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ABSTRACT
: 5

- .
£

The effect of equatorial substituénts, vicinal toﬁthe'
aglyconic carbon atom, on the preferred‘orientations for a
6-membercd aglycon about the glycosidrc‘boqd systcm in -
solution is systematically investigated. R iwl £

Data based on optical rotation and carbon-13 Natural
abundance studies of cyclohexyl D—glucopyraﬁbsideg"sug~ ‘.i

* ’ ”
stituted (1'R)- ?nd (l'S)—trann—Z'—cyClohgﬁyl D—qjf:'x“QO}gyrano;‘i
-sides and (2'R);trans—(6'S)—tran;;diméthﬁicydlohegyl D- ?
glucopyranosides is presented and discussed ;n tef,mS 9f the
rotameric preferences for the orientation of the’aglyéon
about the glucosidic iinkage. It is found that th€Se dat;
can bgst be treated from a consideration of the th* e
staggered conformers for the aglycon about the 9—1' to 0-1"
bond, with the aglyconic carbon.atomlin all compoundé
assumed, by reason of the exé anomeric effect, toO be gauche
to the pyranoid ring éxygen atom.

The nature ogbthe equatorii} substituent ih the 3t
position ofhthe cyclohexyl aglycon was changed from Methy,
to hydroxyl, to chloro, to examine both the effectS Of
changes in space requirements on the possible éteric inter-
actions and chénges in the polarity of the substitu€ht Oon
possible dipole interactions, in the threé staggered rota-
mers. ) o

The 6-deoxy derivatives of the above mention d Cyclo-

x4



hexyl and Lrans—2'~methylcyclohexyl D—glucopyranosid@s WQré'

synthesized and their optical rotations measured to study
the effects of subqtl“ytlon on the orientation of the ‘exo-

cyclic C-5 hydroxymethyl function in solution.

@
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I.  INTRODUCTION

A. Conformational analysis of di- and polyspccharides

A

One of the most important functions of poly-
sacqharidés in Nature is their ability to form gels in a
wihc varigty of situations'within the baétg;iél,'plant and
animal kingdoms. Their important bio%pgical functions can
be scen in the formation of the cell plate during divisio;
of plant cells (hence they‘contribute to wall texture and
regulatiég/af cell growth), in animai fluids and connective
tissues,’and in the bacterial capsule. They also haye
widespread commercigi uses; éaiticularly in foodstugfs,
cosmetics, paper and.textiles fl). |

Gel formation can be explained siﬁply as involv-
ing the association of chain segments of polymer molecules
into a three dimensional framework that contains solvent
in the interstices. These associated regions are known as
'junction zones and may dbe formed from two or more polymeric
chains. The mechanism oflgel-formation, hence the physical
aﬁd biological properties, asgociated with them;fé n only
be understood if the precise molecdlarkarrangements and
forces in the junction zones are’known (1) . The problem
can further be reduced to a better understanding of poly¥

*

saccharide conformations which woyld then lead to a better

L



N
understanding of the nature of molecular interactions be-
tween pof&mers, including oligosaccharide antigenic deter-
‘minants with antibodies (proteins).

~ Of crucial importance to the understanding of
polysaccharide conformations is. a knowledge of all the
possible conformations about the\inter—glycosidff linkages
which are formed between two sugar residues (2). Recently,
homopolymers of glgcopyranose, galactopyranose, manno-
pyranbse and arabinopyranose with various positions and
configurations of linkage have been compared by model-
building with the aid of a computer in an attempt to faci-
litate the prediction of simple rules for polysaccharide
conformational analysis and possible’correlation with bio-
logical acti#iéy (3). . ) gﬁ

Basically, the method of computer model-buiféing

assumes that the conformational properties of polysacchar
rides can be determined from two factors:. the conformations
of the indiQidual monosaccharide residues angd ‘the relative
cqﬁformations of respective pairs of monosaccharide
residues 1inkea glycosidically to each other. For)each
monosaécﬁaride unit a set of atomictc co—ordinates-?i de— 4
rived from standard values of bond lengths and anéles from
X-ray crystallographic data and the premise'that common

sugar residues in polysacchafides will favour the_4c1

conformatioq'(4,5,6). The overall conformation of the

A
2



™ ‘ o | 3

polysaccharide chain would then depend only on the angles
' oflrotation about the two bonds to each glycosidic oxygen
atom. These rotational angles, £ermed ¢ and ¢, are illgs—
trated for the B-D-cellobiose residue shown 'in Fig. 1 and

are represented by the torsion angles C-4'/H-1 and C-1/H-4',

respectively.

Fig. 1: The positive torsion’ angles, ¢ and y, for the
g-D-cellobiose residue. The angles are positive since in
each case the reference atoms descr;be a right-handed screw
pattern (7). :

i

\



The numbering scheme embloyed in Fig. 1 for'the
g-D-cellobiose residue is used throughout the remainde£ of
this thesis.A The atoms of the non-reducing sugar (glyco-
sidic portion) are “assigned unprimed numbers; thSEe of the
reducing portion (or the aglycon when referring to, for
example, methyl or cyclohexyl D- glycopyran051des) are
given prlmed numbers. .In O-quc081des, the oxygen atom of
the glycosidic bond is considered to be derived from the
aglycon (or the reducing sugar where ‘bplicable) and; con-
sequently, is nuﬁbered O'. The rotation used to .denote

0

torsion angles, for example A/B, def}nes the angle between
two vicinal atoms, A and B, about a aireCted bond. fhe
. signs (bositive or negative) of the torsion angles (see
Fig. 1) are defined in the manner p%oposed by Brewste)‘(?)
and accepted by Klyne and Prelog (8).

Co-ordinates which refer to any conformation
(¢, ¢¥) of the cellobiosewfesidue are explored systemati—
cally by the .computer by rotation about the 0-4' to C-4"'
bond (changes in y) and about the 0-4"' -to C -1 bond (changes
in ¢) in intervals of 10°,throughout a 360° arc. In this
way, 362 = 1296 possible conformations are saméled. New
co-ordinates are then ca;puiated and uéed to characterize
each of these conformatiens in terms of.infrin§ement of
van der Waale radii and deviation of vaﬁ-déf Waals energy’

minimum. ' The results are expressed in the form of a "confor-

mational map" which shows the combinations.of'¢ and



f;'_no 1nfr1ngement of van der Waals radii. Thus an
appﬁ x1mate area for the most favourable polymer conforma-

tl??/ls estimated. The allowed values of ¢ and w are then

\
fq;ther restricted by calculation of energy minima w1th1n

v

thé 'conformational map" (9-15).
AN O
/i

KJ

—~180 y ah

=120+

ooy '

C 4i20

A i

” 0 ‘
+180

\ T = :

| +180  +120 460 * 0 —60  —120 —180

AW : ‘ ¢ )

W' Fig. 2: Thg.allowed "(enclosed by solid lines) and
marginally allowed (broken lines) conformations of the B~
D-cellobiose residue. The point, @, corresponds to the
crystal structure of g-D-cellobiose and that, 0, to the
Hermans conformation of cellulose. Fully. allowed‘confor—
ma 1on% imply no non-bonded interactions- between two atoms
over dlstances less than the sum of their van der Waals .

radii, - Marginally allowed, conformations imply no non~
bqndeémlnteractlons over dlstances .less than Q.9 times’
the{s of the van der Waals radll between two atoms.

|!'> ‘ . . +

.



An example of*&his computer model—building tech-
nigque as an aid to understan@ing polysaccharide conforma-
tion is‘pnesenFed in fig. i‘fof cellulose (1,9).'.6f the
1296 possible conformations for the B-D-cellobiose residue
of cellulose, 96% of these were rejected on the ogsis of
ster?c cpﬁpression of ¥an der Waals redii. The remaining

4% lie in a well defined region illustrated by meags«of

the "conformational map" shown. “It is thus not surprising
that the cellulose chain 1s somewhat stiff (16,17). On the
ba51s of these ‘computations, the conformatr‘ of g-D-cello-
- biose in the crystalline“state corresponding to (+42°, -18°)
for (¢, ¢) (18,19) was found to be near the energy minimum
fer non- bonded'fnteractlons, with the slight dlsplacement
toward hlgherepotentlal energy favouring the formation of

a hydrogen bond between 0-5 and 0-3'. Similar systématic
exploration of‘al; the éossible conformations of eellulose
" was considered to ihdicate 21,9) that the "Hermans" or
"bent-chain" conﬁbrmation_(ZO);‘correePon ing to (+25°
—34°i/for each }o, v), is the oniy one thch is relatively
.freebfrom nonéoondéd interdcfions and .also permi{s hydro—'
gen bondlﬂg between 0-5 and 0 3' of contlguous re51dues."
The total van der ‘Waals energy is. ralsed a little above the

dlsaccharlde values to ‘allow for the thfold screw axis: ‘and

thus to permlt efflclent packlng of the polymer chalns.



. .
3 -

In a survey of general polysaccharide types (8=
and a-D- glucans, ~D- galactans, -D-mannans’ and -D- arablnans),
dlfférlng in linkage positions, Rees (3). proposed sEveral
generallzatlons pert;:nlng to polysaccharlde conformatlonal

naly81s with the, aid of computer model- bu%ldlng prev1ously
discussed. Since this thes;s is concerned primarily with
an examination of the conformations of anomeric D—glucpf
pyranosides, Rees' (3) observations will be restricted to 4
those involving 8- andu—D~glucans and —D—galactens. The
>observatlons w1ll be further restrlcted by dlSCUS51ng ‘only

the conformations of the repeating dlsaccharlde re51dues

appcarlng in these polysaccharldes. For example, observa—

b

tions pertalnlng to 8 -D-glucans thh 1-4" gluc051dlc-‘;”p
linkages w1ll refer to the 4-0-(R-DR- glucopyranosyl) g~D-—
glucopyranose re51due . o _ v
To qualitatively assess the effect that substi-

tuent groups on the vicinal carbon atoms.of the glycosidicv
linkage have on. ;he alewed conformatlons abéut tge glyco—
sidic bond in these D- glucans and D- galactans, tﬁg torsion
angles {d, ¥, denotlng;one partleular conformation, were
avé;aged,nﬁmerically for each polysaccharide'overyallo
allowed conformations. "These avefege torsion angles are
denoted as ; and v and are defined in a like manner to that
vqin Fig; 1. | - | |

co .1 . | |

-
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"l‘lu_‘.sc‘calculdti()ns showed that the torsion angle

-
o

¢ was rcasonably constant for most of the g-and a-linked
disaccharide residucs studied and was seen to boe little

affectod l)) substituent qxdupo on the carbons bonded to the

carbon of the aglyce on wh1ch f(ums the q]yco‘ idic linkaqge,
Throuqhout this thesis, this carhon will be termed the

aglyconic carbon, in contrast to the other carbon involved

in a qiycosidic‘linkagq\whigh is termcd the anomeric carbon.
This is shown pictb£%§lly in Pag. 3. Relatively large
S : It

changes', however, were found to occur in the average values

for y as the result af changes in the naturc, of the oqua~‘

torial-substituents vicinal to the aglyconic carbon. The

changes occurring in | werce rationalized in terms of rota-

.

tion of the aglycon (reducing sugar portion) away from a

larger substituent interaction or towards a smaller iptcer-
. \

o

action.

° n ? -
&£

anomeric carbon ) aglyconic carbon
' - Pt
Fig. 3: Partial glycosidic structure show1ng th\
anomeric and aglyconic cafbon;atqps.

L3
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These conclusions regarding the effoct of sub-
stituthnn;?nytho carbons adjacent to the aglyconic carbdh_
are well demonstrated by n-considvratjon of ﬁho three
staggered orientations for the aglycon (y = 460°, -60°%,
and 180°%) in anomeric D-glycopyranosides where the value
for qxl is kept' at 60°.  1In this regard, it is well tlo Koep
in mind that the value of ¢ = 60° is favoured not onlv for
steric rcasons (min%mum van der Waal conflict)‘but is also
stabilized by the cxo Anomeric effect (21) . oThus, it is
rcasonable to assume that, in general, Aanostion arising

|

in a given conformation will likely be rd\icved mainly by

a change in ¢ rather than in $ and that ¢ wN\l1 remain near
60° .
Figure 4 provides conformational formulas for

.

khe three staggered orientations of a six-membered aglycon
-
in a B-D-glycopyranoside. Thesc tonformations here and
throughout the thesis arc<rofcrrod to as the d, ¢ and f
conformations. \fH is difficult fo prcesent proper confor-
mational foYmulas for ﬁhoso structurcs and it is best to
use molecular models. Nevertheless, the formulas hélp to
proyide an appreciation of the imﬁortant non-bonded inter-
actions which occur as a result of the introduction of

substituents on the carbons bonded to the aglyconic carbon.

It is scen that in conformer d, an equatorial grqup at E



10
E
£ -
d
O E- :
- wo
: E
H
9.
£
~ 0 A
30
H f
A .
E
£
Fig. 4: Staggered conformations involving the changes

-in the torsion angle ¥ for a 8-D-glycopyranoside in the
Cl conformation.
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is directed toward the anomer ic hydrogen{: Thi§‘group is
well away f{rom the pyranose ring in conformérs e and f.
An cquatorial.substitucnt, k', causés no non»bonded inter-
actions in conformers d Or f, but strong interactions in
conformer c. Axial substituents do not intcract with the
pyranose ring except in conformer t, where the substituent
A in&eracts strongly with the andﬁcric hydrogen and this
conformation is likely not important in any glycosidic
structure with ¢ maintained at 60°.

Figure 5 provides the conformational formulas for
an a-D-glycopyranoside with staggered orientations for the
six-membered aglycon ring. It is seen that an equatorial
substituent, E, has a strong non-bonded interaction with
the pyranose ring in conformers d and f but not in confor-
mer e. on the other hang, an equatorial substituent, E',
will destabilize nonc of Ehc§e conformations.° Axial sub-
stjituents cause no intcracﬁions in conformer 4, but a
substituent at A' 1is unacceptable .for conformer e. Substi-

tution at both axial positions afd forbidden for conformer

‘;) A more detailed conformational analysis of -these
conformations is presented in the Discussion with reference
to an attempt to ratijonalize optical rotation and 13C—n.m.r.

data for the model comp®unds chosen fér this study.

-

-

-

?

-
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Fig. 5: Staggered conformations involving changes
in the torsion angle y for an a-D-glycopyranoside ipn the
Cl conformation.
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B. Objectives of this study

The preceding discussion has shown the importance
of knowing the conformatiops about glycosiékc iinkages and
the con%iderable interest showh in this basic problem of
carbohydratc conformational analysis. Yet,,to date, no
systematic investigations of the structural feaﬁures which
can account for the preferrgd values for the torsion angles
¢ and ¢y have been made. This study was therefore concefned
with the synthesis-of a number of model compounds expected
to be useful in this regard.

The r?search was restricted to cyclohexyl a- and
B-D-glucopyranoside derivatives and a systematic study of
the ‘influences that cquatorial substituents in the 2"and
6' positions of the aglycon have on the preferred confor-
mations about the glucosidic gond. The model compouﬁds, as
illustrated in Figs. 6-7, were also chosen for this study
due to their close structural similar&ty to ao- and g-linked
disaccharides , if it is assgmed that cyclohé*ane and
pyranose ring geomefries are similar. X-ray crystal struc-
ture analyses of a number of sugar pyranoses‘indicate that
the valence anglé at the ring o#ygeﬁ atom is mostly greater
than that at the carbon atoms, which seems to counteract

the effect of the two short carbon-ox&@en bonds when com-

. pared with the carbon-carbon bonds of cyclohexane (2,5).
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From Phis, it may be inferréd that distances between the '?
ring carbon atoms of the pyranose ring are not very
différent from those in the regular cyclohexane'ring.
Furthermore, conformational free energy calculations (22)
and X-ray and neﬂﬁron diffraétiOn studies' (23) on hexo-
pyranoid sugar derivatives with the glﬁco configuration
indicate that the 4Cl conformers are the more favoured
form in solution. Thus, any changes occurring in the
conformation about the glucosidic linkage from one model
ggzgpund to another should be due solely to the nature of
tﬁe equatorially disposed substituents (R and R') on the
aglycon, as the conformation of the glucose ring is expected
to be the same in all cases.,. -

| The principle measurement used is optical rotation
since it can be expected (24) that changes in the torsion
angles denoted by ¢ and y, as the result of changes in the
nature of R and R', would strongly affect the sign and
magnitude of this molecular property. However, the recent
evidence for the profound chemical shifts for carbon-13
atoms which occurlthrough steric compréésion (25-30)
sugéested tha£ carbon-13 n.m.r. could also likely aid in
.assessing conformational changes.

In view of the non-polar charactef 6f the methyl-

cyclohexyl aglycon it was hoped that the preferred confor-

r ' .
matigns for cdmpounds ?, 6, 9 and {2 would result mainly

F ]
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.

from steric interactions and that the conformation® found

in the crystalline state could reflect those in aqueous ;ﬁ
solution. Therefore, an effort was made (31) to achieve

the X-ray crystallographic structures f these model com- .
pounds as a possible aid in determiningwfhe conformations
about the glucosidic bond éYstem in these molecules.

The nature of the equatorially oriented substi-
tuents (Rand R') was changd® from methyl, to hydro*yi, to
chloro, iQ order to examine”tﬁe effects of both'chénges in
space requirements on the possible steric interactions and
of chaﬁges in the polarity of the substituent on possible
dipole interactions including intramolecular hydrogen bond-
ing and hydrdgen bonding with the solvent about the gluco-
sidic linkage. The 6-deoxy derivatives of the above
mentiohed glucopyranosides 37, 39, 44, 46, 51 an8 53 were
synthesized and their optical rotations measured to deter-
mine whether or not the contribution by the exzo-¢yclic CfS
hydroxymethyl group to molecular rotation remained constant
with changes in the structure of the aglycon and changes in
configuration at the anomeric center.

'It is necessary that thé range bf allowed values

’
for the tor51on angles ¢ and .y be restrlcted in qrder to
fac111tate the con51deratlon of rotameric preferences about

the gluc031dlc bond system. Therefore, the remalnlng portlou/"

~of this introduction will center mainly on observations and
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physical evidence that restrict the number of possible con-

formations about the glycosidic linkage to be considered.

C. The prefered rotamers for the aglycon about the

anomeric bond in a- and $-D-glycopyranosides

1. The exo anomeric effect..

The enhaﬁced stability of“elgstronegative (acetoxy,
halogeno, and methoxyf substituents’asso¢iated with the
preference for axial over equatorial gubstitution on C-1 of
a pyranoid ring was first discussed by Edward (32) on the
basis of assumed conformations. The preference for polar
aglycon groups to assume an axial diSposi£ion was firmly
_established through n.m.r. studies (33), and the phenémenon
termed the "anomeric effect" by‘Lemieux and Chu (34,35)."
The term "generalized anomeric effect" was introduced (36)
‘to explain similar observatidns inisubstituted ;etrahyérb-
pyrans (37-43), steroids (44) and heterocyclic ring systems
vincluding 1,3— and 1,4-dioxanes (45~48), l,4—dithiané; (49)
and 1,4-thioxanes (SO). The many. differing views (32{34-55,
40,51-54) on the natuté.and origins of the anomeric effept

. "/-'
have been the subject of a recent review by Martin (55) and

are .similarly discussed in a recent book by Stoddart .(56) on
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carbohydrate conformational analysis. The anomeric effact

has also been the subject of, several recent theoretical

J ‘ :
investigations involving ab initio quantum mechanical cal-~

AR

culations: for fluoromethanol (57) and methanediol (58-59),

the simplest ﬁodel compounds expected to show such an effect.
When considering the preferred orientations of

the aglycon in «~ and g-D- -glycopyranosides, the aglycon

should tend to adopt the a- a and B’a conformatlons shown

in Flg 8,‘fespect1ve&y, both for reasons of the anomeric
effect and ste;;c consiéeratidns (60-61) . This apparent
preference for the R group to adopt a syﬁ—clinal orientation
with respect to 0-5 and dnti-paralleljto C-2 in anomeric .
D-glycopyranosides has been termed the exo anomeric effect
by Lemleux, Piyla et al. (21). "Indeed, X- -ray crystallo-
‘graphic studles (62~ 647‘Zn a number of g}g§051dlc structureg

have found the aglycons to be in these orlentatlons.

However, in solution, the possibility exists that other con-

_formations with staggered orientations for the aglycon about
the‘anomeric Center might be important and these also are
shewn in Fig. 8. The relative importante of the three

. staggered.orieetations for the aglycon in D-glycopyranosides
* is discussed below w1th reference to th conformers, for :
;methyl o= énd g D-glucopyran051de. «

Con51der, flrst of all, the staggered conformers:

for methyl. u-D~glucopyran051de shown in Flg. 9. It is seen

s

~—— . o - : . /

~

.
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at once that steric .and non-bonded interactions strongly

favour the a-a conformer. This follows since the a-c con-

~ -~

former not only does not conform to the stabilizing influence

" of the exo anomeric effect but has the methyl group in syne<

[

diaxial—like relationship with the 2-hydroxyl group. Thus,

' it must be expected that the a-c conformer is over 4 Kcal/

mole less stable.than the a-a conformer. In the case of

the e—b‘conformer, the methyl group is in syn—diaxialilike
relationship both with H-3 and H-5. Thus, although this
eonformation has the penefit of the anomeric effect, it
must also be several Kcal/mole,less stable‘than the a-a
conformer.‘ Evidence based on optical rotation data will be

presented later on which confirms these conclusions.
. ' ' ' ”

OH

onl | .
a ' b _ c
. ~ -~ ‘ ~
Fig. 9: The three staggered conformers for the
.Sglycon in methyl a- D—glucopyran051de.

» .

The situatlon with regard ‘to the staggered con-

. formers for methyl B-D- glucopyran051de shown in F1g 10\15

not as stralghtforward. In this case, the g-c conformer

-~

does not have the benefit of the exo anomeric effect and
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has .the methyl group in apn-diaxial-like relationship with

’

the 2-hydroxy qgroup. Clecarly, this conformer is scveral

Kcal/mole less stable than g-a.  Although the g-a and é~b

conformers must at this time be considered as equivalent

)

- 4 3 . :
with regard to tha cxo anomeric offect, steric considera-

tions favour the p-a conformer over the fi-c «<onformer.

However, the driving force for the conversion of p-b to

fi—a cannot be expected to be more than about 2 Kcal/molce

(that is, about the A value for a methyl group on a

cyclohexane ring (56). Therefore, to assume that the S-b con-

former has a neqgligible contribution requires coxperimental

evidenct. F[Ividence in support of this contention is pro-

vided by a consideration of the rotations for tht methyl

. \
glycopyranosides shown in Table 1.
OH OH
O o CH3
HO HO
O---CH o
HO 3 HO
OH
a ; b

Fig. 10: The three staggered cqnformcrs for the
aglycon in methyl ¢-D-glucopyranosidc. g

i
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TABLE 1

A comparison of the molecular rotations for some methyl D-

glycdopyranosides and their corresponding D-glycopyranoses

e e e R St
T

, Molccular Rotations (°)*
D-Glucopyranose Mcthyl D-glycopyranoside Diff.
a=-D-gluco +202 +309 +107
a=D=manno + 53 o +154 ] +101
B-D—:JZM(‘() B Y 34~ L] - 66 -100

) . N - 4

ol A
g~D-marnne - 31 . ~-135 -104
“a L4
- —

* Values for the molecular' rotations were reported in
a paper by Lemicux and Martin (65) and references quoted
therein. i ‘
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As showh in this table, the differences in
molecular rotation between the methyl g-D-glycopyranosides
and their corresponding g-D-glycopyranoses is constant at
~102 + 2°.  1f the #-b conformer existed to any appreciable

extent’ in solution, it might be expected that this conformer
. ) ,
would be morg\favourablo in the glycopyranoside with the

gluco configuration as the g-b conformer in methyl g-D-

i

mannopyranoside has the methoxy group syn-diaxial to the
C-2 hydroxy group and would be less stable due to steric
considerations. However, due to the constant difference in
molecular rotation observed, it must be argued that the g8-b
conformer is negligible in methyi g-D-glucopyranoside as
well and that the aglycon prefers the orientation in the
a conformer for both g-D-glycopyranosides. Moreover, since
the magnitude of this difference in molecular rotation is
the same, and constant, for the a-linked dc}ivatives, the
a-a conformer must also exist almost exclusively in
solution.

Similar éonclusions as to the rotameric preferen-
ces for the aglycon were drawn by de Hoog and co-workers (66)
by dipole moment measurements and'lu coupling constant data
for the equilibrium of axially and equatorially substituted
2-alkoxy~-tetrahydropyrans. The authors found tgat out of
the six possiblé staggered conformers for the alkoxy sub-

stituent (cf. Fig. 8), only two predominated, these being

a~a for axial anomers and f-a for equatorial anomers.,

- & ~

T



2. X-ray crystallographic and vicinal carbon-13 proton

coupling studies.

From an analysis of the torsion angles about the
glycosidic linkages in mono- and disaccharides in the
crysfallinc state it is possible, if thesc angles persist
in solution, to predict the favoured orientation for the
aglycon about the anomeric bond in solution. The appro-
priatc.torsion angle ¢ observed in the known crystal struc-
tures of anomeric methyl qucopyranosides is presented in
Table 2. As is scen, the range of values for the torsion
rangle ¢, which constitutes an expression of the exo anomeric
effect, are constant for the anomeric &—glycopyranosides
shown. Specifically, ¢ has values close to -60° for the

a—anomers and values close to +50° for the f-anomers.

These values for the torsion angle define the orientation

of the methyl aglycon in the a-a and f-a conformers,

respectively, predicted to exist most favourably in solution.

\ .

One might argue that this correspondence between
the predicted conformation in solution and that observed in
éhc solid state by X-Ray analysis is fortuitous due to the
fact that directional intermolecular forées in the solid
state play an important part in establishing the structure,
and hence the confofmation of the molecule. HoWwever, in

4

the simple methyl glycosides, the orientation of thc methyl
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Torsion angle ¢ in some D-glycopyra#osides defining

<3 the orientation of the methyl aglycon

Compound Ref. ¢ (°)*

\
Me a-D-glucopyranoside 62 -57
Me 4,6-dichloro-4,6-dideoxy~ 67 150.5
a-D-glucopyranoside
»

Me o-D-galactopyranoside 68a -57
ﬁé a-D-mannopyranoside 68b -59
Me a-D-altropyranoside 68c -56
Me B-xylopyranoside 69 +47.7
Me l-thio-8-D-xylopyranoside 70 +55.2
Me ﬁ:maltopyranoside 63 +50.8
Me B-D-cellobioside 71 +43.8

L]

f

by subtracting 120° and, therefore, are expected to

. -
* These valucs were calculated from the torsion angle
defined by the aglyconic carbon and the ring, K oxygen atom

approximate the value for ¢.

-



TABLE 3

Torsion angle ¢ in some disaccharides defining

the orientation of the aglycon

g adaa S

Compound Ref. ‘ ¢ (°)*

0-a-D-galactopyranosyl-(1-6) 72 ~48.2
a-D-glucopyranosyl residue of
Raffinose Pentahydrate

0-a-D-galactopyranosyl-(1-6)~ 73 ‘ -53.5
g-D~fructofuranosyl residue .
of Planteose Dihydrate

Methyl g-D-maltopyranoside “63 - 9.2
O—G—D—giucopyranosyl—(1*1)— | 74 - +58.3
a-D-glucopyranoside +45.3
B-D-cellobiose | 19 +43.8
Methyl g-D-cellobioside 71 ‘ +31.1

* These 6alues were calculated from the torsion ‘angle
defined by the aglyconic .carbon and the ring oxygen atom.
by subtracting 120° and, therefore, are expected to
approximate the value for s¢.

o



group-is not subject to directional intermolecular hydrogen .
bonding and the conformation of thé molecule in the solid.
state may well approximate that predicted to exist most
favourably in solution.

The values for the torsion angle ¢ observed in
the anWn crystal structures of 'several ai;'aﬁd trisaccha-
rides are presented separately in®Table 3, for unlike
simple methyl glycopyranosides, the conformations of these
more comilex sugars in the solid state are subject to
directional intermolecular hydrogen bonding and crystal
packing forces. As expected, the valués for the torsion
angle ¢ are more varied than ﬁhose obséfved for simple
methyl glycopyranosides. .In the case éf the «-(1-6)- and
-~(1»1)-linked disaccharides, the values of ¢ show felativel§<\/ﬁl
little deviation from the value of ~‘6.0° as predicted by the
exo anomeric effect. For thg g- and a—(i;4)—liﬁked
disaccharides, considerable deviation from $=60° is noted
gnd is attributed’to the intermolecular and intramolecular
hydrogen bonding'foundﬁfh the éolid skate for these
molecules: The torsion angle between the aglyconic carbon-"
aha H-1 (%) is mué¢h smallgr to allow for tﬁe formation of |
an intramoleculag hydrogen bond between 0-3' and O-5 in
both methyl %—g;cellobioside and B—D—celloﬁ?ose and between
0-3' and 0-2 in methyl B-D—héltop&ranoside. 'Differences in
crystal packing forces could also be reflected in these - N
changes in ¢ values. : o . .

. | ~
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Further evidence for preferred rotameric confor-
mations can be deduced from studies of'vicinalll3c to proton
~coupling over the anomefip bond. Presently under investi-
gation (75) is a study of vicinal 13C coupling constants
for alkyl a- and g~D-glucopyranosides, their 2-deoxy deri-
vatives and methyl o- égd g-D-mannopyranosides. The most
constant factor observed in the study was that the coﬁpling
constants of the'g-glycosides were greater than those’of
the corresponding a-glycosides. The absence of a severe
depression in the size of the vicinal coupling constant for
methyl B—D—mannopyranoside ruled out the interpretation
that thc larger coupling constants observed in the B8-linked
QEycosides was due to the presence of a substantial propor-
£ion of the g-b rotamer in solutidn. The presenée of an
axial hydroxyl grou§ at C-2 in methyl g-D-mannopyranoside
would be expected to reduce the population of the R-b
" rotamer to'insignificant levels by reason of the 1,3+syn-
diaxial interaction between the methyl andghydroxyl groups
in the rotamer. A preliminary explanation offered was that
the torsion angle ¢ waé jess than 60° and hence the vicinal.
coupling constant would be expected to be somcwhaf larger
if the coupling constants did, indeed, depend\on’the,tprsion
angle (76). Sﬁpﬁort for this explanation can be defived
from X-ray crystallographic data. and nuclear overhauser

; e :

3 . 2

experiments. -

)
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Nuclear Overhauser studies on methy] o- and g-D-
glucopyranosides and their 6-deoxy derivatives (75) only
showed an enhancement ratio for the B-anomers, thus indi-

cating that the mcthyl protons in the B8-glycoside were
W

closer to H-1 and hence the explanation that ¢ was less than

')

60°

A possible explanation for the observation that the
vicin;l coupling constants for a—D~glycopyr§nosides wagwin
all cases smaller than for the Bg-anomers was also de;1Ved
from X-ray crystallographic data and the negative result
observed in nuclear Overhauser experiments. X—ray data
shows that in most cases the torsional angle ¢ has vglues
~close to 60°. If this angle persists in solution, tﬁen it
is expected thatA§he coupling constant fbf a-D-glycopyrano-

* f
sides should be smaller when compared to the torsion angle

o

¢ = 50° for B—gljcopyranoéives. o

\

0

D. gmgifical rules for the prediction of carbohydrate

optical rotations

4

1. Conformational asymmetry.

In the theoretical investigation of optical rotation

to follow, contribfitions to rotation from individual asym-

metric carbon atoms are considered to be small or negligible.

~
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These are independent of conformational geometry and hence
N \ '
independent of conformational distributions.
According to Whiffen (77) and'Brewster (7), the

I
large rotations of saturated cyclic compounds cgn be

s
expected, for the most part, to arise from conformatlonal
rather than atomic asymmetry. The simplest éxamples of .
asymmetric conformational units, the three-bond (4 atom)
chains, are shown in Fig; 11. It was shown that such units
can give rise to‘ootical activity and it was proposedithat
the magnitude of the optical activity is a function of ‘the
sine of the torsion angle O (24). The units that are con-
51dered in these emplrlcal rules to be discussed orlglnate

in staggered conformatlons where 0 is ideally 60°, -60°,

or 180°.
2., The empirical rules of Lemieux and Martin.

Lemicux and Martin (65), following Whiffen's
procedure (77), recenfly proposed what appeared to og a
convenient set of simplified rules for the estimation of
asymmetric three-bond conformational units formed by
sterminal carbon and;oxygen atomsﬂiq a gauche relationshiga
Units that terminated in .hydrogen or hydrogens were con-
SLdered *to make a negliglble contrlbutlon to rotatory power.
’ They requlred only three parameters to deecrlbe the three

bond asymmetric unit deflned as 0/0, 0/C and C_/O. A
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fourth unit, C,/C was needed to calculate the molecular

;otation§ of 0-methyl derivatives' of pyranoid compounds.
This theoretical treatment is to be uséd in the
Discussion in an attempt to calculate-'the rotamer popula-
tions for the orientation of the cyclohexyl ring about the ©
glucopyranoside linkage (cf. conformers d, e and f shown
%n Figs. 4-5) for the model compounds chosen for this study.
Only Lemieux and Martin's (65) original value of +115° for
the CO/O rotatq;xpooqtribution is maintained. The values
for the 0/0 and C/0 rotatory contributions as ofiginally
assigned are different. Contributions .to molecular rotatioh
from these paramete?s are assighed py a conéideration 6f
the molecular rotations observed for the enaﬁtiomeric §ub—
stituted cyclohexanols shown in Table 4. 1In these moleéules,_
the only ex@ected con£ribution to rotation is the asymmetrié
conformational unit defined by the.ﬁydroxy gréup and the
substituent at C-2 in gauche orientation. - Therefore, ﬁhe_
valués aséigned to the 0/0 and C/O parameters are *55° and
+50°, respectively. In the empirical tgeatment of Lemieux
and‘Ma;tin (65), no méﬁ%fgﬁnaég_ﬁad of,thgnpossibie rota-
tory contribution frém a'chloriné é‘om and an oxygen atém'
in a gauche\relationship."Frbm the~moleéu1ar rotation
observed for (-)-trans-2—chlorocycloﬁexanol, a new para-

meter, Cl/0, is defined and given the value of +55°, The

value given to the C07C asymmetric conformational unit

/
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Molecular rotations for a number

of enantiomeric cyclohexanols
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/

\

Alcohol '\‘ ) My (°) Ref.
‘ oA \ ,
(f)—tgans—l,2—Cyclohexaﬂs§ibl -54.0 78
L \\ . ‘
(=) ~trans-2-Methylcyclohexanol -48.9¢) 79 .
. Cy ' :
' \ N i
(-) ~trans-2-Chlorocyclohexanol . -53.8 80
Y
\\ \
\ . : \ .

A



be

— - : - 35

> ‘.

N S . e
will be assigned in the Discussion from a consideration of

L}
]

the rotamer populations for (1'S)-trans-2'-methylcyclohexyl
a—D—glucopyranoside (9). These parameters to be used in
subsequent calculations are summarized in Table 5 along

with their assigned contributory values to molecular

-
hi

rotation.

» TABLE 5

@alues for the 4 atom asymmetric conformational units to

\;, be used in the calculation of rotamer populations
; AtoﬁéWinmgauchq, - Contribution to
relationship .- molecular rotatioh (°)
b
E 0/0 ‘ . . .+ 55
cro e ¥so
e T

c./o. . +115 %
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3. Calculation of a linkage rotation.

\

In an attempt to use optical rotation to estimate
ahd relate to the torsion angles ¢ and ¢ used in connection
with computer modelsbuilding discussed in Sect ion'l—}\, Rees
(81) derived a paramcter known as the "linkaaqe rotation,"”
lA]D' within the context of Kaurmann's (82) principle of
pair-wisce interactions.

The valuce of [A] at a given wavelength, which
represcnts the optical rotation duc to interactions’ across
the glycosidic linkage minus any contributions from the

”

individual monosaccharide units, is given by the following

cquation: .
| ' . .
(a] obs = {MNR] [MMON ] * IM'R]
wvhere
{A)d obss observed 1 in’:;qqo rotatiomnr
[MNR] ~ molecular rotation™for a qiv@n diﬁnccharido'which~
contains a non-reducing EN) and a reducing (R)
‘(, residuc v
[MMCN} - molecular rotation of the méthyqu]yCosido o N
having the same anomeric confiquration as the‘
.disaccharide
(MRL = ;otation of the reducing sugar.

.
* »
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Rees alno showed that the linkage rofation could
be related to the linkage parameters (¢ and ¢) by using the
carlicr observations of Whiffen (77) and Brewster (24) that
A(*h four atom chain, in this case about the glycosidic
linkagcoe, makes a contribution to rotation which depends on

the sine of the torsion angle. The appropriate relation-

ships for f- and w-linked disaccharides are, respectively:

[A]ﬁ -~ 105-120 (sin & + )
(A} = -105-120 (sin & + ¢) ,

D

]

Using valuces of ¢ and ¢ obtained f{rom crystal
. . . \
structure data, Rees predicted to within a few deqrees, the
linkage rotations of sceveral disaccharides. For example,

the appropriate values from crystal structure data for -

D-cellobiose arce ¢ = 42° and ¢ = ~18°, which lecads to
[Acalg]g = +62° in remarkably Oopd agreoement with [Aobs]g =
+59°, For g-D-lactose, & = 31° and ¢ = -25°, and thus
[ACalc]& = +94° an comparcd with (Aops]; = +95°

gTﬂs cluso‘aqrecmcnt between {ACG]C]D and [Aobs]D‘
must, hoyever, be questionced for a number of rceasons. ?he
values for the torsion angles ¢ and ¢ are taken directlf
from X—Fay crystal data and used to calculate rotation

which is then compared with the observed linkage rotation

of a disaccharide in solution. Any agreement must



38

therefore, be fortuitous since it is expected that the tor-
sion angles tound in the solid state could well deviate

f rom thosb found in solution. As mentioned carlier,
dircctional intermolecular hydrogen -bonding and crystal
packinQ}ﬁorCnn aré cxpected to strongly influence the con-
formation of the molcecule, hence ¢ and ¢, in the solid
state. It was also discussed that in solution, the orien-
tation of the aglycon about the anomeric bond would tend to

approach values of ¢ - 60°, both for reasons of the «xo

[ Y - ~

anomeric effect and steric considerations. Using this
valuc of ¢ = 60° and the value of [Aobs]D for B—D~ccl@p~
biovse and t-D-lactose, new values of ¢ for each disaccha-
ride may be calculated. The appropriate calculated values
for G-D-cellobiose and (-D-lactose are, respectively, y =
30° and y = 49°. As noted, these valucs differ siqqi(i~
cantly from those observed from X-ray crystal data and could
possibly be more favoured in solution duc to the greater
tendency toward a staagered orientation of the non-recducing
sugar portion about the dlycosidic linRage. ?or that
mattof, the nature of the cquations for the calculations of
a linkaqe'rotatién lead to a number of solutions deécnding
on the values chosen for the torsion angles ) and y and
give good agreement with [Aobs]D.

It is thus scen that the calculation of a linkage
&

rotation depends on the values chosen for ¢ and i
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Therefore, the use of this parameter is predicting the
orientational tendcncies about the glycosidic bond system

must remain, at best, only an approximation.

LN
E. Carbon-13 chemical shifts

Al

Before preceding to a review of carbon-13 n.m.r.
studies of mono and disaccharides rcleva;t to this study,
it is essential to mestion briefly the work aonc on sub-
stituted cyclohexanes and cyclohexénols. The material
presented here is by no means compfétc, but is simply
intended to mention the hithiqhts of substipution and steric
interactions on the nature o{ the 13C chemical shift. More
extensive treatment can be found in recent 5ooks by Levy
and Nelson (83) and Strothers (84).

Carbon~13 chemical Sﬁifts in the cyclohexane"
series are influenced strongly by conformational and geo-
met;ical factors (25-27). The methylcyclohexanzs, for
which extensive data are available (27) , provide a particu-
larly clear illus£ration of the kind of effects that occur.
In general, individual 13C nuclei;of a compound may experi-
ence either deshielding (shifts to lower field) or increased
shielding (shifts to higher field), the direction and
magnitude of whichlis determined by the position and orien-

tation of the methyl substituents. Enhanced shielding is

#
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attributed mpinly 50 steric hindrance aMsociated with gauche
interactions of the methyl groups, and deshielding to‘relief
of these interactions (27-30). For examplc,'scveral.ljc
nuclei of an isomer containing an axial methyl group come
into resonance at higher field than when the group is
equatorial, similarly, vicinal ﬁethyl groups are associated
with greater shielding than are 1,3- or 1,4-arrangements
(27) .

" The effects of methyl substitutién on the shifts
of alicyclic carbon nuclei as observed by Dalling and Grant
(27) in a series of methylated cyqlohexanes are shown in
Table 6. Substantial differences in substitutional effects
of an axial or equatorial methyl group on the o, 8 and y
carbons are observed. The effect is especially pronouqced at
the a ;nd Y carboné, the resonances of which are -~ Spp% to
highég field over what might otherwisec be expccted when\the .
methyl group is axial. ' With reference to Fig. 12, it'is\§éen
>

that the C-1 to CH, bond in the axial orientation is gauch

3
with respect to both the C-2 td C-3 and C-5 to C-6 bonds, bu
anti to these bonds when the methyi group is equatorial.
Presumably, non-bonded intcfactions between the axial methyl
group and the axial hydrogens at C-3 énd C-5 are suff}cient
to perturb the electron distribution about these nuclei such

that their shielding is increased. Transmission of this.

effect along the CH3‘to C-1 bond may be suggested to account

.
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for the observed shielding at the a-carbon. The difference
of ~ 3 ppm between the effecés for axial and equatorial
gubstitution on the R carbon can be attributed to steric
elongation of the g~y boq‘lby an axial substituent, which
does not .occur in the ééuatorial form. Elongation of this
bond will, according to the theory gf Lichtman and Grant

(85) produce an upfield shift at the g-carbon.

H3C

\

Fig. 12: A comparison of the nbn-bonded interactions
in axially and equatorially substituted methylcyclohexane.

Recently, oxygenated(cycloalkane derivatives_havé
received most‘of the attention with the major effort direc-
ted toward the cyclohexanols. Complete results have been
presented (86-88), the most extensive set being that of
Roberts ef al. (86) which are shown in Table 7. It is
noted that for each pair of isomers, the ring carbons con-
sistently absorb at higher field in the epimer having the_
axial'hydroxyl function. The upfield shift of ~ 5 ppm for

-5 y

the C-3 and C-5 nuclei in the axial isomérs is readily

ascribed to the steric perturbation effect already discussed
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- L
for y carbons in the methylcyclohexane system. Also, the
\ ’

C-0 bond in the axial epimers is_gauché with respect to the
c-2 to C-3 and C-5 to C-6 bonds, resulting in the observed
shielding effect at the carbinyl carbon.

A more quantitative comparison of the data for '
the alkylcyclohexanols is rc&éaled in Table 8, where the
substituent effects of the hydroxyl group'are estiﬁated bf‘
comparison with the shielding values for the correqunding
alkylcyclohexanes (86). The compounds with equatorial o
hydroxyls form .the first group; these data ekhibit a. marked
consistency except for tfans—2-methylcycloheXéﬁol, for which
the‘carbinyl‘and mothyl carbons are more shieclded than in |
the others. ‘A simiiar trend is found for cis-2-methyl-
cyclohexanol in the second group,‘ih which the hydroxyl
function is mainlg axial. In both isomers, the hydroxyl and
methyl éroubs are gauche and the upfield shift of ~4 ppm
found for the methyl carlion relative to its shielding in the
corresPond&ng 3—/andf4fmethy1 isomers ﬁay be attributedfté
the'f effecﬁ associated with gauche forms, as can the
enhanced shielding of the carbinyl carbon in the Z-ﬁethyl
derivatives.

From the résults for simple substituted cyclo-
héxanes discuésed ébove, it follows that carbon-13 examif

nations of carbohydrates will assist both configurational

and~conformational assignments of sugar molecules. These
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- N a !
expectations have been confirmed by investigations of several

monosaccharides and their methy} glycosides (89-93), as well

as of four inositols which serve as’excellent models for tn
former (94). ! | ,/
Recently, the appiication of 13C—n,.m.r. for ‘con-
figurational and conformational assignments of ihe glyeo~
sidic linkage in disaccharides hasvbeen discusked by
Dorman and Roberts (95). Their experimentally determined

: A N
values for the chemical shifts of nuclei in methyl g-D-

cellobioside, g-D-lactoside, and g8-D-maltoside, corrected

“to reference from external TMS are shown in Table 9. 1In

those cdses where the two monomeric units were llnked through
g~glycosidic bonds, the authors assumed that the resonances
of c-1',;-2", -3, -4, -5, and -6 would be effectlvely un-
changed from their positions'in the carbon-13 spectra of A
their free monomers.;.The'b;sis.of this assumption is theA.
absence of any significant intramolecular steric inter-
aceions between the substltutents at these carbons, regard—
less of the torsion angles around the glyc051d1c llnkage
Indeed the similarities between the spectra of methyl B8-
D-cellobioside and g-D- lactoside and thelr monomer units
were qulte strlklng. uThlS was even true of the resonances
for ¢c-2, -3' -5' and —6' _and although sterit.interactions
between these 51tes might be expected to be rather severe,.
the chemlcal Shlft dlfferences between’ the, dlsaccharldes

and their monomer units were not large, It was thus
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concluded that the conformations of methyl 8- D—celloblos1de
and B-D-lactoside did not involve forms permlttlng strong
intramolecular steric interactions between the two sugar
rings.

" In their.coﬁsideratiOn of the spectra of methyl*‘
g—D- malt051de, the' authors recognized the p0551b111ty of-

steric interactions between the glucopyranose moiety and

. substituents at C—3' and C-5'. Therefore, it was not

possible to assume that the C-3' and €-5° tesonances would -

'be unchanged from their positions in their monosaccharide

analogs. A comparison of the C-6" resonanée in methyl 8-
maltoside with the C-6 resonance in methyl g-D-glucepyrano-
side shoWed_Very littleﬁdi?ference. Intramelecular stefic
interactions. in methyl g-D-maltoside might have been expected

to shield this resonafice, b'ut thése must be smajl. The

chemical Shlft of C-5" was thus a531gned on the assumptlon

that this - ‘carbon nucleus would ouffer sterlc petturbatlons

similar to C-6', which was noted to show only small 1qter—v
actions. The assigned reeoeances for C-2 and*Cc-3' in methYl
B-D-maltoside showed aldownﬁield and an ﬁpfield‘shiftn
respectively, when cémbared to the résonances observed in
the monomer sﬁgar‘units;” The authors suggested that in
agqueous solutlon the conformatlon of methyl B—D—malt051de
equlllbrated between that predlcted by X-ray analy51s'

[}

and a conformatlon in which rotatlon of the etherrllnkages
- /

- & - . -
: . R - . /
.
' - ARNN



brought C=3' into close pfoxiﬁity with C-2. It is noted

however, that these assignments were made only with some

aifficulty'apd therefore the explana%idns above are only
W7 -

tentative.

~
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IT. FEXPERIMENTAL

A.  Mater i»ql:‘.

1. Solvents and their purification. ,

)
i. Dichloromethandayl,
R LA

‘ < !
e N

Qragent qradddigl

N .
fomMét hane was shaken with
L \ .

portions of concentrateg phuric acid until the acid laver

remained colourless, It was then washeod successively with
NP
waler and 5% agqueous sodlum bicarbonate solution. Atter
drying over anhydrous calcium sulphate, the solvent was
distilled from anhydrous calcium sulphate and stored over
molccular sio o (96).
il. Pyridine.
‘ *
Reagent arade pyridim" was dried by sterage over

molecular sieve.,

k'ii.i.. Chloroform, > P

Reagent grade chloroform was purified immediately
before use by passage down a column of Woelm neatral
aluminum oxide. {(Waters Assoclates Ine,, Vraminagham, Mass.)

-
(96) . : . o
iv. N, ,N-Dimethylformamide (LMF) .
Reagept grade DMF was dried by storaqge over

moloecular sicves.



2. Absorbents for chromatography.

i. Silica gel G.
Silica gqal G used for thin layer chromatography

was supplicd by . Merck A G., Darmstadt, W. Germany.

ii. Silicic acid for column chromatography .
Silicar CC-7, 100-200 mesh, was supplied by

Mallinckrodt Chemical Works, St. Louis, Mo.

iii. Dowex ion-exchange resin for column
chromatography.
Dowex 1-X2 (200-400 mesh, C1° forﬁ\ was supplied
by Sigma Chemical Co., St. Louis, Mo. The O\ form was
preparad by passing a liter of a 102 sodium hydroxide solution
thréuqh a column of ion-exchange resin (600 g, C1° form) and \
washing with distilled water until the eluent was neutral.

[

3. Reagents.
-~y
1

i. Hydrogenation catalyst.
pPalladium-on-charcoal (5%) was supplied by

Mathceson Coleman and Bell, Norwood, Ohio.
ii. 4-Toluenesulphonyl chloride,
D) R .
This rcagent was supplied bry - Raylo Chemicals,
¥

Fdmonton, Alta., and was éurified before use by recrystalli-

zation from Skellysolve B. ’
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iii. 7~Oxahjéyclo[4.1.0]hoptnno (cyclohexene
oxido) .
This reagent was Supplicd by Aldrich Chemical Co.,

¥ )
Milwaukee, Wis and usced without further purification.

ey

ive  2,6-Dimcthyleyclohexanone .
2,6-Dimcthylceyclohexanone as a mixture of isomors

was. supplicd by Aldrich Chemical Co., Milwaukee, Wis., and

used without separation of the isomers.

V. Pontn—w—acotyl~u-'dnd~ﬁ—D~qlucopyranosidc.
This reagent was supplicd by Raylo Chemicals,
\\
Edmonton, Alta., and was purificd before use by recerystal-

lization from 959 ethanol.

vi. Cyclohexanol.
This reagent was supplicd by Aldrich Chemical Co.,

v
Milwaukcc, Wis., and uscd without further purification.

vii. tranc-2-Methyleyclohexanol.
This reagent wag supplicd by Chemical Samples Co.,

Columbus, Ohio, and used without further purification.

viii. trans-~1,2~Cyclohexanediol.
This reagent was supplied by Aldrich Chemical Co.,

Milwapkee, Wis., and used without further purification.
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B. Methods

\ )/
1. Speltroscopic measurcments. '

\ .
~n
Nuclear magnetic resonance (n.m.r.) spectra were

recorded on a Varian A-60, A-56/60A and a HA100 spoctro-

meter in the solvents noted in the text. Chemical shifts

-

are reported in tau (1) values from tetramcthylsilane

(TMS) . | !

-

Proton noisc-decouypled carbon-13 natural abundance

nuclecar magnetic resonance (c.m.r.) spectra, in 0.5 M
decutlecrium oxide (D2O), woere recorded using a Bruker HFX-90

spectrometer with a Nicolet Fourler transform system or a

N

Varian HA100 spectrometer with a Digilab Fourier transform

system.  Chemical shifts are reported in ppm from TMS as an

external standard.
Infrared (i.r.) spectra were recorded on a Perkin-

" Elmer grating spectromcter (Model 421), .at ambient tcmpera-

turc, using matched sodium chloride cells.

All spectra vere determined by the spectral

.

services of this department.

2. Chromatography.

; \ )
o O Thin layer chromatography (t.l.c.) was performed

on Silica Gel G. using microscopc slides. The developihg
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solvents for acctylated qlucopyranosiﬁes were either ether/
~

Skellysolve B (4/1) or benzene/ethyl accetate (2/1) . The
upper. phase of an «athyl acetate/dioxanc/water (2/2/1)
system was cmployed for unprotected glucopyranosides. The

compounds were visualized by spraying with 5% sulphuric acid .

in cthanol and heating on a hot plate.
Column chromateqraphy was carried out using
y siliciad acid (100-200 mesh) in the ratio of 30 g/g of com-

pound at a floy rate of 1 ml per min. The devgloping sol-
vents for individual compounds are specificd in the text.

)

- The scparation of the diastercoisomeric substi-

-

tuted fAzn&-2'-cyclohexyl ¢-D-glucopyranosides in Sections

- XI1I-C-6, I1I-C-9 and I11-C-12 on ion-exchange resin (DoweXx
R ) :
1-X2, 200-~400 mesh, OH  form) was achieved on a 1 1/4" x

’

6' colunn w~ a flow rate of 1 ml per min using distilled
water as the developing solvent. The appropriate tubes
were then cvaporated and exanmined for purity by optical

rotation.

* 3. "Distillation.

The routine removal of organic solvents, pre-
viously dried over anhydrous sodium sulphate, where
necessary, was carried Qut in vacuo (water aspiration,

10-20 mm) at 30-45° using a rotary evaporatot.
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Fractional distillation was performed using a
Vigreux column at reduccd pregsure under a nitrogen

atmospherec.

4. Melting points.

All melting points were determined in capillary
tubes using a Gallenkamp melting point apparatus and are

uncorrected.

5. Elemental analysis.

¢
'

Elemental analyses were performed in this depart-

ment by Mrs. D. Mahlow and Mrs. A. Dunn.

6. Optical activity measurcments.

7 All optical rotations were measured with a Perkin-
" Elmer polarimeter (Model 141) at the sodium D-1line (5892;),
using a 10 cm bolarimctcr tube. The same tube, with a
sample iﬁamber of 5pproximatcly 1 ml, was used throughout
the investigations. The instrument was periodically checked
for accuracy with a standard solution of -sucrose (g, 1.0 ﬁn
water) . | .

The solid cempounds were weighed direetly into

tared and calibrated volumetric flasks of 2 ml, previously

L]
dried under anhydrous conditions.
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Optical rotations for the individual solutions

werce measurced at ambient temperatures (22—24:14\~E26

molecular rotations were determined as follows:

/

t t ot
My = [a]‘D X M.W. = ap x M.W. .
. 0
100 C25 x 10
- 4
[M]g = molccular rotation of the compound at t °C,
° [
recorded at 5892 A
(o)t . _E .
D ¢ specific rotation of the compound, at t °C
ug = direct angular rotation of the solution of the
compound, at t °C
C25 *  concentration of the compound in g/100 ml of

solution at 25° C.

7. Kocnigs-Knorr glycosidations. Preparation of tetra-

O-acetyl-g-D-glucopyranosides (97).

A suspension of ground calcium sulphate (20 g),
yellow é%rcuric oxide (8.92 g, 41 mmoles), mercuric bromide
(0.68 g, 1.9 mmoles); dry mcthylene chloride (200 ml) and
the appropriate alcohol (193 mmoles) was stirred for 0.5 H \
under anhydrous conditions. Tetra-O-acetyl-a-D-glucopyranosyl
bromide—(zo g, 48.2 mmoles) was then added and the stirring

continued for 6 h after which time the miﬂllre was filtered .
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through Celite and concentrated in vacuo to an oil which was
again dissolved in methylene chloride and filéered. The
filtrate was again concentrated in vacuo to an oil. All
tetra-0-acetyl-g-D-glucopyranosides prepared by this method

were crystallized from 95% ethanol unless otherwise noted.

8. Deacetylations.

All O-acetyl-D-glucopyranosides, unless specified,
were deacetylatéd using aqueous methanol and a 5% amount
of triethylamine (at pH 11-12) fbr 10 h at 5°."The
resulting foam after evaporation of the methanol solution
was dissolved and evaporated sequentially with methanol and
absolute ethanol and dried in vacuo over P205. Crystalli-
zation solvents are noted in the text.

-

9. Acetylations.

All o- and B-D-glucopyranosides (4 mmoles) were
acetylated with aceticlénhydride (48 mmoles) in pyridine
(25 ml) for 10 h at 5°. The reaction mikture was then
poured into ice-water’(lOO ml) and left at room temperatﬁre
for several hours froﬁ which the O-acetylated compounds
crystallized. The Erystals.were femoved by filtration,

washed yith water, and dried in vacuo over PZOS‘
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10. Pascu anomerizations (98);

T}tanium tetracﬁloride (b.9lg, 2.6 mmoles) in
absolute chloroform ( 15 ml)‘was added to the appropriate
O—acetyl-S;D—giucopyrandside (427 mmoles) in the same solvent
(20 m#& at room temperature by means of a dry syringe. The
solution was refluxed under anhfdrous conditions (reflux time
‘specifiéd in the text for each individual anomerization) and
then’ cooled to roém tempeggture. The chloroform solution -
was washéd with ice-cold water (3 x 15 ml), sodium bicar-
bonate éolutioh-(B x 15 ml) and watern(Z x 15 ml) and then
evaporated to yield a palé yellow oil. The oil was then
crystallized froﬁ soivénts specified in the text.

11. Selective tosylations of hydroxymethyl groups.

A solution of p-toluenesulphonyl chloride (3;04 g,
15.9 mmoles) in pyridine (15 hl) was added over a period of
0.5 h to a stirred, ice-cold éolution of the appropriate ¢-
D-glucopyranoside (14.5 mmoles) in pyridine (20 ml). After
30 h at room temperature the solution Qas poured into ice
‘water (200 ml) and then stirred for 1 h. The solution was
then extracted with<chloroform‘(3 x 75 ml) and the combinéd

{
'chloroform extracts washed sequentially with dilute hydro-

d

chloric acid (2 x 26 ml), water (2 x 50'ml),.sodium bicaz-

‘bonate solution (2 x 50 ml) and water (I x 50 ml).

/



Evaporation of the chloroform solution yielded.a.pale
yellow oil which crystallized upon the addition of Skelly-

-

solve B.

12. Iodinations. \
\

A solution of the appropriate tfi-()*acetyl—6—0—p~
toluenesulphonyl—B—D—glucopyranosidc (16 mmoles) and sodium
jodide (4.8 g, 32 mmoles) Qas hcated for 20\h at 100° under
anhydrous conditions, cboled to room fcmperature and then
conccntrated to an oil whiich was dlssolvcd in mefhyléne
chlorlde (100 ml). The methylene chlbrldc solution was then
washed.witﬁ‘water (3-x 50 ml) and concentrated to yield a
>cfystalline mass. Recrystallization glvents are specified.
in the text.

13. Uydrogenations.

A suspension of the appropriate tri-0O-acetyl-6-
.dooxyr6—iodo—Q—D—glucépy:anoside (5 g), 5% palladium-on-
carbon (5 g) and t}iethylamine (10 m1) in ethylacetate
(250 ml) was hydrogenated at 60 p.s.i. for 19 h. The‘sus—
pemlon was. flltered'hrouc_;h Celite and the flltrate con-

centrated to y1€ld ‘a crystalllne mass,

‘ %//\?1
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14. cCriteria for purity. i

All compounds were recrystallized to constant
melting point and rotation.

The purity of the substituted (1'S)- and (L'R)~
trann—z;—cyclohcxyl t~D-glucopyranosides was ensured by
effective chromatographié scparation on Dowex ion-exchange

resin in the OH form.

C. Synthetic Investiyations

1. Tet;a—o-aéetyl-a-D—glucopyranosyl bromide k99,100).‘
. ” | 2

Penta-0-acetyl-o- and-B-D-glucopyranoside (195 g,
0.5 moles) Qas added with stirring to a 30% solution of
hydrogen bromide in acetic acid (500 ml);. After 4.5 h the
reaction mixture was diluted with methylene chlofide (500_
ml)’and the resulfihg solution washed with ice-water (2 x
500 ml). The methylene chioride extraat was then washed
'éequeﬁtially with ice-water (1 x 500 ml), saturated sodium
bicarbonate solution (2 x 200 ml), water (2 x 200 ml) and
then concentrated to yield a yellow oil which crystallized:
hupon the additidn'oflSkelly501vé B. Récryétailization

from an ether-chloroform-Skellysolve B mixture yielded



the desired product| (149 g, 70%), m.p. 87-88°, [u]é4 + 197.2°

|
|
[

(¢, 1 in chloroform). I[Lit. (101), m.p. 88-89°, [a]go +

197.8° (¢, 2 in chloroform)].
\
\

2., trans-trans-2,6-Dimethylcyclohexanol.

!

; 4
\ Sodium metal (9.5 g, 0.297 g/atoms) was added with
) } ke

éooling to a stirred mixture of 2,6—dimethylcxpLohexa“one

(25 g,) 0.198 mbles), ether (250 ml) and water (50 ml) at

such a rate as to maintain the temperature below 30°. Ony

¢ . >

"completion of the reaction, thé ethereal layér was. separated,
washed with dilute hydrochloric aéid (2 x 50 ml), wéter
(2:(50 ml) and 5istilled at atmosphefic pressure using a

' Vigreuz column to yield a crude product (18 g). T!l.c. |

- using ether/Skellysolve B (1/2) as the developing solvent

" £ v

indicated the presence of two compounds. Chromatography of

1

this mixture on silicic acid using ether/Skellysolve B (1/1)
as the aeveloping solvent yielded the title compound (15 g,

59%), m.p. 51-52°. [Lit. (102), m.p. 52°].
" ) ‘ . a
8
Found: C: 75.02; H, 12.65

,‘!7 Anal. Calc'd. for C HyO: C, 74.94; H, 12.58.

P.m.r. data in chlbroform—d: 1 7.32 (triplet,

axial hydrogen at C-1, spacing 8 Hz); 7.93 (singlet, OH);
8.0-9.2 (remaining 14 protons). ] ‘ o

e
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-,

3. trans-2-Chlorocyclohexanol (103).:

A solution of cyclohexené oxide~(50 g,-O.Sl moles)
in carbén tetrachloride (50 ml) was cooled to 0° under .
anhydrous conditions and an atmosphere of nitrogen. Anhy-
drous hydrochloric acid was then passed'through the solution
until »a saturated solution was obtained. After 1 h, the
carbon tetracﬁloride solution was washed sequentially with

water (3 x 50 ml), saturated sodium carbonate solution

(2 x 50 ml), water (2 x 50 ml) and concentratéd to afford

an oil (53 g). Distillation at reduced pressurc (water
aspiration) yielded (49 g, 72%), b.p. 80.5—81? (i3 min) .
(Lit. (103), B.p. 70-71° (7 mm); (104), b.p. 77-80° (10 rum) ;
(105), b.p. 71° (7 mm); (106), b.p. 71.2-72.5° (10 mm)].

‘ I.r. data in cdrbon disulphide was the same as
that reported (107). | |

\

4. Cyciohexyl B-D-glucopvranoside (2).

i. Cyclohexyl tetra-0-acetyl-8-D-gluco-
pyranqgside (1)

The Koénigs—Knorr reaétion of tetra-0O-acetyl-a-D-
glucopyranosil bromide (30 g, 70.2 mmoles).and cyciohexanbl‘”
(28.1 g, 282 mmoles) yielded compound } (22;5 g, 71.4%),
24

- 22.4°, (c, 1 in chloroform). [Lit.

(108), m.p. 120-121°, [u]go - '24.0°(c, 5.3 in chloroform)].



' . 3 oo ‘
. Anal. Calc'd. for C20H300101‘ C, 55.81; H, 7.03.

Found: C, 55.643 H, 6.85.. PN

P.m.r. data-for 1,in chloroform-d: t 4.78
(triplet" H-3, spacing 9 Hz); 5.42 (doublet..H—l,'épacing
8 Hz); 5. 64- 5 99 (2 protons as the AB part of an ABX syshem,
H~6"' and H-6, centered at. 5.72 and 5.91 reSpectlvely), 6 23-
6.45 (multlplet, H-5 and H-1' of the giclohexyl ring; when
H-G; and H-6 irradiated H-5 collapsed to a dOUblet centered
6. 35,.spacing 9 Hz); 7;94,'7.98, 7.99, 8 Ol (4 acetate

groups), 8.1-9. 0 (10 remalnlng cyclohexyl rlng protons)

ii. Deacetylation.
Compound 1 (15 g, 34.8 mmoles) was deacetylated‘to',

yield a crude 2. Crystall%gation twice from ethyl acetate

833), m.p. 132-133°% [al 2% - 39.9°

(c, 1.02 in water). [Lit..(lO%&, m.p, 133-135°, [a]%]

yielded compound 2/(7.6 g,
- 39.8°

(in water)]. : ,

3y Anal. Calc'd. for C12H2206 :°C, 54.94; H, 8.46. ‘

L4

Found: C, 54.63; H, 8.42.

P.m.r.. data for 2 ,in. ~deuterium oxide: 1t 5.22

<
'\r

(doublet, H¥l,spacingr8 Hz); 6.58 (doublet, H-2, spacing
/ - : -

9 Hz by decoupling with H~-1). The 13c—n.m«.r._\parameters

are repérted in Table 10.
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5. Cyclohexyl o D-qglucopyranoside (1) .

.

1. Cyclohexyl tetia-o- acotyl-a-D-gluco-

-

pytanoside (3) . ‘
\

Conpound 1 (2 g, 4.06% gmoles) awvans® anbmeri ced
AN .

\
Jnder reflox conditions for 10% b to vield a pate yvellow

o1l (1.8 o). Crystallication {rom :I};,‘vl Ivaolve B af forded

- ')4
compound 3 (165 q, 80057, mop. 3924007, [4]1' + 12787
)

(¢, O98% in chloroform) . [Lite (low), m.p. 40417, [‘x]D +

L22°% (¢, 2.6 in clleroform) b
Anal. Cale'd, o ¢, o : ¢ 55081 H, 7.'(}7_

. » .
Found: C, SHh.649; 1, o9,
1 ]
Pomors data tor 3, in chlaaofarm-ds ¢ 4.41-4.52
(Cuartet, -1, contor. d at 4. Sy cpacing O M) 4078

A (doublct, b1, spacan: 4 Le): .00 (triplet, H-4; opacing

9 Ha)s LU1A T LU28 (caartot, l)?-,’, coentercd at H021, Spacing
. =. r

A Hu); S.7T4-0000 o1 N, -0 and B-G); 6.30-0.04

-~
P
-
-~

(Ittll]ti.{']x"t, =11, ¢ cred oot 6oty 7 0, 7.086, 2,00, 8.02

.

(4 acetate signals); 6.1-9.0 (10 vemgiting cvelohoxyl ring
* ‘ )
.
protons) .,
. , : L
. 11, Deascotylation.,

Compound 3 (1 \-{'_;, 2.3 uroles) was deacetylated to
yicld crude 4 (0.59 ). Cryctalliszation twice from cthyl

adetate affordad compound 4 (0,49 g, 80%), m.p. 121-122°,
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[u]i;4 t 133.2° (e, 1 in 103 methanol-water). (Lit. (98),
m.p. 126°%, lu]l) +133.2°%(in water) ).
Anal. Calc'd. for (‘121{;)200: \(‘, ffs/?_‘)/l; 1, 8.\4().
Found: C, 54.80; 1, 8.34.

P.m.1r. data tor 4 in deutoerium oxide: v 4.75

t

(doublot, H~]€ spacing 30H Hz); 6.28 (doublet, -2, spacing
. . R
9 Hu by Aecoupling with H-1). The C-n.m.r. paramcters

are rgported in Table 10.

6. (1'S)-rrave-2"-Mothyleycelohexyl o -bD-glucopyrancside
(5) and (1'R)~7rans-2 moethyloyelohoxyl o-D=gluco-

pyranoside (0) .

i. (1'R, 1'a)~!rane=2"-nct hyleyclohexyl
t(‘trn—(‘-ﬁxcctyl—.;—D—qluco;‘yrnnosid(‘.
) .
The Kocnigs-Knorr reaction o{. Lot‘ra—f’k'acetyl— =
'[)—qln(-opyrmmf,yl bromide (131.2 g, 320 mmoles) and frone-
24n1ﬂﬂ1y](ﬁ'é](ﬂlvt;nxml (1464 ,1.2¢ moles) yicelded th

dinctercoisom ric mixtnre (93, g, 72.2%) in four crystal

T, . . ) ERY - . . .
crops of diff Ming melting points and rotation,
: ‘ ’ Soe

1. 4.61 g, m.p. 132ﬁ1349, ﬂq)h t 4.5° (c, 1 in chloro-
{form) )
o g . o o Y 124 o . . )

2. ¢2.6 q, 1.p. 106-111°, “‘”U - 3.0 {c, 1 in chloro-
form) )

- I‘E\ 24 L 2 28 [+3 T

3. 4.78 q, m.p. 93-95°, [a]D -°25.7° {(c, 1 in chloro-

form) ‘

3
4. 21.95 q, m.p. 92-94°, [u]D .- 28.0° (¢, 1 in chloro-
form).
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-
ii. Deacetylation, N
(1'R, 1'S)-fras=2"'"-Methyleyclohexyl tetra=o=
\ s 24 o
acelyl-i~D-glucopyranos ide (48 g, 108 mmoles), [a] oo 3.0
(¢, 1 in chkoroform}), was deacetylated and crysgallized
from cthyl acetate to afford the mixture (1'R, 1'S)~-trans-

. .
20 -methylevelohexyl C-D-glucopyranoside (206.8\q, 90%), m.p.

? .
161-1647, [..JD4 - 20.2° (¢, 1 in water).

iii. Chromatoqraphic scparation.

The mixturoe (5 q) was chromatoqgraphed uping Dowex

jon~oxchange resin as described in Section IT1-B-2. 15 ml

fractions were collected and compounds 5 and 6 were cluted

*

in a band from 2560-31010 ml of distilled water.

Fraction 1. 2560-2710 ml. Fvaporation~yielded

compound 5 (1.5 «), m.p. 183-184°, [(‘][2)4 + 10.2° N(c, 1

in wafer) . Recrystallization from cthyl acetate producced

"nd change in meltinag polnt or rotation.

Anal. Calc'd. for C13”7406: ¢, 56.51; H, 8B.75.

Found: C, 56.50; 1, 8.81.

P.m.r. data for 5, in deuterium oxide: 1 5.26

(doublet, H-1, spacing 8 Itz); 6.56 (doublet, H-2, spacin
I g

9 H# by deocoupling with H=-1); 8.7% (doulblet, CH}‘in the 2°'
position of the cyclohexyl ring, spacing 6 liz). The 13C~

n.m.r. paramcters are reported in Table 10,
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Fraction 2. 2726-2870 ml. Evaporation yiclded
: . 1 ¢ 24 ‘

a mixturce of compounds 5 and 6 (1.1 q), [(1][) + 5.2 to
=61.2° (¢, 1 in wator).

Fraction 3. 2885-3010. Evaporation yielded

. L o 24 . :

compound & (1.7 ) m.p. 145-146 [u]D - 72.2°(c, 1 in
water). Recrystallization from cthyl acotato produced no

change in melting point or rotation.

- 1] T O -
Ahalt Calc'd. for C13”2406‘

Found: ¢, 56.24; U, 8.90.

I .

Plm.r. data for 6, in decuterium oxide: 1 5.42

- ®
(doublet, H--1, spacing 8 Hz); 8.99 (doublet, CH, in the 2!

L} 3
C t . . 13
position ©f the cyclohexyl ring, spacing 6 Hz). The C-

A\l

n.m.r. paramcters are reported in Table 10.

7. (1'S)~trarn:-2'-Methylcyclohexyl a=-D-glucopyranoside (9).

. i. (l'S)—tvann—2'~No{hy1cyc}ohoxyl tetra-o0-

! acetyl-r-D-glucopyrahoside (7).

Compound 5 (1 g, 3.6 nmoles) was acctyvlated to
afford compound 7 (1.56 g, 97%), m.p. 135-136°, [a]g4 + 7.2°

(c, 1 in chloroform).

.

i

Anal. calc'd. ¥or C C, 56.75; H, 7.26.

21"32%10¢
Found: C, 56.73; H, 7.29.
.

P.m.r. data for 7,in chloroform-d: 1 4.79

(triplet, H-3, spacing 9 Hz); 5.44 (doublet, H-1, spacing

13
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_ ) ~
8 Hz); 5.64-6.00 (2 protons as the AB part of an ABX system,
H-6' and l~6. When H-5 was irradiated, H-6', H-6 collapsed
Yo an AR quartet centered at 5.64 and 5.93 respoctively);
6.19-6.43 (multiplet, H-5, contered at 6.31); 6.82-7.14

(multiplet, i-1* of the cyclohexyl ring, centered at 6.98);

7.96, 7.99, 8.02 (4 acctata signals in the ratio 1:2:1

respectively); €.1-2.02 (9 remaining cyclohexyl ring protons

l

and a doublct, Cl, in the 2'position of the cyctohexyl ring,

centered at 9.1, spacing 6 lz).

ii. (1'S)-tranc-2'-Mcthylcyclohexyl tetra-o-

acctyl—u—D~q1ucopyranosidov(8). .

compound 7 (1.2 «, 2.7 mmoles) was anomerizod

) - 3 . = . N
under reflux conditions for 1.5 h to yield a pale yellow

’
oil. Crystallization {rom ShcllysolVU B afforded Compound

8 (1.1 g, 91.7%), m.p. 111-112°, [u]243+ 153.7°(c, 0.995

in chloroform). .

i . ’

Anal. Calc'd. - C__H .+ C; 56.75; .26,
ha alc'c Vfcu L2l 32010 ; 75; H, 7.26

Found: C, 56.60; I, 7.11.

p.m.r. data for 8, in chloroform-d: =t 4l53

(triplet, -3, spacing of 9 Hz); 4<77 (doublet, H-~1, spac-
ing of 4 Hz); 4.°8 (triplet, H-4, spacing 9 liz); 5.12-5.26 ..
(quartet, 1i-2, centered at 5.19, outsjde spacings 4 Hz) ;

5.65-6.02 (3 protons, -5, H=6"' and H36); 6.72-7.04-

]

(multiplet, H-1' of the cyciohcxyl riéq, centered at 6.88);

L

.
A !
~ H

4 o

>
. ~w‘~mw. S
-
,
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7.93, 7.97, 8.00 (4 acctate signals in the ratio 1:2:1
respectively); 8.1-92.1 (9 xemaining cyclohexyl ring protons
and a doublct, CII,3 in the 2' position of the cyFlohuxyl

ring, centered 8.99, spacing 6 Hz) .

iii. Deacectylation.

. Compound (8) (0.75 g, 1.7 mmoles) was: deacotyl-

ated to yield erude 9 (0.456 q), [«12% 4 160.4° (¢, 1 in.

water). Crystallization twice from ethyl acctate af forded
' 24

+ 172.4° (c,
D

>

\
compound 9 (0.35 ¢, 75%), m.p. 140-141°,, [«]

1 in water).
‘ . o ‘
Anal. Calc'd for Cl3“2406‘ C, 56:51, H,‘8.7S.
Found: C, 56.51; H, 8.75.

P.m.r. data {or 9,in deuterium oxide: 1 4.97

-

(doublet, h~l, spacing 3.5 Hz); 6.56 (doublet, H-2, spacing

of 9 Hz by decoupling wiLh‘H~l); 9.08 (doublet, Cil, in the

3
2' position of the cyclohexyl ring, spacing 6 Iz). The 13C—

*

n.m.r. paramcters are reported in Table 10.

8. ‘(f‘ﬁ)—trans—z'"Mothylcyclohckyl a—D—glucopyranosidE (12) .,
' —» . ‘a"
i. (L'R)-trans-2'-Mcthylclohexyl tetra-—gee#..

acetyl-g-D-glucopyranoside (10): % y

Compound 6 (1 g, 3.6 mmoles) ‘was acetylated to™
yafford compound 10 (1456 g, 97%), m.p. 101-102°, [a]2% -
e - % D

45.6° (c, 1 in chloroforyg).

.

e



70

&

Anal. Calc'd. for C, 56.75; 'H, 7.2¢n

C211132()10:

Found: C, 56.92; H, 7.36. ‘

P.m.r. data for 10, in chloroform-d: « 8
]
(triplet, H~-3, spacing 8.5 Hz); 5.45 (doublet, H-1, spacing

8 Hz); 5.65-5.97 (2 protong as the AB part of an ABX system,
H-6' and H-6, centered at 5.73 and 5.89 rospectively); 6.24-
6.45 (multiplct,CH-S, centered at 6.35), 6.73-7.03 (nultiplet,
H-1' of the cyclohexyl ring, centcred at 6.88); 7.94, 7.98,
8.01 (4 acetate signals in the ratio 1:2:1 respectively);
8.1—9.é (9 remaining cyclohexyl ring protohs and a doublet,
CH3 in the 2' position of the éyclohcxyl ring, centered at

9.05, spacing 6 Hz).

b

i. (}'R)-tranc-2'-Methylcyclohexyl tetra-o0-

acctyl-a-D-glucopyranoside (11).

Comgﬁund 10 (1.2 g, 2.7 mmoles) was anomerized o

under reflux conditions for 1.5 h to yield a pale yellow

oi\; Crystallization from Skellysolve B afforded compotnd

24

b + 90.7°(c, 1 in chloro-

(11) (1.05 g, '88%), m.p. 59-60° [a]

LY

form) :

< .

. ‘3 ' - » . .
Anal. Calc'd. for C21H32010u C, 56.75; H, 7.26. o
Found: C, 56.49; H, 7.40.

I

P.m.r. data for 11, in chloroform-d: r?§r50

(triplety H-3, spacing 9 Hz); 4.84 (doublet, H-1l, spacing
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4 Yz); 4i98l(triplct, H~4, spacinqg 9 Hz); 5.07-5.25
(quartet, H-2, centered at 5.16! outside spating 4 Hz);’
5.60~6.05 (3 protons, H-5, 1i-6' and H—G);=6L84~7.14 (multi-
plet, H-1' of the cyC]ohexyi fing, centered 6.99); 7.95,
7.98, 8.01 (4'déctate-signals in the ratio J;Z:i respec-
tively); 8.1-9.1 (9 remaining cyclohexyl ring protons'and

a doublet, CHjy in the 2' position of thé -cyclohexyl ring,
' -

) M

centered 9.07, spdcing 6 Hz).

] iii. Deacetylation.
Compoﬁnd 11 (0.75 g, 1.7 mmoles) . was deaceylated %

24

to yield crude 12 (0.451 g), [alg” + 82.8° (c, 1.002 in

water) . Crystaﬂ'ization twice from cthyl acctate yielded

24

compound 12 (0.36 g, 77%), m.p. 160—16;3-(G]D + 94.2°(c,

1 in water).

/ﬁ Anal. calc'd. for C13”2406‘ Cc, 56.51; H, 8.75.
- - Found: C, 56.73;IH, 8.91.

P.g;f; data for 12,3in 153 m¢thanol—d4—
deuteriuw oxido:,.x'4.§4 (doublet, IH-1, spacing’SJS nz);
6145 (doublet, H-2, épacing 9liz by_ﬂegodpling‘with_n—i);
8.93 (doublet, CHé in the 2f‘pqsi£ion df'&a§tcyciohexyl
ring, sﬁhcingv6 nz) . kThe_;3C~n}m.r. paraﬁeécfs are reporteé

in Table 10.
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9, (1'S)—nmans—Z'-Hydroxycyclohcxyl B-D-glucopyranoside

,  (13) and (l‘R)~1ranh~2'¥Hydrpcycyélohexy1 g-D-
glhcopyranoside (149 .

‘)' : B
! i, (1'R, l'S)—Lrans*Z'-Hydroxycyclohexyl tetra-

0-acctyl-g-D-glucopyranoside.
K The Koenigs-Knorr rcaction of tetra-0O-acetyl-ua-
i . ‘ -
D-glucopyranosyl bromide (20 g, 48.2 mmoles) and trans-

1,2-cyclohexancdiol (22.4 g, 193 nmoles) yielded the

d@astéreoisom¢ric mixture (14.3 g, 68%) in two crystal crops

of differing melting points and rotation. .
. ) o ' 24 ‘ . <:
1. 10.8 g, m.p. 167-168°, [a]2" - 13.5° (c,
0.995 in chloroform). ‘ ?
\> ) ; . 24 ‘ o -
2 3.5 g, m.p. 156-157°, [a] + 6.90 (c, 0.995
' -~

D
wi"n'chloro“jfo&.m).

.

ii. Deacoﬁylation.
(1R, 1'S)-trans-2'-Hydroxycyclohexyl tetra-0- _

acetyl-g-D-glucopyranoside with [a]24

D
54 ? 6.9°7(¢, 0.995 in chloroform),

~

- 13.5° (c, 0.995 in’

chloroform) and [u}

respectively, were decacctylated separately. Crystalljzation
OR B e

»

"from ethyl acetate afforded a near quant}tative iield of

. » B ‘ . - e
(1'R, l'S)—trans~2'—Hydroxycyc;ohexy1 6=D-glucopyranoside

~ with [a]g4,_ 47.8° (c, l“008gin water) and [a134 + 4.6°
L I ' o

(c( 0.995 in water), reSpcctiyely, ‘ . I

Y

N T ’

ke

." - :4.
Cox
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ii. Chromatographic separation.

24

5 47.8° (c, 1.008 in

The mixture (5 g), [a]

water) was chromatographed using Dowex ion-exchange resin
L3

as described in Section I1-B-2. 10 ml fractions were

collected and compounds 13 and 14 weré detected in two
-~ - .

fractiods from 1700-2200 ml and from 3200~3350 ml of

distilled water.

Fraction 1. 1700-2200 ml. Evaporation yielded

’ ’ ' .
compound 14 (4.05 g), m.p. 115-116°, [u]é4 - 61.2° (&, 1

in water). Recrystallization from éthyl acetate produced . ‘§

no change in melting point or\rdtétion. ~ ‘/‘
Anal. Catc d. f01 C1? 29 0 C'.51.79; ?, 7°97f
Found: C, 51.93: H, 8.21. - 3 )

¢ .
o ¢

P.m.r. data for 14, in deuter1@p ox1da. T 5 23

I /1 ;

(doublet, H~1, spacing 8 Hz); 6.50 (doublet, - 2f,spac;ng .
9 Hz by decoupling with H-1). Thé 13C—n.m.r. parameters;~' Uw

. . . / l » '
are shown in Table 11.

/
a‘f«« ,

3@30045350 ml. Evaporation yipldetl,

L g S
compound 13 (04 46 g), m p.fiAZ l43° [a]g4

/,,

'1’ i

\ water) Recrystalllzatlon flom~ethy1 acetate prod ced no

\dhange in meltlng point or rotatlon.’v T .

’ N ° ~

l'

. Anal: Calctd. forx ClZ 22*7 qf,51'79; H, 7.??.

‘Found;'.é, 51.73;:H, 8.05.

N.m.r. data for 13, in deuterium oxide: t 5.}

'(dogb}et; H-1, spaéing 8 Hz); 6.51 {dpublet,”H—Z,.spacing

.
-

. . : . - * i .
r 5 . : o . ) . ~"~;."‘ : .. - . 2
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' 13, -
9 Hz by decoupling with li-1). The ~~C-n.m.r. paramcters
are rcported in Table ll,.
In a manner.similar to that described, the

mixture (2.1 qg), [u]24 + 4.6°(c, 0.995) ih water) was chroma-

D
tographed to yjéld compound 14 (0.13 g) and compound 13

(1.84 g). Their melting poifits and rotation were identical

to. those previously found., . ' .
-‘/

10. (L's)-trans-2'-Hydroxycyclohexyl a-D-glucopyranoside

(17) .

-~

- - i. (l'S)—[rans—z'*Acetoxycyclohexyl tetra-0-
. . . T

’

Compound 13 (1.2 g, 4.3 mmoles) was acet&lated to

ol]24
D

) ) acetyl~6—D—glucdp¥5anosdde (15) .

-

afford compound 15 (1.85 g, 88%), m.p. 120-121°, :[ - 21.4°

(c; 1.005 in chloroform). L

\)

Anal. Calc'd. for C C, 54.09; H, 6.60.

22432012¢

Found: C, 54.13; H, 6.40.

P.m.r. data fof,l}} in chloroform-d: t 5.33

[,

(doublef, H-1, spacing‘8 Hz); 5.66-6.00 (2 protons as the AB -

part of an ABX systém, H-6' and H-6, centeredjat-§375~and

b

5.92 respectively); 6;26—6,56 (2" protons, H—Saand H-1"',

centered at 6.41); 7.94, 7.95; 8.01, QSOB (5 acetate groups
' ' n ¢ Yo .

_in the ratio 1:1:2:1 respectively); 8.2-9.Q.(8 cyclohexyl

- - s

+

ring protons).
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N

—t

-

= Water) .
=y
‘ .

17 (0.35 g, 70%) , m.p. 137-1389, [a]

75

ii. (lﬂS)—trans—Z'-Acétoxchciohcxyl tétfa~0~

acetyl~a-D-glucopyranoside (16)

Compound 15 (2:-g, 4.1 mmoles) was anomcrized under

‘reflux qonditions for 13 h to yield a pale yellow oil.

Cyystallization from 95%.cthanol yielded compouhd 16- (1.77 g,

34
b

86%), wm.n. 156-157°, {a + 156°(c, 1.008 in chloroform) .

.

Anal. Calc'd. for C C, 54.09: H, 6.60.

22132972

Found: C, 54.13; H,‘6.76.

~

P.m.r. data for 16, in chloroform-d: ¢ 4.50-4.70
) ~ )

(quartet, H—j, centered at 4.60, spacing 9 Hz); 4.81 (doublet,
H-1, spacing 4 Hz); 4.99 (triplet, H-4, spacing 9 Hz); 5.16-

5.30 (quartet, li~2, centcred at 5.23, spacing 4 Hz); 5.72|

&

H-1', centered at 6.44); 7.92, 7.96, 8.00, 8.02“(5'acétate\

K . B . . L]
5.97 (3 protons, H-5, H:6' and 1-6); 6.31-6.57 (multiplet,

groups in the ratio 1:2:1:1 respectively); 8.2-9.0 (8 cyclo¥

'
\ |

hexyl ring-protons) .

’ ‘ii. Deacetylation. n

o Compound l6 (0.82 g, 1.7 mmoles) was“deaéetylated -
to yield crude’'17 (0.44 g), [a]2® + 159.8° (c, ¥ in water).

Crystallizatién twice from éthyl'aéctate afforded céﬁpodnd_

A . . 8 o «
24 - o N
n ¥ 171.4° (¢, 1 in oo

\
\ . 5

v, . ’ ' ¢
P .
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Anal. Calc'd. for‘C12H2207: C, 51.79; H, 7.97.

Found: C, 51.79; U, 8.19.

P.m.r. data for 17,in decuterium oxide: 1 4.66

(doublet, H-1, spacing 4 Hz); 6.22 (quartet, H-2), collapsed

‘to doublet, spacing 10 Hz, by dccoupling with H-1). The

£

\\ "

R
|
\

13

(1'R)-trans—-2'~-Hydroxycyclohexyl h—D—glucopraﬁSSide

C-n.m.r. parameters arc rcported in Table 11. .

*e

-
- .

11.
' (20) . ’ \ . \
1. (1'R)—trans—Z'—ACthxycycloﬂexyl tetra~-0-
acety1—B~D—glﬁco§yiénoside (18) .
Compound 14 (1.2 g, 4.3“mmole%) was acetylaﬁed to
afford‘compound 18 (1.8 ¢, 86%), m.él 140~1415, [u]g4 o {
29.8% {c; 1 in chloroform) . : {/ :

. ' L. . < HM -
Anal. Calc'd. for C22332012. C, 54.09; H~6.60. 7

“Found: 'C, 54.07; H, 6.66.

P.m.r. data for 18, in chloroform-d: 't 4.80 "

(triplet, H-3, spacing 9 Hz); 5.44 (doyblet, l-2, spacing

8 Hz); 5.63-6.00 (2 pr&tons as the AB paft'of an ABX 8ystem,‘

H-6" and HQB, centered at 5.71 and 5.92 respectiyely);:

*6.24~6.50 (multiplet, H-5 and H-1', centered at 6.37); 7,94,

7.98,»8.00, 8.02 (5 acetaté'groups in the ratio l:2&l:l

\

v . : ' . -
S respecQXyely); 8.2-9.0 (8 cyclohexyl ring protons).

\

N
\
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. ii. (1'R);trans—2'~Acetoxycyclbhexyl tetra-0-
. | acetyl- ar -D- glUQOpyran051de (19). ‘ J
Compo;nd 18.(3 g, 6.1 mmple ) was aeemellzed under
reflux conditions for 13 h. Crystalllgatlon from g;;lly;

solve B afforded a mixture of cOmpounds 18 and 19 (2.8 g),

24 ) i

[u]D‘

° ’ \ ! .
+ 35.5° (¢, 1 in chloroform). Thé mixture was theh

bl ]

separated on a column of siliéic acid using ethei/Skelly- .

.so]ve B (6/4) as the deveIOplng solvenL Recrystalllzatlon

_of 19 (1.31 g) thus obtained from 95% ethanol yielded 1,2 g

.9.1 (&vcyclohexyl rlng‘prOtons).

. ) ¢
(40%), m.p. 142-143°, [u]§4,+ 88.2° ,{c, 1 in ,chloro_,go‘rm).,i
, t ' \ he A
Anal: Calc'd. for C22 32 12 C, 54.09; H, 6.60.
L A . e
Fouhde C, 53.94; H;‘6.53.' B >
- ﬁ . oy ) Q i

14

~P.m.r. data for 19, in chloﬁoform—d:'r 4.42 ~

. ~
'

4.66 (guartet,. H-3, ecntefed'at 4.54, spacing 9.5 Hz)h 4.68
(ﬂoublet‘" -1, spacing 4 Hz); 5’00 (triplet H—4,'spac1ng

9.5 Hz),,S 14-5. 28 (ouartet H-2, ccntered at 5.21, spacing
/ oo

4 Hz); 5.72-6.02 (3 protons, H~5 H—6' and H—G);16 24-6.50
/ ;o

(multlplet, H-1', céhtered at 6.37); 7. 93,

(5 acetate groups 1n ‘the ratlo 1: 2 1:1: ;

[
.

oy
.

iii Deacetylétion.

Compoundjl9 (19, 2 mmoles) was’ deacetylated at .

]
._\

| roem temperature u51ng anhydrous methanol (20 ml) and al

' cata}ytlc amotnt of sodlum metal ‘at pH ll 12.. The!reactlon

2 I Vo

Q ‘

i L . . . .
. . , 4, - .

7_98} 8. 01 8.02\;

N



. 78

mixture was then neutralized with Dowex §ﬂN~X12 (100-200

mesh) acid ion-exchange resin, {iltered and evaporated to
L]
-, )

.yield crude, crystalline 19 (O.SG)Q). Recrystallization

twice from ethyl aceotate afforded 19 (0.51 g, 86%), m.p.

130-131°, [n]54 + 93.1° (¢, 1.01 in water).

Anal. Calc*'d. for C C, 51.79; u, 7.97.

12112207

Found: C, 51.53; H, 7.79.

P.m.r. data for 20, in deuterium-oxide: 1 4.75

(doublet, H-1, spacing 4 Hz). The 13C—~n.m.r. parameters

are shown in Table 11.

[}

J
12. (l'9)4trans~2'—Chlorpcyclohoxyl R-D-glucopyranoside

(21) and (1'R)-tranc-2'-chlorocyclohexyl R-D=gluco-

pyranoside (22).

4

i. (1'R, 1's —rrann-2'!Chlorocyclohexyl tetra-
O-acetyl-t-D-glucopyranoside. )
TheiKoenigs—Knorr reaction of tetra-0O-acctyl-a-~D-
gluéopyranosyl bromide (26 g, 48.2 mmoles) and trans-2+-

chlorocyclohexanol (25.9 g, 193 mmoles) yielded the dias-

24
D

tercoisomeric mixtung (13.8 g, 60.8%), m.p. 140-143°, [a]

+ 0.4° (c, 1.02 in chloroform).

ii. Deacetylation.
(1'R, l'S)-trans—Z”-Chlorocyé]ohcxyl tetra-0-

acety1~B—D—glucdpyranoside (10 g, 21.7 mmoles) was . *

.



deacetylated and crystallized from cothyl acetate to afford

a ncar quantitative yield of (1'R, 1'S)-trans-2'-chloro-
[u]24
D

cyclohexyl #-D-glucopyranoside, -~ 6.0° (c,"1 in water).

iii. Chromatographic separation.

The mixture (5 g) was chromatographed using Dowex

o
ion-cexchange resin as described in Section 11-B-2. 10 ml

fractions were collected and compounds 21 and 22 were

detected in two fractions from 1780-2140 ml and frbm 2180-

2520 ml of distilled water.

Fraction 1. 1780-2140 ml. Evaporation yvielded

compound 21 (2.9 g), m.p.-151-152°, [a]lz)4 + 9.6%°(c, 1.01 \

in water). Recrystallization from ethyl &cetate produced

no change in melting point or rotation.

) ] . P g .
Anal. Calc'd. for C12H2106C1. Cs 48.56;

H, 7.13; €1, 11.95.

Found: C, 48.46; i, 6.96; Cl, 12.16.
i

P.m.r. data for 21, in deuterium oxide: 1 5.02

s O
(doublet, H-1, spacing 7.5 Hz); 6.42 (triplet, H-2, spacing

8 Hz). The lBC—n.m.r; parameters are . reported in Yable 12.

Fractién 2. 2180-2520 ml. ;vaporation yielded
compond 2? (1.54 g), m.p. 126.5-127.5°, [a]lz)4 - 62.1°(c, 1
in‘watcr). Recrystallization from ethyl acetate produccg no
chagge in melting point :; rotation.
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A
£
pe s

~ Anal. Calc'd. for ClQHZlOGCl: C, 48.56; H, 7.13;
Cl, 11.95.
Found: C, 48.37; H, 7.00; c1, 11.83.

P.m.r. data for 22, in deuterium oxide: 1 5.14
(doublet, H-1, spacing 7.5 Hz); 6.46 (triplet, H-2, spacing

8 Hz). The 13C—n.m.r. paramctCrs are shown in Table 12.

*
13. (1'S)~trans-2'-Chlorocyclohexyl a-D-glucopyranoside

(25).

ki' (l'S)*trans—Z"Chlorocyclohexyl tetra-90-
acetyl-g-D-glucopyranoside (23).
Compound 2} (1.5 9. 5.1 mmoles) was acetylated to
.24
‘p

afford compound 23 (2.2 g, 925%), m.p. 153-154°, [a +

8.36°(c, 0.993 in chloréfprm).
al. C 'd. H : ; 7
Anal. Calc'd. for Cyo 29oloc1. C, 51.67; H, 6.29;

Cl, 7.63.

Found: C, 51.41; 1, 6.12; c1, 7.95.

»

P.m.r. data for 2}, in chlorofdrm-d: 1 4,7
(triplet, H-3, spacing 9 Hz); 5.30 (doublet, -1, spacing
8 Hz)& 5.65-5.98 (2 protoﬁé as the aAp part of an ABX system, .
H-6' and H-6, centered at 5.73 and 5.90 r65pective1¥); 6ll3—
6.66 (3 protons, H-5, H-1', H-2'); 7.95, 7.97, 8.00, 8.02

(4 acetate signals); 8.2-510 (8 Temaining cyclohexyl rihg

protons) .
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& (l'S)~trans-2'—Chlorocyclohexyl tetra-o-

acetyl-a-D-glucopyranoside (24).

Compound 23 (l.S.g,‘3.2 mmoles) was anomerized
under reflux conditions for 10 h to yield a pale yellow oil.

Crystallization twice from Skollysolvc B ylelded 24 (L.2 g,

80%), m.p. 138-~139°, [a]é4 + 149.9° (¢, 1.008 in chloroform) .

Anal. Calc'd. for C 1: C, 51.67; H,- 6.29

. ' Cl, 7.63.

-

20 29 10C

Found: ¢, 51.63; H, 6.23; cl1, 7.87.

P.m.r. data for 2}, in chloroform-d: 1 4.51-
4;71 (quartet, H-3, centered at 4.61, spacing 9 Hz); 4.88
(doublet, H-1, spacing 4 Hz); 4,95-5.14 (guartet, H-4,
centered at'S.OS, spacipg’ 9 Hz); 5.23-5,37 (quartet, H-2,
centered at 5.30, spacing 4 Hz); 5.52-5.70 (multiplet, -5,
centered at 5.61); 5.76-6.08 (2 protons ag the,ABJparf;of

an ABX system, H-6' and H-6, centered at 5.84 and; 6.00

i
4

respectively)} 6.11-6.68 (2 protons, H-1'.and H=2'); 7.93,

-

7.96;, 7.98, 8.00 (4 acetate signals); 8.2-9.0 (8 remaining

cyclohexyl ring protons).

|
iii. Deacetylation.

\

Compound 24 (0.8 g, 1.7 mmoles) was deacetylated
to yleld crude 25 (0'35 q), [a]24 + 158.5° (c, 1 irr water).
Crystallization tw1ce from ethyl acetate afforded_ZS (0.5 g,
87%), m.p. 159-~160°, [a]D + 160.9° (c, 1.01 in water).

T

‘ -
* .
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' . . I.:ttl‘ . l*-,.
Anal. Calc'd. for C12112106C1- C, 48'57r . :“

&

H, 7.13; C1,.11.95.

’

Found: C, 48.36; H, 7.06; Cl1, 11.97.

P.m.r. data for 25, in deutecrium dxide: 1 4.96

]3C n.m.r. parameférs -

. \ - ‘.ir

> ‘. 3

(doublet, H-1, spacing of 4 Hz). The

are reported in Table 12.

14. (1'R)-trans-2'~Chloroeycloheygyl a—D;égucqpyraéosiéé

A,
(28) .
~, . -
n ) | ) .
i. (1'R)-trans=-2'-Chlorocyclohexyl tetra-0-
acetyl-g-D~glucopyranoside (26).
s’

Compound 22" {1 g, 3.37 rmmole® was acetylated to

atford compound 26 (1.5 g, 96%), m.p. 123-124°, [a]2® -

45.6° (¢, 1.01 in chloroform).

Anal. Calc'd. for C Cl: ¢, 51.67;

. 20'"29%10
} H, 6.29; Cl, 7.63.
Found: C, 51.54; H, 6.23; Cl, 7M6. . .

* i —

P.m.r. dété for 26, in chloroform-d: =t 4.76
"(triplet, H-3, sbacing 8;5 Hz); 4.93 (triplet, H-2, spacing
7.5 Hz); 5.03 (triplet, H-4, spacing 8.5 Hz); 5.44 (doublet,
H-1, spacing 7.5 Hz); 5.64-6.06 (3 proﬁons, H-5, and H-6',
H-6); 6.18-6.44 (multiplet, H—l'iéhd H-2', centered at 6,31);
7.96, 8.00, 8.02, 8.04 (4 acetate signals); 8.1-9. i( 8

remaining cyclohexyl ring protons). .
N _ 7 _ :
» _ ~.



ii. (1'R)-trans-2'-Chlorocyclohexyl tetra-0-
. ' C o0
acetyl-a-D-glucopyranoside (27). ‘

A

Compound.zf (1.3 g, 2.8 mmolés) was anomerizea'
under reflux condltlons for 10 h to yield a pale yellow oil..

Cyrgtalllzatlon twice from 95% ethanol afforded compound 27

(1.03 g, 80%), m.p. 46—489;;[a]§4 +91.1° (¢, 1.01 in
chloroforn) .
Anal. galc d. fqr C20 29010C1 C, 51.67;

H, 6.29; Cl1, 7.63.
Found: C, 51.51; H, 6.39; Cl1, 7.53.

P.m.r. data for 27, in chloroform-d: 't 4,37-4.57
(quartet, H-3, centered at 4.47, spacing 9 Hz); 4.60 (doublet

H-1, spacing 4 Hz); 4.%4 (triplet, H-4, spacing 9 Hz); 5.06-

5.21 (quartet, H-2, centered at 5.14, spacing 4 Hz); 5.74-
6.06 (5 protons, H-5, H-6" and li~6, -1' and He2'); 7. 97,‘ .

7.98, 7.99, 8.00 (4 acetate signals); 8.1-9.0 (8 remalnlngL IR
| ]
"cyclohexyl rlng protons).

iid. Deacetylation.
Compound 27 (1 g, 2.2 mmoles) was deacetylated to

24
D

+ 75.1° (c, 1 in water).
Crystalllzatlon twice from cthyl acetate aA&orded compound

yield crude 28 (0.62 g), [al

28 (0.50 g, 80%), m.p. 151-182°, [a]D + 85.2° (c, 1 in

.

wager).



84

r [y

o : ¢
Anal. Calc'd. for C12H2106Cl: C{ 48 857;

H, 7.13; c1, 11.95.
Found: C, 48.70;'H, 7.26; C1, 11.74."

P.m.r. data for 28, in deuterium oxide: = 4.66
(aoubiet, H-1, spacing 4 Hz); 6.30-6.44 (quaftet, H-2,
centered at 6.37, spacing 4 Hz). The 13C—‘n.m.r. parameters

“
are, shown in Table 12.

»

15. (2'R)—trans—(6'S)—trans—Dimethylcyclohexyl g-D-gluco-

pyranoside (30).

i.r (2'R)—Lrans—(6'S)—trans—Dimcthylcyclohexyl
‘tetra-0-acetyl-g-D-glucopyranoside (2?).

The Koenigs-Knorr reaction of tetra-0O-acetyl-a-D-
glucopyranosyl bromide (2.46 g, 6 ﬁmoles) and trans—tfans-
2,6-dimethylcyclohexanol (3 g, 23.2 mmoles) yieided crude
22 (3.5 g): The crude product was chromatographed on silicic

acid using ether/Skellysolve B (6/4) as the developing sol-

24 .

vent to yield compound 29 (1.68 g, 60%), m.p. 129-130°, [a]D
-22.6° (c, 1.01 in chloroform), o
' o ' .
Anal. Calc'd. fpr CyoHgs010 Cr 57.63; H, 7.47.
Found: C, 57.33; F, 7.77.

P.m.r. data for 23, in chloroform-d: < 4.78 -

(triplet, H-3, spacing 9 Hz); 5{44 (doublet; H-1, spacing

~—
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[}

8' Hz); 5.72-5.96 (H-6' and H-6); 6.30-6.54 (multiplet, H-5,
centered at 6.42);'7.27 (tfiplét,‘ﬂ—l', spacing 9 Hz); 7.97,
8.00, 8.02, 8.04 (4 acetate signals); 8.20-9.2 (8 remaining

cyclohexyl ring protons and two CH%:doublets). j

’
N

ii. Deacetylation.
K Compound 29 XO.S g, 1.1 mmoles) was deacetylated
() . :

to yield crude 30 (0.30 g). Crysiallization twice from.
ethyl acetate afforded oompohnd 30.(0.25 g, 80%), m.p. 173~

(«12% - 18.1° (e, 1 in water). , - '

=+

174°,

Anolr Calc'd. for C14H2606: G, 57791; H, 9.03.

’

Found: C, 57.74; &, 9.15.

P.m.r. data for 30, in deuterium oxide: t 5.15
(doublet, H-1, spacing 7.5 Hz); 6.64 (triplet, H-1', iyacing
9.5 Hz). " The 13C-n.m.r. parametefé are Table 13.

N

16. (2'R)-trans—(6'S) “trans-Dimethylcyclohexyl a-D-gluco-

~ pyranoside (32).

i. (2'R)-trans—(6 S) trauu—Dlmethylcyclohexyl
tetra 0- acetyl a~D glucopyran051de (31)

Compound 29 (0 52.g, 1.4 gmoles) was anomerlzed

r

under reflux conditions for 2.5 h to y}gld a pale yellow 011.

H

Crystalllzatlon from 95% ethanol afforded compound 31 (0.46 4,

88%), m.p. 110-111°, [aT24 + 94.7° lc, 1.01 in chloroform).

Ay
4 ) ' . .
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Hy090¢

Anal. Calc'd. for C

i

Found: G, 57:51; H, 7.38. . .o

t vy

22

. L < . -
P.m.r.’ data for 31, in\Fhloroform—d: t 4.35-4.55

kéuarfet, H!}, centeréd-at 4.45, spacing 9 Hz); 4.80 (doublet,
H-1, spacing 4 Hz); 5.00 (triplet, -4, spacing 9 Hz); 4.93-
5.09 (quartet, H-2, centered at 5.01, spaciﬁg 4 nzy; 5.66-
6.Q8 (3 protons H-5, H-6" and "H-6); 7.17 (triplet, H-1"',
épacing‘9.5le); 7.93, 7:96, 7.97, 8.00 (4 acetate signals);
8.2~9.l (8 remainiancyclohéxyl ring protons ahd two CH3

doublets) .

bii. Deacetylation.
Compound. 31 (0.4 g, 0.7 mmoles) wasvd¢écgtylated
to yield crude 32 (0.24 g). Crystallization from ethyl
~ ¢

‘acetate afforded compound 32 (0.21 g, 84%), m.p. 158-159°,

- [a]g4 + 119.6°(c, 0.988 in water).

? .. A .
Anal. Calc'd. for ClﬂH2606' c, 57.91, H, 9.03.

-

Found: C, 57.68; H, 8.75.

Pem.r. data for 32, in deuterium oxide: 1t 4.74

‘ (doublet, H-1, spacing 4 Hz)} 6.95 (tripiet, H-1"', spacing

13

9 Hz). The C-n.m.r. parameters are reported in Table 13.

-
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17. Cyclohexyl 6—deoxy—B-D—glucopyranoside (37).

i. Cyclohexyl 6-0-p-toluenesulphonyl-g-D-
glucopyranoside (33). !
Compound 2.(6:3 g, 24 ﬁmoles) was tosylatéd in
:the manner previously described. Recrystallizétidn of the
crude product from an ethyl acetate-s]ellysolve B mixture
afforded compound 33 (8.2.9, 82%), m.p. 119-129°, [a]2*

-38.2° (c, 1.025 in chlqroform).

Anal. Calc'd. for C C, 54.29;

19 28 8

H, 6.78; s, 7.70.
. Found: C, 54.75; H, 6.80; S, 7.67.

P.m.r. data for 33, in chlorcfd}m—d:‘_r~2.l8 -~
2.76 (4 aromatic protons as an AA'BR' quartet centered at
2.47); 7.62 (singlet, CH3 of the pftoluenesulphonyl gr?:p).
- ii. Cyclohexyl tri-O*acetyl-6—0-p~toluene-\
sulphonyl-B-D—glucopyranoside (%ﬁ), A
Compound 33 (7.8 g, 19.2 mméles) was acetyi:ted
-vto afford compound - 34 (8 73 g, 865), m., p. lOO 101°

33 - 13.4° (¢, 1 in chlorofarm) .

Anal. Calc'd. for C C, 55.34;
. E

258340115
H, 6.32;¢5, 5.91.

Found: C, 55.05; H, 6.25; 5, 6.14.
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- : ; P. h r. data for 34 in chloroform-d: T 2,20 2,74
(4 a;omatlc protons as a AA'BB' quartet,lcentéred at 2.47);
4.86 (triplet, -3, spacing 9 Hz); 5.44 (doublet, H-1,
spa01ng 8 Hz), 5.83-6.06 (H-6' and H-6); 6.20-6.60 (multiplet;
*\\Efg and H-1'); 7.79‘(singlet, CH3 of the p—toluenésulpoonyl
A .

group); 8.02, 8.05, 8.06 (3 acetate signals); 8.2-9.0 (10

.remaining Ccyclohexyl ring protons) .

4

iii, Cyclohexyl tri-o- acetyl ~6- deoxy 6~ 1odo—
/' ' B~ D-glucopyranos1de (35)
Compound 34 (8.5 g, 15.7 mmoles) was reacted w1th
__soélum iodide as prev1ously descrlbed to yield a crystalllne
_mass (8.83 g). Recrystallization from 95§ ethanol afforded
. compound 35 (6 g, 778), m.p. 168-169°, [a]27 - 5,40 (c, 1.05

in chloroform). ‘ ‘

o Anal. calc'd.  for C18H70gI: €, 43.39;

1  H, 5.46; 1, 25.47.

Pound: C, 43.35; =, 5.48; I, 25.68.

)”& P.m.r. data for 35, in chloroform-d: f;4.83

' ;(trlpldt4 H- 3, spacing ggHz), 5.05 (triplet, H-2, spacing
8 Hz),.5,16 (triplet, H- 4 spac1ng 9 Hz), 5.43 (doublet
H-1, spgcang 8 Hz); 6.22- 7.0% (4 protons, H-5, H-6' and

' H-6, H—l’}} 7.99, 8. 01 ‘8.04 (3 acetate 51gnals), 8.1-9.0

(10 remalnlng cyclohexyl rlng protons)
~ o /\ “ R B

i
f
A
1



L I ’
. .'
AR Cyclphexyl'tri-O—acetyl—G—deoxy—B—D—

‘glucopyranoéiae (36) .

Compound 35 (4.86 g, 9.7 mmoles) was hydrogenated

, e
at 60 p.s.i to yield a crystalline mass (3.46 g). Réérystal—

lization from 95% cthanol afforded éompound 36 (3 g, 83%),

24

m.p. 126-127°, lal ]

- 18.4° (c, 0.998 in éhloroﬁorm).

' a “ .
Anal. Calc'd. for C18H2808' c, 58.05, H, 7.58.

-

Found: ¢, 58.03; H, 7.51.

P.m.r. data for 36; in chloroform-d: =+t 4.83

(triplet, H-3, spacing 9 Hz); 4.99-5.16 (quartet, H-2, - {o

centered at 5.08, spacing 8 Hz); 5.20 (triplet, H-4, spacing’

'9 Hz); 5.45 (doublet, H-1, spacing 8 Hz); 6.30-6.62 (2

pfbtons, H-5 and H-1'); 7.98, 8.02 (3 acetate groups in
ratip 2:1 respectively); 8.1-9.0 (10 reméining~cyclohexyl'
ring protons; doublet, 6-deoxy CH3, centered at 8.79, spac-

ing 6 Hz)
)

- '
A L

v. Deacetylation. | ‘ |

. Compound 36 (2.3 g, 6.2 mmoles) was aeacétjtpteg\

“to yield crude 37 (1.4 g), [el2? - 50,2° (c, 1 in 10%

' methanol-water). Crystallization twice from §n'acetonef

Skellysolve B mixture éfforded ¢ompound Q?.(l.z g, 79%), 0

m.p. 115-116°, [a)2? - 55.5% (c, 1.008 in 10% methanol-

water). .

1

VA



I

-

lﬁ—deoxy CH

- - 90
| LN
: ’ i e (
Anal. Calc d. for C12H2205 C, 58.52; H,‘9.00.
: _ Yy
y, Founé:” C, 58.60; H, 9.04.
-3

<

fym.r.'date for é?i in 10% methanol- d4-deuter1um
oxide: { 5.36 (doublet; H-1, spac1ng 8 Hz) ; 6.67 (doubleth_
H-2, spacing 9 Hz by deeoupliﬁg with H-1); 8.56 (doubletf

30 spacing'% HZ); . | | | |

18.~;Cyclohexyl 6-deoxy-a-D-glucopyranoside (39).

. . ) \
i. Cyclohexyl trl-0-acetyl-6-deoxy-a-D-

glucopyrahoside (38)

\

Compound 36 (2 g, 5.4 mmoles) was anomerlzed under

reflux conditions fok 1.5 h to ylef&/~h 011 which crystal-

24,
D

+159.2° (¢, l 005 in chloroform) ’ Recrystalllzatlon from

lized upon the addltlon of Skellysolve B (1.9 g), I[a)

95% ethanol afforded compound 38 (l 5 g, 75%), m.p. 143 l44°

[u]24

D + 165 l° (c, l 018 in chloroform)

v

L Anal Calc' d for C18H2808 C, 58.05; H, 7.58.

c ‘57.86; H, 7.46.

Found
. Pim.r. dd{a for 38, in chloroform-d: T 4.47-4.65

C e

'(quartet,.H—3, centered'4 56, spacing 9 Hz); 4.87 (doublet

H—l,j ‘spacing 3.5 Hz), 5 19-5.33 (quartet H—Z, centered 5. 26,,

spacing 3.5 Hz@ 5. 25 (trlplet H -4, spac1ng ‘9 Hz); 5. 87-\

)
- 6. 17 (multlplet, H 5,,centered 6. 02), @ 34 6 62 (multiplet,

o , _ ]
| ) ! -
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H-1',  centaored 6.48); 7.97y 8.01 (3 acctatoe groups in the
ratio 2:1 respoctively); 8.0-9.1 (10 remaining cyclohexyl
ring protons; doublal, 6-dcoxy CH3, centered at 8.85,

spacing 6 I,

. .
ii. Deacctylation.
Compound 38 (0.9 g, 2.4 mmoles) was deacetylated
to yield crude 3? (0.58 q), [n]g4 + 126.4° (¢, 1 in 10%
methanol-water). Crystallization Ewico {rom aﬁ‘acctone—

Skc&lysolvc B mixturc afforded compound B9 (0.53 g, 89%),

m.p. 117-118°, [u]g4 + 128.4° (c, 1 in 10% methanol-water) .
" -
Anal. Calc'd. for C12H2205: Cc, 58.52; H, 9.00.
4 .
Found: ¢, 58.50; i, 9.03. \ L.

4

P.m.r. data for,39, in deuterium oxide: 1 4.9}
(doublet, H-1, spncihg 3.5 Hz); 8.61 (doublet, 6-dcoxy CH3,
)
. spacing 6 Hz).J
19. (1'S)-trane-2'-Mcthylcyclohexyl 6-deoxy-8-D-gluco-

pyranoside (44).

[ N
’

i. (1'S)-trane-2'-Mcthylcyclohexyl 6-0-p-

toluenesulphonyl-f~D-glucopyranoside (40).

~

Compound 5 (4 g, 14.5 mmoles) was tosylated in
the manner previously described. Recrystallization from a

cthyl acetate-Skcllysq}ve B mixture and then from a benzene-
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cthanol mixturc afforded compound 40 (5.3 g, 85%), m.p.

127-128°, [u]g4 - 18.2° (¢, 1.008 in chloroform).

Anal. Calc Q.Hfor C20”3OOBS: C, 55.80;

)

» H, 7.02; s, 7.45.
[ 4

9!

Found: €, 55.58; I, 6.78; s, 7.18.

P.m.r. data for 40, in chloroform-d: 1 2.20-2.78
A4 arometic protons as an AA'BB' quartet, centered at 2.40);

7.60 (éinqlet, CH3 of p-toluenosulphonyl group) .

ii. "(1'S)-trans-2'-Mcthylcyclohexyl tri-o-
acetyl-6-0-p-tolucnesulphonyl-g~-D-

g&pCOpyranosido (41) .

Compound 40 (5.12 g, 11.9 mmoles) was acctylated

}o afford crude Al (6.2 g). Recrystallization from 95%

ethanol yielded compound 41 (5.7 g, 86%), m.p. 155-156°,

[0124 +

b .0°(c, 1 in chloroform).

G

. Anal. Calc'd. for C C, 56.10;

2613691151
H, 6.52; S, 5.76.
‘._.

Found: C, 56.00; H, 6.52; S, 5.86.

P.m.r. data for 41, in chloroform-d: 2,20-2,72
(4 aromatic protons as an AA'BB' quartet, centered at 2.46):
4.79 (triplet, H-3, spacing 9 Hz); 5.06 (triplet, H-2, épac—
ing 8 Hz); 5.11 (triplet, H-4, spacing 9.5 Hz); 5.45 (doGblet,

H-1, spacing 8 Hz); 5.76-6.04 (2 protons. as the AB part of



[ 4

P ._ ‘,‘ ’ .
an ABX system, H-6' and H-6, centcered at 5.83 and 5.37
rcspéctivoly); 6.12-6.34 (multiplet, H-5, centered at
6.23); 6.83-7.12 (multiplet, l-1', centored at 6.98); 7.54
(singlet, CH3 of theep-toluenesulphonyl group); 7.97, 8.01
(3 aceotate groups in ratio 2:1 respectively);%8.1-9.2 (9

remaining cyclohexyl ring protons; doublet, CH3,Center0d

at 9.1, spacing 6 Hz).

iiil (1'S)-~trans-2'-Methylcyclohexyl tri-o-
acetyl-6-deoxy-6—iodo—ﬁ-D—glucopyranoside
(42)3
Compound 4} (5.4 g, 9.8 mmoles) was rcacted with
sodium iodide as prcviously described to yield a crystalline

mass (4.94 g). Recrystallization from 95% ethanol afforded

compound 42 (4.29 g, 85%), m.p. 186-187° [a]g4'+ 20.5° (c,
- L

1 in chloroform).
Anal,., Calc'd. for C21H29OBI: C, 44.54;

H, 5.71; I, 24.77.
Found:. 'C, 44.72; n, 5.79; I, 24.78.

P.m.r. data for 42, in chloroform-d: =t 4.84
(triplet, H-3, Spac}ng 9 Hz); 5.04 (qﬁartet, H-2, spacing
8 Hz); 5.20 (Friplet, H-4, spacing 9 Hz); 5.46 ( doublet,
Hll, spacing 8 Hz); 6.36—7.08 (4 protons, HJS,-H-Q' and H-6,
H-1'); 7.96, 7.98, 8.00 (3 acetate groups), 8.1-9.2 (9 remain-
ing cyclohexyl ring protons; dopbleg, CH3,'céntered at 9.09,
L .

spacing-6 Hz).

<

*

é
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iv. (1'S)-trans-2'-Mefhylcyclohexyl tri-d@
acetyl-6-deoxy-f-D-glucopyranoside (43).
Compodhgmgg (4‘14.?' 8.1 mmoles) was hydrogenated
at 60 p.s.i. to yield a crystalline mass (3.06 g). Recrystal-
lization from 95% eothanol §forclod compound 43 (2.6 g, 83%;)’,
m.p. 142-143°, [u]é4 +13.4° (e, 1 in chloroform).

] ? ~ - [+ o) . 7
Anal. Calc'd. for L19H3OO8' C, 59.05; H, .83.

. B Y
Found: C, 58.83; H, 7.83.

P.m.r. data for 43, in chloroform-d: 14.84
(triplet, H-3, spacing 9 Hz); 5.11 (triplet,;H—Z, spacing
8 Hz); 5.20 (triplet, H-4, spacing 9 Hz); 5.44 (doublet,
H-1, spacing é Hz); 6.31-6.59 (multiplet, H-5, centered at
6.45); .7.82-8.12 (multiplet, Hﬁ}', centered at 6.97); 7.94, )
7.96, 7.98 (3 acetatergroupstﬂf8.1—9.2 ( 9 remaining cyclo-
hexyl ring protons; doublct, 6-deoxy CH3, centered a} 8.76,

spacing 6 Hz; doublet, CH3, centered at 9.06, spacing 6 Hz).

\

v. Deacetylation. *
Compouna 43 (1 g, 2.85 mmoles) was deacetylatéd

to yield crude 44 (0.65 g), (a1§4 - 2.2° (¢, 1.005 in

chloroform)."Crystallization twice from an etﬁyl acetate-
i . _ . \
Skellysolve B mixture afforded compound 44 (0.54 g, 81%),

m.p. 133-134°, [a]3? - 1.7° (c, 0.995 in 10% methanol-

water) .



Anal. Calc'd. for C C, 59.98; H,9.29.

Y

131249
Found: C, 59.60; H, 9.11.
P.m.r. data for 44, in 15% methanol—d4—deuterium
\ oxide: 1 5.49 (doublet, H-1, spacing 8 Hz); 6.68 (doublet,
H-2, spacing 8 Hz by decoupling with H~-1); 8.66 (doublet,

6-deoxy CN3, Spacing 6 hz); 8.99 (doublet, CH3, spacing 6 lz).

20, (l'S)—trans—z'—Methylcyclohexyl 6~deoxy-a~D-gluco-

pyranoside (46).

i; (1'S)-trans-2'-Methylcyclohexyl tri-o-
acetyl—Gfdeoxy-a—b—glucobyranoside (45)

Compound 43 (1.36 g, 3.5 mmolesf was anomerized
under reflux conditions for 1.5 h to yield an oil which

cyrstallized upon the addition of Skellysoldve B ;l.Z g),

[a]g4 + 162.6° (¢, 1.005 in chloroform). Recrystallization

twice from Skellysolve B afforded compound 45 (1.04 g, 76%),

24

m.p. 94-95°, [a]]

+ 175.3° (¢, 1 in chloroform).

L . . .
Anal. Cals,d. for C19H3008' C, 59.05; H, 7.83.
Found{//b, 59.Zdﬁ H, 7.74.

Pjﬁfii data for 45, in chloroform-d: =t Q.4i-4.61
/’\,\4 - - ) .
(quartet, H-3, centered at 4.51, spacing 9 Hz); 4.79

F4

(doublet, H-1, spacing 4 Hz); 5?09-5.23 (quartet, H-2,

centered at 5.16, spacing 4 Hz); 5.17 (triplet, H—4,'spacing
. »
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9 Hz); .5.69-6.03 (multiplet, H-5, centered at 5.86); 6.72-
7.06 (multiplet, H-1', centered at 6.89); 7.94, 7.98 ( 3

acetate groups in the rati6'2:l respectively); 8.0-9.1

.

(9 remaining cyclohexyl ring protons; doublet, 6-deoxy CH3,

centered at 8.83, spacing 6 Hz} doubict, CH3, ¢entered at

8.97, spacing 6 Hgz).

ii. Deacétylation.

Compound 45 (0.7 g, 1.8 mmoles) was deacetylated

to yield crude 46 (0.49 gqg), [a]§4 + 165.2° (c, 1 in 10%

methanol-water) . Crystallization twice from an acetone-

L 4

Skellysolve B mixture affordell compound 46 (0.35 g, p81%),
N = [\ ]

24

D + 170.2° (¢, 1 in 10% methanol-water).

m.p. 119-120°, [a]

.Anal. Calc'd. for C13H24OS: c, 59.98; H, 9.29.

Found: C, 59.667 H, 9.20.

P.m.r. data for 46, in 15% methanol—d4—deuterium
oxide: 1 5.20 (doublet, H-1, spacing 3.5 Hz); 6.69 (doublet,
H-2, spécing 9 Hz by decoupling with H—lj; 8.92 (doublet, 6-

deoxy CH3, spacing 6 Hz); 9.17 (dbublet, CH3, spaéing 6 Hz).
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21. (1'R)trans-2'-Methylcyclohexyl 6-deoxy-g8\+-D~gluce-

pyranoside (51). ‘ \

i. (1'R)-trans-2'-Methylcyclohexyl 6-0-p-
.

toluenesulphonyl-B-D—g&ucopyraboside (47) .

Compound 6 (4 g, 14.5 mmoles) was tbsylat in-
manner previously described. Recrystallization of the crude’
product from an ethyl acetate-Skellysovle B mixture and then

.

from benzene afforded compound 47 (4.85 g, 78%), m.p. 124-

125° [u]g4 - 57.2° (c, 1.005 in chloroform) .

¥ - - .
Anal. Calc'd. for C20H30088. C, 55.89;

H, 7.02; S,-7.45.

Found: C,; 55.53; H, 7.08; S, 7.30.

-

P.m.r. data for 47, in chloroform-d: 1 2.22-2.78
(4 aromatic protons as an AA'BB' quartet,/centered at 2.50);
/
7.60 (singlet,|CH3 of the pﬁﬁéluenesulpvgnyl group); 9.13

(doublet, CH3; spacing "6 Hz).

ii. (1'R)-trans-2'-Methylcyclohexyl tri-o0-
;cetyl—6—0—p-toluénesulphonyl;B~D-gluco- v
pyranoside ({ﬁ);i a Ty
Compbund 47 (4.6-g, 10.6 mmoles) was acetylated
to-afford crude 4? (5.72) . ﬁecrystallization from 95%
ethanol afforded compound {? (4.94,g5'83%),(m.p. 130-131°,

Ialg4 - 29.2° (c, 1 in chloroform) . | Z
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Anal. Calc'd. for C26H36011 C, 56.10;

H, 6.52; S, 5.76
Found: C, 56.02; H, 6.64; S, 5.79. ,

P.m.r. data for 4?,’§; chloroform-d: 1 2.18-2.70
(4 aromatic protons as an AA'BB' quartet, centered at 2.44);
4,78 (triplet, H<3, spacing 9 Hz); 5.08 (triplet, H-4,
spacing 9 Hz); 5.11 (triplet, H-2, -spacing 8 Hz); 5.45
(doublet, H-1, spacing 8 Hz); 5.80-6.05 (2 protons aé the
AB part of an ABX system, H-6' and H-6, centered at 5.79
and 5.98 respectively); 6.14-6.36 (multiplet, H-5, centered
at 6.25); 6.73-7.00 (muitip%et; H-1', centered a?/6.87);

7.54 (singlet, CH. of the p-toluenesulphonyl group); 7.96,

3
8.00 (3 acetate groups in ihe ratio 2:1 respectively); 8.1-
9.2 (9 remoining cyclohexyl ring protoné; doublet, CH3,
centered at 9.07, spacing 6 -Hz). ’
iii. (l'R)—trons-Z‘—Methylcyclohexyl tri-o-
acetyl-6-deoxy-6-iodo-g-D-glucopyranoside
(49). -
Compound 48 (4.§5°g, 8.35 mmoles) ‘wa réacoeé with

sodium delde as prev1ously descrlbed to yield a crystalline

- mass (4.3 9). Recrystalllzatlon from 95% ethanol afforded

compou&d 49 (3. 72 g, 85%), m.p. 194-195°, [a]g4 - 25.9° (¢,

1.005 in chloroform)



Anal. Calc'd. for C21H2908I. éQy 44,54;

H, 5.71; I, 24.77.
Found: C, 44.72; H, 5.94; I, 24.92.

P.m.r., data for 49, in chloroform-d: t 4.80
(triplet, H-3, spacing 9 1z); 5.07 (qQuartet, H-2, spacing
8 Hz); 5.14 (triplet, H-4, spacing 9 Hz); 5.44 (doublet,
H-1, spacing 8 Hz); 6.34-7.00 (4 protons, H-5, H-6' and

H-6, H-1'); 7.97, 7.98, 8.00 (3 acetate signals); 8.1-9.1

(9 remaining cyclohexyl ring protons/ﬂdoublct, CH3 centered
N o

A
.y

at 8.98, spacing 6 Hz).

.
iv. (l'R)—tpahs—Z'-Methylcycloﬁéxyl tri-o-
‘acetylic—deoxy-B—D—glucopyranoside (Sp).
Compound 49 (3.57 g, 6.97 mmoles) was hydrégenated
at 60 p.s.i. to yield a crystalline mass (2.48 qg).
Recrystalllzatlon from 95% ethanol afforded compound 50
(2.33 g, 87%), m.p. 126-127°, [a)2® - 50.47 '(c, 1 in

c¢hloroform).
Analf Calc'd. for C19H3008 C, 59.05; H, 7.83.
Found: C, 58.86; H, 7.65.
P.m.r. data for 50, in chloroform-d: t 4.78
(triplet, H-3, spacing of 9 Hz); 5.03 (triplet, H-2, spacing

8 Hz); 5.13 (triplet, H-4, spacing 9 Hz);. 5.44 (doublet,

‘H-1, spacing 8 Hz); 6.30-6.58 (multiplet, H-5, centered
» : . ) [/' “(‘
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6.44); 6.74-7.00 (multiplet, H-1', centered 6.87); 7.94,

7.96, 7.98 (3 acetate signals); 8.1-9.1 (9 remaining cyclo-

hexyl ring protons; douylet,‘G—deoxy CHB; centered at 8.73,
"

spacing 6 Hz; doublet, Cli,, centered 9.01, spacing 6 Hz

3
v. Deacetylation. )
! é—i@”
Compound 50 (1 g, 2.85 mmoles) was deacetylated

24

to yield crude 51 (0.64 g), [a]5" - 90.&% (c, 0.995 in

water). Crystallizafion twice from an acetone-Skellysolve

B mixture afforded compound 51 (0.6 g, 88%)}, m.p. 117-118°,

[ajg4 - 89,4° (¢, 0.998 in 10% methanol-water).

. ' . .
Anal. Cglc d. for Cl3§2405’ C, 59.98; H, 9.29..

-
[y

Found: C, 59.72; H, 9.27.

P.m.r. data for 51, in 15% methanol d —deuterlum

A1
%

oxide: 1t 5.88 (doublet, H-1, spaclng t,Hz), .97 (doublet,

6~ deoxy CH3,

6 Hz). ‘*“,

- . '

spacing .6 Hz); 9.27 (doubrEt ‘%Hg? spacing

22, (l'R)-trans—2'—Methylcyclohexyl 6—deoxy:a-D—g1uco-

pyranoside (53).

i. (1'Rj-trans-2'-Methylcyclohexyl tri-o0-
acetyl- 6—deoxy— -D glucopyran051de (52)
Compound 50" (1. 85 g, 5, ﬁ mmoles) was anomerlzed

under reflux conditions for 1.5 h to y;eld.an Oll whlch
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crystallized upon the addition of Skellysolve B (1,6 g),
[a]§4_+ 115.6° (c, 1.01 in chloroform). Recrystallization

' r~ &
twice from Skellysolve B afforded compound 52 (1.2 g, 67%), g

m.p. 97-98°, [a]gé + 110.2° (¢, 1 in chloroform).

' . . ‘
Anal.JCalc d. for Cl9H3008' C, 59.05; H, 7.83.

Found: ¢, 59.08; H, .7.57.

P.m.r. data for 52, in chloroform-d:. © 4.37-4.57

i
! 1

(quartet, H-3, centered at 4.47, spacing 9 Hz); 4.86 (doublet,
H-l;‘spacing 4 Hz); 5.07-5.21 (quagtet, H-2, centered at |
5.14, spacing 4 Hz);i5.17 (triplet, H—4,.s%acingf9 Hz) ;
5.74—6.06 (multiplet, H-5, centered at 5.90); 6.88~7.20 . \
(multiplet, H-1', centered at 7.04); 7.94, 7.98 ﬂ‘.acetate
groups in the ratio 2:1 respggt@vely); 8;0-9.1 (9 remaining
cyclohexyl fing protons; doublet, 6-deoxy CH3, centéred
8.85, spacing 6 Hz; douPlet, CH3; centered at 9.05, spacing

-

6 Hz).

ii. Deacetylation.

Compound. 52 (0.5 g, 1.3 mmoles) was deacetylated

24
]D

methanol—watef). Crystallization twice from an acetone-

to yield crude 53 (0.39 ), [al2% + 85.2° (c, 1 in 108
skellysolve B mixture afforded compound 53 (0.3 g, 92%), m.p.
1134-135°, [a]2% + 67.5° (c, 0.995 in 10% methanol-water).

L
IS
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' . \.'
Anal. Calc'd. for C13H2405. C, 59.98; 3,9.29.

~ PFound: C, 59.69; H, .9.06.

P.m.r. data for 53, in 15% methaﬁol-d4-deuterium
ER - - . S
u6x1de; T 4.98 (doublet, H-1, spacing 3.5 Hz); 6.40 (doublet,

MEH—2,;spa¢ihg 9 Hz by aecoupling withIH—l); 8.65 (doublet,

KJG-deoxy CH spacing 6 Hz); 8.87 (domblet, CH spacing
N '

3’
7 6 Hz). ' -

3!

s

rh
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A.’ C‘rb0n‘]§ chemical shift studies

3 -

-The labelling system employed in the assignmsnt
of carbon-13 chemical shifts for the model compounds
bresentcd in Tables 10-13 is summarized in Fig. 6.

Assignments in the glucopyranosc ring were made
Qy a comparison with the published results for the chemical
shifts of methyl a- and S—D-glueopyfanosides (89). The
chemical shifts occurring at C-2 and C-5 are reversed from
their original assignmeg&s (89) due to recent results
obtained in this laboratory on vicinal carbon-13 to
proton coupiing studies of simple glycopyranosides (75).°
No significant chandes in the C-2 to C-6 resonances are
observed, either among the model compounds studied or among
those observed for methyl o- and 8-D-glucopyranosides.
However, large chemical shift changes arc observed at C-1
and seem to be reflected in the pattefn of equatorial sub-
stituti@h vicinal to the agiyconic carbon atom.

Assignmeﬁts of the carbon-13 chemical shifts for
the aglycon carben atoms, especially at the 2' and 6'
positions, must be approached with caution because it is
expectea that any rotational changes occurriné about the

glucosidic linkage could possibly be reflected in the
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chemical shift changes at these posigions. ‘These rota-
tational changeé,'if occurring, wouléjnot a%fect the carbon-
13 resonances at cqgnters remote from thé glucosidic bond.
system and their assignment is not critical to the subsequent
discyssion. Hence, the chemical shifts observed at the 3°',
4' and 5' positions are assigned primarily on the basis of
their ecxpected calculated values. No significant changes

are observed among the assigned values for C-3', =4' and

~-5' in the a- and é-linked glucop&ranosides studied.

The chemical shifts at C-1' in all compdunds and
at C-2' in the mono-substituted (1'S) and (1'R) D-gluco-
pyranosides ;an be assigned with confidence as these would
be shifted significantly downfield relative to the observed
chemical shifts for the unsubstituted carbon atoms; the C-1"
chemical shift resonating at lowest field when compared
with C-2'. The chemical shifts for the 2' and 6"positions
of cyclohexyl 8- and a-D-glucopyranosides 2 and 4 and their
dimethyl derivatives 30 and 32 are ;lso expected to occur
downfield due to substitutioﬂél effects (a and/or 8 shift
effect), but cannot be irrevocaMly assigned due to the.

~ 2 ppm difference in observed chemical shifts occurring
at these positions. Similarly, the assignments of carbon-
13 shifts at the 6' position in the mono-substituted
cyclohexyl D-glucopyranosides are not ceftain, although

on the basis of the empirical rules for the calculation
, , .
>
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of chemical shifts (83) ‘it is expected that these resonan-
ces would occur at slightly higher field than the chemical

shifts observed at C-3'. ) &
| ‘ _
chemical shift of

As was the case With the C-1
the glucoside moiety, significant differences are observed
at C-1' of the aglycon and show similar trends to those
observéd at C-1. Namely, an equatorial substituent (CH3,
OH and Cl) on the side of the glucosidic linkage remote
from the pyfanoid ring oxygen atom (cf. compounds 5, {}
and 21, and 12,20 and 28) cauées signific#nt deshieldihg
in tﬁé assigned ;alues fior the chemical shifts at C-1 and
C-1' when compared to an equatorial”substituent on the
same si@e of the molecule as the ring oxygen atom (cf.
éompounds 6, 14 and 22 and 9, 17 and 25). Smaller chemical
shift differences have been previously noted between the
2' and 6' positions of compounds ? and 4 and between com-
pounds 30 and 32. Differences ére also noted between the
chemical shifts at the 2' or 6' positions of cyclohexyl
D-glucopyranosides 2 and 4 and the comparable methylene
positions vicinal to the aglyconic carbon atom in the mono-
substituted cyclohexyl D—giucopyranosides. These differ-
ences between the cbmparablé meﬁhylene positions in the
mono-substituted derivatives are real and cannot be

explained by the y effect assoclated with an equatorial

substituent. Accofaing to Dalling and Grant (27), the

Tyl 24
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substituent effect at the y position is negligible when
compared with the effects observed at the 8 and a
positions.

In cyclohexanol, the 2' and G:Wmethylene carbons
are in a similar conformational environment and no change
in the carbon-13 shifts of these carbons is expected or
observed (cf. Table 7). However, in the glucopyranosides
under séudy, these methylene carbons are no longer equiva-
lent due to the asymmetry of the glucosidic moiety and
differences in ;arbon—13 shifts at the comparable 2'land/
or 6'.positions-in the model compounds might be e;pected
due to diffefences in the orientation df the aglycon with

respect to the glucopyranoside ring. These differences

'l
have, in fact, been observed.

The chéﬁical shift differences observgd at the.
c-1, ;1', -2' and/or -6' positions in the model compounds
will be subsequently discussed in relation to an attempt
" to calculate the rotame@'populations for the thrée staggered
orientations of the cyclohexyl‘aglycon about the q—l'_to
0-1' bond. This consideration necessarily assumes that
the cyclohexyl riﬁg has the Cl conformation with the C-1'
to O-1' bond and the equatorial subspituenﬁ in a di-
equatorial relationship. Eviderice will now be présen;ed
from the observed chemical shifts of the methyléyclohei&}

D-glucopyranosides, 5 and 6, 9 and 12, which will negate;
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A

the possibility of conformational chaﬁges occurring in the
cyclohexyl ring itself; that is; to the alternate chair
"or to one of several possible boat or skew forms.

The methyl substitutedeaeiivatives were chosen
for this aggument primarily because the chemical shift
papameters for axial and equatorial substituents (either
hydroxyl or methyl) in cyclohexanols have been well dopu‘
mentated in the literature. The compounds to be discussed
are compared in Table 14.

Comparing cyclohexyl g~D-glucopyranoside (Zi apd
(1'S)—trans—zf~methylcyclohexy1 B—D—glu?9pyranoside l?),
large changes are observed betwee%/the cpemiéal shifts at
Cc-1', C-2' and C-3'. These chanéé@ are normal for a
diequatorial substituted cyclohexane ri?g and can be
accounted for by applying the methyl substituent parameters
observed by Dalling and Grant (27). An equatorial methyl
substituent increases the chemical shifts at each of the
‘vicinal B-carbons by a Vvalue of +8.9 ppm and increases the
chemical shift of the a-carbon (point of methyl éttachment)
by +5.6 ppm.“Smaller sﬁift changes would occur at the ¥

»

and § carbons but areAinsignificant._‘These«parameteré when
f\
added to the appropriate observed chemical shifts for com-

poupd 2 give excellent agreement with the observed chemlcal

shlfts ﬁor (1 S)- trans—Z'-methylcyclohexyl 8-D-glucopyrano=

side (S) A»Slmllar comparison can be drawn between the
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A comparison of observed chemical shifts for the cyclohexyl

carbon atoms of cyclohexyl a- and 8-D-glucopyranosides and

their corresponding 2' methyl substituted derivatives

\.

-~

Chemiéa} shifts (ppm)
relative to TMS

Compound c-1"

c-2' C-3' Cc-4' c-5' o C-6' cH,

2 79.1 33.6  24.2 25.6 -24;2 32.0
8 5 87.2 38.5 34.0 25.2° 25.0 33.8 18.3
6 84.0 37.5 33.8 25.2 24.7 31.3 18.6

g 77.1 ‘_31.6 24.4 25,6 24.2 33.5
a 9 80.8  37.9  33.9. 25.4  24.7 30.1 19.2
12 85.9 38.7° 33.7 25.0 25.0 ;3.7 18.3

-

A

LAY
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observed chemical shifgs for éyclohexyl a=D-glucopyrano-
side (4) ang (1'R)—trans-2'—methylcyclohexyl a—D—gluco-?}
'pyranoside (12). The shift changes occurring at the B and
a carbons are normal and are accounted for in a similar
manner to that described above. The chemical shift
difference betﬁeen the aséigned values for c-1' in coﬁpound
I2 and (1'R)-trans-2'-methylcyclohexyl B-D-glucopyranoside
(6) is only 4.9 ppm and is similar to the sjshift parameter
observed in substituted cyclohekyl derivatives where the
methyl substituent is in an axial orientation. If this

is indeed the case for compound 6, then relative to the - ﬁ
chemical.éhifts observed for compound 2, a similar change
should be noted at C¥3' and the chemical shifts at C-4°'
and C~6' should be strorngly Shielded by 5.2 ppm due to the
Y effectwassociatea with an axial m?thyl substituent.
These large chemical shift changes are not observed. A
simi}af argument can be applied to the observed chemical
shift difference af C-1' for (1'S)-trans-2'-methylcyclo-
hexyl a=D-glucopyranoside (9); Thus any éonformational
change.occdrring in the gyclohéxyl ring which would place
the methyl group in an'axiql environment can be discounted

becadse the chemical shift changes due to this type of

conformation are not observed.
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Lastly, an examination of the chemical shifts
for the methyl carbon atom supports the contention\that
in all cases the cyclohexyl ring has the Cl conformation
with both the C-1' to 0-1' bond and the methyl substituent
in the di-equatorial form. The methyarbon atom reso-
nates between 18.3 and 19.2 ppm which‘is normal for the
resonance observed in diequatorial trans—Z—methylcYclo-
hexanol (cé. Table 7). If the conformation of the cyclo-
hexyl ring is such that C-1' to 0-1' bond has obtained
an axial orientation, it is expected that the methyl
carbon chemical shift would be closer to the velue of \‘3
16.2 ppm observed for cis-2-methylcyclohexanol (cf. Table
7y, but this is not observed. |

Boat or skew conformatlons in which the methyl group
and the C-1" to 0—1' bond maintain a di-equatorial rela-
thnShlp have not been negated entirely, but it is expected
that such conformatlons ‘would be of hlgher energy than the
Cl conformation and changes in the carbon 13 Spectra of
carbon atoms remote. form C-1', -2' (- 6 ) would be expected
'Such conformatlonal changes in the cyclohexyl rlng would
.occur at carbon centers remote from thevglqc031dlc bond
system.and would_be of little help in relieving possible
steric or non-bonded interactions in the regign of this
bond. - - R | Ny 3

It'is‘thus apparent‘that:the large chemical shift

differences observed at the C—l'.pcsition‘are not due to
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changes occurring in the expected:Cl conformation of the
aglycon with all substituents in an equatorial orientation.

Furthermore, the magnitude and direction of these changes

[

also occur at C-1 of the gluéosidic moiety. Since the
conﬁormation of ﬁﬁehgiuCOSidic bond systeﬁ might be pre- .
sumed to be fiiéd by the exo anomeric effect, it is
possible that the differences in carbon—;3'chemical shifts
occurring at C-1' and C-1 hre-the result of rotational
changes about the C-1' to O—l"bond, hence changes in fhe
orientation of ‘the cyclohexyl agiydon wigh respect to.the
glucopyranoside ring. If any rotatibnal cﬁanges are
occurring.that would necessarily alter the conformation
about the glucosidic linkage, then these changes" should
also be reflectéd in the carbon-13 chemical ' shifts at

the 2' and 6' positions; these, as mentioned earlier. were

- observed.

4 @

B. Conformational properties of simple D- ¢

glucopyranosides in solution,

1. A consideration of methyl D—glucopYranoéidesJ

It was previously shown that in solutioh,vthe
methyl aglycon preferred the orlentatlon as deplcted in
conformers a= a and B—a as shown in Flgs. 9 and 10,

respectlvely, ‘both for reasons of the exo anomeric effect
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and a con51derat10n of steric and non- bonjgrilnteractlons.
It'Was also noted (cf. Table 1) that the observed dlfferen—
ces in molecular rotation'betw:éh the methyl D-glucopyrano-
sides’and their‘correspohdrng D glucopyranoses were-constsht
atf1103° +4°, This contributio <to rotation from the methoxy
group at C-1 can be explaihed by referring to the formulas
shown in Fig. 13. The Newman projection formulas.aS'dis_
played in this figure are viewed in the direction shown. In
both the o:f’and Bta conformers; the:aglyconic;carbon atom
is gauche to 0-5 and trans or enbi—periplanar to C-2; thus,
‘the rotatory contrlbutlon from the C /C conformatlonal it |

( A

is 0° or negllglble and the observed rotatlonal dlfferences
are easlly explalned by the contributory values of the co/o-
unit based on a torsion angle ¢.= t60°. This C,/0
asymmetric conformatioqpl unit‘has-heen-assigned'values
ranging from +105° (77) to *115° (7, 65)tiﬁ |

| For the a- and g-anomers, it is seen that the con-
tribution to molecuiar rotation from the methoky group is
reasonably conStant'for hoth glucopyranosides. This
‘observatlon would suggest that the methyl group is in a
s;mllar conformatlonal env1ronment for both anom rs.' Suit-
Rable conformatlonal formulas show1ng the orienta ion of the
methyl aglycon in enantiomeric like glucopyran051des -are

111ustrated in Flg. 14, For the-purposes of comparlsgy,

the conformational formuias for methyl-B-D—gluéopyrahoside
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O-5

C - = ~100° ’ /0 = &
o/C = C./0 : 100 Co,/C + C /0 = +107°

Fig. 13: Conformational formulas in methyl a- and 8-
D-glucopyranosides showing the contrlbutlon to rotation from
-the methoxy group at C- l

v fMe B-D-gluco ' . Me afL—gZuco

Fig. 14: Cohibrmatisnal formulas showing the orienta~

tion of the methyl aglycon in enantlomerlc like glucopyrano—
31des. - : , .
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»

and methyl q—L—glucopyraooside are shown. The following dis-
cussion will apply equally as well to'the enantiomeric B~
and a-D-glucopyranosides. |
As seen, similar regions about the .methyl aglycon

exist for both anomers, except for the differences in
orbital orientation at the ring oxygen atom. 1In the
enantiomer with the B~D-gluco configuration, the methyl
group sees both .the ax1ally and equatorlally dlrected lobes -
of the ring oxygen atom. For the erantiomer with the o-
L-gluco configuration, the axially orientatéd orbital is
directed aWay from the methyl group which now views only
the equatorlal 1obe Qf O 5 Thls‘dlfference in orb1ta1

R \ v

orlentatlon mlght be expected ‘to be’ 1mgortant from a

rotational v1ewp01nt, due to the way in which the plane.

of polarized light would View-the enantiOmeﬂiE'like gluco-

T -

~ pyranoside molecules. However, dUe to the. constant rota-

‘>

\ \"' o

.tlonal dlfferences observed for the D-glycopyranos1des

shown in Table 1, this’ orbltal orlentatlon apparently con-'

w
/

tributes llttle to molecular rotatlon. .
»

’

2. Effects of substbtutlon on the methyl carbon atom 7f .

(aglyconac carbon) of methyl D—glucopyran051des B

The observed molecular rotatrchs for ethyl

l 1sopropyl and cyclohexyl D-glucopyran051des are showq any

Table 15 It is 1nterest1ng to note that the dlfference

. .

e f . R hl Y.
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in rotation from D-glucopyranose for cach respective ano-~
. ' s :
meric pailr of glucosides shown is reasonably constant and
> ¥

tends to support the enantiomeric 1ike rclationship dis-

! -

cusscd previously for methyl D-glucopyranosides.
g: . .

Substitutidbn on the aglyconic carbon atom with
carbon, as in the cthyl D-glucopyranosides, produces little
change in molecular rotation when compared with the
Observed rotations for methyl D-glucopyranosides. The N

contribution to molocuiar rotation from the ethyl aglycon
can similarily be cxplained by the CO/O rotatory contri-
bution besed on the torsion angle ¢ 160°. As the aglyconic
carbon atom changes from one of primary to secondary
substitution, as 1s the case with isopropyl and cyclohexyl
D-glucopyranosides, the difference in molecular rotation
from D-gluc0pyrahose and methyl D-glucopyranoside is

- A -

significantly larqger and cannot easily be explained by the
simple addition of the ép/o rotatory contribution as was the
case with simple mcthyl and ethyl D-glucopyranosides.

. It has been shown that' for these simple glyco-
sides there exists considerable evidence for the exo
énoﬁeric effect and hence the preferred orientation of the
aglyconic carbon atom gauche to the ring oxygen atom.
Substitution on the aglyconic carbon atom, as in these

more complex glucosides, is not expected to change the

torsion angle ¢ much from !60°,.both from energy and steric

. "
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considerations. However, for a secondary aglyconic carbon,

the orientation of the a;lycon itself about the C-1' to
O-1' bond ( the y torsion angle) is also expected to be
influenced by the'encrqies associated with non-bonded
interactions and thereby influence the molecular rota-
tion. An\anmination of the structural'fcétﬁres about
the ;\ucoSidic linkage in cyciohexyl D- glucopyranosides
shows that in addition to the C,/0 four atom asymmetric
conformational unit there exists two four atom units
forﬁéd by the methylcne carbon atoms vicinal to the
aglyconid carbon'htom and C-1 of the glucoside méiety.
Depending on the orientation of the cyclohexyl aglycon,
hence the torsion angle ¢, the contribution to molecular
rotation from these CO/C units will either be negligible,
largely.positive, or largely negative.

In ordér to assess the pbssible contributions
to molecular rotation from the‘CO/C units, it is
necessary to examine the preferred orientations of the
cyclohexyl aglycon about the glucosidic linkage. For the

purposes of simplification, this examination will consist

1

-

of an analysis of the non-bonded interaction energiles
associated with the threce staggered conformers for the
orientation of the cyclohexyl ring, where y = +60°, -60°

and 180°., 1In this consideration, and all subsequent
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considerations involving the cyclohq&yl ring conformers,
the torsion angle ¢ is presumably fixed close to 60°

by the naturc of the c¢xo anomeric effect. The three
staggered conformers for cyclohexyl 8 ~D-glucopyranoside
are shown in Fig. 15. The Newman projection formulas,
viewed down the 0-1' to C-1' bond aré also shown in this
figure to illustratc thc sign of the contribution to
molecular rotation made by the.Co/C a§ymmetric confor-
mational units.

The calculation of the non-bonded interaction
energics associated witgithe three staggered conformers
fof cyclohexyl B—ﬁﬁéiaabpyranqside are shown in Table
16. The cnergies associaté&MQith the gauche interactions
are not shown in this table as these interactions are
common to all cénformcrs. The energies quoted for the syn-
diaxial-like interactions are taken from a book by Stoddart
(56) and references quoted therecin.

From a consideration of only the energies
associated with the syn-diaxial—like interactions, the
calculations show that the favoured conformers for
cyclohékyl R-D-glucopyranoside are in the order 4 > e > f.
Howevef, it must be pointed out that the differences in
enerqgy between these conformers is not vefy large and it
is expcc;ed that the differences in free energy associated
‘with the conversion of one conformer to another are not

\
that great, Therefore, as a first approximation,
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H-1

¢ = 180°

c-2

-

Fig. 15: The three staggered d, e and,f conformers
for cyclohexyl 3-D-glucopyranoside.” Néwman projection
formulas showing ‘the sign of the CO/CJparamgter.

N
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TABLE 16 \

A non-bonded interaction analysis for the three staggered

d, e and f conformers of cyclohexyl g8-D~glucopyranoside

= i ot e = EoaeS = = Y

Non-bonded interactions

Conformer Gauche Syn-diaxial Energy
(Bcal/mole)
C/H o//H . 0.45
c/cC c//H . 0.9
a v K —_—
: H/e 1.35
3C/e
C/H . ¢//0 2.5
c/C H//H
) € H/e 2.5
3C/e
C/H c//0 2.5
c/c c//H 0.9
£ H/e o

(V8

]

-3
-

. ) \ 3C/e




‘ 125

it is seen that in the more favoured conformer 4 the

contribution to molecular rotation from the Co/C parameter

vg

is negative (cf. Fig. 15). As observed in Table 15, the
difference in moleéulaf rotation between cyclohexyl 8 -D-
glucopyranoside and methyl B -D-glucopyranoside isf;39°.
In both of these glucosides it is assumed that the torsion

_ \
angle ¢ is constant at +60° and therefore the contribution
to molecular rotation from the CO/O parameter is the same s
for both compounds.

The residual molecular rotation observed for
cyclohexyl B—D—glucopyranosidé, therefore; must come frém
the Co/Cnasymmetrig confo;matidnal units which are not
fgund in methyl B—D—g;ucdbyranoside.f Depending on the

value cho;en for this CO/C ﬁarameter and the relative '
populations of the other two gonformers in solution, ‘the
preference for»confofmer d on the basis .of non-bonded
interaction energies.could éxplain the residual ;39° rota-
tion observéd. An experimental basis for the assignment
.of a value to this Co/g confofmational.unit is to be ‘
presented shortly anﬁéll as ‘a method to calculate the
_;elativé populationé of q} e and £ conformers in solution.
‘ The tﬁree stagge;ed conformers for cyclohexyl_
a=D-glucopyranoside as well as the appropriate Newman |
projection fdrMulas are'shoWn'in Fig. 16. The non-bonded
energies associaéed~ﬁith the syn-diaxial-like ipteracﬁions

P

in conformers 4, e and f are shown in Table 17. The
' »
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C-6

Fig. 16. The three staggered d, e and f conformers
for cyclohexyl a-D-glucopyranoside.” Newman projection
formulas showing the sign of the‘Co/C parameter.

&
e
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TABLE 17
/

Non-bonded syn-diaxial like interactions for

the three staggered 4, e and f conformers
. o ) W
for cyclohexyl a-D-glucopyranoside

T

Conformer Syn-diaxial Enerdly

interaction ~ (Kcal/mole)
o//H 0.45
d .
- Cc//H 0.9
1.35
Cc//0 2.5
e
- - - H//H
| 2.5
c//0 , 2.5
£ i
~ , . Cc//H ) 0.9
3.4
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calculatiofts show that conformer d is the more‘favoured

form in solution. In this conformer, the sign of the

CO/C parameter is positive. 1In a like manner to that

described above, a substantial population of conformer d

in golution could explain the residual molégﬁlar fotqtion
) % .

of +40° observed between cyclohexyl ao-D-glucopyranoside

and methyl a-D-glucopyranoside (cf. Table 15).

C. Conformational properties of cyclohexyl and ﬁrans-

L

2'-methylcyclohexyl D-glucopyranosides in solution.

1. An experimental basis for the assignment of a value

to the CO/C parameter.

In order to properly assigﬁ a value to the rota-
tory contribution from the Co/C parameters in the three
staggered 4, e and f conformers, it is essential to search
for a,compognd‘inSWhich one of these conformers would.exisﬁ
almost exclusively in solution. An examination of the
optical data presented in Table l§ reveals that (1'S)-
_trans—Z'—methyieyélohexyl«d—D-glucépyranosige (?);exhéaits
the largest change in molecular rotation whenaCOmpared.with _
its oorrespﬁnding methyl D-gluco@yranoéide. In compound
9, the hethyl group at C-2' forms a dextrgrotétory screw

_ pattern with the aglyconic,oxygen atom O-1'. As was

e
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TABLE 18 °

‘

Observed molecular rotations of cyclohexyl, (1'R)- and

. r
(l'S)—trans—2—ﬁethy1cyclohexyl D-glucopyranosides

Cdmeund No. %@ [M]D ] R A[M]D*
2'» | ~ -104.7 - - 38.7
5 (8-8)t + 28.2 +94.2
wé?.(B—R)T. ~199.5 e -133.5
4 h” +349.4 .+ 40.4
é (q—S)fﬁ +476.4 +167.4
12 {a—R)f  +260.3 - 48.7

~ * pifference in molecular rotation from methyl
D-glucopyranoside.

+ This notation will be used in the remaining
discussion to denote the .configuration of the
substituted tranc-2'-cyclohexyl D-glucopyranosides.

* For exampldp, (a-R) denotes, in this particular table,
(1'R) trans+2'-methylcyclohexyl a-D~glucopyranoside.
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prev%ously mentioned (cf. Table 5), this C/0O parameter was
assignéd a value of +50°. Subtraction of this contribution
to molecular rotation from the rotation observed for com-
pound 9, still leaves a residua; difference of +117.4°
when compared with the rotation of methyl‘afD-glucopyrano—
side.; The possible conformational equilibria for compound
9 are presented in Fig. 17. |

Calculation of the non-bonded interaction energies
for the unéubstituted cyclohexyl ring has shown that the

preferred conformers are in the order d >gf > f. Referring

to Fig. 17, it is seen that in conformer the methyl sub-

-stituent is well'away from possibie steric interactioﬁs .F
Qith the glucopyranose ring, espééially:from interactions
involving the hydroxymethyl functién and the axial hydrogen
at C-5. Conformer e places the methyl group into close
proximity with the ring oxygen atom and introduces steric
crowding with the hfdroxyﬁethyl functién. vfhe methyl \
substitﬁent in conformer f is situated well away from the
glucopyranose ring; however, there is ‘a 5ligh£ steric;

" interaction between ghe axiai hydrogeq at C-6', the ring
'oxygeﬁ‘atom and thé'hydroxyﬁetﬁyl funétion.' Thus it is
éeen, that conformer g can be Qredictea‘to exist almost
exclusively in solutionc Qath from'a consideration of thé_
.non—bohde& interéption énergieé associatéd with syh-ﬁiéxial-

like intéractions inyolving,tﬁe cycloheXyl ring and from

. . . L]
steric interactions involving the methyl substituent.



Fig. 17: Conformational equ

e
P

ﬂ' ‘ .

N

ii}bri; involving the
three staggered d, e and { conformers fo; {1's)- trans 2'~
methylcyclohexyl~a glucopy%an051de (9)
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The relatlve 1mportance of conformers e and f are more

-~

'dlfflCult to predict.. Conformer e 1s sllghtly more

-~

.favoured than conformer f from a conSlderatlon of the

~ !
energies assoc1ated with Syn—dlax1al—llke 1nteract10ns but

1

is less favoured from a consideration of sterlc 1nteractlons

1nvolv1ng the glucopyranose»rlng. L . - :

The evaluation of the optlcal rotatlon data
accumulated in the experlmental portlon of thls thesis

and related to substitutional effecfs on rotatlon arlSlng

from the introduction of substltuents (CH,,0H or C1) at

8 T e

the;C—Z' p051t1on of cyclohexyl a- and B-D—gluCOpyranOSrdes
depends on the value given to thls C /C parameter and

hence the populatlons a531gned to the d e angd f COnformers -

of compound 9 These populations, at present, cannot be

assigned w1th accuracy Rather than to a551gn a zero popu-.

iatlon to certaln conformers, it was decided to glve

\

obv1ously unravourable structures %ipulatlons of - 0 05 ¢ 0,05;

unfavourablc conformers can be expect

B )

mole' fractions. ThusO tle free enérg éfound for. these

to in the range.

of 1. 3 to 1nf1n1te Kcal/mgle. greater than 't"found‘fori

conformers whlch should be more favourable J.n ﬁolutlon from

¢

a con31deratlon of the energles associated w1th both‘sterlc

b w”

"~ and syn- dlax1al-11ke 1nteractlons.z -Such an energy range

appears 1n llne w1th the energy dlfferences for cyclohexyl

o= and B D—glucopyran051des 1nferred in Tables 16 and 17

, The relatlve populatlons for. the ‘three staggered orlentatlons'
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of the mothyleycloloxyl aglycon in compound 9rare therefore

arbitrarily assinged as follows.

. Conformor Population
o d 0.85 + 0.05
e 0.05 + 0.05
£ 0.10 + 0.05

No ot,h(:r justification other than what has been
mentioned, can be given for the Arbit;rari]y chosen mole
fractions for the conformers of compound 9 and it is
important that the rcader bedrs this matter in mind. The
observed optical rotation data for the model ;ompounds
chosen for this study, therefore, cannot be evaluated
with accuracy. At best, the detection of trends, based on
rcasonable assumptions is anticipated.

Since in conformer g, the sum of the CO/C
._rotato}y.COntributioné mﬁst equal zero, the residual rota-
tion of +117° observedAfor compound 9 must be considered

derived from the sum of the +CO/C parameter in conformer

d and the —CO/C parameter in conformer e. The maximum

[ad

value for thc‘co/c parameter is thus.calculated from the

4+

following expression:

whe;g—.~

v

X n,-n) =117°
e

[ eT

© \ y

-
X' maximum value for the CO/C parameter (°)*

ny- rotameyr -population for conformer d which

has been given the value n = 0.85,

/ ﬁci,rotamer population for conformer e which
has been given the value n = 0.05.

-



This coxpression gives a value of +146° for the ¢ /¢ para-
o

meter, which is tp be used in all subsequent calculations

of the populations for conformers d, ¢ and f.

2. Calculation of the d, ¢ and f rotamer populations

for cyclohexyl and trans-2'-methylcyclohexyl D=

glucopyranosides.

Owing to the difficulty in assessing the population
of conformer { in solution duc to the zero rotational con-
tribution {rom-the sum‘of the CO/C asymmetric conﬁdrmational
units, the amount of this conformer in solution will
arbitrarily be set at 10 * 5%. This conformer should be
less likely to occur in solution from a consideration of
the encrgies ésﬁociatcd with syn-diaxial-like non-bonded
interactions, but might be more important in some compounds
due to the steric effects assqéiated with substituents on
the carbon atoms vicinal to the aglyconic carbon atom.
>with this assumption, the relative populations of con-
formers,d and ¢ nécd now only to be considered. The con-
formational equilibria involving these two conformers in
B- and a-D-glucopyranosides issshown in Fig. 18.

| This calculation of rotamer populations is based.
on the observed molecular rotations of methyl a- and 8-
D-glucopyranosides and the rotations of the compounds

chosen for tﬁis study. It was scen that the differences



2 E=ER'=H
5 Hrcn3,R'=n (R -5)

6 B-H,p'=Cly (8-8)

o)
HHO
E —_— s
O ~
E
e
4 E=E'sH ) h
9 E=H,E'=Cl] (a-S5) (}
Z 3
12 ErCU3,E'=H («=R)

Fig. 18: Conformational cquilibria between conformers
e and d for g- and a=D-glucopyranosides.
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in obscrved hﬁlccular rotation from D-glucopyranose for
these simple methyl glucosides could be explained by the
value of the Co/o parameter based on a torsion angle ¢ =
*60°. 1t is assumed that the valuce for the torsion angle
¢, hence the value of the CO/O paramcter is common to
all the compounds to be discussced. The calculations of
the relative populations for conformers d and ¢ ace then
based solely on the contribution to rotation from the CO/C
conformational units, the sum of which is expected to be
either ncgative or positive depending on the conformer
most preferred in solution. The following equations are
to be uscd to calculate the relative population in solu-
tion for cyclohexyl and trans—Z'—me;hyicyclohexyl D-

glucopyranosides.

g ~-D-alucosides

8 § Me x
[Mobs]D [M]D 1 C/0 + 146 (ne ny)
a-D-glucosides
a aMe v
[Mobs]D [M]D + C/0 + 146 (nd ne)
where o
[Mobs]D 7 observed molecular rotation for the a- or
B-D-glucopyranoside in (°)
[M)%Me > observed molecular rotation for methyl 8-

D-glucopyranoside, (M]g = —-66°

©oh
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]uMe * observed molecular rotation for methyl a-

gMc
D

M

D-glucopyrdhoside, [M] = 309°

c/0 . applies only to the methylcyclohexyl D-
glucopyranosides. The value of C/0 = ¢
50° depending on whether the glucoside

has the (1'R) or (1'S) configuration

n Z the relative populations of conformers

e or q. ng + nd = 0.9.-

. ~ = > .
Sample calculations are given below for (1'S)-

trans-2"'-methylcyclohexyl S—D—glucopyranosfde (5) and (1'R)-
trans-2'-methylcyclohexyl a-D-glucopyranoside (12). The
calculated values for the populations of conformers d and

e are rounded to the nearest 5%. All subsequent calculated

‘values are similarly reported.

Compound 5
Q .
g _ 8 Me _
[Mobs]D = [M]D + c/o + 146 (ne nd)
+ 28.2 = -66 + 50 + 146 (ne - nd)

ne - nd = 0.30

ng + ng = 0.90-
2n = 1,20

. ne = 0'60,

ne = 0.60 nd = 0.30 n, = 0.10.

t
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Compound 12

a aMe | :
= - | -
[Mobs]D IM]D C/0 + 1 146 (nd ne)
260 = 309 - 50 + 146 (nd - ne)
nd - n = 0
nd + n = 0,9
= . = .45 = .
nd 0.45 ne 0 ’J nf 0.10

The calculated values for the relative populations
of conformers d and e féor cyclohexyl and trans-2'-methyl-
cyclohexyl D-glucopyranosides are summarized in Table 19.
The most favoured rotamer in solution for cyclohexyl 8- and
a-D-glucopyranosides (2 and 4) was calculated to be d.
Since\in both compounds the equatorial substituents at E'
and E are hydrogens{ the equilibrium between conformers e and
'd should be directed mainly by the energies associated with
syn-diaxial like non-bdnded interactions in these two con-
formers. This was showﬁ previoﬁsly to favour conformer 4.
The equatorial hydrogen at E' in conformer e is directed
towards the substituents at C-5 and hence it is expected
ﬁhat the equiiibrium would shift more in favour of conformer
d.

Wwhen the equatorial substituent at E' is methyl,

as in compounds 6 and 9, the equilibrium should be ghifted
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TABLE 19

Relative populations for the d, e, and f conformers

in cyclohexyl, (1'R)- and (l'S)—trané—2'—

methylcyclo

B = St R -

hexyl D-~glucopyranosides

= w3 = ==

Compound No. d e ! f
0.60 0.30 0.10
5 (B=-S) 0.30 0.60 0.10
6 (B-R) 0.75 0.15 0.10
4 0.60 0.30 0.10
9 (a-8) 0.85 0.05 0.10

12 (a-R) 0.45 - 0.45 0.10
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\
more in favour of the q conformer, as now there‘gre severe
interactions between the methyl substituent, the ring oxygen
atom and thevhydroxymethyl function at C-5. The calculatlions
based on the observed molecular rotations for these(two com-
pounds illustrate this shift in conformational eqnilibrium.

A consideration of the effects of methyl substi-
tution at E shows that for (1'S)—trahs—2'—methylcyclohoxyl
-D-glucopyranoside (5) the equilibrium is now directed more
in favour of conformer e, despite the lower energy found
for conformer d on the basis of syn-diaxial-like interactions
However, in conformer d the methyl substituent is directed'
underneath the glucopyranose ring and severe steric inter-
actions cxist between, the axial hydrogens at C-1 and C-5.
Conformer d, therefore, must be less favoured from this
consideration;

Substitution at E, as in (I%R)-trans-2'-methyl-
cyclohexyl a-D-glucopyranoside (12) seems to shift the
equlllbrlum neither in favour of conformers d nor e
Conformer e directs -the methyl substltuents well away from
the glucopyranose ring and no severe steric interactions
exist; except the syn-diaxial-like interaction between the
C-6' methylcne group and the ring oxygen atom. Some oferic
1nteract10n exists between the methyl substltuent and the
equatorial hydrogen at Cc-1 in conformer d but this confor—

-~

~mer as shown, has a lower energy than conformer e on the
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basis of syn—diaxialﬁ&ike interactions. The calculations,
therefore, seem to show a compromise between the energies
associated with syn-diaxial-~like interactions and the
energies due to steric effects involvin%msubstituent groups.

The calculation of rotamer popuiations by the use
of molecular rotation data, therefore, seems to correlate
‘ welllwith considerations based on syn-diaxial-like non-
bonded interactions and steric interactions associated with
equatorial substituents. The method has at least éﬁown the
trend in conformational equilibrium. Whether the calculated
numérica; values are meaningful is questionable, as it was
. assumed in all cases that the torsion angle ¢ was constant
at 60° aﬁd the maximum value{allowed for the CO/C parameter
was fixed by assuming values for the rotamer populatiqns of

compound 9.

3. Correlation of carbon-13 chemical shifts with the

calculated populations for conformers d, e and f. .
: oS T

I

Differences in the assigned carbon-13 chemicals
shifts occurring at c-1, -1', -6', and/or ~2 in cyclohexyl
and trans—Z'—methfiéyélohexyl D—glu?opyrahosides were
previously noted.v The fact tha£ differences in the c.m.r.

spectra of these compounds occur, would seem to indicate
the presence of the type of conformational equilibria dis-

cussed. An attempt, therefore,‘will be made to correlate

2

-
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this carbon-13 data with the rotamér populafions’just
c?lculatea. The assigned values of the carbon-13 chemical
shifts to be discussed are presented in Table 20. ‘The
calbdlated valués for the chemical shifts at the 2' and/or
6' methylené carbon atoms by a method about to be illustrated
are also shown in this table. |
In order to‘faciliﬁate the calculation of carbon-
13 chemical shifts; it is necessary to examine the relative
conformational positions in confbrmers d, e and £, that each
ﬁethylene carbon in cyclohexyl D—glucopyran&%ides (C-2' and
C-6') and in trans—2'—methylcYclohexyl D-glucopyranosides
(C-6") occupie;. For reference these positions will be
characterized by the syn-diaxial-like interacéiops associ-
ated with the me£hylene carbon atoms. These relative
® positions are summarized in Table 21. There remains now
to assign a value t§ the carbdn—lB shifts of the methylene
carbons gt the conformational positions characterized.
From an analysis of the three staggered conformers
for (1'S)-trans-2'-methylcyclohexyl a-D-glucopyranoside (9),
it was shown that‘conformer d.existed almost exclusive;y in
solution. The observed carbon-13 chemical éhift at the
C-6' methylene carbon atom is 30.1 ppm.’ Thérefore, thé Qalue
‘éssigned to the methflene carbon atom cﬁaracterized by C//H”
must be small, A value of 30 ppm will be thus assigned to

‘the methylene carbon in this position. In (1'R)-trans-2'-

methylcyclohexyl a-D-glucopyranoside (12), the éalculdtions
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showed that the populations of confcrmers d and' e were equal
and the observed chemical shift for the methylene carbon
atom at C-6' is 33.7 ppm. Thefefore, the values assigned
to the chemical shifts characterized by C//e and C//0 must
both be relatively largef than the value of 30 ppm assigned
to the c//H pcsition. On going from compcund 12 to (1's)-
trans-2'- methylcyclohexyl B-D-glucopyranoside (5), the
Population of conformer e is increased to 603, the population
of q is decreased to 30% -and the population of confofmer‘f
remains the same at 10%. The chemical shift at the C-6"
methylene carbon in bcth compounds_§ and 1? remains unchanged.
Therefore, the value of the chemical shift occuring at the
position characterized by C/70 must be larger than the value

_ }
" given to the C//erposition.» These chemical shifts. are

<
arbitrarlly assigned ay 35 ppm for C//O and 33 ppm for C//e.
The Values a551gned to the carbon-13 chemlcal shifts thus |
characterlzed are summarized in Table 21,
Values for the C-2" andfor C- -6 methylene carbon
atoms in cyclohexyl and tzan<—2'—mcthylcyclohexyl D—gluco—
‘ pyran051des may - Lhen be ca]culated by using the numerical

values- of the calculated rotamer populations for each com-

pound and- the values a551gned to the carbon-13 resonances
'roccurrlng 1n each of conformers d, e and f An example of
»

this calculatlon is given below for (1'R} - trans 2'~methyl-.

\_/~‘ . ‘ ) ' ’ : '
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cyclohexyl B—DegluCOpyranoside (6),'where the relative»

populations, in conformers d, e and f ‘reSpectlvely, were
estimated to be 75%, 15%, and 10%.

&
—

- 13 . .
Calculation of the 1 C shift at C-6' in compound 6

=n (C//H) + n (C//e) + n (C//0)

§. .
calc

= 0.75 (30) + 0.15 (33) + 0.10 (35)
Gcalc = 31.0 ppm.

The calculated carbon—l3 shifts and the assigned
chemical shlfts as shown in Table 20 are. in good agree-
ment, Whlch lends some credlblllty to the values arbltrarlly
glven to the resonances characterlzed by ¢//H, G//e ané& -
Cc//0 and lends partlal support to the treatment of, the
observed Optlcal rotatlon data.

| The observed.chemical shift chahges-occdrring at
C-1 and C-1"' are more dlfficult'to'rationalize. Consider, -
first of'all the B—D—QlucopyranosideS' In (1'S)- trans—Z'
methf\byclohexyl 8 D~gluc0pyranoside (5)’the chemlcal shift
at C 1 of 104.0 ppm compares favourably with that observed
for methyl g- D—glucopyran051de (89) .and methyl B~D cello-'
b1051de,(95)._ Calculatlon of rotamer populatlons showed _
that compound 5 ex15ted predomlnantly as conformer e in solu{

tlon.4 In contrast the Cc-1 chemlcal shifts for compounds 2

~and 6 are shlelded by - 3.5 ppm when compared with - the Shlft *

.r
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obscrved for compound 5. Cyclohexyl and (1'R)~frans-2'-
methylcoyclohexyd g -~D-glucopyranosifles (2 and 6) were shown
to ecxist largely in conformer d in solution. 1In this
particular conformer, for both compounds, the hydrogons

at the C-6" methyleng carbon are dirccted toward the gluco-

-
-

pyranosce ring and interact with the axial hydrougen at 'C-1.

Such an interaction involvind ¢~1 is not found in compound

s
+

aﬂpﬁ the carbon-13 shifts at C-6'

. ri“
5. Furthermore, thasvalu
- _ D

65rro¥6hiéldod relative to that obser-

for compeunds 2 qhd
L RS

ved at C-6" fdxybéﬁpound 5. It is thus apparent that steric
< s .

or non-bonded interactions in conformer d are responsible
for the observed chemical shift changes occurring at C-1.
Presumably, the same factors are responsible for the obser-

ved shielaing in the C-'' resonance of compound 6 comparcd

with that c¢bhserved in compound 5. The resonance of the

methyl carbon atom remains unchanged for compounds 5 and 6,

where its orientation in thefe and d conformers, respecctively,

is= well away from steric or non-bonded interactions with the
glucopyranose ring. - )

The C—Hh(‘mj,cnl shift for (1'R)-trans-2 '-methyl-
cyclohexyl s-D-glucopyranoside (12) compares favourably with
that obscrved for mgthyl a-D-glucopyranoside (89) and methyl
g-D-maltopyranczide (95). 'The chemical shift at this
position in coMpounds 4 and 9 is shielded and, in a like

manner to that described above, this shielding scems to
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be controlled by the relative proportions of cohformer d

In solution. A slight shielding gf ~ 1 ppm is obscrved

in the chemical shift of thc mcthyl carbon in (1'R)-trans-
2'-methyleyclohexyl «-D-glucopyYanoside b(]?_) as compared with
that observed iﬁ the corresponding (%'S)~dorivativb (9) .
This can possibly be explained by Lh(‘storic intjora(:tion

between the methyl substituent and the hydrogen at C-1,

which is present in conformer d of compound 12.

4. X-~ray crystal structure of (1°'S)~tranc-2'-methyl-

cyclohexyl e-D-glucopyranoside (5).

The preceding discuagsion on the calculation of
rotamer populations fo& the franc=-2'-methylcyclohexyl D-
glucopyranosides has shown that the relative ééoportions
6f conformers q, e and f in solution were co)ﬁrollcd
mainly by steric interactions involving thg/gethyl sub-
stituent., The crystal structuré anq}y“'g of these substi-~
tuted cyclohexyl D-qglucopyranosides were, therefore, .

: ’

undertaken (31) to obtain poscible supporting evidence
in favour of the calculation of rotameg populations based
on optical rotation data. At the time of this writing,
only the crystal structure of compound § 1s available.

The values for thg torsion anéles (¢, ¢) from
the cg}stal structure of compound Q;arc (+31.7%, -32.6°).

Similar valucs for the torsion angles (¢, v) are ¥found

¥
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)

for methyl g-D-cellobioside (71). . Differenpes in the

torsion angle ¢.in the solid statce from that predicted in
solution (¢4 = +60°) have been previously noted for 1,4-8-

and 1,4-a-linkced disaccharides+(cf. Table 3). These
differnncos were attributed to the intermolecular and crystal
packing forces present in the solid state which were expected
to play an important pnrt'in cstablishing the conformation

of thesec compouﬂds.

.On the basis of optical rotation data, (1'S)-trans-
2'-methylcyclohexyl ¢ -D-glucopyranoside was shown to exist |
predominantly in conformer e in which the torsion angles
(¢, ¢) are (+60°, -60°). These values for the torsion
angles (¢, ¢) in solution are not far different from thosc
observed in the solid statc.ﬂ 1f, indeced, the value for
the torsion angle ¢ in solution is govcrﬁed by the exo
anomeric effect, as was assumed, then the conformation for
compound 5 found in the solid state correlates nicely with

that predicted to exist most favourably in solution.

D. Conformational properties of trahs-2'-hydroxy-

cyclohexyl and trans-2'-chlorocyclohexyl D-'

glucopyranosgides in sofution.

v

A study of. the conformational equilibria involving ¢

-

the three staggercd orientations of the aglycon (y = -60°,

i



+60°, 180°) in the hydroxycyclohexyl and chlorocyclohexyl

D-glucopyranosides was undertaken primarily taq assess the

.

effect that polar substituents had on the conformation.

/

about’ the glucosidic bond system. Apart from the steric

effects associated with these substituent groups, the polar,
naturc of thc hydroxy or chloro Subgtitucnt might be cxpected
to influence the relative populations found in solution

for conformers 4, e and f. Hydrogen bonding with the solvent
or the glucopyranose ring in t?c hydréxycfclohexyl deriva-
tives might.also be expected to be important in favouring

.

one conformer over another.

The observed molecular rotations for these D-
glucosides are presented in Table 22. Quite apparent from
this table is the striking similagity between the observed
molecular rotations for the 2'-chloro and 2'-hydroxy sub-
stitu;cd D-glucosides and the rotafions for the 2'-methyl

°derivativcs presented in Table 18. The only large change
in moleculér rotation occurs in (1'R)-trans-2'-hydroxycyclo-
hexyl g-D-glucopyranoside (14). ) .

The relative populations in conformers d, e and
f for the compounds shown in Table 22, are calculated in a
similar manner to those of gﬁe tfans—2'—methylcyclohexyl D~
gluco;yranosides. All assﬁmptions are the.same. The C/0

parameter for the methyl group and the aglyconic bkygen
~ \ . .

o atom in a gauche reclationship is necessarily replaced by

fa

the 0/0 parameter for the hydroxy derivatives and the Cl/0
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TABLE 22
»n

Observed molecular rotatjons for trans-2'~-hydroxycyclohexyl

and trans-2'-chlorocyclohexyl D-glucopyranosides

| .

Compound Substitucnt, at 2! [M]D
13 OH + 25.9
- (8-S)

21 Ccl + 28.5
14 OH -170.3
© (B-R)

22 Ccl -199.1
17 o5 OH © 4477.0
25 0 C1 +477.5
20 Lo . OH +2?3}1
28 Cl +252.8
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Relative populations for the d, e and f conformers

pESr r oo 2r e mem -z

r

in trans-2'-hydroxycyclohexyl and trans-

e -

Compound No. ?
l} 0.30
2} 0.30
;} 0.60
2? 0.70
{? 0.85
%? 0.85
20 0.45

arem mmemear

-xrees e

P

2'-chlorocyclohexyl D-glucopyranosides

P e

0.60

0.30

0.05

0.4g

R e R S skl

0.10

0.10
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parameter for the chloro derivatives. The 0/0 and C1/0

paramcters have been previously assigned Valueg of t55°.
The d, ¢ and f conformer populations for the{2'ﬂhydroxy
and 2'-chlorocyclohexyl glucosides are summarized in
Table 23.

As is expected on %he basis of the observed
molecular “rotations, the populations for éonformers q, e
and f are similar to those observed for £he trags-2"'-
methylcyclohexyl D-glucopyranosides. The notable excegtion
occurs in compound 14, wherc a difference in molecular rota-

tion from that observed for compounds 6 and 22 was noted.

The calculations show for compound 14 an increase in the

population of conformer e when compared with this popula®

tion in compoundé 6 and 22. This can poséibly*be explained
by the tendency to form a.weak intramolecular hydrogen bond
between the hydrpxy substituent ét c-2' and the ring oxygen
atom. This would ogly be possible in conformer e. Similar
hydrogen bonds involving the pyranoid oxygen atom have been
observed in the solid state for 3-D-cellobiose (19) and methyl
B—D—cellobioside}i?l). This type of hydrogen bonding 1is

also pOStulatedlté exist in solution between contiguous
cellobiose residues in cellulose (20). However, the

increaée in the population 6f conformer e is not that sub-

stantial and, in water, the tendency to form this. intra-

molecular I{ydrogen bond must be consider! to be small. .

~
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As was the case with the methylcyclohexyl- D-
glucopyranosides, changes in the carbon-13 chemical shifts
at C-1 and C:l' are evidenced fbr the hydroxycyclohexyl and
chlorocyclohexyl D-glucopyranosides. These chemical shift
changes are of the same magnitude and direction as those
observed for the methylcyélohexyl derivatives. Changes in
carbon~13 shifts similar to thosc observed for the methyl-
cyclohexyl D-glucosides also occur at the c-6" methylene
carbon atoms. The chemical shifts occurring at C-6' in the
chlorocyclohexyl D-glucopyranosides may be calculated using
the .chemical shift values for the various methylene positions
in conformers d, e and f, which were previously outlined.
Sinée there is little difference betwecn the observed C-6'
éhemiCal'shifts for the chlorocyclohexyl and methylcyclo-
hexyl D-glucopyranosides and their rotamer populations are
similar, the calculated values for the Shiff at C-6' would
show good agreement with tﬁe chemical shift values observed.
The C-6' resonantes in the hydroxycyclohexyl D-glucopyrano-
sides are shielded slightly from those observed in their
corresponding methyl- and chloro-substituted derivatives and

their calculation by the method previously outlined would

?

give poorer results. .

It thus seems that the relative populations found
"in conformers d, e and £ for all the mono-substituted cyclo- -
hexyY¥ D-glucopyranosides are controlled simply by steric

interactions involving the substituent at-C-2', A more
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i

polar substituent appears to have little effect on the conF
formations about the glucosidic bond system, except for
compound 14, where a small shift in the conformational
equilibrium between the d and e conformers was noted.

;

L

i@ Conformational properties of (2'R)-trans-(6'S)-
\ .

trans-Dimethylcyglohexyl D-glucopyranosides.

It has been shown that the orientation of the
aglycon about the gluc0pyranoside linkage is dependent
mainly on the;steric interactions ;gsociated with an equa-
torial substituent vicinal to the aquconic'carbon atom.

The dimethylcyclohexyl derivatives are important in under-
standing the conformational properties about the glucésidic
bond system because these derivatives possess the configu-~
rational relationships of both the (1'R)- and (1'S)-trans-
2'—methylcyclohexyl D-glucopyranosides. Before a considera-

tion of the conformational equilibria involving the dimethyl

derivatives, it is of interest to compare the carbon-13

1
L

spegtra of the glucoéidic moiety of these compounds with
that of simple methyl D—gluGOpyrgnoéides. The assigned
oheﬁical shifts oécurring at C-2 to C-6 in (2'R)~-trans-
(6'S)*trans-dimethylcyclohexyl o- and B*Qlucopyranosides
(32 and 30) (cf.flpble 13) show little deviation from those

observed for methyl a- and g~D-glucopyranosides (89).
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The fact that no significaﬁt.changes are observed at C-2,
C-5 and C-6 in the dimethyl derivatives would necessarily
‘rule out7any of the three staggered d, e or f conformers
‘that would direct the equatorial methyl substituent towards
the hydroxy substituent at‘C—Z_qr the hydrogen.and hydroxy-
methyl fuﬁction at C—S. |

The molecular rotation of (2'R)-trans-{6'S)-trans-
dimethylcyclohegyl B -D-glucopyranoside (%p), ~52.3°, is
' remarkably similar to that observed for methyl R-D-gluco-
pyranoside. 1In componﬁd 39' the sum of the rotatory c&n—
tributions. from the C/0 paramcters wiil necessarily be
zero, as the methyl sﬁbétituent at C~6' forms a dextrarota-
tory screw p&ﬁtern with the aglyconic oxygen atom while the
methYlusubstituent at C-2'!forms a levorotatory screw
‘pattern witp the aglyconic oxygen atom. Therefére, in order
to explain the similar molecular rotation to methyl S—D—;
glicopyranoside by‘methods previgusly discussed, the sum'
of the c./C paraméters)in compound 391must'also tend to
approach zero as in conformer f, or else the populations
found in conformers d or e must be the same. |

The qénfbrmatiénal equilibria involving the dq,
e and f conformers'Qr comf)oundr 3~0 are.shown-in‘l.;‘ig. 19.
As shown !n this figure;‘conformerie is unfavoured due to

the steric interactions iﬁvoliffr;;\tm me8hyl substituent

at C-2" #d the glucopyranose ring. This was shown to be
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Fig. 19:' Conformational equilibria for (2'R)-trans-
(6'S)—tpanS*dlmcthylcyclohexyl 8-D-glucopyranoside (30).
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true in the calculation of |rotamer populations for compound

6. The methyl group at C-6' in conformer d is directed under

the pyranose ring and severe interactions exist between the
axial hydrogens at C-1 and C—SF This conformer must there-
fore be relatively unstable. This was evidenced 'in the
conformational equilibrium between the d and e conformers y,
in compound 5. In conformer £, no severe.steric interactions
exist between the equaForiai methyl substituents and the
glucopyranose ring, but some steric interaction is noted
between the axial hydrogen at C-6', the ring oxygen atom

and the hydroxymethyl function. However, conformer f must

be predicted, to exist almost exclusivelyrin solution for

(2'R) -trans-(6'S)-trans-dimethylcyclohexyl S*D—glucopyrano;
”side,(3p) in order to explain the observed leecuiaE rota-
tidn for this compound. Thus with di-equatorial substitu-
tion on the carbon atoms vicinal to"!; @lyconic carbon
atom, it is'apﬁérent that the cont#olling preference fbr
the orientation of éhe cyclohexyl aélycon about the gluco-
sidde linkage is found in th? tendency to minimize the
steric interactiohs iﬁvolving the methyl substituents.
With these interactions definitely minimized in conformer

f, the molecule seems content to suffer the syn-diaxial-

like non-bonded interactions between c-2'//H-1 and C-

~

: ~ .. . . . . O
6'//0-5 and the steric interactions involving the axial
i S ' . r - ' !

hydrogen at C-6'. . ¢
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The CflAchemical shift for compound 30 was found
to be 102.7 ppm (cf. Table 13), wﬁich is not far removed
from that observed for (1'S)~trans~2"'-methylcyclohexyl 8-
D-glucopyranoside (5) (cf. Table 10). In both these compouids,
the value of thé C-1 chemical shift is deshielded relative
to those observed for compoﬁnds 2 and 6, which were shown |

to eXist lardely in the d conformers.

'similar support can be derived from the calcula-

tion of thé\chemical shifts occurring at the c-2' and C-6",

methylene positions in compound 30 which are shown below.

C-2' Methylene carbon

C//H in £ (30 ppm)

8 cale = 1.0 (30)
= 30 ppm
1) - a-shift = 37.9 - (5.6 *+ 0.4) = 32.3 * 0.4
obs : . ‘ ‘
C-6! Methylene carbbnv
c//0 in £ (35 ppm)
dcalc 1.0 (35)
= 35 ppm
! . . . _ /
$obs a-shift = 39.9 - (5.9 + 0.4) = 34.3 ¢ 0.4

The calculated values of the chemical shifts for -
the C-2' and C-6' methylene carbons show réasenable‘agreément.

\ N § ’ N r
ki R ’.., B
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with that observed by taking into account the a-shift effect
associated with the'equatorial methyl subsfituent on C-2°

and C-6'. This evidence from 13C—n.m.r. studies, therefere,

3

supports the trend in conformational equilibria discussed -

for the dimethylcyclohexyl B—D~gldcopyrenoside(%30). e,

The observed moleculér rotation of (2'R)—trann~

(6'S)-trans- dlmethylcyclohexyl a~D- g’ucopyran081de (32)

.347.3°, is remarkably similar to that observed for cyclo-

v

1

hexyl‘a—D—glucopyran051de (4). The conformational equi-
libria involving the d,.e\ﬁnd f conformers for compound 32

are presented inIFig. 20. The calculated rotamer pooulations.
for cyclohexyl a*D—glucopyranoside (4) were as follows:
0.604d, o.3oé ano 0.10 f. , However, applying.these rotamer
populations to the conforﬁbpional equilibria shown in Fig.
20 to explain the observed“ﬁ lecular rotétion for compound
'32 poses a few probléms Sﬁ' : 3

é@ The large molecular rotation observed for (l S)-

~ ©

trans—Z'—methylcyclohexyl a-D—glucopyran031de (9) was,
explalned by postulating that the eevere atQIlG interactions

between the methyl substltucnt Lhe ring oxygen atom ahd

the hydroxymethyl function made the existence of conformer =

e in soiution negligible. The methyl group at C-6' in

conformer e for compound 32 is slmllarly ormentated and

-~ ~ .

thus to assume that thls conformer exnsted to the extent

’ 32'30% in solutlon is contrary to the resultc obtalned ﬁor

SRR . ‘ ‘ Y
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.

Fiag. 20: Contormational eguilibria for (2'R)-ranee
(6'8)~trove-dimethyleyclohexyl =D-glucopyranoside (32)

. | T -
w
N\
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compound 9. A consideration of the effects of substitution

in conformer d reveals that the methyl group at €-2' inter-

acts strongly with the anomeric hydrogen. A nitunthgn
similar to this occurs in conformer d for (1'R)tfrans-2"-
methyleyclohexyl a-D-glucopyranoside (12), where the

r

population of this rotamer was calculated to be 45%. There-

force, to gssume that the population of conformer d is more

than 459 (as 15 observed for cyclohexyl a-D-glucopyranosidce
(#)) would tend to negate the treatment of optical rotation
data discuénod previously for the mono-substituted cyclohexyl
D-glucopyranosides. Similar to the e and d conformers,

conformer { is not without interactigns involving the methyl

subastituent. In this confor:ftr, the dquatorial methyl sub-
& ¢

stituent at C-2' is directed toward thé¢ axial hydrogen and
o
hydroxymethyl function at C-5. To summarizea, “the severest
interaction invelving methyl substif®ients ocdurs in conformer
/
e. The probible equilibrium which, therefore, must be

considered is that involving conformers d and f.

In order te cxplain the observed molecular rota-

’ vy -
. i : . . 5
tion for corpound 32 by metheds previpusly describoed, the
PR “J_ My )
A

conformersg &_and f are calculated to be,

populaticns of

~

respectively, 30% and 70%. 1f this is indeed the case for

compound 32 (the f conformer was shown to exist almost

exclusively in solution for the dimethylcyclohexyl 5-D- .



163

glucopyranosidé (30)), then the steric interactions in

I3

conformer d must outweigh those found in conformer f.

Possible support for thesco é;nlcul;‘xtod rotamer
populations can be derived from carbon-13 chemical shift
studies for compound 32. As obscerved in Talle 13, the C-1
chemical shift was assigned at. 99.1 ppm.. This is similar
to the iOO.G ppm ChCmicnl shift assigned to C~1'jn (M "R) -
trans-2'-methylcyclohexyl e-D-glucopyranoside (12), where
the population of conformer d .in solution was calculated |

to be 45%. The- fact that the C-1 chemical shift found for

-

compound 32 is deshielded from the values observed for

compounds 4 and 9 (populations for the d conformers are,

respectively, 607 and 75%) would suggest that, indced, the
relative populatiof for conformer d must be low and nearer
to-that calculated for compound 12. A calculation of the

chemical shifts, for the C-2' and C-6' methylene carbons

is given below for compound 32.

C-2' Mcthylene carbon

C//i in d (30 ppir)

C//0 in f (35 ppm)

- b
. . c
. 6calc 0.30 (30) + 0.70 (35)
= 33.5 ppm.
§ = a-shift = 39.7 - (5.6 + 0.4) = 34,1 + 0.4.

obs
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C-6' Mcthylene carbon '

C//c in d (33 ppm)

-

c//H in f (30 ppm)

= 0.30 (3 = .
calc (33) + 0.7 (30) 30.9

6 pq — a=shift = 37.7 = (5.6 « 0.4) = 32.1 & 0.4).

This agrcement betwecen the observed and calculated
methylene carbon chemical shifts tends to support the trecat-
ment of the possible conformational equilibria for the

i i

dimethylcyclohexyl a-D-glucopyranoside 32.
_ - \ - [ *

F. Optical rotation studies of cyclohexyl 6-dcoxy- and

trans-2"-methylcyclohexyl 6-dooxy—D~q1ucopyran03iQQs.

These 6-deoxy derivatives were synthesized pr}—
mgfily to determine 'the contribution to'molecglar rotation
from the exo-cyclic hydroxymethyl fhnction at C-5 and assess
possible elfects that methyl substitution on the aglycon
would”havdron th;s molecular property. A comparison between

the opserved.molccular rotations of compounds 2, 4, 5, 6, 9

and 12 and their 6-deoxy derivatives is presented in Table
24.

In all cases reported, the hydroxymethyl grouping

. 3 .
contributes - +33° to' the observed molecular rotation
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A comparison of thao obSOrVOd»i%lecular rotations for

cyclohexyl and ﬁranu~2'-methylcyclohoxyl'D—qluco~

pyranosides

e o e - - e,

e

ey e e oy

and their 6-decoxy derivatives

SRR TEe S ey e ey

(o] o R
Compound Substituent at C-5 [M]D A[M]D
L s
2 CH?OH ~104.7° +32.0
37 c, ~136.7
5 CH,OH + 28.2 +32.6
44 Cli, -~ 4.4
b cuon ~199.5 +33.2
51 CH3 ~232.7
4 CH,0H +349.4 +33.2
39 cit, ' +316.2
. CHI,OH +476,4 +33.2
46 CH3 +443,1
12 Cit ,0H . +260.3 +32.5
. . ,
53 : CH, +227.8
. o CH, 1
* = - . i
x4l o= Ml g, 2
s
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of the D-glucopyranosides shown. Similar contributions to
rotation are 5bscfvcd er the.cmo—cyclic C-5 substituent

in a- and g-D-glucopyranose and their mcthyl D-glucopyrano-
sides (65). .

It is thus apparent that substitution on the
carbon atoms vicinal to the aglyconic carbon have no effect
on the oricntatién of the hydroxymethyl function. This
suppor?s thg previous treatment of conformational equilibria
for thé staggered‘d,‘éqand f conférmers for the mono-
substituted cyclohéxyi D—gl&cogyranosfdes;where it was
shown that any éonformer which difected the eduatorial .

substituent towards tho hydroxymethyl function was

disfavourecd.
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v CONdLUSIONS
: ”

This project has used primarily optical activity,
at the D-1ine of sodium, to épudy the effects of equatorial
substituents, vicinal to the aglyconic carbon, od}the con- '
formational prefercences for the orientation of the cyclo-
hexyl aglycon abéut the glucosidic bond system in solution.
It was found that tﬁe observed molecular roations for the
model compounds could bé analyzed in terms of the three
staggered orientations for the 6-membered aglycon using
the simple empifical rules for the calculation of molecular
rotation developed by Lemieux and Martin (65).

The use of carbon-13 nafural abunda;ée c.m.r. as a
means of detecting conformational changes ébout the glyco-
sidic boﬁd system in Solut;on and in the determination df
rotomer populations‘ébout the aglycénic bond‘was.demonstratedﬁ

It &gs shown that substituents viciﬁal to the églycbnic

.carbon atom have a profouhd effect on the orieptation of .,
£he 6-membered aélycon in solution. The cyclohexyl‘agly~7 f
con was seen to rotate about the aglyconic bond (C-1' t6
Oll'TbOnd) in the direction éWéy from large steric igteyf
acti&ns involGing these substituents} Changing the nature
of the substituent in‘fhe é' positibn of the agiycon frog.
- methyl, to éhloro, to hydroxyl had little effec#-on'this

: > e :
7rotationa] tendency. i o L . e
E A émall chanée in the conformer.gopulatidns_of_(i'R)-

AN

f . . P 1
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L
trans—z'-hydroxycyclohexyl B-D-glucopyranoside (6) was
noted and was analyzed in terms of the possible formation
of a weak intramolecular hydrogen bond between 0-5 and 0-2'
in solution. However, since the obéefved change in rotamer
populations was relatively small compared with that observed

for derivatives with a methyl or chloro substituent in the

same position, it is concluded that this type of hydrogen

bond formation is negligible in polar solvents such as water.

From optical rotation studies on trans-2'-methyl-
'cyclohexyl‘6—dé6xy¥D—g1gcopyronosides, it is concluded.th%t
the orientation of the exo-cyclic C-5 hydroxymethyl function
is little-affiited by the complexity of the aglycon.

This systematic study of the conforﬁations‘about the
glucosidic linkage in solutions has,‘theréfore, provjded
experimenfal evidence in support of earlier observations

by Rees (3) pertaining to polysaccharide conformational

‘analysis by the method of computer madel-building.
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