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CALCTPACT . ,
. M, ‘
. i
i g:‘a

Through cxperiments with fiodel compounds, o Karpluas-
* 45 "lr

i . » “.
tyvpa torsion angla relattronship has bhoen developed Tor
-~

’
ot *

nuclear spio couplding between vicinal ccachon-=13 and hydroagen

-

nuctei linkod by o-bonds through an oxyaen to carbon axis.
When the relationship wias applied to the examination of the

conformational properties of the glycosidic bond of the
13 o : L e
methy =7 7C - and g-D-glucopyranosides, D-mannopyranosides,
-

and 7.‘d(‘(’).‘{Y"‘l)*‘ur‘([bzfl,'v'th‘?C()[')}"I‘(U](').‘ij,‘l«".";, the axistence of a

o foum‘l mt crcochomioal influcnea, of npon-stoario ()ﬂ%\(n,

2,

was discoveraod, It was found that this influcnce supplemented,
substantially, the steric fﬁr@ﬁs)vhiéh tend to favour the

3 b = - 3 = & = = -
adoption of ope specific rotameric form in bhoth «- and g~

®

S RN . I
anomers, 6’Fhi,s conclusion was substantiated by interpretation:
of the [M)D constants of the methyl glycopyranosides, compdtad
to those of their parent glycopyranoses, and, by the dbserva-

tion of vicinal carbon to carbon nu 1 ,pln c@upllnq

between the aglyvceonic Céfb@ﬁ”aﬁaVC"Z of the pyranoid ring.
Thé somewhat lafqér aglyconic carbon to anomeric hydrogen

LY

4C0upllnq€ found in the f~ qucopyranos;des compared to tho%e
of the a-anomers,. were 1nterpreted as atising from Sll htly,
smal}er'torsion angles in the B-series and this interpretation

. was substantiated by the results of nuclear Overhauser exper-

.
rments. . . ' ; .
i : ' ' ' ' ’
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When therKarpluS~t§pe rﬁlatiﬁnghip, mentioned above,
was used to 1nv£%t1gate the qivLO)ldlc bond rotdmcrr of the

B

ethyl, 1foprppyl and t bUtyl'D~q1qupKranusld ; it was
: (

found that rotamer prefercences similar Lo'those of  the methyl
, [ - , :
glucopyranosides wera observed. As the aglycon increasexl
in size, expected ificreases in the value of JC y were
Pl 4
observed in the tetra-o-acetyl derivatives in scd\u%n;chloro~

’

form, but, in the case of the free glu@osides in water, no

changes woere observed in the coupling Constant. It was con-~

-

cluded that water increases, in somé way, the Stabllity of

-

the preferred glycosidic rotamer. A decrease in the value

of 3JC y was observed in both t-butyl B~D-glucopyranoside
=7

and its tetra-~(O-acetyl derivative. This decrease -was attrib\

uted to bond angle deformation of the type termed 0/6 " by
‘ l

Karabatsos. . ) | -

, N

The extraordinary resistance of fhe glycosidic bond
to rotation, demonstrated here, has important implicitions
: * ” -
for the secondary conformations of natural glycosides and.

polysaccharxdes and provides substantlal eVldcnce for the '

exlstence of the emo~anomerrc effeCt

- F 13
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‘L I. INTRODUCTION

A. Objectives of This Study

{

|
The profound effects of preferred molecular confor-
mations upon both the physical and Chemical proberties of
organic molecules have becn well documehted in modern
~ chemical studies (1,2,3). The conformations of carbdo-
hydrate molecules are the subject of recent reviews by
Angyul (4) , and Horton and Durette (5), aud of a book by”
Stoddart (3).
One of the‘impbrtant coufofmationalﬁprqblems of
carbohydrate chemi;try has been that of predicting the pre-
f ferred rotamérs about the C-1 to 0-1 and 0-1 to C~1"'" bonds
of sugars and:glycosidéé, Methyl B;D—glucopyranosiq§i(l)

is a &ompound containing both of theserbonds, and the

nomenclature to be used in this’ work may be i}lustrated by ﬁ,
reference to 1ts structure. The Cc-1 to o~1 bond lS

commonly termed the glyc051dlc bond and the C l and H 1 atoms o
v . . " ., . i q;q -

T

l
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The “"‘i(geal" r'ota_mer‘s ‘abQUt‘ the glycosldlc bond.f.
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are usually referred to as the anomeric carbon and proton
(o hydrogen atom), respectively. For the purposes of this

work, the O0-1 to C-1"' bond will be desiqnaged as the agly-

'

conic bond aq? C-1" will be termed the aglyconic carbon.

The torsion angle between the aglyconic carbon and the
anomeric proton will be designated by the symbol ¢, while
the torsion angle between the anomeric carbon and a SpeleiC
subbtltuent upon the aglyconlc carbon will be designated

by ¥. Because only pyranosides have been investigated in

thls work, "the term glycoside, when used here, is intended

: . @
to refer to pyranoid glycosides, exclusively. (
L)

Glycosidic structures are of major importance tao
medicine and ifndustry being found, for example, in amino-

glycoside~type antibiotics, cardiac glycosides, the nucleic

-

acids, gum arabic,' starch and cellulose. The properties of

3

these compouhds can be expected to be considerably dependgnt
upqn:conformational details such as rotamer populations about

the glycosidic bond. The idealized, staggered rotamers of

these bonds are 1llustrated in Fig. 1. b e

I}

‘ThiS\EQS?lS is prlmarlly concerned with the possible
use of carbon -13 to v1c1nal proton nuclear spin ceupllng 15
establlshlng conformatlonal preferences. To this end, the
'léarbon—lB enrlched metbyl glyc051des of D- glucose

(Ry=H, Rﬂ,-oﬂ in Fig. 1), D-mannose (R1=OH. 312=.H, in Fig. 1)



2

. - . N . ) .
and Z2-deoxy-D-apabi{no-hexopyranose (]{1=’=R,)"-'rli in/Fig. 1) were

- A

synthesized, and the vicinal nuclear spin coupling constants
between the aglyconic carbon gmd both H-1 and C-2 of the
pyranosyl moiety were determined in several solvents. The
results obtained, together with those from nuclear pDverhauser
double resonance technique experiments with non—enriched
methyl glycosides, will be presented and discussed.

The D-glucosides of :ethanol—l—l j(,?, iS(’)proparml~%Eg 3(?

- B

5 13 c
and t~butanol—z—l C were also symthesized, and

carbon-carbon and carbon-proton coupling constants were

i

determinad from their n.m.r,. spectra, in order to. examine

the effect of increasing substitutjion at the 5glyconic

i
f

carbon., R )

A

The data obtained will be discussed in terms of

L3

steric and anomerlc effects and their role in detérmlnlng

& rotameric preferénc; about the C~ 1 to 0-1 bond %@nd

-

thus, the secondary conformation of glycosides. @*“ ?,a'

&

gf @
smhile sterlc effects are well understood (2); %i?re
% .
many different views of the nature ,of the anometic
i

effect a:?”%hese will now'be discussed t??ether w1th the

a

.
A"‘

"systems ini which it has been observed or 1nferred.



B. The Anomeric Effects

1. Chnformational Definition |

In carbohydrate~chemistry,}the anomeric effect
e \ -‘.-, o mes = ) | F“%
refers to the tendency in pyranoid sugars for L

b

electronegative substituent atoms, whenlbonding to C-1, to
adopt syn-clinal orientation with respect to the C~5 to

©~5 bond; that is, to have axialﬂdiSposit%on on the pyranoid

\
3

\ / .
ring. Typical examples may be found with oxygen, or halogen

atoms as the electronegatlve substltuent (3)

EX

The observed relatlvely greater thermodynamlc and

chemical stability of a-glycopyranosides, as compared t? 5
~ X‘ i . s ‘:}
the g-anomers, iS'eVigenceffo;wthe existence of this effect

. C N

(6). Since there isfs wé&l—demonstrated (2) preference for

substituents on six-membered rings‘to’adopt eqﬁatorial dis—
positions, it is seen that the anomeric effect acts in a

manner opposed to intuitive reagoning based upon the "sterig
size" of substituents. In glycopyranosyl haljdes, the
. ’ )

2 , ; Tw L ) 7
preference for axial orientatibnris so éreat that it may

cause rlng 1nver810n {7, 8). Furthermorek the relatlve.

‘ .lnstablllty of B—glycosyl halldes has been utlllzed in the

[

": % [BEEANR . EE o Wy
. S [ : . : .

develepment of a recent, stereoselectlve synthe51s of a—'

e 5

glycopyran051des. In thls synthesis, excess hallde 1on 1$
used tp cause ‘the form‘t;en of a. small but hlghly reactlve,

Quantlty of B—glycdsgl hallae.'fmhls Specles'then'rgacts"f
Eriotoiitd -nen teacts

)

i



-

preferentiai[; with alcohols, by displacement, to give

’

several otH¥§rwise difficult-to-synthesize a-glycosides (9).

fefrous non-carbohydrate compounds have also been
shown to,ﬁéVe conformations détermined by the anemeric
effect. {%pr example, 2-chloro~- and 2—bromo—tetrahydropyran,,
trans~2’3—dihalogeno—tetrahydropyrans, and trans-2,3- angd ’
’2 5~dlgalogeno ~-1,4-dioxanes -all adopt conformatlons in which
the haiogens are axially dlsposed (10,11,12).

- ; An’ extension of the anomericseffect was proposed.

in 1964 (13), and the name exp-anomeric effect has recently
beenléuggested for it (14). This extension may be definede
as tﬁé tendencj for the aglyconic bond to exist in syn-
cllnal orientation with reSpect to the C-1 to 0-5 bond
to ad&pt the B—a, 8~c, and. a~a rotamers, 1llustrated in

-

Fig. lpr A slmple model cOmpound in which an exo-anoémeric
Aa- N

effect Ls.p0551ble, is methylal (dlmethoxymethane) , The
three normal" rotamerlc structures possible for methylia"
(2), are ehown ‘in Flg 2. .

. 1
5

'q U81ng prlnCipleS common;y accepted and applled (2}1

Ve

N 1n the analys1s of allphatlc compounds{ the m:jf favqured,

I,
e rotamer would be pf%d;cted to be. 2a,s;nce it avoids syn-
.”rllnal interactlons betﬁeen the relatlvely 1arge oxygen

1jatoms and the methyl groups. Szmilarly, the next mqst'

.favoured ‘puld be 2b and the least favoured, therefore,‘

| 4
AP vt

: Wbuld begpredlcted to‘be 2¢ ‘ However, if the exo-anomerlc E"

L

:'neffect ;s:w,nsidered, Ehe predlctéd order of rotamer stabllAty t




would be exactly the reverse, that is, 2¢ > 2b > 2a.

of

Evidence for the correctness of this latter prediction will

‘now be presented. 9
, CH3/O
H O.
i ""~CHj4
P ‘\H , ”
° 2a ©2b -
/ 7
CHy '
LN H .
O—cn,
2¢ i
A — ’A
. - Fig. 2: The conformatidnal rotaﬁers of methylal (2).

' R . - - G )
2. Evidence of The Existence of The Anomeric¢ Effects

o
s - - ' A

1 4

ForAﬁhe Caag of methylal, ‘discussed. above, the most.

"preferred rotamer has been found to be 2c, both by electrlc

\ @

| dipole moment anﬂ electron dlffractlon studles {15, 16)L
'Simllarly, chlorOmethyl methyl ether haé also been found‘:
  (17) to adqpt the eyn cllnal rotamefic rlentatlon, pre-"_
- domlnantly,vas do the hydroxyl bonds of chloral hydrate,h ;'

i ‘ / g “' “‘“ ’
fwith respect to the C*O bonds v1cinal to them (18) The




polymeric. analogue of methylal, polyoxymethylene, has been
. found to have an all syn-cl@nai‘helical conformation (19),
in contrast to polymethylene, which adopts a canformation
similar to 2a of‘Fig; 2. This fact has, of course, ﬁmpor—
tant implications fer the secondary‘conformationé’to be
eXp§§ted in.oligd~, and polysaccharidesz

Conformations 2b, and 2¢, of Fig. 2 are analogous

-

to the $~a and w-a rotameric fo}ms, respectively, of glyco-
pyranosides, and there is evidence that, in both crystalline

and solvated statee, these are the'predominant rotamers for

.

these compounds. Havinga and coworkers have interpreted

their electric dipole moment and nuclear spin coupling

condstant data, obtained for' six 2-~alkoxytetrahydropyrans,

as. indicating the existence of only the a-a conformer in '
'the axial anomers, and either’ the B~a, ox R-c confbrmers,
for the equatorial anomers (20). _
" In the crystalllne state, X~ray data: ‘for all cases ’
reported .so far, conflrm that only the a-a and B-a (Fig. 1)

rotamerlc.forms are found Recent high resolutlon X.an

dlffractlon studles have demonstrated small but repro—,uf
du01b1e, bond Iength var&atlens, Whlch tend to conflrm
rf.certaln prOposals concernlng the. physlcal qugln of the

anomerlc effect (21) "“ (f !




Y
. . )
u‘ 3. Physical Origin and Quantum Mechanical Calculations
{9 .The physical origin of the anomeric effect has
been much discussed, and a number of explanations have been
3 :

put forward.
In his original report, Edward (6) rationalized
~

"
E
Q}%—Lhe greater ‘gtAbility of a~glycosides as arising from

v
-~

electrostatic repulsive intéractions between the resultant
dipole, due to the presenca of unshared electron pairs on
the ring u&ngp and tho g]y(usldlr‘%ond oxygen atom and that

" of thc C-1 to OR bond,~d5 shé%n ln Flg 3. "

e

-Fig. 33 Dipolar interactions of sthe glycosidic
"bond (6) ' ! " gt ‘

‘The polar pnature of the effecthas; thus, assumed

fromrthe Beginning, and, for exqmple, Eliel (22) shas

reported results on the chewli;lyﬁﬁ

! e ‘ 7
tetrahydropyrans whmch support7this assumption.. The free
”eneggy associated with the ac1d catalysed fqulllbratlon of

,2~methoxyd6—methyltetrahydropyraﬁ was‘fqund to vary from 7
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6.74 kcal/molé in sol&ent carbon tetrachloride to 0.35
kcal/mole in acetonitrile in favour of the axial anomer .
It thus appears- that the equatorial anomer is significantly
less favourable in solvents of low dielectric constant,
suggesting that the equatorial form is more polar than the
axial. A roughucorrolation of the magnitude of the anomeric
effect with solvent dielectric constant is possible, but
deviations occur, apparently as a result of specific s0l-,
vent effécts (23) . .

Lemieux and Chu suggested that clectrostatic, non-

bonded interactions between the C~5 to 0-5, and C~1 to 0O~1
4

bonds were minimized in the o~glycosides (24). It is note-

worthy that a similar argument has been advanced to explain
the relatively lower-field resonance of equatorial, as com~

pared to axial protons in cy?}ohexaneé (25)..

fEliel has pointed out that,giﬂ all cases, the ano-

merically disfavoured rotamer is that in which the greatest
B ; . ) i

number of syn~axial lone pair-~lone pair repulsive interactions

can occur, as viewed by, theg "rabbit-ear" atomic orbital
representation for the spatial lpcation of lone electron
pairs/(ZG), ' ; o, :

L]

Romenéq Altona, Buys and Ha€ingag(l2),haverproposed’

- a fourgh general rationalization for the andmeric effect,

4

based upon their observations in haIOgeno—l,4rdioxanes,

-thioxanes, and —di%pianes and in chloromethyl methyl ether,

¢

‘that one of the bonds involved in the anomeric-type linkage

-+ , sy -
. )
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systems was shog@ﬁ“*wliv7u§ual, while the other was longer.

In cﬂllxvranyéiqyxé J HERY Y | ;’ '; the C to Cl bond was lengthened,
Ay .3 Y 7 \

: " 7
while the “%ghorftnqdi}xn compxxlaon to alkyl-

halide and <‘ t‘h‘éf/‘: ,.515. In the chlorodioxances, the
axlial C to Cl boﬁd Wdu 3.819&3 while the eqgquatorial C to

¢l bond was 1.781A& long. They concluded that these "abnormal”
bond lengths "suggest a description, in which nonbonding

A : . s
clectrons on Oxyeoen are delocalized by quantum mechanical

mixing of thuﬂpmorbital of ,oxygen, with the suitably-

"

oriented antibonding o-orbital, of the C to haloyen grouping.
] ) . ) - ; .- , L

This type of delocalization would effectively strengthen,

and thus shQ§ten, the C to O bond, while weakening, and

thus lengthening, the carbon to halogen bond, as shown in

Ficg. 4.

—0
A

0
Cl

Fig. 4: Orbltal mixing and delocalization in chloro-
methyl methyl ether. [The oxygen atom is sp2-hybridized due
to mixing of excited states. e carbon and chlorine anti~
bonding orbitals only are shown for clarity (42)].

When the'C-O bond lengths were compared in a series

of halogeno-1,4-dioxanes, 4thioxanes, and -dithianes, the

C-2 to X bond, as defined in Fig. 5, was found in all cases

(except for trans—Z;5~dibrom0*l,4~dithiane‘where‘the

F
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measurements were not sufficiently accurate), to be sig-

nificantly shorter than the C-6 to X bond. fThé C-6 o X

bonds are of "normal” length, while. the C~2 to' X bonds are
N i

L :
shorter than usuaal., Thaese observatlions are consistent

with the proposcd orbital mixing mechanism for the anomeric

ef foct. /

Fig. 5: The C-X~-C-Y .fragment in halogeno-1,4-
dioxanesn, -~thioxanes, and ~dithianes, {X=0 or $,Y=Cl or
Br (12)].

The results of two different quantum mechanical
investigations, which have recently been reported, glve
partial support to two of the above explanations.

arried out ab tnitio

o]

Wolfe and coworkers have

model compound

fluér@méthanol, using the Hartree~Fock approach, and based

the

J

3p

quantum mechanical calculations fo

upon- an analy$is of attractive-dominant, versus repulsive-:
o
dominant interactions (27). Four factors were viewed as

contributing interactions:

(a) nuclear-nuclear peﬂhlsion,

‘

(b) electron-eleciron repulsioﬁ,'

(c) nuclear-electron attraction, and ‘

- ‘ . & »
(d)* ‘kinetic energy. ‘



The authors calculated the internal torsion angle dependence
of the energy contribution from each factor, and of the

total system energy, and were ablé to duplicate the experit- “
mentally observed ezo-anomeric behaviour of their model.
Since the form of the electron-electron Coulombic potential

b

did not differ from other repulsive poéentials, the authors
conclude that dipole~dipole repuls#n between localized
lone electron pairs, was not the controlling factor in the

anomeric effect, as had beén sugfested (26) .

H

”7 ~F H F

I—0Q

(27) Fig. 6: The preferred rotamer of fluoromethanol

Ls

. \
These authors also found, that by averaging the

total energy angular dependence curves for hydroxylamine,
and hydrogen peroxide, they obtained a. curve which correspon~

ded to. that of methanol within reasonable limits.

From this, the authors conclﬁde, that the.origin of the
barrier representgd by the anomeric effect, "can be under-
stobd, principally, in terms of‘interéctionS‘of the bonded

electron pairs." .
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Finally, the observed constancy of the torsional
angle dependence of the total encrgy, kinetic energy, and
potential enerqgy curves, in the region boetween JZO(}and
240° ot torslonal rotation, is indicativu.thqt the lone

Q
palr electrons do not behave as directoed "rabbit ears.

In this arc, "rabbit ecar” elegtron pairs would eclipse with
the carbon to fluorine bond twice, however, no energy
changes are observed which would reflect such eclipsing
interactions. The authors conclude therefore that their
calcu]ationsvare cOhipletely in accord with the ecarlier
rationalization of Lemleux and Chu (24).

A series of molecular O?Dital theory investigations,
by Pople (28,29) and a recent paper by Jeffrey, Pople and
Rédom (30) have served to unite quantumﬂmeéhaniéal theory
and the experimentally observed facts for many carbohy;
afates, and to provide theoretical support for the quantum
méchanlgal mixing mechanism proposed by Havinéa (12).
éalculaticns were first,carriéd out as part of a general,
investigation of simpig compounds;of the first row elements,
and of the variation of theircigstem energies, conformations
and bond interactions with intérhal rotatibn (30,31) . whén
the:célculatiohs wererpérfogmed for the model compohnd
dihydroxymethane, a deep potential energy weil was found
for the conformatlon in whlch the hyd:oxyl bonds were

14

P orlented syn— cllnally w1th respect to the C O bonds in

° : ; o )
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vicinal relation to them, The calculations were further
analysed by factoring the total im,ornal~r<>tati(,)xlv—c‘iepcndent
energy edquation Into its one-, two-, and three~fold Fourier
components. In Lhi§ way, the variations in energy could be
determined and evaluated as a function of internal A
rotation. These calceulations also duplicated the exo-
anomeric effect, since the controlling preference was found
in the one-fold component. Conformagiona] control by

. this componcnt indicates a profound preference fpr’the syn-
clinal arcs, and a strong destabilization of the antf -
ncriplanar arc, This was attributcd by these authors to
unfavourable dip@le~dip©1é interactions, of the type first
proposed by Edward (6).

, some evidence in support of Lhc thgory of Havinga
was provided by the observation that the two- fold Fourier
component analysis indicated a preference for thé‘OfthO~
gonal, as oppose ed to either planar configuration, when
one of the §orsional rotors was held at 180° while the other
was permitted to rotate. The orthogonal torsional position
has'.the most. favourable orientation»for orbital-mixing
¢harge~délocalization. In this orientation, electron with-
drawal into-one carbonlno oxygen‘bond:inducén pértial‘
emptylng of the 2p~- orbltal of the carbon atom, and fac111—
tates the delocallzatlon af the: 2p—type, lone palr electrons
of | the other oxygen atom_ ThlS arrangement lS 1llustrated

i

in‘Fig. 7. If the'prefe;énce fCr'prtnogonal‘orientatlon‘

W T
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“persists in the glycosides, then it would he expected to
result in an increase in the torsional Sepdrdthn of 0-5

Y]
and the aglyconic carbon in thc B-anomers, which have an
analogous system orientation, with one rotor fixed at 180°,

and one nominally free.

~ N

A H_——_O‘&(
. o A O¢ O
o r1~q6_é}—‘0r‘iﬂ

Fig. 7:  Stereochemical representation of charge
delocalization in methanediol (30). ¢ = 180°, y = 90°.

.
In summary, both dipole-dipole and delocalization

effects are predicted to be important, as is demonstrated
:h} the higher enerqy found for the‘+syﬁ—clinal,.—5yﬂ~clinal,
form compared to the +syn-clinal, Tsyﬁ~olihal form. The
only important difference between the two forms is the exist~
ence of uhfavourhble dipole~dipole interactions, |

. Variational calculations wexe also carried out in
which the various bona lengths were altered until the total
system energy was at a mlnimum. ,These calculations predict
a relaéiverbond shofteniné for both the +syn-clinal, +syn-
clinal, and the anti-periplanar, ;5yn—clinal rotamers,rﬁhen
coﬁpared‘to bond lengths in methanol. Moreover, the latter
rotamer was calculated to have unequal bond lengths, and

thlS is cohslstently observed in the conformatlonally
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similar B-glycosides, which have the exocyclic anomeric
bond significantly shorter than the endocyclic bond (30).

Based upon these calculations, it can be predicted

. }_‘y

that the exo-anomeric effect will exert a controlling tend-
ency, in both «~ and B-~glycopyranosides, for the aglycon to
adopt ~syn-clinal orientation in the case of the B~D~-glyco~
sidee, and +syn-clinal-orientation in the case of the a-D-
glycosides, with Eespect to the C—llto 0-5 bond. Further-~
more, it can be predicted that the torsion angle with
respect to the ring oxygen will be slightly greater, and
the anomeric bond length slightly shorter in E-glycosides,
as compared to a-glycosides. These predictions are
indicated in the crystalline state (31,32,33) and, while

~

good presumptive evidence has been provided for the solvated

state, there has so far been no suitable probe for the

detection of’ preferred rotamers in solvated glycosldes The

known conformatlonal influences upon n.m.r. spectra and, dn

particular,the Karplus relationship between vicinal nuclei

and the nuclear Overhauser effect between stereochemically

, \ L :
impinging resonant nuclei seemed to provide a suitable
method of approach to the problem It seems apprOpgéate

here to dlscuss these effects and their pOSSlble utility for

this purpose. R ' ‘ ‘ o | //
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C. Carbon-13 Magnetic Rééonancc Spectroscopy

The chervation and measurement. of carbon-13 magqg-
netic resonances are severely hampered by the low naturél
abquance, low inherent sensitivity, and long relaxation
timés of this nucleus. Interest and activit%%in this field
have also been limited by the high cost of igotopically
enriched materials. However, recent technical advances
including the production of a number of stable field-~
frequency locked carbon-13 spectrometers, and the develop-
ment of pulsed tcchniques and the required ;ncillary com~
puters for Fourier transformation of the observed free-
induction decay sicnal, Have greatly improved the precision
and signal sensitivity obtainable. The subject has been
extensively reviewed, mostbrecently in a monograph by

Stothers (34) .

1. Carbon~13 Chemical Shifts *

The range‘of chemical shifts routinely observed in
the c;rbon—IB spectra is exceptionally brcad, being over
5000 Hz wide, compared to the 1000 Hz range of the prdton
sﬁéctrum, ThlS broad range allows theAunequlvocal assign-
ments of many resonances on the basis of inspection, because
‘the shlfts are so sen31t1ve to the nuclear env1ronment of
. the observed molecule, This sen51t1v1ty represents an

“ enormous advantage of carbon 13 spectroscopy, even for

)
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naturaliisotopic abundance samples, and can be illustrated
by comparison of the proton and carbon-13 spectra of methyl
a—D—glUCOpyranosideﬁ Only the anomeric and methoxyl proton
signals can be assigned without careful analysis of the spin-
spin coupling pattern in the proton spectrum. However, in
the carbon spectrum,rthe reSOnanceshdue to carbon-1, carbon—.
4, carbon-6, and the methoxyl carbon, are readily identified
.on the basis, of chemical shift alone since they have unique
chemical environments (35). Only carbons 2,3, and S5 require
further analysis and carbon-3 has been identified by deuter-
ium lage%ligg (36).

In addition, a nuﬁber of satisfgctory rules can be
used to aid in signal identification in a wide range of com-~
pounds (34).

2. Vicipal Carbon Proton Nuclear Spin Coupling

- Early experiments 1nvolv1ng carbon-proton coupllng

were carried out bx observation of the proton spectra of
1sotop1cally enrlched compounds. Such experiments have the
;natural llmitation that the pregence of carbon-13 tgfproton
\coupling.ceuses‘increased'complexity of the spectrh observed.
,Thus, 1t requzres careful choice of compounds w1th rela-
tlvely simple proton spectra to avoid- compounding the com-

v

“plex: mult1p11c1t1es of many«protcn spectra.
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TABLE 1
¢
The Intfluence of Substituent Electronegativity Upon
( .
Vicinal Carbon Proton Coupling Constants (38).
3 \
Compound ‘Jl 3 (Hz)
TC-C~-C~H
Neopenty1~l~13c p-methoxybenzoate 4.7
13, )
Neopentyl-1-""C benzoate - 4.8
13 . ,
Neopentyl-1-""C p-nitrobenzoate 4.9
o ) i . 13
p~-Methoxyphenyl pivaloate-1-""C 4.6
. : 13, . -
Phenyl pivaloate-1-""C 4.6
e 13 :
p-Nitrophenyl pivaloate-1-""C | 4.8
7 - i i
Néopehtyl‘l*lBC chloride 5.6
13 . o . ‘
Neopentyl-1-""C bromide : . 5.8
Ne 7
eopentyl~1-""C iodide ) 6.0
) 13, " : g
Pivaloyl-1--"C chlqgride ‘ 6.0
- 13, . : .
Pivaloyl-1-""C bromide : : 6.4 .
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(a) Substituent Electronegativity Effecté

i

The theoretical prediction (37), that an increase

in electronegativity of substituents directly bonded to the
carbon-13 nucleus should increase the value of vicinal
carbon-proton goupling constants, by increasing the s-

character of the 13C)C bond, is borne out by the values

obtained for teese constants in a series of pare-substituted
neopentyl‘benzoates and phenyl pivalates, as shown in Table
-~
1. However, where halogen atoms are directly bonded to the
carben~;3 nucleus, observed values of vicinal coupling
between carbon and proton are unusuélly large and vary in
reverse order to that predicted on the basis of’substiéuent
electronegativity (38). When the substituted carbon is
sz—hybridized, the effect is more substantlal as can be
seen by the relative values for pivaloyl chloride and bromide.
To explain thisvphenomenon, Karabatsos (38) has
prOposed'possib}e, tﬁrough~space interactions between'ther
protoﬁ'maghetic‘moment‘and currents induced on the halegen

.n} ’ : ’. : L
atom by the carbon-13 atom. 'H0wever,‘such interactlons have

’

been predicted to be'small (39). In any case, both systems
demonstrate that vicinal carbon proton coupllng is relatlvely

1n3en51t1ve to changes in substltuent eﬂectronegatlvity

!

7‘>w1th1n closely related systems, 91nce the coupllng constant

-

Wchanges are small in comparlson t&‘the change 1n substltuent

Lelectronegatlvity, The effect of el@&sronegatlve substltu— o

'~1ftion“at 'he~v1c1na1 axls atoms has been llttle studied
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in Sp3 systems, however, the influence of such subst ituents
innspz hybridized systems has been ilnvestigated by Goldstein
(40,41) . Karabatsoe suggested that the value of the vicinal
carbon proton coupling constant could be calculated by
multiplylng the proton-proton vicinal coupling constant,
observed in an analogous system, by a factor of 0.4~ When

. A
this faetor is used to calculate the two-, three—, and four-
bend carbon-proton coupling constants for benzene, using
ethylene, butadiene, and propene, as models, flear agreement
is ebtained (42). This suggests that there is a close

behavioral relationship between carbon~proton’and proton~

proton systems (34).
N

(b) Coupling through Heteroatoms
o Roberts (43,44) has shown that the value ef

depends upon the size of the heteroatom in both
C-X-C-H ) _ ' _ . .
the five-membered aromatic heterocycles and in the tetra-~

J13

methyl derivatives of the grou& IV elements. 1In these com-

pounds the size of the éoupling was pfound to decrease with

~

’ -
anrea51ng size of the hetercatom.

Cougllnq through oxygen appears to be somewhat

smaller than coupllng tthugh carbon, but shows similar,’

’

"though lesser, varlatlons w1th changes of substltuent (34) .

“

xlThe value of J13 "' for dlmethyl ether has been repor—‘,'

C-O—C H

__*the analogous JH—C—OhH 1n methanol of 5.2 Hz (46) ”‘;l'.j'

f * L
‘e, TS : o
(. : : fohe . B
! [ . IR R . 5

. ’

'fggted to be 5 4 Hz (45), whlch is very clese to the value for N

e
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- (¢) Conformation-dependent Factors
Vicinal carbon-proton couplings decrease with

increase in angles 0 and 0' as defined in Fig. 8 (X=H).

Karabatsos and Orzech (38) have reporteds that,

C v X
C/(, S~

A

Fig. 8: The angles o and 6' in viecinal coupling
qystﬁmq (38).

cases where steric factors woﬁ]d be expected to increase
'these anqies, a decrease in observed coupling constant ocours ,
These authors Suppéft!tgeir contention that the'%ﬁqles 6 and
. 0' are inCIGaSﬁd ;" by their observation of an unusu;lly low
carbonyl Strctchlnq frequency in thc infrared spectrum of
orte of thexr oompounds di~t-butyl kctoneﬁj This phenémenoﬁg
has been suggested to accur in allzsituaticns whérézlargé
qemiéal aﬁ%lés éxistu(47). 7 i

Evidence of the’'existence of a quantitativé?%f]at10n~
rshlp between tor31on angle and’41c1nal carbon~l3 to proton
Co;pllnq has.been accumulating for some time. Karabatsos (48)
1nterpre€éd results of a stédy of tempera;ure effects upon |

observed cthllng, in proplonaldehyde and ‘its O—methyl oxime '

eﬁ}'xer, as ev1dence that coupling was greate% be tween nuclel

o 1n antz—perlﬂlanar orlentatlon, than between those orlented

V'

@

»

sNA, . . . : B . o



uyn;ulinal]y. Goldstein has investigated vicinal couplings
in funaral, fumaric acid, maleic acid and maleic anhydride
andd fm"m(‘l, in every case, that coupling was groater when
the nucleil werae in anti~periplanar orientat ion, than when
they were in syn-periplanar orientation (40) .

Perlin and Casu observed extra spli t,t,,inq;i ol 5-6
Hz in the anomeric proton signal of u~glucose~ 3(‘, which
they attributed to coupling of this nucleus wj,tl; the carbon-

N .

13 nuclei at position 3, and 5, of the pyrancid ring. These
nuclei are in approximately anti-~periplanar orientation to
the anomeric proton. No Siﬁilar coupling was observed in

A
f~glucose, where thesc nuclei would have ayn~clinal relative
orientation (36).

Réééﬂt=W6fk of Lemieux, Naqabhughaﬂ'ahd Paul -has
pTGVid?d strong evidence Ehaé a quantitative rélatiénship

indeed exists between coupding and torsional angle, and

that it is similar in ﬁ&%ﬁ to the wall known K?fpiuS:CUfVEE
i

(49) of proton-proton coupling. In their work, uracil=2-

13 13 '

c, urldlné~2' C and a number of uridine-2'~ l3C cyclor
nucleosides were synthesized, and the rélevantAC@ﬁpliﬁq
constants determined. Since a variety of known torsion

angles ‘occur in these rigid cyclonucleosides, it was possible

’

to construct a graph which exhibited the familiar cos? ¢

[y

curve. The coupling constant for the 90° torsional angle

was determined by Lemieux and:Bruce (50) who syntpesized

,3;4;6—tri—0~acetyl—l,2~(methyl~l—13

Al “ ~ s

C-orthoacetyl) ~a-D~
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- Fig.‘9: The Variationtof vicinal carbon to hydrogen
.(BJC’H>°with torsion ang}§’(¢) obtainea from INDO-MO calcu-
;ations on propare (51). A plot of earlier data (®) of
Lemieux, Nagabhushan and Paul (49) is included. '



glucopyranose, in which the orthoacetyl carbon has a torsion
angle of about 90° with both H-1, dna -2, of the pyranoid
ring. The p.m.r. signals for these protons failed to show
Lmy cvidence of coupling with the vicinal carbon.

Wasylishen and Schacfor have recently calculated
the torsion angle dependence of viginal carbon to proton
coupling in propane, using INDO-MO formulation (51). The
curve, thus calculated, is shown in Fig. 9, together with

a plot of the earlier data of Lemicux, Nagabhushan and Paul.

B
While there is clearly a satisfactory parallel between the
~
observed coupling data of Lemieux and the calculated curve,

it is also "apparent, that any attempt to .apply values deterx-
mined from the curve to the assignment of precise bond
angles, may lead to serious errors. The validity and

.

utility of the relationship is confined t of

145

omparison

A
e}
Q

relative b@nd angles in closely related systems. The

ﬂ\

equat cé i ulated by Schaefer is

BJC g = 4.26 = 1.00cos ¢ + 3.56c08 2.

For comparisoﬂv the Karplus equation (52), calculated for
< ¢ \‘\ ’
vicinal proton-proton coupling in ethane, is

i

i

dy H\ 4.22 - 0.5C0% ¢ + 4.5c0os 24.

3

!
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(d) Applications in Conformational Analysis

As was noted above, there have been few reports of

“h
the application of vicinal carbon-proton nuclear spin "55<111;7—-
-
ling studies to conformational analysis. The first such
M’

investigation was reported by Karabatsos, Orzech and Hsi
{(53), in 1966, These authors carried out temperature-—
dependence inpvestigations of the coupling through the ester

oxyqgen, with the carbpnyl-cpriched alkyl acetates, 3 and 4.

O O
i i
////C\\\\ ////R ////C
CH3 ~20 CH3
,:
@
R
3 A
. For this purpose, KarabatSO"f:: t e commonly-accepted
mathematical relaéionshiés used in vicina} proton-proton

K

coupling: Since similar analytical methods will be discussed
in conjunction with this work, it is appropriate to review

them' by following the procedureé reported by Karabatsos.

r" 4

By assuming a strong preference,iin/acetaﬁes, for’

e

the s-cis rotamer, 3, over the s~trgns rotamer, Q,,fﬁe number

of possible rotameric forms about the ester linkage can be

’



J

reduced to the three alkyl-oxygen bond rotamers, 3a, 3b,

and 3c

W \
C

NN
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Inhcerent in this analysis is the assumption that these

rotamers have the normal staggered torsion angles. Rota-
mers 31: and 3¢ are isocnergetic and, therefore, have equal
populations. Since they are also equivalent wit;h respect

to coupling constant contributions, they may be-treated as
one rotamceric species. Rotium(:l‘” 3a, which has both protons
in ::3/;71=~(:lin£xl oricntation to the carbon-13 nucleus, is
expected'to reduce the observed coupling, because of the
weak coupling contribution associated with this orientation.
Rotamers 3b and 3¢ have one proton in anti-periplanar, and
one in syn-clinal orientation, with respeht to the carbon-
13 nucléuszand, thus, would éontrib&te a larger coupling
component to the p0pulati®nﬂweighted average -which is

: : s . . S
observed. The equation of relation for carbinyl acetates

becomes

whare n is the ‘mole iatio of rotamer 3a and Jt and Jg are

the coupling centributions expected at torsion angles of

. i

180° and 60° respectively.
For methyl acetate, in which there are three equi-

valéqt ro@amers with'two:syn—clinal protons and one anti-

* ’

.

periplanar proton, the equation is further simplified to

Il

Jobs 1/9"* A
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The experimental value for methyl acetate is 4.0
Hz. However, before either equation can be evaluated,
values for Jt and Jg mus£ be determined or, as is common
in vicinal proton coupling analyses, an equation relating
J

Observed that the smallest coupling constant determined in

a
+ anad Jg must be obtained. In the present case, Karabatsos

a series of acetate esters was 2.3 Hz. It was therefore

considered that Jg, which was assumed to be smaller than

J

equation, therefore, Jt must be larger than 7.4 Hz. An

e must be smaller than this value. From the second
alternative analysis could be carried out by use of the
simplified form (54) of the Karplus equation:

2
Jobs = A cos” ¢ ....

Thus, since C052 180°/coez'60° = 4, it follows that
Jt = 4 Jg’ and, when this information is substicuted into
the equation for méthyl acetate, values forfdt and Jg"of
8 Hz, and 2 Hz, respectively, are estimated.

Such calculations, and any analysis”maderfrom them,
‘are clearly only approximate and, therefore, useful malnly
for: detefalnlng the relatlve energles of rotamers, In this
ieﬁample when Karabatsos calculated the enthalpy dlfferences
a58001ated w1th rotatlon around the alkyl oxygen bond of
ethyl acetate, he obtalnéd values of AH° ranglng from 600
to l 400 cal/mole,-dependlng on the‘values chosep.foert,
andidg.v‘lf the Values of‘Jt‘anéiJg calcg;ated above from



the simoplified Karplus equation are used, the differcnce
is~uuhr0ximatelv l.?ldel/mo]e,

In their paper describing the variation of vicinal
coupling constant to torsional angle, Lemieux, Nagabhushan
and Paul made use of the relationship to confirm the pre-
dominance of the unti-rotamer of uridine (49 . Recently,
tha anti-rotamer of cytidine, and the spn-rotamer of 6~

methyl cytidine, have been shown to be preferred by use of

the same relationship (59).

3. Vicinal Carbon-Carbon Coupling

The exceptional improvements in carbon-13 magnetic
resopance spectrometers in recent years has made possible

- the detection of carbon-carbon coupling in mono-enriched

compounds, by observation of signals due to the normal iso-

tope abundance carbons in the remainder of the molecule.
Previously, it had been néCGSQary to selectively enrich both

molecular positions in order to achieve sufficient siqgnal

strength for observation. With the modern instruments, how-
ever, signal to noise ratios greater than 5 to 1 are readily

achievable with samples in near millimolar quantity (56 .

Since the improvements are only recent, there is

very little published information concerning vicinal coup-
. - - ,
ling. The results of several studies have been reported by

o

. Marshall and coworkers (57,58,59)'including anjinvestiga~

tion of the ;elationship of carbon—carbon vicinal bouplihg
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TABLE 2
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Vicinal Carbon-Carbon Coupling in Some Aromatic Derivatives

Peteia e e B I B i A e e A e e i b e de b Ak A es e e e m e

3

Nitrotoluene

PR VRGO SR W SRS '

ia

JC~C (Hz)
’ Compound 2-5 1-4 3-7 Referen
Toluene R 9.5 3.8 57,
Iodobenzene é‘e _— o 61
Aniline 7.9 —_— _L, n
Nitrobenzene 7.6 _— N "
Pyridine 13.9 —_— — "
Benzyl alcohol — — 3.9 59
Benzyl chloride — — 4.2 "
Sodium benzoate, —_— e 4.1 n
Benzoic écid —_— —_ 4.5 "
Methyl benzoate —— , — 4.6 "
Benzoyl chloride — — 5.5 "
' Benzonitrile —_— —_— 5.8 "
_ o 3.9 ;
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constants to torsion angle (60). Roberts has reported
leucs obscrved In pyridine and three substituted benzenes,
in which the torsional angle is 0° (62), and Marshall has
Investigated (59) a sariesnof substituted benzenes, in

which the torsional angle is 180°. Thése values are tabu-
lated in Tableg 2. Values for coupling at zero torsion

angle show significant variation %gth different substituents
bonded to the coupling axis, but such variations cannot be
correlated to substituent electronegativity, ip the examples

cited, in which coupling is between carbons at positions

2 and 5 of the phenyl ring (61), the order of size of the
" PP

.
n

coupling constaRt and the relative electronegativity of
the substituent groups, are not related. Where substituents
are bonded directly to a coupled nuclei, small increases in

b

65}

erved coupling can be seen to be associated with the

o]

lectronegativity of the'substituent. As was the case in
, : - , . 2 Cas
the carbon-proton coupling system (38), sp“-hybridized

. ’ ‘. .. 3
nuclei are more sensitive to thils influepnce than are sp”~

hybridized nuclei.

" Marshall has i;gorted the results of his invéstiga—
tions into the tqrsionﬂénglé dependence'of this coupling
(60). Using singly¥enriched, rigid, alicyclic carboxylic
acids, several coﬁplings, at fixed tqrsion”angles witﬁin
the arc from 57“ to 180°, were oﬁservéd. A graph of thévx

observed couplings, and the’ corresponding torsion angles,
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59
A
Al
k¥ 4
" -
3 L

dee 2
(Hz)

?°)

‘s Fig. 10: The variation of vicinal carbon to
carbon nuclear spin coupling with torsion angle (¢}, (60).

1

a



TABLE 3

Y

Vicinal Carbon-Carbon Nuclear Spin Coupling

through o Bonds (62)

Aesmmn e Ee A S Da S AL e mieae aiea . A B LB RSk R A St B et SR P il e ot ol SURED A i s e e s A s

3

Compound ¢ (°) JC'~C (Hz)
*‘Cuq(_‘uzcuz*cozﬂ , 144° 3.7
, .
» B

A/"c N 135% 2.7
» ' OpH :

@ “COH L
Y 57° T ()
16‘4‘* A 5.6
* # "\‘ A
83° - 0
124° i\ 1.7
} 172° \ - 4,9
L)
| \
\a
A \
. N,
. »
#%180° 3.6
f‘ n
A\
' B
Vo
- X
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is presented in Fig. iO(( }dily be seen, the shape
of the curve, defined by the observation points, deviates
somewhat from the classical cos2 ¢ form of the Karplus rela-
tionship. In particular, the observations that the region
of null coupling extends at least as iow as 60° of torsion,
and, that the angle with greatest coupling is approximately
160° rather than 180° are exceptional. Marshell (62) has
suggested aftentative explanation‘for these deviations, by
pointi?g out the similar%ty of this curve (Fig. 10) end

the theoreticel fluorine~fluorine vicinal coupliﬁg’curveA
calculated for 1,2-difluoroethane by Hirao (63). 1In Hitao'su

work, the various contributing components wexre also con—/\

sidered over the full range of torsion angles, and it could,

‘be seen that the Fermi contact contribution was the control-

ling factor;_ The compounds s&nthesized by Marshall- and
;Miiler,vtegether with their observed carbon?carbon‘coupling‘
constants, are preserted in Table 3

f To date, there have be@p no reports quslmllar studies

inVolv1ng carbons of sp3 hybrmdlzatlon, sa 1t jgnnot posi-

tlvely be statéd that a s:.m:l.lar relatlonshlp wo'ld& N
observed. However, ft ‘seems Mbst llkely that the reTative,

if not the absolute values for coupllngs at. varlous ansiesg

'of tor31on w;ll be simllar. In this instance,vobserVatlonsf-

of relatlve changes 1n slze of coupllng could be usefully

“‘1"

correlated to torsxon angle changes. oo o

‘,'\,?' s
. Do

»



D. ‘Nuclear Overhauser, Ifff(tv

,zm“v%A ausern k

1. Dcfin@tion and Theorcticl1 Considerations

The nuclear Overhauser effect (n.0O.e.) has been
defined (64) as "a change in the integrated nuclear magnetic
\ - ~
resonance absorption intensity of a nuclear spin when the

r

ynamlr. absorption of anothtr spin is saturated.”" The
Qxishence of this phenomenon has been recoypized for sonme
EWGhty years but only recently, with éhe discovery of its
\ .

conformational utility and the availabilibfvof more sophis-
ticated n.m.r. spectrometers,: has its userbécomercommonA

While the thcory (64) of the Overhauser effect is
not unauly‘EOmp}icatéd? it will not béldealt with in detail
here. For present purposes, it is sufficient to notelfhat
the effé;t of a saturating radiation at the reéo%anCé of one

nuclear spin may, in certain circumstances, alter the balance

e

of Spln state popul ons of an

Q

ther spééies in favour of

tha lower eﬁerqy state. As ar sult of this increase in

| #

lqwer enerqy spin state nuclei;, .the absorption capacity at -

€

P A ﬂ; T
this second resonance increaSés and, thus,.tha signal Ainten-~

£}

sity of thls spec1es is augmcnted. The observation of such,

1ntensxty 1ncreases is considered ev;dence for the close

a. r

‘approach of the two nuclear species 1nv01ved and?their

i

magnltudg/has beeq ShOWn to be a functlon of the degree of

‘closeness of approach

' L. ¢



moment measurements was confirmed.

W
(e 4]

Bell and Saunders (65) have proposed the equations:
I I

, 6
n.O.e. = 1/Ar AB,

where A s o constant, to describe the dependence of the
magnitude of the effect upon the interouclear separation
Lotweon the irradiated species, A, and the obscrved species,

B. This cquation has beon shown to be accurate until ﬂAB

s
reachos a limiting value, at which point the n.O.e. ap-

proaches its theorctical maximum of 507%. Since the equa~
tion is based on the assumption that nuclear dipole-dipole
interaction will be the dominant relaxation mechanism, it

can be assumed from the good agraement that this is'correct

signal of H~2 was observed, whilerirradiatiﬂq at the reso~

»

nance of '‘one of the singlet methyl éroups attached- to C-4,

a 12% enhancement was noted in the. compound suspected to

5
s

have the cis-configuration, 5. No effect was observed with

the: cqmpound assigned the traﬁs~configuration, §.’ In this

manner, an assignment of configuration based upon dipole

{



OCH; CHy o)

@) Q
CH3 ’

Jon
1O

Coxon (6 8% has uscd n .0.c. data to demonstrate the
rotameric position of the methoxyl group in the endo dias-
tercoisomer of 1,2-0-isopropylidenc-3,5-0- (methoxymethyl i -
<1<?x1;(,A)=(}~Uﬁ1;“t(:)lyf';uvl fonyl~a-b-glucofuranosc, (7),, which is
shown below. A 25% cnhancement of the signal for H-=3,5 was

5 o -
noted upon irradiation at thévmﬁthOXYJ'prﬁtOﬂ resonance.

Many Similar doterminations have been made which are
discussaed in a review article by Bachers and Schacffer (69)

caph by Noggle and Schirmer (64)

/CH3 "
O
-Hj 5
O
O . b ]
O -
#CH3 [
CHy

and a monog?

|

.

H

\
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Among the most interestigg exanples of the use of
nuclear Overhauser effects is their application to problems
of conformational analyses about the quéosidic hbond in the
ﬂucleosideé, by Hart and bavis (70), and by Hart, Davis,
Schirmer and Noggle (66) . ‘Enhancements of the anomeric
proton signal were détected upon irradiation at the resonance
of suitably located protons bonded to the purine or pyrimidine
aglycon moietiés, These observed enhancements woere inter~
preted as evidence for the existence, in some proportion, of
conformations previously thought to be unfavourable.

Bell and Saunders (71) have published results from
their study of n.O.e. in the dimethylformamide molecule.
These experiments were carried oug by observation of the
formyliproton:and irradiation of the methy 1 qréuprréﬁéﬂaﬂﬁ
C85; From observation of the relative temperature indepen-—
dence oflthe enhadcemeng when one of the methyl groups was

irradiated and the strong temperature dependence of the

[¢]

enhancement due to irradiation of the other methyl group,

: : - oy .
they congluded that the mere eXistence of an Overhauser
enhancement does not imply a time-independent spatial

proximity or even conformational preference but only that

the two species can be located near each other for some

period of time.



From the above, it can be concluded Lhat the nuclear
Overhauserngef fect is a useful tool in qualitative confor-
mational analysis, and is gquantitatively valid in confor-
mationally rigid systems.  FPor moblile systems involving

’
internal rotation, the existence of the effect implies ¢lose
approach of the speclies, and the magnitude of the enhance-
ment lndlcah thu degree of closeness obtained, but 'not the
rusidch(\ time at t",h(': spatially proximate location.

\

k. EAL't i ,Lxl, I<€3t at L()Il ﬁxr1<i Pﬂ()l e lll ar k (){11 (>;*n\cat'1 on

[l

i

1. Empirical Rules Predicting Molecular Rotation

The utility of Opthdl rotatlon measurements was |

&\
markedly increased by the introduction of ical rules

V)

mpi

™
o]

linking observed rotation constants with nolccular‘confi&u~

ration. Hudson developed a series 'of rules of iS@f@tatléﬁ

G

";

able:-way of di btlﬂ@ulbhlﬂq o

‘which provi hsg a fe

(’ ‘U

Q\‘

from

o]

~anoners, bﬁt which were not based upon any Uﬁaéfﬁf
standing ofrthe physicaliprocess=invo}ved (72) . * \
The two most successful préposéls for such rules are :
those of Whiffen (73), and Brewstei 174)f‘ Modifications,
'éimplifyihg the présenﬁation of Whiffen's rules;?have beeén
proposed recently by Lemieux and Martin (75):Aand by Lemieux
~and Brewer (76) . while there are differencéé in the typés

Y

of cdmpoundé contemplated, and in the number of rules foynd

¢
Y



necessary by these authors, the basic Simp]ifyin?) A5 UMmp -
tions and rat,k)rmliZ(xt‘ions are quite similar. In all of
these analyses, the dominant source of the gencration of
optical activity is considered to be (‘?(')Hf(')l‘l[ldt'i;ﬂd] asym-~
metry.  onevimportant source of conformational asymmetry

is the tihxt(‘o bond unit, some examnples of which are illus-
trated in Fig. 11.  Such three bodd units, in Brewster's
rationalization, form ri,q};té or left-handed "scroew patterpns”
of clectron polarizability (?4). The contribution from
these intﬁ%actions in correlated in sign with the handea-

ness, such that right-handed patterns contributée posi-

tively, while left-handed patterns contribute negatively.

= OH  : ~o/0*

-z +0/C*,

Fig. 11: Séme ekamplés of asymmetric three-bond
units which contribute to optical rotation.

* This notation is the simplified version of Lemieux
and Martin (75). : v S e
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In all analyses the torsjion angles are assumed to be the
normal values of 260° or 180°. This clearly introduces an
unavoidable source of error, because the bond angles of
the ring atoms of pyranoid rings are known to vary over a
considerable range (77,78). The rotatory contributions of
three-bond units are expected, on theoretical grounds, to
be a function of the sine of the torsion angle (73) and,
therefore, variations of this angle will alter the contri-
bution of the unit. Three-bond units having the ant7-
periplanar, 180°, torsion angle are considered not to
contribute to optical rotation, which is also in accord
with a dependence upon the sine of this angle.

In addition to three~bond units of conformational
asymmetry, all the proposed systems have included factors
for an inherent asymmetry of certain substituent bond to
ring oxygen configurations in the pyranoid series. These
effects, termed "permolecular" by Brewster, are:illustratedr
in Fig. 12; apd the variou; trégtménts are collected and

compared in Table 4.

+I*

+J*

. OoH “OH ,

Fig; 12: Conformational units of asymmetry of
pyranoid rlngs (permolecular effects). ,
*The notatlon is that of Whlffen (73)
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Notably missing from all treatments are terms for the
exocyclic hydroxyl group. C8ntributions from three bond
units terminating with this group are assumed to be ¢ither
small, or, to be made small by the averaging effect of free
rotation (73,74) . For the exocyclic C~6 to O-6 bond of

w5
1,5~hexopyranoses, however, it has been found that an addi-
4 Ly ’

Sy
tional factor must be employed. Whiffen assigned a value
of +30° for this source, while Brewster used t25° . TLemieux
and Brewer have analyzed the contribution of this group in
terms of the previously discussed three-bond units (76).
All proposals have considereg the problem of solvept effects
to ﬁe minimal, and Lemieux has shown that conformationally
rigid molecules do not show lmportant changes in rotation

when observed in different solvents (75) -

2. Application of Empirical Rules to Problems of

Conformational Analysis
I,

Lemieux and Pavia have published some examples of
the successful application of empirical rules for optical
rotation (23). Théy determined the approximate mole frac-
tions of the g@o ring~inversion chair confermers of a
series of methyl 3~deoxy“B~L—eryihro*pentopyranosidés by
comparisén of the observed rotations of the two contribut-

ing confommers. The'followiné equétion was,used:

6" gty

.,
i .
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-~ 1"*‘
~
= % x
Mops!p A[M]DnA ' (’B)[M]D*B,
where XA’ and XH' are the mole tractions, (and XA = 1 -~ XB)
and [M]) , and [M] ~, are the calvulated molecular rota-
D=-A" A -1

tion constants of the two torms, at the D-line of sodium
vapour. The results, calculated 1in this way, were in qgood
Lagreenment with those based on a similar analysis of the

coupling constant between -1 and H-2 of the pyranoid ring.
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II. EXPERIMENTAL

A. Materials

1. Reagents !

The starting materials tri-o0O-acetyl-1,5-anhyfdro-2~ -
D-~arabino-hex~1-enitol and penta-0O-acetyl-s8-D-~glucopyranose,
were obtained from Raylo Chemicals Ltd., FEdmonton, Al%erta.
Methyl a-D-mannopyranoside and tetra-0O-acetyl-u-D-gluco-
pYraﬂosyl bromide were prepared in this labgratorv, using
standard procedures. All starting materials we;e checked
for purity by comparison oﬁxtheir physical constants with
published data; and, where necessary, were recrystallized
until satisfactory agréemént was obtainedﬁ

Lithium Aluminum hydride was purchased as a 1.94 M "
solution in bis- (2-ethoxyethyl) ether from Ventron Chemicals,
Beverl&, Mass., U.S.A., and used without further treatment.

A mixture of cis~ 'and transﬂ4~t—butylcyc1oﬁexahpl was sepa-
ratéd into the individual isémers by column chromatography,
using a mixed eluting sblven% consisting of benzene,visopropyi
ether ahd ethyl acetate in 2:2:1 volume ratio. The'separafga
isomers.had meltiné points‘of 77 to 78.5° and 75.5 to 77.5°,

respectively. Diborane was purchased asla one molar solu-

tion in tetrahydrofu@an (Ventren Chemicals) . The bromo-

- -
~

N

\

A
47



48

benzene received from the supplier required extensive puri-

§

i
fication (79) to give satisfactory material of boiling range

° i
150-155°. Methanol and barium carbonate, containing 58

;fmoles percent carbon-13, and methyl iodide containing 62
i&les percent carbon-13, were obtained from Raylo Chemicals

. Dﬁmited- A supply éf barium carbonate, enrichéd to 86.8

" moles percent‘carbon—IB, was purchased from British Oxygen

' Cg., London,' Epgland. All carbon-13 enriched materials were

’

.- used as received.

b

2. Solvents

S Reagent grade methanol was dried by distillation from

]

Ry ﬁagnesihm methoxide according to an established procedure
I / !

4

o k80), and the distillate was stored over Linde-type 4A-

. |

,7§ Tolecular sieves. Dichloromethane’, when intended for use as
X 7

4

'

A
S

yﬂ'jLolvent in glycosidation reactions, was purified by extraction

-

éhith'sulfuric acid according to an established procedure (79),

ﬁfollowed by passage through a column of neutral aluminum
P :

Jf ﬁoxidé (M. Woelm A. G., Eschwege, B. R. D.) immediately prior

{v

b

/| s to use. Alcohol-free Chloroform, for use as the solvent in
A

£
anomerization reactlons, was prepared ‘immediately prior to .

al ,1

34 USe by percolatlon through neutral alumlnum ox1de. Benzene,

when used "as the solvent for anomerxzatlon reactlons was

a
/ dlstllled frOm fine sodium w1re. The hexamethyl phosphorlc
3

?@ . triamide recelved from the supplier was drled by shaklng for

-
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48 hours over Linde type 13X molecular sieves, decanting,
and then storage over a fresh batch of sieves. The 2,4,6-
trimethylpyridine received from the suppliers was distilled
from potassium hydraoxide pellets and then stored over a few
fresh pellets of the same material. Tetrahydrofuran was
dried several tlmes with sodium wire and then stored over
fresh sodium wire until use.  The bis~k2—ethoxyethy1) ether
required for lithium alQminum hydride reductions, was dried
by shaking for 48 hours with Linde type 4A molecular sieﬁes,
decanted, and thenxstOred{over a fresh batch of the same

sieves.

B. iMethods

1. sSpectroscopy

All measurements.were made by service laboratories

as mentioned in Acknowledgements.

J

(a) Infrared Spectroscopy

NE

All spectra were run as mulls,, in Nujol, using

Perkin Elmer Model 421 or 337 grating spectrometers at

. 1} ;
ambient temperature, in matched, and polished sodium chloride
Y o , [
cells. - : . ’ ~ e
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&

(b) Nuclear Magnetic Resonance Spectroscopy

i. Proton magnetic resonance spectroscopy g 7

The proton magnetic resonance spectra were observed
at 60, 100 or 220 MHz with Varian A60, A56/A60, HA-100-12,
'HA-100-15 and HR-220 spectrometers. Chemical shifts are

repbrted in p.p.m. relative to‘tetramethylsilane (TMS)

Id

or hexamethyldisilane used as internal, or external reference —
standards, depending, as noted in the text, upon the solvent

used for observation. When necessary, double resonance

3

experiments, using a frequency sweep technique, were per-

formed, to'confirm. the assignments of signals, and to facix

-

litate the measurement of coupling constants. The estimated
’ J

i

errors in reborted cﬁemiéaifshifts and eouplipg constants
are 20.1 p.p.m. and #0.1 Hz, ‘respectively. The vicinal
- . p . ) .

carbon-proton couplihg constants Qere evaluated from 100 MHz

spectra as follows. ¢ éﬁ
For the alkyé glucosides, analysi; of the sighal for
’the anomeriC'proton was generally’péssible and!mény of the
f

:constants r pbrted in thls work Were 'determined in this way.
This analy is is Slmpllfled -by several c;rcumstances. Flrstly,

the dlfference in the chemacal shlfts of the coupled nuclel

. -

“is much greater than the coupllng constants requlred to be

evaluated. Thus, 1n the symbollsm géherally used (81), the

® N

spe01es 1nvolved can be treated as an Ax—type system and there-'
;

fore, the coupllng constants can be measured dlrectby from .

TN
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(a) : (b)

i

qu 13: The signal for th( anomeric’ proton of othyl-
1'-"7¢C tetra- O~acetyl~f~D~ gluco>1de (2) in CDCl, (spectrum a)
and that of the frec'ylucoside (8)in DO (spectfum b) The
C-1"' pos sition contained 58 .moles % of garbon 13.
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the spectra, without recoursce to matﬁomaticaf analysis.
Secondly, the spectra of the aompoundn arce well-known, and
the signals, therefore, were rceadily assigned by COMPArison.
Finally, bcecause the degree of carbon-13 enriclment is less
than 100%, signals due to carbon-12 containing nuclel pers-
sist, a‘nd were compared with those from a normal 'iﬁmt,opic
abundance sample.  The analysis of fi~glucosidas, (dn parti-
cular, is quite straightforward bocoause of theo wid! spacing
of the signal of the anomeric proton, due to the large coup-

!

1ing of H~1 with H-2. Example spectra of the signals of

the anomaric protopns of éthylhl'—13c f-b-glucoside (8) and
A o . . .
its-tetra-0-acetyl derivatjave (2) are presentad in Fig. 13

In both cases, the total signal consists of a doublet (J ~

entered on a doublaet

0

7.5 Hz) of doublets (J ~ /4 3 RBz)

(J.= 7.5 1z) . Compoundseg and 9 contained 58 moles percent

carbon-13 in ,the aglycopic carbon, but compounds of higher

levels have anomeric prpton signals of slightly diffffant
L 13
appearance as can be seen in signal for i=propyl-2'~-""C fi~
N "

D~-glucoside, (ig). whijch is presented in Fig. 14.:

In the case of/aﬁqlucosidés, 3JH 1, th ﬁ;3_5€HZ, and
thus, the total 51gna1 for the anomeric proton is much nar-
rower. VFQI ethyl-1"'- 3C a-D-glucoside (11) éhe coincidence

of approximately'GO%.Carbon~13 enrichment, and the near -

equality of 3JH~i H? and JC 10 H-1' combine to cause the

51gnal to appear as a pscudoqulntuplet as seen in Fig. 15

°

3

At hlgher degrees of . enrlchment the appearance of the signal

#
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Fig., 14:
2‘~13C f-D-glucoside in D,0.
ment is §8%.

U
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fad #

The. signal for the anomarid proton of isopropyl~

"“The dograe of carbon-13 enrich-

‘VE‘

} .
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Fig. 15: The: Slqna]s for the anomeric prohon of
compounds 12 and 11 in D,0. The degree of cnrl;hmcnt thh
qubon 13 Was 886 Tand JBQ, xcspcuthgiy

A}
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ol the anomeric proton changes appreciably, as demonstrat e
by the signal found for dsopropyl a=b-q Incoside (12) also
shown in Fig. 5. (?()xn1><>1xxxli 12 ;~<>1)t ained 87 moles percent
carbon-13 nﬁd, as can be scen, the central doublet due to
carbon-12 glucosido is much roeduced, appearing ans shouldoers
apon the middle peak of the carbon-13 coupled signal.

® Computer-asainted spectral A';nn_lyf’sv‘fx were carried out
using the NUMAR program developed in this department by

br. A. Quirt and Professor J. S. Martin (82). The computed

spactrum was printed out using line  printer plotting tech-
b :

niques and the observed plot was éiiparnd with it for

s

similarity. Since the large chemical shift approximation (81)

Cioq 13 1
was valid in the caso pt tudied (X = ]3C, A= "I, only a

few répliCﬂtiCﬂS ware roquired to simulate adecquately the

obser a& Speptruﬁ-

lip|
il
i
o
o]
|
g
ol

The carbon-13 maqﬂ@tiCVfCSOQRHCé spectra were racons
ded at 22.63 MHz or 25.14 MHz with, réérﬁc ively, Brukep
HFX-90 or varian HA-100-15 Spectrométers. The Bruker instru~
ment was 1ntnrfaced to a ngolet 1080~20K memory Lomputet
for Fourier transform analysis of the free lnductron dccay
signal observed in the pqlsed mode. Pulses Qf,ZO to 40 us
~were used witﬁ a pulse length of 150 us ccrréépOﬁding té a
tilt angle of 90°. Initial experiments with tﬁeEVariéh HA~
100~15xinstrumené Wérefcarried out by repeated scCannipg



and then averaging the accumulated transients usingg
Varian~1024 computer. Lator experiments were pertormed
4l ter the spectrometer had been dnterfaced too a Digilab
Fouricr transform system, Model PUS~NMR-3, and were carried
out in the pulsed wmode.  Pulse widths of 30 to 42 ps were .
caployed while the pulse width corresponding to 907 tilt

-
angle was 50 ns.

I'd ) -
Chemical shifts are reported in p.p.n,, wsinog the
signal of the methyl carbons of TMS as standard, cither ex-
ternally, or interpally, as noted 1n the text. The ostima-

oupling constants are

Ul
»
gt
=
e
7l
A
3

ted errors for chemical shifts
‘0,1 p.p.m. and 10,12 Hz, respectively, except for the
carbon-carbon coupling constants, where the arror is osti-

mated to be t0.2 Hz.

i

the case® of the methyl glycosides, the same situations re-
sponsible for the simplicity of the proton magpnetic reso-

rve to simplify the carbon spectra.

(6]

iee,

For the higher alkyl aglycons, such as ethyl, and isopropyl,
however, the incisasea numbérrof protons couple k '
carbon nucleus, make the spectra tog Cﬁmpléx for pre =)
measurement of the couplihq constants involved.

Carbon spectra of compound 13 are presented in Figs.

16 and ‘17 ~All such spectra examined have a signal consis~

ting of g'quaftet, (J = 140 uz), of doublets, (J = 3~4 Hz).

i
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Fig. 17. - An expansion to 25 Hz swcep width of an
inner doublect of the proton-coupled methyl carbon signal
of methyl-13C: 3,4,6~tri-0-acetyl-f~Drarabino-hexopyranoside
' in CDC.}.B . ) . ’
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Spectra observed on the Bruker HFX-90 spectrometer were

evaluated by determining the computer bit number of the
highest point of each peak. Since the total sweep width
and the number of bits into which the sweep width was
divided were known, the couplings could be determined,
usix.xg the following cequation: K

4

Sw . . 7 .
J = —%»fwwqap wldfﬂup—vr X number of bits between slgnals.
total computer bits .

e
-
In practiceu the sweep width observed was 500 Hz, and the

number of bits used were 4096, giving a mechanical error

range of *0.12 Hz. -The results of the two inner doublets
were averaged and then roundvd to 10.1 Hz acturacy.

Couplings observed wlth the Varian HA-100- 1)/Dlglldb

I3

Frs systcm were maeasured from 25 liz sweep width expansions

Lﬂ‘
5

of th§ two inner doublet signals, The estimated. e error in
these ﬂé£erminati@ns is 20.05 Hz. The unéértainty range,
arising from sweép width observed and the nﬁmber of com~
puter bits used to observe it, was 6.32Hz, but visual

measurement reduced the error to an estimated 0.1 Hz.

(qf;MaSS Spectrometry

The mass spectra were measured with an Assoc1ated

Electrlcal Industrles Model MS-~2, instrument. 4

4
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2. Chromatoqraphy

() Thin Layer Chromatography

All .t'hin layer chromatograms were carried out on
Silica Gel G (ML Merck AL ., Darmstadt, B.R.D.). Various
solvent. systems were Msed for (‘hr'(')nmt(7<;;X“’1rrf§at"~Ve"1(’);)m("«nti,
depending-upon the type of compound to bhe separated, as
noted in the text.  The developed chromatoqgrams were sprayed
with a varlety of visualization reagents, Carbohydrates

separated in this way wore invariably visualized by treat-

1 followed by heating.

N

ment with 5% sulfuric acid in ethanc

Non~carbohyvdrate materials were generally sprayed with con-

centrated  sulfuric acid and then heated o effeot charring,

l ‘

P i

(b) Column éhrématéﬁfaphy ‘

W Egcept as n@téd( all column chromatograms were per-—
formed with 160~mésh silicic acid (Mallinkrodt Chemical
Works, St. Louls, MO., U.S.A.). Columns wer; mounted over
a mechaniecal fraction collector and the individual fractions
were examinea, eifher by optical rotation measurements, or
by thin layer chromatography.v The solvents used for elution

are described in thegtext, SN r -
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3. Ot ical Potation Measurcementss
]

Optical rotation measurcments woere carriced out using
’
a Perkin-plmer Model 141 automatic polarimeter operating at

the D=line (589.2 n.m.) of sodiun.

4. Melting Point beterminations

Melting points were determined in capillary tubes
on a Callenkamp melting point apparatus. The reported melt-

ing polints are uncorrected,

%

. EBElemental Analyses

IPlemental analys&s wore performed in this départmént

by Mrs. D, Mahlow and Mrs. A. Dunn, | . ;s

C. Synthetic Investigations

1. Benzoic Acid—7513c (14) : .

This compound was synthesized according to an estab-

lished progedure (83) using 6.00 g of barium carbonate con-

taining 58 atoms percent of carbon-13 as a source of " carbon

I3

”

dioxide for the carbonatlon of phenyl magnesium bromide .
Upon work up, the p;oduct was recrystallized from hot water,

flltered dried, and found to weigh 3 1 q, or 85% of theorv.

fhe white crystals had a melting point of 121.5 to 122.5%,
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in agreement with the reported value (79). An expansion of
the p.m.r. signal of the ortho ring-portons showed an in-
creased the multiplﬁcity due to coupling with carbon-13
nuclei. The carbon-13 n.m.r. spectrum consisted of &
triplet (J = 4.0 Hz) at 171.8 p.p.m. chemical shift. The
infrared (IR) spectrum contained a sharp doublet at 1676

- /
and 1648 cm ! in the carbonyl stretching region due to a mild

isotope effect which causes a slight shift in the absorption
/

of the enriched molecules,

2. Benzyl Alcohol-7-13¢ (15)
Beﬂzoic aeid—?-lBC, 3.69 g, was dissolved in a small

guantity of tetrahydrofuran (THF) and the resulting solution
was cooled to -30° C. Diborane, 45 ml of a 1 M solution in THF,
was then added slowly by syringe. The reaction was allowed
to warm to OéaC, and theq kept at that temperature for 2
hours, followed by two further hours at room taﬂ@%riﬁure.

Methanol was added slowly untll no further evolution of

bubbles was noticed, aWd the solutlon was evaporated to

a white v1scous residue on a rotary vacuum evaporator.

e

The residue'was dissolved in 80 ml of water and the agueous

A : . ) - C e e o
solution was extracted with five 30 ml quantities of dichloro-
. methane. The comblned organic extracts were drled w1th

'anhydrous magnesium sulfate, flltered and evapOrated to a

clear residua*gf crude benzyl alcoholh Final purifiéation
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consisted of drying by azeotropic distillation with benzene

using a Dean-Stark water trap.  ‘The product, obtained after

remdval of the benzene, weighed 2.87 g or 8v8% of theory.
N.m.r. absorbances centered at 6.0, 3.7 and 2.8 p.p.m.

corresponded to t,h(:‘,dromatic, methylene and hydroxyl protons,

respectively, and had the appropriate integration for benzyl

alcohol. The IR spectrum was identical with that of an

authentlic sample, except for the existence of a sharp doublet

at 1018 and 1025 C‘IﬂHL (C-0 stretch reqgion) in the spectrun

of the carbon~13 enriched material, compared to a less dis-

tinct signal for the normal isotope sample. The mass spec~

rum showéd major peaks at m/e = 108; 109 and 7j which were
assigned to the parent ion and [C6H5]+, respectively. The
carbon-13 spectrum consisted of a singlet at 163.8 p.p.m.,
With:thé prﬁtéﬁs decoupled, and a distipct triplet

(J = 141 Hz) of doublets (J = 2.2 Hz) in the proton-coupled

spectrum. o |

3. Benzaldehyde-7-13¢ (16)

g " * RBeénzyl alcohol—7~l3C, 2.67 g, was oxidized with CrO3~

L)

By ”f,ne complex, generated im situ according to a published
N SRARD )

' procedure (84). The ether/dichloromethane solution of the

»

pfbduct obtained from this reaction was disﬁillga under
an atmosphere of dfy, de~oxygenated nitroéen.and 1.92 g of °
benzaidehyde was obtainéd.‘ The p.m.r. speétfum of this
matérLal‘showed‘inc:eased mu;tiplicity in the értho protons

*
ad
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T ’
of the phfnyl ring and the aldehydic proton consisted of. a

/ N
doublet (J = 174 Hz) due to the carbon-13 containing
molecules eéntered upon a singlet, of chemical shift 13.3
p.p-m., due to the carbon-12 molecules. The carbon-13 n.m.r.
spectrum consisted of a doublet (J = 173.6 Hz) of triplets

(J = 4.9 Hz), at 191.6 p.p.m., due to coupling with the

aldehydic and ortho phenyl ring protons, respectively.

I @

A

4. 2~Phenyl~5,5~dimethy1—1,3—dioxane~2~13

C (17)

Benzaldehyde, enriched to 58% ca_;oﬁ~13 in the carbonyl
position, 0.24 g, was dgissolved in 3 mi of dried, reagent:
grade benzene containing 0.23 g of 2,2~ dimethyl-1, 3-propane-
dlol. The resulting mixture was ddded to a flask flttcd to °
a Dean-Stark apparatus and the syéteéﬁwas'flushed with dry
nitrogeh. A few crystals of p*tolylsulﬁonic acid were

added and the soiueion was refluxed for}‘lur:hours under a
:curreht of nitro@ﬁh (85). The s&stem Qas allowed to cool

and the solut1on was transferred quan!itatlvely to a sepa-
ratory funnel and‘extracted with three 10 ml po;tlons each

‘of 10% aqueous sodium hydroxlde and saturated aqueous sodium
chloride. The organlc phase Was dried with anhydrous mag-
nesium chlorlde, flltered and evaporated to a pale yellow “

syrup. The syrup was extended w1th a small quantlty of

ether, a few drops of.Skelly B were added, and the solution
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The reaction mixture was left stircing at rooln Loempseratiure
] i

tob.er (hesane:ether, 4:1). The reaction vesaol was oo led
" e
1oree, and methanol wal added slowly, wilth stirring, until

no further cvoluytion ol gas canld bhe detocted, The resul -

tant solution was partitioned hetweon hexane and water, and

o
+
the hoexane was dricd with anhydrous MagsO . The hoxane wos

4

distilled off, and the residue was mixed with a sl | quan-
o

" 3 PR - : B 5
tity of chloroforymf chavged upon a silicic acid colamn, and

4 N
cluted with chloroforn,.  Fractions wero collectad, and
analysnad by t_1.c. by comparison with an authentico somp o,

Thogey containing the desired product wore ool lectad , and the
chloroform was dintilled off . Thoe oarbon-13 n.m.r. spoectrum

_ 1. 1 : Y i -
of thin compound showed only one absorption, of chemioal
7 1 b H

shift 55.7 p.p.m.,, and consisted of a ﬁuﬁrLﬁ%:{d ~ 140 1z)

&

gy
e
™

Art *BULY“‘}

, ’i{xd WO }u:-xl up an
}‘

,uvatrum for this conp »und COU %f(pd of a quartoet,

-
It
[
B~

fwn]

/(' e

Hz), of doublats (L= 3. 78 HzT,

Ty -




7. Srluver Dhoonpme calbidine Perchlorate

a

-

Srlver o nitrate, 900 o, and sodhhum o perchlorate, TE g, we

r
reactod with 2000 ml ot syme ol Tidine aceording to o published
Pt ocedur e (6. The yicld obtarned war 204 g, appro#imat ely

it Lt ive,

. Todonium Dr=-oyvm-ool Lidine Poerchlorate

This compound was propared o analysed ‘u‘i/’wr'i]lnq t o

a publinhed procedure (86) 0 The yield was 11,42 of the

4"

theorotical based o thoe Tormula ((1’”5]?”71(:](7

D=mannopyranoaids and the Corre

of the duet thus od . showed ano-
moric methoxyl. protan als. congisting or tww deuhlnrs

(J = 145 nz) due C ;ouné protons, contered on two
! P ’

. : )

>lnqlc .5 of ‘chemical %hltL 3.42 and 3.54 p.p.m. due to 'ZQ .
. . \ ! , '

bound protoms., By intéqtation, the 13 C-enrichment was con-

: 9 o

‘firmed to be 58%. Tho yluld obtained was 2,33 g, 93%.

[
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O, Avomerio Detiyl-" ¢ 3,4, ¢-Tri- ~aceiv]-2 deasy D
TR :H Aﬁ; roa ki A\R .‘

) 13 ) .
Thes syrupy guistuare of  methyl ( I B e B O T (AR T

Zedecoty - - hodo-h-manno- gl g lucopyranosiidoen o obtad nedd
{.4’

above, wan discolved ip oo omall guantity of othyl acotatoe
contalning 1.l ml of dicthylasdne and 0.5 g of palladiam
13

gatalyst on charcoal supposat. The mixture wan hydrogonatod

At atmosphoerie prossure unt il no further hydrogen was al-
Y

sorbed and theo Tiltered, apd partitioncsd hotweon toluope

and water, After several oxtraction:s, tht toluence solution,

wan dricd with anhydrous magnesium sulfate and “evaporatoed

on - rotary evaporator,  The thick syrup, thus obtained,

to constant wolght, under high

11. - Separation of the Anomers of Methyl-""C 3(4,GETflS

A 3 N i =
Omacoetyl-7-deoxy-Dearab s no-hexopyranoside

© >

The syfupy anomeric mixture, obtained above, was mixed
with a small quantity of isopropyl cther, and charged upon a .

~ »



6

Rarrow, dry-pachod colunn of Siliea Gel oo, o G, o owhich vas

| SN 1 N M Vo N sy
thoi o bulead willh a s solvent moade ag Of G Voo b e ot

n

Lropropyl other and one Volume Oof cthy b acctate . Pl o]t .

was Collectod, uning .o Pobtary W ot ron \"(;]i'(\“twl' et ot colleot

fractions of 10 ml, and cach such fraction was analyoed by R
obsorvation of LU optical rotation. The' mo:nat fi:‘:‘:t1(:*1’7;1.&1("»7"7,"
fractions woer e combinoed o Cvaparated to consitant vt

The poma e, spoectrwn in (jl)(‘]j'i’ af the ;ﬂ;?]:-, vyollow syrap,

haaed thr(- methyl proton siagnals in 1 e f(vu’m ol 4 Il_’l"lliil’;‘l’»l’}:)"‘t
made up of o doublet, () - 142 He), (’;f‘I’lt,("r’f‘ij Ol oninegleet

at chemical <hift 3,88 Pepam,, due, respedtively, to the

k) . »
:ﬁﬁ%l’iﬁﬁ—f—i? and oarban-17 containing molecules. Phe saanal

of the apomeric proton was highly o mplex, and the coupl ing
with the aqlyeonic

nance FXPﬁrfﬁ“ﬁf Iy

faster run-
Ca ] bined  And ed und e e
ning spots were combined and evaporated under.vacuum.  The

o)
.
pod

and those fractions contiining essentially n
A ¢ , :

o

)
I3 e

w oY TUpY material crvstallized readily from etharol. The

: o o B : b e
yield was 0.23 g of a product which melted at‘%ﬁ—9]° [1it.,
I . :‘; ®

9°1 (87).. By comparisen of the p.m.r.*spécgrum

3

s o g A



i

with that of an outhentic sample, the product v ddent D Ted
as the P anomner The methonyl poroton cignal wan o doublet,
(J) = 144 nz), contoered on a singloet, of chemioal shatt 4,005

popromn. in x»(‘ll'/ff‘lx("ll( . he alvcorhaneces Gf the anomerie proe
’

"

ton were, compleoy and, chowed a new npacin of approximatoely

4,73 He. -0
. 3. . . ;- . o s
17, Mothy 1= 7C 2=Deoxy—a=-D=aral Dno=hexopyranoiniide (7,’71)

Methyl=""0 1 Tl:l"*.'l("i"‘?‘7711;):(1("(7;‘"’:'\:7*' ==l i heyo -

pyrancn i, 0,69 g was dissolvedgin 10 ml of dry mathanaol
' 1 V . : ;

The resultifia

7

and 1.1 ml. of tricthylamine wan added

tion was kept at L0% ¢ far 14 hours Wt which time complate

- [ 4
dencetylation had occurred ag shown by t.1,c, (421, chloro-
form:mothancl), The nolution was ovaporatod, upder

[ f(:T ”

jrarsatun m.‘]\t;r

H
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Lo et Co ety D e T o o e (72)

Mt by b - ot et vl ooy D=l T e o -
0 T Lades 0.9 wWan hsialved o O mb o of dr v omethanol
| R r ’

containdng 1.0 ml of (it hylamine.  The resulting solution
, .
Van ept oot 407 C tor 14 hours oat owhich 4. Jdecetylation

oo shovn ta be complote Ly ot e, The mi 2t Ure was work od g

,::. botore ad on orvatallisat ion, a product of m,p, 120=122°
[Tit . moys, Pos-1.7 1) '(HH) Wk obtaldned, The pomar. of
thia prodact, in I’)jf'z, oxbiibited tha oxpoot ool pricudotriplat
*":iqn.x”r ’f"r;r the mathoxyl protons () = 144 He) with a chemical

shiift of 617 pop.m, The nignal of the anomeric protop

v

-

occurred an A quartat reflocting doupling constants of 4.6

{ﬂ’irr .

llr}lﬂ;}

and thé ﬁ@lhtjbn was ﬁﬁftﬁd Fé 4pﬁfi'ﬁﬁaﬂhic Chi@fidéf 0.18 ¢
- m1,5w5% difisolved in 6 ml of ﬂgv benzone and the res sulting , 4
. v o . A ,
: sﬁluﬁiﬁﬁ was added. to tho b CtOﬂ %thuxr whlch was  then left
fgr one hour (89? Tho TéaLtlon mixture was extract<i thh !
8 £ A ; :
‘ . cold water, saturated aquepus . sodium bicarbonatie, and tvice
\ Emgrﬁrwith ¢old watef. The ?éﬁéené SO lution waﬁ;thén«afiéd Lo
A ; = g , ‘



with andoydy ous Hiagiresbwm sal tate , f bt cred, .m(..‘ CVapGOratedd

Oh b TOtary cvaporaton Nt h Guant bty ol et baana b wer

addad 1 the thick DA U, the qnd et ag e Wi mecdkedd and then
roefrigoeratodd, '1‘1‘1'" crystalline material, of melting proint

FOA® flit, m.p. 105°), wan Ul“dill.’"«]’ill total vield of 0,98 a,

and hod [u]“ 18,7 (- ],vnle), [Tit. (] 18,71 (90).

The pom.r, apectmum (o8 thins compound contadned
methoxyl proton resonances connisting of a doublar, (Ja,
A

Hz) o conterod on a singlet of chomieal shife 3,49
p.p-m. and, also, showed incroancd mult Iplicity in thee sle-

anomerle proton () ~ 4.3 Hz) due to coupling with

k=]
:.
-
~
2
%
—
=
e
ol

the aglyconic carbon.

-y
it
0
>
o
Zh
s
ey
b
o
o
o
ot
.1
>
~
~
)
b1 ;U
B
[
ok
3
o)
<
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i
~y
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]
~
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o
~
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T
=
~
ol
g
~
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at 6}“ C for 2 hours (91). The mixture was then, axtractoed

With watern,

"with satirated aqueous sodium bicarbonate and twice
A ¢ , el

The chloroform was dried with anhv('lyi“ﬁu:‘li. magnesium sul fate, «

T : . H : ) : W
» Y .. ' : ) A

o evapprat?d,ugnd(lcft ovqrqtht undaor b&gh vacuwum.  The syrupy -

W . product was dissblvéd in 1 ml of ethanol, and the (Solution was

; s ; ] . . ) ' )

authentic sample and refrigtfrated fo

R »

47hours.

seeded wit




P

s

»

The cavettal bine poaduct, 0021 q, had (o], 150.1° (- 1,0HCT )

4

{rit. [ ] 154,471 aned e bted ot 100 ¢ it L. 101 -

Y

1O2c] (90), The ppomoa . sperctrum, whioh hiadd ot arnifactory
integration, woan comparoed to that of an authentio s le
and Tonnd to e bdetiond cotcopt for the et hoxy T oond

anomeric-proton stanals which chowed gpereancd multaiplioity

. " 13 : : ,
duc to the presconce of the C—contaaninag moloculen, Thies
)
paon.r,. spectrum of this compound contained methoxy=proton

conainting of XNdoublet (] = 147 Hz) conterad

resonanaen

upon a Sine
L

”

jlet with a chemieoal shift of 2.99 pop.m, ((’ﬁ(h:)

]
gm’] also showed increassd multiplicity in the anomeric .

® . ‘
: .

4 7 - ) N ,vA
evaporated on a rotary evaporator. The' thic

Kisyrup was . further

£ =

.evaporated, under high vacuum, to qustgnﬁ weight.  The vyield
H e N o r : .

¢ 4

was Ol,?l*q' or 91%. After redrystallization, tl}&f@dhbt”had
a melting point of 103°, [lit. value 108°} and [a), -32.8

»

L}

~
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(-1, 11,0), H”? [;Jl) AL (Y0 The Loy St g

wan paentioal vt that ot an uncnr b chedd, it hent e NI e

£

cxoept for the methionyl Signal whicly oo it of o doubi et

i 13 .
(‘] - 141 He), duee to, - k)may{pxm?«m:;, Contered onoaosing ot

“ s

with a chemical shift of 4.0 Proprema, duee tg C bound praton:,

g
1]

and, alio, the nemerie Slanal, which consisted of uartet

(J LoaLe ) . contorcd on oa doub Tt (J = 7.4 Hv) dae, Lespen e

. . 113 17 o )
taveldly, to the U= el ’ C-contdining mal oo
~
17, Mothyl-" "C a-D=G) ncopyrahosidg (20)
) oo 13 ) e - 4 . -
Mex tiT'ﬂ,*] Lottt ra-i=acotyl—a=-h-ql uonpyranoaide, 0,130

9, was dissolved in 10 -ml of dry methanel and a oliver of
motallic sodium wana acdidisd. The reaction mixture wag troatied

4
i

as for the 7 t\mﬁfv‘zﬁf and eryatals, 0,061 9, M.p. 166° [1it.

(94), wore

protonn by

spac ctr urm ‘wan

plicitics,

C’)f‘ a (:1(—;\1))153}:, () = f 1 a Sﬁi,nc:;let whc*rmmg

the signad_of :t;hﬁ anc )mr*rl)( r»rrﬂ*dr\x occur rog, ’1 J.p’;i'u\'}(iﬁ )
~ - '

quint_\_lp,]c:t; ade up a tr;plet (J N"% 8 Hz)_, "duc 30 coupling

Wlth thc dquu‘mu carbon and H-2, Contered ﬁ‘ﬁpcm a doublﬂ

: & L ! ° ]
J - 3f6 Hz) due téféﬁufiliﬂﬁ with He2 .only. Thé carbon-173
s o R P‘
'.‘ . N Iy - . \



~J
N

T

Dom.r o spectiuwn had one gianal, o gquartet () - 1446 112)

of doulblets () LU M) dae, acopectively, to o coupling with
. A
the methoxyl and anomeric protons:
N
[ -
1y, Moethyl Tetra—d-hoenry l-a-h-mannopyranonide  (A6)
Methyl o-D=-mannopyranoside, 10 g, wan diccolved in 100
~

ml\uf HMPT o and 98 nl of benryl ehiloride wore adeded tao the

méchanically stivred solution. - Sodiwn hydride, 13‘ q, Wanhed
3 . -~

free of its pn(f’:i ffin oil coating with Skallysolve B3, was thaen

added, in small quantition, over a 5 minute peritd, « After-
P 7 . N ! ¢
some sliaght frathing and rapid tempoerature rise with the
n R e i - ‘

iAitinl additions; further guantiticon rrsulted in only slight’
temporature i,ﬁ(*f’rfﬁ.i";f*'-fﬁ! Lovelling of f at C, Tho reaction

mixture waas heated to G52 and kept 4hoere for 4 hours. Thea

7]

ad

sodium hydride, extended with i@D:ml af water, and the aqueous

mixture was extrhcotod with ¢

B until no carbo-

hydrate maté}iay
acid) in the HMPT-water phase. ‘Thé combined extracts woere
evaporated to a thin/ lachrymatb;y.syr;p, which was sub*v
jected to steam distillatidn_to removeé the benzyl chloride
: 5

. which remained. The resulting syrup Wﬁﬁ‘dééantéq €?®msthé"

hot water and evaporated to a thick syrup which resisted

.

coyld be detected (by charring with sul furie,

»?



%, ‘(;i],,:‘(?‘? (bhong

A

7

ﬁsiution Wil %xtﬁﬂaﬁd with 26( nl of watoer and oxtractod
wuh dichloromethane, The ordganic phasoe was, in turn, ox-=
%Tﬁétfd aquﬁﬁuﬁ

with anhyd

0 cvaporation :b%réjﬁhiirv=

~nethexanc:ethivl a

76

cotates

The cool (*‘-(1\

all uttunpt to dnduce wrystallization.,  The PofmonL shoect rum
o1 Hn g matcr il Gave a natisfactory integration and showed
al;;;()hmnm::; Corroeasponding oo ot e, benzylice, pyranoid -
L]
and methoxy l protons.  The Yo dbd was quant itative,
) . 3 U i 5 3 . . Y&
19, 2,3,4,0-Tcotya~o benzy L-Demannops yanone 20 /)
? : .
T -
CompGund 26, 28 , was divsolved in 600 ml of glacial
*l(r acidd, and 435 ml o of 11w agqueouns sul farie acld was
_ - R A : Lo A . :
addod to the stirred solut Lo, The recultiog mixture was
i, ' !
~ g
heated on s Steam bath, with continuous stirring, for 17
3 f
19 P N . ’ R : B : N = 3 —0 VX
hours, at which time no starting material ould L detoctaed

tion of tha Solvcnts irOm thv prﬁdnrt fyaﬁtwonq

napces

consistent with the

m

\

acid, u

C.

'from 210 g of th@ mixture.

r

product had a

solvent, was Ixr{‘}mdtoqr».xphm’l thrcmqh a column of

sindg: the same

The ylnld Of .:yrupy prushut

e

‘The p-m.r.

satisfactofy:intégration

ikpéétéd

r

str

»

SGlVﬁﬁt elucnt  as wap uscd above

ol)tzn ned by ev(xporu-

was 8.0

L4

spectrun of this

and exhibited reso-

ucture.

SR —



20, 2,3,4,6-"Lct1 g Lienizy -1~ fonitrobenzoyl-o-p-

-

mannopyranone (2R)

’1‘(:(1.4:'//Plu-nz.y_lfl)an‘umu;:yx.m():‘.(-, B.O <, was dif;:;()lvz'\i.
in 40 ml of pPyridine containing 3.3 g of [~Hitroboenzoyl
Chloride.  The Ssyntom wos flushed with it rogen and then
refluxed tor two hour o under g nitrogen n('lhv():'i})hel’(‘. Al ter

cooling, the roaction solut 1on was poured onto 300 ml of
3 ., 7
crushod 1ce and s5tirred tor 30 minuters, A thick otmi-

-
»

crystalline paste which soparated from the ¢old agqueous

phase was dissolved in 100 ml of dichloromethuge and com-

L. . R _ o ' _ . 5 . A T R
binced with two further extracts f rom t'h(;- 1(' water mixture,

k3

he combined organic solutions wore r':{trn ( d with aqueoun
; A X
4 )
sodium bicarbonate and water + and then dregd with anhydrous
= 5 & i P 5 i e . e F e e e R 1 R [ PR -
sodlium sulfato. The solvent wan evaporated urgi crystall ine

material was obtained from cther=hexanea . The fﬁéryﬁtiljjiﬁd

material oxi@ted as solt, ppale yellow crystals of melt 106

4
point 105° and («], 51,3° (o 1, cHel,) . '
Anal . Calcd. for (f4]113:)79N C, 71.41; H, F'S77 N, 2,03,
Found C, 71.39; H, 5.57; N, 2.26.

This rel esents the first synthésis of this compound. | The

n.m.r, spectrum exhibited thé,%gﬁéﬁaﬂCéﬁ expected for the struc- -

ture assigned, ‘and Had a satisfactory integration. b

21. 2, 3\6 6-Tetra~0- benzyl-a~D- mannopyraﬁosyl Bromldc,(29)

Lcmgound (28), ] O g was re acted w1th hydrogen bromlde

o

bl ; A

?n d%chloromcthanc, CSSPntlﬂlly aCCQrdlﬂ] to a procedure.

|
|



A

reported in thie |

up

not

thes

(235

-

A A

porcont

1

r

(29)

covernight.

H

-

{3

(

T the wsual w

characterizod

glucase analoguae,

I'(‘}')()X't (‘(1 1)

. 13
Methyl-=""C Tetra-

i Methanol,

q of Dricrite
¥ 30 minutens

, dianalved
(,7?‘,"71}/?,; over 15

"

o CHCLS) .  The

. Zf “this

i

i

proton had a psecudotriplet siqgnal

carbon=17

Afte

the o xpected signals’

=

0.4 ml of A sample containing 58

3, was added to an othoer :——:]llir‘yf <

and 1 g of silver carbonate,
L4 |

Totra-O=-benzv-a-D-mannopyranosyl

in a ﬁlﬁﬁi 1 gquantity of gtheor, was
' I, '
1 mixturd ‘was left

mlnur %ﬁ and the

¢ the usual wwork

Q P{]Vi a

rystallized from oth
which had.a mclting f‘l D% and [u

(J

the sample. | ' c T
Anal. Calecd. for C3‘>} 38 6 : :C,,, ,'14).7\8;‘ )l".
Found: ' C, 75.90; H, 6.94. v
F R i »
12 ' ' ‘ v N

“k oupf, thé j')i’ll],ﬁ syrup wa
1

»
<
Pteratare (94 . The reaction was Wt beedd
vy .m-fl Capror e The oywupy prrodhaet wass
fl“thﬂ[/ e to 1'<-I'()117\"(1 il):tt(xbl‘.l»lt}’ o f
- ) &'
but dnstead Mwas roacfed Piuneddiat ey,
L]
N ) o ) &
clow.  The yield was not determined,
“benzyl- ~D-mannopyranoside (30) A

-+

eyl e

ontaining

and starroed

bacomide ¥
(i(](]( (1
b “n\
?f;rtif?inq
e
pr(}{duw T
}fig 21062 8

&
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§ =7

23, ‘Mﬂzthy 1;1_?@

Lot ra—-acetyl-F-D-nhnndpyranoside (31
4 } I

Compound 30, 0,34 g, was reacted under Birch redie-

tion conditions, following o proceduare descoriboed in the

Piterature (99) . The yvield of cyude crydtal line matertal,
b N '
obtained from other-Skellysolve B, wan 0,20 «, or 90,
*

, .

Upon recxystallization a product which melted at 1607 (Qit.
m.p. 16171 (20), was obtaincd.  The pBfm.r. spectrum had
sAtsractory ihtegration ™ the resdnances oaxpoottd for

the structure assigned. A cownparciaon of the pom,r. spoo-
N -

»

trum with that of an authentic sample showed thom to be

identieal except for the increased-spacings In the methoxyl
" 3 *» . ) . B B i H * & .
angd anomeric proton signals., The carbon-13 n.om.r. spectrum,
) . " ) o A N : . -
with protons decoupled, consistaed of g singlot of chenlcal
Y, . : e , : .

shift 57.3,p.p.m. in CbCl,, while the couplad spectrum was

g
' - : = i
a-<uartet, (J = JABﬁSiﬂz)‘Gf doublats (J = 4.4 Hz) .
. 7 . 7
24, Mathyl=""C [i=D-Mannopyrapnoside (32)

amipne, A crystalline product, which had a melting point of

Sl

73=75°% [lit. m.p. 74-75%1 (96) wéé obtained. The p-m.r.

[ B

spectrum of this product was compared with that of an authen-

tic, non~-enriched sémple'and found to be identical except

-~

~ for the increased spacings found in the signals_gf sthe

b 8

methoxyl and anomeric protons. The carbon~13 n.m.r. spectrun,
’ . ‘ . . 0 . » . )



- bl -
1 D O, conslsted of g gquartoet (‘J 144.1 Hz) of doublets
(J A% He), ot chiimical shitt DELB pLp.n. (Ccalenlated trom
[ 0.2 lp 14) .
M acetong i pepom.) (34)
' /

13 / \

200 Methyl-7 ¢ Tetra-o . acetyl —w—h-mannopyranoside (33)

4 LY

Compound 31 was treated with titanium taetrachloride

following a published procedure (89) The recrystallized

product , which meltoed at 63-64° [lit; m.p. 65%], had

lH]D tan .8 G 1, PUVIH), [Lit. («]) t49 .11 (97) . ‘'the

~ .
p.m.r. spectrum of this prn%@@t had satisfactory integration
and was F()Hgld to cofncide with that of an authentio samprle

5

oxcopt for the oxtra spacings expogted from the prosencae of

carbon-13, Tha carbon-13 spactrum,’ in CEC]B, consinted of

a- quartet (J = 143.1 Hz) of doublats (J =~ 3.9 Hz)«at chemical
-
shift 55.3 p.p.m. '
26, ot C a~D-Mannopyranosidc (34
§ Mathyl77C o nnopyranosid é‘}?)
Compound 33 was dceacatylated with aqueous triethyl '

The

crystalline product had a melting point of 192° [lit. m.p. 193°]

and [al, 477.2 (o 1, 1,0) (1lit. value +79,2] (96). The p.m.r.

Speét}um of this compound was identical with that of an

authentic sampfe except for the extra couplings wiéﬁ carbon~

A Aan

13. The carbon-13 spectrum exhibited a quartet (J = 144.1 Hz)

of doublets (J = 3.8 Hz).

4



81

: i . g ~
z - 4 5 - ) - 1 3,‘ —
27 Sodium Acetate~1-""C ( 5;)) - ‘

A solution of 120 mmoles of methyl madnesivn iodide

was reacted aceording to dn cstablished procedure (98) with
. ' . ) i , ‘

the carbon dioxide relcased from 6.0 g of barium carbonate .

containing 58 mole ‘percent of carbon-l '5.) “Upon work up and

. ( R ~
A i »
titration to the methyl red indicator ond-point with sodium

hydroxide the solution wan filterced and freeze dried.  The

yiold was 2,33 g, 924.8%, based on bariuam carbonate. A

*

sanple of this product gave arp.m.y. spectriun consistoent

with pure sodium acetate but showed a further splitting

~

(J = 6.0 uz2) due to the presence of carbon-13.

P
28. Acetic pcfd-1-""C (36)
. / )

¢ acld-1-""C was preparced by reacting sodlum

’ Acati
e P L T S
acetate-1-""C with gasecous hydrogen chloride, 1n a gas-~
solid reaction system, by following an estgblished pro-

/ .. ,
pound showed it to be of high purity
. ; _ : Ca a1 o , “ !
integration for acetic acid.  Siftwe the spgctrum was taken
of a neat sample of material, prepared from non-enriched

barium carbonate, no extra coupling was observed.

Lo



CAcetyl-1-100 chiariae (37)

LS
N

, . 3 . .
Acetico uc1d~l—l C, 2.9 g, was reacted with phthaloyl

chloride according to an cstablished pr?duré (98) .  The

yield of clear colourless product was 3.3 g or 894 of theory.
A -

The nom, e spectrum, of o sanple prepared from gon-enriched

- e

acetic ackd, was ddentical with that ot an authentic sample

and showed the product to be of high pur it

. | {

30. I-:t,h.x:)c)l—l~lr31j,(}8)

, , 3 . ; , .
Acaty]l Chl(’)rl(léf]hl C, 1.05 g, was refluced with

Lithiwn aluminum hydride according to'an established pro-
cedure (98) . The vield of clear colourless product was
0.6 g, or 98% of theory. The D.m.r. spectrum, of a Aon*
;enficréé sample of this compound prepared in the same man-

ner, showed the expected signals for pure ethamol.

'31. t-Butanol-2-20C (39)

Aééty1a1=lzc chloride, 3.3 g, was reacted with an .

il

ether solution of mcthyl magnesium iodide, 85 m.moles. The
acétyl chloride was distilled in vacuo into a fldsk contain-

ing the Grignard reagent. After seme-time, distillation had
effectively ceased, due to the formation of a permanent gas

,arising from the reaction of residual hydrogen chloride with

the-Grignard reagent: At this point, both flasks were frozen

3 .
I3

.v/



W n
v s X *
" =
- - T
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in liquid nitrogen and the systenm was evacuated.  The Lo \

. 1 .
. _ . - 1 o
reaction flask was isolated from the sys tem  and wagmed b
a5 A :
, i @

A a7

to ~10° C. After 40 minutes, dry I’ll.‘tr()(xélj was admitted
LA B “-»\
, B :

¥ ' L P
the vessel was fitted with a reflux condénser, and the ppac- "

- [ .
o N ' N

v ‘{:"
tion mixture was refluxaed tor one hour. The cooled mixture

Was pourcd into 10 ml ot 4N sulfuric acid.and S0 ml of - o
I ? i)

%

crushed dcel The two layers were introduced into an apPR- B

ratus suitable for comtinuous extraction of "agqueous s0)lu~
LI X "‘\ .»4’*

tions by other and tha agqueouds layer was extracted for 28 A

: - . 4P R .

hours. The ether was largely separated from the produﬁQ by

- distillation, at ambient pressure, us iJl(}/%\Spiﬂﬂiﬂ() banad
“appdratus with controllable reflux ratio. The: yield, "#s,

determined by gas chromatography, was 1.8'g or 56%, based

on.acetyl chloride. The n.m.r. spectrum, of a sample syn-

thesizad Uging non-~enriched materials, showed, the product

¢ . ;
to consist of 60% t-butanol and 40% diethyl etlrer:
fan L e A X3 g
32., Barium Acetate-1-""¢C (40) .
5 : 7 s : £
Méthyl“magﬂésium iodide was reacted with ,carbon di- 1

‘oxide essentially as described (98) for the preparation of
I I S o , ‘ ' ) A TS
sodium acetate~1-""C, except that the product acetic ac1diwz}

was titrated with crystalline barium hYdréxgde ocEahyarate.

The yield, on the basis,of 6.0 g of enriched barium carbé- o
nate, was 3.45 g‘o& 46%. The n.m.r. sbectrumJOf this com- 1 8
7pound showed the expecféd doublet due to cqudnle—chtainiAQf;
., acetate centered.on a éingléf due to the carbon?lz.acetagg, "

A

\
- P “ . ]
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33, Aoctone—-2-27C (41 ). ’ '
[ ez | L s

4 N
; Bariuf acétate, .0 g, enriched with «carbon-13, .was

placed in alquartz flask and heated, o vacwo, to 150° for’ o
( A
two hours to remove any traces of water proscdit. A f‘rap,
fitted with a vacuum stopcock, was conncected to the vacuum
L - , ] a
system and evacuated. When the pressure fell below 0.01
| ' fa 5
mm of mercury, the pump was isolated from the system and

the trap was cooled with Tigquid nitrogen. At this point,
\ A

a Bunsen burner, adjusted to give a pale blue flame, was

N ) . ., .
Ndirected at the quartz flask containing the barium acetate.

iy
The contents frothed slightly for about 15 minutes during
which time it was heated and shaken slightly. After the
: ) L , , gja\ —
reaction was complete the trap was found to contain a -

quantity of silicon grease due to volatilization of. the
super-heated acetone. The acetone was separated from this

.contaminant by means of a s#ple distillation, 4n vacuo.
The p.m.r. spectrum of a neat sample of non-enriched acetone,
obtained in arsimilar*maﬁnér, showed the expected singlet

at approximately 2 p.p.m., and no other signals in appreciable

.

3

amounts. The yield was 1.0 g, 74%.

34. Isopfopanolw2~13§'(ig) . - o -
- 13 N o ’
Acetone-2-""C, 0 g, was reduced with lithium alum-
inum pYGride by following, essentially, . the procedire
“ A A
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described (99) for the redudtion of acctyl chloride to

ethanol. The vield was 1.0 g, 97%. The p.m.r. spectrum

had the expected resonances and integration..

4 -

1 | o
35. Ethyl-1'- 3(,‘ Tetra-o-acetyl-g-pD~glucoside (9)

A slurry consisting of ground, anhydrous caleium
sulfate, 6,7 q, mercuric oxide, 2.2 G, mercuric bromide,
0.2 g, and 30 ml of dry, alcohol-free dichloromethanc was
degassed in the usual way by alternate freezing in liquid

. 13

nitrogen, vacuum pumpihq; and thawing. FEthanol-1~""¢,
0.6 g, was digtilled into the frozen mixture. The flask
was removed from ‘the vacuum lipe, warmed to room tempeorature

and dryxnifrogen gas, was admitted. Tetra~0g-acetyl-a—D~

~glucopyranosyl bromide, 6.0 g, was dissolved in a small
quantity of the purified dichloromethane and injacted into
the gfirréd reaction mixture in one :portion. After 12
houré; the reaction was found to. be C@mpiété by t.l.c.
(Skellysolbe B: ethyl acetate, 2:1) and the reaction
dproduct was worked up, f;rst by filtration to rgRove the

/
solids and extractlon of> the filtrate, several times, with
water.! Then the dichloromethane solution was dried over .

($ £
'anhydrous sodlum sulfate and evgporated to)a thlck Syrup.

The syrup was extended with 95% ethanol - prlor to seeding

- with an authentlc sample of the product . The crystalline

S

matqual was flltered drled and weighed. The'yield was
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>2-9 g, 61% based oh the (et,h;mo],\iﬂd the ri‘*cxfys.t.fl]liz«iéd

product-melted at 106° [14t. m.p. 106.8°) (100). The pﬂ.n;.r.
. ! ’ \ .
. Spectrum whs ddentical with that of an a uthentic sample
- o \
except that the signal of the anomeric wroton was coupled?

to the aglyconic carbon () = 4.4 Hz) and the aglyconic
. ) [
proton siqgnals had a-large coupling (fflfapproxin}atcly 14AHZ.
{

J :
13

C o E-D-GClugopyranoside (E&_)
\

36, Kthyl-1'-
F
This material was prepared by deacetylation of the

tetra~o-acetyl derivative, 9, with aquecous methanol-tri-
/

fsthylamine, Crystalline material which melted at 88 to 90°

L
. [lit. m.p. 90.4°) (100) was obtained from ethyl acetate.
A The p.m.r. spectrum was identical with that of an authentic
A , = : \"
sample with the exception of thd increased multiplicity id

the signals of the ethyl group and the anomeric proton.
, ' ’ \

-

The aﬁomeriq;préton had extra spacings (J = 4.6 Hz) due ko

coupling with the aglyconic carbon. : /

" i

37. fﬁthy1~1!~lgc Tetra~O-acetyl-a~D~glucoside (43)
o
This materialﬂwa% prepared, from the g~anomer (9) by
‘ " : i

treatment with titanium tetrachloride following a standard
procedure (101). The product was recrystallized from 70%

aqueous ethanol to a material which melted at 61-62° [lit.

m.p. 58-59°] (102) and with [a)y +133.2° {e 1, cucl,) (1it.

»



Y

was obtained. The p:m.r

~

[G:’D, +132°] (108). The p.-M.r. spectrum was identical with
that of an authentic sample but with the extra spacings

: » - - .
(:ch-ct'(é because of the isotopic mixture present . The
r ;
L d

anomeric proton had aq coupling constant of 3.9 Hz with the

aglyconic ‘carbon. "

i

13

38, ~ckthyl-1"-""C a-D~Clucopyranoside (11)

Compound 43 was deacetylated with sodiam methoxide”
‘in dry methanol following a standard procedure. 7The r-en;:tion
was worked up gy neutrélization with rR-1200" resin and |
the neutral solution was filterad and evaporated to a
Syrupy material which was extended with ethyl acetate prior

to refrigeration to induce crystallization. Crystalline
' : / L

material, which melted at 113-114° (1it. m.p, 114.5°) (100);

S~ppectrum was identical with that

of an a’uthentic samplé e'xc@ for the expected increase in \f
? s
multiplicity due to coupling with carbon-13. The anomeric

proton exhibited a coupling (J} =:3.8 fiz) with the aglyconi¢

carbon.

13

39. t-Butyl-2'-""C Tetra~0-acetyl-g-D-gluCoside (44)

A mixture of ground calcium sulfate, 3.3 g, mercuric

.

oxide, 1.1 g, and mercuric broﬁide, 0.1 g, was stirred for
: I L Y
30 minufes with an éther solution containing 1.8 g of - .

{
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(=hutanol-Z2-""C. A total of 6.% g off tetra-0- ety l ~u—-D-

a -
U

glucopyranosyl blomide was added over séveral hothkg . After

&

the-usual work up, 1.3 g ofr erystalline material whieh

LY

melted at 14(3—-]4‘)" {1it. m.p. 145°] (103) was obtained.
The mother ]iquorg were concentrated and subjected to <olunn :.
chromatograp h;/ (benzenerethygl acetate, 4:1; 60 g,of silicic
acid). A further yir%d of 0.3 g was ob‘t‘ain(?d giving a total
yield of 122 based on the f-butanol. The ‘p,m.r. spect rum
§¥ this material was identical with that of an authentic
‘sample"Except f;)r the i,n(?rw‘;’xsed Coupliﬁg from the presence
of carboAHIB nuclei,. ! The anomeric proton signal exhibited
goupling to the aglyconic carbon (J = 4.0 Hz) .
)‘ ’ —
40, t—Buty1~2'%13C B§D~C1ucébyrancsfdé (ﬂi)

This compound was prepared by deacetylation of 44,
0.6 g, uéing sodium meéhoxid% in methanol. The yield of
crystalline material, which melted at 163-165° [lit. m.p,
164~166°], (103), wa¥ 0.33 g, 943%. Whép compared to that
ofgan authentic sample, ‘the p.m.r. spectrum of this compound
was ~found to be identical %xcept for the increased coupling
due to the presence of carbon-13 nuclel.r The signal Eor
v‘ the anomeric proten exhibited a spacing (J = 4.2 Hz) from’

»

coupllng with the aglyccnlc carbon.

AN
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41. Isopropyl-2' 1 3C Tetra-t-acetyl - xq lucoside (46) \
‘ ¢

fsoPropanQIJZ—GC, 1.0 g, was reacted with 5.5 g of
tetra—O—aeetyl—u~U~qluhopyfanqsyl bfomfde, using the merceric
oxide-mercuric bromide et hod pr;ﬁvious;ly described.  The
recrystallized product, 3.9 g, 61%, melted at 136-137°.in
accord with the reported value (104). . vhe P T spec rum
o% this Compouna had the expected absorbances and a sati§— '
factory integration. The coupling copstant for v inal

aglyconic carbon to anomeric hydrogenrcoupling was found to

be 4.7 H"Z.‘(

13

T42. “Isopropyl-2'-"-¢ ﬁeDﬁGlUCOpyrQnoside (10)

Compound 46, 1.2 g, was deacetylated with sodium

»

methoxide in methanol Upon recrystallization from ethyl
aCetate, materlal whlch melted at LJB° [11t m. p 128°]

(103), was obtalnediln B9% yleld 0.61 g.  Comparison of

i % ,
the p.m.r. spectrum with that of” an authentic sample showed
them to be identiCal except for extra spacings in the iso-

propyl an&;anomerlc proton sldnale. The Nalue of t&

r

coupllng constant between Eﬁe aglyconlc carbon and anomeric
4 ,

proton, wa5“ﬂeterm1ned to bé 4.6 Hz. ' ol
‘v‘L{"y .' ) I . . f PR
! '3 .

43.- Is‘opro‘pyﬁ‘l-‘Z'-—.‘.C Tetra—oeacety1~&gnfg1ucoside (47)

]

Thls %ompound was synthe51zed by treatment of the B—
_anomer, ﬁ 4 g, w1th tltanlum tetrachlorlde to effect

.%.-*4‘" ;
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anomerization, as previously descril, -d. The product, 1.0
L ] ' :
g, 72%, was irecrystalljzed from 95% cthanol and had m.p.

L]

B4-86° [1lit. m.p.. 86-88"1 (105). The p.m.r. spectrum of

this compound was identical , excopt for couplings with,

caerQ~]3, with that of an authentic samplé,  The vicinal
aglyconic carbon to anamerico proton counling constant was
. P ,

found to be 4.2 Hz.

44, Isopropyl—2'~l 3(7 a-D=-Glucopyranoside (12)

AN . U
Compound 47, 0.6 g, was deacetylated with sodium
methoxide in methanol to give a pale yellow syrup, 0.32 q,

94%,« which. resisted attempts at crystallization., The p.m.r.
s =

spectrum, allowing for the carbon-13 content, compared well

with that of an authentlc sample and th\Plted no impurities.

A

The v1c1na1 aglyconic carbon to anomeric proton coupling

constant was 3.9 Hz. ) -

™~ i
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. I -
, 13, ’
, A. Vic 1%&?' C-H C ()up] J ngy - M(xiu] Compounds
N - ._47.“__* — .
S ¥ :
. /

1 , . » . - . .
As was nentioned in the Int. roduct 1(>n, considerable

1nf‘ornlatl<)n has nowraccumulatced on the relat 1()13111;) ol the
’ thd
(,lepllng COmne ,tnnt J(, 0 for agrbon-13 and hydr(;gun atoms
, .
separated by three sigma bonds (that is, in vicinal rela~
tionship) and" the torsion angle that these atdms definc.
E

In the early stages of this work, however, much of this
information was not available ahd,- since an important -
’ * g ik i

aspect of thlb work was to attempt to utilize an -expected

Karplus-type ‘relationship for the study of rotamer’ popula~

-

tions about the" glyc081dlc bond it was theréforé considered
5 & ’
necessary tc reinforce the then dvallable 1nformat10n on

»

this subjegt by studles of approprlate models.

® Four model struCtures were chosen, namely, compounds
\

&

o "

2, 17, 18 and 19. , L f T "
: . L ; L, . i
, .
‘ ‘ A = r ~ "
i H \ - e
k] ,
. CH3 : '
t - - »
[ s ,
z' A
CHg’
: A..l Kat . L \ 'l
, : : SRR oL ,
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F* s N )
t-Bu t-By
O
H ~
\\\\(’;m3
H
C
— A
CHz
18 12
\ ;
' &
For compound 17, measurement of the coupling between
13

C~2 and xhe two equivalent axi

* 6

L A4 )
al hydrogen nuclei, H'ix and

. “ax’ would provide an estimate of the coupling between vici-

e

.hal nuclei which define a torsio

through a carbon-oxygen axis.. 8

the c@uplinqrconstant betwaen 13
’ o .4
equatorial hydrogen ﬂuclél,,néq

similar infoxmation in a system

approximately 180°., 'As will be

: NS RS
constants were Jfound to be,
R T60°
. Jog 7 0.9
: - AT
,I;x ¢ 73 - ’Oa ?
’ ™ and J &8 = 7.8

C~H

i

.tionship d6es exist for 'coupling

hydrogen nuclei in this sPstem.
: q

A

Barium carbonate, eﬁriched to 58

TC=2. A

:Thgseﬁvalues prb§iaed evidence that a Karpius~ty§e rela-

n angle in the region of 60°

imliar]y, measuremaent of

>

d the two equivalent

Fod
>0

)

Dt

and

, would provide
Aq ® .
defining a tors

o

Ea !

on angle of

o

seepn below, these coupling

I
Hz
Hz.

between vicinal carbon and

“

¢ Compound 17 was synthesized by the following route.

moles percent with ' ¢
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carborn-13, was used to generate carbon dioxide for the
carbonation of phenyl magnesiuvm bromide . The resulting

Lenzote acid was roeduced with diborane to benzyl alcohol
- \ .

and the alcohol was subscequently oxidized to benzaldehyde|

The enriched benzaldehyde was then condensed with 2, 2-

dimethy Lal, 3=-propanc-adiol "to yield 17.
\
Ceanpounds 12& and 19, which have structuras in part ana-

Togous, to the a- and fi-glycopyranosides, raspectively, weroe

ey yared by methylation OF tl e Gorre spond ing cihi~ and ‘ga;mﬂ

4“ﬁ#butY1CYCIOhCXﬂﬂﬁ1S, Mothyl 4od1du énrighad to 62 atoms

w "

per cent carbon- 13, was uSed so that the coupling could be

» .

determined by carbon-13. n.m.ir.  The UXﬁ(IlmUﬂt 1 values for

the coupling constants in 18 and 19 were found to be 3.7

¥

and 3.8 Hz, raspgotively. For the cig-iscomer, at least, it

is certain that LQ% methyl group must bea virtually éntlrely

i e

in the eyn-clinal orientation wth - 1 because of the ex~

¥

treme sterig interactions which would résglt if the anti-
periplapar orieptation ware adopted. 1In the case of the

trans-isomer, although the aﬁtiﬁpériplanar orientation is

somewhat less sterically unfavourable, it is still expected

that the methyl group will, to a 1argé’degree; adopt the

.

syn-clinal orientation.  The close 'correspondence of the

two coupling constants is in agreement with this expecta-
; d

tion. If it is assumed that the average torsion angle

defined by the methyl grouptand H-1 is 60°, then the value

.for J H appeérs to be much larger in 18 and 19 than that
found 'for the dioxane 17. The problem of correspondence

——



between geometrically similar but constituty )ﬁEﬂ(l ly different
gt A
T ,
structures such as these, s undoubtedly compflex. As men-
& .

tioned previousty in the Introduction, a vari (‘t')/ of factors
ara £11(>»411 to Iinflucnce c:<>(1})] Ing constants (34,38).  Of these
factors, substituent group clectroncegativity and torsion
ansggle rd};uiax; most tmportant.  In this case, the of feot of
ﬁunxll torsion angle changes is cspecially (;ruzu; because

the regions of inflectioh in the Karplus curve occur at 60°
and 1207, wWhile there exists no precise and qgquantitative
tfﬁﬁtmnnt for situations of this kipd, 4t novertheless seems
valunable to attempt a consistent, quantitative intérpreta~
tion fo; purposes of discussion, provided‘that it is clearly
understood that the interpretation is approximate and arbi-

trarily based. 1Ip this thesis, values derived from quapti-

)
|
"o
i
s
C
3
el
o
jet
'xa
o]
:)J )
-]
o
Bk
g/
o
o
O
t
™
[o ™
o)
joh
45}

tative treatment of data ara

rather than to represent absolute physical constants.

~are considered most appropriate for use in the development
glycosides!, Firétly, methylal contains the essential acetal
feature of'ﬁetﬂyl glyCOnyanosidéS‘and, secondl&, theré

Ny ' L
“exists much evidenCe‘ﬁhat this compound adopts the doubly
syn—clinal orientation (2a) to an overwhelming dedree. This
chclusg?n érises, as previously\mentioned, from expgrime;tal
det;rminations of its structﬁre bylelecfric dipole moment‘(lS)

kY
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and electron diffraction (16) studics and from arguwmentos

bascd in studies of the endo~ (24) and caxo-anomeric (14).

eff

conclusion is of. importance with 'respedt to -

J

>y
[

sleld

- Phi

4]
RG]
i
T

) -
observations, to be di

e

»d 1§téf(§féqafﬂiﬂq the orien= };

€7
el

cuss
tation of the methyl group in methyl glycopyranosides. For
4

this IGBSOﬂ,!thG first approximatign used in the dévelopm;nt
P ; .
here of a quantitative tréétmént of observed coupling con-
"Stant data is to assume that'conformgjs 2b a%d 2¢ haye
negligible population37 'The:second1approximatiom§made for
this purpose is‘thét'the syn~clinal tofsioﬁ aﬁéleé are‘66?,
Astrup, on the baéis of ﬂis electron diffraction Studies,{
teportedvthat thé torsion angle defined by th?methyl carbon

and vicinal oxygen atom of 2%was 63° (16). The assumption

b}
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that 2 assumes ideal 6(;0 torsion angles is not likely to be
exactly correct (2) because the Sp;CC ruqui;cment Qf the
C-0 group on one side ié probably not the same as that of
the C-H.,bond on the other side of the preferred arc. The
andgle repertod by Astrup is in accord with this observation
since the resultant methyl carbon to hydrogen torsion angle
wogld be (:;:pe(:t(:d to be 57°. ‘The third “apprqxjn\at,‘ion,
required as a basis for pursuing discussion, is to assume
that the coupling constant for a torsionranqle of 60° is
one~quarter that at 180°.’ This assumption follows from the
least soﬁggsticated form of the Karplus equation (Si), as
expressed by Booth (54); thétkis,

J ﬁ‘K ?052;¢;

where K is the couplipgﬁconstgnﬁ for torsion angles at
A ‘

- either 0° or 180°,."0On the basis of these assumed approxi-

mations, the %Ollowing iﬂtéfprééatiOﬁ is maaé of the obser-
ved average coupling of the carbon-13 in thé‘meth&l groups
of methylal, (2), with the meth?lenic hydrogens . Ingconjr

former 2a both methyl groups dare equivalent and each has

s . \ L ; . &) .
one wvicinal proton 1in syn~clinal oriéhtatlon and one in .

. . . I
anti-periplanar orientdtion so that:
5 3, - 160° 180°
T . = + -
'J' ' JC,H JCIH JC;H .
s L 2 R

£,
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CA ‘
(?ﬁ fact, the value found by Dtreeskamp (45) is 5.4 Hz. There-
P | r

97

-

The experimental valuc of this coupling in 2 is 6.6 Hz, and,
44
therefore,

60° 180°
Jc,n J JH T 13.2,
60° 180°

: andnsince,iJC g = A4 JG o it follows that

!

60° 1180°

JC,}{ = 2.6 Hz ﬂj.l(} \'C,k‘ .;f: 10‘6 Hz . ‘

¢ F

Support for this conclusionjis‘prq4ided by the vicinal

s

carbon-13 to hydrogen coupling. found in ‘di

ethyl ether.
Assuming only staggered ¢onformations £ r this qompound,’ the

average coupling constant\should bé,

L e ’ S o
60° 180° .
= 3
Jobs 2 Jc,n* JC,H .y : 4
E 3 A

=2 x 2.6+ 10.6 = 5.3 liz
. | )

+ - 3 i
fore, these values will now be used to derive a Karplus ex-
A
' , . .
pression of the form (106), 3

4

3, . |
JC,H = A + Bcos ¢+ qus 2¢.

This expre581on requlres that A - B +C = 10.6 Hz and, slnce

J90 & O A = C. Karplus (106) has used a. value of ~-0.5 |

o .for the constant B 1n ethane, which 1mp11es that it -

130° 3,0°
J = JC'H:

+ ~1.\




98

If that value is'applicd to the carbon-hydrogen coupling
system, and the explicit equations, .
4 ,
3J60 = 2.6 = A -~ 0.5B - 0.5C, and

C,H ,

3,180°_ .
Joy = 10.6 = A+ 0.5.4 C, 5

.are solved, then values for A and C of 5.3 and 4.8, respec-
" . “

‘tively, are obtained. This exgression yields a value of
3,90°
only .0.5 Hz for JC,H'

proposed for a vicinal proton coupling system by Karplus,

The assumption that B is -0.5, as

is arbitrary, but seems reasonable considering the genéral
similarity of the carbon-hydrogen and hydrogen-hydrogen

coupling systems, previously commented upon (38).

As mentioneo“above, this'expreséion is not,expectcd
“to yield precise and correct quantitieé, butr rather, it is.
| con51dered useful to indicate 11kel&¥ trends in the change
in coupling constant with change in Yorsion angle as obger-

ved in the course of this work and especially as applied

to carbon~13 to anomérlc hydrogen coupllng in methyl~enr1ched

glycopyran051des. Flg 18 presents a plot of this Karplus—l

type,expression in order to‘demonstrate the rapid change‘in

vcoupllng constant which occurs in the reglon of 60° of

torslon.v The values of JC H for torslon angles E& 50°, GOﬁ

S 4
" and 70°»are 4. 2 2 6 and 1.4 Hz, rqspectlvely. This wide

[

_varlatlon of coupllng constant w1%§1n the nar&ow raogg of

,'tor31on angles of 50 to 70°, is most. llkely to be the. gf;son

o

e
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Fig. 18: Plot of 3JC ;fversus torsion angld, ¢, for
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“the relationship 3Jé H = 5.3 ~ 0.5Cos\¢ + 4,800312¢_
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for the divergent values of coupling constants observed

between nuclel din nominally syn-clinal orientation, as noted
- . *

above for compounds 17, 18 and 19. 1In the case of compound

17, the %VB—dioxﬂne«rinq is anticipated to be flattened (107) .

Such flatteninq} which is a normal feature of 6-membered

rings, will have the effect of increasing “syn-clinal torsion
anéles above 60° and decreasing the anti-poeriplanar torsion 8
angle below 180°. Using the Karplus-type equation derived

above, the torsional angles of 17 can be calculated to be 77°

for the syn-clinal angle and 147° for the'anti—peripldnar

"' i : 2 - -
angle, however, conslderigg the 1,3~d19xane structure and

Y
the axial methyl group at C-5, such extensive flattening
does not seem tepnable. The cause of the low observed values
-~
for both coupling. constants in 17 seems most likely to be

the strongly electronegative substituent on the C-2

 nucleus which is expected (34) to have an appreciable dimi-~

niéhiﬁg influence upon the coupiing of C~2 to the vicinal
protons.

With regard to compounds '18 and 19, the non-bonded
interaction belween the methylehé g56;p andbthe methyl
group\mgggvbersubstantially greater ﬁhan*that between the

(N4

methyl group and H-1, when both torsion‘aﬁgles are 60°. It
would thus be expectéd that the CH3/H angle will be regucedﬁ
and the CH3/CH2‘anglé increased, to relieve 'the steriCAinter~'
éctionslsomewhat. Using the above-derived Karplus-tipe

éxpreésidn,_torsion angles of about 53° and 67° respectively,
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are estimated. These angles are clea rly/within reasonable

>

limits of cxpectation and thus provide satlsfactory explana-
A tions of the observed coupling constants. Rader (46), work-
£ . .
Ing in the related H-C-O~H coupling system, has observed
similar increases in coupling constant ;hd proposed a simi-
"

lar explanation, based upon decreased torsion angles,for his

b}
observations. Thus, as a result of these model investiga-

s

tions, it is considered that a useful Karplus-ty # relation-

ship was established for the coupling Sys%gm, 13CH3—O~C~H,

under consideration. This relationship will now be applied
to the assessment of data obtained in the n.m.r. studies of
methyl glycopyranosides.

#

. B. Syntheses of 13

C~Labelled Alkyl Glycopyranosides

&

- -~

For "the synthesis of the alkylﬁlBC'gxyéésid;SEa major
5 #

factor thjkﬁWas reqULBid to be tonsidered aésetopomy in- the
8 o L e

use of th,e,;*enriched merthanol reagent. Fon"thf% ',ason, a

nE
‘%arlety of efficient synthetic methdds were‘sa&ected or
a 92

dev%?éped from available llterature procedures.§,,
» . - | / ’ ‘A".’,"lf_" 1:’""‘;"““:

13

1. Methyl—

”

C Glycopyranosides

\

(a) ZADedxyHD—arabinb—hexbpyranosides

J%He methyl‘_mc 2-deoxy-a and ~f~D-arabino-hexopyrana-

sides were synthesized'by‘the method of Lemieux and Morgan
_ "% . .
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(86{ as shown below. A slight excess of methanol—lBC was
rea;tqd with D-glucal triacetate £48) ,under iodo-mcthoxyla-
tion conditions. fThe resultihq 2~deoxy~2—iodorbjmann@~ (ig)
and -glucopyranosides (50) were theﬁ reacted with hyd£Ogen
in the prescnce of palladfum catalyst to repquesthe iodo- - &
substituent Ly hydrogenolysis. 'The anomeric mixtuf? was
separated into its components Zé! and 13, by column ‘

chromatography.

‘ CH2OAC
AcO
AcO
—————. Y
48 4

] I+(s~Collidine)CLO$: \
; | * CH_.OH : o

H,

pa/c )
Ethyl Acetate

OMe
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&ﬂ D-Glucopyranosides

- .

A1 In the case of the methy1~13C glucosides, carbon-13
¥

engﬁfhed nethanal in slight excess was reacted with penta-

O~aéetyl~8~b—qluc0pyrunose, (51) in the presence of a

rf

(f{a ic quantity of stannic chloride (89). ' The resulting
£, 3 ) . ) !
methyl—l C tctra—O—acoty1—ﬁ—D~glu0051dob(zz) was then used,

as startihg material ofor the synthesis of the a~anomer (24)

J . ‘
Fby treatiment with titanium tetrachloride to- effect anower -

r
-~

lization (91). .

O Me

»
\ ' .
@ ‘ 2
\ A
! .
‘ ’ .- AcO
\ : . : ‘ . :
oo , Y Yo
¥
&t | i
P
ST "
{ e ! -
! 1"\’ .2—‘-4- .
Cb - g 3
Y !\’%‘ 1 * [ ‘
'!A "‘:L . . . ,\ ‘ .
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(c) D~Mannopy}anostdes

The synthesis of nﬁth}lfl3c 8-D-mannoside, in high

yield, and with .efficient use of methanol-13c, presented a
special problem and a suitable procedure could not:be fouhd
in the literature. The chief factor whlch operatee un-

l

favourdbﬂy when reactions, normally successfyl in ﬁhe'glucqsé
N - » ' - »” » I x‘ .
serles, are attempted in the mannose series, 1s_partic1patioq.

by the axial substituent at -2 in reactions at the anomeric

center., Thus, when mannose is suitably protected and .

. . R ) R i - RSt} .
activated for Koenigs Knorr-type glycosidatiop, by conversion

to 2L3,q,6~tétra10facety1—&~D—mannopyranos}l bromidé‘(gg},
the'acetyl substituent at C-2 and;the,bromide substituent at

C-1 have the anti pquplanar relatlonghlp. This orlentatlon
‘,
is well known (108) to gpyour anchlmerlc partlclpatlon as

i

illustrated below. The resulting acetoxonium ion specpes

may condense with the methanol reagent to form either the

h

l 2-orthoacetate 53, or the oa- glycosxde 33, but not the

~

g~ glyc031de.
‘ [

- Perlln (1 9) has successfully overcome this dlff1~
culty by utlllzatlon of a 2 3—carbonate eSter derlvatlve
in order toigreVent part1c1pat10n by the C- 2 substituent.

However, thls synthesxs involves a lengthy.sprles of inter-

-

mediates WLth Iow ouera;\/yield and 1t was u%erefore deci-

0.

ded to adapt a method recently developed for glu0051de

| 8ynthe51s (9) .Thls method utll;zes a non—paft1c1pat1ng
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H. O
2

CH,OBs1 OBl

- Bz1O
p-NO3Bzsy 1 1 BAO
—————
H-OH
27
Op-NO,B/ 0yl
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-~

benzyloxy substituent at -2, Thus, methyl a-D-mannopyrano-
s1de (34) was converted to its tetra-O-benzyl derivative,

26, by reaction with sodium hydride and benzyl chloride in

< a
A

hexamethyl phosphoric triamide,  Thée result | ng product was
subjected to acld hydrolysis to giver 2,3, 4,6-t0t ra-d-henzyl -~
D-mannosco (27) which was esterified in pyridine wikh p-

nitrobenzoyl chloride to give 28, Compound 28, in turn, was

reactoed with hydrogen bromide to provide tetra~d-benvyl-a-D-

»

mannopyranosyl bromide, 29, and this material proved sultable
for, jpactiﬁn with the cenriched methanot. The benzyl groups

woere removed from 30, under Birch reduction conditions, using

— — e [ o4 us - 4- 4 13ﬁ S — bl - - 2

a llttraturo procedure (95). The mathyl-~""¢C tetra-0~acetyl-g~
D~mannoside, obtained on work qy of the hydr@q&n@lysiﬁ, was then’

used as the starting material for preparation of its a-anomer

by treatment with titanium tatrathloride’ to effect apomerization.
The fFCP methy]xlxc mannopyranosides ware obtaiped by ./

dCﬁiétylatlgﬂ using, standard techniques

. V134 py1-27-230 ) and tobutyleztbid

2. Ethyl=l C, Iscpropyl 2!'="7C, and E=Butyl~2"*~FRQ

an(ﬁnd ~ﬁﬁD~61ucopyr5nosides
(a) The Carbon~13 Enriched Alcohols
As was the case ‘for the synthesis of the methy1~13C
glycobyranosides, a major. factor' in the selection of suit~

able synthetic methods leading to the desired alkylHenriched

D-~glucosides, was economy in' the use oﬁécarbonﬂlBIreagents.
yF . % s "

&
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The syntheses of all three alcohols was begun with the
reaction of methyl magnesium lodide ‘'with ¢arbon~13 enriched
carbon dioxide liberated on treatmeﬁt‘pf bdarium carbonate

. s R : o 13, .
with acid (98). ‘(or the synthesis of ethanol-1-~ c, so<Rum
acetate, obtained on work up of the Grignard reaction, was
reacted with gasecous hydr‘oqoz chloride, to yield acetic acif-

13 . 7
- turn was treated with phthaloyl

1 C (99). "This nmaterial i
chloride (99) to form acopy1—1~l3c chloride which was‘rudyced
with lithium aluminum'hydride (99) in the high boiling ether,

bis~(2-ethoxyethyl)ether. The puri fiexl ethano]~1~lzc

was
stored in a sealed tube until required.

For the synthesis of isopropanolﬂ2—13C, the initial
Grignard reaction was worked up by stéamrdistillafion of
the acidificd product and titration of the aqueous acetic
acid with soljd barium hydroxide. »Aftér freeze-drying,
solid barium acetate was obtained which was further dried

by heating in, vacxo to 150° C. Aéétoné~2~1 C was then syn-

thesized by pyrolysis of the anhydrous barium acetate in
vacuo at appr@ximaté%y 500°.C. This material was reduced
;ss%ptiall§ as desép@bed for the synthesfs of ethanol. The
purified isopropanol«2~l3C was sggpgd until use in a vacuum
trap. ’

In the case of t~butanol~2-13C, écétyl—l—13é chloride
was reacted with ekcesé”méthYI magnesium iodide and the
aqueous and ether iaYers, obtaingd onq,écidificatién,

i
-

&
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were transferred to a continuous extraction apparatus.

After lengthy extraction of the équeous layer, the ether was
\

largely separated from the L—butanol~2—13c by distillation

and the cother/t-butanol mixture so obtained was shaken

with Linde molecular sicves to renove any remaining water.,

I
i

(b). Clycosidatidn and Knomcrization

" The ethyld1'~l3c, %fopropyl~2'~1zc, and t-butyl-2"'~
: d

13C;tetra~0lacety1~B~D~qluc0pyranosidés were synthesized,
in yields approaching 60% by the reaction of tﬁe enriched
alcohols, described.above, with é,3,4,6~tetra~0~acetyl~u;D~
glucopyranosyl bromide in the presence of mercuric bromide
and mercuric oxide (110). In the case of Ehé/éthyl and
ié@propyl compounds , the a-anomers were synthesized from
their respective alkyl tetra-acetyl f-anomers, by treatment
with titanium tetrachloride, asialready described for the
methyl glucosides, |

In all cases the free alkyl glucosides were obtained
by deacetylation using standard methods . |

. ®
C. ., The Conformational Properties of the cis=and;

‘trans Isomers of 1- Methoxy —4-t- butylcyclo-

hexane (18 and 19) ’

=T
i
i

Compounds 18 and 19 were prepared, enriched with

carbon-13 in Yhe methyl group, as was previously described.
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Because of the kinetic effect of temperature upon internal

rotation (2) it was of interest to determine the vicinal

! 7
coupling constants between the 13C nucleus ah§’H~l over a
broad range of temperatures. The data obtained for both
compounds are presented in Fig. 18. A decremse ds observed
in the coupling constants of both compounds, with decreasing
temperature. This decrease is expected to result from
depletion of the population of the anti-periplanar rotamers,
18c and 19c¢, which are the lecast stable of the three stag-
gered conformers of the methyl group.

The coupling constants are secen both to become equal
to 5.35 Hz at 220° K. Thus, it is "apparent that the
contributions of the anti-periplanar forms to the ebse;ved
coupling constagts‘becomes negligible at this low temperature.

L4

The value observed, 3.35 Hz, therefore is expected to ‘reflect

the actual coupllng Conhtant for the methyl—lBC to H~1 coupling

when these nuclei are in syn~clinal relat;ve 6rientation,
As was noted previbusly, the methyljgroup may:be assumed to //
adopt -a torsion ?991e of somewhat less than 60°, reiatiye {
to H-1, becauserof‘the difference in steric hulk between
the methylene group on oﬁz}side and H-1 on the other. On
the basis of the Karp;u;—type relationship presented in Fig.
<18 the syn—clin;l torsion anglé'is determined to be 55¢,
Wthh is reasonable in light of the above discussion.

l

The value of 3. 35 Hz for coupllga between syn~

clina} nucle1 together w1th the value of 10 6 Hz obtalned
LS "
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from Fig. 17, for coupling between nuclei in anti-periplanar
‘orientation will now be used to estimate the conformational
equilibria for these compounds at 30° C (303° K), which is

the normal operating temperature of the n.m.r. probe usod in

this  research.

5

Vot

"The coupling constant for cis-l-methoxy-4-t-butyl-
cyclohexane (18) is estimated from the plot in Fig. 18 to
be 3.53 Hz!. ‘Therefore, where n is the total mi}? fraction

of the syn-rotamers, 18a and 18b, the equation;
J=3.35 n+ 10.6 (1-n) = 3.53,

may be solved, and n is found to be 0.975. It is concluded

therefore, that the conformational equilibrium is approximately,

7’

I

dle = 0.488, and

—

R18a

i

nch 0.024. 3

On this basis, the difference in free energy (AG°) between
either 18a or 18b and ‘18c is estimated from the expression,

B

~AG® q’

1l

RT1In K
(S

2 x 303 x 1ln %L%%%, g

I

) = 1.83 kcal/mole.

An appreciation of the origin of this large difference in

stability can be gained from a detailed conformational

v

analysis, as follows.
‘ \ '
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H t-Bu
H

t8 l
V) H H

H pqH O E:\’

¥

H -\\C’//// ‘

O - -
18¢

18a,0r-18b

The conformational analysis (13) for 18c is:
2CH//CI 4+ 2¢//1 4 2e/H.
For compounds 18a or 18b the analysis is:

CH,//H + 2e//CH + e//H + CH,/H + e/H.

Therefore, the difference in non-bonded interactions between

3

18c and either 18a or 18b is:

2(CH,//CH ~ e//CH) ~ (CHu//H = e//H)

i e(CHB/H -~ e/H), !whigh was calculated above to be

1.83 kcal/mole .,

This value is actually small in.

A\
standard texts, but it may be noted that a proper explanation

will have a nuclear-electron attractive comp0g§nt when un-

A
shared pairs of €lectrons are involved (27).

N .

H |
H~\\C”/,,H

" $-Bu

119a or: 19b



For 19¢, the analysis is:
2CH,//H 4 2¢//1 + 2¢/1,
while for 19a or 19b, the analysis is:
- an//H + 3e//H + CH3/H: “

The differcnce in non~bonded intéractioig between 19¢ and

either 19a or 19b is: -

(CH,//H ~ e//H) - (CHy/H - e/H),

L
4

which is found to be 1.21 kcal/mole., ‘

This value for the non-bonded interact@on free enerqy
difference was calculated using the coupling constant,
3.83 Hz, obt%ined from the graph for 19 in Fig. 19. Thus,
with n representing the total mole fraction of 19a and lég,

the following equation was solved for this quantity:

J

] = 3. D .6 -n) = 3.83,
obs 3 35 n 4+ 10.6 (1-n) 3.83

' From the result obtaineq, the conformational jﬁuilibtium at
303° K for 19 is approximately,

= 0.468, and

195 = P19p
n19C = 0.064.

i

The equilibrium constant is thus 7.3 in favour of 19a or l9b,
which corresponds to the free energy difference of 1.21 kcal/

mole reported above.



116

In passing, it is of interest to note that the ex-

pression for 1%c¢ - 19a can be written as

(CHy//H = CHy/l) - (e//M ~ e/H) = 1.21 kcal/mole.

Studies (111) of the conformational equilibrjum of methyl~
cyclohexane provide a value of O.BS‘kcal/mole-for the non-
bonded interaction free energy difference, CH3//H - Cu3/ﬂ_
Thus, 1t is apparent that, either the shorter C-0 bond
results in increased interaction in 19, while the term
(e//H -~ e/H) 1s very small, or, alternatively, the latter
tegm has a negative value and attraction, rather than repul-
slon, exists between unshared electron pairs and an inter-
acting hydrogen atom. | |

The purpose of the above-described study will become
evident whégvthe conformational analyses of methyl glyco-

pyranosides are discussed in the following section.

D. The Conformationdl Properties of Méthyl Glyéo%

pyranosides

1. Indications of Conformational Preference '~ Optical’

& L)

Rotation Studies

Table 5 lists the molecular rotation constants for a
number of glycopyranoses and their methyl glycopyranosides.

It is seen that the magnitude of the difference in rotation



£

117

4

TAB*E‘S

The Molecular Rotation Constants'of*Some>D~GlyCprranoses

.
/“\\ <\\ and Thelr Methyl Glycopyran051dcs

T ] o

Compound i, (1,001t 4 [M]D (OCH ) 1
2-peoxy~a~D-arabino- 7 130°¢*
hexopyranose +117°
Methyl 2-deoxy-a~-D- 1247 -

arabino-hexopyranoside

a—-D-Glucopyranose o . 202' 4107
Methyl u~D—glucoﬁyrangside 309
a~-D-Mannopyranose 53 7 ) 4104
Methyl ,a-D-mannopyranoside 157
a~D-Galactopyranose 272 ; . 4108
Methyl a-D-galactopyranoside 380
2-Deoxy~B8-D-arabino-~ : 30* .,
hexopyranose b ~E16 |
Methyl 2-deoxy-B-D~ - 86 : ‘

arabino-hexopyranoside " ; .

B-D-Glucopyranose 34 } _160
‘Methyl B-D-glucopyranoside - 66 '
B-D-Mannopyranose - - 31 _104
Methyl B—D—mannopyr%?oside -135

B-D~¢alactopyrano§e E + 95, - - 95 p
Methyl B-D—galadtopjranoSide 0 \' //

‘* yalues calculated by Brewster (74)"
f [M] (glyc051de) - [M] (glycose)

SRAY Values taken from Whlffen (73) and Brewster (74),////

. .
"



~

rotation in methyl D-glycopyranosides.

' *Lemieux and Brewer (76).

118

Rotamer " Structure Asymmetrid? Contribution*
. - __Unit S
’ H-1
CH3 ¢ R . -
a~a rCO/O +115° -
C-2 H-l ~5
a~b ~C /C ~ 65°
o
C-2 5
B-a ~C, /0 ~115°
fj:/‘ - = .'"
B-b +c /¢ + 654 :
. S
/J
‘Fig. 20: (The asymmetric units of some glycosidic bond )

rotamers, and their contributions, to molecular optical. "

|
X

)

5 ! .
;‘
N
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’

which arises upon introduction of the methyl group is-'remark-
ably large and constant for a given pair of'oompounds of the
same confiquration, It seems appropriate tohdiscuss the
values observed in terms of the three-bond units of asymmetry
formed by the rotemers about. the glyeosidic bend. The a-c’

and B-c forms have the contributing atoffs in anti-
[N

periplanar orientation and therefore make no contribution to

the molecular rotation but the other rotamers are all expected

to be optically active, as seen in Fig. 20. The -values
-assigned to the contributions are ef course only approximate
.and’other authors (73,74) haveé used slightly diffarent values.
‘However, it is evident that the observed contributiots ofi
the methyl group\found in Table 5, are indicative of virtu-
ally exclusive populations of the a-a and g-a rotamers only.’
It is clear that the ﬁethyl gnonp Is in the same environment

reqa less of the absence, or presence, of. an hydroxyl ggoup

7 a

at C-2 in ax1al or équatorlal Conflguratlon. A é 2 hydroxyl

\

group in equatorial orientatioh\should-disfavour the a-b
ang B-b conforn?rs, while!a c-2 axialénydroxyl should dis-

ffavour the g-c conformer. -However, no 4mportant variations

o

ln molecular rotatlon can be found Mhlch would 1nd1cate that

, -

aqy*of these changes occur where expected Thus, the con- ,

"~c1us1on that the a-a and B-a rotamers predomlnate, is

L.
*

"supportgd . . '5- i . '” S v ‘;:
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2. Investigations into Conformational Preference

. /
(1) Conformational Anal yses and Temperature Studies -~
3 ' .
*J(Z,li
A discussion of the conformational propaerties of
mothyl glycopyranosidaes which result from rotation about the
C=1 to 0-1 bond, seems best approached by conformational
analyses based upon consideration of the staggered conformers.
For the purposes of this di scussion the terms wa, ab and oo A \:';
are intended to refer to the non-bonded interactions which
occur in the @~a, a-b and a-c type rotamers’, respectively,

of a m@thyng%déOXy~a?Daqucopyranosidéf

Thus, .

£ :-x f s"ﬁ
&g éie//cn3 + 2e//CH + e//H + CH,/H + e/H, e

y ) o
ab =.CH,//H + 2e//CH +'e//e 4 CHy/H '+ e/H, and

A !
aC = QCHB//CH,+Ve//e + e//H *F2e/H.

rid



It is evident-at once that th

conformers are different. It

e energles of all of these

has been pointed out (112)

that the occurance of the o//e interaction term is usefual

to didentify the anomeric (or
use in this context does pot
cal origin of these effects.
thdt this strongly destabiliz
ab and ac conformers, but not
alﬁ?;morg stable because B t
“interactions present in it.
-
approciated by subtracting th

tions for the o—-a [rom those
Consider first the a—a
aC ~ aa = Q(Cﬂjf/éii ~ e//M) ~
Tn the case of the Siﬂﬁétﬁcr,
. ' o,
tally that o
£ Y
Q(CHB//CH =~ e//Cll) =

or Z(CHB//CH

’

i%f/ﬁ

caoo-anomeric) offect, but its

necessarily refer to the physi-

o

It is seen from these analyses
ing influepce is found in the

. . i A
in aa. The aa conformer is
he relatively small non-bonded
This lattaer factor is readily

e non-~bonded interaction equa-

of the a-b and a—c conformers.
and a—~c rotamers:

(a//Clly =~ e//a) =~ (CHy/H ~ e/H).
;ﬁiéit was found experimen-~

e//M) ~ |

1.83 kcal/mole
e//CH) ~ (CHy/H ~ o/H)

=-1.83 + (CHy//H ~ e//H).

When this expression is substituted into the equation-

ac - aa, then
ac ~ aa =

1.83 + (CH,//H + e//e) - (e//CH, +<e//H)/
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The terms CH}//H and e//¢ are, without question, large andv
positive. CAlso, as was indicated above, terms such as

e//(,‘lij and ¢//H are either small or pnegative. In the latter
casa the confornational driving forcoe in favour of a-a would

,W‘xcopt, ionally large.

When the a-a and a-b type rotamers are considered,

.

ab - aa = (CH,,;//H + e/ /ey - (G;//Cli3 + e//H) .

Tt is evident, for the same reasons as outlined above in
consideration of ac and «a, that the a-a conformer must bo
expected to be much more favoured than the a-b form.

The indications are, therefore, that 2-deoxy-oa-

glycopyranosides should exist extensively in the a~a type conn
b A

former, This, natural tendency should be furiZFr rainforced

ts at C~2 of

H : H
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Ra = e//cn3 + 2e¢//H + e//e + CHB/H + e/H,
Bb = Hy//H + ef//H + 2e//e +'CH3/H + e/H, and
fc =

CHB//H + e//(.‘H3 te//e + e//H 4+ 2¢/H, where ga,
gb and fc are defined analogously to awa, ab and «c.
By following the procedure used above in the analysis of

the 2~deoxy-a-glycopyranoside, it is secen that;
e - fa = (CHy//H - e//H) - (Cly/i - e/h) .

This is the same non~-bonded interactioan differcence as that

derived from the analysis of the trapns-ether 19, which was
-y

found experimengally to be equal to 1.21 kcal/mole. Thus,
evidently the B~a(COﬂfOfmer is substantially more stable than
tﬂe f~C ﬁprm. However, with a non~honded interaction free
energy difference of only 1.21 kecal/mole, p-c can be ﬁxﬁéctéﬁ
to have a population of about 0.064 mole fraction. In order
13

to examine this possibility, the C to H~-1 coupling was

determined for methyl—lBC tri~0O~acetyl~2~deoxy~B~D~arabino-
: ) ,

héxopyt@nosidé in DMS0O-d6 over the temperature range 32° C

to 72° C. No variation in the’coupling constant, 4.3 + 0.1  °
P b . . N

Hz was observed. From this observation, it is apparent xhat
the §~c conformer has a mole fraction substantially less .

- \ o ' = .
than 0.06. This matter was further investigated using methyl-
13

-

v C :
C B-bD-glucopyranoside and the results are presented in
Figs. 2% and 22. It is seen that,gin either DZO\or DMSO
solutioﬁ, onlyia slight increase in the coupling consfant,

, ‘3JC'H#1 as observed. Tt is not possible to determine the

coupling onstant for these compoundsvin’confOrmation>S—a.
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However, if.it is assuﬁed that the value of this. constant is
not less than 4.3 Hz, then it may be inferred that the mole
fractionlof the f-c form is not greater than 0.03, by the use
of calculations similar to those performc& for the ethers
18 and 19.

For the f-h and f-a rotamﬁrs the conformational analysis

i

provides

Bb ~ Ba = (CH,//H + e//e) ~ (e/Cliy ~ e//H).

1t follows, therefore, from arguments similar to those pré~
sented above, that po, appreciable amount of 8-b can be expec-
ted to exist for B~glycopyranosides. 1In tﬁe case of
glucosides, in which a CH3//Q non-bonded interaction re-
places the CH3//H interact%on, this analysis is reinforced
still further.

The ébové conclusions, 5ased Oniconformatiénai
analysis, that conformations other%than the a-type pavéi
negligible populations, are supported by a number of other

experimental data.

(b) Consideration of Other Coupling Constant Data

The vicinél aglyconic carbon to anomeric. hydrogen

130 glycosidés were

!

coupling constantg of the free methyl-

determined in water, methanol and DMSO,;ﬁith'thé results
shown in Table 6.



Carbon-13 N.M.R.

Glycopyranosides

Spectral

TABLE 6

Data for

in Water,

1
Some Methyl-

DMSO and Methanol
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3C D~

1 .
Compound Solvent* 3J13 KJ13 6TMS
C~0~C-H T TC~H
2~d(:oxy~rx~l);az-ub ino Methanol 3.2 145 —
" " - DMSO 3.2 141.8 54.8
" " " Water 3.2 141.8 54 .4+
a-D~manno Methanol 3.8 142 55.3
" DMSO B 143.5 —
" Water 3.8 £144,1 —
a-D-~gluco Methanol 3.9 143.3 -
" DMSO 3.5 142.1 55.3
” Water 3.8 144.6 —
2~deoxy~f~D-arabino. Methanol ¥> 4.4 A =
& " " DMSO N\ 4.3 142 .3 S~
T " " water 4.2 145_1 —
B~D~manno Methanol 4.2 142.9 57.1
- DMSO 4.2 142.3  57.4+t
- Water 1.3 144.1 .56.8%
‘B~D~gluco Methanol = 4.5 143.0 —_
" DMSO 4.5 "143.0  —
" Water 4.5 144.5 —

* Deuterated solvents&weme used,

t Calculated. by adding 30.2 p.p.m.
measured from the methyl carbons
Calculated by adding 41.1 p.p.m.
measured from the methyl carbons

t

to the chemical Shlft
of acetone.

‘to the chemlcal shift

Of DMSO
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When the data for the a-anomeys are examined it is
» Seen that the coupling constants found for all three pyrano-
sides are consistent with syn-clinal orientation of the
methyl group with respect to H-1. Moreover, even in solvents
Oof widely differing characteristics there is very little
change in the values observed for any compound. Thus, sol~
vents of high dielectric constant, ¢, Such as water, may be
expected:to facilitate o%cupancy of the a-c rotamer, which
has an unfavourable orientation of bond dipo]e". However, 7

the increase in coupling constant which would be expected

A

to result in water (¢ = 80) compared to methanol (¢ = 33),
is not observed. It is indicated, therefore, that the
relatively hiéher values found for the glucoside and manno-
side do ﬁét agise from increased occupancy of the a-c
rotamer in these compounds, when compared to the 2—deéxy~
a~D-arabingyrcompound. It is e*ident from these results
that the variations, wﬁiéh Oécﬁr between thérdifféréﬂt 0
pyranosides, are the result of subtle chanqes in’ the torsion
angle of ‘the a-a rotamer, rather than in redistributions of
the relative rotamer pépulations. L?

Infthebcase of the B-anomers, somdwhat  larger coup-
1ing constants are obsefved compared to those found in their
a-anomers, An obwious source of this larger value may
‘appear to lie in pbésible increased populationg of the B8-C

rotamer, which may be expected to cohtfibﬁte‘strongly to

this coupling. However, the continued high value found for
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o ; TABLE 7
Carbon-13 N.M.R. Spectral bata for Some Methyl
Per~0O~-ace tyl~l) (;1y< (>py1 anos 1(1( s
. : 3 B S
Conmnpound Solvent? ‘Jl j J] 3 t TMS Tt
o C-H C~H
2-Acoxy~a-D-~arabino C[)Cl,; 3.4 @3 8 55.5
" " " Acetone 3.3 T‘Q 2 54.7
" " " DMSEO 3.7 142 .6 54.3
a~D=manno CDC]3 ‘_ 3.9 1431 55.3
" ’ Acetone 3.7 143.1 55.3
" DMSO : , 3.6 143.5 54.(
a~D~gluco CDC’l3 3.6 143 55.8
" ' Acetone 3.1 — 55.7
" DMSO 3.2 142.9 56.3
2=deoxy-B-D-arabino CDCIB 1 4.3 — '57.0
reoon " Acetone 7 4,2 142.8 —_—
" " " DMSO ' 4.2 143 57.9
B~D-manno f CDCl, 4.4 143.5 57.3
" Acetone 4.3 143.3 57.0
¥ ‘DMSO. 4.3 143.3 —_
B-D-g luco cpel, 4.3 143 56 .7
" Acetone 4.2 142 56.5
A DMSO 4.2 143.6  57.7

o8

B All spectra were mcasured in perdeuterated solvents.

1t foupling constants are in Hz.

Tt Chemical) shifts in p.p.m. are from the methyl carbon
~of TMS used as an internal standard.

)
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’

3JC,” in the mannoside, 33, in which the g-c rotamef
is significantly less favourable, is strong cvidence against
this interpretation. Further evidence concerning this
phenomenon will be forthcoming later in this thesis. For
the present, the hidher coupling constants found for the
~anomaers are intefpreted as reshitinq from relatively
smaller torsion angles withjﬂ the f—-a arc, as compared to
the a-a arc. % -

Similar solvent effect séudies have been carried out
with thg per~0-acetyl~derivatives of these glycosides with
the results,reported in Table 6. It is seen that, except
for afsﬁﬁgh; general decrease in the size of JC,H—I the
features of ﬁhé fr?é glycosides are reproduced. Thus, for
the reasons arQUéderéviéusly, it ‘is concluded that these

compounds also adopt the a-a and f~a conformers predominantly.
() Vieinal Carbon~Carbon Nuclear Spin Coupling

while coupling bétween vicinal carbon nuclei has only
recently come under investigation, it seemed possible that
*conforggtional'inférmation might be derived f%om observation
of the couplingfconstant beéween aglyconic carbon and C4i of
the pyranoid moiety. ,TheSe nuélei have the anti~périplanar
orientatio@ when the methyl aglycon is:in'the a—-a or f-a rota-
meric form and, this orientation is known to be especially
favourable for nuclear spih coupling in both proton—protbﬁc
(52), and céfbop—proton Systeﬁs (49). The values dgtermine%
for the methyl‘é?dEOxy—D%arabéné— and glgqopyraﬁosides are
shown in Table 8. |

- o o~
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TABLE 8

|

Vicinal Carbon-Carbon Coupling in Some

Mgthyl—lBC D~ C1y<opyran051des in Water

e e e b b —_— e e i e e A R

3

Comp?qnd JC,C~2 (Hz)
2~deoxy~u~D~arabino-hexopyranoside 3.0
a~D:%1ucopyranoside 2.4
2~deoxy—B-D~arabino-hexopyranoside 3.0
B-D-glucopyranoside 3.1

Although the values observed would be considered small in

other coupling systems, it is becoming established (58,60,61)
that such small values are generally observed in vicinal
carbon coupling systems, For example, the vicinal carbon-

proton coupling constant for nuclei in anti-periplanar

orientation in benzene is 7.4 Hz (42) while the analog?ﬁs
. / . i

'carbon-carbon coupling %@ toluene is only 3.9.Hz (59). Also,

in the torsion:angleldeééndence curve devéloped by Marshall

(62), it was seen that the region of null coupling for carbon-

carbon vicinal coupling was comparatively broad and extended

" below 60° of torsion. Thus, the values observed.here, in

Y

this context seem quite large, and are consistent with

hlgh p09ulatlons of the a-a and B-a eramers. The relatively.:
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smaller value observed for methyl—lBC u~D—g1ucopyrahoside“

cannot‘ﬁQSQXplained by considération of the alternate rota-’

Y
B

mersabut may. arise from the near complete overlap of the

signal for C-2 with that of C-5.

(d)  The Methyl Group to H-1 Torsion Angle in Methyl

f-D-Glygosides

In Section (c) of this chapter it was noted that the

fi~glycosides exhibited significantly greater coupling be-~

tween the aglyconic carboo and anomeric hydrogen nuclei
than do the c—qucoé@des. . | (

An obvious soufce of\fhis discrepancy would belthe
existence of a significént population of the anti~periplanar

B=C rotamer. As was nptea\orcviously, thigﬂrotamer would ber
expected to make a relativeiyblarqé\coutribution to the
observed coupling constant . :Op the basis of the conforma-
tional analysig of the methjl é'feoxgcécﬁchégépyfanéside,
however, the maximum population q\1ch mlght be expected for

the B-c rotamer of this compound 1s 0.03 mole fractlon. If
\

a Certain latitude is allowed then it‘might\be supposed

that as much as 0.06' mole fractlon could- exlst in thlS form.

'However, when this lattef‘a pulatlon is used to calculate

~the coupllng constant expected for thls pqpulatlon distri~

bution then ' g , .»4\
‘ . J=0.94) + 0.06 Jt89, '
= 0.94x 3.2 4 0.06 x'10.6, N
= 3.65. . B
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9

A

Ja is the vicinal carbon to’

s LN .

Gton coupling observed in the
] -

a—anomer, which is assumed to have syn-clinal orientation

exclusively, and J180 iz the coupling constant of carbon

and proton in uanti-periplanar orientation, obtained from

£

the Karplus-type relationship (Fig. 172). Clearly, even

with a population of #-c which is twice that which may

reasonably be' expected, the observed coupling constant can-

~

not be Ealculated. Thus, the explanation is’untenable

\

that the relatively larger coupling constants of g~ glyco~
sides result from high population of the anti-periplanar

rotamer.

A second obvious possible source of this phenomenon

»

is that, for some reason, the effective torsion angle be-~
—/ :

tween the coupled nuclei is smaller in f~glycosides than.in. .

—
a~glycosides. As was mentioned previously, the Karplus-type \

curve for vicinal earbenﬁpregbn coupling is very steep in

the syn~c11nal arc, so that only small dlfferences in the

torsion angle prov1de lagge changes 1n«!2e coupling expected.
In order to test this possxblllty, nuc£2a£ verhauser tech-
nlque exXpériments were carried out with sevefa ‘ifferent‘
‘ﬁethyl D-glycopyranosides®  The fesulﬁs of theéefexperiments
are reported in Table 9.. These experlments Were ggrfermed ‘
ﬁ; observation of the 51gnal for the anomerlc proton and
lrradlatlon at the resqnance of the methoxyi protons.~ In .

th;s'way, the relative é&atlal proxlmlty of the methyl group

and anomerlc proton were ﬂetermlned From’the data in Table

- " . . P
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TABLE 9

Nuclear Overhauser bnhancements in Some

Methyl Glycopyranosides in Water

N S S SN

Compound : N.O.E. (3)* 01(%)
—— — ———— ‘/, —_— - p — e — . R - . _ -
| | "
ca~D=glucoside 0 5
G—GFGX?Qw%qulucosiée ' 8 2
~a-D-mannoside ' - 8 6
6~ deoxy ~a~L-mannos ide . 1 5 i
B~D-glucoside 12 ! 3
6?6éoxy~B~D~q1ucoside 17 ’ % 5
6~ deoxy~B~L~mannoside f . 14 2

,LW

dmplLS of non- Cﬂllbhud mattrldlba After dissolution and
addition of reference compound the solutions were degassed
and sealed in n.m.r. tubes. ' Experiments with the glucosides
were darried out using acetone as the reference n.m.r, lock’
and dlchlorométhane as the reference standar® of enh?nce~
ments. ExPcrlments with the mannosides were carriedjout
using pyrazine as the reference n.m.xr. lock for technlcal
experimentdl reasons. Otherwise the conditions, were iden-
tical. The high r.f. energy required for dﬁCoupllng resulted
in ?xperlmental temperatures of 60° t 5°.

+ The gtandard, deviation o, is defined as the square
root gf the average of the squared deviations. from the mean,
A minimum of 8 replicates were used for each experlment o

LY
LA



9, 1t is evident Lhat Significantly greater enhancements are
observed for the f-glycosides than for their a-anomers.
Thus, it is concluded that the torstion angle between the
methyl group and the anomeric proton is smaller in the
\1n<ét;11)/1 f-glycosides than is the case for thaese compounds

in the «-c¢configuration.

This conclusion may scem surprising in view of thae

structural similarity of the a-a and f-a cenformers, however,
when the conformational analyses of these rotamers are com-

pared, it is scen that they are different. Thus,

n*

aa = of//Cly + 20//CH + e/ /0 + CH,/H + e/H, and
Ba = e//Cl, + 2e//lL + o//e + Cli /I + e/H. .

«a ~ Ba = (a//CH -~ e//e) + (e//Ch ~ e//H).

1t iS:ﬂ@}C worthy that énly terms for non-bonded interactions
iﬂVGlYiﬁq electrons are present . in this éxp”éssiéi It is
thus 1ntérrcd that the élﬁééf@ﬁié structure of the f~glycor

sidic bond dlffers materially from that of the a- quc031dl
b?ﬂ@s There is videnge which demgnstratgs this dlfference
:ingelectronic structure. For example, the chemlcal shifts
of the aglyconic éarboi ofgthe methyl‘B*D—qucopyrangéides
dlffer slgniflcantly from both the a—~anomérs and the cts and

tranb ethers, 12 and’ ig,' The relevant data are presented in -

Table 10, o v
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Other chemical shift da}a are available in Tables 6 and 7.

It is evidept that the chemical shifts of the two ethers are
quite similar to cach other and to the values found for the
a~glycosides.  However, when the chemical shifts of the 3~
glycosides are examined, it is seen that a significant de-
shielding effect is observed, relative to the other compounds .
Such deshielding occurs apparently as a result of electron
delocalization from the methyl group antl thus accéras with

the suggestion-of Havinga (12) that electron delocalization

is an important fpotor in the apomeric offect. The shorter

P-~glycosidic HOnds reported (21) from X-ray crystallography -

are also in a¢cord with electron delocalize

ation from the
C L. . e , . . !
aglyconic bond into the glycosidic bond. 1t seems assured,
therefore, that the « and B glycosidic structures have sig~

w\

i

jo

nificantly different electronic structures and, for tl

i)

reason, adopt slightly different torsion angles as proposed

=
I
o]
[¢4]
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. The Effect of substitution at the Aglyconic

Conformational Properties

1. Vicinal Carbon-Proton Coupling

Because nearly all 1mportant glycosides have agly-
conic carbons which are more hindered than the methyl group
and because of the success of the investigations discussed
above, it was decided to examine the conformational proper-

f‘ t
fies of glucosides containing bulkier aglycon moieties,

To this end, a~ and B~glucosides in which the carbon-

13 enriched aglyconic carbon had one, two, or three methyl

substituents, were chosen for study. Tlé n©n=p©1ar nature

H

ﬂ<

I‘/ -
<
M

-

of the methyl substituent is expected to pfovidé progress
and straightforward increases in the steric'size of the \

Vﬁqu@@ﬁ without the added complication of new hydrogen-

‘bonding or stereo=electronic féc ts.

('h

o . , ‘
The coupling é@nsta 1ts @f the vieinal aglyconic
carbon to anomeric proton system were determined for the a= \
and ‘' g~anomers of the=ethyl~1'ﬂl3C, and iSOpropyl—2'~1BC and for

13

the g-anomer of t-butyl-2'~""C D~glucopyranosides. The results

obtained for the free glucosides disspolved in water are pre-
sented in Table 11.
It is seen that in this solvent, except for the case of

the t—butyl~13c glucoside, (ﬂg),'ihcreases ih the&steric’bulk

of the aglycon do not result in observable changes in the
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TABLE 11

O

Vicinal Aglyconic Carbon to Apomeric Proton
Nuclear Spin Coupling Constants of Some

Alkyl D~G I\A(()pyrnnc)ulde £ ir) Wateoer

3
o el - . .
) Conmpound J("“h] (Hz)
13 o
Methyl-""C a-b- 3.8
BEthyl-1'~17C «-D- | 3.8
I B S ,
’ ' Isopropyl-2'-"7"C «~D 3.8
Méthyl%]3C fi-C— 4.6
Ethyl-1'-*2¢ B-D- | 4.6
e Ay A3 _
Isopropyl-2'~""C B~-D- 4.6
| ¢~Butyl-2'~12c g-p 4,2
i e ':‘fi,i
ééupllnq constants. The decrecasce obsorved for the iﬁbutyl
glucoside may be readily cikplained by ,§f§742§? to the G/Q'

effect proposed by Karabatsos (38). Deformation of the glyco~

sidic bond anglé Cy=0 1" A is known to occur and, for example,

the bond angle found by X~ray crystallography (113) in the

- Y

sucrose moiety of planteose is 122°, which may be compared to
the more normal range oOf 111° to 116° (78). The sucrose struc-
rture has the highly hindered tertlary carbon 2 of fructose

as one portion of the glycosidi¢ linkage. Thus, it has

i 9,'.
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a tri-substituted aglyconic carbon similar in steric bulk
to the t-butyl group. It seems reasonable, therefore, to
assume that bond angle deformation, similar to that found
in planteose, will occur in the te~butyl glucoside with
consequent reduction in ﬁX)U[)liIK; constant .

From these rasults, following arguments similar to
those discussed for the methyl glycopyranosides, it is con-
cluded that the a-a and f-a rotamers predominate in the
free glucosides examined in this section. Furthermore,
the increases in steric bulk of ®the aglycon do not result
in changes in the torsioﬁ angle between aglyconic carbon
and anomeric proton for the aglvcon series metﬁyl, ethyl
and isopropyl. i

When the per-0O-acetylated glucosides were examined
using chloroform as solvent, results Wéré obtained Whichr
contrasted sharply with the above, Thisfcan be seen from

Table 12,

Por these compounds in chloroform a sig

84 pa . y L
crease 1in the observed coupling occurs infboth anomeric

series. The suggestion is obvious that the increased steric

bulk of the aglycon, interacting with the ring oxygen, cause%{

a decrease in the torsion angle between the coupled nuclei.

'
i

As has been noted several times, only slight decreases in

this angle may result in large increases in.coupling con-

stant. When thg'Values'of the coupling constants for

methy1—13C,and isopropyl=2'—13C a—D~glucoside are’ compared

i

with the angles associated with them on the Karplus-type

K
»
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TABLE 12

Vicinal Aglyconic Carbon to Anomeric Proton
Nuclear Spin Coupling in Some Alkyl Tetra-0-

acetyl-D-qglucopyranosides in Chloroform-d

T T o e e e e e e e s B o A e et e e

‘Compound 3JC,H~1 (Hz)

Methyl~13C « 3.6
Rthyl*l'HIBC o 3.9
T & ot 4o A3 )
Isopropyl~2'-"7"C « 4.2
3
Methy1~22c ¢ ; 4.3
Ethy1-1'-%3¢ g 4.4 i
T & o 13 L
Isopropyl-2'-"7"C g8 4.7
t-butyl-2+-13c g 4.0

"curve (Fig. 17) it is seen that a torsion angle of 53°

o

corresponds to the coupling obsérved in the methyl compound,
while an angle of 56° would correspond to thé coupling con~
stént of the isopropyl compound. Similarly, in the: 8-
andmers, a torsion angle of 49° corresponds to the obser;gd
‘coupling in the méthyl giucoside and, for the isbpropyl com-

pound, a torsion angle of 46° is obtained. These angles are

well within the range of values which might reaSOnabiy he
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expected. Thus, it is concluded that identical increases

in the steric bulk of fhe aglycon cause identical conforma-
tional responses in these compounds, and also, that the
- ,
'relativoly smaller torsion angle of g-glycosides is retained.
The invariance in torsion angle found for the free
w‘ .
glucosides in water seems to result from stabilization of the
particular torsion angle rather than from reduction in the
non~bonded interactions involved and could arise from a
specific solvation effect by water. This suggestion is

indicated by the observation of decrcased couplino in both

t-butyl compounds, which infers the presence ,of strong inter-

0]
!
v
]
o
&)

) -

3GC

actions causing 0/0' bond anqgle deformation ( page

2. Rotation About the Aglyconic Bond

The lack of variation observed in the vicinal coup-

arbon and the anomeric proton,
13,
" C

ling, betweecn the aglyconic ¢
of the méthy1ﬁ13C, i}hy1~1'ﬁl

Lo
Y

( and isopropyl~2'n D
gluCOpyrancsides?in?ﬁatet, may be contrasted with the ;E?a§y
increase in the magnitude of the contribution of the aquébp
ﬁoiefiés to the molecular rotation c@ﬂstants of;their leCO~
sides. Table 13 presents the observed [M]D, values for

a series,of D—glgcosides and their parent o~ and f-D~

\

glucopyranoses. : ' ’
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L
TABLE "13
A Compar ison of The Molecular Rotation Constants,
vin Water, of Some Simple Alkyl Clucopyranosides
and Their Parent Glucopyranose Anomer
Compound [M] D A (M) l)* Reference

a~D~Glucose +202° — 74
Methyl a-D-glucoside +309 - +107° 74
Ethyl a-D~glucoside +314 +112 . 102
Isopropyl a-D-glucaside +324 - +122 104
Cyclohexyl a-D-glucoside +349 +147 114

_ R o s
B~D-Glucose A + 34 —_ 74
Methyl B-D-glucoside ~ 66 ~100 74
Ethyl B~D-glucoside -~ 76 <110 102
Isopropyl f-=D=glucoside _ -~ 84 ~118 104

2 ' ,

Cyclohexyl g-D-glucoside ~104 ~138 © 114

* A [MjD = [M]D alkyl glucoside -~ [M]D glucose.

Since it has been established'above that these com-

pounds exist virtually exclusively in the a-a and g-a rotamers,
it appears that the observed increases in A fM]D must arise

from optically active three-bond units of asymmetry involv-

Y

ing the aglycén. The contribution of the isopropyil
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andicyclohexyl groups is especially large and these hajl
recently been analysed successfully (114), in terms of their
relative rotamer populations about the aglyconic bond .

From these interprctations of coupling constant and
optical rotatiop data, it is concluded that the principIQ/
mode of accémmédaéion of the increases in non-bonded inter-
action energies, in’ aqueous medium, is rotatiop about the

P .
aglyconic bond. The pna:;‘?‘nce of these interactjion encrgies
leads to preferred conformations about the aglycénic rather
than the glycosidic bond.

f
F. Implications of This Research

A difficulty, which has existed for some time in the
analysis of the cbmplex biological glycosides of medical

and industrial interest has been the problem of the detéc~
: '

b

tion of the conformational properties of the quéosidic:and
aglyconic bonds, Much infégmaticﬂ from X-ray crystalioqraph§
(78) has been availlable CDnCérﬁinq:thé crystalline state,
however, the presence of stericfforces peculiar to that

state has made the applicabiiﬁty of X-ray data to SO}Vagcd
molecules problematical. With the development of a satis-
factory Karplus-type equation for vicinal carbon to proton
coupling, A method was made'available*for the detection of
conformatiénal properties in solution.. With thi;’method’itﬁ

has been shown that the smaller torsion anqies be tween

1
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aglyconic carbon and anomeric proton of g-glycosides, which
are generally found’in the crystalline state, are also

found in solution. It should be noted, however, that the

. rather small range of coupling constants found for -

glycosides in this work is indicative that only a small
range of torsion angles exists ig solution. It may be con-
cluded th?reforn,‘that the yide range of torsion angles
which hav; been reported for various crystallige B~
glycosides are the result of specific crystal field forces.
The a-glycosides also seem to have a small range of torsion

angles and .the indication is, therefore, that in the solvated

State there exists a certain levelling effect which causes

!rcughly equal torsion angles to be adopted by compounds of

the same anomeric configuration. This tendency was especially

- notable in water, suggesting that X-ray data for crystalline

cellobiose (¢ = 43.8°) (33), and methyl g-D-cellobioside
(¢ ?31_1°) (115), may not be valid.in solutions of these
molecules. In:turn, the hélicity ofVB—oliqosaccharides in
water may differ significantly from expectétions based on

X~ray data. -
s " %

It has been shown here, for a series of alkyl agly-
cons and glycopyranoid structurés,~that only the d*a andre—a
rotamers of the glycosldlc bond haVe important population%

As a result of this. property of the glycos1des, 1t ‘has

N 4

become p0351b{g, utilelng empirical rules for optical

R
-~

rotation, to.analyse the rotamers of the aglyconlc bond.

s
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Thus, in combination, these two techniques have been used

(114) to define the entire rotameric structure of certain f
glycosides, and therefore, their complete secondary struc-

ture. The insights obtained in such investiqat&ons will no
doubt prer invaluable in the solution chemistry of more

complex carbohydrate molecules. An example is provided by

the conclusion (114) that in aqueous solution, only weak
hydrogen-bonding is pre sent between the 2'-hydroxyl and pyranoid
ring oxygen atom in (1*'R)-trans~2*~hydroxylcyclohexyl @~D-
glucopyranoside. This compound is étructurally similar to
cellobiose in this regard, and, therefore, these results may
indicate that such hydrogen bonds are weak in solvated cello-
biose as well, and do not play a role in determining its
secondary structure.

“A further implication of this research ié that the
values assigned to the free energies of non-bonded inter- -
actions in molecules of f'§ ﬁénfcrmaticnimayfféquiré
modifiqations fof,applicatiéng in the conformational analy-
sis of the energies of rotamer; about polar bonds involfingi
heteroatoms. Recently, suggestions as to the ‘attractive-
forces between nuclei and electrnns have'been put forward
(27); Slmllarly, it has .been calculatéd (116) that properly
oriented lone electron palrs may 1nteract in an attractive
sense by forming bonds with the” orbltals of ne1ghbour1ng
atoms. /By the appllcatlon of v1c1nal carbon to proton
coupling experlmEnts, preV1o;sly unknown non—bondﬁd and "bonded“,

1nteractlon energies of thls type may become established.

s



10.

1460 (1965).

IV. BIBLIOGRAPHY

D. H. R. Barton. Experientia, 6, 316 (1950): -

F. L. Elie}, N. L. Allinger, S. J. Angyal and G. A.

Morrison. "Conformational Analysis", Wiley Interscience,

New York, 1965.
hY

J. F. Stoddart. "Stercochemistry of Carbohydrates®,
Wiley Interscience, New York, 1971.

S. J. Angyal. Angew. éhem., Int. Ed. Enql;, 8, 157

(1969) . ’ -

-

P. L. Durette and D. Horton, in R. S. Tipson and D.
Horton, eds., "Advances in Carbohydrate ChemiStr{agnd
Biochemistry", vol. 26, Academic Press, New ¥ork, 1351,

p. 49. ] ! . , : . ,, . - L

. J. T. Edward. Chem. Ind., 1102 (1955).

C. V. Holland, D. Horton and J. S. T. Jewell, J. Org.

‘Chem., 32, 1818 (1967).

L. D. Hall and j? F. Manville. Carbohydrate Res., A,

512 (1967); Cdn. J. Chem., 47, I,.19 (1969)..

. K. B. Hendriks. Ph.D. Theéis,_Departmenk oﬁ‘Chemistry,

v

Oniversity of Alberté,'1971\ _ : ' o
G. E. Booth and R. J. Ouellette. .J. org. Chemi, §lj
544 (1966), -

R. U. Lemieux and B..Fraser—Reia.”\Can, J. Chem., 43,

v L
'

147 .



T .14

12. C. Romers, C. Altona, H. R, f‘mxs arnd Ii. Havinga, in k.
L. BEliel and N. .. Allinger, cdo., "Popics in Stereo-
(‘ﬂx(*lﬂi,:ii;}*y", vol. 4, J. Wiley ahd Sons, New York, 1969,

13.. "R, U, Lemiceux, i“,}zj de Dd.xy;), od., "Molecular Koearrange-
ments”™, Wiﬂ;y thﬁrﬂ;iﬁnPﬁ, New York, 1963, p. 738,

]74.’ R. U. Lemicux, A. Al 1";iVin,5 J.ooCLo Martin and K. AL
Watanabe.  Can. J,. Chem., 47, 4427 (1969) .

ISA M. Kubo. Sel. Papers Inst. Phys. Chen. Ras. (Tokyo),

29, 179 (1916), N

-~

16, K. Aoki. J. Chem. Soc. (Japan) Pure Chem, -Hect., 74,

&

110 (1953); E. E. Astrup, Acta Chom. Scand., 25, 1494

(1971) .,

17. M, C. Flapje, L. ll. Tonarman and G. Dalinga, Rec,

Trav. Chim. Pays-Bas, 84, 232 (1965); M=J, Ardtjy,

-~

R, J. W, LoFaevre and J. D, Saxby. J. Chem. Soc,} B,

k Ridge Nat, Lab. Chem.

o]

8.  G. M. PBrown and H. A. Levy. Oa

piv. Anhual Report (1962) .
(19, P. de Santis, B, Giglio, A, M. Liquori and A. Ripamonti.

J, Polymer Sei., A, 1,,1383 (19

fon}

20. A J. de‘ﬂoog, H. R. Buys, C. Altona and E. Ha@inga.
Tetrahedron,, 25, 3365 (1969). \ | o

21, H. M. Berman, S. S, C. Chu‘and G. A. Jeffrey. S$cience, *

151, 1576 (1967). e

; 1 . . : /

22. E. L. Eliel and E. C. Gilbert. J. Am. Chem. Soc., ﬂl,ﬂ
5487 (1§69);‘E, L. Eliel and ¢, Giza. J. Org. Chem.,
33,3754 (1968). I :

Wb



273.

27 .

RS
=
s

29

%]
<
>

33.

! 34ﬂ

35.

S,

- \ 149

K. U. Lemicux and A. A. Pavia. Can. .J. Chem,, 47,
4441 (1969) .
R. U. Lemicux and N. J, Chu. | iérd National Meeting,

Am,. Chem. Soc., Abstracts of Papers, 31N (1958) .
J

A. G, Moritz and N, Shappard. M(’)],.'T’I"xy,;i,, 5, 361 (1962).

R. O. Hutchins, L. D. Kopp and E. L, Bliel, J. Am. Chen.

Y
soc., 20, 7174 (1968) ‘

*\
g

S. Wolfe, A. Rauk, L. M. Tel and I. G. Csizmadia. J.

Chem,. Soc., B, 136 (1971). A

L. Radom, W. J,. lchre and J. A. Pople. J, Am. Chem.

oo

.,

el
nt

, 289 (1971); 4bid, 94, 2371 (1972).

.

L. Radom, W, A, Lathaﬁ, W. J. Hehre and J, A, Pople.
. /

Aust, J. Chem., 25, 1601 (1972).

/

G. A. Jeffrey, J. A.| Pople and L. Radom. Carbohydrate

Ras., 25, 117 (1973). |
i1, M. Berman and S,/ lI, Kim., Acta Cryst., B24, 897
(1968)", /

A. M. Mathieson éné B. J. Poppleton. AGta Cryst,, 21,

72 (1966) ,

/ , E : -
S. S. C. Chu and G. A. Jeffrey. Acta Cryst., B24, 830

(1968) . -

J. B. Stothers. "Carbon-13 NMR Spectroscopy", Academic

Press,/Néw York, 1972.

b. E. gorman’and J.:D. Roberts. J.gAm;:Chem. Soc., 92,
. :

1355 (1970) . | AR

i



36,
37N

38,

NS
o

41,

A3,

44,

I 'h
"

49.

50,

A. S. Perlin and B. Casu- Tert

Ta : ’ : 150

- Lett., 2921 (1969) .
X
3

Ho AL Bent . Chem. Rev., 61, 27f

(1961) .

G. J. Karabatsos and C. E. Orzech. J. Amn. Chem. Soc.,

87, 560 (1965).

-

J. AL Pople. Mol. Phys., 1, 216 (1958).
K. Ma Crecely, R, W. &recely and J. H. Goldstein. J.
Mol. Spect., 37, 252 (1971).

A. R. Tarpley and J. H. Goldstein. . J,. Phys. Chem., 76,

F. J. Wailgert and J, D. Roberts. J. Am, Chem. Soc.,
89, 2964 (1967) .
P, J, Welgart and J. D. Roberts:t J. Am, Chem, Soc.,

F. J. Weigert, M, Winokur and J. D. Roberts. J. An.,

C. P. Rader. 'JF Am,. Choem, So%ﬁ, 91, 3248 (1969) .

J. 0. Halford. J, Chem. Phys. . gif 850 (1956) .

G. J. Karabatsos, C. EilOrieCh and N. Hsi. 5,7Am_ Chem.
Soc., 88, ﬁslv (1966) . )

/ * | s

R. U. Lemjeux, T. L. Naqabhﬁshan and B. Paul. Can. J.

Chem., 50, 773 (1972).



51.

-

R. Wasylishen and T. Schaaefer. Can. J. Chem., 50, 110

(1972) .

GQAQM. Karplus. J. Am. Chem. Soc., 85, 2870 (1963) .

53.

[
[0y

(g
-~
0
]

[92]
[ed]
%

591
Na]
il

[op]
=]

61.

62.

63.

G. J. Karabatsos, C. F. Orzech and N. Hsi. Tet. Lett.,
”

4639 (1966) .

H. Booth. Progress in NMR Spectroscopy, 5, 149 (1969) .

M. P. Schweizer and G. P. Kreishman. J. Magn. Res., 9,

3134 (1973).

K. D. Summerhays and G. E. Maciel. J. Am, Chem. Soc.,

94, 8348 (1972).

J. L. Marshall, A. M. Thrig and D. E. Miiller, !JA Mol.

Spec,, A3, 323 (1972). 7 |

J. L Marshall and A, M. Thrig. fTot. Lett., #21, 2139

(1972) .

A, M. Ihrig and J. L, Marshall,

1756 (1972) ,

<]

~ L Ma??hiil and p, E. Miiller,
Meeting, Am. Chem, Soc., Abstracts of Papers, 132~ORGN,
1973.

F. J. Weigert and.q; D. Roberts. J. Am. Chem. Soc.,
94, 6021 (1972) . | H

J. L. Marshall and D. E. Miiller. Private Communication,

1973.

“K. Hiraéf H. Nakatsuji and H. Kato. J. Am. Chem. Soc.,

95, 31 (1973). \



64 .

65,

70,

76.

17.

J. M. Noggle and R. B, Schirmer. "The Nuclear Overhauser
Hefect”, Academic Press, New York, 1971.

R. A. Bell m'xd J., K. Saunders.  Can. J. Chem., 48, 1114
(1970) . |

R. E. Schirmer, J. H. Nogqu,AJA P. Davis and P. A. Hart.
J. Am. Chem. Soc.,N92, 3266 (1970), 3

. L. Eliel and P, Nader. J. Am. Chem. Soc., 91,-536
(1969); 1bhid, Z{, 584 (1970) .

B, Coxon. Carbohydrate Res., 13, 313 (1970) .

f A ,

G. B, %ﬂ;@éfﬁ and T. Sééa@éﬁf. Chen., Rev, , Zi, 617
(1971) .

P. A. Hart and J, P. Davis. Bilochem,. Biophys. Res,
Commun., 34, 733 (1969), |

J. K: Saunders and R, A. Bell) Capn. J. Chem., 48, 512

C. S. Hudson. J. Am., Chem, Soc., &, 66 (1909)

D. H., Whiffen. Chem. Ind., 964 (1956) .

J. H. Brewster. J. Am, Chem, Soc,, 81, 5475, 5483 )
(1959) . |

R. U, Lemieux and J.-C. Martin. Carbohydrate Res;, 13,
139 (1970). : ‘ ’ )

J. T. Brewer. Ph.D. Thesis, Universi&y of Aiberta,

1971 .- | |

G. A. Jeffrey and R. b. Rqsenstein. Advant Cé%bdhydrate
Chem., 19, 7 (1964). ; . o L

¢



78.

80 .

>
fe s
o]
a2

87,

88.

89.

(196 Y.
/

153

’
ko

M. Sundaralingham. Biopolymers, 6, 189 (‘( 1968); 1bid,

7, 821 (1969).

D. D. Perrin, W. L. F. Amarcgo and D. R. Perrin.
"purification of Laboratory Chemicals", Pergamon Press,
London, 1966,

A. Vogpl. "A Textbook* of Practical Organic Chemistry”,
BrJIEA., J. Wiley and Sons, Mew York, 1956.

J. AL Pﬁp1é} W. G. Schneider and H. J. Barnstein, "High
I«wxf?nion Nuclear Magpetic Resqnance"? McGraw~Hill,

New York, 1959,

A. Quirt and J. 8. Martin., J. Magn. Res., 5, 318 (1972) -

41
2}
~

11, 640

C. Heidelburger and H., S, Rilke, Cancer Re

hem., 35, A000

R. U, Lemieux and A, R, Morgan, Can. J, Chem,, 43, 2190

(1965)

R. U. Lemieux and S. Levine. Can. J, Chem.} 40, 1926

F. Shafizadeh ‘and M. Stacey. J.‘Chemﬁ Soc., 3609 (1952).

R. U. Lemieux and W. P. Shyluk. Can. J. Chem., 31, 528

I

(1953). - | : 7 Ty



90.

91.

96 .

“
&
]

100,
101,
102.

103.

104.
105.
106.

107.

T. L. Harris, E. L. Hirst and C. . wWood. .J. Chem.:
Soc., 2108 (1932).
R, U. Immiclxx and W. P. Shyluk. Can. J. Chem., 33, 120
(1955) .
W. Koenigs and E. Knorr. Ber., zﬁj‘937 (1901) .
FE. Fischer, Beor.,, gﬁ, 2406 (1893).
P Weygand and H. Ziemann. Ann., 657, 179 (1962) .

5 %
T. D. Perrine, C., P. J. Glandemans, R. K. Ness, J,. Kyle
and H. G. Fletcher. VJ. Orqg. Chem.,‘jzf 664 (1967).
H. 5. Isbell and H, L. Frush. J., Res. Nat. Butr. Stand.,
24, 125 (1940),
J. K. bPale, J. Am. Chem, Soc,, 46, 1046 (1924).
A. Murray, in A. Murray and D, L, Williamép "Organic
Synthesas with Isotopes!, part I, p. 34, Intefséiéhcei'
New York, 1958fi

J. D, Cox and H, §. Tucner, J. Chem, Soc., 3176 (1960).

E. Pacsu. Ber,, 61, 137, 1508 (1928).

E. Fischer. Be£.; 8, 1151 (1895).

L. C. Kreider and E, Friesen. J. Am, Chem. Soc., 64,
1482 (1942). )

B. Lindberg. Acta Chem. Scand., 2, 426 (1948).

E. Fischer and B. Helferich. Ann., 383, 68 (1911).

M. Karplus. J. Am. Chem. Soc., 85, 2870 (1963).
M. Anteunis, D. Tavernier and F. Borremans. Bull. Soc.
Chim. Belges, 75, 396 (1966).°

i



108. R. Breslow. "Organic Reaction Mechanisms®™, W. A.
Benjamin, New York, 1966.

109. P. A. J. Gorin and A. S. Perlin. Can. J. Chem., 39,
2474 (1961) .

110. L. R. Schroeder and J. W. Green. J. Chem. Soc. (C),
530 (1966) .

111. FE. J. Prosen, W. l. Johnson and F. D. Rossini. J. Res.
Nat. Bur. Stand., 39, 173 (1947) .

112. R. U, Lemieux and H. Booth. Can. J. ‘Ch(‘,rﬂ,, A9, 777
(1971) . ' |

113. H. M. Berman. Acta Cryst., B26, 290 (1970),

114. D. B. Compton. M.Sc, Thesis, Department of Chemistry,
University of Alberta, 1973.

115, J. T. Ham and D. G. Williams. Acta Cryst,, B26, 1373
(1970) . |



