 25

isomers. 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 (Fig. I-22), the
axial isomer was favoured by about 2:1 over the equatorial one under

23, 35

equilibrium conditions.

0 . :

H-C-OH

. é? '
I , H"’ H3c H3C OM
CH, + HC(OCH3)3 - kgf+ 07 °
I CH, | CH;~O"

H -f_OH . Major product

CH,

Fig. I-22
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In the axial position the alkoxy group can avoid the "rabbit-ear

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

t R [ ~_.-CH;
R & & 4 l‘:f:::::() c?ﬁﬂp
~R T Qw (|:H3 4
b ICH3
{'_".'-::0'9,- . » ”
I R 2 “ :
0
R ?\'ﬂ]ﬂ
i}
Fig. I-23

.The figure I-23 shows that in-(I) and.(II)the dipole repulsions due
to the orientations of the unshared p electron lobes are at maximum
(rabbit-ear 6rientation), whereas in.(III)bhere is a miﬁimum number of
dipole repulsions.

The above disqussioﬁs couid point out the reasons for the
preferential formation of S¥membered 1,3~diox®lane rings in the
trichloroethylidene acetals of Q—glucose}6 Z&lthe hypothetical gcetal,
2—trichloroethylidene—1,3-dioxane, the trichloroethylidéne'group is
directed to the axial position by the "anomeric effect". However
this creates stréng 1,3~diaxial interactions between the axial.

trichloroethylidene group and the ring protons causing ihstability

in the acetal fing (Fig. I-24). Thérefore, it is reasonable to
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expect the reactions of polyhydroxy compounds with trichloro-—
acetaldehyde, to afford five—membered acetal rings in which these

interactions may be avoided.

CICI

H CI\C,

a7
0

Pig. I-24

In six-membered acetals, stereoisomerism on the acetal carbon
is not common due to the effects discussed above. waever; this
type of isomerism is quite common amongst the five-membered acetals.
The substituent on the acetal carbon of 1,3—dioxolape can be either
on the same side or on the opposite side of the mean plane of the
ring és the substituent at position C-4 or C-5,and these are usually

called cis and trans isomers respectively. Figure I-25 shows the

cis and trans isomers of 1,2-O-alkylidene glycerol.
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Pig. I-25

. The cis configuration is not a favoured one, because of the
interactions of the large groups. VThe more stable 1,3-dioxglane
derivatives are those in which the 1arge'groups are trans (Fig. I-25,b).

In the literature, there are several examples of this type of
isomerism, obtained from polyols as well as sugars. For example,
two of the four possible isomers of 2,3:4,5-di-O-benzylidenegalactitols

37, 38

were obtained. An 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 B-1,2-O-trichloroethylidene—
a—g-glucofuranoses,-differing only in their configuratiéns at.acetal

carbon atoms, and four isomeric 1,2:5,6—di—gftrichloroethylidene—a—g—

glucofuranoses,36 two of which are shown in the figure I-26.



-

21

Fig. I-26

JI.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, by

this compound (Fig. IT-1). 411

HOH

\/\/\

"CH,OH

HOH,C

H .

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 zié—zag conformation also to exist in

14

solution. Galactitol molecules also undergo thermal movements about

a centrosymmetrical structure when the constraintrof the crystal field
has been eliﬁinated by dissolution.14

The known reactions of galactitol with several aldehydes showed
that galactitol acetals generallj favour the 1,3-dioxane rings with
the axial hydroxyl substituents on the C-2 and C-5. Thus the reaction
of galactitol with‘benzaldehyde affordéd 1,3:4,6—di{2—benzy1idenegalac-

titol in 93% yield.°

The reaction with formaldehyde again gave
1,3:4,6—di—97methy1enega1actitol in good yield. ' These results conform
with the rules of Barker and Bourne.

In the galactitol molecule, two types of six—memberéd rings are

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

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

"~ this molecule. The second possible favourable acetal ring for

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

of 1,6—q@isubstituted galactitols affords a-threo rings.37’38

In a recent work, the reaction of dimethylgalactarate with
paraformaldehyde and concentrated sulphuric acid was found t§ give
the 2,3:4,5~ and 2,5:3,4-di-O-methylene acetals in 2 to 1 ratio.
These were both reduced by lithium aluminium hydride fo 2,3:4,5-
di-O-methylenegalactitol and 2,5:3,4—di{}qmethylenegalactitbl |

39

" respectively. The structural evidence for these compounds was

40

supplied by mass spectrometry and n.m.r. spectrometry.



23

ii) Butylidene Monoacetals of CGalactitol

41, 42

Some optically active monoacetals of galactitol are known.
For examplg, the 1,3—97ethylidene-£—galactitol was obtained by thé
reduction of the'4,6—97ethy1idene-g—galactose.42 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 controlléd conditions. The formation of
an intermediate product was indicated by a minimum on the curve of. change
of rotation with time of this reaction.16 In the case of galactitol,
polarimetric studies were not possible because of its optical iﬁactivity
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 O.SE;hydrochloric acid but no
kinetic preference was observed for either of the monoacetals.

The reaction of approximately equimolar quantities of galaétitol
and n-butyraldehyde in O.5E;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 50, but it could not be separated into its

components by chromatography on silica gel or by fractional
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I-Galactitol

II-2,3-0-~-Butylidene~Dl-calactitol

ITI- 1,3-QrButylidengzggﬁgalactitol

IV~ 1,3:4,6-Di—9—butylidenegalactitol
III

III

IT

L~

20 Min. 20 h

. ( Pye-104 3 Apiezon-X 3 temperature 1300)

Fig. II-2

crystallisation, although it was possible to recrjstallise it as a
mixture from ethanol-ether. The monoacetals were separated by column
chromatography on Dowex—1 X8 (Oﬁ) resin, The compounds separated in
this manner, were shown to be a crystalline 1,3-97buty1idene—2£—
galactitol (Fig. II-3,I) and a crystalline 2,3-O-butylidene-DL-

galactitol (Fig. II-3,I7).
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0—CH,

H 2 CH, OH
N &
,° ,'I'O g H-C—0
¥, C | N
3 “o—c-u L___..——c\\
0=C-H C.H
HO-C-H I 3T
HO-C-H’
H~C-OH _ : |
| . H-C-OH
CH,,OH |
: CH,0H
1,3-0-butylidene . 2,3-0-butylidene
(4,6—9;buty1idene)—Bg-galactitol (4,5-0-butylidene) ~-DL-galactitol

I . - II

Fig. II-3

It was shown that after 48Ah, the reaction mixture contained the.
1,3-monoacetal in higher yield, however a conéiderable amount of
2,3-monoacetal also existed. The only diacetal which éould be isolated
from this reaction mixtﬁre in small yield was‘1,3:4,6—di—97butylidenepa1-

‘actitol.

iii) The Structural Analysis of 1;3—QrButylidene—Q£-galactitol

The monoacetal (Fig. II—4,I) waé characterised as its crystalline
tetra-acetate (Fig. IT-4,IIkand tetra-benzoate (Fig. II-4,III)
derivatives. Methylation of the free hydroxyl groups of this cbmpound,.
using methyl iodide and silver oxide in dimethylformamide, gave two
crystalline prodgcts. The main product was the fully méthylated
1,3—9—butylidene—2£—galactitol (Fig. II-4,IV). This compound was
characterised by ifs n.m.r. and mass spéctrum. Tﬁg infrared spectrum

(nujol mill) did not show any hydroxyl peaks.
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" The other product, isolated in very small amoﬁnt,was shown to be

a trimethyl-1,3-monoacetal.

H 0 =——
N/ e
C H-C -0R
HC/\ |
O——- -
73 ? H
RO - ? - H
H - ? - OR
CHé OR

(). R=H

(II) R = Ac

(III1) R = Bs

(Iv) R =1Me
Fig. II-4

{
The trimethyl 1,3-monoacetal was also characterised by its n.m.r.

and mass spectrum. The infrared (nujol and KBr disc) and nem.r.
showed the presence of a hydroxyl group in the molecule but the position
of the hydroxyl group was not located.

Quantitatively, the monoacetal (Fig. II-4,I) consumed 2.04 mol of
periodate ion and liberated 1.12 mol formaldehyde and 0.91 mol formic
acid. The acetal group of (IV) was removed in the presence of the
acidic resin Amberlite —120(H%),.to give a crystalline fetra—g—methylhex_
itol (Fie. 11;5, V). When (V) was treated with boz;on trichloride '

at =703 galactitol (VI) was obtained.
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CH.,0H
2 CH, OH
I : | 2
H-(I)-OMe : H-¢-0H
’ |
HO-C-H . BCi; . HO~-C-H
| — | |
MeO - C - H ~70 HO - C—H
[ : : I
H-(IB-OMe : H-c—on
I

M | ()
Fig. IT-5

The structure of tetré-g—methylgalactitol (V) was defived as
follows. It did not consume any periodate ion showing the absence of
vicinal hydroxyl groups. Tr:itylation gave a crystalline monotrityl
defiva.tive indicating the presence of only one free primaryvhyd'roxyl
group. These results indicate J;;he structure of thié compound to be
2,4,5,6~tetra-O-methyl-DL-galactitol (V). |

The tetra—_O_—methylgalactitol was further characterised by the mass

spectrum of its acetate derivative.’

iv) The Structural Analysis of 2,3-O-Butylidene-DL-galactitol

The monoacetal (Fig. II-6,I) was chara.cteriseci 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 methylation, the acetal (I) gave a syrupy tetramethyl ether (7).
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i)HZOH (I)HQOMe | (I)H20Me
H~C -0 il H-C-~0 H H-C - OH
N7 3 NA”
| C\c H | C\c g '
0-(|3—H 3T 0-(I3-H 3T H-C~-H
|
HO - C - H MeO - C — H MeO-C — H
I |
H-(I:-OH H-C - OMe H —-C — Ole
I |
CH,0H CH,,0H CH,,Olfe
(1) (11) (111)
. Fig. 1I-6

The hydrolysis of (II) by the acidic resin Amberlite -120(H%) gave
a tetra—O—methylhex1t@] y which on demethylation w1th boront:nchlorlde

produced galactitol.

The structure of tetraﬁg—methylhexitol (III) was proved as follows.
It consumed 1.06 mol of periddate ion aﬁd its periodate qxidation products
gave methoxy acetaldehyde (Figs. II-7, IV) and triﬁz—methyljgg—threose
(Figs. II-7, V). The former was characterised as its known,43

crystalline p-nitrophenylhydrazone and the latter was characterised by its

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

(I)H20Me | . (,}HQOMe
H - (I: - OH : CHO - (V)
HO - C - H- Nal0, 5 +
|
MeO — C - H , CHO
| |
.H-(I:-O_Me MeO - C - H (V)
1
CHéOMe H-C - 0Me
|
(III1) - CH,OMe

Fig. II-7
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II-B Formation and Some Reactions of Di~ and Triaéetals of Galactitol

i) Results and Discussion

The reaction of 1 mol galactitol with approximately 2 mol
n-butyraldehyde in SE;hydrochloric acid was studied. G.lec. analysis
of the reaction mixture at certain time intervals showed the initial
formation of several products (Fig. II-8). - It is known from
previous work on acetalation of galactitol that, either 1,3:4,6—diaceta120’ 21v
or 1,3:2,4:5,6—triacetal32bis 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—97
buiylidenegaiactitol but in low yield. . The remaining products consiéted
of a complex mixture of several diacetals. "Nb monoacetals ﬁere detected.
It was possible to separate the various groups of products by solvent
éxtraction or by columﬁ chromatograﬁhy on alumina. The butylidene
triacetals were solublevin light petroleum, therefore they could be
eitracted directly from the syrupy mixture. At the same fime 1y324,6~
di-O-butylidenegalactitol precipitated out on addition of 1ighf‘petroleum
and was removed by filtration. Although light petroleum first dissolved
all the products except 1,3:4,6-diacetal, on standingAin a cool place, the
mixture of diacetals was deposited as a syrup. The triacetals thus
remained in the light petroleum.‘ The syrupy nixture of dibutylidene
galactitols was shown to be free from the triacetals and 1,3:4,6-di-0~
butylidenegalactitol by t.l.c. inAsolvent benzene-methanol (9:1).  The
remaining syrupy mixture was expected to contain mainly the structural and
stereoisomeric forms of 1,3:4,5- and 2,3:4,5-diacetals (Fig. II-9) from
theoretical considefations. I+t was not possible to‘isolate.any of the '

isomers of the former.
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O0—CH,. CH,.OH

H,C..CH H-C - OH H-C-0 C.H
, s
TN | —_%,,._-\—c 3T
0—=C - H 0=C-H M
' I
=fog 0%\
H-C-0" N¢.m H =G -0— 0Ng
: 37 H
[ I R
H,C - OH CH,OH

1y3:4,5-di-O-butylidenegalactitol 2,3:4,5-di-O-butylidenegalactitol

(Q—fornﬁ S ' (meso—fdrno.

Several attempts +to resolve the diéoétai mixture failed. However
column chromatography on neutral alumina gave two crysfalline diacetals
in very small yields, when diethyl ether containing 2% mefhanol was used
as eluent. |

One of the diacetals, thus obtained showed variable m.p. on several
recrystallisations from carbon tetrachlofide. All the various crystalline
fractions of this product showed a slightly broadened triplet at T 4.95
in their 60 MHz n.m.r. spectra. This broad triplet was partially
resolved into three overlapping triplets by the 220 Mszspectrometer.

The absence of the higher field triplets on n.m.r. spectra suggested
that the diacetal contained only five-membered rings.29 The highest
m.p. obtained for this product was 83°.  The acetal behaved like a sinéle
substance on t.l.c; and g.l.c. A correct elemental analysis was obtained
as a dibutylidene galactitol. The correlafioh of thg 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 but there is good evidence from n.m.r. studies to assign the
structure of 2,3:4,5-di-O-butylidenegalactitol (Fig. II—9), to this
product which is a stefeoisomeric mixture on the acetal carbon atoms.
The other crystalliﬁe fraction from the alumina column was also
recrystallised from carbon tetrabhloride. As for the above diacetal,
chemical methods for structural analysis could not be us?d 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 coﬁpound. It is rather unusual to obtain an
acetal of galactitol containing a B-threo ring, but this prodﬁct
apparently existed in the reactién mixture, in a very small amount
(Fig. 11-8). The insignifiéant yield and easy decomposition at room

temperature indicated its structural instability.

?H2OH
H—C—O
Ho-i;g/wCH
O-C-H
H-é-o
: | CH.C,H,
CH,0 '

Fig. II-10
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The g.l.c. of the reaction of galactitol with Q~butyraldehyde
(Fig. II—S), suggested that most of the products which existed in
the reaction mixture after 20 h, disappeared after a reaction time
of four days. After f;ve days at room temperature the reaction
mixture solidified. The products isolated at this stage consist
only of the 1,3:4,6-di—9;butylidene 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—di497butylidenegalac#itol,
together with the slightly less stabie 1,3:2,4:5,6-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-

diacetal. Very high yields were also reported2o’ 21

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

1,3:2,4:5,6-triacetals under stronger conditions.

ii) Structural Analysis of 1,3:4,612170-buty1idenegalactitél

The 1,3:4,6-di-O-butylidene acetal (Fig. II-11) was obtained
in good yield from the reaétion in 5E;hydrochloric acid, after a long
reaction time, and also in smaller yield in O.SE;hydrochloric.acid
(II.Aéii). 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 1350. It gave the diacetate and dibenzoate derivatives in
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good yield. On methylation the acetal produced a diméthyl ether

(Fig. I1-11,II). Hydrolysis of this. with the acidic resin IR—120(H+)

gave a di-O-methyl hexitol (II1), which on demethylation produced
galactitol.
(I)HQOH 0 - (I}H2
H-C-~-O0H H,C,.HC H-C-0H
| T |
HO -(I)-CH C3H7CHO O—(ll—H
>
o o-0-8 + 0-C-H
o H T
H -C-0H H.,C, .HC H - C - OH
] 173 | .
CH,OH 0 - CH
2
00 ﬁa o, (1)
CH3I
iy
$ A'g20
CH,0H 0 - CH
2 2
H - (l) - OCH3 H703.HC‘ H - i - OCH3
H -C-H i O“?'H
I
HO - (I} - H 0-C-H
I
H -C - 0CH . -C -
. | 3 H7C3 HC H (|) OCH3
CHQOH 0 - CH2
(11)
(111)
" i) NaIOo
l i) Na 4
' 'ii) Na.BH'4
(l)H20H ,
2H-~C -~ OCH3 + 4 021\T @ COCl —3p» Di-p-nitrobenzoyl
I _ —-2-0-methylglycerol

CH20H

(1v) o
Fig. II-11
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The di-O-methylgalactitol {II)consumed 1.07 mol of periodate ion (after

24 ) and liberated no formaldehyde and formic acid. The reported44 MeDoe
of 2,5-di-O-methylgalactitol is 183.50. In our hands, the m.p. could
only be raised up to 176—177.50 and the tetra-acetate of this compound
had m.p. 148° (reported by Painter as 88.50).'44 Periodate oxidation

of di—grmethylgalactitoli followed by borohydride reduction as used by
Painter, gave 2-97methy1g1ycerol, characterised és its known

44

crystalline di-p-nitrobenzoate. From these results, we can assume
that, 2,5-di-O-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. II-12) also
indicating the presence.of twé unoccupied primary hydroxyl groups in
* the molecule.
?HZ - oc(Ph)3
H-C - OMe
HO - g - H
HO - % - H

H-C - OMe

|
CH, - oc(Ph)3

Fig. II-12

The tetra-acetate of 2,5-~di-O-methylgalactitol was further characterised

by its mass spectrum which will be discussed in sectionlX..
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The formation of 1,6:3,4- and the 1,4:3,6-diacetals is very
unlikely due to copsidérations of ring sizes, therefore it can be
safely assumed that, 2,5-di-O-methylgalactito] can only result from a
diacetal which has thé struotuye of 1,3:4,6—di-97butylidenegalactifol.

A detailed study of the n,m.f. spectra, - which confirm the assigned
structure of the diacetal and its derivatives, will be given in the |

section VIII.

iii) Isolation and Structure of 1,3:2, 4:5,6-Tri-O~butylidene~

galactitol

The triacetal fraction»fofmed in the_reaction of galactitol
with n-butyraldehyde was separated by the light petroleum extraction of
the syrupy mixture of acetals. The t.l.é. in benZeﬁé—methanol (9:1)
showed only one spot and g.l.c. analysis of the semi-crystalline
_triacetal fraction gave an unresélved peak (a shoulder was detectable),‘
(Fig. II-8). Examination of this fraction by n.m.r. spectroscopy
indicated that it was mainly aiétereoisomeric mixture of tfiabetals.

A pufe triacétal was obtained from the concentrated light petroleum
solution as colourless plates, on staﬁding at -50. . The chemical shifts
of the acetal-proton signéls in fhe NeM.T, sbectrum of this compound.
-could only be explained in favour of the 1,3:2,4:5,6-triacetal.

13

Proton 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 whiéh_is discussed in section IX.

The mother liquor, left from the crystailiéation of thé 1,3:2,4:5,6-
triacetal, contained a very small quantity of another triaéetal which could
be the diastereoisomer of the isolated product, as well as some

polymerisation products45 of n-butyraldehyde and other triacetals of

~different structures, as indicated by the presence of extra signals in
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the n.m.r. spectra. It was not possible to isolate any other pure
acetals from this mixture.

The most common chemical method fér the determination of the
structures of hexitol triacetals is the partial hydrolysis of the
compounds and the identification of tﬂe fragments.46’ 4t However
because of the possibility of acetal ring migration,.this method
should be applied with‘oaution. Under mild hydrolysis conditions,
and assuming no acetal migration takes place, the 1,3:2,4:5;6—tri-97
butylidene—gg—galactitol is expected to give a mixture of 1,3:5,6-
diacétal, 1, 3-monoacetal and 1,3:2;4-diaceta1. The partial hydrolysis
of the above tri-O-butylidenegalactitol was attempted, using
trifluorcacetic acid as catalyst. This acid was shown to bé a~good
catalyst for the complete hydrolysis of the benzylidene and isopropylidene,

48:but it proved unsatisfactory for the complete hydrolysis

49

acetal groups,
of 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 fhe 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 CatalysedMigration of 2,3:4.5{ngorbutylidenegalactitol

When some trifluorocacetic acid was added to the solution of
2,3:4,5—di;97buty1idenega1actitol in CDCl3 and the reaction waé followed
by n.m.r. spectroscopy, a rapid formation of a higher field triplet at

T 5.4 was observed. The position of this triplet was 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

Fig. TI-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 butyraldehyde should have been
observed.

The producf_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-
galactitol. The migration was also followed by g.l.c., which confirmed
the formatién of 1,3:4,6—diﬁ24bﬁtylidenegalactitol from 2,3:4,5-di-0-
butylidene galactitol in the presence of trifluoroacetic acid

(Fig. II-14).

)C% o CH,0H
HNg___ .
/< ,>(°3”’
CH,OH
| Fig. II-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 Pig. II-15.  The raterof change of the ratios was very
fast in the first 10 min. but in %—h, the reaction slowed down and
reached an équilibrium. After a £eaction time of 14 h, hydrolysis
of the acetals was observed. The position of the triplet in the
NeMeTe specﬁrum of the‘hydrolysed product was the same as the
position of the triplet obtained from the polymeric n-butyraldehyde
(T5.2.
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These results are not consistent with the results of Rainer
Bonmn and Ingolf Djong50 who studied the reactién of 2,3:4,5—di-§r
benzylidene galactifol with bengzaldehyde and zinc chioride and
observed the formation of 1,3:2,4:5,6—tri—grbenzylidene'galactitél.

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

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

‘alditols is performed under kinetically controlled conditions.
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However, no reaotion 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~dibutylidenegalactitol. It seems that, in the reported
reactions of 2,3:4,5—di—27benzylidenegalactitol with zinc chloride

and benzaldehyde, fho reactant acetal was first hydrolysed to the
polyol or perhaps migrated to fhe 1,3:4,6—diaoetal and then hydrolysed.
It is conceivable that these products further reacted with exceés
benzaldehyde to give the 1,3:2,4:5,6—tri-97benzy1idenégalactitol.

The reported yield of the triacetal in this reaction was only 30%.
Usually with zinc chloride catalyst,only the’kiﬁetically stable acetals

51

are observed. It is known that during acetalation reactions, the
‘catalytic action of zinc chloride is lost after a while, through the
. formation of the hydrated complé%l'%%ﬂl2(H20)2 and this results in
‘kinetic control of the reaction,

——
ZnClz(PhCHO)z + 2H,0 ZnCl2(H20)2+ 206}150}10

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 Djong56 discussed the preferential formation
of 2,4-rings from Q-giucitol by considering the "bent" and Zig—zag
conformations of this polyol and pointed out that the planar zig-zag
conformation of D-glucitol would lead to the optimal 0(2)—0(4) distance
for B-erythro ring closure but in a bent conformation the distance between

(o]
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 cpnformation and only

a complete turning of 120° would lead to an optimum 0(2)-0(4)
orientation. Therefore the preference of B-erythro ring should be
slight. These arguments in fact support the assumption that the
preferential formation of acetal rings under thermodynamically
controlled conditions is determined by the free energy content of the
products but not by the conformations of the reactants.

These arguments however, do not explain the claims of these

guthors concerning the Barker and Bourne rules, whiéh were established
as a result of investigations carried out on the structures of qyclic
acetals isolated under thermodynamically contfolled conditions.

Hence, contrary to the suggestions of R. Bonn and I. Djong, the Barker
and Bourne rules may not be applied to kinetically controlled reactions
of polyols; for example under kinetically controlled conditions, thé
main product of Q—glucitol and n-butyraldehyde is the 2,3-monoacetal and
‘not the stable 2,4-monoacetals. |

Thé preceeding discussions were substantiated when some thermo-

dynamically controlled reactions of 1,3:2,4:5,6-tributylidenegalactitol
were investigated. As it was pointed out before, the partial hydrolysis
of the tributylidenegalactitol resulted in a mixture containing the
i,3:4,6—diacetal. In another reaction of the tributylidenegalactitol
in 5N-hydrochloric acid with n-butyraldehyde, the 1,3:4,6-dibutylidene—~
galactitol was obfained in 35% yield after a reaction of four days

(Fig. II-16) indicating that in the reaction of galactitol with
aldehydes the triacetal is formed under kinetically controlled
‘conditions, but may undergo gradual hydrélysis and convert to the 1,3:4,6—~

acetal under thermodynamically controlled conditions.
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ITTI Butylidene Acetals of 1-Deoxy-D-galactitol (QAFucitol).

i) Introduction
The reactions of 1-deoxy-D-galactitol (Fig. III-1) with
aldehydes are expected to be more complicated than thé‘correspdﬂding
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.

CH,
H-C- OH

HO -C-H

HO -C-H

H-C-OH
CH,OH

Fig. III-1

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

D-galactitol derivatives prefer the planar zig-zag conformation (Fig. III-1)

53

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

o4 and the 2,3:4;5—di—gfisopropylidene derivative55 have been

structure
reported. No work has been published on the monoacetéls of this

polyol with the exception of 4,5—di-gfbenzy1—1,B—Qrbenzylidene—G-deoxy—
L—galactltol which was prepared from 4, 5—d1—0—benzyl 1 3—O—benzy11dene—L—

galactitol. 56

ii) Results and Discussion

In the reaction of 1—deoxy;2—galaotitol with aldehydes, the
preferential formation of 2,3-monocacetal in high yield is expected under
kinétically controlled conditions, in parallel with the reaction of
1—deoxy—2—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—2—gélaotitol spans 4,6-positions but known

"reactions of galactitol suggest that the a—threo rings are also possible.
The reaction was monitored by g.l.c. on an Apiezon-K column, at 1690.
Samples, taken at certain time intervals were silyléted for this purpose.
The chromatograms obtained, are represented in Fig. III-2. This
suggested that the 2,3-monoacetal (I) 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-glucitol, in which this monoacetale&most completely

disappeared at equilibrium.
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In all stages of the reaction, quite a large amount of unreacted
g—fucitol'(1—deoxy—2—galactitol) was also presentyagain unlike the
reactions of 1—deoxy42—glucitol and galactitol (Fig. III-2).

In éccounting for thebpresence of 4;5— and 4,6imonoacetals, the
migration of the 2,3-monocacetal in favour of these products can be ruled
out because of the large distances in&olved. It is therefore more
reasonable to accept that the reaction involves the initial fast formation
and hydrolyéis of the 2,3-monoacetal, togéther with the slow forﬁation of
the 4,5~ and 4,6-monoacetals. After two days the'4,6—g—butylidene
derivative was obtained in highest yield. The two monoacetals,
2,3—9_—butylidene;1—deoxy—]_g_-galaotitol (Fig. III-3,I) and 4,5—9-bﬁty11dene-

1—deoxy—9—gaiactitol (Fig. ITI-3,II) were isolated in smaller yields.

CH.
?H3 |H3
H=C -0~ ~H H—(') - OH
c
_——-J""'"—-—-
0—=C-H  NC.H H~C - H
377 |
HO -C - H 0-C - H H
o T
H-C - OH H-C - 0~
| | ' €3Hy
CH,0H CH,OH
I II

Fig. ITI-3
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The acetalation reaction of galacfitol and 1—deoxj49—galactitol

is comparable'since both polyols afford acetals with the same type of
ring systems. However, when the reaction mixtures are compared

at wvarious stages, under similar conditions, the presence of
1~deoxy—2-galactitol a%ter a reaction time of two days may seem unexpecfed
since the activating effect of the deoxy group should have produced a
faster reaction. Indeed, as implied by ge.l.c. stﬁdies, the
formation of 2,3—monoa¢eta1 in 1—deoxy~2—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 exﬁlained if hydrdlysis is
cbnsidered under longer reaction time, whence the‘pésition of equilifrium
shifts towards the reactants. It is clear from the synthetic and g.l.ce
eyidence that both galactitol and its 1-deoxy derivétive afford B- and
a-threo rings in considerable amounts under'kinetic and thermodynamic
cénditions. However, neither of these polyéls showed the presence of a
truly kinetically controlled intermediate acetal. In comparison,
Q—glucitol’énd.some of its derivativés produce high yields of kinetically
controlled products. This can be explained simply in terms of the high
tendency of the formation of the 2,4-rings (BﬁEEZIEEE)v which shortens the
life time of the 2,3-rings (a~threo). In galactitol and 1-deoxy-D-galactitol
2,4-acetal rings are B~threo type, which is not a favoured conformation,
therefore the 2,3-moncacetals of these polyols are obtained in much better
yields than the analogous acetals of Q—glucitol and its derivatives under

J
thermodynamically controlled conditions,
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iii) Synthesis and Structures of Monobutylidene 1-Deoxy-D-galactitols

Although 1—deoxy—£~ga1actitol can easily be obtained by the f
reduction of L-fucose with sodium borohydride (Fig. III-4) the method

is costly.

CH,
|
CH, H-C- OH
HO 0 [
NaBH
OH ——=p HO-C-H
OH . y
OH HO-C-H
o H-C-OH
O
CH,OH

; Pig,ITI-4 -
It was therefore decided to synthesise the polyol from D-galactose,

by desulphurisation of the diethyl mercaptal derivatives with Raney
nickel. 8The methodkwas described by Wolfro%7in 1944 and by 3ones and
Mitchell5in 1958, The diethyl thioacetal.of D-galactose (II) was
easily obtained and purified from the free sugar by recrystallisation.
The reduction of the thioacetal by freshly prepared and thoroughly

washed Raney nickel gave a reasonable yield of 1—deoxy—2—galactitol

(L-fucitol) ., TFig. III-5 shows the reaction path.



- S-C.H
/7 25 //, i
H-C A H-C-H
|‘~s-c2H5 I
CH,OH | H-C - 0H H-0-od
HO 0 ! | |
20, HySH  H-C-H Raney Wi o HO - € - H
OH — > | |
0!__' HC1 Ho_(i]_H HO—C—H
, - ‘ |
OH g - f - 0H H-C - CH
| -
CHQOH CHZOH
T IT ’ IIT
c
E
Raney Wi 3 H-C-0H
]
H -C-H
I .
H -C-H
' .
H-C - 0H
|
CH,0H
Iv

. Fig. III-5

However, when insufficient Raney nickel was used the crystalline
monoethyl thicacetal (III) was obtained as reported.58 The epimerisation

59

of hydroxyl groups by Raney nickel cataiyst is known. However the

1-deoxy-D-galactitol which was obtained from E—galactose was ldentical

with the one obtained from E—fucose.
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The reaction of this polyol with n-butyraldehyde in‘ykhydrochloric
acid gave a syrupy mixture of severallacetals in which the monoacetal
component was‘the main product. A mixture of some diacetals were
separated from the monocacetals by extraction with light petroleum
(60—800). Tel.c. of this extract in benzene-methanol (9:1), showed the
presence of several diacetals, but none of these could‘be crystallised
from the mixture. |

The monoécetal fraction was analysed by t.l.c. in solveﬁt methyl
ethyl ketone, saturated with water. This suggested thé presence of
five and six-membered ring monoacetals. The six-membered monoaﬁetals
usually move slightly faster than the five-membered ones in this solvent.
The same solvent mixture gives a very distinct separation between méno
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 mixiure is not capable
of separating the six-membered monocacetals of different structuresAfrom
each other. Structural isomers of fi&e-memiered 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 polyoi was crystallised out from the ethanolic solutioh

of the monoacetal fraction. The mixture of monoacetals, thus purified
from diacetals and polyél was applied to a columm of Dowex-1 X8 (OH_)

resin, as described in section III, iv. The syrupy six-ﬁembered monoacetal
elutedvfirst and in highest yield. Further fractions from the column

contained a mixture of two five-membered ring acetals, namely,
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2,3-Q;buiy1idene—1-deoxy—2—galactitol and 4,5—Q—buty1idene—1-deoxy—@—
galactitol which were separated by fractional crystallisation from
ethanol. 4,5{2—butylidene—1—deoxy—g-galactitol crystallised out
leaving the 2,3-monocacetal in solution, which was crystallised from
light p;troleum.

The syrupy 4,6—beutylidene—1—deoxy—g-galactitol (Fig. III, 6, 1)
was characterised as its crystalline tri-acetate derivative (II).

The monoacetal (I) also afforded a crystalline trimethyl ether (III).

|3
H'?_OR (I) R=H
Ro’f'H» (I1) R = Ac
H 0—C-H

. (ITI) R = Me
N w
AN

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 methylation and hydrolysis
procedures in the structural investigat;ons. However periocdate oxidation
and especially physical methods, such as n.m.r. spectroscopy were extremely
useful in this respect.'

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

did not release any acidic fragments. The acetaldehyde released from
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e —— — -

this reaction was precipitated as its crystalline 2,4—dinitrophenyi—
hydrazone derivative.6o

The 2,3-monoacetal (Fig. III-3,I) conéumed 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 1imité the possible structures 6f i
the acetal to 2,3~, 2,4~ and 3,4-monocacetals. 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—9;butylidene—1—deoxy—g-galactitol.

Further structural evidence derived from the n.m.r. spectrum
(discussed in section VIII-iii) shows this material to be a mixture of
stereoisomers. The low field triplets ('Zf5.10) are characteristic for
five-membered acetal ring protons.

The 4,5ﬁ2—buty11dene—1—deoxy—g—galactitol (Fig. ITT-3,II) 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 tﬂe 4,6-monoacetal. But the
n.m.r. spectrum of this compoundAshowed an acetal~proton triplet at T 4.95
(section VIII) which is characteristic for a five-membered ring acetal-protm,
whereas the n.m.r. spectrum of the 4,6—97buty1idene-1-deoxy—2—galactitol
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-monqaceta1;‘highef.fiéid acetal-proton sighals

are 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 (seotionVIID in the spectrum of 4,5-O-butylidene-
1—deoxy—2—galacfitol suggested that this was a pure stereoisomer.

Only one 4,5—monoacetal was obtained,therefore it was not possible to
predict the stereochemistry of the compound on the acetal carbon atom.
The 4,5-O-butylidene acetal was also obtained in low yield directly
~ from the concentrated solution of the reaction mixture in chloroform.

Another crystalline fraction was séparated 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 Mﬂz n.m.r., spectrum
indicated it to be a butylidene acetal (m.p. 1590) as suggested by a
_ triplet at T 4.95. 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 moﬁoécetals
of several polyols have been attempted on silica gel and alumina.2’61
In some oases'a partial separation was achieved but generally the methods
did not give satisfactory separations. The séme techniques were employed
in order to separate fhe monoacetals of galactitol but they oroved
unsuccessful. I+ was then decided to investigate the possible use of a
basic ion-exchange resin Dowex—1 X8 (OH ), which was widely used for the

62, 63

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 B—glycosides.63 Similarly, the primary
and seéondary hydroxy groups aftached to the five~ or six-membered
acetal rings usually have different acidities,2 therefore, it was
expected that these compounds would act in the same way on this resin.
Indeed a 95% separation of 1,3-0-butylidene-DL-galactitol and
2,3-0-butylidene~DL-galactitol was achieved at the first attempt, usihg
deionised and CO2-free water as eluent. Later five and six-membered
acetals of 1—deoxy—2—galactitol were also successfully separated.

Dowex=-1 X8 is an anion exchanger with benzyltrimethyl ammonium
active groups. It is supplied in the chloride form and is cross—linked
with 8% of divinylbenzene. The resiﬁ is converted to the hydroxyl form,
'by treating with three bed volumes of 4% sodium hydroxide solution.

The separation of the monoacetals on this resin can be explainéd
in terms of the different acidities of the C-1 primary hydroxyl group of
2,3{2—buty1idene-2£—galactitol (Fig. III-7,I) and the secondary hydroxyl
group on C-2 of the 1,3-0-butylidene-DL-galactitol (Fig. I1I-7,II)
Similarlj the hydroxyl group on C-5 of 4,6—9;buty1idene—1—deox&—2—galéctitol
(Fig. II-7,III) and primary hydroxyl groups on C-6 of 2,3-O-butylidene-1-
deoxy—E—galactitol and 4,5ﬁ2—butylidene—1—deoxy42—galaotitol (Fig. III-T7,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 (IT) and (III) +the axial
hydroxyl groups are involved in intramolecular hydrogen bonding with the
ring oxygens, whereas in compound (I) the primary hydroxyl camot form
strong hydrogen bonding because of the free rotation. This makes the
secondary‘hydroxyl group on the 1,3-dioxane ring (II) even less acidic.
As expected, the greater acidity and steric 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-galactitol (I and IV) and 4,5-monocacetal of

1~deoxy-D-galactitol (V), eluted last from the resin column.
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IV. Butylidene Acetals of 3-O-Methyl-D-glucitol

i) Introduction

The reaction of 3—9;methyl—2—glucifol with acetone yielded
1,2:5,6- and 2,4:5,6—di—iso§ropylidene derivatives65 (Fig. Iv-1).
Benzylidenation of this polyol afforded two crystglline di-gfbenzylidene
derivatives of the same structure65 namély the 2,4:5,6-dibenzylidene
acetals, however, their n.m.r. spectra were different and the chemical
shifts of the acetal proton signals indicated that two bengylidene acetals

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

H2c|: - o\C /CH, (I)HZOH
H-C - 07 “cH H-C-0 CH
| 3 I N/ °
H3co-c|: - H 1,00 - f - = C
H-C - OH H—Ic-o/ CH,
| _
H-(I) - o\C/CH3 H - (I; -0 -CH,
/ . BPVAEN
HC - 0 \CH3 HC - 0  CH,

1,2:5,6—diﬁ2—isopropylidene-3{2— 2,4:5,6-di-O-isopropylidene-3-0

methyl-D-glucitol methyl—g—glucitol

Fig. IV ~

The reactions of 3{2—methyl—@-glucifol with several aldehydes were
- followed polarimetrically and it waé shown that this polyol does not
afford kinetically controlled intermediate products unlike Q—glucltol.

The reaction with n-butyraldehyde afforded only one monoacetal in good
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yield for which the structure, 2,4—97butylidene-3ﬁ2—methyl—géglucitol
was assigned as a result of chemical methods.l It was mentioned
in previous sections, that E—gluoifol gave 2,3-monoacetal as an
intermediate product. As this is not possible in the case of the
3-O-methyl derivative, it was ﬁot surpfising that only one monoacetai

(2,4-ring) was observed.

ii) Results and Discussion

The changes in the optical activities of the reaction mixtures
of some polyols with n-butyraldehyde are shown in Fig. IV-2.
A 3—97Methyl—2—gluditol 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 correspondihg
minimums.

The reaction of 3-97methy1—£-glucitol'with g—butyraldehyde in
0.5§;hydrochloric acid was‘followed by g.l.c., and in agreement ﬁith
previous work,61 the main product was found to be the 2,4-monoacetal.

The 3{2—methy142—gluctiol, used in this work was prepared by
the reduction of 3—97methyl—Q—glucopyranose, with sodium borohydride.
Although 3-97methy1-Q—gluoopyranose was available.commercially, a
synthesis of this sugar from D-glucose was also attempted.66‘ The path

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

Thus, 3-97methy1—2-é1ucose (1V) was obtained in moderate yield and
reduced to 3—Qfmethyl42—glucitol which was obtained as a pale yellow
SYyTup. 3-9;Methyl-2-glucitol was characterised as its crystalline
bis-phenylboronate. The polyol also gave the previouély known

diastereoisomeric 2,4:5,6-dibenzylidene acetals.
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The reaction of 3-Qrmethy1—2—g1ucitol with g—butyraldehyde,
using SE;hydrochloric acid or anhydrous zinc chloride gave a éyrupy
product which was very soluble in all the organic solvents. When
the product was examined by t.l.c. in benzene-methanol (9:1), it
behaved as a single compound. The g.l.c. analysis of the syrup
as its t.m.s. (trimethylsilyl&) derivative on Apiezon-K column at
1800, showed two very close peaks in approximately equal intensities.
Alf the attempts to crystallise the product failed and the syrup
showed no tendency to solidify on keeping at —50 for three months.
The elemental analysis of the product supported the assumption that,
the product was a dibutylidene acetal of 3—9;methy1—2—g1ucitol;

The structure of this compound was shown to be the 2,4:5,6-di-0-

butylidene-3-0-methyl-D-glucitol by chemical methods;

iii) Structural Analysis of 2,4:5,6721:O-butylidene—3;0—meth11-2—

glucitol
The 100 MHz n.m.r. spectrum of the syrupy dibutylidene-3-O0-

methyl—g-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_lo,The triplet at .
T 5.47 is characteristic for a six-membered acetal ring proton and
friplets at T 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 asvit

stood for the structural investigations employing chemiczal methods.
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The dibutylidene acetal (Fig. IV — 4, II; R,]R2 = C3H7, R; = H and
R‘lRé = C3H7, R2 = H) was methylated with methyl iodide and silver oxide
to give a syrupy methylated acetal (III, R,R, = C3H, Ré = H and
R1Ré = C3H7, Ré =>H) for which the n.m.>r. spectrum showed two

methoxyl signals.

(IIHZOH 4 (IJHZOH
H-C - OH H-C -0 H
| | \/
H,C0 - C - H R : ' '
3 ' RCRO + H' o H3co-<|:-H/c\
H“(l"OH | H-C -0 R,
"H-C - OH '
I H—f-o\c/Ré
By
(1) (11)
¢ Mild acid hydrolys:
' - CH,0
?H200H3 CH,O0H
H-C-0 H H-C-0 H
HyCO - C - H c\ H3CO-(|7—H/C\
I
H-C-O/ R H-C -0 R
| [
H-C-0._ _-R H—('}-OH
| c
E, C-0-" '\ CH,O0H
R .
2
+
Hl(III) | (1v)
C
|H200H3
H-fl:-on'
H3CO—('3-H
H—?-OH
H-(IJ-OH
CH,OH
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The acetal-proton signals éhowed the ratio of the stereoisomers
remained unchanged after methylation. The dibutylidene acetal
dimethyl ether was refluxed as a solution in ethanol-water in the
presence of acidic resin IR-120(Eﬁ). This removed the butylidene
groups complétely giving the dimethyl-D-glucitol (Fig. IV-4, V).

Tﬂe 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 groﬁp and hence evidence for
structure (II) was obtained as follows. A tosyl derivative of the
acetal (Fig. IV—S,I) was prepared which could not be crystallised but
gave correct C, H analysis results. The tosylate (Fig. v - 5,I)
was reduced by lithiﬁm aluminium hydride to give a syrupy |
1-deoxy derivative (Fig, IV—B,II). The 1-deoxy—-dibutylidene acetal
could not be obtained in a perfectly‘pure state, however, in the n.m.r.
gpectrum the appearance of a doublet for the deoxy groﬁp at T 8.69
was good evidence for the formation of the 1-deoxy compound (II) from

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

CHQOTS ?H3
H-C-0 H H-C-0 H
S n S noo 4w o
3 —|— 3 —l_ S~~~
H—?-o/ \.03}17 Li AlHq H-(;-O/ %3t
' —_—
H—C—O\/H H—C—O\ /H
I /C\ | I o/C\CH
H2 c-0 C3H7 Hé C - 3ty
I II

Fig. IV-5
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Purther evidence for the presence of the primary hydroxyl group
was obtained by the infrared spectrum of the dibutylidene-3—9¢methy1—
D-glucitol. A 0,002 gcmmbon tetrachloride solution of the acetal
showed aﬁsorptions at 3710 cm_1, 3645 cm—1 and 3612 cm—1. The band at
3645 cm—1 is characteristic for a free primary hydroxyl group and the
band at 3612 cm_1 is characteristic for bonded primary hydroxyl group.65
The spectrum showed no absorption bands for secondary hydroxyl groups.

The 1,3-diﬁ2—methyl—2-glucitol was aiéo synthesised from
2,4{24benzylidene—5,6ﬁ2—isopropylidene—g—glucitol (Fig. IV-4,1i;

R1 = 06H5,R2Ré =.CH'3).67 This compound was methylated using silver
oxide and.methyl iodide and the meth&lated compound was hydrolysed
48

using trifluoroacetic acid, to give 1,3-di-O-methyl-D-glucitol.
The dimethylglucitol, thus obtained was found to show the same
chromatographic béhaviour as the one obtained from di-O-butylidene-3-O0-

- methyl-D-glucitol.,

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

The reaction of 3—97methyl—2—glucitol with formalin in the presence
of sulphuric or hydrochloric acid gave a crystalline dimethylene-3-O-—
methyl—g—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. (mek-water).
The methylation of this compound afforded a orystalline methyl ether
in slightly impure state thefefore a satiéfactory methoxyl analysis
was not obtained. However the hydrolysis of this méthylated acetal
using E;hydrochloric acid and phloroglucinol as catalysgggave a syrupy

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

D-glucitol. Thereforé the structure of this compound was assumed to be
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2,4:5,6-4i-0-methylene-3-0-nethyl-D-glucitol.

A dimethylene derivative of 3-0-methyl-D-glucitol was reported
in 1935 but no structural information was available on this product.68
The m.p. of the reported acetal was 1350 and our acetal had m.p. 1220,
but no evidence could be obtained with regard to the structural
relationship. |

Demethylation of dimethylene-3—97methyl—2-glucitol was attempted,
using a novei method which had not been applied in carbohydrate
chemistry.70 It was hoped that the method would yield, 2,4:5,6-
diﬁz—methylene—g—glucitol. The reaction.was carried out according

to the equation

3RO-CHy + 2I, + NaBH, —F B(OR)3 + 3CH,T + NaI + 2H,

However, the end product was found to be a mixture of mainly
2,4ﬂ2—methylene—2—glucitol and Q-glucitol as shown by g.l.c. and
t.l.c., indicating fhat the 5,6-acetal riné had also been removed.
With modifications, this reaction shows pgssibilities for effecting

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

i) Introduction

A-Deéxy—ghglucitol is expected to behave very similarly to
gbglucitol when its reactions with aldehydes are considered under
conditions favouring the formation of monoacetals. In fact it was shown
that this pélyol also affords a 2,3—97butylidene;1-deoxy~£kg1ucitol
(Fig. V-1, Ij under kinetically controlled conditions which is converted
to the thermodynamically stable 2,4-97butylidene—1-deoxy~£~glucitol

(Fig. V-1, 11).°1

CH '
| 3 ] s
H-C=0g / H-C-0_ . /H
0=¢C-H 03H7 HO—C'}—H c\

|
H-Cli—OH H—C—O/ 03H7
"H-C - OH H-C- OH

CH,0H | CH,OH

I I

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, RCHOH+ (Fig. I-1), attacks the C-2 hydroxyl
group and the 2,3-acetal is easily formed by ring ciosure. The "pbent"
conformation of Q-glﬁcitol 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 thus making the ring closure easier. Under
}onger reaction conditions this acetal leads to the formation of the
2,4~monoacetal. The mechanism of this conversion was found to be
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—mondécetal in the aqueous medium,but under
non-aqueous conditions, using dimethylformamide containing hydrogen
chloride, the 2,3~acetal rearranged to the 2,4—monoaceta1.61

A dimethylene acetal of_unknown structure obtained directly from
1-deoxy-D-glucitol has been reported.71 Two diastereoisomefic
2,4:5,6;di—gfbenzylidene—3—97methy1-1—deoxyaghglucitols were synthesised
by the lithium aluminium hydride reduction of the 1-O-tosyl deriﬁatives
of the stereoisomeric 2,4:5,6—di-97benzy1idene—3—97methyl~£~glucitols.65

The diacetals obtained by direct acetalisation of D-glucitol usually

3

have the 1,3:2,4-structure,” however in the case of the 1-deoxy derivative,
this stricture 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-deoxy~£hg1ucitol behaves comparatively to D-glucitol.

ii) Results and Discussion

1-Deoxy-D-glucitol in fact afforded the structure 2,4:5,6-
with n-butyraldehyde although the yield was not as high as expected.
In all ‘stages of the reaotibn; products consisted of a complex mixture

of structural and stereoisomers as shown by g.l.c and n.m.r svectroscopy.
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After two days, 2,4:5,6—diacetal‘which m&ved fastest on t.l.c. plate
in benzene-methanol (9:1; v/v) was present in highesf yield_and this was
the only acetal isolated in workable amounts( Fig,V-2 ), Although another
cryétalline product was obtained in extremely small yield,with elemental
analysié for a dibutylidene-1-deoxy-hexitol, a mi#fure was indicated by
n.m.r. spectroscopy.

The 2,4:5,6~diacetal was isolated by fractionation of the reaction
mixture on neutral alumina, eluting with diethyl ethef. Thein.m.r.
spectrum showed this product to be a mixture of stereoisomers which
differed by the configuratian of the acetal-proton on the five-membered
ring (Section VIII, iii). A very smali amount of pure gig isomer was
also isolated. The structure of the diécetél was determined by chemical

methods (details, Section V, iii).
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The férmation of several products from 1—deoxy—£hglucitol may be
better understood, when the steréochemistry 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 O-inside conformatién.

Although in this structure the —CH20H group is axial to the 3,5-ring, the

:2,4—ring has an equatorial methyl group which increases the stability of

the molecule.

CH,OH
RO

Fig. V-3

The other theoreticaily possible fused ring system with two
six-membered rings is the 3,5:4,6~diacetal‘(Fig.'V;4), however the
formation of this structure is unlikely as it contains the less stable
trans-fused system (Section I) as well as carrying the (-CH(OH).CHBi

group axially to the 3,5-acetal ring. This destabilises the molecule.
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CH,
CHCH
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R\]ZO \r o
H H
H
Fig. V-4

The other'possibie diacetals of 1—deoxy~£#glucitol can only have
separated acétal rings, such as the 2,3:4,6- and 3,455,6-diacetals.
Thé 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 prbbably formed during the reaction.

iii) Structural Analysis of 2,4:5,6:2;70—buty1idene-1¥deoxz-2—glucitol

The diacetal was very soluble in all organic solvents, hence
uncryétallisable, however its purity was assessed from its elemeﬁtai
ahalysis as well as g.l.é. and t.l.c. studies. 0£.écetylation a syrupy
monoacetate derivative was obtained. ° The diacetal (Fig. V-5,I) was also
. methylated to give the compoﬁnd (II), which showed no hydroxyl absorption
with i.r. spectroscopy. - The acetal groups were removed from the compound
(II) by hydrolysis with acidic resin TR-120(H').  The monomethyl hexitol,
thus obfained, 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 (111).
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The diacetal (I), therefore must be the 2,4:5,6-di~O-butylidene-1-
deoxy—g—glucitol. Further evidence for this struéture was supplied by
its nem.r. spectrum, showing the presence of five and six-membered acetal
rings, and its i.r. spectrum in carbon tetrachloride which showed a sharp
72

absorption at 3580 cm_1 characteristic’ = of a secondary, intramolecularly

hydrogen bonded hydroxyl group.
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VI. Butylidene Acetals of 2-Deoxy-D-glucitol (2~deoxy~D-mannitol)

i) Introduction

The known diacetals of 2—deox&-2—g1ucitol consist of a
dimethylene73 and a di—(nitrobenzylidene)74 derivative, both of unknown
structufe. | |

The only monoaéetal obtained in a pure state is the 1,3—9¢butylidene42—
deoxy—l)u—glucitol.1 The presence of a 3,4—bufylidene derivative in an
unresolved mixture has also been reported.

2-Deoxy~-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-Deoxy~D-glucitol (Fig. VI-1, II) was obtained from cdmmércially
available 2-deoxy~D-glucose (I) by sodium borohydride reduction

(Fig. VI—1).2

fHZOH
CHon H- cl: -H
0]
NaBH, p H-C-H
OHH |
HO OH H-C-OH
H |
H - f - OH
!0112 OH
I T

Fig. VI-1
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The reaction of 2—deoxy—£—glucitol with n-butyraldehyde 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
Figﬁre VI-2. As the g.l.c. results suggested, the reaction was very fast
and resulted in the formation of the 1,3:4,6-di—97buty1idene—2—deoxyh£h
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 produot 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. Telec. in benzene-methanol
(9:1, v/v), showed that the mixture contained 1,3:4,6~diacetal as well
as the uncharacterised kinetically controlled acetalg; The n.mer. épectroscopy
showed overlapping tripletsat 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 diaqetals
of 2-deoxy-D-glucitol on neutral and basic alumina and silica gel using
several solvent systems as eluent. The resin boﬁex—1 x 8 (OHf) was also

tried, with methanol-water as eluent, without success.
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The syrupy mixture of the diacetals was stored at —59, after a
separation attempt on a silica gel column. After several days, a partial
crystallisation was observed and about a mbnth later solidification was
complete. The recrystallised solid gaVe the 1,3:4,6-diacetal in pure
state. It was assumed thét 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—£kglucitol with n~butyraldehyde proved to be
very different from the similar reactions of D-glucitol and its
1-de6xy derivative. In 2-deoxy derivative the abseﬁce of the C-2 hydroxyl
group eliminates the possibility of formation of the 2 4—acetal rlng which
is characteristic for D—g1u01tol nor is 1t possible to obtain the 2,3~acetal
ring which is also obtained from D-glucitol under kinetically controlled
conditions. |

| It ié clear from the results obtained that 2—deoxy—£kglucitol behaves
as gkmannitol derivative rather than a derivative of ;FgluCitol towards
acetalation.  D-Mannitol also afforded the 1,3:4,6-dibutylideneacetal
under thermodynamically controlled conditions together with ste.1,3:2,5:
4,6-triacetal, but direct formation of 1,3- and 4,6-mono or 1,3:4,6-diacetals

from D-glucitol is not known.

iii) Structural Analysis of 1,3:4,6-Di-O-butylidene~2~deoxy-D-glucitol

The nem.r. spectrum of the title acetal indicated the presence
of two six-membered acetal rings, which limited the pbssible structures
to the 1,3:4,6- and 3,5:4,6—. Theoretically the latter would be unstable
as the trans-fused system (Fig. VI-3) contains the (~CH —CHQOH) group axial
to the 3,5-ring (analogous to 3,5:4,6—diaeetal of 1—deoxy—£kglucitol,'

Fig. V-4).
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The diacetal was methylated to give (II) which was obtained as a

syrup and purified by vacuum distillation.
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The methyl ether of the acetal'(II) was hydrolysed by refluxing
it in the presence of acidic resin Amberlite IR—120(Eﬁ). Thus a
chromatographically pure, 2—deoxy—2—g1ucitol monomethyl ether wés
obtained. The periodate oxidation of this compound did not produce
any formic acid and formaldeh&de but it consumed 1.1 mol of periodate
ion, proving the structure of this compound to be 2—deoxy-5—97methy1—2-
glucitol (III). The methyl ether (TII) 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 (I). Considering botﬁ chemical and spectroscopic
evidence the most reasonable structure is 1,3:4,6-di-O-butylidene-2-
‘deoxy—g—glucitol.

The monobenzoate derivative of the 1,3:4,6-diacetal (Fig. VI-5, I)
. was also subjected to acid hydrolysis in order to find out if
benzoyl migration took place and compare the results obtained from

methylation and hydrolysis studies. Because of the possibility of

17

benzoyl migration, hydrolysis could not be used in the structural énalysis

of the cyclic acetal. The acid hydrolysis of the benzoylated acetal

(Fig. VI-5, I) afforded the crystalline monobenzoate derivative which was

also characterised as its crystalline tetra-acetate derivative (111).
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After periodate oxidation, the monobenzoate (II) produced 1.2 mol
formaldehyde, eliminating the possibility of any substituent on C-6
and C-5,and 2.1 mol of formic acid.thus showing the strgcture of this

compound as 1-O-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 yield.42’ 13, 75 Synthesis of 4,6—97bﬁtylidene—gk
galactose was achieved using hydrobromic acid as catalyst in aqueous
medium (Exp.59 ). The product was obtained as a syrup and freeze~dried
10 a powder. The product -contained mainly 4,6-mopoaoetal, 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 discuséed in SectionVIII-ix,
The 60 MHz spectrum of the free acetal cle;ily showed it to be an anomeric
_mixture (two anomeric doublets were,observed), but acetylation in pyridine
with acetic anhydride gave only the P-anomer. Same result was obtained
from the acetylation of 4,6—Q¢butylidene—£~glucose which gave only the
f-anomer. The impure 4,6—Qrbuty1idene-gkgalaotose was reduced with
sodium borohydride to give some 4,6—97butylidene—gbgalaotitol in pure
state. This acetal was not distinguishable from 193—butylidene-Qé—qalactitol

by chromatography, and had the same m.p. and mixed m.p.»72 - 740.
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VIIT Applications of N.m.r. Spectroscopy to Structural Investigations

of Cyclic Acetals

i) Introduction

N.m.r. spectroscopy has proved to be one of the most uséful
techniques in structural studies of carbohydrate derivatives.76'8Q&mmy
applications of this technique to structural problems confronted in the
study of the~cyclic éoetal derivatives of carbohydrates,76 as well as
to simple diols77 and polyols, have appeared in the literature. In
1963 R.U. Lemieux et al.were able to show that, 1,3:2,44dimethy1ene—£r
threitol existed in the O-inside conformation with the use of n.m.r.
data.78

N.m.r. spectroscopy can be successfully applied to stfuctural
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 étructures of 1,3:2,4:5,6—triﬁz—benzylidenegalactitokswere.
successfully determined by interpretation of their n.m.r. spectra.32

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 possiblé. For example,
.several 2-phenyl-1,3-dioxane derivatives with equatbrial substituents
at positions 4 and 6 showed a single acetal-proton signal in the range
of © 4.82 - 5.02.79 The acetal signals of several 4-alkyl-2-nhenyl

1,3-diox dlane derivatives were in the ranges T 4.62 - 4.67 and
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T 4.46 - 4.52 and these were assigned to ﬁhe cis and trans isomers

79

respectively. Using these n.m.r. data the authors were able to

assign the configurations at the acetal-carbon atoms of many berzylidene
acetals of more complex carbohydrates.32’ [

More recently n.m.r. studies on seven-membered acetals showed that
the 2,5-methylene protons of 1,3:2,5:4,6—tri-9—methylene—Q—mannitol and
1,3:4,6-di-0-benzylidene-2,5-0-methylene-D-mannitol were isochronous
(equivalent nuclei which exhibit the same chemical shift),12 This
suggested that the acetals were either undergoing a fast ring inversion

‘proéess between two degenerate chair forms (Fig. VIII-1) or that they
existed in the conformationally stable twisf chair conformation ‘

(rig. VIII-1).

Twist boat

Twist chair
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Chair

Fig. V III-1

Similar arguments and n.m.r. data were uséd to show that
1,3:2,5:4,6—tri—9fethy1idene—ghmannitol and 2,5-0-ethylidene-1,3:4,6-
di-O-methylene-D-marmitol existed in the stable twist chair form
(Fig; VIII—1), but in some bicyclic derivatives where 1,3—dio£olane
rings are trans fused to‘1,3—diox§pane rings at C-3 and C~4, the seven—
membered ring may assume a twist-boat conformation.81’ 82

Investigations on conformétional equilibrium in 1,3-dioxane
derivatives were also made using n.m.r. spectroscopy. For example, the
n.m.r, spectrﬁm of 5-methyl-5-isobutyl-1,3~dioxane (100 MHz in CSZ) at
86° (where a slow equilibration process occurs) gave two separate AB
systems for the protons H2, H4 and Hg, showing the existence of two

conformations at equilibrium (Pig., VITI-2).53
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H-2

Fig. VIII-2

The application of n.m.r.'spectroscopy 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

84

information from complex molecules. In this thesis it is shown that
using high field n.m.r. spectroscopy, 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 M Hz spectra are necessary for complete interpretation. " The
double resonance technique is also used tb 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, 87

Spectroscopy

The basic principle of nuclear magnetic resonance speétroscopy
is that the nuclei of the same species, protons in this case, but in
different chemical environments absorb energy at different radio
frequencjes, when placed in a éiven magnetic field, due to the differing
screening effecté 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 positioné with the position of
a resonance in a suitable referencé compound. Tetramethyl silane is
usually uéed as a feference 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 D20, 2,2—dimethy1—2—silapentane—
5~-sulphonate is usually used.

Chemical shifts are normally défined in the dimensionless

parameter § (p.p.m.) according to the equation (a).

5; Vsample— Vref. .106 _ : ()

Vref.
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Most of the p.m.r. signals of organic compounds fall between ® O
and ® 10. Another scale, often used, is the T scale. The relation
between T and O is given by T = 10 —=§. 1In this thesis usually §
scale is used, but the'C.scale is used for the acetal-proton signals
for reasons of existing familiarity in fﬁé 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 és shown in figure VIII-3, under

high resolution fine structure can be observed on each line

(Fig. 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

the hydroxyl proton is sufficiently suppr-esa:,ed.85

CH,
CH,
OH
OH | | | CH,
CH,

Fig. ,VIII=3
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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 apblied field and transmitted by electrons through the chemical
bonds. In so-called first order spectra the magnitude of the coupling
constant J (measured in Hz) may be deduced directly from splittings in
the observed multiplets.

First order analysis can be applied under the following
conditions.86
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 6r a group of equivalent protons is
dependenf on the ﬁumber of coupled protons,and the number of observed
peaks is equal to the number of coupled protons plus one.
c) The peaks are syﬁmetrical about the position of the line that would
be observed in the absence of coupling; the separation within the
multiplet is equal to_g and the intensity distribution is binomial

i.es 121, 1:2:1, 1:3:3:1, etc.

Geminal 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.85
The magnitude of the geminal coubling is dependent on the

nature and electronegativity of the substituents on the neighbouring

carbon atoms.  For example in fluorene (Fig. VIII-4, I), a large

negative value for J,p wes observed whereas in (II) the geminal

coupling is only (0 ¥ 2 Hz). Thus the inductive effect of an

electron withdrawing group usually causes a positive increment.85 » 88

R; ;R |
o o
 HASH
H{ “Hg I ~Hg
d,p -22.3 Bz Jyp=0%2 Ha
I IT

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
IT. 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
85

shows some J

. values in i .
Loeminal 1,3-dioxane

6 2
’ 6’H H . , I, 4 - 6.0 to - 6.2
H5 fo) | :;H6H§, -10.9 to ~11.5
H5
L5 .6 "
PR -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

i;lo Cosz¢—0 for Ooé ¢ é%o

J =i180 Cosz¢ - C for 90°<é ¢ é180°

In these equations, l_To, 1180, 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 . . ""n
T 6 . \\ ".o
~ 4 [ “l‘ "'
ﬁ “\ l"
2 “\\ "':
0 - 30 60 a0 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 ‘AI path

85,88

couple considerably. The protons may be separated by hetero

atoms or double bonds since this type of coupling is independent of the
nature oy hybridisation of the intervening atoms. The magnitude of the
coupling is usually in thevrange of O ~ 2.5 Hz. The long rahge coupliné
can give valuable information in structural determinations. ; For example,
the n.m.r. spectrum of 2,5—isopropyiidene—1,3:4,6—di—g;methyléne—2—
mannitol showed broadening of the équatorial protons of O-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.81

The presence or absence of long'range coﬁpling may also be used
ineﬂiminating one or mofe of the possible structures proposed for a
compound, for eiampfe one of the conformations proposed for the acetal,
methyl 2,3—97$ethy1—4,6—97benzylidene—g—glucopyranoside in which the
phenyl group occupies the axial position on the acetal—carbon (Fig. I—ZO;
page 15), should show a broadening of the acetal-proton signal due to

W coupling with the equatorial proton on C-6.

iii) The Ceneral Characteristics of the N.m.r. Spectra of Acetals

The n.m.r. spectra of butylidene acetals are éasily recogniséd by
their low field acetal-proton tfiplets, which usually appear in the
'range'f 4.5 - 5.6, and the high field propyl group signals. In 100 MHZ
spectra the propyl grouﬁs give two separate group . of signals, a
multiplet for the CH2°CH2 group in the region o 1-2, and a non-
symmetrical triplet for the CHs'group near ® 1.  In the 2201MHz spectrum
the (CH2) multiplet is separated into two gfoups, the low field one being
assigned to the (CHQ) nearest the ring oxygens. The methyl group of
the propyl side chain appears as a symmetrical tripiet which is now part
.of a first order spectrum.

The chemical shifts of the acetal-proton triplets.are dependent on
the ring sizes, thus ﬁroviding a means for distinguishing the five and
six-~membered butylidene acetal rings.29 The five-membered ring acetal-

protons usually appear at or belowT 5.10 and the six-membered butylidene

acetal-proton triplets appear at or aboveT 5.40.



91

The chemical shifts of acetal—proton signals of several six-
membered butylidene acetals are shown in Table VIII-1. It 'is seen
that the substituents on the 1,3—dioxane ring influence the chemical
gshifts only slightly. The available data is not sufficient-fo make
generalised structural assignments possible, however it is reasonably
safe to use the chemical shifts of butyliaene acetal-proton triplets
in determining the ring éizes of the acetals.

The acetal-proton signal of 1,3:4,6-di-O-butylidenegalactitol
@ontains gi§-1,3—dioxane‘fing) at T 5.38 resonates at lower field than -
the acetal-proton of 1,3:4,6~dibuty1idene~2—mannitol‘at'C 5.51 (cortains
3£2g§—1,3~dioxané ring). This is in agreément with the observation
that the benzyl proton signal of cis-5-hydroxy-2-phenyl-1,3-dioxane (T4.90 )
avpears at lower field than the trens isomer (T 5.02 ).

Separéte acetal—prbton triplets are usually observed for the
stereoisomers, with differing configuration oﬁ the acetal-carbon atoms
of the 1,3-dioxolane derivatives. Configurational assignments are
only possiblevin_the cases where both the triplets are observed.

The 100 MHz spectrum of 2,3{2—butylidene—1—deoxy-g—galactitol
(Pig. VIiI—B) in D20 for example, showed two overlapping acetal;proton
triplets.at't‘4.96 and T 4.85, indicating a stereoisoﬁeric mixture.

Two configurational isomers are possible (Fig. VIII-T).




1,3:4,6-Di-O~butylide ne galactitol

4,6-0-Butylidene~1-deoxy—2, 3, 5~tri-
O-methyl-D-galactitol

1y 3-0-Butylidene-2, 3,5,6~tetra~0-
methylgalactitol

- 1,3:4,6-Di-0-butylidene~2, 5-di~-0-
methylgalactitol

4,6-0~Butylidene-1-deoxy~2, 3-isopropyl-

idenegalactitol

1,3:4,6-Di-0-butylidene-2,4-di~0-
benzoylgalactitol

4,6-0~Butylidene-1,2, 3, 5~tetra~0-
acetyl-D-glucitol

1,324,6-Di~0~butylidene~D-mannitol

4,6-0-Butylidene-1,2, 3, 5~tetra~0-
acetylgalactitol

4,6-0-Butylidene-1-deoxy-2, 3, 5=tri~0-
acefyl—ghgalactitol

4,6-0-Butylidene-2, 3~isopropylidene-
galactitol

1,3:4,6-Di-0-butylidene-2, 5—d1—0—
acetylgalactitol

Table VIII-1
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5.38 H OMe (QH Olfe ).,
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(1) &Rr' =

(II) R = -C.H . R°=H

Fig. VIII-7

The acetal-proton in iéomer (I) is expected to be more deshielded
since itvis on the same side of the 1,3-dioxolane ring as the
J-substituent. Deshielding arises from the expansion of the electron
clouds of the acetal-proton and the close proximity of the 4-substituent.
In isomer (II), deshielding of the acetal—proton is also expected
because of the effect of the methyl group which is now cis 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 (1). |

The signal of the methyl groups (deoxy) appearsat high field aé
doubiets in the spectra of the acetals of 1-deoxy-hexitols. The
spectrum of 2,3-O-butylidene—1-deoxy-D-galactitol (Fig. VIII-8) showed
two partially overlaﬁping doublets.at & 1.36 and & 1.43. The low
field doublet was assigned to the 5-methyl group of isomer (I) which

is deshielded by the cis n-propyl group.
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In the spectrum of 4,S—Q—butylidene—1-deoxy—]g—galactitol
(Fig. VIII-9) only one aoetal-protc;n was observed at T 4;89,
therefore this product was assumed to be a pure stereoisomer, but
it was not possible to assign the configuration on'the acetal-carbon.

Thé configuration of the acetal-proton of 2,3—(_)-butylidene—]_)_;_—r
galactitol also could not be determined, since the n.m.r‘.‘ spectrum
of "the fully methylated compound showed only one acetal-proton triplet
at T 4.95. Interconversion of configurational isomers is not likely
during methylation, therefore the product is either "bhe thermo-
dynamically preferred one or the’;aceta,l—proton signals of both stereo-
- isomers are superimposed. | |

The 100 MHz spectrum of 2,4:5,6~di-O-butylidene-3-Q-methyl-D-
glucitol shows a triplet at T 5.42 for the 1,3-dioxane ring acetal-
proton (Fig. VIII-10) and two overlapping triplets at T 5.11 and
T 5.04 for the five-membered ring acetal-proton, suggesting the
presence of stereoisomers oniy for the 5,6-acetal ring. The low
field triplet at T 5.04 was assigned to the trans isomer (Fig. VIII-11,II)
and the triplet atT 5.11 to the cis isomer (Fig. VIII—“H,I); 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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ONLR
0] R?
(1) ®'= CH, B = H . Roome ; e CH,0H
(11) R =& ;B = CH, B = 0Me ; R} CH,0H
(111) R = C3H7 ; R = H ; R = OH ; B - (CHy
(Iv) R' =H s R = CE, R-or ; &*_ Cﬁ
(v) R = CH, B = H : R-oMe ; ®- CHi
(vi) R =H . CyHy R = oMe ; ®Y= CH,
(viI) R' = CH, B = H ; RO =oOMe ; EY= CHOMe
(VIII) R =H s B = CE, R -ome ; Ef- cmome
Fig. VIII-11

Similar assignments were made for the other stereoisomeric
2,4:5,6-butylidene acetals of D-glucitol derivatives (Table VIIT-2)

from their 100 MHz spectra.
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Compound  2,4-ring . 5,6-ring
(T) eis (T )  trans (T)

Fig. VIII-11 LI 5.42 5ell) |

" IT 5.4 | 5.04

" N il 5.40 5012

" o 5.40 5.05

" N v 57 511

" VI 5.47 ' 5.03

" VII 5.43 5ell.

" vIII 5.43 5.06
* 60 MHz spectrum

Table VIII-2

A1l fhe above compounds were obtained as the mixtures of stereoisomers which
could not be resolved. However,.fractioﬁation of 2,4:5,6-di~0-butylidene~
1-deoxy—2—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 js shown in figure VIII-12.
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1 1

I )
6 5 4 6
o) 5 s &
Snectrum of the stereoisomeric Spectrum of the pure isomer ( Trams ).
mixture.
Fig,VIII-12

The methoxyl gréup nvroton signals which apnear as
sharn sinclets are easily detectable even in compléx snectra, The snectrum
of 1,3:4,6-dibutylidenesalactitol dimethyl éther showed a methoxyl signal
éf 1:6.57 (integrated for six protons).The fully methylated 1,3-monnacetal
had methoryl signals at T 6.54,6.56(two methoxyl grouvs)and at T 6,62,
The tri-O-methyl-1,3-monoacetal had methoxyl sien2ls at T 6.50,6.51 =nd
6.54.éhe 2,3-monoacetal tetramethyl efher showed methoxyl;sianals atT6.50
6.52,6.60,2nd 6.61,The 2,4,5,6-tetra-O-methylealactitol and 1,4,5,6-tetra~
O-methylealactitol g=ve methoxyl sienals at T6.49,56.50,6.54,6.61 and at
T 6.50,6.51,6.60,6.61 resnectively.These results are in acreement

a.00,901
with the resnlts of E.B.Rathbone et al.g”'o"l
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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. Spedtra of certain
hydroxy compounds, which may be used to obtain additional structural

92, 93

information. 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

effects.88 Hydrogen bonding may be one of the reasons for slowing the

exchange of the hydroxyl protons.85 The I couplings are usually
" HO-C-H
observed in solvents, such as IMSO which provide a strong intermolecular

hydrogen bond with the hydroxyl groups as shown in figure VIII—13.85’ 92y 94

o7

X
A\
W------0Q
\
O I
a

o- - -
\

~CH,

Fig. VITI-13

The chemical shifts of hydroxyl group protons are concentration.and
temperature dependent. In complex mélecules, these properties may be
useful in determination of the hydroxyl group signals.

Figure VIII-14 shows the 60 MHz n.m.r. spectra of 1,4:3,6~
dianhydromannitol. Identification of the hydroxyl proton signal is difficult

in the spectrum of the concentrated solution (I), but on dilution (II), 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 tréce‘of
trifluoroacetic acid (III), which increases the rate of exchange of the

hydroxyl proton thus removing the observed splitting of the signal.

OH
Lw OH
W
A/ ,
c.ox 6% iﬁn(bqj e 3% Ana ;ncl_; - T e ]
I II ' s III

Fig. VIII-4

Experimentalhdifficulties are encoﬁntered'in observation of the

J.  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—déoxy—£kglucitol only gave a
broadened hydroxyl signal even after several crystallistions, possibly due

to the presence of a trace of acid.
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A considerable amount of data on alcohols, available in the

literature, show, that almost certainly the J ‘ coupling constants
HO-C-H

are dependent on the dihedral angles, analogous to the Karplus rules.88
The values usually are, J ca. 2-4 Hz,and Jd ca. 12 Hz.
svrclinl antiperiplanar

In cyclohexanol derivatives, it was suggested that the obéerved

pi coupling constants are the average values of all of the rotameric
HO-C-H : '

conformations which are obtained by the rotation of O-H/C-H bonds.95 1 96
An equatorial hydroxyl group has three preferred rotameric conforma‘cions, _
where the dihedral angle (q)) can be 60°, 180° and 300°.  An axial
hydroxyl gfoup has only two important rotameric conformations which are
.mirror images of each other (I) with Q) = 60° and 3000. The third rotamer
(II) with ¢ = 180° is probably less favoured due to hydroxyl hydrogen axial

hydrégen interactions (Fig. VIII-‘IS).95

H
\ s
Qs H Py

~

S

Fig. VIII-15

In agreement with these arguments, larger coupling constants
(_cg. J 5 Hz) were observed for the equatorial hydroxyl protons of some

cyclohexanol derivatives.
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In 1,3—dioxane derivatives an opposite situation is expected, because
intéractions 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 gg. 180°,

In the 100 MHz spectra of benzylidene, chloroethylidene and
butylidene 1y3:4,6-diacetals of galactitol, hydroxyl protons showed large

coupling constants ( 4 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).

A ’

.
!

Fi g VIII-16

In 1,3-dioxane derivatives, an equatorial hydroxyl proton is expected
to shoﬁ similar coupling constant values as in cyclohexanol derivatives,
since it also has three preferred rotameric conformations with Q)= 600,
1800, 300°. The largest coupling constant observed for these compounds
is 29.35 Hz. Thus it is possible to distinguish between axial and
equatorial hydroxyl substituents whenever the observation of the . J§

HO-C-H
coupling is possible.
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The 100 MHz spectrum of 1,3:4,6-dibutylidene~D-manmitol showed a

‘doublet for the hydroxyl proton with g 1.5 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
rotamer (q)= 1800) pf the equatorial hydroxyl to the average value of
- the coupling constant is very small. Similar observations could not be
made in the case of 1,3:4,6-di-O~butylidene-2-deoxy—D-gluci tol
where a broad hydroxyl proton signél was obtained (Fig. VIII 38). The
1,3:5,6—dibutylidene—gkﬁannitol gave one doublet for each of the hydroxyl
group protons, with coupling constants of 6 Hz and 4 Hz.: . . = .. __

T The signal *ith 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. (b = 1800,

giving a large coupling constant (Fig. VIII-18).

Fig. VIII-18

In the 100 MHz spectrum of 1,4:3,6—dianhydro—£—glucitovl', as expected,
two doublets for hydroxyl groups were observed. The signal with larger |
coupling cor;st'ant (I 6 Hz), can be assigned to the 6—5 hydroxyl px"oton,
because its rotameric freedom is almost locked by the intramolecular
hydrogen bonding (Fig. VIII-19), and the dihedral angle at this

c-2
conformation is about 120°. The Yhydroxyl group,although not in an exact

/H\\ ’

- Fig. VIII-19

’
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equatorial situatioﬁ,can however have similar rotameric conformations.
It is on this basié that the observed average coupling constant of 4 Hz
is expected.

in the spectrum of 1,4:3,6—~dianhydromannitol, only one doublet for
the hydroxyl groups was obser&ed 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

Fig. VIII~-20

The observation of a large coupling in this case, also confirms the
accuracy of the assignments in the ghgluéitol compound. However‘in
dianhydromannitol,pfobably both rings are puckered,thus causing larger
dihedral angles between the hydroxyl protons and protons on the same

carbon atom and therefore showing larger PR value of 8 Hz than the
HO-C-H

analogous g-gluoitol derivative.

The hydroxyl group proton signals can also give information about the
degree of substitution of an alcohol,?3 the primary hydroxyl proton couples
to two protons thus giving a triplef;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 presept
in various molecular species, such as the intermolecularly hydrogen'bénded
dimeric, trimeric or polymeric forms as well as the non-bonded monomer
and the intramolecularly 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 chémical
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 conoenfratiohs, 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,Ahowever due to the low solubility of

the compounds studied in this solvent, deuterated chloroform was used.
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At infinite dilution, only the monomeric species is expected to be
present in the solution, and hence the position of the signal gives the
true chemical shift of the hydroxyl protén. In other words, the chemical
shift of the hydroxy proton at infinite dilution is only dependent on its
magnetic environment. This can be useful in determining the nature of the
hydroxyl groups. . Investigations oﬁ the behaviour éf hydroxyl proton
chemical shifts of alcohols and phenols have appeared in the literature.97’98’99
In some cases, the equilibrium constants for monomer—-dimer formation were _
evaluated and the results were explained in terms of the equilibrium between

08
2z Quellette and Booth found that the slope of

the hydrogen bonded species.
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 hyaroxyl protone.

So far no work on the application of this phenomenon to carbohydrate
derivatives'has been reported. In this thesis, some preliminary
experiments carried out withbcyolic 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 iny 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 dilutioﬁs between O.4E and
0.05M, there is only a small change in the hydroxyl chemicai shifts of
1;3:4,6—di—97butylidene—ghmannitql and 1,3:4,6fdi49ybutylidene—2—déoxy—
D-glucitol. This situation caﬁ 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. |

In the case of 1,4:3,6-dianhydroglucitol; the curve for —0H is
similar‘to that of 1,4:3,6-dianhydro mannitol, but the curve for -OH1
shows a faster chaége in chemical shift. The latter hydroxyl (OH1),
therefore, must be positioned on C-5 where it camnot form intramolecular
hydrogen bonding,and the former (OH2) on 072 where intramolecular hydrogen
bonding is possible. |

The dilution curve for OH1 of the 1,3:5,6—di—97bﬁtylidene-£#mannitol
is almost parallel to the curve of 1,3:4,6—di—9¢buty1idene—g—mannitol but
the curve for OH2 shows a faster shift to high field on dilution, which
indicates that OH? cannot form intramolecular hydrogen bonding and this

limits its position to C-2 (Fig. VIII-18).
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v) Spectroscopic Evidence for the Structureslofi2,4:5,67'

The presence of free primary hydréxyl groups in 2,3:4,5-
dibutylidenegalactitol was indicated by the hydroxyl group pfoton signal
which appeared as a triplet (integrating for‘two protons), in the 60 MHz
n.m.r. spectrum. The signal collapsed to a single iine on addition of
e trace of trifluoroacetic acid.. The overall spectrum was too complex
for assignments of the other signals, but the superimposed acetal-protoﬁ
triplets at T 4.92 in the 60 MHz spectrum was a good indication for the:
presence of a five-membered ring. Theiobservation 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 combound as shown in the next section. _

The 100 and 220 MHz spectra of 2,4:5,6—di—9fbutylidene—gg—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 detegtable. The high field acetal-proton triplet at T 5.42
can be aséigned to the butylidene acetal-proton of the 1,3-dioxane ring
and the triplet at T 4.94 to the 1,3-dioxolane ring.

In the 100 MHz épectrum,.two separate hydroxyl signals were observed
(Fig. VIII-22). The hydroxyl signals in the 220 MHz spectrum broadened
due to the presence of trace of water in the solvent (Fig. VIII-23).

The éssignments 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 (Fig. VIII-22).
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A triplet and a doublet (the coupling constant cén be measured
easily on the expanded spectrum, although this could not be seen in the
normal spectrum) for the hydroxyl group pfotons indicated that a primary
and secondary hydroxyl groﬁps were present. The above findings limit
the possible structures to 1;3:4;5—di—97butylidene—gg—galactitol and
. 2,4:5,6—di—97butylidene—gg-galactitol. Two of the possible conformational

formulae for the former are (I) and (II) (Fig. VIII-24).

H
| OH
H;C; 0 H
H o
N
H
! R=C;H, H

(D~form) - (D-form)

Fig. VIII-24

The conformation (I) 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 bondinge
Therefore a large Pl 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 (II) is also a configurational isomer of
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(1), (differiﬁg in configuration on the 1,3-dioxane ring acetal-carbon)
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—97butylidene;££—

galactitol, the most probable conformation is shown in figure VIII-25,

(Ehform)

Fig. VIII-25

which fits best to the observed spectrum. The mass spectroscopic evidence

also supported this structure.

vi) The Nom.T. Spéctfé of 1,3:2,4:5,6—TTi-O-butylidene—gé—galactitol.

The 100 MHz spectrum of 1,3:2,4:5,6—tri—97buty1idene—gg-galactitol
was very complicated but the acetal-proton triplets were easily detectable at
T 5.40, 5.25 and 4.78. These signals were confirmed by a double resonance
experiment, by irradiating the —CH,~CH = multiplet at o) 1.5,

(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 and 5.40 are too high for five-
membered ring acetal;protons but the triplet at T 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, theréfore
the configuration on the 5,6-ring acetal-carbon could not be assigned,
however after crystallisation of this product,the mother liquor yielded
a syrupy product whose n.m.r. spectrum showed several triplets but none
at lower field thaq't 4.78. This syrupy product was assumed to be 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
butyraldehyde. It appéars that the triplet at T 4.78 is due to the trans
isomer of the two possible 1,3:2,4:5,6-trLQﬂnnw1idene—gg-galactitol
(Fig. VIII-27), in which the acetal-proton of the 5,6-ring is closer to the

2,4~ring.
R O
<,
H
H;C;

: : C:H
R'- C3Hy , 2-H (Cin) o

R'=‘H_ , R? - C3H7 ( Trona )
Fig. VIII-27

e .

The same conformation also explains the shift of the 2,4-ring
acetal-proton triplet to low field (-c 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 figuré VIII-28.
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vii) N.m.r. Spectra of gome 1,3:4,6—Diaoetals of talactitol and fPheir

Derivatives .

In this section, the 100 MHz n.m.r. spectra of 1,3:4,6-
dibutylidene, 1,3:4,6-dichloroethylidene and 1,3:4,6-dibenzylidene acetals
of galactitol and some derivatives of these acetals are considered.’

The structure of the 1,3:4,6-dibutylidene acetal was derived by synthetic
methods in section II-B.  The 1,3:4,6-di-0-chbrocthylideezalactitol was
prepared according to the method of H.B. Sinolair1oo who also determined ‘
its structure by synthetic methods. The 1,3:4,6-di-O-benzylidenegalactitol
was prepared by the method of Hudson ef 21.21 who also determined its
structure. ‘

The 60 MHz ne.m.r. spectrum of the 1,3:4,6~dibenzylidenezalactitol
in dioxane was described briefly and the bengylidene acetal signal at

T4.78 was used as evidence for the suggested conformation (Fig. VIII-29, I),

in which two 1,3-dioxane rings have.one axial and two equatorial substituents.79

Fig. VIII-29
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Some years later H.B. SinclairmO et al. suggested a different
conformation for the 1,3:4,6~dichloroethylidenegalactitol, based on
theoretical considerations, in which the 1,3-dioxane rings were axial
to each other and the equatorially disposed hydroxy groups could form
hydrogen bonds with the neighbouring ring éxygens (Fig. VIII-29, II).1OO
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 (I).

The n.m.r. spectrum of 1,3:4,6-di-O-butylidenegalactitol is shown
in figure VIII—30.- Identical chemical shifts were observed for the
equivalent protons of the two 1,3-dioxane rings due fo the symmetrical
disposition of two rings. 7 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 VIII-3) were obtained by
approximate first order measurements; The similarities of the n.m.r.
spectra of 1,3:4,6-diacetals ﬁointed strongly to a common Structure;
The 100 MHz spectrum of 1,3:4,6—di—9—butylidenegalactitol is presented
as a model in assigning the signals of other aéetals.

The geminal protons were easily recognised in.all the épectra.

In figure VIII-30, the lower half of the signal fér the axial geminal
protops was superimposed onto the signal of H3, which appeared as a
sharp singlet in all the spectra, suggesting a zero or very small

3

coupling between H~ and H2. The signal of H? was obtained as a

- broadened doublet at & 3.61. Double resonance - at the centre of this
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. / .
doublet caused the high field doublet of H2 to converge to a single

line showing that, these protons were coupled. At the same time the
small splittings on the geminal proton signals were removed showing
that,they were also caused by the spin-spin interactions of H2.

’ .
The hydroxyl proton signal (H? ) was easily recognised by its

7/

concentration dependence. The large coupling between H? and H2 is~

diagnostic for an axial hydroxyl group (Segtion VIII-iv).

Each line of the H2 doublet in the same spectrum was in fact an
unresolved triplet as confirmed byrexpansion to a 250 Hz scale
(Fig. VIII-31). The computed spectrum of the compound (shown in the
same figure) was obtained by the use of the computer programmem1 "J,E.A,
‘n.m.r. basic non-iterative" which gave a reasonably good agreement
with the observed spectrum. |

In the n.m.r. spectrum of theudimethyl ether Qf 1,3:4,6-
dibutylidenegalactitol, the low field part of which is represented
in figure VIII-32, the H2 signal appeared as a broad line, or a slightly
resolved triplet, depending on the resolving poWer of the spectrometer.
The eight lines‘due to the geminal protons were well separated. The
low fiéld quartet centred at & 4.29; was.assiéned to the equatorial
geminal proton and the high field quaftet centred at & 3.72 was aésigned'
to the axial one. Irradiation of the signal of H2 ( 5 3.22) collapsed
the splittings on the geminal protons,thus simplifying the spectruﬁ
(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.

101

. n.m.r. basic". The éhemical shifts and coupling constants read

directly from the observed spectrum were fed into computer and the
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values unobtainable from the spectrum were found by interpolation.
The values taken from the observed and the computed spectfum are
shown in table VIII-3.

The coupling constants (Hé£H3) could not be measured from the
spectra, as the fine s?littings,on the Hé and H3 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 N.m.r. Spectra and the Structures of Some Acetals of

Hexitols and Deoxy-hexitols

In this part, the n.m.r. spectra of 1,3{24butylidene-2,4,5,6—tetra{2—,
acetyl—gg—galactitol (1), 4,6—9;butylidene—1,2,3,5—tetra—97acety1—2—
glucitol  (2), 4,6{2—butylidene—2,3,5—¢ri—9:acetyl—1—deoxy;g—galactitol (),
'1,3:4,6-di-g-buty1idene-2-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 iﬁ some cases the 220 MHz épectra 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—beutylidene—2,4,5,6-tetraég—acetyl—g-gulitol, 1,3-0-butylidene—
2,4,S—tri-Qfacetyl-6—deoxy—k—galactiiol, 1,3:4,6-di-O-butylidene-5-deoxy-
Q-mannitol respectively. - ‘

The nem.r. spectrum of 1,3:4,6—di{2—buty1idene—g—mannitol indicated
that the protons on either of the 1,3—dioxane rings have identical
chemicél shifts; The observation implied the following possibilifies:

(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 coinc;dental shifts.
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The first possibility is the case found 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-—chair or twist;boat

conformations (Fig. VIII-34) 12

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 (Fig. VIII-35, I).

C.

Fig. VIII-35
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A more favourable conformation is (II), 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 HO:%—H also supports this view as discussed in
the section VIII-iv.

The conformation (II) also possesses a two-fold rotational symmetry
axis perpendicular to the C-3, C-4 bond, of type D2. Therefore the
protons of both rings are equivalent.

Fig. VIII-36, shows the 220 MHz spectrum of the compound (4),

(Fig. VIII-35, II). The signal of H1'was found to be a triplet at
) 3.40,¢oupling to the equatorial HT/ with a coupling constant of 10 Hz,
2

also to the H® with the same coupling constant. The large vicinal

coupling constant indicated that protons H1 and H2 were antiperinlanar

and hence both axial. The equatorially positioned geminal proton

Iﬁ’ gave a quartet at d 4.22 since it was strongly coupled to Hl
(geminal coupling, J 10 Hz) and to H2 with a coupling éonstant<of 4.7 Hz,
which is characteristic of synclinal vicinal protons. In the 100 MHz
spectrum, the quartet of Hl  and the doublet of H3 overlapped with the
signals of H2 appearing as a complex multiplet. The splittiﬁg of the
hydroxyl group préfon signal was observed in the 100 MHz spectrum,
whereas a singlet was obtained in the 220 MHz spectrum.

The large coupling constants J o 3 indicéted that these protoﬁs were

H, 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 (III) (Fig. VIII-37).
1,3-0-Butylidene ring of this compound is probably identical with the

1,3-ring of the compound (4). In the spectra of these two compounds,
;-
the similarities of the H1, H1 signals for the 1,3-rings supported

. I'd
this view. A triplet for H1 and a quartet for H1 showed similar

coupling constants and chemical shifts in both spectra (Table VIII-4
3

and 5). The H° of the compound (5) appeared as a quartet at § 3.55
due to its coupling to both H2 (g 5 3 10 Hz; large dihedral angle)
and to B4 (g 3 4 4 Hzj small digec,lilal angle). The multiplet of |

H2> in the spI;Ici’:Ir{um of the compound (5) overlapped with the quartet of H’ll.v

The assignments of the other signals are shown in figure VIII-39.

III

Fig. VIII-37

In the 100 MHz (Fig. VIII-40).and 220 MHz (Fig. VIII-41) spectra
of ‘],3~g—butylidene—2,4,5,6—te‘bra—g—acetyl—£—gulitol, the H1 appeared

1 =34 10 Hz) and the equatorial proton
H 'H H 'H

H as a quartet at§4.20 (J 7.1 10 Hz; J v 5.5 Hz). In the 100 MHz

as a triplet at & 3.37 (J



132

.

100D UT TO} TUURW~]-KX08p~G~
13 z

suepTITAINA—0~TP-9 ‘Y€ ¢l Jo. umajoeds zHY 00L
) £ v

gC-IIIA °*STq’

14[1&1:.4 141<dl<4< v

—— RN .
o
-
e
T A
prosm— g




133

S 1000 ut (3aed pPTeTy MOT)

HopﬁqqmaumuhxomﬁnmwQO@ﬂHmPsmeuﬁvnm.v“m.ﬁ Jo umxioads ZHW Ogg 6€-IIIA °STd

- " A\ v T g — T v T ¥ v v — g v v

A

m cb's 66t A

EHOH



134

£ Toao ut

9181008~8I107 T04TTNS—~I~oUPTTAING—0-€ ¢ Jo umajosds zmy 0Ol  OP-IIIA *I1d

e o —
-~ | j e;%éifefij?, *
| | A
i |
i §
| : | |
nI.mﬁ.-I eH
*HO *HD f
SH
. H
Y
. . eH ,
13471
o

Yo



135

€

*ho

VYo

+HsH

°TTO0aD ut
91®1008—BI40% T0] T TNS——-oUePITLING—0~¢ ¢| Jo umxyoeds zHW Ozz LY-IIIA °*STd
3 z y s )
M | . | R M 1 1 1 il
T I '



136

T£3008—0—81301-9¢C ' Z—ouspTThIng—0—C ¢| Jo umajoads zgy Ogz oyy Jo taed PIOTI MOT oYL  gp-IIIA *S1d

$°t

*(urpTM desmMs ZH 00G

ey

) €

1000 UT TO3TTNS—]-

sy

T

]

T

T

T

1

1

T

I

'H

T
1

tH

9H

eH

!

zH

]
|



137

£ Togo ut

104 1302 Te8~T0- T4} 908-0~81381-9 4G ‘Y $g~ouepTTAnq-0—C ¢| Jo wnajoeds zmy 02z  €H-TIIA *S1d

Qe . :

2

¢

4 ' H 9

AR D SN

4441—.

v

T

L

T T v—r T

Y

‘HO

tHI*HD

VO

c oH sH

m. 0 .NI



138

*(uspTM desms ZH 00G) €1oq0 ut 101 T30RTeS—IT

T41908-0-81109-9 G ¢y {g—ouepTTAINg—0—¢ ¢ | Jo umxjoeds ZHN Ogz out Jo yaed PTOTI MOT oL  Yh—IIIA *FTd

” ' .
1

T M| T T T I
T i

—t—

9H 9H

eH

TH

- _
=C
———__

1H



139

£ o0 ur 1031308 TRB—](-TA}008—0~81109-9 G ‘7 *z-ouepT1L3nq—0—€ | Jo umajosds zmy 00L  SY—TIIA *STa

Q ’ £ £ ’ s

ﬂ 44\4,—44 v 441—1-.- ‘.qq— v 2 44~J\I<d< —r 4—1141

ﬁ%m %%g{g_: m:, ; \m\. ,_‘ , poiond

%
t sH
*HOHD : U .
- ) eH
. C PI - zH
A .mI +H
| \
m e
*HO .
| H WH

SvO



140

€

° IO ut

HOPHPomH%LT?O%uwuﬁﬁmomnmnﬁﬁu.m.v.mnmgm@:bspumum._\ Jo umxjoads zHW 00L 9V—IIIA *ITd

S

14

r

e

T v ~—

*HO

°HD

114

H

K3

<H

+H

sH




141

*(usptm deems zg 0G2) 1000 Ut To3T40RTEIT~1£3008-5-123-G 4 ¢z

—-£x09p—9—euspTTLINg~0—¢ ¢| " Jo umaioeds ZHN 00l oy} JO 1Ied PTOTI MOT oYy

£y

Ly=1110A *St4

|

1

T

-1

eH

zH

vH

sH



142

1Mﬁomo ut

103 T40BTe8~T-LX09p—-9~TA3208—0~TI9~G ¢} ‘g~euspTTA3Nq—0- *| Jo umagosds zmy 02z gY—-1IIA *314

Q 3 4 € ¥ [ [
rq | T L] — 1 ] L ¥ — v 1 ] T T ~ T ¥ T 1 Ll L] T L — A | L] L Li — LS T L] L — L] L L ¥ § v v A ﬁ v L ¥ v ~ ¥ T v L] u L L NN SR anas .
¥ T I T

T

! i

‘Ho

‘HO

°vo




143

spectrum, the signalélof H1’ were obscured due to overlapping of

other signals in the region & 4-4.5, bﬁt in the 220 MHz spectrum and

its expansion (Fig. VIIIQ42), these signals and fhose of H6 (a sextet)
éould be seen clearly. The signal of H3 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 acetals, indicated thev
similarities of these rings. In the 100 and 220 MHz spectra ofl
compound (4) the signal of H2 was a complicated multiplet due to the
extra couplings to the hydroxyl group proton.

On the other hand, galactitol 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 1,3:4,6-
derivatives),indicating that the conformations are synclinal .

The proton H2 occupies the equatorial position in these compounds hence
the dihedral angles of the vicinal protons are about 60°.

The geminal protons (H1,H1’) in galactitol derivatives appeared
as a pair of quartets. The ﬁagnitude of the geminal coupling constants
was- 13 Hz in the 220 MHz spectrum(Fig. VIII-43).

The signal for H2 appeared as a quartet at 2@,»5 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 splitfings were observed (Fig. VIII-44).
The spin—decoupling experiments (irradiatién of the signal of H2)
confirmed the assignments of the geminal proton signals and also the

signal of 3. In the 100 MHz spectra of both the galactitol derivatives
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the signal of H3 was a quartet partially overlepped by the signals ef
geminal protons. This quartet was collapsed to a doublet by the
irradiation of the signal of H2. This experiment is represented in
the spectrum of 1,3—9;butylidene—2,4,5—trifg—acetyl—6—deoxy;£—galactitol
(Fig. VIII-47). 1In the case of the compound (1) more complex results
were obtained as the signals of H6 and Hstpartially overlap the signels
of H1,.H1'and H3, however it was still poesible to make assign ments.

Conformational information was also supplied by the signals due to

the side chain part of the monoacetals. In the galactitol derivatives

the coupling constants HjlﬁA 9.0 H; indicated an antiperiplanar
conformation for these pro%ons, whereas in the compound (2) the value
of;lH3 H4 was only 1.0 Hz suggestiﬁg that in this case the conformatien
is szgélinal-. The coupling constants iﬁA 5 in the spectra of the
compounds (3) and (2) were also small indicaéﬁng the szgclinalAAcoﬁformation
of these protons. These results are in agreement with fhe planar zig;zag
conformation of the polyels.

The signals of H4 and H5 in the spectra of the monoacetals appear
at lowest field. The signal of H4 in the spectra of the galactitol
derivatives appeared as a quartet and the assignment was confirmed by
double resonance at the centre of the quarfet due to H3, whereupon the
coupling between H3,and HA was not observed. The signal of H5 was a
multipletvof.seven or eight lines. These signals were better separated
in the 220 MHz spectra (Figs. VIII-44 end 48) .

In the spectrum of 1,3—Q7butylidene—2,4,5,6-¢etraﬁg—acetyl—g—gulitol

in CDC1l,, the sighals of H4 and H5 had coincidental shifts and therefore

31
appeared as a broad singlet (Figs. VIII-40 and 41)w Hence, in this case,
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it was not possible to measure the magnitude of ‘che}_T_,Iri4 5 *
' i3
1

interesting aspect of the spectrum was the extra splittings shown by

Another

the signal of H6. Under the first order considefations, the maximum
multiﬁlicity expected from these signals is . four lines, causea by a.
large geminal coupling and a second coupling to the vicinal proton H5.
However the signal of H6 appeared as a pair of quartets‘(centred ét
O 4.11) partially overlapping the quartet of H1’ ’ which implied that
’

H6 coupled to H4 as well as H5. The signal of H6 was a quartet as .
expeCted which partially overlapped the acetal-proton triplet. These
signals were better separated in the 220 MHz spectrum (Fig. VIII-42),
with chemical shifts & 4.42 and 4.13.

A double resonance experiment (Fig. VIII-49) confirmed the above

assignments. The irradiation of the signal of H4 and H5 at § 5.36

4

simplified the signals of H6 and H6 to doublets showing that the small
. I d

splittings were due to the coupling of the geminal H6 and H6 to H4 and
H5. The existence of a long raﬁge coupling between H6 and H4 implied
that these protons were eithef on a \\] path as in coﬁformation (1)
'(Fig. VIII-50) or that they ﬁossessed the conditions for "Virtual Coupling"..
A virtual coupling is possible‘when the coupling between H4 and H5
is 1arge.76 (Similarly the anomeric proton signal of B-D-galactopyranose
penta-acetate appeared as a quartet due to virtual long range coupling to

H3, since the profons H2 and H3

possessed coincidental chemical shifts
and also coupled strongly). In the extended planar zig-zag conformation
(III) and in the conformation‘(l), the dihedral angle between & and @

is small. But in the bent conformation (II), the dihedral angle is

large.
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In ¥ he 100 MHz épectrum of the same compouné in deutero benzene ,
the signals of H4 and H5 were partially separated. The signal of H4
appeared as a quartet partially overlapping the multiplet of H'5
(Fig. VIII=SI). In this case, by means of a double resonaﬁce
experiment, it was possible to measure the coupling between H4 and H5,

The small splittingg of the H4 quartet were removed on irradiatiﬁn
of the signal of H3 at & 3,73, leaving a doublet with a large coupling
constant of 8.0Hz, which was obviously due to the cou?ling of H4 to H5.
The large coupling constant gﬁA H5 suggested that these protons wefe
?

almost antiperiplanar, which excluded the extended planar zig-zag

conformation (III,) (Fig. VIII-50) of the carbon chain and also the
conformation (I), in which the protons 1% and @ are synclinal
The most suitable conformation for the observed n.m.r. data was that of

(11).

III

Fig. VIII-50
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H5

Hs

H!

Ho

H2

LWL W

. . N 1 \ .

6 5 4 3 J
Fig. VIII-51 100 MHz spectrum of 1,3—-9_—butylidene—2,4,5,6-tetra.—g—a,cetyl-

L-gulitol in ;D (low field part).
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ix) 'The Spectra of the Fully Acetylated 4,6-0-Butylidene Acetals

2£ Q-Galactose and D-Glucose

The 100 MHz spectrum of 4,6—97butylidene—1+2;3;tri—éfacetyl—ﬁ—g—

galactopyranose was fully interpreted to show the existence:of a éig

,
fused ring sysfem. The signals of H§ and H§ appeared as pairs of
symmetrical quartets. The signal of H5 appeared as a quartet, very
similar to the signal of H2 in the galactitol derivatives (section VIII-
viii), but at higher field. The assignments of the signals were
confirmed by double resonance experiments. The signal of H4 was
located by the irradiation of the signal of T3 (Fig. VIII-5°), and the
“irradiation of H5 confirmed the as31gnments of- H4 H and H6 (Fig. VIII-
53). In the 1QO MHz spectrum, the signal of H1 and_H2 were partially
overlapped but 220 MHz spectrum provided a good separation (Fig. VIII—54).
The magnitude of the gﬁ1 H2 was found to be characteristic for a |
B—galactopyranose deriva%ive (Table 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 f,6{2—butylidene—ﬁ—
B—glucopyranose tri-acetate in which the signal of H6 showed extra
splittings,probably due to the "virtual coupling" of H4 to H6
(Fig. VIII-55). The 220 MHgz spectrfm provided a better separation
for the signals of H1, H2, H3 and H6 but the signals of H4, H5 and H6
| n!, 5
characteristic for a B-glucopyranose derivative, and the values of J 1 00

H WH
were in agreement w1th the data obtained from the galactose

remained unchanged (Fig. VIII-50). The magnitude of the J was

and J
H2 H3

acetals since the configurations of protons up to C-3 are the same in both

w, it

galactose acetal. The coupling constant g 3 4 was found to be large in

compounds (Table VIII-10) - “but J was smaller in the spectrum of the

the D-glucose acetal due to the trans dlax1a1 relatlonshlp of the protons

13 and B4 in the trans fused ring system (Fig. VIII-56).
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R Ha, H1/ H : H H

R 1 1 2 3
B CyH 463 407 407, 384 382.5° 361 361.0%388 3880
H  CHLC 485 417 392 369 401

: * * * »*
Ne  C,H, 460 429 429.0 372 371.5 = 322 322,0 402 402,5
ho  C,H, 451 421 386 483 396
Bz C3H7v 441 4277 389 511 | 410

CMe g 563 448 396 339 440

Chemical shifts in Hz.

I J by I
. R, B,H- Y H, B, H, HHy

* % * *

H 03H7 | -12.0-12,0 2.0 2,0 1.5 1.5 <1 <1
H  CHLCL -11.0 2.0 1.5 "
He  C,H . 12.5-12,0" 1.5 1.5 1.5 1.5 w o
Ac C3H7 -13.0 1.5 ' 1.5 . "
Bz C,H, -13.0 1.0 1:0 “ o
Me - CgH, -12.0 1.0 1.0 "

Coupling constants in Hz.

* Values obtained from the comnuted snectra.

Table VIII-3 Chemical shift and COupliné constant data for some

1,3:4,6-diacetzls of‘galactitol and their derivatives

in chloroform-d.
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CHEMICAL SHII'TS

Ha,

COUPLING CONSTANTS

J1.1

"THH

QHIHZ

Ip?y3

Table VIII-5

Jd

Ip3h

g5

b5
Iy5ub
Ino®

I'd L4

H5H6
£H5H6

4

Ip6x0

Chemical shift and counling constant data for

1,3:4,6-di-0-butylidene-5~deoxy-D-mannitol

( 220 ¥Hz spectrum ) é

Hp

748
925
869
783
2

899
829
9885999

3.40
4.20
3.95
3.55

2,00
4.09
3.75

4.4934.54

( 220 NHz svectrum )

-10.0
10.0
5.0
10.0

4.0

12,0
3.0

300

-12,0

ih chloroform-d.
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x) 130 Spectra of Some Butylidene Acetals

13

~The ~C n.m.r. spectra of some butylidene acetals suggested

that this technique could be applied to the investigations of cyclic

13

acetals. - The figure VIII-59 chows the ~C spectrum of 1,3:2,4:5,6-

tri-O-butylidene-DL-galactitol; the acetal-carbon 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

13

separated from the ring protoms. There is no data on the ~C spectra

of cyclic acetals in the literature although some polyols have been

102

studied. 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

atoms in the moleoule.102 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

13

the ~C spectrum of the unsymmetrical acetal, 1,3-O-butylidene-DL-

galactitol, one signal for each carbon atom was observed.
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Acetal Ring Propyl
carbons protons groups
1,3:2,4:5,6-Tri-0-butylidene-DL-galactitol 105.3 78.4 37.2
101.5  T4.2 36.9
98.2 71.8 35.9
' 69.4 17.7
68.3 17.4
65.6 141
' v 13.9
1,3-0-Butylidene-DL-galactitol 103.4 8.4 43.5
12.9 18.0
T1.1 14.3
69.1

64.2

63.6
1,3:4,64Di—9;butylidene—Q—deoxy—p—glucitoi 102.6 80.2 37.1
N o 102.0 77.0 36.4
- 70.5 175
66.5 o172
61.5 . 14.0
1,3:4,6—Di-97buty1idene—gg—galactitol 102.6 76.3 36.7
1241 - 17.2
62.6 10.0

13

Table VIII- 1% C Chemical shifts (6) of some butyiidene

acetals relative to tetramethyl silane.
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IX The Application of Infrared and Mass Spectroscopy to the

Structural Investigations

i) Infrared Spectroscopy

- The characteristic —OH stretching frequency (350qr3700 cm—1)
in the infrare@ spectra of hydroxy compounds may be a valu;ble tool in
obtaininé structural information. However, the fofﬁation of hydrogen
bonding, alters the appearance of the speétrum, therefore reliable
information can only be obtained in non-polar solvents,rsuoh as
carbon tetrachloride, as very dilute solutions. Concgntrations of
0.00SE 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_1 and the bonded hydroxyl groups in
the range 3592 - 3604 cm_1. 103 |

The i.r. spectra of 1,3:4,6-di-O-butylidenegalactitol and 2,4:5,6~

di-O-butylidene—-1-deoxy-D-glucitol in carbon tetrachloride at

concentrations lower than 0.005M, showed sharp absorpiion bands at 3580 cm

which suggested that the hydroxyl groups of these compounds had similar

conformations. The band at 3580 cm._1 is characteristic for intra-

72

molecularly bonded secondary hydroxyl groups. The i.r. spectra of

1,3:4,6-4i-0-butylidene-D-mannitol and 1,3:4,6-di-O-butylidene—2-deoxy-
D-glucitol, showed slightly broader absorption bands at 3550 c:m_1

and 3540 cm-1 respectively. Similarities of the absorption bands again

suggested similar conformations for the hydroxyl groups.

1

?
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The absorption lines in the i.r. spectrum of the 2,4:5,6-di-0-

butylidene-3-0- methyl-D-glucitol were.at 3708, 3645 and 3612 cm—1.

The absorptions at 3612 and 3648 cm_1 were repeated for 2,4:5,6-di-0—~

isopropylidene—3-O-methyl-D-glucitol. The line at 3612 cm—1 was

65

claimed © 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 observed,1o4 the ion (M-1)7F
being found in higher abundance. The other characteristic ion is
the (M—43)+, formed by the loss of é—propjlgroup, which is especially
intense in the spectra of 2,3:4,5-dibutylidenegalactitol and
1,3:2,4:5,6{tri-97buty1idene—gg—galactitol. The "half-ions" observed
in the spectra of the cyclic acetals are formed by the "h-rupture”

105

mechanism, which involves the fission of the bond separating the
‘two rings. The mass number of the half-ions are equal toAthe half
of the molecular weight in the symmetrical molecules. In noﬁ—
éymmetrical molecules more than one Efibn 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 mechaniém.105’106
In the mass Spectrum.of the 1,3:2,4:5,6-tri—97butylidene—2£—
galactitol the intense peaks at g/g 229 and g[g 115 are formed by the

h-rupture mechanism as shown below.

m/e 229
B 0—cq
\ sz
C. BcCc-o0
HC/ | \/H
73 O-—C)C\
|
0=C -H C3Hy

H-C—0 H
Sl >l

H,¢—o0 37
m/e 115
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The spectrum of 1,3:4,6—di—gfbuty1idenega1actitol dimethyl ether
contained an intense peak at E/E 275 and half-ion at E/E 159 (table IX—l).

The most abundant peak in the spectrum of 2,3:4,5-di-O-butylidene-
galactitol was E/E 247. The other characteristic peak was the h-ion

at m/e 145. The peak, m/e 259 formed by the loss of (—CH2OH) group from the
molecule, gave the g/g 187 by further loss of butyraldehyde. Some

fragmentation of this compound is shown below.
H

H,C;,T' O _CH,OH

)

| rd 0 |
O CH,OH o)” e [ C.H
H C)( : CHz C;H, ' C/y o )( ?

| m/e 145
Hc/\ “O\_ CH,O0H
-—C3H CHO
¢ m/e 187
HzOH
m/e 245 o
H
/\
2 cH,
m/e 259

In the mass spectrum of tﬁe 2,4:5,6—di{2—buty1iaene-gé—galactitol,
the absence of the peak at g/g 145 supported the n.m.r. evidence in favour =
of the assﬁmed structure (section VIII-v__) and discarded the structure
1,3:4,5-di{2—butylidehe;gg;galactitol, from which the ion g/g 145 could
have arisen as the h-ion. The Efioés g/g 175 and 2/3-115 éxpected 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 wethylated Alditol Acetates

Obtained from the Cyclic Acetals

The fragments 2/3.133 (A) and m/e 89 (B) were observed in the
mass spectra of the 2,4,5,6—tetraﬁg—methyl—gg—galactitol diacetate and
1,4,5,6—tetraﬁg-methyljgg—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 101,101

-+
CH ==== OCH |
3 +

o | ceoo -

| H OCH, | cI:H 2222 0CH,
CHy—— OCH, - CH,—— OCH,

m/e 133 . m/e 89
A o B

The fragment m/e 59 (C) was formed by formaldehyde elimination from

B.1O8

Ha 2~ —
H
|/(|: “) TR AN
CH, cH, —>mo=0+ | OMe
\K\/ | H2C
0 |
m/e 59

B c
The characteristic peaks in the spectrum of 1,4,5,6-tetra-O-methyl-
galactitol diacetate were the primary fragment (D), E/E 233 and the
secondary fragment (E) m/e 113, derived from (D) by the elimination of

acetic acid.1o9



174

: AcO ohc
1 YHz - ocH,
2 CH - 0COCH, = 505 ' OMe
3 GH - OCOCH, (I”S
4 CH ==~=0CH ‘Me
+. 3
D m/e 233 D,
~60 ,
Dl b OlMe
+
(0]
|
Me
m/e 113
E
dio(czjf.n.{e

The spectrum of 2,4,5,6-tetra—97methylgalactitolJalso contained a
fragment at Q/g 233 with the probable structure of (F). This compound
also gave a peak at E/g 117 (G) which is characteristic for molecules

containing a primary acetoxy group and an adjacent methoxyl group.

CH,0COCH
| 2 3
CHOCH
3
' 0
CHOCOCH3 ?H2 COCH3
== A ¥ A Y ] OC
CH + OCH3 CH x H3
F G

The peak at 2/3 277 shown by the spectra of both the tetra-0-methyl

diacetates may have formed by the loss of a (—CH200H3) group from the

molecules.107



The primary fragment with the highest

115

mass number in the spectrum of

2,5-di-O-methylgalactitol tetra-acetate (H) was E/E 305, which was formed

by the loss of an acetoxymethyl group from

CH,0COCH

m/e

|

117

H-C -~ OCH3

Lo

H3COCO -C~H

H3COCO -C~H

R e L L L S - - -

the molecule.

m/é 305
3

| S Tt S
n/e 117 CH,0C0CH,
H

The most intense signal in the spectrum of 2,5-di-O-methylgalactitol

tetra-acetate (H) was m/e 117.

The presence of the ion, E/E 275 in the spectrum of 2-deoxy- -

»uS-Q:methyl—1,3,4,6—tetra—gracetyl—g—glucitol (2—déoxy—5—9;methyl—

D-arabino-hexitol acetate) indicated the presence of a primary acetoxyl

group. A very intense peak at g/g 117 indicated the presence of a

( ?H—OMe ) group which suggested carbon-5
CH,OAc
. grous in (7)
group * m/e 87
: CH,0Ac
R I
AcO - ? -H
‘ H-(ﬁ-—aAc
H-C - ONe
R L
m/e 117 CH,0Ac

as the position of the methoxyl

m/e 275
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It has been shown that1o9 the primary fragment (K), cbtained from

3-deoxy-2-O-methyl-D-arabino-hexitol acetate by the elimination of
—CH2-OAc,undergoes the following fragmentation sequence. (Only the

fragments which carry C-6 acetoxyl group can undergo these reactions),

+

CH———=0Me
K
CHOAc

CHOAc

CH20AC
K

m/e 81

The fragment (L) obtained from (J) can also undergo similar

fragmentations.

+
CH&ze2z= === OMe
| .
H-C - 0Ac

AcO-C - H
I .~ .
sz <— AcO O—-Ac

) CH20AC

m/e 275

| AcO OMe
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-60° "\« 4
> / O—AC — / o—Ac
Ac OMe : OMe
, L |
1 ' L, m/e 155

The fragment (L3) cannot eliminate methanol as éasily as (K3), therefore
an intense peak at g/g 113 was oBserved;

The characteristic peaks in the spectrum of 1—deoxy—3-grmethyl—2-
glucitol tetra-acetate (M) were the m/e 131 and m/e 217 formed by the
fission of 0(3) - 0(4) bond.107 The primary peak with the highest mass
number, m/e 261 (N) 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 ca, m/e 131

l
H- j’ - OAc CHazsfemes OMe
....................... 1 l
H,00 - C-H CH —— Ofo
H-C-OAc CH—— OAc
H - C - 0Ac
._-’-’......--.1--‘._-""- CH2 — OAc
CH20Ac
m/e 261
M n/e 261



of 1,3-di-0-methyl-D-glucitol tetra-acetate which also showed another
characteristic primary fragment (P) at Q/g 161. The secondary fragments

formed from (P) were as follows.

+ + *
6 OMe H— C==0MNe HC==2 Olle
H —C —— OAc I/O\,?' ~(!;=
/fl | C ¢ > |
H.,C0-£-CH | CH
3 2 CH CH 3
2 s
H
m/e 161 . m/e 129 m/e 87
P
The ion m/e 101 also forms from (P) as follows:
+ .
Hf===;: OMe ‘ H?=4=4=OM9 H - ﬁ - OMe
HC —— O —— cCH <> CH
N—1" ¢ - cH I |
MeO - C—— H C{, 3 H- C— Ole HC === Olle

H

m/e 101
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X. QGeneral Techniques and Materials

The 60 MHz n.m.r. spectra, recorded on a Varian E.M. 360 instrument,
were used for routine control analysié of the producté and in monitoring
some of the reactions. The 100 MHz spectra were run on a Varian HA-100
instrumeﬁt and the 220 MHz spectra were recorded by P.C.M.U., Harwell,
using a Varian‘ﬁR—ZEO spectrometer. All spectra were obtained at
ambient temperature with internal references, except in the case of spin
decoupling experimehts, 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 bZO solution and
tetramethylsilane (T.M.S.) for all others.

The mass spectra were recorded by the University of Ldndon
Intercollegiate Research Service on an A.E.I. MS-902, using direct
insertion mode with an ionization potential of 70 eV , in temperature
raﬁge 200-220°.

Gas-liquid chromatography (g.l.c.) was carried out on a modified Perkin-
Elmer F-11 and a Pye-104 instrument, both equipped with flame ionisation
detectors. The stationary phases used, were Apiezon—K (7.5%»,_
oV-17(7.5%) and P.P.E. (5%) on Celite. The liquid phase Apiezon-K was
found to be the best, for tﬁe separation of the c&clic butylidene acetals.
With the exception of some fully methylated derivatives, all samples were
gas chromatographed as their trimethylsilyl ethers.11o _ A solution of the
sample ca. 10 mg in dry‘pyridine (0.5 ml) was treated wi%h hexamethyl—
disilazane (0.2 ml) and trimethylohlorosilane(0;1 ml) for 10 min. at
room temperature. The precipitate was removed by centrifugation and the
solution rotary evaporated to dryness at 400. The residue was taken up
in dry diethyl ether (0.5 ml) and used for injection into the chromatograph.
The EV values are relative to D-glucitol in the case of the Q—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 hydrqul stretching regiohs
were carried outona Perkin-Elmer 325spectrophotometer. Thé 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 ahd
diacetals and for the separations of polyols from acetals. The solvent
(B) (benzene-methanol: 9:1; V/v) was used for the separatioﬁs of di-
and triacetals and partially methylated polyols and their acetate

.derivatives. The detection of the éhromatograms was achieved with 5%
ethanolic sulphuric acid at 120°.
| Paper chromatography was carried out on Whatman Nb.1Apaper. The
solvent mixture A (m.e.k. — H20) . was used for the separation of the
five and six-membered monoacetals. TFor 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 (10 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..5OO and Unican SP 1800

spectrophotometers.
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Materials: Pyridine was distilled over sodium hydroxide pellets at
115-—117o and stored over sodium hydroxide. N,N-Dimethyl formamide
(DMF) was distilled at atmospheric pressure and dried over molecular
sieve (type 4A). The n-butyraldehyde was freshly distilled for each
experimént. B—Glucose, g—galacfose, 2-deoxy72—g1ucose and galéotitol
were obtained from Koch-Light Laboratories Ltd., Thé acetals,
1,3:4,6-di-O-butylidene-D-mannitol, 1,3:5,6-di—9;buty1idene—g—mannitol
and 4,6—g—buty1idene—g—glucitol tetra—acetate were kindly supplied by
Dr. D. Lewis and a sample of 4,G{Q—butylidene-g—glucose was supplied by
Mr. T.J. Julnes. A sample of E—fucose was kindly supplied by

Dr. E. Percival.
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XI. "Expefiments

Experiment 1 Reaction of Galactitol with Butyraldehyde

A solution of galactitol (15 gj 1 mol) in 0.5 N-hydrochloric
acid (500 ml) was shaken with n-butyraldehyde (6 ml; .0.9 mol) and the
solution was left at room temperature for 48 h, then neutralised with
E;sodium hydroxide (250 ml) and evaporated under vacﬁum to 150 ml.
Some crystals of 1,3:4,6—di{2—butylidenegalactitol (I) 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, By = 2.20;
EF = 0.70 (solvent A). The recrystallised diacetal (1) Zéd a2 M.De
1?3-135°. (Found: C, 57.99; H, 8.84. C,4Hpg0¢ Tequires:
Cy 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;5g9, t.l.c. of which in sgivent A showed two spots, BF = 0.27 and

R, = 0.38. | )
) ‘A column of Dowex-1 X8, 200-400 mesh (chloride forﬁ; 300 g), was
washed with g-sodium hydroxide-(3 1) and then with deionised and CO2—
free water (3 1).

The mixture of the monoacetals in water (5 ml) was applied to the
column and eluted with deionised and COz—free water. The fractions
collected (25 ml) were analysed by t.l.c. ~The syrupy 1,3-0-butylidene-
gé-gglactitol (11) was eluted first,which crystallised on standing at

50 overnight (2.4 g). Recrystallised acetal (from ethanol-ether, 5:1; vykd,
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had m.p. 73-75°.  (Found: C, 50.94; H, 8.62. C,oH,g04 Tequires:

C, 50.83; H, 8.53%). R, = 0.27 (solvent 4).

Later fractions on concentration gave syrupy 2,3—O;butxlidene—
DL-galactitol (III) which crystallised on standing (1.3 g). The
recrystallised acetal (ethanol-ether, 5:1; v/v) had m.p. 83—850.'
(Found: €, 50.66; H, 8.57. C,oHyo0g requires: €, 50.83; H, 8.53%) .

Ry=0.38 (solvent A).

=

Experiment 2  Derivatives of the Acetals Obtained from Experiment 1.

A solution of 1,B—QTbutylidene-Qg—galactitol'(II) (0.20 g)
was acetylated with acetic anhydride (1.5 ml) in pyridine (4 ml) to

give the tetra-acetate (0.35 g), (100%0. The recrystallised compound

(from ethanol) had m.p. 111-112° (Found: €, 53.56; H, 6.85.
C,gH,g0 g Tequires: G, 53.46; H, 6.98%9.
A solution of (II) (0.25 g) was benzoylated with benzoyl chloride

(1.5 ml) in pyridine (10 ml), to give the tetra-benzoate (0.40 g) (57%),

m.p. 89—91o after recrystallisation from ethanol. (Found: ¢, 70.07;
H, 5.52. C38H3601O requires: C, 69.93; H, 5.55%). |
The acetal (III) (50 mg) was acetylated with acetic anhydride (1 ml)

in pyridine (3 ml). The resulting 1,4,5,6-tetra~O-acetyl-2,3-0-

butylidene—gg—galactitol (83 mg) had m.p. 46—48o when reorystalliséd from
ethanol-light petroleum. (Found: €, 53.33; H, 6.77. C,gH6049
requires: ‘C, 53.46; H, 6.98%).

The acetal (I) (0.30 g) was acetylated with acetic anhydride (2 ml)

:in pyridine (10 ml). The resulting 2,5-di-O-acetyl-1,3:4,6-di-0-

butylidenegalactitol (0.26 g) (67%) crystallised from carbon tetrachloride.
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M.p. 200f2620. (Found: - C, 57.58; H, T7.92. C18H3OO8 requires:
C, 57.74; H, 8.08%). ' | -

The acetal (I) (1 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 (1.70 g). M.p. 154-156°.
Recrystallisation from boiling ethanol gave m.p. 157—1590. (Found:

¢, 67.58; H, 6.83. »C28H54O8 requires: C, 67.45; H, 6.87%).

Experiment 3 Methylation of 1,3-O-Butylidene-DL-galactitol.

A solution of the acetal (11) (3 &) in Ehg—dimethyifermamide (25 ml)
was stirred with silver oxide (10 g) and methyl iodide (10 ml) for 24 h
at room temperature. The solids were filtered off and Wgshed with
N, N-dimethylformamide. The filtrate aﬁd the washings were evgporated
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 —50. The supernatant liquor was decanted and the
syrup was crystallised from ethanol-light petroleuﬁ. ‘The infrared
spectrum (nujol mull) showed absorptions in the hydroxyl stretching range.
The n.m.r. spectrum and elemeﬁtal analysis indicated the compound to be

~the 1,3-0-butylidene—tri-O-methyl-DL—galactitol, m.p. 91—930, yield 0.16 g,

= 0.24 (solvent B). (Found: C, 56.53; H, 9.21; OMe, 33.18.
i .

C,H,0¢ requires: G, 56.10; H, 9.42; OMe, 33.45%).
The t.l.c. of the supernatant liquor showed one spot in solvent B
CEF = 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



185

tetramethyl ether gave a single peak on g.l.c. and its infrared spectrum
showed no hydroxyl absorption. (Found: €, 57.73; H, 9.71; OMe, 42.21.

C14H2806 requires: C, 57.51; H, 9.65; Olle, 42 .46%) .

Experiment 4 2,4,5,6-Tetra-O-methyl-DL—galactitol

A solution of the fully methylated 1,3-monoacetal (2.1 g) in ethanol-
water (7:3; 50 ml) was refluxed and stirred for 3 h with Amberlite
IR-120 (H*) resin (50 ml) and then concentrated to a syrup.

Telece in splvent B, showed this to contéin a product with BF =0.16
and a small amount of unhydrolysed acetal (E = 0.49) which was r:moved by
extraction with light pétroleum (b.p. 46—600%. The remaining syrup

crystallised from ether—light petroléum to give 2,4,5,6~tetra-O-methyl-DL-

galactitol, m.p. 72-74°, yield 0.74 g (43.5%). (Found: C, 50.31;
H, 9.12; O0OMe, 51.73. C1OH22O6 requires: €, 50.41; H, 9.31; OMe, 52.10%) .
A solution of this compound (150 mg) in pyridine was treated with

acetic anhydride to yield the syrupy 1,3-di-O-acetyl-2,4,5,6-tetra-O-methyl-

DL-galactitol (74%5 whose infrarea spectrum showed no hydroxyl absbrption.

(Found: ¢, 51.81; H, 8.20. CHo0g Tequires: C, 52.16; H, 8.13%).

Experiment 5 Demethyla’cion111 of 2,4,5,6-Tetra-0-methyl-DL—galactitol

The foregoing me?hyl ether (40 mg), in dichloromethane (3 ml) was
treated with boron trichloride (4 ml) at —750 for 1 h, then left at room
temperature for 24 h. Methanol (10 ml) containing water (1 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
recrystallised from ethanol-water to give galactitol (]8%», m.p. and mixed

m.p. 187-188°.
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Experiment 6 2,4,5,6—Tetra—Oemethy1—1—O—triphenylmethyi—gé—galaotitol

A solution of the foregoing methyl ethe;?;;Spyridine (3 ml) was treated
with trityl chloride (200.mg) for 5 days at réom temperature. A solid
separated on pouring into water which was filteréd and dried and
.recrystallised from ethanol to give the title compound (55%0, Mm.P. 134—1360.
(Found: C, 72.36; H, 7.37; OMe, 25.50; Cé9H36O6 requires: C, 72.47;

H, 7.55; OMe, 25.83%).

Experiment 7 Methylation of 2,3,—O—Butylidene—DL—galactitol

The solution of the acetal (III) (3 g) in E,E}dimethylformamidé
(20 ml) was treated with silver oxide (10 g) and methyl iodide (10 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-O-methyl-2,3,-O-butylidene-DL—galactitol, with BF = 0.42 in solvent B.
Yield 2.7 g (71%), b.p. 113-1167/0.4 mn Hg.  (Found: C, 57.35; H, 9.49;

OMe, 42.16. Hyg0¢ requires: C, 57.51; H, 9.65; OMe, 42.46%).

Cg

FExperiment 8 1,4,5,6-Tetra—O—methyl—nggalactitél

A solution of the fully methylated 2,3—monoaqeta1 (2.5‘g)’in ethanol-
water (7:3; V/V) (25 m1) ﬁas 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 éhowed one main product
CEF = 0.19) with a small amount of unhydrolysed acetal. The product was
re:olfed chromatographically over silica gel, eluting with benzene-methanol

(9:1; v/v), to yield the tetramethyl ether (1.5 g; 74%). (Found:

C, 50.57; H, 9.10; OMe, 51.88. ¢ requires: C, 50.41; H, 9.31;

10t22%
OMe, 52.10%) .
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The tetramethyl ether (50 mg) was acetylated with acetic anhydride
(1 m) in pyridine; to give a syrupy diacetate (92%). T.l.d. (in
solvent B) indicated a single product CEF = 0.47), for which i.r.
spectroscopy showed no hydroxyl absorpti:n. (Found: €, 51.96; H, 8.23;

0Me,>38.17. C14H26O8 réquires: C, 52.16; H, 8.13; OMe, 38.50%).

Experiment 9  Demethylation of 1,4,5,6-Tetra-O-methyl-DL-galactitol

The tetramethyl ether (26 mg) was demethylated with boron trichloride
(2 m1) 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—0—methyl;
DL-galactitol |

A mixture of tetra-O-methylgalactitol (250 mg) and agueous solution
of sodium metaperiodate (0.25 g in 5 ml) 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
p-nitrophenylhydrazine. Crystallisation of the pfecipitate from agqueous
ethanol gave orange needles of methoxyacetaldehyde p-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 chromatographically pure syrupy tri-O-methyl-DL-

threose (EF =0.26 in soivent B). The presence of three methoxyl groups
were deduc ed from its n.m.r. spectrum. Yield 0.15 g (88%). (Found:

C, 51.57; H, 8.64; OMe, 57.01. C7H14O4 requires: C, 51.84; H, 8.70;

OMe 57.40%) .
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Experiment 11  1,3:4,6-Di-O-butylidene-2,5~di-O-methylgalactitol

A solution of the diacetal (I) (t.1 g) in N,N-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 to 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 Bp = 0.55 in solvent B.  TYield 0.95 g (79%) .  After
recrystallisa:ion from ether or methanol the compound had m.p. 162-164°.
(Found: ¢, 60.25; H, 9.33; OMe, 19.41. C,gl300¢ Tequires: G, 60.35;

H, 9.50; OMe, 19.50%).

Experiment 12  2,5-Di-O-methylgalactitol

A solution of the foregoing dimethyl ether (0.7 g) in ethanol-water
(7:3, v/v; 25 ml) was refluxed with Amberlite TR—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%). By =0.03
in solvent B and BF = 0.12 in benzene-methanol (9{2). (Foundj C, 45.54;
H, 8.52; Ole, 29.;8. CgH,g0¢ calc.: C, 45.70; H, 8.63; OMe, 29.52%) «

The dimethyl ether (40 mg) was acetylated in pyridine (3 hl) and

acetic anhydride (4 ml), to give a tetra-acetate (90%) m.p. 148°, which

gave a single spot on t.l.c., BF = 0.42 in solvent B. (Found: ©C, 50.81;"

'H, 6.79; OMe, 16.33. C,gH,0 40 ©2loe: C, 50.79; H, 6.93; OMe, 16.40%).
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Experiment 13 Demethylation of 245-Di-O-methylgalactitol

The dimethyl ether (28 mg) was demethylated in dichloromethane
(2 ml) with boron trichloride (2 ml) as in Experiment 5 to give galactitol

(70%), m.p. and mixed m.p. 187-188°,

Experiment 14  2,5-Di-O-methyl-1,6-di-O-triphenylmethylgalactitol

A solution of the foregoing dimethyl ether (50 mg) in pyridine (5 ml)
was treated with trityl chloride (150 mg) for 5 days. A gummy product
separated which solidified on cooling, when the reaction mixture was

poured into water. The recrystallised (from ethanol) ditrityl derivative

(42%) bad m.p, 202-204°.  (Found: C, 79.54; H, 6.56; OMe, 9.07.

C46H46O6 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 0.015 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 extracted with chloroform énd evaporated down to give a
syrup (58 mg), which on borohydride reduction, yielded 2-O-methylzlycerol
(57 mg). This was converted to its di-p-nitrobenzoate, m.p. 158-160°

44
(lito m.p. 15905-16005)0 .

Experiment 16 General Method for Periodate Oxidations

- 12
A. Periodate ion uptake determination.- Separate solutions

(0.015 !D of sodium metaperiodate (0.321 g) and potassium iodate (0.321 g)
in water (100 ml) were prepared. An aliquot (1 ml) of each solution was
diluted 250 times and its optical density measured at 223rm  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% IOE and 100% IO4 and that the iodate

solution contained 100% Iog and 0% IOZ ions.

The sample under investigation (22. 0.01 g) was accurately weighed
and dissolved in the 0.015 M-sodium metaperiodate solution (10 m1).
The optical densities of‘aliquots (1 m1) 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 oorrésponding IOS contents‘and
hence the IOZ% reduced by the test samples. VThe data gave the number
of mol. of periodate ion required to oxidise one mol. of the sample,
2,5-0-methylene ~—— g—mannitoi 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.

113
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 HéO: conce. HZSO4;

20 ml: 80 ml). Periodate oxidation was carried out on the reference
compouhd, 2,5-Qrmethy1ene-2-mannitol, and thé test sample as described in A.
After 20 h,aliquots (1 ml), from the standard solution, were diluted
accurately to 10 ml., 20 ml., and 50 ml and an aliquot (1 ml) from the test
saﬁple was diluted to 20 ml. A portion (1 ml) from each diluted solutionm,
was mixed with an accurately measured amount of 20% aqueous sodium sulphite
solufion (0.1 m1) and chrémotropic acid reagent (8.4 ml). A blank sample

of water (1 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 wusing the blank
solution as reference sample. A linear calibration graph was prepared
by plotting the optical densities obtained for the standard,
2,5{2—methylene—2—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 16 h, an accurately measured portion (5 ml) was
treated with two drops of ethylene glycol, to reduce thé excess periodate,
and then titrated against standard ‘IO_2 N-sodium hydroxide solution, with
mefhyl 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-Butyraldehyde

in 5 N-Hydrochloric Acid

A. Kinetically controlled Reaction.- Galactitol (7.5 g) and

n-butyraldehyde (12 ml) were shaken in 5 N-hydrochloric acid (10 m1)

for 17 h at room temperature. The reaction mixture was extracted with
chloroform (3 x 100 ml), washed with sodium bigarbonate solution, dried
(N32504) 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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(150 m1). The product was recrystallised from'methanolvto give m.p.
and mixed mep. 133-135° and yield 1.5 g.

The light petroleum solution also deposited a syrup on storing at
-50 overnight, which was shown by t.l.c. to be a mixture of acetals other
than the 1,3:4,6-diacéta1. The acetal mixture (2.5 g) was fractionated
on a colum of neutral alumina (300 gﬂ eluting with diethyl ether.
The fractions (10 ml) were monitored by n.m.r. spectrometer. Rotary
evaporation of fractions 90-110 yielded a soiid (70 mg) which melted at
124—1260 after sevéral crystallisations from carbon tetrachloride.

N.m.r. spectroscopy presented evidence in favour of the structure

2,4:5,6-di-0-butylidenegalactitol.  (Found: C, 58.05; H, 9.01.
C14H26O6 requires: C, 57.91; H, 9.03%).

The next 30 fractions also gave a solid (150 mg) on evaporation,
which melted at 839, after several recrystallisations from carbon
tetrachloride. N.m.r. spectroscopy presented evidence in favour of the

structure'2,3:4,5-§£:0-butylidenga1actitol (stereoisomeric mixture).

(Found: €, 57.60; H, 8.79. C14H2606 requires: C, 57.91; H, 9.03%).
On evaporation, the remaining supernatant light petroleum solution
gave a syrup (3 g) for which t.l.c. showed a single spot (EF = 0.63) .

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 —50. Crystéllisation was also achieved from methanol
solution by addition of water. The recrystallised acetal (2 g) had

m.p. 80-83°.  (Found: C, 62.70; H, 9.26. C,gH;,

06 requires:

C, 62.76; H, 9.36%).
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B. The Reaction under Thermodynamic Conditions.- Galactitol

(7.5 g) and n-butyraldehyde (12 ml) were shakén with 5 g;hydrochloric
acid (20 ml) at room temperaturg, for 5 days. The reaction mixture was
extracted with chloroform, washed witﬁ sodium ‘bicarbonate 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 petroleﬁm and recrystallised. Yield 4.5 g,
m.p. and mixed m.p. 133-135°. | |

The concentrated filtrate and washings next deposited crystals
of 1,3:2,4:5,6—tri—gfbutyli&ene—gg—galactitol (3.7 g) on storing at —50,
with m.p. 78-80°. The recrystallised compound had m.p. and mixed m.p.
80-83°. |

Experiment 18

Some Resctions of 1,332,4:5,6-Tri-O=butvlidene-

Pé—galaotitol

A. A solution of the triacetal (0.1 g) in trifluoroacetic acid—
water'(9:1; v/ﬁ) (1 ml), was left at room temperature for 15 min and
fgtary evaporated to give a syrup, for ﬁhich teslece in solventh, showed
several spots R = 0.0 (monoacetals), By = 0.26, Ry = 0.33, Ry = 0.43

F =.
(1,3:4,6—diacet§l). G.l.c. analysis indicated a more complicated

reaction mixture.

B. A solution of the triacetal (100 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 p-butyraldehyde (2 ml)
in 5 N-hydrochloric acid ( 50 ml ) for four days.The 1,3:4,6-di-0-
butylidenezalactitol (1.5 g) was isolated as in experiment 17-3B,

m.p. and mixed m.p. 133-135°.
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Experiment 19 Attempted Synthesis of 1,3:4,6-Di-O-butylidene-

2,5-0~isopropylidenegalactitol

The 1,3:4,6-dibutylidenegalactitol (3 g) was shaken in
2,2~dimethoxypropane (20 ml) in the presence of toluene-p-sulphonic
acid (0.5 g) at room temperature for 4 h. The starting material was

recovered unchanged.

Experimeht 20 1,3:4,G{Qi;0~chloroethy1idenegalactitol

The compound was prepared from galactitél (16 g) and chloro-
acetaldehyde diethyl acetal (30 g), according to the method of
H.B. Sinclair.1oo The product was separated as a gum, which solidified
on standing (3 g). The recrystallised acetal (90% ethanol), had

m.p. 217-220°,  1lit. m.o. 214-219°.

Experiment 21 1,3:4,6723—0-benleidene—2,S-QE;O—methylgalactitol

A solution of 1,3:4,6—di{2—benzylidenegalactitol (1 g) (prepared

el ,
according to Hudson's method) in DM 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 (0.1 g),
MeDe 225-227° (decomp.). (Found: €, 68.19; H, 6.66; OMe, 15.88.

C,oH,c0¢ requires: C, 68.37; H, 6.78; Olle, 16.06%) «

Experiment 22 = The Reaction of 1,3-O-Butylidene-DL-—galactitol with

Acetone
The monoacetal (0.3 g) was stirred in acetone (25 ml) containing
sulphuric acid (f drop)_and snhydrous copper sulphate (0.5 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, BF = 0.20 (main product),

0.00 (impurity).

EF = 0.17 (impurity), BF =0.14 (imburityﬁ, BF

The syrupy product was not purified further.
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Experiment 23 1-Deoxy-D—-galactitol (E—fuoitol)

115

A. D-Galactose diethyl thioacetal.
A solution of E—galactose (50 g) in concentrated hydrochloric
acid (75 ml) in a wide-necked bottle with a glass stopper was shaken
vigorously with ethanethiol (50 ml), releasing the pressure occasionall&.
After 5 min, heat evolved and some ice was added, whefeupon the reaction
mix{ure solidified. The white solid was recrystallised twice from boiling

water giving the diethyl thio=cetal(50 g), m.p. 140-142°, 1lit. m.p. 140-142°.

B. Raney nickel

Nickel-aluminium alloy (90 gﬁ was added gradually with stirring
to a solution of 6 N-sodium hydroxide (500 ml) in a 2 1 beaker kept in ice.
The solution was then allowed to come to room temperature and then heated
af 70o for 2 hs After cooling, the Raney nickel was washed thoroughly with

water until completely free of alkali.

C. Partial Desulphurisation of D-Galactose diethyl thioacetal

Q-Galactose diethyl thioacetal (1 g) in 70%.ethanol (56 ml)
was refluxed with Raney nickel (6 ml) for 13 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 ﬁas
not the expected 1-deoxy-D-galactitol (EF = 0.46, butanol—ethanol—HéO;
40:11:19). Bvaporation of the ethanol :nd recrystallisation of the residue
(ethanol) gave pure 1-deoxy-1-S-ethyl-D-galactitol (EF = 0.66, butanol

ethanol H,0; 40:11:19), m.p. 150-152°, 11478 m.p. 149-151°.
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D. Complete Desulphurisation of Qanlactose diethyl thioacetal
A‘solution of the foregoing diéthyl mereaptal (30 g) in 80%
ethanol (600 ml) was mixed with freshly prepared Raney nickel (500 ml)
. and stirred under reflux for 1% h. The nickel was filtered through
Celite witﬁ a top layer of charcoal and washed well.with ethanol-water.
The filtrate gave a solid on evaporation, whioh'was crystallised from
ethanol to give 1—deoxy42—galactitol (érfucitol) (12 gﬁ, M.Pe 1539, lit.57
MePo 1530.' The mixed m.p. with the authentic compound, obtained as
described in Experiment 24, showed no depression. Paper chromatography in
solvent (butanol, ethanol H0; 40:11:19) gave R, - 0.46 in agréemen? with
58 B ‘

the reported”” values.

Experiment 24 1-Deoxy-D-galactitol from L-Fucose

A solution of L-fucose (0.5 g) in water (15 ml) was tréated 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 SyTup, 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 &), m.p. 153-154°.

Bxperiment 25 Investigation of the Reaction of L-Fucitol with

n-Butyraldehyde.

A, By G.l.c.
L-Fucitol (3.5 g) as a solution in N-hydrochloric acid (200 ml)

was mixed with n-butyraldehyde (1.7 ml). The samples (2 ml) were withdrawn

at certain time intervals and neutralised with E;Sodium hydroxide (2 ml).
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The solvent was removed by rotary evaporation at 400 and the resiude was
extracted with dry pyridine (1 ml) and centrifuged to remove the solids.

The t.m.s,., derivatives wereAprepared a8 explained in general techniqﬁes.

The pyridine was removed by rotary evaporation and the residue was extracted
with dry diethyl efher, centrifuging where necessary,and injected (2rl) to

the fractometer.

B. By Polarimeter

A solution of L-fucitol (0.5 M) in N-hydrochloric acid was mixed
with n-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 59,

Experiment 26  4,5-0-Butylidene—1-deoxy-D-galactitol

A part of the remaining reaction mixture (150 ml) from the Experiment 25 - A
ﬁas neutralised after 48 h, evapofated to dryness and the residue was extracted
with ethanol. The solution deposited the crystals of Q;fucitol (0.15 g), which

were filtered off. The filtrate was evaporated énd the residue was extracted

with chloroform which deposited some crystals of 4,5—Oebuty1idene—1—deoxy—9—
galactitol (0.1 g), from the concentrated solution on standing at -SO for

2 days, m.p. 103-105°.Severa1 recrystallisations gave'm.p.105—108°(E@=0.67,S-A);
v il J
(a)D25 = +18.7° (G, 0.49 in methanol); (Found: G, 54.35; H, 9.02.

C,lOHzoO5 requires: C, 54.5; H, 9'1%0f

Experiment 27 Reaction of 1-Deoxy-D-galactitol with n-Butyraldehyde

A solution of 1-deoxy-D-galactitol (7 g) in N-hydrochloric acid

(400 ml) was shaken with n-butyraldehyde (5 ml) and left at room temperature
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for 2 days. Some water insoluble oily material was extraéted with

light petroleum and the water layer was neutralised with 4E;sodium

hydroxide and rotary evapofated to a syrup. T.l.c. of the syrup in

the solvent A showed three spots, 3@1 =‘0.09, (L-fucitol), BF2 = 0.65(4, 6~mono~

Rpy = 0.67 (five-membered ring mono;cetals). B acetal),
) The syrup was extracted with_ethahol which deposited some unreacted

polyol from the concentrated solution on standing at 0 - 5°rovernight.

The solid was filtered off and the filtrate (containing only a trace of

L-fucitol) was rotary evaporated to syrupy mixture of acetals (4.0 g),

which was fractionated on a Dowex—1 (0OH™) resin (250 g) column, eluting with

deionised and COz—free water. The fractions were examined by t.l.c..

The 4,6TQrbutylidene—1—deoxy—g—galactitol eluted first, giving 1.7 g of.

syrupy chromatographically pure acetal CEF = 0.65 }n solvent 4). [a]%S

= -9.64° (¢, 0.56 in methanol); (Found: C, 54.01; H, 8.93.
C1OH2005 requites: C, 54.50; H, 9.1%)+
The fractions containing the five-membered acetals (BF = 0.67,

solvent A) were combined and evaporated to give a syrupy mixture (2.0 g)

which solidified on keeping at —50 and gave the crystals of 4,5-O-butylidene-

1—deoxy-D-glucitol (0.4 g), from ethanol-diethylether solution (1:1, v/v),

m.p.' 105 - 1080.

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 —50, yield 0.8 g. Several

recrystallisations gave crystals of 2,3—O—butylidene—1—deoxy—£ega1actitol

(0.6 g, stereoisomeric mixture), m.p. 66-68°, [a]%s = -12.8° (¢, 1.09 in
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methanol); (Found: €, 54.78; H, 8.97. c1OH2005 requires: C, 54.50;
H, 9.1%).

Experiment 28 4,6—O—Butylidene—1—deoxy—2,3,5—tri—0-methy1—@—gglactitol

A solution of the 4,6-butylidene-1-deoxy acetal (0.9 g) in DMF (20 ml),
was stirred with silver oxide (5 g) and methyl iodide (5 ml), for 24 h. ‘
The methylated product was isolafed és in Experiment 7 and cfystallised
from the concentrated solution of light petroleum. The yield was small
(0.25 g) and the product contained soﬁe impurity which was removed after
several recrystallisations from light petroleum, m.p. 61 — 63°.

(Found: C, 59.63; H, 9.64. C13H26O5 requires: C, 59.50; H, 9.90%).

Experiment 29 2,3,5-Tri—0—acetyl—4,6—O~buty1idene—1fdeoxy—g-galactitol

A solution of the 4,6-butylidene—1-deoxy acetal (O.1ng§ in pyridiné
was acetylated with acetic anhydride (1 ml) at room temperature 0vernight.
A solid was separated on pouring into ice-water which was crystallised
from ethanol-water, yield 0.12 g, m.p. 153-156°. (Found: C, 55.81;

H, 7.32. C,cH,D0g requires: C, 55.48; H, T.56%).

Experiment 30 Periodate Oxidation of 4,6—O—Buty1idene—1—deoxy—9—

lactitol

The title acetal (0.25 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 dis%illed. The distillate

(3 ml) was collected and treated withvthe 2,4—dinitrophenyl hydrazine
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reagent (0.14 g in 2 ml methanol, H added to dissolution). The

| 2SO4
.2,4—dinitrophenylhydrazone of acetaldehyde (0.18 mg) immediately
precipitated and gave orange needles after crystallisation from

ethanol-water m.p. 140-145°,

Experiment 31 3—0~Methyl—@eglqupyranose66

1,2:5,64Di—g7isopropylidene—a—g—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 450 and dimethyl sulphate
(42.6 ml) was added dropwise from the furmel 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 150 ml). The extracts,
after washing with water and drying ovef sodium sulphate, were concentrated
and the 1,2:5,6—di—97isopropylidene—3{2—methyl—a—Q-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. Thé filtrate was evaporated to a
syrup which was crystallised from ethanol to give the 3—Qfmethyl—2—

glucopyranose, m.p. 168°, 1it. m.p. 168°, yield 10 g.

Experiment 32 3-O-Methyl-D-glucitol

3-0-Methyl-a~D-glucopyranose (2 g) and sodium borohydride (0.3 g)

were dissolved in water (20 ml) and kept at room temperature overnight.
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The usual procedure as in Experiment 24 gave the syrupy 3-O-methyl-D-

glucitol (1.9 g), Bp = 0.29 (butanol—ethanol—Hzo; 30:11:19).

Experiment 33 Bis—phenylboronate of 3—0—methy1—@—glucitol

3-0-Methyl-D-glucitol (80 mg) was dissolved in dry methanol (2 ml)‘
and treated with phenyl boronic acid (53 mg) for 5 min. The removal
of the solvent under wvacuum depoéited a solid, which was cfystallised
from carbon tetrachloride, m.p. 142-1460. The compound on
recrystallisation, gave the pure bis-phenylboronate of 3—9¢methyl—2—
glucitol (68 mg), m.p. and mixed m.p. 147 - 148°.  (Found: €, 60.91;
H, 5.82; B, 5.93. 019H22B206 calc.: C, 62.01; H, 6.00; B, 5.87%).

Experiment 34  Di-O-methylene-3-O-methyl-D-glucitol

- 3-0-Methyl-D-glucitol (0.5 g) was mixed with formalin (0.7 ml) and
_treated with concentrated hydrochloric‘écid (2 m1). The mixture was
refluxed for 25 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—1220. The extracted diacetal on recrystallisation from carbon
tetrachloride gave the pure title compound (0.15 g), m.p. 120—1230
[a]]2)4 - =7.6 (¢, 1.0 in methanol). (Found: C, 49.00; H, T.24.

C9H1606 requires: C, 49.08; H, 7.32%).

Experiment 35 Attempted Demethylation7o of Dimethylene-3-O-methyl-

Q—glucitol

A solution of the foregoing dimethylene acetal (0.1 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

refluied for further 2 h. The concentrated solution was pouréd into
water and the iodine destroyed with sodium thiosulphate. After removal
of all the solvents, the residue was taken up in pyridine and silylated.
Gel.c. showed the presence of 2,4-O-methylene-D-glucitol and Q—glucitol.
Mixed t.m.s. derivatives of the product and the standards gave identical

chromatograms at various temperatures.

Experiment 36 Methylation of Di-O-methylene—3-O-methyl-D—glucitol

Dimethylene-3-0-methyl-D-glucitol (b.z g), methyl iodide (2 ml) and
silver oxide (1.5 g).were warmed at 700 for &+ h, after cooling more
methyliodide(2 ml) was added and thé 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), Mm.D. 65—67°which was slightly
impure (off white crystals). (Found: C, 50.66; H, 7.90; OMe, 24.26.

C10H1806 requires: C, 51.27; H, T.74; OMe, 26.49%3.

Experiment 37 Hydrolysis of Di-O-methyl-di-O-methylene-D-glucitol

The title compound (40 mg) was refluxed with phloroglucinol (25 mg)
in 0.5 E;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-97methy1—2—glucitol

R, = 0.49 in butanol-ethanol-H
f

0 40:11:19).
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Experiment 38 2,4:5,6-Di-O-butylidene—3-O-methyl-D-glucitol

A solution of 3-97methyl-2—glucitol (3 g) in 5 Ekhydrochlorio acid
was mixed.with freshly'histilled 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 n-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 (stereoisomerio mixture) .
Attempts to crystallise this product failed. [a]f)5 =-2.9° (¢, 0.85
in carbon tetrachloride), (Found: €, 60.07; H, 9.29; OMe, 10.11.

C15H28O6 requires: C, 59.18; H, 9.27; OMe, 10.19%).

Experiment 39 Methylation of the 2,4:5,6—21—O—butvlidene—3—0—

methyl-D-glucitol

‘The stereoisomeric title acetal (1.3 g) in E;y}dimethylformamidé
(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—§3;O—butylidene-1,3—

di-O-methyl-D-glucitol was obtained as in Experiment 7 as a pale yellow

SyTup (0.8 g), Ry = 0.51 (solvent B). (Found: C, 61.62; H, 9.59;

OMe, 18.81. Co6Hy0¢ Tequires: C, 60.35; H, 9.49; OMe, 19.49%) .

Experiment 40  Hydrolysis of 1,3:4,6-di-O-butylidene-3-O-methyl-

D-glucitol
The syrupy diacetal dimethyl ether (0.7 g) in ethanol (20 ml) was

treated with Amberlite IR-120 (Hﬁ) resin (30 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 filtrafe 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 by preparative paper chromatography in butahol—
ethanol-water (40:11:19; v/v).

The purified compound (20 mg) was acetylated in pyridihe with acetic

anhydride overnight at room temperature to give the syrupy tetra—acetate

derivative which was chromatographically pure, t.l.c. EF = 0.41 in solvent B.

Experiment 41 Partial Hydrolysis of 2,4:5,6-Di-O-butylidene-3-0-

methyl-D-glucitol

Thé'title compound (0.3 g) in aqueous hydrobromic acid (Ei' 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 244-0-butylidene~3-0-
methyl-D-glucitol (0.1 g) were obtained from the light petroleuﬁ solution

on cooling. M.p. and mixed m.p. 155-1560.

Experiment 42. Phenyl boronate of 2,4-O-butylidene-3-O-methyl-D-

glucitol
2,4-0-butylidene-3-O-methyl-D-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 1-Deoxy-D~glucitol 61

A suspension of Q—gluqose toluene—p-sulphonylhydrazéne (25.0 g)
in methanol (700 ml) was gradually treated with potassium borohydride
(15.0 g) and then refluxed for 12 h. Methanol was removed by rotary |
evaporatorband the residue taken in water (500 ml). Potassium ions
were removed from the solution by treating with Amberlite IR-120 (Hﬁ)
resin and then takenAto 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—2—g1ucitol and E—glucitol as shown by paper chromatography in
solvent (butanol:ethanol:water; 40:ﬁ1:19). The syrup was fractionated on
a cellulose column (7.5 x 80 cm), elufing with n-butanol séturated with
water. Fractions containing the 1-deoxy-D-glucitol were combined and

concentrated to a white solid which on recrystallisation from ethanol had

61
mep. 128 = 129°, 1it. m.p. 128 - 129°, yield 2.5 g.

Experiment 44 1-Deoxy-D-glucitol

A - Glucose diethyl thinaret-]

A solution of D-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

mercaptal (50 g), m.p. 128,

B — Desulphurisation of D-Glnense diethyl thioacetal

A solution of the title compound (30 g) in 80% ethanol (500 ml)
was mixed with freshly prepared Raney Nickel (500 ml). The reaction was
carried out as in Experiment 23-D to give the pure 1—deoxy—2—g1ucitol (12 )

(crystallised from ethanol), m.p. and mixed m.p. 129 - 130°.
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Experiment 45 2,4:5,6ﬁ2370-butylidene—1—deoxy—nglucitol

A mixture of 1-deoxy-D-glucitol (3 &), n-butyraldehyde (3 ml) and
concentrated hydrobromic acid (1 ml) was shaken overnight at rooﬁ
temperature and then extracted with petroleum ether (60 — 800).

The extract was neutralised ﬁith 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 showea>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 (10_m1 each) contained polymeric
»produéts of butyraldehyde and the next 100 fractions contained the
2,4:5,6-diacetal which behaved as a single substance on t.l.c. (sol&ent B
‘and‘solvent A). Yield 1 g. (Found: ¢, 6?.34; H, 9.44. C14H26O5
requires: C, 61.28; H, 9.55%). '

Experiment 46  The Unknown dibutylidene—1—deoxy425g1ucitols

1-deoxy42—glucitol (0.5 g) was diésolved in concentrated hydrobromic
acid (0.2 ml) and mixed with n-butyraldehyde (0.4 ml). The reaction was -
stoppped after 2.5 h; 5y néutralising 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 —50 for 2 days, m.p. 67—690, yield 30 mg.

(Found: C, 61.49; H, 9.54).

Experiment 47 3—0—Acetxl—2,4:5,6ﬁggﬂ}buty1idene—1—deoxy—g-glucitol

A solution of di—gfbutylidene—1—deoxy—2—glucitol (0.2 g) in pyridine

(5 ml) was treated with acetic anhydride (1 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. (Found: C, 60.58;

H, 8.76. C16H2806 requires: C, 60.73; H, 8.92%).

Experiment 48 Methylation of 2,4:5,6-di-0-butylidene-1-deoxy-D—
, glucitol
A solution of the diacetal (0.4 g) in dry dimethyl formamide (10 ml)
was stirred at room temperature with silver oxide (6 g) and methyl iodide

(6 ml) for 15 h. The syrupy methylated diacetal (0.3 g) was obtained as

in Experiment 7. (Found: C, 63.51; H, 9.93; OMe, 12.09.

C15H2805 requires: C, 62.47; H, 9.78; OMe, 10.76%).

Experiment 49  Hydrolysis of 2,4:5,6-di-O-butylidene-3-O-methyl-1-

deoxy-D-glucitol

The methylated acetal (0.25 g) was refluxed with O.1 E;hydrochloric
acid (10 ml) for 5 h. The cooled reaction mixture was poured into water
(25 ml), whereupon a brown o0il separated, which was removéd by extractioﬁ
with a little chloroform. .The water layer, on evaporation gave the pure

syrupy monomethyl ether of 1-deoxy-D-glucitol (0.15 g).. (Found: C, 46.99;

H, 8.84; OMe, 17.02. C7H1605 requires: C, 46.14; H, 8.85; OMe, 17.03%).

Experiment 50 2,4—0—Butxﬂidene45,6~O-isopropy1idene—1-deoxy;

D-glucitol
2,4-0-Butylidene—1-deoxy-D-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 sﬁlphuric 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 evaporatioﬁ yielded a syrup

(0.1 g) for which $.1.0. in solvent B, showed one spot Ry = 0.38.

(Found: C, 60.35; H, 9.26. C, 38,05 requires: C, 59.97; H, 9.29%).

Experiment 51 Preparation of 2-8eoxy-D-glucitol

2-Deoxy-D-glucose (1 g) and sodium borohydride (0.2 g) were dissolved
in water (10 ml), and kept at room temperature for 24 h. 2-Deoxy
-D-glucitol was obtained as in Experiment 24 and crystailised from

ethanol, yield 0.9 g (86%) m.p. 105 ~ 106°, 1it§]m.p. 105 - 106°.

Experiment 52 1,3:4,67E§70—butylidene—Z—deoxjAQ-gluoitol

2—Deoxy—2—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 ﬁas neutralised by the addition of sodium
hydroxide solution and rotafy evaporated to dryness. The residue was
extracted with light petroleum, which on concentration and keéping at
-5°, gave the crystals of 1,3:4,6-diacetal (1.8 g) Ry = 0.42 (solvent B),
[a]%s = +16°(cﬂ in carbon tetrachloride) m.p. 61 — 6;0 after .
recrystallisation. (Found: C, 61.13; H, 9.38. C14H2605 requires:.
'C, 61.28; H, 9.55%).

The diacetal (0.1 g) was aéetylated 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 53 SADABenzoy1—1,3:4,6—§£;O—butylidene—Z—deoxy—Q—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

vacuun gave the syrupy monobengoate which did not crystallise. Yield

2 g. I.r. spectroscopy did not'show any absorptions in the hydroxyl
stretching range. (Found: C, 66.64; H, 7.15. C21H3006 requires:
C, 66.64; H, T.99%).

Experiment 54 Acid hydrolysis of 5-0-benzoyl-1,3:4,6-di-O-butylidene

~2~deoxy-D-glucitol

The foregoing benzoate (1.9 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 ﬁith hot
ethanol. The concentrated ethanol solution gave crystals on standing

overnight in a cool place. Recrystallised monobenzoyl-2-deoxy-D-glucitol

had m.p. 160 - 162°, T.r. spectrum showed carbonyl absorption, n.m.r.
spectrum gave aromatic signals (integrated for 5 protons). (Found:

C, 57.41; H, 6.75. C13H1806 requires: C, 57.76; H, 6.71%).

Experiment 55 3,4,5,6—Tetra—0~aoetyl-1—O—benzoyl—Z—deoxy—Q—

glucitol
The monobenzoyl-2-deoxy-D-glucitol (50 mg) (from the Experiment 54)

was dissolved in pyridine and treated with acetic anhydride (1 ml), at
room temperature for 2 days and then poured into water. The crystals

(50 mg) which separated on cooling at Oo, were filtered, washed with
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water and dried, m.p. 69 - 71°. (Found: ¢, 58.11; H, 5.66.

021H2601O requires: C, 57.52; H, 5.97%5.‘

 Experiment 56  5-O-Methyl-1,3:4,6-di-O-butylidene~2-deoxy-D-glucitol

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, aé a liquid which was distilled under reduced pressure,
b.p. 172 - 1780/8 mm Hg, yield 0.5 g. (Found: C, 62.33; H, 9.97;

OMe; 10.52. C15Hé805 requires: C, 62.47; H, 9.78; OMe, 10.76%).

Experiment 57 Kinetically Controlled Reaction of 2-Deoxy-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 % min. by neutralising with sodiumv
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 Ry = 0.42
(1,3:4,6-diacetal), BF = 0.50 (kinetically controlled unknow; diacetal) .

==

Experiment 58 Acid hydrolysis of 5-O-methyl-1,3:4,6-di-O-butylidene—

—2-deoxy-D-glucitol

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 —50 overnight,

whereupon syrupy 5-O-methyl-2-deoxy-D-glucitol (0.1 g) separated, t.l.c.

of which showed one spot EF = 0.03 in solvent B.
The above monomethyl ether (60 mg) was acetylated in pyridine
(2 ml1) with acetic anhydride (1 ml) at room temperature for 14 h, to give

the 1,3,4,6-tetra-O-acetyl-5-0-methyl-2—-deoxy-D-glucitol as a pale

yellow syrup (75 mg), (Found: €, 51.56; H, 6.85; OMe, 8.93.

015Hé409 requires: C, 51.71; H, 6.94; OMe, 8.90%).

Experiment 59 4,6-O—Buty1idene—g—galaotopyranose
| D-Calactose (10 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 N-sodium hydroxide. The water was removed under reduced
pressure, to leave a syrup which was extracted with ethanol-ethyl. acetate
(250 m1; 1:1, V/v). Evaporation of the solvent left a hygroscopic solid
(15 g) which showed some unreacted Q—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.4,6-O-butylidene acetal,

which was crystallised and recrystallised from dry acetone, yield 3.4 g,
m.p. 119,5-121,5° . (Found: C, 51.17; H, T7.57. C1OH17O6 requires:
Cy 51.49; H, T7.34%).

Experiment 60 . A’s_o_butylidene_1,2,3_Tri_o_aoetyi-B—E—galactopyranose

4,6-9;Butylidene—Q—galactose (0.3 g) was acetylated in pyridine (5 ml)

with acetic anhydride (2 ml) at room temperature for 16 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° (Found: C, 53.39; H, 6.75.

C16H24Q9Arequires: C, 53.32; H, 6.71%).

Experiment 61 4,640—Butxlidene—1,2,3-$ri-0—acetyl—B—Q—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 1it. m.p. 162-1640.

Evnerimant 62 4,6-0—BntVIidnn9~D—~a]Pcfitol

The crude 4,6-0-butylidene-D-csalactose (22) was reduced with
sodium borohydride (0.3 g) as in experiment 51,to zive 4,6-O-buylidene~

D-salactitol (1,3 &),m.n.72-74°,R =0.27 (solvent A).

Tyveriment €3 Convertion of 2,4:5,6-Di-0O-butvlidore-3-O-methvl-

Derlveitol into 1-Deoxv-derivative
=

A solution of 2,4:5,6-di-0-butylidene-3-O-methyl-D-slucitol (0.5 g)
and toluens-p-sulvhonyl chloride (0,36 g) in pyridine (5 ml) wae stored
overnight at room temperature.A small amount of water was added and
the mixture was voured into a solution of sodium bicerbonate,The syrup
which senarated was extracted with chloroform,Evaporation of the solvent

gave the syrupy tosvl derivative (0.4 g).(Found: €,57.82; H,7,98,

c S requires: C,57.625 H,T7.47%5).

22H3408
Lithium aluminium hydride (0.3 g)was added to a solution of the

foregoing toluene-p-sulphonate (0.3 g) in ether (20 nl) and refluxed

for 12 h,Txcess reductant‘was destroyed with ethyl acetate and

the alcoholates with water.Bvaporation of the ether gave the syrupy(o.g g)

l-deoxy derivative.The n.m.r. svectrum of the vroduct confirmed theA

presence of deoxy groun in theAmolecule.

R..m.‘c‘

Uik apy
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