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ABSTRACT 

,.~, 

. Various factors dctermining the magnitude of internuclear 

i ' 
COUpllllg hctwecn c.hrcctly bond<.'d, gemllwl d .'. '1 Be ., III l' an VlClnu . anu nue Cl 

have hecn l'xamlned with 13C labelled carbohydrutes. Compounds synthesiLCd 

13 
~for thi~ purposc Includc derivatlves of ~-glucose-l- 'anJ -6- e, k-ldosc-

6~13c, ~-mannose-l._13c, and rclated lactones. [)hcetly bondcd l3e )1I 

coupling shows a dependcnce on the disposition of adjacent.substltuents and .. 
electron 10ne pairs relative ta the 13e_l ll bond. OrIentation cffects also 

\ 
t 

charactcrlZC gemlnal Be_II! coupling, the magnltudc as weIl as the 'slgn of 

wIll ch 1 s determlneJ by the or i entat lOn of sub st i tuent s on the Be nue leus 

relative to the coupling proton. VIcinal Be_lu eouplmg bath through 

C-C and c-o bonds shows a gcnçral dlhcdral angle dcpcndence similar ta that 

for protons [1. c., di hcdral angles. of 60-1..00° arc a~sociatcd with sm,llicr 

coupllng (0-3 Hz) tha'n,. angles of 140-180° (4.5-5.5 IIz)] although the coupling 

can be modulatcd by sccondary cffcets: e~g., the obscrved spacing is decrcascd 

l 
hy the prescnce of an oxygen substi tuellt on the Il beanng carbon ln the 

plane of the coupllng pathway, and is increased when adjacent lone paIrs 

approach this pathway. In conJunction wi th the synthesis of 13C-en~:i ched sugars, 

two high yield new procedures have been developed for the reduction of aldono-

lactoncs to aldoses, employing either dibo~ane or lithIum aluminum'hydride-

alum1THlfll chlondc. 

/ 
1 

1 
1 

'0 



Il 

J 
! 

'l 

Résumé \~ 

>'Nous "avons examiné les différents facteurs déterminant la 

13 1 grandeur des ~ouplages internuc1éaires entre les noyaux C et H 

directement liés, g~minés et vicinaux à l'aide d'une série d'hydrates de 

b ~ 13C " N 1- d h - - - f f 1 car one marques au . ous avons onc synt etise a cet e et es 

'13 13 13 13 
dérivés d~ C-l et C-6-Q-glucose, du C-6-1-idose, du C-l-Q-mannose 

et les lactones correspondantes. 13 1 La valeur du couplage C- H de noyaux 

."directemrnt liés dépend de l'orientation des substituants adjacents et de 

Il d l d hl dl' d' - . - 1 1" DC lH ce e ~s ou ets e atome oxygene par rapport a a 1a150n -. 

La constante de couplage géminée l3C_lH est aussi fonction de l'orientation 

des subStituants portés par le noyau l3c, par rapport au proton couplé à 
1 

(, 

ce noyau, cette orientation déterminant l'an,tp{itude et 'le signe de la 

constante de couplage. Les couplages vicinaux à travers les liaisons 
r 

C-C et c-o montrent toujours une dépendance vis à vis de l'angle dièdre, 
1, , 

similaire à celle observée pour le proton [par exemple les angles dièdres 

de 60 - 100 0 sont associés à de plus petites constantes dePcouplages 

(Q-3Hz) que les angl'es de 140 0 
- 180 0 (4.S-5Hz)] même si les couplages 

peuvent ~tre affectés par des effets secondaires:~l'écart observé est 

diminué par la présence d'un atome d'oxygène sur le carbone portant le 

1 
proton H et se trouvant dans le plan du couplage, il est augmenté 

lorsqu'un doublet libre est au voi~inage de ce plan. Nous avons mis au 

point deux nouvelles méthodes de réduction des aldonolactones en aldoses • 

én utilisant soit le diborane soit le mélange hydrure dé lithium et • 

".. aluminium - chlorure d'aluminium. 
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1.1 Introductory remarks 

Perhap<; no other sIngle instrumental methoù has had as profoUIhl 

an Influence on organlc chemistry as nuclear magnetlc resohancc spcctroscopy. 

,The hyd\>ogen nucl eus, or proton, has proven to be partlcularly amenabl e to 

study by NMR technIques and owes its Imporfance to the fuct that It oecur<; 

ln mast organlc cornpounds. Slncc aIl sueh compouncls contaln carbon, the 

f 13C ' cl h 1 cl d emergcnce a rnagnctlc resonancc spectroscopy urlng t cast l'ca c as 

an arca of rapldly grow1ng intercst llelS heen an Inev1tahle dcvelopmcnt (1). 

Early work l~e field was hlndercd by the faet that the natural abundancc 

of the 13C nucleus 15 only 1.13%, but recent advances in instrumental 

methods have been able ta campcnsatc for thlS drawback to a great rxtcnt. . 
The advent of FourleT transform (rf\spectroscopy hqs now furthcr rrduccd 

the expenrncntal complexity of mcdng 13C spectra and has made thesc 

spectra avatlable ln a relatively short experlmental time. M1st of the work 

to date has heen conïrned wlth l3C chemieal shlfts and th,s parameter is 

taking an Importan/lace ln. the orgamc chemlst' s repcrtolrc. Chemlcal 

;::

hlf ~en used to advantage ln many chemlcal problems dealing wlth 

ructurc determlnatlon, conformational analysls and bond polarization effec:ts 

(1). Mas~lvc amounts of 13C chcmlcal shift data have now been compiled (1) 

and are being analyzcd wlth the hope of gainlng further inslght lnto the 
1 

fundamcntal nature of molceules by comparlng the experimental values to 

thcoretlcally calculatcd chpmical Shlfts (2). 

1 2 S 1 13(, 111 l' . orne gcnera commcnts on ,- 1 coup 1:ng . . 
13 Coupllng constants betwcen C and protons have received relatively 

little attention duc mostly to the cxperimental difflculties involved in 

measurlng tin 5 parameter. The Be nucleus, like the proton. has a spin of 1/2,~ 

and consequently couples to other magnetic nuclei; however, because of its 
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low natural abundance (1.13%) the lines in the proton magnetic spectrum caused 

by coupl1ng of a proton to a l3C nucleus (referred to as the 13e satellites) 
. , 

arc much less intense than the s1gnals which do not exhibit such coupling. 

FIgure 1 shows schematlcally the vinyi proton spcctrum of a 1,2-disubstltuted 

propene. l'he very lntense central peak 1<; due ta the most eommon isotopie . 
- h h d ,Be l' speClcs, that I s, thosc molecules w i conat contaln any ntK: el. This 

central peak lS flankcd by three paIrs of satellites, (A,B,C), whleh are 

the result of moleculcs eontainlng one 13e nucleus. Because of the low natural 

13 . 
abundance of the C isotope, the probablilty that a single molecule contains 

two l3e nuciei IS negligib1e. 

. , 
• 

F IG 1 R t t , f 13C IH l' . .:I,'~ , d __ . _ epresen a Ion 0 - coup Ing ln a ~ls\lbstl tute propene 
eX contains no hydrogen)j viny1 proton spec~~um. 

The intensity of each of the satellite signaIs in the figure is 

about '''0.5% of the intensi ty of the central peak. The A lines ean be attributed 

t h 1 I h · 13C . h o t ose mo ecu es av~ng, a nucleus ln t e ~-position, while the Band C 

signaIs are caused by moiecules containing a I3C nucleus in either the 2- or 

the 3-position of the substituted propene. The distance between the signaIs 
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• 
constituting, each pair

t 
measured in cycles, then glves directly the relevant 

ptoton _13C eOUp~ing,e nstant. wten the 13C and proton nuelei are separated by 

one bond the coupllng is referred to as "directly bondcd" and 15 denoted // 

by l,Je_II; when two or threc bonds Intervene hctween these nude,I the coup~ 
2 d 3 J is termeJ "gemInaI" or "VIcInal" and 15 denoteJ by .TC_II an 'C-II 

respeetlvcly. The latter two couplings as weIl as any that be observcd 

over ùIstances greater than those bonds are collect" y refcrred to as "Iong-

range coupIIng". / 

The A 1Ines ln Flgure.l WhlÇ~C the result of coupling between the 
/' 

vinyl proton and the directly)D~ 13C nucleus (I.e. 13C in the l-rosltion'" 
/ 

h 1 t~~ of 13C_I H l' d h th l' Il represent t e argest ,~v coup lng an ence ese lnes arc w~ 

/ 

removed from the central peak and can usually be detected by greatly inereasing 
1 
1 • the spcet~um amplitude. The inner Band C satellItes on the other hand, arislng 
1 

from gemlflal and vIcInal l3C_ll1 coupling are usual1y masked hy the mueh more 

Intense central peak. (As WIll beeome evident ln Iater chapters, the magnitude 

of these couplings 15 not proportIOnal to the number of Intervemng bonds, 

50 that in man y Instances VICInal eoupling can be greatel than geminai eoupI-

lng). ft IS eVldent then that even for such a SImple system as discussed 

above, the derivation of geminal and viCInal l3C_1 H couplings from the proton 

spectrum i>resents great difficul ties. Furthermore, 1 t is not always the case 

ev en for/simple moleculcs that the satellite patt~rn is readily analyzable. 
/ 

Whllc the cxperlmcntal satellite spectrum of acetylene lS simple (Fig. 2l, 

1 2 
and rcad Lly affôrds Je_II and Je_II (3 L that of cthylenc IS highly complex 

(Fig. 3). 
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];'0 100 50 0 50 100 
Ha 

- .) 

, 
Obser~e~ pmr spectrum of an approximateiy 1:1 mixture o~ " FIG. 2 

, -~-I H_13C=C-H and H-C::;C ... H (3) . 

() 

, 

, 111111 ,II ~ Il lilii , Il, 
60, o 

Ha 

/ 
FIG. 3 . Observed and' computer calculated pmr spectrum,of an approxim-

ately 1:1 mixture of H2C=13CH2 and H2C=CH2 (3) . 

1>3 ) 12 
substitution of a C nucleus for one of the C atoms in The 

ethylene resu1ts in a system of interacting nuc1ei best described as AfXA2' 

which of course gives rise ta a complex splitting pattern. The desired coupling 

however can still be dcrived from this pattern b~ cornparison with the comp~ter 

ealculatcd spectrum. 
ù 

~ p 
" , 

.t , 

" 
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As lS evident from the preceding: directly bonded l3e_l H coupling 

constants can be obtalned froID the proton spectrum with relative ease for , 

~uitable cornpounds, whereas the two and three bond coupl1ngs present a much 
<7 

more chffLcult problem. It must be pointeJ out, however, that,,'the quallfying 

ward "sultahlr" in the above statement is not trivlal, Slnce cven for sltghtly 

-
more complcx compo~nds the cllrectly bonded satellltes are often obscured ,?Y 

absorptions due to other pràtons. In view of these difficulties 1t 1S uttd~+-
.,' 

~l "ù' 

cl bl } 13e 11 1" h' cl cl bl 1 stan a e tlat - 1 S~up lng constants ave rec~lve conSl era y es~ 
.' 

attentIon than the related lH_lH coupling constan~~. Nevertheless, substantial 

i~formatlon on the subject is avallable, especially ln the areà of the directly 

bonded couplings (1). 

The reason for interest in this fIeld of l3e NMR 15 two-fold. 

Flrstly, it ~~ now widely accepted that the magnitude of coupling between 
, 0 

magnet le nue 1 Cl refi ects the clcctronic si tuat i on in the bonàs involved and as 

a consequence these couplings can potentially furnish Information about the 

nature of cheIDlcal bondlng. 

Seconclly, it is known that coupling constants are greatly affectecl by 

factors such as the relative geometry of the coupling nuclel, and the electro-

negativity of substituents along the coupling pathway ( 4) (4a'). Since both the-

nature of carbon-hydrogen Donds and the relative orientation of the nuclei arc 

of fU~ldamcntal interest to chemists, a close examinatlOn of relevant l~C_lll 

coupI ing con~tant" shoul~ proviùe useful infonnation"both from a- theoreticai 

and an applled vlcwpoint. 

fI 
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1.3 
f 13 

The pmr spectrum of ~-glucose-U- C 

The present investigatIon was promptcd by an analysis of the 13C_1" 

coupllng l'onstants mea-sureu from the proton spcctrum of an anomcrlC mlxture of 

Q-g1ucose, 50% 13e enriched in aIl positions (5)~As can be seen ln Figure 4, 

the 8 anomeric proton signal is split into a doublet C1Je_H = 160 Hz) by Bel but 

13 shows no furthcr coupiing to any othe~ C nucleus. The a anomeric absorption on . ~ . ' 

the other hand is split into , ",13 1 
a d~ublet by' Cl ( J C_H :: 169 Hz) and is further 

coupled to at least'one other 13C nucleus to an extent of about 6-7 Hz. These 

results suggested that 13C_lH coupling is dependent on stereQ~hemistry 1~d con

verse1y that tnis para~eter may potentially serve as a ster~d&~emlcal probe. 

.. 

J IIce·H' 
-14.1'\. 

J'Jet-HI' 

H' 
13c~ BNRICHtED 

H1I 

H,a 

-L~ 
r 

DROINARV 

FIG. 4 

HI,. HI 

13 Pmr spectrum of Cl) B-2-glucose-U- C (50% enriched) in 020 (5)., 

The most evident rati~nalc for the observ1d splitting pattern in
f> 

volves a Jihedral angle dependence of 3JC _H' The Cl-Hl bond of the e anomer , 
, sUbtends a dihedral angle of 60° with respect to the C

2
-C3 and OS-CS bonds 

whereas the Cl-Hl ~ond of the"Cl an omer maintains a 1800 relationship with 

respect to the same bonds as can be seen below. , 
, , 

(J 
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1 

r r.t» 
,~r't H

2
0H

O HOX~ _, \H' 1~\ 
, p HO-!3 /" ~'3C,,-H 

, cr OH l' 
H "OH 

13 
Cl-~-Glucopyranose-U- C 

If the behaviour of viclna1 13C_l H coup1ing par~llels that of the correspond-

~ ing thrcc bond proton-proton coup1ing (4) one would indeed expect a smal1 

" 

coupling for a 60 0 dihedra1 angle relationship and a considerab1y largcr 

coupling when the re1pvant dihedral angle is 1800
• This IS the case for HI 

with respect to l3C3 and 13CS in the B and Cl anorners respectively. 

Exarnination oi the above spectrurn ,also reveals the striking obser

vation that whereas Hl of the Cl anorner rnay be coupl ed to l3C2 , Hl of the B :" 

anomer assuredly shows:'no such coup1ing. The preceding irnplies not only that 

threc bond 13e_lu couplings rnay on occasion be larger than two bond couplings 

but also'-that at least under certain condittons such two bond or geminal 

2 coupllngs may be nonexistent (Je_H = 0 Hz). 

1.4 Measurement of 13C_1 H coupling constants (JC_H) 
. 

ln order to further investlgate the possible dihedral angle dependence 

of VICInal 13e_1 H couplings as weIl a~ the seemingly anornalous nature of 

gerni~al 13e_I
H couplings,and to evaluate their potential as an aid in stereo-

chemicai problems,it was decided -to i~vestigate several series of cornpounds 

ln which the re:ltl"ant coupling constants could be measured while dihedral angle 
G 

\ 
1 

-
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and other llkely couphng determinant s were systcmatically var 1 ('\1. 

In arder ta examine· the varlOUS factor.; th,\t ~an ,lffl'l't tl1L' m.l!!1\1 tulk 
. , 

of JC_H' Idea'lly. the most mean1ngful results would be obtaincJ if c<lch variahle 

wcrc lsolatcù anù studlCd 1ndcpendently. For example; to investigate ho~ 2JC_fl' 

varies wlth tl,le relatIve orlentatlon of the couPlit proton and a 

on the 13C nucl6tIs (ae.; is donc III Chapt cr 3), it would be optimal 

lsolated cases aS below: 

) 

If OH 
1 131 

-C- C-
I 1 

H 
1 131 

-C- C-
I 1 

OH 

~uh"tltucnt 

to cons i der 

In pract1cc, one can at best examine such effects when the partial'.structurc 

1S incorporaied into a ring 

a b 

It is recognized, however, that in going from ~ to~, in addition to changlng 

the re1ativ~'orlentations of the C-H and C-OH bonds, one may be Introduclng 

other 

which 

effects such as the 1, 3-diaxial mteraction present in ~ but not ri» ~, 

ma' a150 have an Impact on the observed 13C_l H coupling. As a further 

1 

cxamplc, Introduction of an OH group in place of H ta study electronegativity 

effccts rnay al ter the state of hyhridi zation, bond angles and bond lengths 

ln addItion to providing an clectroncgatlve substituent. Hyce, when a 

structure IS altcred to examine one effect, it cannat be assumed that aIl else 

r a ' t t N th 1 l bl . f' . . 13C IH em Ins cons an. ever e ess, va ua e ln ormatlon pertalnlng to _ 

coupling can b~ derived from a systernatic analysis of the factors likely ta 

.J 
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have an influence on thls parameter. 

f b ' , 'h' h- l3C lH 1 In general, there are our aS1C ways ln w lC - coup lng 

constants can be obta1ned cxperimentally: ~ 

A) From the naturai abundan,ce proton spect_ - /"~ 

ThIS mcthod has already becn dcscr.lbed (FIgure 1) and Its 11mit-

ations have bccn noted. At best, ln appropr1ate compounds, directly hondcd 

13. 1 bd' d c- 1\ coupllng constants can e ctermlne . 

13 B) From the naturaI abundance C spectrum -

The proton coupled 13C spectrum can furnish information about 

13 ·1 'd' c- H coupllngs but the problems of resolutlon an slgnal asslgnment are 

13 1 . usually present. Wlth the advent of Four1er transform C NMR the reso ut10n 

difflcultles have becn alleviated but the assignment of speclfic absorptions is 

~t~l problematlc. Even if the carbon sIgnaIs can be correctly Identlfled and 

the proton couplings observcd, the uncertainty ln assigning the correct caupllng 

pathway ta the observed splitting remains. FIgure 5 illustratcs the 13C Four1cr 

transform spectrum of 1,6-anhydro-B-~-galactopyranose. In thlS case the anomerlC 

carbon sIgnal lS rcadlly Idcntlfled by its downfield positIon and the absorption 1<; 

-

.seen to be split hy proton coupl1ng. However, it lS not known WhlCh spiitting 

lS a result of coupllng to H2 , which to H3 etc. This problcm can potentially 

be solved by specifi~ proton decoupling, a technique which is wlthln the cap-

abilities of the most advanced rourier transform spectrometers. The exact reson-
\ 

ant frequency of the proton absorpt\on in question lS determined and the rele-

vant I3C absorption IS then observed while the proton absorpti~ irradiated 
~ 

with a second radlo-frequency in order to attain the desired heteronuclear 

decoupllng. The collapse of a coupling on account of the lrradiatton then 

enablcs thlS coupling to be assigned with a high degree of cèrtainty. Under 

/ 
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Ideal condl tlOï'iS, and wi th the proper Instrumentation, conCCI vably a Imost a11 

13e_111 coupl ings can be systematica11y àssigned in thlS manner. 

The problem of coupling assignment can also h; tackled hy specIfie 

13 
deuteratlon. If the e Ft NMR spcctrum of 1,2:5,6-di-Q.-isopropylldene-

a-~-glucofuranose 15 examlned '(Figure 6A), the downfield anomcric carhon 

1 · d' 1 . cl d b 1 . h Be 1 fIl . signa IS rea l y assIgne an 15 seen to e sp It Y two ,- l coup Ings. 

Agaln, however, assignment of these sp1ittings to spedfle coupling pathways 

is not posslhle. Thl~ amhiguity can be a11eviated by companng the spectrum 

of the ahove compound to that of ItS 3-deutero and 4-dcutcro derivatlves, 

$igures hB and 6C,respectlvcly). Therc IS no observable difference ln the 

splittlng pattern of Cl on dcutcratlon at position four Indicating that thcre 

15 no coupllng betwecn 13C1 and H4 . IntroductIon of dcuteT,lum at position 

h 1 1 h d · f of tlle 13e 1 1 . t rec lOwever resu ts ln tel sappearance 0 one sp 1 ttlngs, which 

then be asslgned 3 The remaining coupllng then must be due can to Je -H • to 

2 J , 
1 ,3 

Although thlS method can he useful in certain cases lt 15, of C
I

-·H
2

, 

course,limlted by the practlcallty of the syntheslS of nccessary deuterated 

C'ompounds. 

C) From the proton spectrurn of Be enriched compounds -

13 ThIS technIque cssentlally increases the Size of the . e satellItes 

and thus 

D) From 

allcvl~S the Isotopic abundance problem. 

the 13C '>pectrum of 13e enriched compounds _ 

U,>ing thlS technIque the enriehed carbon absorption IS readl1y 

asslgned on the basis ~f l ts intensity but the uncertaintyl involving the 

assignmcnt of the observed eouplings to specifie protons still rcmains. 

. * For the purposcs of the present study, a11 things eonsidered, the 
• 

• 
th f 13C . h d d d b h . . h syn eSlS 0 enrIe e compoun s appeare to ~ t e most promlslng approac 

* ~ ~ 
An It spec\~~meter was not available untii most of this study had been completed. 
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100 10 60 

flG. 6 Partial Ft Be spectrtun (22.6 MHz) of A) 1,2:5,6-Di-Q.-isopropylidene 
('-~-g l ucofuranose; B) 1,2: 5 ,6-Di-2.-i soprOPYlidene-a-r-glUCOfuranose-
3-i; C) 1,2:5,6-Di-O-isopropylidene-a-Q-glucofuranos -4-~. (Kindly 
proviùcd by G.ICS. Ritchic) -

- 1 
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for the 8>etermlnatl0n of l3C_lJ1 coupling constants in comp1ex systems. ThIS 

methoù can be lliustrated hy comparing the 220 Mllz spectrum of 1,2,-2.-1SO-

13 
propylldene-!1-~-g lucofuranurono-6, 3-lactone to that of l tsQl6- C analog, 

" 
one of the compounds syntheslzed for the purposes of this investIgation 

(FIgure 7). It IS Important to recognize the fact that proper assignmcnt of 

13 1 the C- Il coupllflgs in this case hlnges on the correct assignment of the 

proton absorptIons. For cxamplc, once the 115 and 1-l4 sIgnaIs in the spectrum 

of the above compound are assigned (a relatlvely routine procedure on tl.e 

13 basis of proton-proton couplIng constants) the C
6

-C Ç C
4

-11
4 

coupllng IS 
.. 

caslly measured. Nev<.'rthelc<;s, as cmphaSlzed ln 1attr chapters, thlS method 

13 has severaI drawbacks. The synthesls of C enrlchcd compounds 15 cxpcnsive 

and ncccssitates a small scale operatIon WhlCh can present experlmental 

dlfflcuitles. Aiso If, as ln the present study, the compounds of interest 

are relatlvely complex, it is of paramount importance that the proton sIgnaIs 

13 , 
WhlCh arc expected to exhlbit C coupllng be visible and Identifiable ln 

the spectrum. The pOS5ibillty also eXIsts t,hat the satellites due to the 

dlrcctly bonded couplIng can obscure signaIs showlng long range couplings. 

It appeared, however, that a careful selectIon of compounds to be 

Invcstlgated would clrcumv~nt or minlmlz~ the potential difficultics mentloncd 

r abovc and would ln turn provldc herctofore unavailablc data concerning 

13 l stereochcmlcal aspects of C- Il coupling. These couplIngs, it was hoped, 

woblù thcn serve as a complement to proton-proton coupling constants in solving 

prohlems of a stereochemlcal nature. 

> o' 

o 
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A 

5.0 ppm(6) 4.8 4.6 

FIG. 7 Partial prnr spectrum (220 ~Hz) of A) 1,2-Q-Isopr 9pyJidene-a-2-
glucofuranurono-6,3-lactone and B) 1,2J-~-Isopropylidene-Q-Q-
glucofuranurono-6,3-lactone-6- 13C (60%) ln CDC1 3, . - .. 
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13 1.5 Synthesls of C-enrlched sugars 

The choice of 13C-enrlchment as the baSlS of the present study 

was cxped i ted by the avallablll ty of extensive informat10n 01\ the synth('s is 

of 14C_lahe lled sugars (6) (6a). Thl S 1 atter SI tuatlon promi sed ducct access 

} d cl 13. l h t . f" to tlC rcqutre compoun 5 contalnlng C a t OUgl, ln practlce, il Slg,lll leant 

modlfLcatlon of procedure~ and some innovation proveJ ta be advlsablc! ,IS 

doscnbed helow. Two reactlon s,chemcs provided for the synthe<;ls of a haslc 

group of 13C-enrlched sugars, WhI~h ln turn could be converted lnto sundry 

derlvatlvcs or othcr sugars, as neccss~y for the exam1nation of speclfic 

structural features. 

One of thesc schemes leci to cnrlchcci compounds in 

bcar~ one oxygcn substItuent, and rcsulted in the synthesls 

6_ 13C and L-ldose-6- 1\: as outlined ln Scheme 1. ThIS scheme 

-' 13 f WhlCh the . C 

of Q-gl ucose-

m:OlvesV 
preparation of 1,2:5,6-d:-Q.-l/OPl:OpYlldCnC-(1-~-glUCOfUranose from glucose, the 

hydrolysi s of the 5, 6-2.-I~rOpYlldcne function and cleavage of the 5, 6-d101 

by means of sodium perlodate to Yleld 5-aldo-l,2-0-Isopropylidene-~-xylo-- -

pentofuranose. The 5-aldehydo functlon now allows Introduction of carbon-13 

13 
(as K CN) by means of the cyanohydnn reaction. Oue ta the hlgh cost of the 

enrlched cyanlde aIl subsequent steps were carrled out on a small scale and 

necessitated numcrous trIal runs on non-enriched material. 

The addi tion of cyalllde to the 5-aldehydo functlOn resul ts in 

the formation of cIHmeric cyanohydrins having the ~-gluco and ~-ido con-

flguratlons, the proportIons of WhlCh can be altered by the use of suitable 

buffers. ln shghtl)( add solution the reaction proceeds slowly (20-25 days 

are neccssary for completlon), but the yield of the ~-gluco epimer is high (60%); 

this yield decreases with an increase in alkalinity. The desired degree of 
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aCldity was malntained hy the additIon of proport10nate amounts of sodium 

hydroxide and acetlc aC1d to the reaction mixture. The resulting cyanohydrins 

were hydrolyzed ~ situ to the1r corresponding uronic aC1ds; this lS best 

carrled out-under alkal1ne conditions, the pH being adJusted by the addition 

of SOd1um carbonate. At this stage separation of the ep1mers is possible 

due to the dl fferences ln solubi 11 ty behaviour of the banum and calcium 

saits of the two uron1C aC1ds: the harium salt of 1,2-~-lsopropylidene-a-

Q-gIucuronlC aC1d crystaIl1zes weIl whereas the correspond1ng salt of the 

L-ldo epimcr does not. Thereforc, passlng the hydrolyzate through a' catIon 
= -

) 

cxc:hanRc column followed' by neutrall zation of the effluent Wl th barium 

~YÙrOXlù~ arfords barium 1,2-~-lsopropylidene-a-U-glucuronate as a crystalline 

~ materiai. Care must be exercised dur1ng the 10n exchange process to prevent 

partial hydrolysis of the isopropylidene groups. This process is therefore 

best carrled out at Iow temperatures. After crystalllzati9~ of bar1Uffi 1,2-~-
• 1 

isopropyl1dene-a-Q-glucuronate, the ~-ido epimer can be I~solated from the mother - - --- . 
llquor as the calcium salt. This procedure again involvbs the removal of 

\~ -. 
posItive Ions from the mother liquor by means of cation exchange resin and 

neutralizing the effluent with calcIum carbonate. cal~ 1.2-~-lsopropylidcne-B
k-iduronatc can then he crystalllzed from the resuiting solution. 

13 , 13 
For the production of ~-glucose-6- C and k-Idose-6- C, the crystal-

line sa1ts are converted to the 6,3-urono 1a~tones which are then reduced. 

Lactonization is best carried out by passing a solution of these crystalline 

salts through a cold cation exchange column for conversion to the uronic acids, 

followed by lyophilization and subsequent heating of the residues with toluene h 
<> 

to arrive at the desired 6,3-urono lactones. These lactones can then be reduced 

to the corresponding mono-~-isopropylidene derivatives. The standard technique 
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has employed LIAlH4 as the reduclng agent (6) but lt was found that \th~ rc

actIon could be carried out more easily, and hlgher ylelds could be obtained, 

uSlng NaBH
4

. The relatl vely lower yleld of the LiAIH4 procedure is due to dif

flcultles encountered in the isolation of the product from the reaction mixture, 

a dlfficulty winch does not arIse wh en NaBH4 15 used. In tIns latter procedure 

the lactone 15 taken up ln methanol, sodium borohydride lS added followcd 

by neutralliation wlth cation exchange rcsin. The solutIon 15 recovered an~ 

cvaporatcd several tlmcs with methanol to ,removc borate as mcthyl horate, 

leavlng as a resldue the mono-~-lsopropylidene derlvatlvc ln almo5t quantItatIve 

YlClù. lIyùroly~ l, 2-~-lsopropylidene-a-~-g lucofuranose-6-1 3C th en yI elds 

13 
~-glucose-6- C dlrectly. k-Idosc howcver cannat he isolated from the analogous 

hydrolyzate of l, 2-2..-1sopropylldene-r~-k-idofuranose due t<? the preponderant 

formatIon of 1,6-anhydro-a-k-ldose. ThIS latter compound is fftvourcd Slnce the 

2,3 and 4 hydroxyl groups are aIl equatorial as opposed to an a11 axial Jr

rangement in the free sugar. The resulting 6_ 13e labelled compounds and their 

various derl vatlves proved usefu 1 in the Investigat lOns of .Je _II j n structures 

where the ne atom f.rmcd part of a nng, as weIl as in studles of conformation-

ally moblle systems. 

The second reactlon scheme -(Scheme 2) pertalns to the synthesis of 

b-- h-w,l t . h d th 13{, h ' car o .. ,tira e<; enri c e Wl , ln t e one pOS I tlon. ThIS scheme again involves 

Increasing the chaIn lcngth of an aldose by the cyanohydrin reaction. Since 

the de~lrcd end products werc glucose-I-1 3C and mannose-I_1 3e derlvatives, 
" ! 

n-arab~losc was uscd as the startlng material. As was the caSe wlth the 
\. 

prey io~'s 1 y de scnhed scheme, the proportion of cpimers produeed upon cyamde 
.... 

additlon to the aldose depends upon the reaction conditioas (6a). It was 

found that the best ylclds were obtalned when the reaction was carried out under 

mlldly'baslc conditl0ns.whlch were malntained by the adait10n of calculated 



• 

h:.;' 1 

• 0 

..... 

,"'1_ 

Q 

" 

/ ,~ 

,1 

, '" 

'1 

'~ 

H.OH K'3CN 
:> 

H'~t=NH 
HO H 

OH 
D-ARABINOSE 

CHf:>H 

. ~H >~ -HO 
... 

OH 

l BH:3\T~F 

H OH 
H OH 

CH;OH 

« 

.: W 

-,. 

Q OH 't-,H,OH 
HO 

OH 
13 .. 

D-GLUCOSE-1- C 

o 

HO 
HO t 

'b~ 

H OH 
H- H 

CHj)H 

<) 

c 

~ 

ii~)2Ba" 
HO H 

H OH 
. -'H 

CH20H 

"'" 

SCHEME" 2 

a 

I:J. 

" " \ 

"'" 

( 

~--~ ~ 

~ HO H Hf OH 
H OH 

oH OH-

CH20H 

~()()1 

HO~ HO H 
H H 
H H 

CH20H 

~l ,-./ / 
CH20H 

HO~ - C1-1 OH'b:o ," 

.1 BH3\THF 

.~ .. OH 'X; ........ 'iOH 
HO ' 

13 
-,.' 

o ·M ANNOSE -1- C 

" 
" 

• 
'" 

'" 

~'-<. 

C> 

~ 

'1 -10 

Q 

'" 

., 



, 

';' 20 -

~ 
amounts of NaOH and NaHC03 to the reaction mixture. The reaction was essenti~lly 

. 
completë within 

, 
48 ~urs after which time hydrolysis to the glyconic acids 

was c:arried out by heating the solution gently in a stream of aIr in order ta 

drIve off the ammonla produced. Separation of the epimers was agaln based' ~ 

on the different solubility patterns of ,the barium salts of the two glyconic 

aC\ds. The barium salt of gluconic acid crystallizes quite readily as the 

trihydrate whereas the corresponding" salt of mannonlC aCld does not crystallize. 

Consequently. prior removal of cations from the reaction mixture by means of 

ion exchange reSln followed by neutrali~ation with barium hydroxide afforded 

barlUffi ~-gluconate tri hydrate as a crystalline material. 

ReductIon of aldonlc aClds ta the corresponding aldoses takes place 

through the lactire and not through the free acid. ~-Gluconic aCld is known 

to form two lactones; the five-membcred ring gamma (y) lactone and the 

six-membered rIng delta (6) lactone. The product obtalned depends upon 

temperature, solvent, concentration and the presence of seed crystals. Crystal

lization of the d~lta lactone can be obtained ln near quantitative yields by 

a slow concentratIon of a methyl ccllosolve solution of gluconic aCld. D-Man-

nono-l,4-lactone can be Isolated directly from the mother liquor of the 

barIUID gluconate preparation by passing this solutIon over a cation exchanse 

column ta remove positIve lons.and evaporating the effluent. Crystallization 

of the lactone, inguced hy seeding, then proceeds readily. 

The reùuct lon of the aldonoiactone to the a lùose l S • tradl tionally 

the most JI ffIcul t step of the rcact'lOn sequence due to the possibill ty of over-

r~ductlon to the aldltol. Consequently this reduction was examined in detail 

in order ta maximlze the Ylelds. and 1S discussed extensively in Chapter 5. This 

investigatl0!1 resulted ln the development of two novel techniques for the 
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• rcduction of aldonolactoncs to aldoscs: reduction hy borane and reduction 

by mcans of a mixcd hydridr (LIAlI14-AIC1 3) rcagcnt. Both of the se techntqucs 

afforded hlghcr yiclds than rcduction with sodIum amalgam or with s~um 
borohydridc under acidic condItions, the classical mcthods for conversion 

of aldonolactones to aldoses. 

Scheme 2, then, leads tb compounds in WhlCh the stereochemistty 

about 13C1 is known and can be variad. The l3e_lH coupling constants derived 

" 
From these compounqs played an essential role in elucidating the stereo-

chemlcal nature of this type of lnternuclear coupling. 

1.6 A comment on the literature dealing with l3c_IH coupling 

At the beginning of this study, and during most of lts experimental 

h h 1 · 1 . 1 ( 5 ) l3e IH l' . 1.-h d p ase, t ~re was on y a s1ng e artlc e on - coup 1ng ln carvu y rates. 

However, substantia1 data were available for other classes of compounds -
<> * 

alkane~, alke!les, and 'deri vati ves - and various characteristics of Je_H had 

• 0 
been lntenslvely explo~ed. A1though structural analogies are not a1ways 

easi1y drawn between such mo1ecu1es and the sugars, an attempt h~s been made 

to assess the current findings in this broader context, and hence a1so to 
~ 

h . f h Il l' l3e IH 1 . present a compre enSlve treatment 0 t e overa lter,ature on - coup lng. 

1 J. 

/ 

* " Most of these are relatively simple molecules and, as neat liquids, could 
be 'exarnined adequ~tely weIl with the instrumentation then available. 

; 
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2.1 Introductory remarks 

As mentioned previously, experirnental measurernent of directly 

bonded 13C_I fI coupling constants ClJC_Hl is relatlvely facIle ln comparison 

2 3 
wlth thc analogous mcasurements for geffilnal C J C_H) and VICinal ( J C_H) 

13 l coup11ngs bctwecn the C and Il nuclcl. .. The flrst compIlatIon of <;uch data 

was achlcvcJ by Lautcrbur (7) who notcd that thcre was conslderahle varIatIon 

ln thlS parameter rangmg from 120 Hz for the rnethyl carbon-hydrogen coupllng 

ln tetramethylsllane to 208 Hz for the correspondlng coupllng in bromoform. 

1 and that ln general JC_H Increases with decreasing magnetic shieldlng of the 

proton. 13 1 
It thus appeared likely that sime relatlonshlp between C- H 

coupllng constants and bond polarity or hybriJlzatlon exists. lResearch in 

thlS arc a has focused on the preceding concept with investigators attempting 

to correlate the observed couplings wlth various parameters assoclated wlth 

th~ carbon-hyJrogen bond. Such rescarch has a dual goal: to Investigate the 
1 

1 potentlal of .Je_H ,\S an index of any of these parameters ~nd to use the 

measured couplings to gain informat1on about the nature of chemlcal bondlng 

by comparlng the experimental values to theoretically calculated ones. Corres

pondingly, for an in~depth analysis of directly bonded 13C_IH coupllngs it 

is most fltting to begln with a discussion of the results that have heretofore 

been accumulated conCernlnglJC_H~S an index of hybrldizatlon. 

2.2 1 
~-H as an Index of hybridization 

"-The findlngs of Lauterbur reported above were not, totally unexpected 

Slncc Karplus a~d Grant had already suggested in 1959 (8) that electron coupled 

nuclear spIn interactions when interpreted in terms of the theory of localized 

electon pairs, could conceivably serve as a measure of the extent of orbItal 
. 

hybridization and bond polarization. Consequently, Muller and Prit~hard ' 
" . 

• 
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1 examined the J
C

_
H 

parameter theoreticalfy (9) using Ramsay's formulation 

of the expression to calculate coup1ing constants (10). Ignoring terms other 

than the Fermi conta;t interaction (11), the investi~ators formulated the 

expreSSIon: 

where a and b are the coefficients of the hydrogen 15 and carbon 25 atomic 

orbitals,rcspectively,used to describe the two-center rnolecular orbital 
, 

encompassing the nuc1ei in question. Inherent in the above expression is 

the notion that the percent "5" character of the carbon orbltal invo1ved in 

13 l the bond under consIderatIon is proportional to the dlrectly bonded C- H 

foUpling constant. 

\ This reiatiqnship can be demonstrated in a general manner by 

onsldering acetylene, ethylene and ethane which show coupllngs of 248.7, 

125.0 Hz, respective1y (3) (12), parallelling a decrease in "5" ,. 

(Fig. 1). 

HCeCH 

./. "s" C HARACT ER 

FIG. l Plot of IJ versus \ "s" character in 
methane, e~fi~lene and acetylene . 

,. 
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• + 
It can also he noted that ca~bonium Ions such as (CII

3
)lll ShF SCl (13) 

produce d:2rectly bonded éouplings ('V168 Hz) which are consistent with sp2 hybridlZ-

ahon (i. e. 33% "5" character) for the central cl!!bon. Such a relationshlp 

is reasonable If the coupling lS Indeed adequately described by the FermI 

contact mechanism. This mechanism predicts that the magnitude of the inter-

13 actIon between a C nucleus and an adJacent proton depends on the probability 

of fIndlng the bonding electrons at the two nuclel in question (11). Since 

an e1ectron ln a pure "p" orbital has zero probabili ty of being found at the 

nucleus, whereas "s" electrons have a finlte probability, it would scem plaus-

lble that the coup1lng should depend at least tD sorne extent on the state of 

hybrldlzation of the carbon atome 
~ 

1 Further theoretical support fOD the" J C_
H 

- percent "s" character" 

re1atlonshlp was provlded by Muller (14) as weIl as by Juan and Gutowsky (15)(16) 

1 who used valence bond theory to show that at least for hydrocarbons J
C

_
H 

was 

explicitly dependent upon the "s" character of the carbon atom and was relatively 

insensitlve to the degree of polariz~tlon of the carbon-hydrogen bond. Other 

calculatlons, uSlng only the contact contrIbution according to the molecular 

orbItal theory. of Pople and Santry (17) and energles generated according to 

" extended Huckel theory (18) a1so showed a correlatIon between percent "s" 

- 1 
~haracter and the measured J C_H' Reasonable correlations were a1so obtained 

using the Linear Comblnation of Atomic OrbitaIs - Self ConsIstent Field 

Molecular Orbital (LCAO-SCF) theory (19)(20). Randic et~. (21) employed the 

"maximum overiap method" to develop the expression: 

= 

a2 2 
C '. a H 

2 where. a is the "s" character of the" bonding orbitaIs involved in the. 
l 

\ , 
.) 
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carbon-hydrogen bond and SIS the over 1 ap Integral. The "maXImum ovcrlap 

method" of calculatl0n Involves a search for the optimum hybrid coefflcIcnts 

ta make a sUltably weighted sum of bond overlaps maxImal. It can be shawn 

that when varIations ln bond overlap are neglected, the above expression 

reduces to: 

= 

The proportianality 
13 1 

of dlrectly bonded C- H coupling to percent "5" 

character is evident in the above relationship, which in turn concurs with 

the prev10us proposaIs of Muller and Pritchard (9) and Juan and Gutowsky 

(15) (16). 

lt has also been suggested, using lI{lckel M.O. theory, that thc dlrectly 

bonded 13C_
1

U coupi ing 15 proportional to the square of the bond order of 

the C-H bond (22)(23). Bond arder can be described as: 

occ 
2 E al b i 

i lsB 2s C 
p = 

where a and b are coefficients of the hydrogen ls and carbon 2s orbitaIs 
sH Sc 

in the lth molecular orbital. 

In virtual1y aIl of the theoretical calculatlons mentioned above, it 

has Deen tacitly assurned that the Fermi contact term is the sole contributor 

to the couplIng. Indeed, thlS assumption has been questlOned by sorne (24). 
, 

For examplc, lt IS known that a C-D bond is shorter than a C-H bond hy about 
o 

.005A" (25). Thercfore,the carbon orbitaIs associated with the C-H bonds in 

CII 2()X should have less "5" character than in Clll. Howcver i t i 5 found that 

1 
J C_II for CH2DBr 15 about 4Hz larger than the corresponding coupl ing in CH

3
Br (24). 

A possihle explanatlon 1S that the FermI term is not the only contributor to 

the coupl mg. By contrast, Murray (26) has shown that deuteratlOn docs not have 

1 
a large cffcct_ on J C_H: e.g., the methyl carbon of toluene shows a coupling 
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of 12<> Ilz ln compunson to 12S.4 IIz for the part1ally deuteratcd analog. 

Thl~ latter rcsult is corrohoratcd hy flndlngs ln the present study. The 

13C -II couphng ln 1 ,5_anhydro-~-glucitOl-1-13C-l-~' was measured and was not 
1 1 

found to deviate s1gnificantly from the 13C_IH coupling in methano1, both 

coupllngs belng 141 Hz. 

13 
l,5-Anhydro-~-glucltol-l- C-l-i 

Nevertheless, the concept of coupling between l3C and II! nuclei being deter-

mined only hy the Fermi contact term must not be accepted as dogma and the 

possible contributIons from other coupling mechanlsms must be recognlzed. 

2.3 Sorne applications of the hybndi zation model 

1 The possIble calculation of hybridization From J C_H intrigued 

many chemists since It provided a method of investigating the nature of bonding 

in many unusual systems. Cy~lopropencs, were studied for example (27), and 

1 t was found that for 3, 3-dimethylcyclopropen~ (~ the measuréd value of 220 Hz 

corresponds to 44% "s" character in the exocyclic carbon orbItal. 

H A 
H 

Therefore, cyclopropenes appear to be more closely related to acetylenes than 

olcfins. This i5 in fact evidenced by th. relatively high acidity o~ the 
~ 

, 
( 

'; 
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vinyl protons in this comp~~nd (28). A study of tricyclo "[4.1.0.0. 2 ,7] heptane 

(~) reveals a coupling of 200 Hz for the protons indicated below (29). 

B 

This coupling corresponds to about 40% "5" character for the 

exocyclic carbon orbital. Again. thi s remarkably high degree of "5" character 

leads one to expect unusua1 acidity; "indeed, this hypothesis is verified since 

the compound reacts readily with n-butyl lithium. 

the coupling between 13C1 and Hl is 179 Hz (30). 

1 
In compound~, J C-H for 

Again, it is evident that the bridgehead carbon atoms have extra-

ordinarily high "s" cha'racter. A systematic examination of the variation of 

1 
Je_II with ring size (31) reveals that the coupling varies directly with the 

c-c-c interatomic angle, and eonsequent1y when dealing only with hydrocarbons 

this angle can be derived from the measui:'ed eoupling. Agreement is good, 

cspecially if interorbital instead of interatomic bond angles are used (32). 

A similar si tuation persists wi th cyelie olefinic systems (33). the olefinic 

1 
Je_II being inverse Iy proportional to the C-C-C interatomie angle. This 
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relationship ~s maintained for heterocycles if the heteroatom 15 kept constant 

(34), although the curve is displaced depending on the nature of the hetero~tom. , 
In general then, when dealing with hydrocarbons a correlation between 

l 
J C_H and angular distortIon 15 eVldent (34) (35). The more strained the molecule 

under consiJeration, the largcr the observed coupling (see Section 2.10). 

The structure of Gngnard n'agents has becn the subject of speculation 

for a long t~d consequent! y prompted examination by NMR. The directIy 

bonded coupling cj{>nstant in CHfigI was found to be 108 Hz (36) WhlCh corres-

d t h b . d' t . of . 8 1. 2 th b' h f th pon 5 0 a y rI Iza Ion s pere y glvlng a roug measure 0 e 

. degree of lonization of the C-Mg bond. If 10nization wcre complete, the 

1 

coupllng should not be influenced by the nature of the metal atom. Howcvcr 

CH
3

Li shows a coupling of 98 IIz (37) lndicating a bonding character different 

than ln GrIgnard reagents . 
..... 

2.4 Electronegativity ~ffects ... . 
Calcu1atl0n of percent "s" 1 character from J

C
_
H 

15 an obvious ex-

tensIon of the relationship discusscd above. It must be recognjzed, however, 

1 
that whcreas thlS relationsh1p 15 folfowcd for large changes ln J e_H as 

3 2 ( in'going from an sp to an sp hybrldlzed carbon atom, it daes not necessari y 
.-... l 

~pply for the smaller changes ln J C_H b~ought about by electronegative 

substitutIon. The directIy bonded 13C_l~ couplin~ constant is known ta vary 

with the electronegativity of the substitùent (7)(38)(39) as is evident 

in Table 1. 
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TABLE 1 

1 "' Variation of J C_H with electronegative substitution 

Compound 

CH4 

CH3NH 2 

. t CH3SH 

CH3CN 

CH30H " 

CH
3

NO
Z 

CH
3
Cl 

CHZ (OCH3) 2 

CH 2C1 2 

CHC1
3 

C~-7H2 
N 
1 
H 

1 
.2c-H (Hz) 

125 

133 

138 

138 

141 

147 

150 

162 

178 

209 

169 

( 

171 

176 

At 

Reference 

38 

38 

, 
38 

41 

38 

42 

38 

38 

43 

43 

43 

Since, as previously mentioned, these differences cannot be fully 

. rationalized in terrns of bond po1arity (14)(15), the hybridizati'on approach-must 

be examined again. It is genera11y recognized (44) that replacement of X in 

13 the structure H- C-X by a more electronegative group causes the carbon atom 

to rchybridi ze ln such a manner as to increase the "5" character of the 

15 C-ll bond. In other words, this replacement increases the effective electro-

" negativlty of the carbon towards the hydrogen atom -and since electronegativity 

'-
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of an atomic orbItaI i 5 expectèd to increase 'with "5" content, the carbon 

atom is rchybridized in such a manner as ,to increase the "5" content of, 1 ts 

orbital wlth H. This rchybrldlZat10n 1S accompanied hy a commensuratc <;hortcn-

13 1 lng of the C- Il bond and has 1ed to the developmcnt of expressions relatmg 

. l 
bond lcngths and c1cctronegativity to J C_H' Examinatlon of the availab1c 

o 
experimentai data, for example, has led to the following empirica1 relationships 

(45): 

r(C-H) -4 1 
= 1.1597 - .4.17 x 10 J C_

H 

and 1 J C_H = 22.6 Ex + 40.1 r(C-X) + 5.5 

where r(e-II) and reC-X) represent bond lengths and Ex is the electro-

negatiVlty of the su15stltuent X. 

These relationshlps sccmcd promlslng Slncc thcy afforded data for 

bond angles, bond 1cngths and electronegatl~lties from direct1y bontG: coupllng 

constants WhlCh, at 1east for sImple compounds, are readlly measurable. Never
• 

theless, great care must be taken in the application of such relatlo;ships. 

For example, if an attempt is made ta predict bond angles in this manner it 

must be recognized that interorbital angles are not necessarily equa1 ta inter

atdm'ic angles, that is, thé possibili ty of Dent bonds must be apprcciated'. 'Using 

the above equation for methyl halides, the percent "5" character 1S ca1culated () 

to be 30%, which glves an interorbital angle of 102 0 for the H-C-X bonds in-

stead of the experimenta1 value of 107°. Furthermore, as will become apparent 

later in thlS chapter,clectronegativity effects are not the sole determinants 

1 
of J C_H; lone pair effects, steric effects and substituent orientation 

effects can aIl play vital roles. In the light of these aspects, aIl results 

relating to bond leng~hs and electronegativities derived from directly bonded 
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carbon-hydrogen coupling are best recognized as approximations. 

1 VarIatIons ln J e_H due to electronegative substItution have also 

been examlned in aromatlc systems (46). These systems are particularly amenable 

to su~h a study Slnce the transmissio~ ot elect\on1c effects can be pronounced. 

Examination of various ring substltuted toluenes shows that the methyl carbon-

hydrogen coupling varies with the e1ectronegativity of the substItuent. In-
$ 

tuitively, the substItuent should modify the e1ectronic structure of the 

" l m01ecule and Slnce Je_II a150 shou1d be dependent upon thlS factor, a relation-

~ _________ Shlp can be expccted. The Impact of electronegative substitution on the ------------f' ' 
ulrcctly ho~d~flrogen coupllng is further dcmonstrated by plots of 

-----.~----
1 -. - -------. 

the Hammet (T constants versus J e _
H 

of th~oup for compounds D, l:, 
. - -------------. --

and I::. (46). 
ÇH3 

CH-C-CH 3 3 

o X E 

------------------

x x 
F 

The above mentioned plots 1ndicate a dIrect proportlonality between 0 and , 
1 - 1 
Je_II for the meta and para derivatives. If one regards J

C
_H as a functlOn 

of "s" charactcr and effectIve nuclear charge, (see Section 2.6) one must 

concluuc that th@ coupling constant 15 a function of the clectronegatlvity 

of X ..,ince both of thcsc parameters are related to the elcctronegatlvity of X. 

For clcctron releasing groups (G ncgative) , the effec\ive e1ectronegatlvity 

of the wholc rIng 15 reduced ànd J is deèreased. The slopes of the plots 

should accordlngly be a measure of the efficiency of transmission of ~lectronlC 

effects. In the particular case above the se slopes are in the order E > F > D 

resulting probably from over,lap of the nitrogen or oxygen lone pa1r$ with the 
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aromatlc system. 

Slnce the aforegoing trend? ap~ u~ually discussed in terms of the 
1 

variatIon ln "5" character it is desirable to have an ~ priorI calculatioq of , 
'; 

this parameter to compare with values derived from coupling data. Such an 
~ 

approach haS' been taken by Goldstein and Hobgood (47) who calculatcd "5" character 

using the method of maximum orbital overlap, and found good agreement with the 

corresponding data provided by coupling constants. Essentially the caiculation 

of maximum overlap shows that replacenrent of H by, for example, halogen tends 

to favot the 

ance for the 

C2 orbital po 

C2s orbltal. 

in the C-X bond and that H exhibits a marked prefer-
. -

It 15 noteworthy that the caiculations Indicate 

that the halogcn orbitaIs are not purely p orbitaIs but that they also have 

sorne "s" charactcr (48). Inclusion of these "5" characteTlstics of the halogen 

orbitaIs does not change the overall agreement. 

l ---_____ ~_T~~~tion of JC_H w1th electronegat1vity of substituents 

is reproduced in the present study encompass1ng carbohydrates. As i5 obvious 
1 

1 from the examples cited below, J C_H increases with 1ncreasing electronegativities 

of substituents~ 

H 

HO AcQ HO 

0 0 
R o-e .... CH:! H o--C .... C~ 

'CH 'CH 3 3 
1 143 Hz 

l 149 J
C

_
H = J

C
_
H = Hz .1J = 168 Hz 

C-H 

H 

HO ACO 

• OH 

1 = 169 Hz J
C
_

H 
l J e_

H 
= 117 Hz 
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;. 
This general increase however is modulated byuvarious stereochemical aspects 

of the molecules involved, as will become evident in later sections., 

2.5 Additivity relationships ; 
-~. 

~he variation of IJC_H with electronegative substitution prornpted 

attemps to find additivity relationships for directly bonded carbon-hydrogen 

coupling constants. Malinowski (38) examined substituent additivity' eff~cts 

in compounds of t~ype CHXYZ and forrnulated the relation: 

where'the SIS are coupling components for various substituents d~termined 

", 

empirically. This relationship leads to reasonable ag~eement with cxperirnent as 

is eVldent from the representative exarnples in Table 2. 

relationships for 
1 (38) TABLE 2 Additivity J C_H 

Substituent S (Hz) 

H 41.7 

" Cl 1 68.6, 

Br 68.6 

1 67.6 

OH 59.6 
""" 

\ 

C6HS 42.6 

CH3 42:6 

C(CH3b 38.6 " 
,1 

continued 
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Table 2 (cont'd) 

Compound 
1 . 

(cale.) IJ 
..!!c,..H Hz (exp. ) Hz -CC-H) 

C6H5~2C6H5 127 127 . 
-.J 

fH2Br2 179 178 
-' 

CH3f.HZI 152 '149 
+~) 
+:l 

~H212 177 173 

f,HC1 3 
.> 206 209 

(CH3) 3CfH20,H 139 132 

To i11ustrate, the value of 178 Hz for dibromomethane is arrived 

at by summing the sUDstituent effect% of hydrogen, bromine and bromine, i.e., 

41.7 + 68.6 t 68.6 respectively. In general, the substituent cffects depend 
1 

Oh the first atom of the substituent and decrease in the order X ~/O > N > C. 

'A simi1ar re1atlonship was arrived at by Juan and Gutowsky (16) accompanied 

by a theoretical justificatibn. Other relationships were subsequently found 

for aldehydes (49)(50) and heteroaromatics (51). An increase in coupling 

wlth increase in substituent electronegativity is also seen with aromatic 

compounds (52) but no additivity relation is evident. 
'" 

+4 

-3 

+7 

It was soon realized, howeve~, tha! the Malinowski type rèlationships 

do not hold equal1y weIl for aIl compounds; considerable deviation occurs 

when one or more of the substituents attachedis highly electronegative, as 

can be seen in Table 3 (40J(42). 
,0 
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1 
TABLE 3 - Deviations from additivity re1ationships for J C_H 

~ 

Compound 
1 
--4:-H (exp. ) Hz 1 

..lc-H (cale.) Hz 

f,Hl2 185 173 

f,HF 3 238 197 

fHFC1 2 
220 203 

f.H 2 (OCH3)2 162 ' 155 

f,H(OCH3)3 "". ... 186 170 

t. 

+12 

+41 

+17 

+ 7 

+16 

The possibi11ty arises that the lone pa1rs on the substituent in 

question play a role in determining the extent of coupllng (41). This can 

be visua1ized in valence bond terms as contributions to the ground state of 

the molecule of structures such as below: 
+ 

* H-C-H 

~- " 
This structure 1eads to an increase in "s" character of the carbon and conse-

•• 1 
quently a larger coupling than predicted is observed. According1y, Douglas (53) 

and Ma,inowski u himse1t (54) modified the additivity reiatlonship to inc1ude 

possible pairwise interactions; 

= 125 \ + 

= number of X substituents 

f(X) direct substituent effect 

= number of interactions 

g(X,Y) = interaction effect 

Both the direct and the pairwi$e interaction effects were obtained empirica11y 

and lead to good agreement with experiment. The pairwise interaction concept has 
, 

( 
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also received theoretical support (41)(55). Table 4 lists these effects as 

weIl a~ the results obtained fQr the compounds of Table 3 hy taking palrwise 

interactions into account. 

TABLL 4a'\ - Di rect and p'lirwi se interaction 
in disubstituted methanes 

Di~ct effect 

x 

F 

Cl 

iQl Hz 

24 

25 

15 

o 

1 effects for the calculation of J C_
1i 

" Intetnction effeet 

x y g(X,Y) Hz 

F F 13 

F Cl 9 

6 

TABLE 4b - Calculation of 1JC_H by additivltyre1ationships taking pairwise sub
stituent interactIons into account 

Compound 

, f,Hl2 
fHF3 

fHFC1 2 

fH'2 (OCH3) 2 

IEH(OC~)3 

1 
(cale.) ..le-lI Hz 

186 

236 

220 

161 

188 

1 
(exp. ) .1.c-H Hz 

185 +1 

238 -2 

220 o 

162 -1 

186 +2 

The contrastin the 6 values between Tables 3 and 4b affirms the notion that 

factors other than substituent e1ectronegativitles tan influence the extent of 

coupling between the carbon-13 and hydrogen nuc1ei even in simple substituted 

mcthanes. Other re1ationships taking pairwise interactions into account also 

have been dcrived (56), but those for alkenes are not promising (57). It has 

• been suggested that ~ electron contributions may account for the differences 

'" in this case. " 
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2.6 EffectIve nuclear charge 

Although lt is~generally accepted that correlations exist between 

hybridizatlOn and 1 J C_W there has been controversy as to whether or 'not hy-. 
brldlzatlon lS the maIn factor determlning the extent of observed coupling. 

Sorne of the problems assoclated with ascr1bing electronegatlve substItuent 

effccts ta rchyhrldizatlon have already bcen described. One knows, for 

1 examplc, that although .JC_H ln methyl halides 1S about 25 Hz larger than in 

a methanc, the bond angles do not show the necessary rehybridlzatlon. Similarly 

2 
~me sp syst~ms 

whcreas 122 0 IS observcd cxperimentally (50). Attempts ta account for thlS 

such as fluoroformaldehyde would require an angle of 108 0 

deviation uSlng de16callzed MO theory (58) proved to be unsuccessful. 

In view of such anomalles~ Grant and Litchman proposed (59) that 

the determlnlng factor was in fact the so-called "effectl ve nuel ear charge" 

and formulated the relatl0nshlp: 

.. 
\ 

where 6 IS the average excItatIon energy (WhiCh should not 

vary greatly for'C-H bonds) 

N IS the bond normalizatlon constant 

2 
a is the parame ter which is dlrectly proportional to 

the "s" character 

Z 15 the effective nuclear charge 

Thi~ cquatlon relates the coupl1ng constant in the Kth bond of a substituted 

methane to that in methane ltself. The effective nuclear charge is essentially 

dctcrmlncd by the screening effect of the electrons. If the electrons are 

withdrawn, the hydrogen "sees" a larger charge at the nucleus. Grant and 
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3 Litchman calcul~ted (ZK/Zcn) from hond dipole moments (Table 5). 
4 

TABLE 5 - Effective nuclear charge in substituted methanes (59) 

Compound Effective nuclear charge on carbon 

CII4 1 

Clll 1. 213 

CHl2 1.454 

CHF
3 

1.72S 

If the excitation energies and N are assumed to be constant, it is evident 

that variations ln the effective nuclear charge can account for varl~tions in 

1 J
C

_
H 

and that it is n~t necessary to invoke large changes in hybridl~ation. The 

MalInowski 

changes ln 

additivity parameters may allso be explained by addItive incremental 

3 (ZK) for a substituted carbo~ atom. 

LunaZZI and Taddei have also shown that 1.JC_H is proportiona1 to the 

effectIve nuclear charge both of proton and carbon (60) and suggest that the~c 

can be derived from th0 coupling constant. Neverthe1ess, t~ assumption of 

constant excitatIon energy. which is vital to the "effectlve nuclear charge" 

argument, h~ been criticlzed (61)(62). In fact, it has been demonstrated that 

6E is not necessarily constant; the larger the number of substituent atoms, . , 

the smaller the excitation energy (Table 6) and consequently the larger the 
~ 

couplIng . 

'" 

a 



----------------------')----------------.~~--------~--

• 

- 39 -

TABLE 6 - ExcitatIon energies ln substltuted methanes (63) 

Compound 

CH
4 

CH
3
F 

CHl z 
CIIF

3 

Excitation energy rel~ive to rneth.nc (Ex/ECH
4

1 

1 

0.78 

0.54 

0.45 

On the other hand, there exists theoretlcal support for the effective 
/' 

nuclear charge concept (63)(64) as weIl as the following experimental evidence 

(65). If the coupIlng constant represents in some manner the character of 

1 
the valence electrons from a hybridl zatîon and energetlc viewpoint, it should 

correlate wl,th the force constant "kil for the bond, which is also a measure 
1 

of such interactions (66)(67). The force'~ be derived from Infrared 

data. Such a correlation has·in fact been. demonstrated at least for C~3F, CH
3
Cl, 

CH3Br, CI{3I and for the methylene gr~ps in cyclohexane, cyclopentane, cyclo

butane, propane and ethylene (68), as weIl as for (CII 3) 4X where X = C, Si, Sn 

and Pb (69). The orbital contributlOns to the force constant have bcen examined 

theoretically (65) and it was found that a varIatIon in fractional "5" charactcr 

of the carbon orbltâflto hydrogen'does not, of itself, lead to a slgnlficant 

variation in "k". The force constant, however, does inc/ase with increaslng 
, 1 

ionic character of the C-H bond. The good correlation between k and J
C

_
H 

is thetefore a form of experlmental support for Grant and Litchman's treatment. 

A correlation of IJC_lf with group electronegativities (70)(71) 

(e.g. c"-lICl, CHCl Z' CC1 3 groups) ln substituted methanes (72) has been 

demonstrated. Slnce the calculation of group electronegatlvities does not 

necessltate changes in the hYb~dization of various atoms it is again 

t 

r 
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cvident that lt is possible ta account for the VRnatlons in 1JC_1I wlthout 

invoking correspond1ng changes in the hybrrdizati9n of the carbon atom. 

AIso, the fact that IJe_li ln CHC1 3 increases w1th an increase ln the 

extent of hydrogen bondlng (73)(74), I.e., with increaslng bond length, would 

not favor the hybrldlzatlon approa~h. 1 Slmllarly, J
C

_lI ln CH3Cl l~ 148.6 Hz 
" 

for the nCJt IlqUld and 147.5 Hz for the vapour (75), agal~ Implylng that 

the coupllng IS larger ln the associated state where the bond is longer and 

15 consequent ly beheved to possess less "s" character. 

It lS important ~o note,howeve~ that the effective nuc~ear charge 

and hybrldlzatlon effects are not completely separable Slnce orbital electro-
... 
negativ1ty (70) 1S dependent on the "5" character of a bond. In other words, 

changes ln hybrldization can also bring about changes ln Z. If a halomethane 

lS consldered, increasc ln "s" character in the hydrogen bonding orbItal 

of the carbon WIll result ln a decrease in "s" character and ciectronegativity 

of the hondlng orbItal towards halogen, thcreby incrcaslng the posItive 

charge on the carbon. 

1 t 15 ObVIOllS that at present no conclusive theoretlcal interpretat ion 
1 \~ 

of ,J
C

_lI lS available. It seems that the "s" character approach IS sUltable 

for simple hydrocarbons,but for substltuted compounds (76) the computed IJC_II 

1S substant lally more sensi ti vc ta suhsti tuent variat ion than the "s" charactcr 

approach would indicate. It may therefore be possible to observe large sub

stituent effeQits wlthout large variat10ns in "5" charact~. Although both "s" 

character and "effectIve nuclear charge" approaches to the Interpretation of 

the cl l rcctly bond cd coupl ing constant can be useful it must again be emphasized 

th,lt ne i ther of thcsc factors alonc dctermlnes the cxtent of obscrved coupling. 

1 

,1 
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The various factors dealt with later ln this Chapter must always be takcn wto 

account a,> wc Il. 

13 1 2. 7 Stereochemlcal aspects of duectly bonded C- H couphng 

13 1 
III rectly bonded C- H coupllng constants wcre rcadlly measured 

.. 
41 

from the pro~on spectra of many of the enrlched carbohydrates and these values 

are lIsted ln Table 7. As an lilustrative example of how these couplings 

were obtaIned, FIgure 2 depicts the 220 MHz pmr spectra of 1,2-Q.-iso

propylIdene-3,S,6-tri-O-orthoformyl-a-Q-glucofuranose and that of its 6_
13

C 

analog. For thlS compound the directly bonded couplings are easily measured 

since the relevant l3C satellItes arc Llearly identIfIable ln the lower spectrum. ,. , 
\ 13 

Such 1S not always the case, especlally for the 6- 'C derlvatIves; often 

one of the 13C satellItes 1S masked by other ptoton absorptions thercby 

preventlng the measurement of the separation of the satellItes. Even ln 

these instances it lS sometirnes possible to obtaln the coupling constant from 

the spectrum by measurlng the distanc~ between one satellite and the central 

absorptIon due ta non-enriched material and equatlng this distance to 1/2 IJC_H' 

In thlS procedure It must be recognized that the central absorptIon lS not 

necessarily exactly ~alf-way between the satellItes duc to a possible isotope 

Shlft (77)(78) (79). In other words the chernical Shlft of a proton appended 
'If 

to a 13C nucleus 15 slightly dlsplaced from the shlft of thlS proton when , 
12 attachcd ta C. AlI such Isotope effects were measured ta be less than 1 Hz 

ln the present study and consequently are not a source of sIgnlficant error. 

LxaJlUnatlon of 
1 

the values for J C_H ln Table 7 along wlth the ob-

servatIons of Bock et ~. (80) 1ndlcates that there 15 a d1fference between 

the observed coupling at the anomeric centre ln the a, as compared with the B 

serIes. In aIl cases the a, or equatorial proton, eXhlb~ a coupling with 
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TABLE 7 - Direct1y bonded 13C_1
H coup1ing in enriched carbohydrates 

Compound 

1.2-Q:Isopropy1idene-a-~-g1ucofuranose-6-13c 

1.2-~-Isopropy1idene-3.5,6-tri-~-acety1-a-~-glucofuranose_6_1 3C 

1,2-~-Isopropy1idene-a-~-gl~cofuranose-1-13c 

1,2-~-Isopropy1idene-3,5.6-tri-~-orthoformy1-a-~-g1ucofuranose-6- 13C 

1,2-~-~sopropy1idene-3,5,6-tri-Q-orthoformy1~a_~-glucofuranose-1- 13C 

1.2-~-Isopropylidene-a-~-glucofuranose-6-13c periodate complex 

1,2:S,6-Di-Q-isopropy1idene-a-~-glucofuranose-6-13c 

l, 2: 5.6-Di-O-isopropy1idene-a-D-g1ucofuranose-1-13C - ~ 

l,2:5,6-Di-O-isopropy1idene-3-0-acety1-a-Q-glucofuranose_1_13C 
, - --

l,2:5,6-Di-~-isopropy1idene-a-Q-ribohexofuranose-3-u1ose_1_ 13C 

l,2:5,6-Di-Q-isopropy1idene-a-~-ribohexofuranose-3-u10se (monohydrate)-1- 13C 

l,2:~,6-Di-O-isop~opy1idene-a-~-a11ofuranose-1-13C 

1.2-Q-Isopropy1idene-B-k-idofuranose-6-13C 

l,2-0-Isopropylidene-3,5,6-tri-O-acety1-p-L-idofuranose_6_13c 
- - = 

.. 

2,3:5,6-Di-O-isopropy1idene-a-Q-mannofuranose-1-13c 
\ 

2,3:5,6-Di-Q-i90pro~lidene-1-~-acety1-a-~-mannofuranose_1_13C 

~-

e 

1 
J C_H (±! Hz) 

143, 143 

148, 148 

184 

148, 154 

184 

148, 153 

148. 149 
~ 
N 

183 

183 

180.5 

186 

183 

143, 143 

148, 148 

174.5 

181 
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Compound 

13 a-Q-Glucofuranurono-6!3-1actone-1- C 

13 
a-~-glucofuranurono-6.3-1actone-1- C 

Methyl-a-D-glucopyranoside-6-1 3C = . 
Methyl-a-~-glucopyranoside-1-13C 

. 13 
-a,a-g-Glucopyranose-6- C 

13 a-~-G1ucopyranose-1- C 

13 
S-~-Glucopyranose-1- C 

13 
a-~-MannopY,ranose-l- C 

13 a-R-Mannopyranose-1- C 

1,2,3.4 ,6-P'enta-Q.-acetyl-a -Q-glucopyranose-6-13C 

- 13 1,2.3,4,6-Penta-O-acetyl-B-D-g1ucopyranose-6- C - = 
13 1~2,3,4.6-Penta-~acetyl-a-~-glucopyranoSe_1_ C 

13 1)2.3,4,6~Penta-~-acety1-a-~-glucopyranose-1- C 
, 13 

1,2,3.4,6-Penta-Q-acety1-a-Q-mannopyranose_1_ C 

13 1.2.3,4.6-Penta-Q-acetyl-B-~-mannopyranoSe_1_ C 

13 e-D-Al1ose-1- C -= 
13 '1 1,2,3,4,6-Penta-Q-acetyl-8-~-a11opyranose-l- C 

• -
1 J

C
_
H (Hz) 

170 

175 

• 141. 142 

168.5 

143, 143 ... 
169 

161 

169 A 
v. 

160 

148, 150 

148, 150 

"1:-77 

166.5 

177 
) 

162 

163 

168 

r 



~-

~ 

• ~ 

#> 
Compou,nd 

1,S-Anhydro-~-glucitol-1-13C-1_d 

2,3,4,6-Tetra-O-acetyl-l,5-anhydro-D-glucitol_1_13C_l_d - = -
',' 13 

1,6-AnhyQro-~-~-idopyranose-6- C 

-2,3,4~6-Tetra-O-acetyl-a-~-glucopyranosyl bromide-1- 13C 

2,3,4,6-Tetra-O-acefyl-a-Q-mannopyranosyl bromi~e-l-l~c 

3,4,6-Tri-O-acetyl-B-~-mannopyranose~1,2(methyl orthoacetate)-1-13C 

Methyl 4,6-0-benzylidene-a-Q-glucopyranoside_I_1 3c 
- - : , 13 

Methy~ 4,~-2-benzylidene-a-~-glucopyranoside_6_ C 

, 
.... 

" 
-,-.,)".., 

~ 

-
.. 

1 
JC_H (Hz) 

141 

142 

149.5, 154 

184 

184 
... 

176 

f) 168 

~ 

141.5, 151 ~ 

.. 
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'. 

- 4S -

j' 

A 
H 

0 

b 

O.....!tH2 -
0 

/ 
B HC 0 

O_~_CH3 
CH3 

., , 

5.0 '"...(6) 4.0 

\ 

PIG, 2 Partial. pmI' spcctrlDll (100 f.filz) of A) 1, 2-0-Isopropylidene-3,S ,6-
tri-~-orthoformyl-a-R-glucofuranose and B) 112-~-Isopropylidene-
3.5,6-tri-O-orthoformyl-a-R-glucofuranose-6- 3c (60%) in CDC1 3, 

. : 
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13Cl rough1y 8-10 Hz greater t~an the 'B. or~axia1 proton. For example. comparing 

a and B-~-glucose 1_13C• the a coupling was found to pe 169 Hz while the B 

couphng Wq? measured to be -161 Hz. 

H 

HO ~ 

1 J C_H = 161 Hz 

HO 

/ 

c~.!\ 

l.\, H 

r" OH .. 

1 J
C

_
H 

= 169 Hz 

According to any of the aforemcntloncd addltivity relationshlps, 

these values should be eq~a1 since the central carbon atom bears equlvalent 
1 

substituents. In other words, if Cl with its four substituents is isolated 

.' from the sugar rIng, the resulting situations for the a and e forms are 
" 1 

equlva1ent. It is evident then that the nature of such coupling is more 

comp1ex than previously believed. However, tWe very fact that the two values 
.. 

differ can be potèntia1ly useful even aside from the obvious emplrical value 

of differentiating between anomers. 

Most of the theoretical treatments performed to date,as weIl as the 

various empirical additlvity re1ationships,do not take into account the 

respective orIentation of the atoms in question. It now becomes obvious that 

the orientation of the substituents with respect to the C-H bond belng in-

vestigated, as weIl as the orientat1on of these substituents with respect 

to the rest of the molecule may effect the observed l~C_lH coupling constant 

significantly • 

.. 

• 



.. 

•• 

The best acycllc mode! for the systems under Investigation here, 

and for WhlCh the directly bonded coupling is measurable,is dirnethoxy 

13 methane, CH 2(OCH3)2' whlch exhibits a coupling of 162 Hz (SI). This coupling 

lS much closer in value ta those observed for the e sugar serIes than 

for the Cl. The most relev~~omparison can be made w1th the anomer1C 

methYl-~-glucOpyranoSlde/!~- 3C WhlCh' show couplings of 159 Hz and \68 Hz for 

the B and a anorners respectively. It see~s,therefore,that it is the coupling 

observed in the a anorner whlch 1S extraordlnarlly large and consequently 

necessitates a rationale. 

Since internuclear coupling is essentially transrnitted through bond-

ing electrons (IO),any condition that leads to J perturbation of the ~lectronic 

enVlronment around the 13C and IH nuclel experiencing couphng can conceivably 

1 affect the magnItude of JC_H' The structura.l features that can give rise 

1 to such perturbatIons and consequently rnay have an impact on J C_H can be 

examlned indivldually, Whlle a 1,3 diaxial hydrogen-hydrogen interaction 

norrnally lS not expected to have any destabilizing effects associated ~ith it, 

the interactIon of OHl with H3 in the a anorner 15 certainly destabilizing and 

can re$ult in changes in the electronic environment at Cl' It can also be 

noted that in,the 8 anomer the C2-C3 and ring OS-CS bonds are oriented 

gauche with respect ta the Cl-Hl bond whereas a trans sItuation exists 

in the a anorner. A similar possible vari~ble lS the orientation of the C2-02 

bond rc1ative to the Cl-Hl bond. This, orientation is the sarne for th& glucose 

anomcrs dlscussed ahove, but 1S different for anomers possessing the manno 

conflguration. A~othcr factor which can concelvably influence 13C_l H directly 

13 bonded.coupling in the 1- C sugars is the orientation of the non-bonded 

13 1 clectron pair lobes on the ring oxygen and on OH1 with respect ta the C- H 
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bonds in the ex and 13 '" anomers. 
1 

~ '. 

Steric interaction effects l a.8 on JC-IH 
(1 

Three hasic typ~s of .steric· interactions wh1ch can influence inter

nuclear 13C_l H coupling are conceivable. Th'e first two invo1ve l, 3 diaxial 

type 1nteractions; either the coup1ing proton,or one of the substltuents 

appended to the coup1ing 13C nuc1eus,can interact with other atoms in the 

mo1ecu1e. The third type of steric interaction involves the destabilization 

associated wit~ a decreased dihedral angle between a C-H bond and a neighb~uring 

o bonp and is usually referred to as "torsional" strain (81). 

1,3 Dlaxlal Interaction effects 
" " 

In order to investigate the first of the above possibilities, the 

13 13 coupling between Cl and Hl o.f ,i3-R-allopyranose-l- C (for the sY11thesis of titis 

compound see p. 102) was compared ta the correspondlng coupling in 8-R-g1uco-

13 
pyranose-l'- C: 

HO 

( i 

OH 

. 13 
a-~-A11opyranose-1- C 

1 J
C

_H = 163 Hz 

1 

13 
~~~-G1ucopyranose-l- C 

= 161 Hz .. 

, 

1 
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The allose and glucose molecules differ in their configuration 

-ahout <:3: the C3 hydroxyl substItuent i-5 aXIal ln al.losc and equatorlal in 

glllco'-,e thcrehy \cttlng ur a <,ignLflc:mt 1,~ diaxial In.tcraction hetwccn "1 

and 0113 10 the allose moiety. ThIS lnteractlon IS seen ta re~;ult in an Incrcase 

13 ln coupllng between Cl and Hl of 2 Hz. The increase may also have an 

electronic componen~ as a secondary factor may be involved here: that of 

" 1 

situatlng an electronegative atom in proximlty to the hydrogen undcrgoing 

couphng. Such "through space" effects are possible although the data avail-

able are 11mited: toluene andig:chlorotoluene show couplings for the 

methyl groups of 125.5 and 127.6 Hz respectively (82). 

l 
J C_H = 125.5 Hz , l 

J
C

_
H 

= 127.6 Hz 

The dIstance between the methyl protons and the chlorine atom in the above 
o 

compound is about 2.5A, the same as the distance Eeparating the protons and 

the chlorine atom ln CHCI 3• Evidently then, plaClng a halogen in close 

proxlmity to the protons ~oes not provide major changes in IJC_H unless" 

13 of course,the halogen IS chemlcally bound to the C nucleus, but nevertheless 

changes of about 2 Hz can be realized. Similarly, placing a methoxyl group 

in the ortho pOSItion of toluene results ln a chan~ of less than 2 Hz for 

13 l 
the rnethyl C- Il couphng (46). In aIl probability even a part of these 

increases 1S due to inductive effects transmitted through the bonding network, 

although ln generàl such y substitution effects are smal1. Furthermore the 

, \ 

\ 
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dIstance between the 1,3 dlaxial substituent (i.~. Hl and OH3) in K-D-al10se 

is greater than the distance givlng ri se to the "through space" effects 
~ 

described above, so that It can be deduced that the sterlC interactIon Intro-

duced by lnversion of confIguratIon at C3 of 8-Q-g1ucose likely accounts for 

the observed differencc of 2 IIz Iii 1 J C_H 

ThIS concept lS further substantlated by an examination of the 

blcyclopropane system (83), perhaps the most extreme exampl~ aval1ab1e for 

proton-proton steric Interaction: 

l 
153 Hz Je_II = 

H H' a 
a 

1 
H Hb Je-lb = 169 Hz 

In thlS compound the endo protons are expected to experience a particularly 
t" 

strong stcrlC compresslo~ which is reflected in the ohscrved ~upllng of 

169 IIz ln companson to 153 Hz for the exo protons. 

The second type of sterlC Interaction WhlCh may be considered a 

possible Inf1uenclng force on dlrect1y bonded coupling,ls a sItuation where 

• 13 • one of the Substltuents on the e nucleus to which the proton l~ appended 

interacts sterically with another part, of the mo1eCVJle. This 17 the case for 

a-Q-glucose and Its derlva~ves; the aXIal substItuent on Cl malntains a 

presumably unfavourable 1,3 diaxial relationship with H3' The resulting 

perturbatIon may thcn affect Cl and consequently the 13el -Hl cDupling. 

poss tlnll ty was Investlgated by synthesl zing a cis-trans mIxture of b 
h 1 1 h • 1 d .. h l3e H l' f h' met y cyc 0 exano an examlnlng t e 1- 1 coup Ings or t e lsomers. 

This 

The 

cis-trfns mixture lS rcadily prepare~~by reduction of 4-~ethylcyclohexanoneJ 

and the coupl1ngs can be measured f~~ the 13C-Fourler transform spectrum of 

• 

.. 
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the nlLxturc. The Cl ab<;orptlon in this case is readily asslgned Slncc lt 

15 the only carbon which bears an electronegative substituent and consequcntly 

has a downfield chemical shift. The axial hydTogen was found ta give Tise 

ta a coupling of 140 Hz whereas the equatorial hydrogen coupled ta the 
1< 

extent of 143 Hz. 

OH 

1 = 143 Hz J
C

_
H , 

H 

1 J
C

_H = 140 Hz 

It appears 

13C -H couplings of 
1 1 

that the entire difference (~8-l0 Hz) between the 
- \ 

\ 
the carbohydtate anomers cannat be explained by this 

\. . 
type of steric interaction. Intuit~vely, ~uch steric effects are expected 

to have an impact on IJC_H due ta the perturbation of the electronic 

enVlronment of l3Cl caused by the 1.3 diaxial interaction. On consideration 

of relevant l3C chemical shift value it _1S evident that such a perturbation 

1 

can i~decd result from the Interacti n between H3 or HS and OH I , In the 

CarbOhydrates,13CI oflthe a anomer is consistently more shielded than is :3Cl 

of the B anomer (85)(86), ThIS shiel ing has .r--- - b~en attrlbuted to a repolar-

ization of the Cl-Hl bon& on going fro the 8 to the a derivatlve, a hypothesis 

that receives support from deshielding of Hl in the a anomer 

* 
the 
of 

., 
, 

Although the C1S isomer can flip to the alternate chair form, 
chair with CH3 equatorial and OH ax'al, pred~nates to an extent 

85% (84). 

'\ 
/ 

/j 
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relatIve to the B (87). Parailei eftects have been noted in cyclohexane 

derlvatlves (88)(89)(90)(91), an increase in l3C shlelding being assoclated 

with steric crowding. Since it i5 known that 13C chemical shifts can 

be relatcd to the electron densities at the carbon in qUestIon (92)(93) and 

h • 1 l3C IH 1 . 1 d d t th 1 t t at 1l1ternuc ear ,- coup Ing 1S a 50 epen en on e e ec roniC 

enVlronment of the 13C nucleus (10), one would expect that such coupllng 

should be aff8cted by the type of steric crowding just mentioned above. 

It still: seems ImperatIve, however, to examIne a system where such sterlC 

interactIons arc. absent and determine whether or not a dIfference in l3C 

coupllng to the equatoriai and axial protons i5 neverthcless obscrved. A 

model ifi necessary then in which no substItuent capable of giving r15e to 

1,3 dlaxial type irt'teractions IS present on the carbon experiencing hydrogen 

coupllng; Ideally the aXIal and equatorial protons ln question should be 

bonded to the same l3C nucleus. Such a sItuation can be rèallzed in 

methyl 4, 6-Q.-benZYlidene-a-~-g,lUCOpyr~nOSide-6-13c which wa5 accordmgly 

syntheslzed i~the followlng manner: 

HO 

Th~re is no 1,3 diaxia1 interaction involving the C
6 

protons in the above 

compound. The H6 and H6 ' absorptio~ in the proton magnetic resonance 

spectrum can be easily assigned since the axial proton couples 

( 
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strongl~ wlth H
S 

(dihedral angle = 180°) whereas the equatorial proton 

couples to a smaller extent, (dihedral angle = 60°). The mcasure~ 13C6 -H6 

and 13C6- H6 , couplings are striklng; the coupling of 13C6 ta the equatonal 

proton i5 151 Hz,compared with 141 Hz to the axial proton. The difference 

between these couplings i5 in the same range as that observed for the 

anomeric sugars at Cl' ThIS then Implies that the observed diffcrcnce ln 

l3Cl-l1ll coupling ln the sugar anomers and in th~rnethylcYC10hexanols 
• 

is not a runction of the orientatlon of OH l . If as previously mentlOned, 

: 13 
one assumes that C chemlcal Shlfts are dependent on electron density, 

one now 1S led to the curlOUS conclusion that the dlrectly bondcd l3C_l H 

coupling constants do not reflect electron density differençes at the l3C 

nucleus. Ttus elther the applicability of the effective nuclear ch~rge 

concept as discussed earlier in this chapter,or the validlty of attrlbuting 

the shlelding of a sterlcally hindered carbon to changes ln electron 

density, becomes questionable. 

~3 13 The 3 Hz dlfference between the C-II· and C-II couphng i,.. 
c a 

cis and trans 4-methylcyclohexanol must then be attributcd to factors other 

than a 1,3 diaxlal interaction. This deduction leads naturally Into a dlS-

cussion of the third possible type of steric effect, that associated with 

torsional strain, 

Torsional strain effects 

• 

If the projection below i5 considered, it 15 anticipated that IJC_H varies 

with e since the approach of the 13C_R bond towards the 13~_lH bond is expected 

t 'h t b' ff t th 1 d' '1-.' l' n \'the 13C_1H bond, o ave a per ur 1ng e ec on e e ectron lstrlvutlon 

il.' 
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Inherent to the cyc10hexane system is the gauche int~raction of the axial 

C-H bond and the ~ relationshlp of the equatoria1 C-H bond with adjacent 

carbon-carbon bonds. It is then conceiv~ble that a gauche interaction betwccn 

the 13e_1I Dond in question and a neighbouring carbon-carbon bond has a dlffercnt 

impact on the electronic nature of the 13C_H bond than does a trans inter

actl0n,leading to differences in the observed values of 1JC_H' Pertjnent 

information along these lines can be derived from a study of certain sub-

sti tuted ethy1enes. In ethylene i tself the observed 13c_1H coupling is 

156.4 H .. (42). When a tertiary but yI group is introduced as in ~ the 

13 13 
C-H and C-~ coupllngs are reduced to 150.7 and 153.3 Hz.respectively, a, -0 

'whereas the 13C_H coupling is essentully unaffected (94). c 

. 
'ft 

.. 

• 
Introduction of a second, tertiary butyl group as in H leads to a further 

1 
dccrease in J

C
_

H 
to 147.6 Hz. 

, 1 

! 
1 
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• ÇH3 
CH-C-CH H 

3 \ 3 / 
C=C 

. / \ 
H CH-C-CH 3, 3 

CH3 
H 

Similar effects are noted when a methyl substituent is introduced as in 

1 and J. 

.~ 

The coupling of the 13e nucleus to the appended proton (Ha) is 2.5 Hz larger 

when the methyl subs ti tuent is trans to the 13C_H bond than when a ds 

sItuation is maintained. The preceding results imply that dlrectly bonded 

13e_IH coupling lS decreased by steric interaction between the l~C_IH bond 

and an adjacent ~arbon-carbon bond. It must be noted however that a 

sterrc interaction in the above compounds between the l3C_H bond and the 

carbon-carbon bond, which in this case lie in the same plane, is expected 

to be larger than the gauche type of interaction in cyc10hexane rings. 

JConsequently, large differences are not expected when comparing the dirèctly 

13 1 bonded C- H coupling ln systems which differ only by relative orIentation 

(1. e. anti or gauche) of ~ neighbouring carbon-carbon bond with respect ta 

the 13C_lH bond. 

1 
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Steric effects invo1ving the orIentation of an adjacent C-O bond 

In the previous section it was sugge?ted that the relative orient-

ation of an adjaçent carbon-carbon bond with respect to a C-H bond has an 

" 13 1 l' h' 1 bdC d' 1 Impact on the C- H coup lng ln t lS atter on. qrrespon lng y, one would 
-1 

intultlvely antlcipate a difference in J C_H for rotamers K and L. 

v 

R" RU' 
H 'x"""'" 
l~/I 
,/" OH 

R R' 

K L 

As mentioned before, the extent of coupling between nue lei 
• 

is dctermlned by the electronic character of the bonds through which the 

coupllng is transmitted (10). ThIS electronic character on the other hand can be 

expccted t"o be influenced by the orientation of neighbouring subst i tuents 

wlth respect to the bond involved In,13C_IH coupling. A gauche interaction 
il 

of a polar C-O bond wi th a C-H bond is expected ta perturb the C-H bond in a 

manner di ffercnt from the correspond i ng anti Interaction. 

lIalogen substituted cthylencs do ln fact cxhibit such a substituent 

l 
orientation dependence o~ J C_H as indicated in Table 8, (95) (96) (97). 

TABLE 8 - 1 
J

C
_
H 

in substituted ethylenes 

", H 
\ 13el 
e- " 1 Je 

He 

1 (Hz) 1 (Hz) J
C

_
H J C_H X c t • 

~ 

F 159.2 162.2 

Cl 162.6 160.9 

Br 163.6 160.3 
l' - 1 h-l . l 159.2 

; 

l.o \. 
.\ 1 
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1 

It 15 apparent from the above data that at least for the ethy1ene 

13 derlvat1ves con~ldcrcd, the coup11ng of C to tre proton trans 'to the haIogen 

dccrcases as the SlZC of the halogen atom Increa5es wherea5 an OppOSIte and more 

pronounced trend 15 noted for the coupling between 13C and the proton C15 to the 

halogen. This trend is likely caused by overlap of halogen unshared electrons 

with the 13C_H bond. 

Similar effects are noted in other systems as weIl. In c~clopropyl 
< 

13 
hal1des, below, the C-H coupling is consistently 2 Hz larger than the c 

13C_H coupling (98) (99). 
t 

Again, a likely rationale involves the interaction of the halogen lone pairs 

witn the C-H bond, an InteractlOn WhlCh is expected to be dependent on the 

spatial separation of the nue leI in questIon. 

A . 13 1 startlng point for examimng this aspect of C- Il Intcrnuclcar 

13 coupling ln carbohydrates is a consideration of the coupllngs between Cl 

13 13 and Hl ln f.-~-glucose-l- C and 8-~-mannose-l- C. In this case the C
2

-0
2 

13 bond is oriented gauche with respect to the Cl-Hl bond in e-~-glucose 

,whereas an ~ relationship is maintained in B-D-mannose: 

13 B-Q-Glucose-l- C 

1 
".1 Ct Il ::: 161 Hz 

1 

::: 

H 

HO 

13 
B-~-Mannose-l- C 

1 
.JC_1i == ] 60 IIz 

.J 

1 
1 
\ 

,u 
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The rneasured couplings between 13C1 and Hl in the cases above, however,were 

1 within experimental error (JC_H = 160 Hz). As this seemed to be a curious 
, 

resuIt, the corresponding acetates were aiso exarnined spectroscopical1y. 

13 In genera1, acetylation of an hydroxyl appended to the C nucleus Ieads 

to an Increase in lJC_H of 5 Hz,as exemplified by the comparison of methano1 

(141 Hz) with methyl acetate (146 Hz) (100). This in crea se in aIl 1ikelihood 

can be attributed to the electronegative character of the acetate function. 

Such Increments in coupling can be expected for the carbohydrate series as 

weIl, but since peracetylation leads to the difficulty that the acetyl group 

at C
2 

a1so can withdraw electrons, it is perhaps more profItable then to 

examine 1,3,4,6~tetra-~-acetyl-2-~-rnethy1-~-glucopyranose: 

The l3C_l H couplings in the above compound are measured to be 175 and 165 Hz, 

for the a and S anomers, respectively (80). Comparison of these values with 

13 the corresponding ones in a and 8-D-glucose-1- C (170 and 161 Hz) again shows 

. 13 
an Increase of 5 Hz upon acety1ation at Cl. When ~-glucose-1- C is 

peracetylated the 13Cl - HI coupling in the a anomer becomes 177 Hz whereas that 
~ 

in the B is rneasured to be 167 Hz; the extra increase of 2 Hz is therefore 

attributed to the acetate sroup at the 2 position of the pyranose ring. 

Wh en , on the other hand, 1,2,3,4,6-penta-o-acetYl-~-mannopyranose-1-13C 

i5 exarnined, It is found that whereas the a anorner shows the same incrcasc of 7 Ilz 

1 for JC_H on going from the free sugar to the pentacetate as does glucose, 
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(Table 7), the B anomer shows the stnhngly small lnerea5e of 2 Hz. It 1'> clear 

1 
that in the pentaeetates the dlfference ln J C _II whieh had been ant 1 cipated 

1 1 
for B-~-mannopyranose and 8-~-glucopyranose beeomes notlceable; a coup1ing 

of 162 Hz 15 measured for mannose pentaeetate as compared wüh 167 Hz for 

the glucose lsomer. No difference is ;expected,and none ls',observed, ln the 

13 1 

eoupllngs hetween CI and Hl of the a isorners s inee the C2-0
2 

bond assumes 

a gauche relatlonship wlth the Cl-Hl bond ln both compounds. Scemlngly, 

the reJatlve orientation of the oxygen substituent at (2 has no Impact upon 

the 13C -II couphng In the free sugars but an orIentation effeet 1S cxerted 
1 1 

ln the aeetates. The consequent deduction,then,is that electronegatlvc suh-

stltutlon at the carbon once rernoved frorn the carbon involved in the coupling 

ean,ln certain cases, Influence the dlrectly bondéd coupllng; tWé specIfie 

effect seerns to be a decrease ln observed coupling when thIS substituent 15 

13 onented trans wlth respect to the C-H bond. Apparently this eHect lS 

intenslfied as the eleetronegativlty of the C
2 

substituent 15 lncreased. 
, 

The problem of why no effect 15 noted for the free sugars still 

remains. Both ln the unsuhstltuted sugars and in the acetates there is 

froc rotatIon about the Cl-O
l 

bond. As will becornc evident in the 

next sectIon, the extent of 

by the relatIve orientatIon 

coupllng bctween 13C and IH nue ICI can he affected 

of the 13C_H bond with respect to unshared electron 
J 

paIrs on nelghbouring substituents. Consequently, lJ in the free sugars 
Cl-Hl 

and in the acetates is also a function of the .rotamer populations about the 

1 It lS then conceivable that the effect exerted on J
C 

_II hy a . 
., 1 1 

nelghbouring gauche c-o bond relative to a trans C-O oond, as ln B-~-manno-

pyranose, is countcracted hy different rotamer populations at Cl. ExperImental 

cvidcncc for thcsû rotamer populations is dlfficult ta obtaln. Sorne indIcation 

2 
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though can be had from the H -C-O-H proton-proton coupling which ean be 

measured In DMSO (101). For Cl-~-glucopyranose and ,Cl-~-mannopyranose the coupl

irlgs arc 1d~tical suggcsting simllar rot amer populations. whcreas for the 
~ 

8 anomers, which are of interest here. there is a drfference in this coupling 

of 1.5 Hz (8 IIz lS obscrved in B-~-n\annose. 6.S Hz ln B-!:1-g1ueose). Assuming 

that the 8 IIz rcasonably indieates a trans sItuation whcreas 6.5 IIz 15 less 

conclusive, the rotamer below should.predomlnate for B-~-mannopyranose. 

1 

In this conformation th'e 01 fre~ electron pairs are close tô the Cl-Hl bond, "" 

thereby creating a stereochemical situation whieh is expected to lead to 

inereased coupling (Sect. 2.9). Thls rotamer may be less predominant in 

13-~-glucopyranose." Hence. in B-~-manno.pyranose the effeet of a trans oxygen 

may be partly counteracted by the state of the rotamer population ~bout th~ 

Cl-~l bond. Upon acetylation however. this rotamer is destabili~ed due to the 

unfavourable steric 1,3 diaxial type of interaction for the larger aeetate 
,1 

groups. Consequently the electron lone pair effeet no longer compensates for 

13 
_ the trans oxygen effeet, and a differenee in coupllng between Cl and Hl for 

1,2,3,4,6-penta-O-acetyl-B-g-glueopyranose-I-13C and the manno epimer now - - ~ 

becomes ohservable. 

ValiJlty of ClaSglCal sterie cffccts 

T~le "stcne cffeet" or "steric crowding" terminology was 

widcly useù in the previous sections; however, the specifie type of 

mechanism ~iving rise to the obscrved effccts on IJ is"not clear 
C-H 
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sl~ce it is probab1~ now that the c1assica1 bu1k or size approach to 

steric ~fects 1S neither quantitative nor adequate. It is known •. for examp1e, 

'that in 1-fluoro-l-propene the C1S form is more stable than the trans (102). 

H F 

\ / ~ 

, C-c 
/ \ 

4 CH H 
3 

J.lOre stable fol'':I 
., 

. 
In the same vein, the gauche conformation of chloropropane is more stable than 

the anti fo~ (103). 

CH 3 

, 
~ore stable form 

CI 

Takin~ these resu1ts into account, it does not seem irrationa1 t~t adjacent 

c-o and c-é boflds have sce\!ungly opposite effects on lJc_
W 

.,Sorne unexpected 

steric effects are also found for methyl-methyl Interactions. Pople has 

ca1culated that for the compounds below M is more stable than !i., but is 1ess stable 

than 9.. (104). • 

H .' 
1 

'.<i: H 
,W' \,H. / 

c=c . 
/ H~'/H 

H C 

~ M 

• ~~I . 
H H 
\ / 
C=C 

~ / \t 
C-H H-c.. 

.{ ~ 
N 

,. 
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• 
Experimental eVldcncc 15 in accord with these findIngs (l05) (l06). IntuitIvcly," 

ope would qUIckly rule out 0 as a favored rotamer beçau~e of the assumed - \ 

5tencally unfavourabl e interactIons, 'be'tween the methyl hydrogcns. Pople' s 

calcu1atlons show however,that threeVsepar~te and dIstinct terms mu~t he , ~. 

considered when attemptIng ta determlne 5tablfity. These are respectIvcly 

the attractIon of electrons for nuclel (Vne) , Interelcctronic repulsion (Vee) 

and Internuclear rcpuhi10n (Vnn) (107) (108). In general, Vnn + Vee t5 larger 

than Vnc, and thls lcads to a sItuation that can be descrlbed by "classlcal" 

stenc cffccts". ThiS, however, IS not Cxcluslvely thc'casc; in certaIn dm'-

formations (as ln Q.. ,Ihove) .th(' protons in question assume sllch a relatl0nship 

that the e1ectrons of one arc rather str6fi~11 attracted to the nucleus of the 
" . 

other thcreby making Vnc > Vee + Vnn and stabllinng that conformation. -.,. 

It IS eVldent then thàt steriC effects do not follow the simple 

patterns WhICh are commonly accepted and relled upon, and,cautIon must be 
\~ 

exercIsed 'whenever any conclusion is drawn. on the basis of "unfavourable" 

s teri c effe,cts. 
1 
" 

Appl icatlOn of sterI,e effeet concepts 

1 In con]unetion with the investigatiop of JC_~ and sterIe effeets a 

13 • study of 2,3, 4-tn-2..-acetyl-l ,6-anhydro-a-k-idopyranose-6- C (~), '1,2-,9.-

isopropylIdene-3,5,6-tri-~-orthoformyl-a-~-glueofuranose_6_ 13c Cg) and the 

periodate complex of },2-0-iSOpr;pYlIdene-a-~-giucOfUranose-6-13c (~) 1s 
~ 

valuable because of the inherent rigidity of these compounds. 

, \ 

r 
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l' 

" 

13 
O-CH2 

OAc o H 

/ 
---0 

p 

IJ = 153 Hz 13
C

_
H 

6 
IJ = 148 Hz 

13C_H ' 
6 

-
ln the couplings between the As noted above, there lS again a dlfference 

13 
C nuc leus and 1 ts two appended protons. The two observed couplIngs can 

be assigned to the specifie protons sinee'the relevant absorptions ln the 

proton magnetic resonance spectrum are readlly identified. One of the C6 
protonsJis coupled to~HSJ the other experiences no such co~ling. Examin-~_ 

ation 0 molecular models provldes an explanation: one of the C6-~6 bonds 

15 nearly eclipsed by the CS~H5 bond whereas the other ma1ntains a dihedral 

angle of 90° with respect to-the CS-HS bond. In each case the coupling of 

the 13C nucleus ta the 

In these Instances the 

• 

end a proton is sma~14r than that to the ~ proton. 

observed difference cannot be attrihuted to the lone , 
pan' cffects of the appe,nded oxygen (lone pair effects are discussed in the 

. , 
next sectIon) since bQth C6-H6 bonds are eclipsed by a IOne pair as illustratcd 

below in projection along the C
6
-0

6 
bond: 

1 
,\ .' . 

." 
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() 

ThIS type of sltuatlOn is expected to increase both couplings e.qually and 

consequently the absolute values of these couplings de serve sorne attentIon. 

" The carboll undergolng coupllng 15 incorporated lnto a flve-rncmbcrcd ring and 

can thu'> he Ilkcncd to Cl of tctrahydrofuran. The coupling observcd in this 

latter compouild IS 144.6 Ilz (43). Lvcn if an allowance of 2 Ilz 1'" made , 

for a S oxygen substItuent, It is seen that the couplings in ~, ~ and & are 

ln excess of this value with, ln each case, 6ne of the couplings being 

decidely 50. The small increase in IJC_H relatIve to tetrahydrofuran for one 

of the C6-H6 couplings, in cornparison to the other, can now_~e attributed 

ta the relatIve orientation of the Cs substltuents wlth respect to the 

C6 -H: bonds. The projection along the 13C6 -CS bond for the above compounds IS 

f i.., dOplcted below: 

In aIl 
1 

is less than Je_ft 
6 

The distingulshing 

~6-H6' bonds are their relative orientation 



• 

dihcdral angle of about 1500 with the cs-os bond and an angle of 30° wlth 

the Cs-C4 bO~H6 bond these angles are 900 and 1500
, rcspectlvely. 

As dlscussed above, a trans electronegative substItuent tends to decrease 
\ 

lJC_1i but, as is appar~nt from a comparison with B-~-glucu.re-1-13c, this effeet 

is m1nImal when a C-OH bond is 1nvolved. The CS-C 4 bond, howevcr, practically -
ecllpses the C

6
-H

6
' bond whereas It 15 essentlally antI ta the C

6
-11

6 
hond. 

As noted in the previous sectIon. such an ec lIpsing type of interactIon 15 

1 expccted to result Hi decreased J e_H 
This notIon I~ now seen to be in 

agreement with the experlmental results. 

To summarize the preceding argument, 

hoth 13C- H6 coupllngs are Increased by Vlrtue 

by oxygcn Ione pairs, the effect is partlally 

can be noted that whereas 

onds being eclipsed 

I 
for J

C
_fl ' by 

6 1 

the interaction of the C6-H6 ' bond with the Cs-C
4 

bond and probably to a 

smaller extent by the anti orientat1on of the CS-OS bond. 

It is of interest to compare the above systems with a situation 

that lS slmilar, except fo. the absencc"of such flxed steric relationships. 

A sUltahle model lS found ln the S,6-0-isopropylidene ring of 1,2:5,6-di-~
~. -

isopropylldene-a-R-glucofuranose-6-1 3c: 

l 
Je -H' z 149 Hz 

6 6 

= 148 Hz 

, 

·r . f. l' 
,"1-1'" 

,J.' 

" . 
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In the above compound the l3C nucleus 1S lncorporated lnto a non-

rigid flve-membercd ring so that the CçOS and CÇ C
4 

honds do not m;l]ntilln 

* a fixed orientation wi th respect to the C
6 

-116 or C
6 

-116 ' bond. Corrès-

1 1 
pondIngly, the dlffcrence observed (,\,1 Hz) betwccn .TC _II and .J

C 
_II IS 

'6 6 6 h' 
mInImal. 

The pre'eeding dIScussIons lead to the overall concluslOn that 

dlrectly~bonded 13C_l H couplings are affected by the relatIve orIentation of 

nelghbourlng substltuents relatIve to the 13C_H bond. Although these inter-

actIons are prOb~bl\ more of a stenc than electronic nature, the presence 

" 

or absence of urffavourable steric Interactions must be lnterpreted wlth great 

care. Also, whereas the gauche InteractIon of an axial l3C_1I bond with adjacent 

carbon-carbon bonds in cyclohexanc type systems (as in trans 4-methylcyclo-

hexanol) 
1 can account for a small decrease ln J

C
_

H 
relative to il sltuatlOn 

where tIns InteractIon IS absent (sec Sect] on 2.8), the ohserved dl fferences' 

13 
ln coupIlng between Cl and Hl of a-aldohexoses relative to the ~-afomers 

('VlO Hz) necessitate another explanatlOn. 

2.9 Lone pair effects on lJC_H 

As seen ln the prevlous section, sterlC Interactions cannot account 

, 13 
for aIl of the 10 Hz dlfference between the, Cl-Hl couplings of the sugar 

anomers and consequently it is necessary to examine other aspects of the rigid 

pyranose rIng. An obvious difference hetween the anomerlC protons is the 

proXlmlty of the lone paIr electrons of the rIng oxygen to.the equatorial or 

II proton. It must he emphasized at the beglflnlng of thlS dis)'ussion that , 
the actual size and directionai character of non-bonded lone pairs is a 

eontroverslal topie. Wolfe ~~. (109) have stated.that ~he common conception 

11 

Al though a favoured conformation for this ring may be described (p. 139). 
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of these lone pairs as "rabbit eats" 1S not justified; the electron density 

actually lS concentrated much closer to the nucleus. However, evidencl' is 

ava1lable from sorne systems that the actual S1ze of a lone paIr IS som~where 

ln betwecn that of a hydrogen and a mcthyl group. For a compound such as 

H-methylplperld1ne, WhlCh possesscs an aXIal lone pair, the ~ axial proton 

ahsorpt ion 1 n the proton magnet1- c resonance spectl"um 1 s sin ftcd UPflt:e Id 

as comp~red wlth cases wherc there 15 no trans lone palr (110). The co cs

ponding shlft 15 much smaller forpiperidine implying that in thlS c pound 

the lone paIr 15 not antl-coplanat w1th the aXIal proton. 

" 

Pipendwe N-Methylpiperldine 
., 

Since it IS commonly accepted that bulky substituents pre fer an equa~orial 

orientation,the preceding observatlons suggest \hat a lone pair is larger 
." 

than a hydrogen atom hut smaller than a methyl group. Furthermore, these 
) 

result5 indlcate that chemical shift can be influenced by the orientation 

of a lone pan on an adj acent atom. Chemical ShI ft is determined by the 

clcctr~nlC cnviron.!,llent of the nucleus under observatIon and thi'·s factor 

has a150 hecn seen to influence 1 Je_Il" It seems reasonahle therefore that~ 

the dLrcctly bonded·coupling constant should a150 he a· function of the 

, . 

• 
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orIentation of the free clectron paIr lohes on an adjacent atom If such are 

present. [ven though the size and shape of such lobes ate not establi~hed 

beyond doubt It 15 clear that for Cl and B-~-glucose the equatorlal C-H 

bond lS nearer the concentration of electron denslty of the oxygen 

unshared electrons t~an is the axial C-H bond: 
1 

/ 

, / 

a-D-Glucose 0-~-C;lucose 

Slnce the equatorial proton exhlblts the greater coupling, the Inference 

h~s ta be that proximity of 10ne pairs increases the ahsolute value of 

directly bonded 13C_l H coupling. • 

With thls hypothesis It is then of intcrcst to examine other organic 

molecules where 10ne pair effects are expected to be signlfieant. In the 

azindine deri vati ve be10w, the 13C_lH coupling ~ to the 10ne pair i s 171 Hz 

as cornpared with 16"Hz for the trans C-H bond (111). 

H 

1 
j, 

An situation IS found for the carbonium/ions Sand T '(112)/as weIl 

simi1ar positive ions (113). 

, 

1 

, 
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H 
Q \:) 
9--H ~ 13/: 

H---.!3C<1 H-C+t 

~ "-, 
/0:) 

0:) 

HI 
H 

s T,,' 
\ '-

l 1 
Je_Il = 244.8 Hz J

e
_
H • 235.8 Hz 

The above species ca~be differentiated spectroscopically by making 

use of the" fact that the hydroxyl protons couple to the central proton 

diffcrently in the two carbonium ions. The directly-honded 13C_l H,coupling 

in ~ is 9 Hz larger than the corre5ponding coupling in T, and thlS has been 
-; 

attnbuted to the pronmity of the oxygen lone pair ta thk Ç-II bond in 
1 

1 question. Again,lO the oxaZ1rines be1ow, the values for J e_H are always about 

6 Hz larger when the proton is ~ with respect ta the 10ne pair (114) . 

.. 
" 

/ 

R = 1-Nitropheny1 1 
• Je_II = 185 Hz 

R' = Methy1 

It 15 a1so of interest to examine systems where the lon~ pair is 
" , 

onentcd trans with respect ta the carbon-hydrogen bond inVo1ved in the coupling. 

This type of sItuation can be realized in the unsaturated system be1ow: 

, . 

.. 
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~C=r? 
/' \ 

H CH3 

1 • 
J

C
_
H 

~ 154 Hz 

The 13C_l H couplIng between the ethylemc carbon and the proton in this com-

pound 15 154 Hz (l15). ThlS is an ~ntcrcsting result becausc the corresponding 

coupllng ln etnylenc lS 156.4 Hz (42). It has alrcady been shown that electro-

negatlve substitut~on lncreases the dlrectly bondcd coupllng signlflcantly 

and that <;uch effects arc cven more pronounced in unsaturatcd than sùturated 

systems. fhc smallcr than expected value for the abovc compound ln WhlCh 

one of the carbons of cthylene IS replaced by the more clectronegatlve nltrogen 

atom then 15 1lkcly duc to the trans lone pair of the nitrogen atom. It seem5 

. 
then that It is poss~ble Eor the electron pair effect ta be s~large as ta 

,t 
overcornc the expected electronegativ~ty effects. 

On a thcorctical basis, incrcasl~g the electron den5ity between 

the couplIng nuclel. should lead to more exten\ive coupling Slnce 5uch 

nuclear-nuclear coupllng 15 transmitted through electrons (10). This Increase 

ln e~ectron dcns~ ty can be envIsagcd as thC' overIaI) of the adja-ccnt lone pai r 
" ,. , 

Wl th the ant ibonding molec~'lar orbital of the C-II bond. Theoret ica] calculat 10ns 

have been carrlcd out ~n this veln (116) .. and were found ta be tA agreement wi th 
Il 

)experlrnenta1 results. It was noted that the cfEeet of a lone paIr l ~ negative 

when the lone pair orbital and the C-H bond are trans ta each other and positive , 
when the relative orientatIon lS cis. 

These' c;oncepts can be used ta advantagc, ln the exami-nation of sorne 

conformatlOnal'ly moblle systems. The l3C_l H cO~plJi.{lgs ln the substituted 

methancs bclow arc cqual (117): • J 

2 
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1 
J

C
_

H 
= 127 Hz 

1 
J

C
_

H 
= 127 Hz 

1I0wever, when one of the central hydrogen<; is substltuted by a hydroxyl 

group, the equivalcnce of the coupllng<; IS destroyed (117): 

f 

1 
J

C
_

H
" 142.5 Hz 

The difference ln qbserved coupling between the latter two co~po1lnds 

• must consequent Iy be sorne function of the oxygen substituent. The most 

( readily 3v31lable explanatlon is that the unshared clcctron pairs of the 

e 13 
oxygen assume different orientations wlth respect to the C-H bond. This 

difference ln orientation can be rationalized if it.Ais assumed that the size 

of the non-bonded electron pair is somewhat greaterûhan that of a bonding 

pair. Three possIble orientations about the C-O bond can be proposed: 

H H 

H H 

R R Ph R Ph 

/ 
H 

a' yCH3 'b; R = CH3 C; R = CH' l-e , 
3 ..... / 

a' ; R = cyc1opropyl b' ; R = c' ; R = cyc1opropyl 
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The most unfavourable orientation resul~s when one of the unshared lobes is 

gauche Wl th respect to both bulky Substltuents (R,fh), as ln a and b, and this~' 
• 1.>\ ~. 

orientatIon 5tould become even less favoured energetically when the Slze of 
Q , 

R is increase,.d1)as in al and b 1. 

i 
A possible inferênce th en is that whereas 

a, band c may be energetl~ally slmilar, Cl 15 favoured over al and bl. 

13 Since in Cl the C-H bond has two oxygen lone pairs onentcd gauche Wl th 

respect to lt as opposed to one gauche and one trans for al and hl lt IS 

1 

reasohablc ta cxpect Increased coupllng for the cyclopropil Suhstltuted 

compound ln comparison with the mcthyl substituted analog, as is obscrved 

(117). 

Another Interesting SituatIon is ~ncou~tered ln the dl0xolane 

derlvatlve below: 

It is found that the directly bonded 13C_l H eoupling for the P10ton cis ta 

the attached alkyl ring ln aIl cases 15 about 1.~Hz larger than for the trans 

proton (118). Duc to stene interactions, the cis proton 111 the above series 
" 

prohably assumes a!f pseudo equatorlal orientation ~hereby experienclng more 
, 

gauçhe lone pair interactions wlth the oxygen unshared electron pairs than 

does the ~ proton .. 

It would be valuable ln this conneetion ta have somè'approximate 

empirical values for the electron lone pair effects discussed above. To 

-

~ e ~ 
detennlne sucq values it is of co.r~e necessary to investigate systems where 

1 
aIl otn.lr vâriable are essentially minimized. A'suitable model 

methyl 4,6-Q-benzylidene-a-~-glucopyranoside-6_l3c. ,~ 
~) 

; 

-

seems ta be 
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H 

l 
.J

C
_

1l 
= 141.5 H:: 

In thlS compound, as prevlou,sly m('ntlOlwd. th('I'(' an' lh' 1. '\ di,l\lal 

type stene inter~tion,s Involving 1 \(~. 

the same relationship wlth respect tn hotl. C -II hond" , 1 \,{'Il 1 f .lh,)\l1 "\ Ill' 
h () 

4 Hz are attrlhutcd to the ('ffcct of a gauche C'.lrholl-c:tl'holl hond ""Ith rt"'lw\'t 

... 13 1 
to the 'C- H hond, lonc pau cffcct" hnvt' to tH' invok<'d tp P\pl:lin tll(' n' 

1 1 • 
mainder of the di ffcrence. i. e •• '\,7 IIz betwt'cn .Je_

1I 
.md ,TC_II f' Si IlÇ(' 

h h 
the cquatorlal proton cxpcricnces two gauche 1011e pa ir t'fft'I..'t <; wlH'l'('a ... t II(' ilX i a 1 

proton m.l1ntains a gauche relationship with one 1011<' pail' alld :1 tran<; wlth tht" 

other, the obscrvcd di ff erence in coup 1111& may he il t t l'Î hute-d t 0 t II(' 1IC' t 1'1".11 J t 

of the cl iffcrcnce hctw'ccn a trans and a gauche l' 1 ect ron pu i r l'fft'ct. ft' 

In arder ta further examine thcse proposc'd cff cci" of 1 ont' pa i r'; 

it was deemed necessary to investigate a model whcrl' a <.'onfonnllt iOllally fr{'{' ........ 

b b 1 f . d d fi 1 . J . 1 1 . 1 ,~ . oxygen can e su sequent y lxe an t e coup 1 ng lctwct'n t \(' .H.1 Ht'CII t (. 

and IH nuclei can be measured and compared for the two formo:;. Thi" 5ituuti~m 

can be reallzed in' B-D-mannose-l-
13

C and 3,4,6-tri-O-acetyl-fl-ll-mnnnolH' 1,2-=. -"'!' 

, 13 
(methyl ,orthoacetate) -1- C: 

H 

HO 

13 B-D-Mannose-l- C = n 

• 
1 
{c-H = 160 Hz 

AcQ ~.~~ 
.,...----1" ~ 

H 

-~ 
1.. , , 

3,4 ,6-Tri-Q.-acetyl- t~-~-ma!,noJe ... 
1,2-(methyl orthoacetat~-1-13C 

1 
J C_H • 176 flz 

y 
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In the free sugar» al though therc ma'y be a preferred conformer about the CI-O
l 

bond, the 01 Ion: paIrs do not maintain a fixed orientatdon relative to the ',\ 

Cl-Hl bond. However, when 02 and 01 are incorporated ln a ring ln the orthoester \ .. 
derivatlve the lone paIrs op Olof necessity become fixed relatIve to tl}e Cl-Hl 

bond. Molecular models indlcate that the Cl-Ill bond is orlentcd in between the 
G, 

two lonc paJr5; ln fact thlS bond IS close to bcing eclIp5ed by one of thcse 
r, 

lobes. ThlS 15 cxactly the type of sItuatIon for whlch Increased coupling pas 

been predlcted. [xpcrlmental .results show that the l3 C1 -HI co~pllng Ih the ortho~ 
. , 

~ster 15 16 Hz greater than the corrcspondlng coupling ln B-~~mannose. Not,all 

of this lncrease can be attrlbuted ta the lone ~air ~ffcct SI~C, as will bcc~mc . , 

evident in SectIon 2.10, incorporation of the coupling carbon into a five-membeied 

. d . lJ rIng Ica s to an lncrease ln C_Ho 
.... 

This latter increase, however, i5 in no case 

greater than 6-7 Hz. The effect of the orthoacetate substituent is also expected 

ta be very' 5mall Slnce i t is known that y electronegat.ivc substituents a'ffect 1 J
C

_
H 

,minirallY t27). One can assume ~en that the rest o~ the differen~ in coupling 

between the above compounds is accounted for by the proximity of the oxygen lone ' 

pairs to the Cl-Hl bond .• 

It is of Interest in this connection to study a simple system which 

approXlmatcs the sltuation about Cl of the sugarso A suitable model in this case 

is found ln dlmethDxymethane: 

There are four possi~le conformations of this compound consistent wit~ a 

staggered arrangement of substituents about the C~ bonds: 

\ .. 

D 

-. 

\. 
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\ 

~, / ~ 1 -~. 1 
/'C" /L" /CH3 

'c 
o ' 0 o 0 ,/ "î j l 1 
CH

3 
CH3 CH3 C~ CH) 

f1 H 

C H3""-..O;c!....O/CH3 

a b c d 

Ab in1t;io molecular orbital calculatlons (119) carnet! out on 

methanedlol indlcate that a 15 the'preferred conformation. By analogy the 

suggestiOn has heen made (119) that the favoured conformatlOn ahout the Cl-O l " 
r" 

hond of methyl-a-glycosides must then be the following: 

ThiS now means that the conformation of the CÇOÇCl-C1l-CII3 fragment of the 

sugar mOl\:y ,is cqUl val'eJ1t 

expcrience~~~the central 

to a. In ~urn, the unshared clcctron palr effects 

C-H honds in ~ are the same ~s thosc exper1enced 

hy the Ct-Hl hond ln the glycoside. _ 

'l'hl' onlv not.lhle dlffcrencl het~~en t~e two systems, in fact"'is a 

_'\ 
,.11 111111 -;lIh"t Itlll'Jlt (Id'. C,) III the :.atgar comvar,ed with a hydrogen in dimcthoxy~ 

IIIl'th.lIlol. 
1> 

13 
The ohscrvcJ coupllng bctwccn Cl and Hl ln methyl-a-~-gluco- 1 

'J l 13 . pyranosl c- - C 15 168 IIz, or, corrected for the 13-011 substituent effect, 166 

Hz. The measured coupllng in dimethoxymethane is 162 Hz. There are no factors 

apparent in these systems which can account for this ~~fference, other than 
1 
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thosc IntroJuced 1H' dlff('rcnccs III \.'lll1!tl\'I11.ltrOn. 11rerl'f')!'l' If \..; l'll"'dhlv ~II.I( 
" 

the conformatl'bns arc hot 5t't'lCtly eqmvalent. Conscqucntly the V,llidl ty of li" IIlg 

simple mode 1 s to approXlma te conformations in more complex syst.ems must he 

questioned. 

• f\ theorctlca) InvestIgation of the lonc pair cff('d was aho l'.Irrrct! 

out ln con)lIllctlOll wlth tins <;tllt!y.* The Pople-Santry method W.l" elllployeu (17) 

-
and terms other than the l'erml contact terlll wcrc 1 gnoreu. The resu 1 t'> for 

methanol, Ilsteu.1O Table 9, arc ln a~rcement wlth expcTlmellt: the dirccUy ~ 

honded coupllng Increases as c1ectron 10ne paars approach the J3C_ 1i'! bond. In 

such calculatlOns lmportance can ne at..tached on}y ta the trend and 'not to the 

absolute values. 

l TABU 9 - Calcu'lated .J
C

_
H 

in methano1 

e 
o 

~o 

60 

90 

\ 120 

150 

J ca1c • (Hz) 

162.3 

163.0 

165.0 

167.4 

169.5 

170.8 

H H 

. -: 180 171. 3 
1 . 

1 
-2.10 Effect of nng,size on ·JC_H 

It is wcll known that dlTectly~bonded 13C._1H couphng is in(luenced 

hy stra~n ln rIng systems. 
l As i5 eVldent in Table la, J C_H increases witW 

, , 

decrcaslng ring size (27) 'C 43) (120).-

*T~~hcorctical calculations were performed by Dr. N. Cyr. 
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rABLI. 10 
l . 

wlth si ze (27) (43) (120) Van ut Ion of J C-H rIng 

J j , 
(Hz) j ~ (Hz) ..:r::±i ...:rd:L (Hz) 

/'\. H 1610 LO'" 
H 175.7 A H. 22QO 

OH 1346 a 14BO Q 170.0 j 
H H .. 

u~ '12a5 l'QH 144.6 OLH 
,1610 

OH 121.0 OH 139.4 OH 1580 

The sugârs ln general manIfest thlS phenomenon; aIl other factors 

b.eing equivalent, larger couplings are assoclated with the C-II bonds of 

furanoses than of pyranosés. These observatIons can be rationalized by, 

consld~rlng a and b below: 

H\ ! 
j C=C 

/ \ 
H H 

a b 

In ~, as n decreases, the bonds X and Y move closer to each ot"r. 

hnd the carbon atolTl.approaches sp2 hybridization which it ultimately achieves 

l 'i , 
, in.b wpere n equals one. Since J C_

1i 
increases with an increase in "s" 

character of the carbon ~t is reasonable to al]ticipate a variation of this 

parameter with ring ~ize. 
\ 1 

ïl 
j 

~ -



( 
e 

- 78 -

1 
It has al rcady been shown tlUÎ t .J C-li depcnds on s cveral factors 

which can be additIve or compensatory. It IS Important for purposcs of com-

parison to consider models where varIables other t~an ring Slze are held 

- 13 as constant as pOSSIble. The anomeric reglons of a-~-ma~opyranose-l- C and 

2.3:S,6-dl-~-lSOprQPYlidene~a-~-mannofuranose-I-13c secm~d to fulfill thlS 

_'condition and were cOnsequently considered -in this aspect of the study of IJG~H' 

1 J
C

_
H 

= 170 Hz l 
J C-H == 17S Hz 

Although the conformation of five-membered rings is not rea~ily asslgned, 

in the proton magnetic resonance spectrtun of the above furanose no coupllng be-

tween Hl and H2 is observed. The dIhedral angle between ~he Cl-Hl and C
2

-H
2 

bonds then can be assumed to be close to 90Q thereby fIxing the conformatIon 

of the rlng. The relatiVe ~rïentations of the ring oxygen lone pairs with 

r~spect td the Cl ~H'l bond ~re now' seen to be simi lar ta that ln the py-ranose. 

The orientation of the C2-02 bond \.ith respect ta the Cl-Hl bond is a1so roughly 

the same in the pyranose and furanose. The observed difference in coupling 

of 5 Hz 15 comparable to the difference between the Cl-Hl couplings of tetra-., 
lhydrofuran and tetrahydropyran and can be directly attributed to rint strain. 

When a similar comparison is made for comp9unds possessing the a gluco 

configuration a difference such as is -observed for the manno compounds is not 

" 
. \ - f 
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eVldent: 

OH ~''. '6 HO 

. ~~OH 
O=CH}-j 
Of! '0 
il H OH H 

U 
1 

170 1-{z 
l 

- 169 117.-') J
C

_
fI - J C_II 

Cl Cl 
'\ 

1 ' 1 
= 161 IIz J

C
_H = 175 Hz J C-II B 

) B 

The conformatIon pf the furanose ring can agaln be determlncd with sorne 

degree of ccrtalnty by utll1zing the f~ct thai the absence of coupling betwccn 

"1 and 11 2 10 the Cl anomer f1xe~ the dlhedra1 angle hetween the Cl-III and 

C2-11 2 bonds at 90°. In the rnanno cornpounds above lt was nWd, that the C
2

-0
2 

bond was gauche wi th respect ta the Cl-Hl bond' in thc furanosc as wcll as the 

pyran~se. For ,the compounds possesslng the Cl gluco configuratIon tl11S is no 

longer true. In the furanose now the C
2
-0

2 
bond IS almost trans with respect 

ta the Cl-Hl bond, a sItuation that should lead to decreased coupllng. ThIS 

~ffect then llkoly cancels the Increase duc ta ring strain. Conslderlng 

the fi ,morner,>, however, the C
2

-0
2 

bond of the furanose malntalnS a small 
~il\ 

dihedral angle wI,th the Cl-Hl bond and consequeritly not on1y lS the expected., 

Increase ohservcd, but' It IS arnplLfled. 
/ 

.1JC_H can, !Jhen, ln certai\l cases serve as a measu!'e of nng strain. 

It 15 ~otcworthY~1~thlS regard that whon W below is oxidized to ~, a 
, 1 

1 
dec'l"ease of 2.5 Hz is observed ln JC_H" 

" 

/ 

" . 
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1 
JC_JI = 183 Hz 1 T oz Il '-' C-II 180.5 z. 

" 

It is cxpccted that in ~ rfng strain lS partially relieved hy the 

2 
incorpor~tion of an sp carbon in the furanose ring. A slm11ar effect lS 

~ manlfested ln Y relatIve to Z. 

G 

1 
J

C
_lI '" 144 Hz 

When Cl of a furanose is Incorporated Into a second rIng as in !, IJC_H 
, 

increases by about 13 IIz. The questIon of ri ng' strain additi vi ty has to br 

considered ln this case; i.e. whether inco~oration of the coupling 13C 
• (1 

nucleus into two fused rings resu1ts in twice the,lncrease in coupling as is 
, 

pbservcd on incorporation 1nto a single ring. This does seem to be the case 

when cyclopropanes ar.e examined (35): 

H 
"-
1 
J C:...fi = 125 Hz 

l . 
J

C
_
H 

• 161 Hz. 
1 
J

C
_

H 
• 202 Hz. 

, 
, f 

'\ \ 
1 
! 

CI 
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I~ 

1 t has ~l ready been stated tlùt Incorporat IOn- of the 1\ nucleus 

r 
1nto a flve-me/flbereo ,rtng resu1 ts ln ,Ill Increase ut' ahout SIl:: 111 the coupl1ng 

to 1ts appent'o proton, where3s 
l , 
A " 

and ~ 1 S cC'rt,IÏ n 1 y greater than 
! 

the oh,>crved dl ffcrence hehJCcll the I( anorner of Il 

tWlce (hls ,Imoullt. Sorne of tllls Increment 

hecornes l'vident on the exarnlnatlol1 of 11101ccular models. Inl'orporatlng 01 Into 

an l<,oprnpylldcne ring fixes the Orientation of tlH' 11Ihh,lrl'd eh'l'troll pdlr lohe'> 
, 

of 0lWrfl'Llt'îve to the CI-Ill hond 111 sllch a m,wnl'!' thnt tht' Cl-Ill hond l'xper-

ience~, two g,llIche Inne 'Pair IllteractlOI1~. Thl'> t\'pl' of'arLlTlgcml'llt, J.~ dlscuc;scd 

13 1 
ln Sectlon 2.9, leads to Increased C- Il coupllng.· 

2-. fI Cone 1 us Ion 

Ihe results of the present Investlgatlon suggest that d1rectly 

rholldcd 13C_l11 coupllng constants vary al'cordlng to structural fedtures of 

1, 
l1'0leculcc., ln a manncr that cannat he ilec.,cnb.sd hl' the Cl<1<;SI(,11 hyhrldlzatlOll . ~ 
appro,lch. 'Ihe latter model, along wltl! thc Malll1ow'>h.1 type of ,lddlt:IVlty rC'l<1tU)fl-

1 
Sll1{1 (~8) 1'> now seel1 a,> "l1pl1cablc on1y for very Lll'ge ch,mgec., 111 .Je_II' and 

the effect 1 vc llue 1 car ch,lrge cOl1cept of Crant ,ll1d Lit chm,ln (;il)) a }\,O '\l'l'm .... 

1 
ta offer too Ilmlted d vlew. In fact .Je_II varIes 111 d r.lther comple.\. mdnner. 

Th 1 h t 1 t 1 1 :;Oc' l e coup lng Incrcases Wlt c ectroncgatlve SU)S 1tutlon <1t t 1l' l1ue cus, 

w1th the proxlmlty of lone p~llrs to the 13C_l11 bond and wlth "traIn when the 1:)e 

is Incorporatcd Into a ring. C:auche type steric effects as wiçp as adjacent 

trans electroncgat 1 vc subst 1 tucnts cause t!ecreascd coupllng. rhc~c coupl ingc." 

as dcmonstratcd, C,ln he u<;ed ta advantagc 1Il conformatlona1 analys1s and . 
WIll no douht rel'Clve furthcr attentIon to exploit thclr potcntlal. It must bc 

cmphaSlzcd, howevcr, th,lt In order ta obtalll meaTllngful results 1t IS ImperatIve 

ta tdke aIl varlahle5 Into account. As the present Invest1gat1on Implies, pre-

1 
viously calcu1ated hybndizatlOn, bond angle and bond length data based on Je_II 

arc Ilest regarded as approximations. 
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3.1 Introductory remarks 

13 
Intcrnudear coupllng hetween the , C nucleus and a proton through 

two honds, termed gemlnal coupÙng and denoted hy 2JC _
H

,'was also extensl vely 

13 1 
Investl,gated ln this general study of C- 11 coupllng constants,anu the results 

arc reported ln Tahle 1. As wlth directly bonded eoupllng, emphasls was placed 

on stQreochemical factors assoclated wlth thlS parameter. 

13 1 
The determlnatlon of C- H gemlnal coupilng InteractIons presents 

substantlal experlmental dlffleultles and eonsequcntly the Ilterature uata on 

thl<; tapie arc llmltcu (121) (122). Thcse eouplIngs arc mueh smaller III 

magllitude than the prevlously dlscusscu tiIrectly bondeu eouplIng5, ranglng . " 

ln the pre,>cnt InvqstigatlOn From () to 6 IIz ln ahsolutc value. For thl<; 
--' 

reason thelr measurcmcnt From naturai abundancc '>pectra 15 at present frcqucntly 

ImpOSSIble exeept ln the slmplest cases (see p. 4), Slnce the relevant signaIs 

arc ohscurcd by the much larger sIgnaIs of those protons not coupled to a 13C 

nucleus. Figure 1 deplcts the theoretlcal and actual natural abundancc 

proton magnet le reS'onanee ;peed1.lm of the aldehydl c proton ln acetaldehyde, an 
-

optlm,ll ca~e ln thlS regard due'to the large coupling (26.() I!z) bctween'·, the, 

"methyl carbon and the aldehydlc proton (123). 

,/ 

FIG. 1 

2 
~C-H 

Natural abundanee pmr spectrum of the 
ald~ie proton in acetaldehyde. ' 

, cf 
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TABLE 1 - Geminal 13C_.,.la. coupllng in 13C enriched carbohydrates 
~, 
" . 

, -~ 

~ () Compound 
, 1 

" - 13 
1,2-0-Isopropylidene-a-D-glucofuranose-6- C 

- = 

1.2-0-Isoprî~ylidene-3,5,6-tri-Q-~cetyl-a-Q-gluco-
fur~nose-6- C' ,-

1,2-0-IsoproEylidene-3,S,6-tri-O-acetyl-a-Q-gluco-
furanose-6-13C-6-.d - , -

2 . 

1,2-0-Isopropylidene-a-D-glucofuranose-~_13c - = 
1,2-Q-Isopro~ylidene-3,5,6-tri-Q-acetyl-a-Q- gluco-
furanose-l- 1 C -

1,2-0-IsoproEy1idene-3,5,6-tri-O-orthoformy1_a_Q_gluco_ 
furanose-6- 13( - -

l, 2-0-Isopropy1idene-3,S,6-tri-O-orthoformyl-a-Q-
glucofuranose-6-1 3C-6-d - -

-2 

1,2-0-Isopropylidene-3,S,6~tri-O-orthoformyl-a-D-
'glucofuranose-l-l3c - , = 

1,2:S~6-Di-~-'isopropy1idene-a-~-glucofuravoS~-6-13c 

1,2:5,6-D1-Q-isopropylidene~a-~-glucofuraHose-l-~3c 

1.2:S,6-D1-0-isopropylidene-3-0-acetyl-~-D-glucofuranose-
1_13C ,- = - = 

l.2:5.6-Di-~-isopropylidene-a-Q-ribohexofuranose-3-ulose-
l- l3e - -

• 
, 1,2:S,6-Di-Q-isupropy11dene-a-g-a11ofuranose-1_ 13c' 

Coupling pathway 

C
6

':'C ç H
5 

~ 

C -C ,-H 
6 5 5 

C
6

-C ç H5 

C1-C 2-H2 

C1-C 2-H 2 

C6-C ç H5 

C6-Cç HS 

C1-C2-H2 

C6 -CçHS 

C1-C,2-H2 

CI -C
2

-H
2 

C1-C 2-H: 

... 
C1-C 2-H2, 

, 

"-

---./ 

e 

2 J C_H (±~ Hz) 

1 

1 

< 1 

5.5 

5.5 

00 
. < l w-

<1 

4.8 

< 1 

+5.5 

-5.5 
~ 

5.5 

5 
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Compound 

'-' , 13 
1,2-0-Isopropylidene-8-~-idofuranose-6- C 

, 13 
1~2-0-Isopropyl1dene- 8-~-ülofuranose-6- C-6-d 2 

1 

1,2-0- Isopropylldene.- a-Q-glucofuranurono-6, 3-1acto'he-
6- 13ë -

1,2-0-Isopropylidene-S-0-acetyl-a-Q~glucofuranurono-
6,3-Tactone-6- 13C - - 1 

1,2-Q-Isopropyl1dene-8-1-idofuranurono-6,3-1actone-
6_ 13C. - . 

1,2-Q-Isopropylidene-S-O-acetyl-S-1-idofuranurono-
6,3-1actone-6- 13C -

~-Mannono-l;4-1actone-1-13c 

2,3:S,6-Di-~-isoproPYlidene-a~~-mànnofuranose-1-13C 

2,3:5,6-Di-0-i~ylidene-l-Q-acetyl-a-Q-manno-
furanose-l-1"3C . - . 

13 
a-~-Glucopyranose-l- C 

. 13 
e-~-Glucopyranose-l- C 

13 
B-~-Allopyranose-l- C 

- . 13' 
1,~,3,4,6-Penta-~-acetyl-8-~-allopyranose-l- C 

" 13 ~2,3,4,6-Penta-~-acetyl-a-Q-glu~opyranOSe-l- C 
, 13 

l,2,3,4,6-Penta-Q-acetyl-8-~-glucopyranose-l- C 

'"", 

At 

• 
2 

Coupling pathway, 
J

C
_
H 

(Hz) 

C6-Cç HS </ 
C

6
-Cç HS 

1:5 

C -C -H 655 
4.1 

, 

"-
\ C -C -H 655 5.5 

1 

C
6

-C ç Hs < 1 

C -C -H 6 5 S 2.2 

00 

""" C
1

-C
2

-H
2 

. 4.8 

C -C -H 122 l.S 
., 

C -C -H 122 l.S 

C -C -H 1 2 2 < 1 

C
1

-C 2-H2 'S.7 

C1-C 2-H2 -6,.0 

CI-CZ-HZ -5.5 ' ~ 

C -C -H 122 < 1 

C
1

-C
2

-H
2 5 

r , 
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Compound 

1,2.3,..4.6-p~nta-Q.-acetYl-2.-~-mannopyranose-1-13C 
, '13 
1,2,l.4,6-Penta-Q.-acetyl-a-~-glucopYl·anose~6- C 

, 13 
1,2.3.4.6-Pe~ta-Q.-acetyl-6-~-glucopyranose-6- ~ 

2,3,4,6-TetTa~~-acetyl-a_~-glucopyran0syl btomide-1- 13C 
13, 

2,3,4 ,6-Tetta-O-ace,ty1-Cl-~-mannopyranosy1 broffilde-1- C 

. , 13 
2.3,4.6-Tetra-O-acetyl-1,5-annydro-~-glucitol-l- C 

3,4.6-Tri-O-acet11-S-Q-mannopyranose-Cl,2-methyl 
orthoacetate)-l- 3C -

Methrl-O.-~-glucopyranoside-l-13c - " 

Methyl 4,6-0-benZYlidene-a-~-glucopyranOSide-1-13c 
, 

- 13 
Methyl 4.6-Q.-benzylidene-a-~-glucopyranoslde-6- C 

, 13 
1,6-Anhydro-a-~-idopyranose-6- C 

2,3,4-Tri-Q-acetyl-l,6-anhydro-Ct-~-idoprranose-6-13c 

L Ci> 

o 

-
e 

0 

2 
Coupling pathway 

J
C

_H (Hz) 

CI -C 2-H2 1.5 

C
6

-C ç HS < 1 
\ J 

C6-Cç H
S 

< 1 

CI -C 2-HZ 1.5 

.. CI -C 2-H2 ' 1.5 

CI -C 2-H2 3.5 

C1-C 2-H2 < 1 

CI -C 2-H2 < l 00 
V1 

• 1 

C1-C
2

-1l2 < 1 

C6-Cç HS < l 

C6-C ç HS 1.3 

C6 -CçHs 1.5 

~ -
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The coupling ln this case can be measured from the separatIon of the 

cl f 1 ne 111 1 1 . Q 13(, satell1'tcs which arc the Irect re~ult 0 gemlna -, coup lng )ctwcen -2 

It lS cVIdent,howcver,that if such genlJJ)al couplmg 1S of smal}cr 

magnItude ~han ln the cx~mplc above, the satellItes of lnterest are Ilkcly to 

be oblItcrate~by the Lnterrsc central absorption. furthermorc, ln 3n1 slightly 

more complex system, for eXaIl)plc onle conta1nIng threc carbon atoms such as 
1> 

propanol, 

even 1 f the sate1l1 tes arc· observable, addl t10nal proh lems 'lIay be ' 

d 1 · 1 1 3(, 1'1 1 . h . h 4b' 1 . encountere . Along Wltl gemIna ,- coup lng, t crc now eXlsts t e po~s~ 1 Ity 

of viClndl (three bond) couplwg bctwcen 13C3 and Hl and conscquently there .is 

an uncert,llnty ln Whll:h coupllng IS really belng oh ... ervcd. 

FouYler' transform 1nstrumenOtat1on capable of sreCI fiC proton de.:. 

coupllng was not avaIlablc during the penod of rcsear~h ùescribed here. !lence 

13 c , , 

fi rather l11gh degrec of C enr1chment was cssentlai. ln Olfr InVeStigatIon of the 

relat1vcly complex systems WhlCh appeared sUIted for the examu\atlOn of varlOUS 
~ 2 

stcreochemlcal determlnants of JC_II" ASlde from the dlfflcultics Involved 
1 " 

ln the synthesls of 13e enriched compounds, potential problcms ca~ arise ln 

sP«?clflC proton sIgnal ass1gnment. ThIS may be lilustrated by refcrrIng to 

two cxamples. FI,gurc 2 shows atl optlmurn case, that of l, 2-Q-isopropylldene-

V 13 .. 
3,S,b-trt-Q.-orthoformyl-Il-~-glucofuranosc, natural .. ab\lndancc and 1- . C (80%). 

In th i 5 case the complete spectrum can he ana 1yzed by rnaklng use of chemical 

shift tIlr w-c,rp1es, proton-proton couphng d~ta and proton decoupl ing. In the 

13 v - , 13 d b i~ C abc 1,1Ing experimçnt, then, the cOlJpl1ng hetween Cl an H2 can e 
~ ", 
~~-~ect J'" m~asurtM. S1l1~1. the en~ichment is about 80% the H doublet of the non-

..... ,,J " 2 

enriched compound is stIll present ln the spcctrurn and in sorne cases may still 
'1-f) . 
l~i~.J 

/ 
o 

'1\ ' 
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Horthoformyl , 
A~ 

o 

B o / 
HC 

() 

c.> 

ppm(&) 

Partial pmr spectrum (100 MHz) of Â) l,2-0-isopropylidene-3,5,6-, 
tri -Q'':orthoformyl-a-Q-glucofuranose and BT 1, 2-0-isopropylidene-
3,5,6-tri-~-olthoformyl-a/Q-glucofuranose-l-13c-(80% enriched) 'in 
eue 1 :J" - , 0 \. 

~ 

:, 

1 

Il 
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Interfere with the necessary determln~on. For this reason ~ high degree 

of enrIchement I.e. 80-90% is particularly beneflcial in obtaining accurate 

values for the coupl1ng. 

ln contrast to the above compound, the spectrurn of 1,2:5;6-dI-~-JSO-

13 
propylldene-a-~-rlbohcxofuranose-3-ulose (monohydratc)-I- C (~) (FIg. 3) 1S 

CHrr. ... O-CH2 
CH~"'O H 

3 

OH 

so complex due to the proXlmlty ot the chemical shifts of H2 , H4 , HS' H6 and 

116 1 that evcn at 220 MHz the H2 signal cannot be identlfled and consequehtly 

13 the coupllng to Cl cannot be measured. In the llght of these considerations 

It IS ObVI0US that even wlth enriched compounds one is limited ln the type 

of systems that can be exarnlned spectroscopical1y. 

Prlmarily then, due to the aforementloned difflculties the l~c_IH 

gemincd .. coupllngs that have been me~sured heretoforc ,relate mostly to râther 

SImple systems; therc is a dire lack of data for conformationally rigld 

systems ln which various stereochemlcal effects can systematically be cvaluated. 

It should he mcntioned at this point that ~he spectra encountered ln this study 

can ~n generai he describcd" as AMX as far as the vicinal proton, gemmaI proton 

and the I3C nucleus arc concerne~ 50 that th~observed spacings should be close in 
o 

value to the sctusl coupling constant. 
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c 

1 , : , : ; : : : 
6. ppm(6) 

': 

.. 

• 

: : : : : : 
4 

FIG. 3 Part~aI-pmr spectrum (100 MHz) uf 1,2:5,6-di-O-isopropylidene
Cl-~-tiJwhexofuranose-3-ulose (monohydrate)-l-nC (80\) in CDC1 3: 

-
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2 
3.2 Observatlo9'of rela~lvc bond orientation effects on J

C
_
H 

As w~th the dlTectly bonded couplings, a striking observatIon was 

-13 made for the case'of CL and R-Q-glucopyranose-)- C: 

H 

HO 

,~ 

H 

2 J
C

_
H 

• 
< 1 Hz 

1-:1 

HO 

H 

2 J
C

_
H 

.. 5.7 Hz 

The B anorner cxhlblts a rather large gernlnal coupling of 5.7 IIz 

between l3e 1 and H2 whereas no couplmg 1s observable for the CL auo~er. The 

couplIng pathway appears to have the sarne geornetry in these two instances; 

the only OhVIOUS dlffercnce between thé anomers 1S the orientatIon of the 

anomeric hydroxyl group with respec t to -the C2-H2 bond: 
t 

-H H2 
"'\1-/ 

2 
0

5 H1 OH1 

C3 OH2 OH2 
OH1 

-H 
J 

... 1 .. 
a-D-Glucose a-~-Glucose -~ '" 

. 13 2 
Slrnllar effects can be noted as weIl when the C is sp hyb,ridized 

, -,13 
~ ln the case of l ,2-Q.-isopropylidene-a-~-glucofuranurono-6 • .3-lactone-.6_ç-', C 

(B) and 1 ts ~-ldo cplmcr (g: 

2 
J C_H • 4.1 Hz 
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Based on these observatIons, the potcntlal use of these couplings became 

apparent: If the factors determlnlng the above differences were identiflcd 
, 

" 13 l ! 
sûch c- Il coupl1ngs could prove to he"a valuable tool in structural analysis. 

Th~ present flndlngs bear a rcsemblance to those described by Lynden-

Be 11 (95) for",hromo- ethyl cne: 

.. 
2 

2 

HA })I 

"C=C
13 

,/ "-HB Br 

Je_II = +7.5 Hz 
A 

Je-liB = -8.5 'lz 
~ ~ 

That IS, the proton ClS to the bromlne a tom shows a coupllng of -8\' 5 

Hz in contrast to the +7.5 \iz. for the trans proton, a marked dlffcrcnce ln . ~ 
steric dependence .• Slnce ln the sugars mentloncd ahove there arc two oxygen 

.~ 

substl tuents on th/'~c'nuclcus, one way to dcscrihe their orIentatIon wlth 

respect to the coupl ing path could he to consldcr a "resu ltant" by treati ng 

the CI-O} bonds as vectorSJ#For' the gluco e anomers these resultants can be 

rep~esentcd by the followlng: 

.! 2 
OH1 

OH2 
H1 

2 J
C

_
H • 5.7 Hz 2 J

C
_

H 
< 1 Hz 

B-V-Glucose • Q-D-Glucose = 
Using this terminology the relative positions of the oxygens with 

.\ L 

-
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respect to the C
2

-H
2 

bond can be described by referrlng to the dIhedral angle 

between the "resul ~ant" and the C
2

-H
2 

hond. According ly, ~UPling decreases 

ln absolute value as the dlhedral angle 15 increased. 

At thlS stage lt hecomes Imperative ta tntroduce <1 concept WhlCh WdS 

not cons1dered ln deallng Wlth dlrectly bonded coupllng~: the slgn of coupllng 

constants. It has already been Indlcatcd for bromoethylene that gemlnal 

l3c:_ 111 cOll'pltng may have a posItive or ncgat1ve sign, dependlng 'on the Inherent 

stereochemJstry. In order then, to make meaningful correlations hctwceTl 

gemJn.!l cOllpllng and structure and ta enable the applic"atlOn of thesc coupllng~ 
l ' 

ln prJctlcJI struct~ral analysls,lt bccamc cssentlal that the s18n of such 
1 

COUpli ngs he dcteTInlneû. 1 t would then suhsequent ly hccome c lear whether the 

. .. 
o~served coupllng wa~ actually lncreaslng or decreasing relative to the orient-

atIon of the 5ubstituents on the 13C nucleus. 

3.3 Slgns of coupllng constants 

13 1 
fhe great maJonty of the C- H geminai coupltng values avaliable 

ln the Iltcrdture arc' absolute values oWlng to the faet that the expeflmental 

determlTlatlon of slgn" is often dlfflcult. Internuclcar coupllng is Cdllscd 

by the lnteractlon of nuclear spIns, as transmlttcd through electrons (10). 

In generdl, If the energy of Interaction betwcen two nuclel IS more favourahlc 

when the spins are antiparaiiel than for the parallel arrangement, then the 
\ 

couphng constant J 15 posItive. Whcn the parallcl arrangement 15 energetically 

favoured, the coupllng constant-Is said to he negptive. As an example, consider 
-~ 

the 13C_1I hond, and let the high and low energy states of nucle! or electrons 

he denotcd hy a and ~ rcspcctively. At any momen~then,therc 15 a high proha-

13 
hlilty of finding one clectron ln the vicinity of the C nucleus and the other 

in the vicinlty of the proton. Slnce nuclear and electron spins tend to pair, 

.. 
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If the hyJrogen nucleus IS ln the a or h1gh energy state, thc elcctron closc 
( 

to I tWIll mbst frequcntly have a B SpIn. By the Pauli excluslOn pnl'lciple 

thc second clec~ron ln the covalent bond WIll then he ln the u spin'state and 

consequcntly the ~, SpIn sta te of the 13C nucleus WIll he fav«ured. Th 1 S type 

of tran~mlSS10n of the energetlc stute of coupllng nuclet leads to posltIve 

spIn-spIn coupling and can be repre5enteJ schematlcally as below: 

1 -, ~ . 
t • , 

whcre thc"large arrows represent SpIn5 of m.lclei -whercas -the small arrows refer 
- 1 • , r· 

to elcctron ~pln. i It follows then that If coupl1ng 15 transmltteô hy thl'S- , 
,.- , 

mcchanlsm',(l.c. "crmi mechanlsm), drrcctly hondcd couplings should he positIve. 

Son'lctllncs, .1 simllar argument l~ advanced to show that gcnllnal spIn-spin couplilli'." 
1 

~ , ~ 

are nega~Ivc maklng use of the schcmatic below WhlCh leads to a parallel, or 

l~ss favoured arrangement of nuclear spins . 
. , 

H 
1 

Such an argument IS fallaClous bccause ln such systems 99% of the time the 

, 12 
Intervaning carbon atom is the ~ Isotope and consequently has no spIn! The 

ahove diagram accordingly becomes meamngless. It has already been indicated 

2 
that Je_JI can be of elther sign; therefore dependlng on how spin ir'lformatlOn 

is transmlqed ln one bond t~ th~electrons in the other, 

accordlng ta the stereocheml try of the orbitaIs Involved, both of t~e following 

coupling situations 

l , 
1 
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~ 
1 

y .' 

t~t ~ d ./ 1 ~ t t~l 
H 13C H 13C 

+ 
positive coupling negative coupl ing 

The slgns of these coupllngs h~ve mathematlcal slgnlflcance,so that 

negati~,c contributlons to couph-ng. For examplc, one caT1,>,talk about positIVe and 
~ . ,-
,"'}f,.t\ conslderàtlOn of the data helow (124), leads ta the notIon that a Br suhstituent 
(~ }' ":l,.'" 

"~i~..r;'~·tans to the coupltng proton makcs acontnoutlon of +9.9 Ilz, Cl ClS substituent 

) 

/ 

4 ---

\, 

contrlhutc<., -6.1 IIz whcreas a Br atom bonded to the Intcrvenlng carhon contributcs 

+8.2I1z. 

z 

Ha H 
'\ - '3/ C=c 
/ \ 

Ha H 

J e_
H 

=-2.4 Hz 
'. 

Ha H" 

'\ 13 / 
C=C 

/ \ 
Br 

= +7.5 Hz 

2J e-lib = -8.5 Hz; 

Ha H 
'\ 13 / 
C=C 

/ \ 
Br H 

2 
.Je_Ii • +5.8 Hz 

a 

1 1 

13 1 
Based on thls idea the gemlnal e- H coupllni in cis-dibromoethylene 

would be expected to equal -2.4 + 9.9 + 8:2,or 15.7 IIz. The experimental value 

for thlS compound is 14.7 Hz. It is cVldent then that slgns of~couphng constants 

have rcal alge~ralC slgnlflcance lnd consequently It becomes Important to in-

vC~~lgatc these effects ln the sugar serIes . 

" Theory of sign determinatlon 

Three basic methods are available for sign determination of coupling 

constants. It must be emphasized that absolute sign determinatlon i5 in general 

.~t possible; sign determinations are carried out relative to the one bond 

13e_H coupling which is wldely accepted to he positive, based on studies 
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• 
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carrlcd out wlth 11qu1d crystals (125). (' 

~or sorne strongly couplcd spectra 1t IS possIble to carry out sign 
~ 1\1 

determinatlons b~ the matching of 13C satellite spectra with computed spcctra. 

This method has been used by Goldstein and coworkers (126) with aromatlc system~. 

A second method of sign determlnation involves the invéstigatlon of 

solvent effects on the geminal coupllng constant (127). It 15 known for example, 

that the geminal proton-proton coupl1ng in styrene oxide is posItive while ln 

styrene sulflde 1t is negat1ve. These couplings rre seen ta vary with solvent 

in the following manner: 

, " 

Styrene sulflde Stlrene oX1de 

Cyclohexane 0 -1.15 Hz 6.00 Hz 

CHCl
3 -1. 50 Hz 5.55 Hz 

DMSO -1. S5 Hz 5.31 Hz 

Both sets of coupling constants decrease algebraically with increasing dielectric 

constant of the solvent; styrene sulf1de Increasing in absolute value. There-

fore, by observ1ng the behaviour of IJI in different solvents one can determlne 

the slgn of the coupling. (The ratlonale here involves the shift of 

eléctrons out of, or 1nto,certain carbon orbitaIs depending on the orientation 

of the dl.pole moment of the solute molecule .. it.;1 respect ta the H-C-H plane (127)). 

Theoret1cally then,it~should also be possible to determl.ne the S1gn of geminal 

l3C_1U coupling by studying whether the coupling wcreases or decreases as the 

dielectric constant of the solvent is increased. 

Ta investigate this possibi11ty in the sugar series it was necessary 

to select compounds in which the desired pmr signaIs were sharp and clearly 

visible. l,?-: 5, 6-Di-Q.-isoprOPYlidene-3-Q.-a~etYI-a-~-glucofuranose-l- 13C (Fig. 4); 
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FIG. 4 PartIal pmr spectrum (100 MHz~ of 1,2:S,b-dl-i)-lsopropylldene_3_ 
O-dcetyl-J-D-glucofur3nose-l-~3c (80%i ln CDc1_. 
- == .) 
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and • ~ , 2-'Q.- 1 sopropyl i dene-3 , 5, 6-t~'Î -Q.- acetyl-ct-Q- gl ucofuranose -6 - Be -6-d 2 

/ 

(~ig. 5) wcrc founJ to he sUltah~e ~Ince the relevant proton nhsorptions werc 

easily ldentlfled and the compounds can he dlssolved ln a varlcty of solvcnt~, 

The above compounds also represen,1:: the two general types of cases 

exarnined ln thiS InvestIgatIon: the coupling carbon bearlng two oxygens, or 

on~ oxygen, respectlvely. The solvents employed were CCI
4

, CS" DMSO, aceto

nitrile, pyrldIne, acetone, hexafluoroacetone, henzcnc and chloroform along w i th 

various comhlnatlons of the sol vents. It is eVldont that thcse SJl vent s repre~('nt 

a wide range of dlelectrlc constants, however, withln the accuracy of the 

2 measurements (.5 Hz) no sIgnlfIcant varIation ln J
C

_
II 

was noted ln either of 

the two C.ISCS. It must he concluded then that thlS method 15 not sllltahle for 

sIgn detcrmlnatlon ln the type of systems encountcred in the present Invcstl-

gatlon. Correspondlngly, It can a1so he concluded that the gemlnal couplJng~ 

WhlCh arc being discussed are essentially Independent of solveqt. 

The third method, and the one found applicable here, involves double 

- resonance technIques (128). The ideal case for such InvestIgations 1S an AMX 

spIn system. Conslder a situatIon such as H
2

-C_ 13C-H
I 

where X is 13e. The 

prerequIsltes for sign determination include couplIng of l3e to Hl and 11
2 

as 

weU as proton-proton coupling between III and H
2

. Symbohcally the spectrum 

can then be reprcsented as ln FIg. 6. 

I~ 

--------~~~H~----~ 

t 
A' 

t 
A 

FIG. 6 Schematic NMR spectrum of H _C_
13

C_H 
2 1. 
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In this case the' chernica1 shifts of the III and H
2 

absorptions can 
o 

be descrihed by the fol1owlng re1ationships: 

v(A) + J H H ,m
B 

+ 
1 = vH J e_H' m13 f 122 e 

--~-' ~-_._-

" 2 v(B) = ~r1 + ·J II Il ,mil + ,le_II,m l3 2 1 2 l e 

where v i s the chemlca1 ShI ft ln Hz and m assumes values of 1/2 or -1/2, 

H)r exarnp le, l.JC_H bemg posItive, the chemica1 Shlfts of the low frequency 0 

III Il ncs would be descrlhcd as: 

v(A l ) - 1/2 l 
1/2 J H H = vII J

e
_
H l . 1 2 '\ 

and v(A
2

) 1/2 1J + 1/ Z J H H = VII -
-C-Il 1 ' 1 2 , .' 

13 These ,absorptions are then sald to be in the same C state (I.e, - 1/2). 

2 
Turmng now ta HZ' if J C_H lS positive the low frequency t~2 lInes can be 

e,described as: (~', _,.< 

2 1/2 J e_
H 1/2 J H H 

1 2 

2 
= VII - 1/2 Je _ H + 1/2 J H H 

2 1 2 

c\-

o 

13 
~gain, both of these are seen to be in the -1/2 ~ state. On the other hand: 

if 2je-H is negàtive, the descrIption of the low frequency H
2 

1ines beoomes: 

= 

and = 

2 
vH + 1/2 J"e_H 

2 
1/2 JH H 

1 2 

Thesc signaIs are now in the + 1/2 13C state. It is e~ident that if 1JC_H 

and 2Je_11 are both positive, t~e low fréquency pair of Hl 1ines as weIl as 

the low freq~ency pair of H2 lines arise rrom the -1/2 13C state. If the signs 

are opposite, then the -1/2 13C state is responsible for 'the low frequency pair 

\J) 
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. .; 
of one doublet of doublets and the lugh frequency p~n r of the other. Ilcncc by 1n-

.troducing a second r.f. source wlth a frequency correspondlng to that of one of the 

doublets, one can obtaln selective decoupllng wlthIn only half the molecules, 

13 i.e., thosc with a spenflc C statc. By observlng which doublet col1apse5 

due ta this IrradiatIon, the relative signs of the coupling can he determined. 

If irradiatIon at A causes collapse at B in Fig. 6, the signs are the same; 

if this irrad~ation causes collapse at B', the signs àre then opposite. Sincc 

1 I~ 2 
J

C
_

II
.1S taken as positive (125), the sign of .J

C
_H can' he dctcrm1l1cd. 

13 
As a pr~ctlca1 example, acctaldehyde-2- C can he consldered. This 

is an AM
3X spin system with a schematlc spectrum a5 represented in Fig. 7. 

H 

----------~~c~."~---------

1 

FIG. 7 
l 13 

Schematlc spectrum of acetaldehyde-2- C. 

The prerequlsites for sign determlnation are aIl met. The sets of 

13 protons couplcd to the C nucleus are coupled to cach other and aIl sIgnaIs are 

clearly visible. In thlS instance irradiation at point A wlth a second r.f. os-

cillation causes the low field satellite B of the methyl proton to collapse, 

whereas Irradiation at point A' has the same effect on B', indicating that 2JC_H 
1 ~ 

:lml .J
C

_II .Ire of like !">lgn (129). It should be noted that complete dccoupl1ng i5'-

oftell IlOt pos'>lble, nor is il nccessary. The same informatIon can be obtained 

by the appllcatlon of ~Ùt weak r.f. field (spin tickling) and noting WhlCh satel-

litc is perturbed as a result of this irradiation. It can also be mentioned 

) 
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parenthetlcally .r at thlS point that It lS possihle ln certaIn instances,to 

deter~lne the coupllngs and signs even when the transitIons are obscure1 by 

the center peak. Each of the A transitions sharcs a common ehergy level 

with two of the B,transitlons and therefore when a second r.f. fIeld is 

adjusted 50 as ta cOlnclde witt" on~ of the A'translt1.0nS, one of the B trans-

r 't~-.<. " . 
Itlons L~ SplIt lnto a shar~~fillnbt (regresslve transItIon) but the other into 

a broad ùouhlet (progressIve transItion) (130). In this manner the A lines 

C.ID he dctcctC'd and the slgns can he establlshed. 

Lxperlmental S tgn ~determlnat lUn and orl entat ion effccts 

When R-~-glucopyranose-I-13c (which shows a gemlnal coupling of 

5.7 Ilz) lS <;ubjected to such a StlkJy several problems becoT/le lmmediatcly . ':,'''' . 
\ ' '.....,. 

apparent. The Sptn system is no t l(i)~gèr a. simple '!\Mx case since H
2 

1S ,coupled 

not only to Hl but to H3 as well~ 

'. ~ented symbolIcaJly ln FIg. 8. 
.~ 

The prnr spectrum of this cornpou~.d i.s repre-
.,. 
t 

Q 

--..... -'JC- H 

FIG. 8 
. ,,\ 13 

Schernatic partial NMR spectrum of B-~-glucopyranose-l- C. 

This circumstance should not prevent relative Sign determination. 
~ ~ 

Instead of observing a collapse of a doublet, one would observe perturbation 

of the approPfiate quartet, 50 that ln principle the experiment i5 still feas-, ., . 
"r ible. In practice, however, dUe ta- the equality of J

H 
H and J

H 
H and the 

12 23 " 
chance equali ty of 2 J

C
_
H 

ta one half of these proton-proton couplings, the 

112 absorption&is such as to prevent the experiment from being carried out. The 

/ 
/ 

( 

, 
" 

-
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problcm is cvident in Fig. 9 which illustrates the~H2 absorption at 220 MHz 

ÎH3 of )~-~-glucopyranose and R-Q-glucopYI"anose-1- C. " 

/' 

FIG. 9 H2 absorption (220 MHz, 500 Hz swcep width) of S--~-gluco
pyranosc and B-~-gl ucopyranose-l-13C ,,(60%). 

2 . 
Although Je_Il can be derived from this signal, the individual absorptions 

necessary for sign determination cannot be ciearly seen. 

As t,he 'theory seemed promising, a search was carried out for a morc , 

13 suitable.compound. S-Q-Allopyranose-l- e proved to be amenable to such a study 
- v 

of the slgn of 13e_1
H geminal coupling; lts synthesis is outlined in Fig. 10. 

o OH 

CH3:t~O-C H2 

CH,"/"'O~H H· 3 0, 1 
..- H H't! 

H . 1 
.0 

OH O-i~":J 
, '13 \ 8-Q-allopyranose-l- C •. 

- i 

, 
" FIG. 10 Synthesis of 
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D-Allose differs from ~-glucose in its configuration about C3 , a 

ùlfferencc that does not influence 'Jthe nature of the experiment but the very 

dlfferencc which makes-it possible. Slnce J H is no longer equal to 

(th~dihedral angles involved are close to l8~~and 60 0 respectivelyJ, 

13 
C coupled 

// 
ExperimentallY,it proved bcst to proceed by observatIon of the low 

~2 sIgnal IS now~een as an octet ln Fig. lI. 

) frequency "l satellIte while the two halves of the H3 octet were subjected 

to the second r.f. field. As can be seen irt Fig. 12; irradiation of the 

upfIc1d half resulted in the collapse of the low field Hl satelhte 

whlle uradution of the low field half left thls signal unaffect.ed. ThIs 

-result was confirmed hy irradiation the low field III ~ateilite and ohservlng 

the perturbatIon of the upfield half of the 

The above ~ t shows that 1 Je_II 

H
2 

absorptIon. 

2 
and J

C
_

H 
are of OpposIte slgn; 

2 consequently J
C

_
H 

for the stereochemical arrangement below is negative : 

! 2 

H1 
2 
J C_H • -5.7 Hz 

It now becomes possible to make the statement that as the dihedral 

.lIl,~k hl'tWl'l'll the rl'sult.mt, las Introduced on p. 91) and the proton involved 

2 f 
III till' l'llupllll).! lkl'Tl'.I-'l'S, the actual value of J C_H become5 more negative. 

uthel' Iv.I\' of -.t.ltlng thls observation i5 that an oxygen trans to the H atom 

1II"~l'o; .h l'os i t l VC contI' 1 butlon to the coupling, since no coupling to H2 is 

13 
ohsel"-ved for the steric si,tuation encountered in Cl-~-g1ucopyTanose-1- C: 

\ ' 

( 
/ 

.. 

An-
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H 

B 

HOD 

.. 

~ 

::::: :.I::.:,::~ 1.:.:,: :. 
4 

F{G. Il Partial prnr spectrum (100 MHz) of A) S-Q-Al1ose and B) B-D-
Allose-1-13C (8o'~) ln Dp.. = 
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. FIG. 12 Relative sign determination in 2-~-~11ose-1-13c (80~) by qouble resonance. 

_ -f 

"'- . /~/ 

~ 



• 

.~ 

... 

- 106 -

ln ordcr to makc full u-;e of such relatIon<;hips ln structural 

~ ) 

analy~is Lt hecame neccssary to Investlg~te the effect cxcrtcù on -.J
C

_
II 

when thc ulhedral angle maintained by the rc~ultant and the re]ev,lI1t C-II hond 

is LncTcascù beyond the angle for WhlCh no coupllng 15 observcd, Le., when 

the resultant and the C-H bond approach an ~ relatlOnshlp, The partLal 

structure WhlCh would glVC rise to the desired SItuatIon can be representcd 

Dy a projcction along the C_ l3C bond: 

')". 
\ 

c 
o 

It i5 dlfficult to realize such a conformation ln a six-membereù 

rIng system, but careful scrutiny led to the selection of 1,2': 5 ,6-di-O-iso-

l 'd 13-propy l ene-a-~-glucofuranose-l- C as a suitable model. 

The conformatIon of this molecule can be reasonably weIl established 

from proton-proton coupling dara (131)(132). The fact that no coup1ing is 

obscrvcù hetween "2 and 113 files the orientation of the C
2

-H
2 

and C
3

-H
3 

hond" .It 't,90°; consc'quent1y the conformatIon of the molecule i5 fixed as 

rcprcsent(.'ù by the projectIons below: 

., 
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The "resultant" IS now seen to be virtually trans to the proton in 

question, l.e., 11
2

, In selectlng su ch a molecule with the deslTcd orientatlOns 

lt was, of course, essentlal that the proton spectrum be sUltablc for slgn 

detcrmll13tlon. The spcctrum of the above compound along wlth its 1_13C (80%) 

analog .is glven ln Fig. 13. 

The 11
2 

signal is clearly Identifiable as a doublet ln the non

enriched 5pectrum. Slnce there 15 no coupling to H3' we have an idea1 AMX 

13 
case wlth X belng C (FIg. 14). 

t t 
A A' 

FIG. 14 Schematic partIal NMR 5pectrum of l,2:5,6-di-O-iso-
propylidene-a-Q-glucofuranose-1-13C. -- , 

This time irradiatIon at point B caused c011apse of the A doublet 

~erea~ irradiation at B' exerted a similar effect on A'. The results were 

" confirmed by irradiating at A and observing theappropriate decoupling at B 

aS shown in Fig. 15. 
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2 
This experimental resul t demonstra tes that Jc_~ i s pos i t 1 ve (,+5.5 

Hz) for the partIcular stereochemlcal 51 tuation e::-.amincù. 

h h . h 1 BC Il "1 T e prlmary overall conclusIon t en IS t at gemlna - coup lOg 

lS Influenced by the orIentation of the substltuents on the 13C at:fm wlth 

respect to the C-II bond Involved in the coupling. At lenst for the case when 

the 13C atom bears two oxygen substituent5 the coupling 15 negative when the 

dIhedral angle between the oxygens and the proton i 5 'S'mali; passes through 

f'~' 
zero and becomes posItive as the oxygens move further away. A trans oxygen 

substituent then makes a positive contributIon ta. the coupling, whereas a 

aRuche one makes a negative contrIbution. 

It now becomes possible to examine the previou51y-mentioned. 1,2-2.-

epimer: 

= 4.1 Hz < 1 Hz 

In these instances the 13C in 'question is sp2 hybridlzed. Although the Inherent 

rig,dity of a six-memb~red r,ng 's now ab~t, the use of proton-proton 

couplings ,gives a falrly good eS,timate of, the preponderant conformatIons. As 
J 

!. in the ca~e of 1,2:5,6-dl-Q.-'lsopropyhdene-a-~-glucofuranose there is no 
1 .,..~ ... 

\ \1.. 

.. 

coupling between H2 and 113 Indicating a 90° dihedral angle. Furthermore, 

the /14 -IlS coup\~ng IS large in the case of the gluco isomer and is zero for 

the Ido 150mer. This 1S consistent with the following preponderant conformations 

in the reglon of C
4

-C
5 

bond: 

, 
1. 
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~-Gluco L-1d6 
= --

The relative orientations about the CS-C6 ~ond can then be represented 
... 

as be1ow: 

D-Gluco L-Ido 
"" =~ 

Once agaln ~t is obvious that there is a consIderable difference 

in the orientation of HS with respect to the two C6 oxygen substituents. 

2 13 Slnce we are dealing here with an sp hybridized C and a double bpnded oxygen it 

is not possible to equate this type of arrangement to the cases already described 

(i.e. B-~-al1ose and 1.2:S.6-di-Q-isopropylidene a-~-glucofuranose-1-13C). 

1t is c1ear.nevertheless. that the genera1 trend seems to be the same; the 

presence of the trans' oxygen resu1ts in ~ Hz coup1ing. A1though it is not 

possible to carry out sign determinations for these compounds since the Be atom 

bears no hydrogen. the resu1ts are consistent with a -4.1 Hz coupling for 

the gluco isomer and <1 Hz for the compound possessing the ide configuration; 

Le •• the trans oxygen makes a pos.itive contribution to the coupling. 

G 



, 
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A.s a potentia1 application of this method, if 2-nmnnono-1,4-1actone, 

is cxamined, i t is evident that two maj or conformatIons.!!. and ~, are possIble 

depending on the puckering of the fi vc-membered ring: 

In projection a10ng the C
2

_13C
1 

bond these can be reprc?cntcd by: 

" 

o 
D is then seen to be analogous to the situation in l,2-~-isopropy1idene-S-

~-idofuranurono-6,3-1actone as al!eady described, whereas'~ corresponds to that in 

l,2-0-1sopropylidene-a-D-glucofuranurono-6,3-lactone. Meas.urement of the 
- = 

13e-1I2 couphng constant should th en help to deterffilne the preponderant conform-

13 ' at10n of thlS compound ln solutIon. ~-Mannono-l,4-1actone-1- e was avai1ab1e from 

~-manllonic JCld-l-
1
\ which in turn was obtained from the cyanohydrin rcaction of 

13 
~-ari1biJlosc wi th enrichcd KCN. Tire measu!ed C-1I

2 
coupl ing of 4.8 Hz thon in-

dicates that the favoured conformation is ~, and imp1ics that the preponderant 

conformation is the same as-in glucofuranuronolactone - a rcsult that is to be 

, . 

-
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" expected on the basis of chemical intuition. 

3.4 
13 Orientation effects when the C atom bears only one substItuent 

" 

When It became evid~.~·that the orientation of the electranegatlve 

SU?stltu~nts about Cl relatIve ta 112 in the enriched sugars can Influence 

the exteht of coupl1ng hetween Cl and 11 2 , the posslhillty aros~ that even lf 

the carbon had only one' su ch substItuent, i ts orientat JOn cou Id 10 faet dffect 

the coupling. As already mentloned on p. 94 such posslhlilties do eXIst ln 

halogen suhstituted ethylenes (95)(124)(133}(134)(135) and the effcct IS also 

observable when the substituent 15 of a less e1ectronegative nature as hclow 

(136) (137) (138): 
,-... 

2 J C_H = +0.29 
a 

2J 
) = -4.42 C-Il

b 

The only apparent relevant example in the literature for single bonded system~ 

is a substituted cyclopropane (139): 

. 

x 

Br 

NH
2 

COCI 

2 
:!c-H (Hz) 

a 

-5.35 
y 

-4.0 

-3.2 

2 
:!c-Hb (Hz) 

-1.55 

-1. 0 

-2.2 
t 

There is an ambiguity, however, in this type of compound since the couplings 

can hl' regarded ei ther as of a two bond geminal or of a three bond vi cina] nature. 

Nl'\'l'rth" h'~ ... J the resul ts are cOflJ5istent with' the hypotbesis alrcady propo'-,(.:d f h,lf 
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o 

a trans electronegative substItuent lncreases theûactual value of the couplin~ 

I.e. -making it less negative if lt already l~ negatlve. 

The inves~igation of thls possible angular dependence proved to he 

difflcult on severa 1 accounts. Pr imarlly, the Be -11 gemlnal COUpll ngs wcre 

_found to he in general conslderably smaller in magmtude whcn the coupling 

carbon had only one oxygen _substituent lnstead of two. Secondly, the selection 

an~ synthesls of molecules ln WhlCh the dlhedral angle hetween the subStItuent 
<:) 

and the proton ln question takes on dlfferent values p~escnted prohlems. 

make such a study truly rcpresehtatlve It was necessdry to examIne a system 

hav Ing a tp<.'luche oxygcn, one havlng a tranS oxygen, and one havlng an oxygcn suh-

stltuent at roughly 90 0 relatIve to the~coupllng proton. Varlahles other than 

the oxygen orIentation must be kapt as constant as possible and of course thcsc 

systems must essentially be conformatlonally statlC. A further complIcation 
o 

is the fact that, of necessity, l~ the sugar series we are deallng mostly wlth 

13 
,J 6- e lahelled'Pars and are observlng the coupling ta HS' In general, He IS 

.) 

a complex Signal (usually an octet) resulting from coupllng ta H , Il 1 and 11
4

-
Cl Cl 

Conscquently, thlS absorption often cannat be clearly ldentlficd in the 100 MHz 

or even th60 220 Mllz pmi spectrum; this' factor as weIl hau ta be taken mto 

account ln the selectIon of illustratlve compounds. 
1 

As a model for the 6Qo angular rtlatlonship, 2,3,4,6-tetra-~~acetyl-

.. 

, 13 
1,5-anhydro~~-glucitol-l- e~l-~ proved to be suitable and was synthesized in the 

manner outlined below: 

• 



• 

• 
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IntroductIon of deuterlum ,nstead of hydrogen was necessary ln order to 
<Cf 

simplify the H2~;gna1. This compound in projection along theOC I -C2 bond can 

be repre~ented by the following: 

13 " The rneasured coupllng hetween Cl and /1 2 for the above case is 3-3.5 Hz. 

z. A near trans arrangement betwecn 115 and 06 l~ provldcd hy 2,3,4-tri-Q.-acl'tyl-
" .' 

1,6-anhydro-a-k-ldopyranosC-6-13C: ., 

H 

t:j

OAc 

ThIS compound can ~e syntheslzed by aCld hydrolysis of 1,2:S,6-di-
• 

6-isopropylidene-~-k-ldofuranose-6-13c followed by removal of water under high 

vacuum. The partial spectra (H
2 

and HS absorpt:ons) of the enriched and non

ennched mate~ial ,are reproduced in Fig. 16, The "envelope" appearance of 

13 • 
the HS signal for the 6-C . 1abelled compound is not caused by po or resolution 

) 

(as can be seen by comparing the H2 signaIs) but is due to each ,line of"the 

J 13 
Hs triplet bè,ing split into a narrow doublet by C

6
, 

~\ 

1 
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FIG. 16 

H 2 
() t1s 

116J 
_ 

A 
H2 

/ HS 

.' 
Partial pmr spectrum (100 MHz) of A) 2,3,4-tri-~-acetyl-l,6-
anhydro-~-~-idopyranose and B) 2,3,4-tri-O-acefyl-l,6-anhydro-
a~k-idopyranose-6-l3C (60%) in CDC1

3
, -

The observcd splitting in this case is ~O.S Hz; it is then evident that , 
J> 

2 
J C_H docscshow a dependence on the relative orlentatlon of the coupling ~roton 

, 13 ' 
and thG C substltuent. The possibility still remains that a maximum effèct 

is exerted for a 90° angular relationship. The selection of a compound ln 
li 

which this arrangement can be realized poses a problem. It is not possible 

to incorporate the 6 positi~n of any of the' sugars into a rigld 'system where 

H
S 

and 06 subtend a dihedra1 angle of circa 90°; consequently an alternate 

approach had to be employed, 

A ' . I . d .. . bl b' I3C 1H . 1 s previous y mentlon~ , 1t lS pOSSI e to 0 taIn ,- gemina 

coup1ing constants from Fourier transform I3e spectra in certain cases where 

~ignal assignments can be made a~here no ambiguity exists i\ determining 

h · h . 1 .. . BC IH l' 0 . . W lC part1cu ar proton gives rise to a certaIn - sp 1t. n examlnlng 

molecular models it became apparent that in 1,2-~-isopropylidene-u-~-gluco-. 

f 6 3 l h C 0 d C H b d b nd 1 of AgOO, uranurono- , ~ actone t e, S- 5 an 4- 4 on 5 su te. an ang ev 
; ... 

which is the desired relationship: 

" 
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Synthesis of this molecule l3e enriched at Cs woul,d 
.. 

involve the 

, 13 
elaborate process of first synthesizlng ~-xylose-S- C by the cyanohydrin re-

action then building up to glucose, with the approp~late separation of isomers. 

Neverthcless, the non-enriched compounù should be sU'ltablc for Ft study. 

The absence of protons on e6 anù the fact that the d1hcdral ànglc bctween the 
"-1 

e4-e5~nd C3-H3 bonds 1S about 90 0 (as will be shown ln the next chapter 

such a relationshlp results in no vicinal 13e _l/l coupling) ensurcs that the 

only coupling ta Cs arises from interaction with H4 . If the C5 slgnal in the 

13 ' Ft e spectrum then can be properly resolved and asslgned, the relevant 

spacing ln turn can be measured from the protaj\\,coupled l3e spectrum. 
c 

13 The natural abundance Ft . C proton decouplcd spectrum of this 

molecule has the appearance shown in Flg. 17. 

, 
" A c D E F G HI 

( 
.. 

-

B 
, 

• 

FIG. 17 Schematic proton d.èoupled :1.3C Ft spectrwn of 1,2-0-isopropylidene-
a-~-glucofuranurono-6,3-1actone. -

-1 
Sorne assignments can be made on the basis of chemical shifts and intensities. 

Açcordingly, the lowest field sigQ*l, A, is assigned to the carbonyl carbon, B 
"", 

-
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ta the central carbon of the i50propy11dene group (lack of nuclear OverhaH5er 

effect) and C to Cl of_the furanose ring. The Il and l absorptions are asslgned 

ta the lsopropylldene rnethyls. The q, E, F and G absorptIons rppresenting 

C2' C3, C
4 

and Cs however cannot he sorted out. It seemed ]los~lhlc to make 

signal asslgnments ln thlS Case by maklng use of the 6_ 13
C cnrlched analog WhlCh 

was avallablc by lactonlzlng 1,2-Q.-lsoprapylldenc-~-g]ucuronlc 3Cld_6_ 13c. The 

13C f h d cl h b 1 3e 1 3 , 1 h spectrum a t lS compoun was expecte ta ex 1 lt .- L coup lng etween 

the enrlched 13C6 and ~s therehy ~n~bllng the Idcnti~lcation of the Cs signal. 

Norma1ly such coupllng cannot be detected ln, the spcctrum duè ta the ~ow probabll

ity of flndlng two 13C nuclei adjacent ta each other. The proton dccoupled 

13 
6- C enrlched spectrum had the appearance shawn ln Fig. 18. 

A , c D E HI 

1 
F G 

B I, ..... , , , 
" .- , 

~ 

1 .. U J 
13 Schematlc proton decoupled C Ft spectrum of 1 2-0-1S0-

prOPYlidene-a-~-g~COfUranuronO-6,3-lactone-6-1~c.-
FIG. 18 

The carbanyl signal, of course, i5 now immense ln comparison wlth the ather 

signaIs due to enrlchment. It 1: clearly abvlous that G has become a doublet 

(J 13 13 55 Ilz) and therefore 1 t IS the absorption due to Cs' (Sorne long 
C- C 13 13 

r~nge C- C coupIlng betweeQ C6 and F is aiso noted: F IS then likely 

the C4 or C3 ahso~ptlon). 

13 Wlth the slgnwl for Cs asslgned, the proton coupled C spectrum was 

" examined and Ù was found that couphng between Cs and H
4 

was less than·2 Hz . 

• 
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The overall suggestIon, then, 15 that in the typc of compounds Investi-

gated ln this study, the absolute value of the geminal coupl1ng Increascs a~ 

~ 

the dlhcdral angle between the coupllng proton and the electronegative sub-

13 
stituent appended to the C nucleus decrea5es. 

3.5 Posslblc sterlc InteractIon effects • 

The stflklng dlffcrence ln geminal cO~lpling (13C1 - 112 ) between Ci. and 

B-Q-glucoPY'ranose-l-1
3

C has already becn dlSCllS<,cd and has becn attnbutcd to 

a dlffercnce ln relative orIentatIOn between fl 2 and the Cl <;ubstltllents. The 

possIbIlIty has to hc consldered,however,that the change 1<, ,lctually hrollght 

about by lliffcnng degrees of stenc InteractIon ln the anomers. For example, 

it 15 concelvable that the apparent absence of coupllng ln a-~-glucopyranose-

1_l3C can be caused by a perturbatIon of the electron dIstrIbutIon about Cl 

brought about by repulslOn between aXIal 113 and OH
l

. Thc duectly honded 
JfI 

coupllngs as dlscussed ln the previous chapter suggcst an Increase wlth 

1 d S h . BC 1 1 ,3 laxlill InteractIons. Ince t c geminai ,- Il coup lOg ln R-U-gluco-

pyranose_l_l
3

C, by analogy to B-~-a llopyranosc-l- 13c:, l~ taken to be ncgatIVe, 

a pos1tlve contributIon due to a 1,1 dlaxlal InteractIOn may causc thc couphng 

to take on a value of close to zcro. 

In thiS connectlOn lt 1'S llseful to comparc compounds w}l1ch cxpcrlcncc 

different degreea of sterlC interactIon while malntaining essent1ally constant 

relative orientations. Information can be provlded aloni these lines by com-' 

13 pounds ln the Q-mannose-l- C serIes. 
1 

Slnce Hz 15 now equatorial, orIentatIon 

of the Cl substltuents relatIve to H
2 

is equlvalent in the Cl and B anomers, i.e., 

one gauche and one trans reiationship i5 maintained: 

l, 
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°w~ o~rO 
H H 

~-~-Manno 

HO 

H 
ex-D-r.lanno 

• 

The steric interactlons inh~rent to these compounds, however, are 

different-. The B anomer has al, 2 gauche oxygen-oxygen interaction whereas the 
. 

ex anomer has a 1,3-dlaxlal interaction. If steric effects are important in 

d · . 1 l3e 1 Hl' h b dl' f h b etermlnlng gemlna - coup lng, t e 0 serve coup Ings or t e a ove 

anomers sbould be different. 

~-Mannose-1-13e bec~e available by the reductlon of Q-mannono-l,4-

13 
lactone-l- C, which itself had been synthesizcd from Q-arabinose (p. 19). 

Unfortunatcly, it was not possible to adequately resolve the H
2 

resonances of 

mannose Itself ln aqueous solutIon, in which it exists as a mixture of ex and B 

" 
anomers and it th us became necessary ta resort to derivatives of the sugar. 

To represent the ex series, 2,3,4,6-tetra-Q-acetyl-ex-~-mannopyranosyl 

brornide-1-
13

C was synthesized by the reaction of l,2,3,4,6-penta-O-acetyl-D-
- = 

) . 

mannopyranose-I-1 3C with HBr. The ~ series was in turn represented by 1,2,3,4,6-

. • 13 • 
penta~O-acetyl-B-~-mannopyranose-l- C (the H2 resonance in the ex anomer is 

. 
other signaIs). The ,\ct that neither a hromine nor an Q-acetyl· 

introduccs d SigniflCa~ change fn ge~inal coupling in comparison 

obicured by 

substituent 



u s 

\ 
- 121 -

wlth an OH group was confirmed in the glucose series: 
13 

I.e., the gemlnal Cl -H2 

couplings of the a .and 8 pentacetates dlffer very Ilttle. from those of the 

free sugar (S Hz as compared wlth 5.7 Hz) and 2,3)4,6-tetra-Q..-acetyl-a-Q-g1uco-
13 . 

pyranosyl hromlde-l- C shows a coupling of "'1.5 Hz in comparl son Wl th < 1 Hz 

13 
for a-~-glucopyranose-l- C. 

T~e measured 13Cl - H2 coup1lng~ both in the a and B mannose derivatlves 

wç;e founù to be 1-l.5 ~Iz. ThIS is comparahle ta the 13CI-112 caup11ng ln a-~-
\ 13 

glutopyranose-l- ·C, a compound ln wlllch the orientatlOn of 11
2 

relative ta 01 

and Os I~ the same as ln both mannose Isomcrs. ThIS rr~ult then Imrlle~ that 

the relatIve onentatlons of thcse atoms, and not stcrlC cffects,arc the maIn 

13 1 
factors determlmng the extent of c~ Il gemlnal couplmg. 

In thlS connectlon lt 15 a1so signifIcant that the coupling bet~cen 

Bel and 11
2 

in S-~-allOpyranOSe-1-13C (6 Hz) 15 practical1y equiva~ent to that 

observed ln B-~-glucopyranose-1-13c (5.7 Hz). In the former compound the 

hydroxyl substituent on <:3 is aXlal whcreas it is equatorial ln the latter: 

HO 

,. 

5.7 Hz 

., 
-' 

13 1 Ir-geminal c- H coupl~ngs reflect steric effects this should certainly be 

eVldent ïn the 6-~-allose compounl due ta the strong 1,3 diaxial interaction be-

tween OH3 and Hl' ,The equivalence of the above two couplings reinforces the 

hypothesis that sterlC interactions are not major determinants of the extent 

of 13e_1H geminal coupling . . 
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3.6 Lone pair effects 

It has already been demonstrated that adjaQent unshared electron pairs 

pl~y a ro le ln determining the extent of directly bonded l3C_l lI couplings. Even 

ff b d f . 1 13C 111 1 . intu1tively then, Slmilar e ects can e expecte or gem1na - coup Ing, 

and,this hypothesis is relnforced after the examinatlon of other gemlnal systems . ...,. 
2 

1 t 1S frui tful in this context to compare gemlnal J C_H to other types of 

geminal coupling; ~~ch comparisons were, of course, not possible for the directly 

13 l bonded C-' li couphngs. 

Lone paIr effects in gem1nal systems can be dlvided lnto two main 

categories: a) where the lone pair lS located on a coupling atom, and b) 

where the lone pau lS located on an adjacent atom. For the case of 13C_l H 

geminal couphng our concern is exclusively wlth case "b" Slncc It is not 
'-

poss1ble to have a neutral carbon atom with a lone pair. Ncvertheless it is 

important to examIne the effect of Ione pairs on geminal coupling in slmiIar 

systems in order to estabilsh their magnitude, as weIl as possible orIentation 

effects. 

Geminai systems in WhlCh one of the coupllng atoms bears a Ione pair 

15 An lfivestlgation of oxaZ1rId1nes - N, (!:) (114) (140) revea1ed that 

the 15N_C_l H coupling 1S 5 IIz in absolute value when the coupllng proton is 

cis to the lone paIr and is zero when it 15 trans thereby showing a steric 

d ependenc c. 

.,.... 
l 
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Similar effects are exhlbited ln 3l p_c1n coupi mg. In 0.., It 

2 2 
was found that J p-

Ha 
= ;~25 Hz whereas Jp_~ = ±6 Hl (141). 

/ .. 

l' 

It has been shown,in faet (141)(142), that the 3l p _clH coupllng 

varies with the dihedral angle betwecn the C-H bond and the Ione pair, bc-

Gemlnal systems in whieh the lone Qair is sltuated on a nCl&~horlng atom 

a) Proton-proton geminal coupling 

The proton-proton gemi~al eoupling in 1,3-dioxane (~ 15 - 6 Hz (143) 

whereas the analogous coupling in dioxolane syst.ems CD is about O:t 2 Hz (144) 

H 

Sueh differences are not observed when the ring Slze is further varied (145). 

In 1 each of the C-H bonds appears to experience partial eclipsing by an 

oxygen electron pair whereas this is not 50 in the case of dioxune. The primary 

i,nterpretatlOn th en lS simllar ta that proposed for directly bonded, 13C_1H 

eouplings: proximity of a lone pair ta a bond involved in the eoupling inereases 

the absolute value of this coupling. In theoretieal terrns the effeet of the 

lone pair ean be envisaged as electron transfer from the oxygen 2p orbitaIs lnto 

the CH2 system. Experimentally,it seems that each time an a oxygen atom has 
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one of its free e1ectron pair p orbItaIs parallei ta the C-II hond of olle 

of the'J}rotons involved in the coupling, 1t contributes an increment of 1.8 l...J1z 

(146) (147). For exarnp1e !TI the 1actone (147): 

o 
li 
o 

the observed valué of -8.5 Hz for the geminal JI-H coupling can be rationallzed 
1 ~ 

using this concept. l.If.~ethane the geminal coupllng is -12.5 Hz, a freely 

rotat1ng oxygen would lficrea5e thi5 by 1 IIz, and two lone pal r contrihutions 

of 1. 8 IIz would result ln a flnal theoretical value of -7.8 Hz. 

It can be concluded then ~hat the relative orientation of a lone paIr 

with respect to the coupling pathway is reflected in the magnitude of the 

observed geminal internuclear coupling, whether the lone pair is on one of the 

coup1ing atoms or on an adjacent atom. 

13 4 
b) e-proton geminal coupli~g 

When the type of geffilnal coupl ing examined occurs between a l3e , 

nucleus and a proton one has to be concerned on1y wlth lone pairs present on 

adjacent atoms. A remarkahle observatIon suggest1ng lone paLr effects on 

2Je_H 15 notcd when the geminal 13e _lH coupllng in acetaldehyde (+26.6 Hz) 

(123) is compared to the coupl1ng ln 1,1-d1chloropropene (+3.2 Hz): 

2 
J e_

H 
= +26.6 Hz 
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As noted in Section 3.8, It IS very Improhahle that substituent 

effects on the Intervening carbon should cause such large dlfferences ln 

coupling. However in the acetaldehyde molecule the lone pal TS on the carhonyl 

oxygen Ile in the plane of the coupllng pathway and consequently ca eh hond 

!nvolved in the couphng is eclipsed hy a lone paIr. Tt 1'> concelvahle then 

that the large value of the coupllng ln acctaldehyde 1'> the result of clectron 
,1 

,donation from the oxygen 

It Seems again 

Ite pai TS Lnta tho eoup Il ng system. 

approprlatc ta hcgln an examinatlon of lone pair effccts 

on 2JC_H in carbohydrates by a study of (t and ~-~-gluCOpyr,1T10'>l'-1-13c. The 10ne 

pair effeet was Invoked hcre ta cxpl<lln at least part of the di fference ohscrved 

between the directly honded 13e_ll1 couplmg of the respectIve anomer~, sillce 

the relatIve orientatIons of the ring oxygen lone paIrs Wl th respect to the 

Cl-ilIa and Cl-HIe bonds are dlffercnt. For geminal couplIng, howcver, the 

C2-C l bond is involved rather than the Cl-Hl bond. In thl,> Instance, for 
t 

bath anomers the relative orIentation of the ring oxygen lone paIrs lS cqulvalent 

and consequently IS not expeeted to glve rlse ta a dlffcrencc ln coupl1ng. The 

posslbllity of same dlfference ln coupllng arislng from dlfferenccs ln rot amer 

populatlons about the Cl-O l bond h0'tfver cannat be ruleù out. 

The questIon of through space lone pair cffects over longer dlstancc~ 

can be ralsed at thlS pOlnt; for examplc, whether or not thc'faet that N2 ln 

Q-glucose 15 in a 1,3 diaxial reiationship with one of the rIng oxygen lone 

pairs affects the value of the coupllng. To examine this pos5ibility It i5 

fruitful ta compare epimers having the manno and gluco configurations. In arder 

to keep the relative orientations of t~e Cl substituents with re~pect to H2 

constant, the o-gluco and 8-~.configura~ions must be compared. 
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~ or 
o 

a-D-Gluco e-~-Manno 

No slgnificant dlfference between these two couplings 15 ob5ervcd 

~.5 and 1.5 Hz rcspcctivcly) and It thus seems that lone pair effects are 

not transmitted over thi5 dIstance. 

In order to Investigate the role that the orientatIon of the lone 

pairs of a substItuent b?nded to the carbon inte~diatc to the coupling path 

(Le., C2 ) plays, it was nece/ssary to synthesize and examIne mOlC~~, ln 

Wh1Ch factors other than this orientation could be kept rclatively' c'onstant. 

2,3:5,6-Di-~-isoprOPY11dene-a-~-mannofuranose-1-13c (~ and 3,4,6-trl-Q

acetyl-~-~-mannose 1,2-(methyl orthoacctate)-l-13C (!0 wcrc sclected as suitablc 

model compounds for th1s purpose and were synthesized as outlined ln Fig. 19. 

H 

HO 

H 

H+ ---.... 
Acetone 

J 

H 

'" , , 13 
FIG. 19 Synthesis of 2J3:5,6-di-~-isopropylidene-a-~-mannofuranose-l- l~o 

and 3,4,6-tri-O-acetyl-B-Q-mannose 1,~(methyl orthoacetate)-l- c. - - ,.. 

.. 
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13 The coupling cxamined in each instance involves the C
1

-C
2

-H
2 

pathway. The 

conformations of\these two compounds can be assumed with some confidence. The 
\- .\ 

orthoester is a rigid system and posesOlittle conformational uncertainty; the 

Q.-isopropylid~ne c~mpound shows no coupling b:twcen Hl and H2' establishing 

P the dihedràl angle between the Cl-Hl and CZ-HZ bonds as roughly 90° and con

s~quently fixing the stereoche~istry of the ring as hcIow: 

CH CH3 -' 

H ~l 0 

J\~/ 1 
CH!'}.-<fX~ -< ~;;--H 

CH3 O~~------L\ 
T OH 
H 

For bath compounds, molecular models indicate that the orIentatIon of 

the two Cl substituent oxy-gens with respect to HZ is very slmllar: each one 

has roughly one trans and one gauche interaction. However, the or~entation of 

the Oz Ione pairs is cônsiderably diffcrent as illustrated by a proJection 

along the CZ-02 bond: 

. -

. , 

In the Q-~sopropylidene compound (~ the Ione pairs coincide with the 

coupling pathway whereas ln the orthocster Q9 the Ione pairs are dispIaced from 

the pathway. If the pto,x,i.mi ty of Ione pairs to bonds involved in. the coupling 
-,>-

does, i.n fatM, :i.n(Juence· the magnitude of coupI ing, such cffects should certain Iy 
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be noted here. A smal1 effeet lS observed, a eoupling of "'1.5 IIz i5" mca5ureô for 
1 

2,3: 5.6-di-Q.-Isopropylilene-a-Q-mannofuranose wherea5 the eorresponding eoupl1ng 

i5 <1 Hz for the orthoester. Hencc, 10,n,e pair effects in thesc types of systems 

are unlikely to aecount for large d1fferences ln eoupling. The smal1 magnitude 

of the cou~ling ean be attributed to the orIentations of the Cl substituents 

with respect to the C2-H 2 bond, ~onsistent with the previous discussions relating 

coup1ing t~ these orientations. 

3.7 Hybridization effeet? 

Hybrldization of the couVling13c 

When SImple eonforrnatl0pally mobile systems arc exarnined it ~s found 

that the absolute value of geminal 13C_1H coupling inereases with "5" character 

of the eoupllng carbon atorn: 

• 13 CH
3 

- C=:C-H 

o 
13 11 

CH -CH - C-CH -CH I? 
3 2 2 3 Ji 

gH 
1 

CH -CH -CD-CH -CH 
3 2 2 3 

o 

Ref. 

10.6 Hz " ... (148) 

5.7. Hz (61) (149) 

\ 
4. O'-Hz (61) (149) 

1 

The above trend,however,cannot be used practical1y. As Indicated , 
JI 

before, ~he spectrosCOpIe investigation of a and B-Q-glucopyranoSe-1-1 3c. 
\J 

and 1,2-Q-isopropylldene-S-k-idofuranurono-6,3-1actone_6_13e and its ~-glueo 

epimer showed that large differenees ln couplings can occur cven when there 

is appa~ently no m~jor change in hybrldization. Again, variations due to 

hybridizat10n can be rnasked by the relative orIentation effects. It does not 

seem vaUd then to der ive hybridization data frorn observed l3~_C~H couplings . 

t; 

• 
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Hybrldization Qf the intervening carbon 

Very few data are avai1ab1e for cases when the intervening carbon is 

3 not sp hybridized (123) (150): 

O~/H 

Ü (J " 

Cl .......... C/C1 

CI13~U-H 
~ 2 

J C_K • +2~ Hz = +19.8 IIz =r + 46.3 Hz :: + 3.2 Hz 

Corlsideratlon of the above examp1es suggests an rocrease 10 the 

absolute value' of 2JC_H wheo the ,,~, ch~racter of the interveoing atom i5 io

creased. How~ver, ootlng the small value for the ethyleoe dcri vative, 1 t becomes 

questlonable whether the large coupl ing5 are d~ to the change in hyhridization 

at the in!ervening carbon or to the lone pairs on the carbonyl oxygen as dis-

cussed 00 p. 124. 

3.8 E1ectronegatlve substitutIon 

13 r In free1y rotating systems geminal C-H coup1Ing generally increases 

in absolute val»e with electronegative substitution on the coupling carbon re-

gard1ess of the hybridization of this carbon. These trends are evident in the 

following (12) (123) (150) (151): 

13CH -CH 
.3 3 

Cl 13CH_CII 2 3 

2 J
C

_
H 

-4.8 Hz 

5.1 Hz 

5.9 Hz 

13CH J-H 
3 

0 
13CHC1 -ë-H 

2 

13CC1 -g-H 
• 3. 

, ~ 

2 'JC_
H 

0 
+26.6 Hz CH _13~_CH 

3 3 

+35.8 Hz HO_ 13g_CH 
3 

+46.3 Hz ,CA:J.13C-CB3 
J , 

2 J
C

_
H 

5.9 Hz 

6.8 Hz 

, However, we have aIready seen that geminaI 13C"H couplings ca~be 
quite different even when the substituents are the same; in fact it i"\:he 

orientation of these ~ubstituehts with respect to the coup1ing proton that se~ms 

V , 
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to be the primary determinant force. It became necessary then to syntheslze a 

series of éompounds ln which orie~tations could be kept essentially constant , 
while the substituents were v~rled ln order to analyze substituent effects. A 

group of related Q-glucose derIvatives was prepared as req~isite model co~~s, 
and afforded the 

< 1 Hz 

following results: 

H CH
2
0Ac. 

AcO i\ 
OAcrH 

Br 

1.5 Hz 

H 

HO ~
'" CH2°Ac ) 

AcQ 

AcO R ~D 
fi fi H 

< 1 Hz ' 3.5 Hz 

It is eVldent that the intr@ductIon of a second electronegatlve group 

in edch case causes a decrease in the absolute vafue oi the coupllng, probably 

making a positive contribution to a negative coupling. The nature of the electro-

negative group does not seem to play a large role. As pointed out abovc. if, thl~ 
, , 

second electronegative group is introduced gauche wlth respect to H2 the obs('rved 

coupling is '\. 6 Hz, and consequent ly i t is again evident that the orientation and 

not the nature of the electronegative group has a ~ajor effect. 

Slnce the Introduction of electronegatlve ~~~stltuents Dn the coupllng 
. -

carbon atom Influences the extent of couplln~, the posslbiIlty arise~ that 

their introductIon along the coupling pathway can also infl~e~ce the magni

tude of coupli~g. There is sorne experimental evidence to indlcatc a decrease 

in the absolute value of geminal 13C_IH coupling when an electronegative sub-

stituent is introduced along the coupling pathway (151): 

{] 

13CH -CH 
3 3 

- 13,cH -CH Cl 
3 2 

13CH -CUèl 
3 2 

4.8·Hz 

2.6, Hz 

- . < 1. 2 Hz 

c 

/ 

/ 
1 
/ 
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Because lt is weIl established that the coupllng in ethane is ncgatlvc (12), 

an electronegative substituent along the eoupling path makes a positive eon-

tribution ta the couplin~. 

ThIS question was invcstigated briefly ln the sugar series as weIl. 

It was not feasible to makc use of elther Cl labelled or C61ahelled carh9-

hydrates forthis purpose due to the dlfficulty of introduclng a second clectro-

negative group on the adjacent carbon. Instead, spectral analysls of a mIxture 

of a and B glucosd uniformly enrlched ln 13C (50%1 seemed appropriate. The 

coupling hetween 13C2-'and "l of the B anomer 1<; less than one cycle. ThIS 

13 coupllng can be compared to the- C
1

-11 2 couplIng of 2,3,4,6-tetra-Q-acctyl-l,5-

anhydro-D-glucitOl-I- 13C-l-d: 
'" 

The major difference between these two compounds IS the presence of 

a second oxygen substituent on the carbon intcrvenlng between 13C and IH. The 

orientat ion of the o~ygen on the coupling carbon wi th respect to the coupl] ng 

proton is the same ln both cases. ThIS observatIon then is consistent wlth 
\ 

the hypothesls that mtroductlon of electronegatlve -substrtuents along the 

coupling pathway decreases the absolute magnltude of geminal 13C_H coupling. 

3.9 Effeet of the C-C-H angle on 13C_I H geminal coupling 

. -
Early work on IH-clH coupllngs (152) indicated that thlS type of inter-

nuclear coupling shows a dependence on the H-C-H bond angle. These data now are 

questionable since the originally assigned signs of the eoupling were not correct. 

Experimental "evidence" for such dependence on the angle subtended by the 
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coupling atoms in general takes the form of the following argument .. If the 

two substituted cyclopropenes below are considered, 

l' , 
\ CA~ 

H COOH 

H H 

M 

2 3 2 
whereas J H_H ln L is 8.1 Hz, wlth J

H
_

lI 
~ belng 5.3 Hz, in ~ J lI _H 

3 u :). M 
is 4.8 Hz and J

H
_
H 

trans is 6.5 Hz (l5~). The increasc ln J
II

_H tran S ln 

relative to ~ implics that the dihedral angle is Incrcased (4) and conscqucntly 

2 
that the H-C-H angle lS increased, leading to a smaller JH_lI' Such arguments 

fail ta take into account the varlatIOn of 3J+I_H with substl tucnts along the 

coupling network (154) - a concept to be fully discussed in the next chapter. In 

2 
generai then, lt is not at aIl clear how J H_H varIes .~jth angle or whether it 

, : 
2 

varies ilt aIl; consequently no clue towards such possible variation in J
C

_H IS 

2 
to be had from J

H
_

H 
, 13 L 

For C-C-1-1 coupling there 15 no reason to be lieve that in any of 

13 1 
the cases we have cxammed the C-C-II angle deviates greatly from the normal 

tetrahedral angle. 13 
For n :md K-~-glucopyranose-l- C there may be slight 

angular dlffer~nces perhaps Introduced by a flattening of the ring of a-D-

13 
glucopyranose-l- C due ta the 1,3 .dlaxlal interactIon between 113 and OH

I
, 

However,thc observed dÎfference in coupling between the anomers of '~5 Hz is 

.~ 
certainly tao large ta be due ta the se small possIble angular differences. 

Sornè' indication for angular dependence of 2JC_H cornes from an 

examina tian of the spectra -.of sorne metal hydride complexes. For example in 

[HlrCCN)5]3- K3 (155): , 
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3-
IN eN 
L 

CN-Ir--CN 

H/I 
CN 

cis 2J was found td be 5.7 Hz and trans 37.2 Hz. (The identlty of 
C-Ir-ll 

cis and trans couplings can be readily determined by notlng the intens\t1e~ 

of the relevant sIgnais). In the unalogous rhodium complex the ~ coupljng 

15 5.7 IIz and the truns 56.2!1z wherca~ in li Mn (CO)[: the valuc~ ,}re revcr<,eù: 
J 

the trans coupllng lS 7 Hz and the C-lS 15 14 Ilz. The slgn<; hcre arc not 

known, consequently 1t 15 possible that the ~ couphng 15 actually -14 IIz 

50 that the ~arger angle shows the larger coupllng. 

3.10 Neighbouring TI bond effect 

Slnce 1t has been shown that neighbouring unshared electron pairs 

can influence l3C_H couplings it was'of interest ta conslder whether or not 

an adjacent TI bond can have 

attributed ta a donatIon of 

simllar effe"cts. The lone pair effeet has been 

eleetrons Inlo the couplIng system, a phcnomcnon 

which IS theoretlcally also possIble when the carbon atom next ta a coupling 

system lS involved in TI bondlng. In fact, It has been shown (156) that when 

a TI bond 15 present on a carbon neighbouring a geminal H-Il SItuatIon as ln: 

the magnitude of 2JH_
H 

depends on the orientation of the TI bond with respect ta the 

protons in question. Experimentally and theoretically (157) the TI bond makes 

the greatest contribution to the coupling when both protons are as close to 
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the n e1ectrons of thè double bond as possible. This sItuation arises when 
f ~ 

each.proton subtends an angle of 3.o°"with respect to the TI bond, and can be 

graphlcally represented by 

" 
the projection of the methylenc group on the TI bond: 

< 
O/H 
C G=30° 

~H 

No literature data on gemlnal 13C_~ coupllng wlth adjacent n bonds 

are availahle. Hence. It ~as deslrable to examine a molccule having a TI bond 

adjacent to the coupllng system for comparison with a ~ltuatl0n ln which thlS , 
TI bond i~ absent. Once again the sUltability of a compound for such study was 

governed by the limiting factor that the relevant protons must be IdentifIable 

in the pmr spectrum. The ketone formed on oxidation of 1,~:S,6-di-Q-isopropyll-

clene-a-~-glucofuranose-I-13c proved suitable in this regard: 

Oxidation of N introduces a double 

system. The final spectrum however 

bOn~/adjacent to the geminal }3CI-C2-H2 
1 

is Icompllcated by the fact that a10ng with 
1 

the desired product Q. there is exte~slve formation of ~, the monohydrate of 

the ketone. 

r 
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experiinent, ('\,50 tg) i t was nat possible to 

hydrate. Hawever, the relevant proton slgnais in 

the mixture were identified, providing an interesting example of a spectroscopie 

13 problem soived by C enrlchment. 

The anomeric region of the spectrum of the mixed product (non

enriched) had the foilowing appearance: 

1 
l , : : : 1 : 

6 
ppm(5) 

5 

At first, the occurrence of three doublets with the sarne proton-proton 

coupling constant (or perhaps one doublet and an AB quartet) seemed some-

what anomalous. Since no starting material was present, aIl of the signaIs 

must have been due to either the ketone or the hydrate. On f3C enrichment 

at the one position, the answer to the problem became obvious. The anomeric 

region of-the pmr spectrum now had the fol10wing appeàrance: 

• 
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2 
ÛC-H 

abc 

:-. : ~ 1 . -: :-: 
6 

ppm(6) 

: : : : 1 : . 
5 

13 
Two large directly bonded C-/I couphngs ,Ire notcd thcreby 

-identlfyIng the III signaIs of the k-etone and the hydrate (~ and ~). The 

10wer field doublet (~) was then identifled as that of III of Othe hydrate 

by synthesls of the hydrate on a large scale and comparlng 1 ts spectrum to 

the spectrum of the mixture. Furthermore, the thlrd doublet (~) was a1so 

!iplit by BC to an extent of 5.5 Hz. ThIS signal must then he duc to 11
2 

of the kctone. The fact that b lS not "2 of the hydrate was eVldent becausc 

the ratIo of ketone to hydrate varled from expenment to C'xpenfficnt but " 
<-

doublets !: and ~ always remalncd equai ln i ntens 1 ty. The resul t<. werl' conflrmcd 

by the additIon of H20 which caus-ed an 1l1CreaSC ln the size of the SignaIs duc 

ta the hydrate in relatIon to that of the ketone. Subsequent lyophilizatlon 

had the Opposite effeet. 

- between 

ThIS experiment therefore yielded the value of 5.5 Hz for the coupllng 
13· _ .. 

Cl and H2 of the ketone,whlch IS about equivalent ta the coupllng 

before oxidation. Apparently then, a double bond on the carbon adjacent to 

a 13C-C-~H sy~tém uricnted in projection as below; 

.... . 
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does not exert a signlficant effeet on the extent of 13C_H geminal coupllng. 

13 1 3.11 C- H gemlnal coupling in rot amers 

Rotatlonal lso~erism of carhlnol groups exocyclic to flVC or SIX 

membercd sugar nngs has bcen studied cxtensively hy pmr spectroscopy. Howcver, 

the Interpretation of vicInal H-H coupllng wlthin such systems 15 not straight-

forward hecause of t1me averaging due to the rapid lnterconvcrSlon of rotamers. 

It has hecn of interest, therefore, to examine the gemInai coupllng of rotamers 

of this class as an Independent source of Information for comparlson wlth the 

Ii-II coupllng data. 

Two preferred rotamers about the 5,6-bond have becn advanccd for 

penta-O-acetyl-a or B-Q-glucose (158) (159): 

In one of these roiamers Ils is oriented trans with respect to the ., 
acetate group on 13C6 whercas in the other rotamer thcse suhst i tuent s suhtcnd 

a gauche re1atlonshlp. On examining the 6_
13

C cnrlched analogs of thesc compounds 

no geminal 13C_H coupling was observed between 13C6 and H
S

' This is ln sharp 

13 contrast to a freely rotating system such as 2-methy1-2-butanol-2- C (160), 

OH 
13' Cil - C -CIT -CH 

3 1 2 3 
CH3 

in which a coupling of 4 Hz is observed. Part of the tffercnce is 1 ikely duc ta 

the presence afra second oxygen along the coupling pathway, WhlCh 15 expected 

1 
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to decrease the coupllng (see 3.8). The remainder can he ratlonalized Irt terms 

of rotamer populations. It has àlready been suggcsted that a trans oxygcll leads 

to smaller observed coupllng (most llkcly a posItIve contrihutton to an orlglnally 

negative coupllng) ,than a gauche oxygen (sec 3.4). • The fact that ln the ahove 

system no gemInal coupling 15 ohserved appears to he ln accord wi th a prefer~ncc 

for R rather than ~. 

In the system of 1,2-Q-isopropylldene-a-~-glucofuranosc-6~13c 

three staggered rotamers about the 5,6 bond are possible: 

~5 HS H5 
H6 OHô HÔ' 

C4 C4 
Hô" H6 OH6 
5 T U 

The fact that the H -H and HS-H6' couplings are dIffcrent (2.7 Hz 5 6 u 

and 6.0 Hz) suggests that rotamers ~ and T predominate. This kind of geometric 

13 
arrangement is expccted to givc TlSC to a C

6
-H

S 
geminai coupling of ,\,3 ,Hz (60 0 

dihedral angle between HS and 011
6
), The rotamcr lJ has an oxygcn trans to H

S 

and thlS klnd of stercochemistry leads to zero geminai l3C_l H coupling. The 

observed resu! t of 2 IIz is th en consistent with major contributions from 

Sand I and a minor contribution from ~ to the rotamer population.-

In this connection it is useful to consider the di-~-lsopropylidene-

6_
13

C derivative because in this compound Cs and C
6 

must be constrained in 

a gauche relationshlp as in y and !: 
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H5 

H6' 
C4 
V 

C4 
W 

, -. 

H5 

H6 

Since spin-spin couplings between the S- and 6-proto~s are almost equal 

(5.5 and 6.2 Hz) V appear~ to be more favored than W: No coupl ing between 
- 1 - ' 

l3C 
6 

and HS is detectable in the spectrum of the labelled compound and a'gain 

this ~s consistent with the dominance of V wh~ch has 06 oricnted trans witl1 
~ 

respect to H5. .. 

3.12 Theoretical considerations 

It has been demonstrated that geminal 13C_H coupling is orientati~n 

dependent. and consequently i t is of interest to examine whether or not this de-

pendence can be theoretically justified . • 
The contact contribution for two bond coupling can be expressed by the 

follpwing (161): 

where 

2K = 1/4 A13 " Y13 • AH/
3

l1E 
C C-C-H 

K = reduced coupling constant 
, 

is the interaction corresponding to the transfer of spin 

information fTom the 13C nucleus to the 13C bonding orbital 

in the 13C_C bond 

• is the interaction which transmits e1ectron spin information from 

the 13C bonding orbital in the l3C_C bond to the H bonding orbital 

in the C-H b9nd 

, 
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A lS the 1nteraction WhlCh transmlts information from the H honding 
Il 

a , 
orbI ta1 ln the C-H bond to the H nucleus 

3~[ is the mean triplet excitatIon energy 

• The hybrldi~tlon of the coup1ed atom affects A13 ,whereas the stereo-
'r. 

chemica1 effects noted are expected to be Invo1ved in the y term. ThIs 
13

C
_
C

_1I 
term is a funetlon of integrals which arc sensitlve to bond angles and the oature 

, J 

, of the substltuents on the coupled nuclei and the Intervenlng nucleus, as weIl as 

to the stereochemistry of the rest of the mo1ecule. If one considcrs a 

13 
C-C-;H system, the intcgrals corresponding to Interactions lIlvolved ln the 

calculatlon can be represented by the foIl OWlT1g : 

'" ® ~® 
<:t8~ ~0CCO 

y;® 
~8eCO 

f~ 
OcSCC 

.. .... g 

c(8) ~® " 

~OCP Oc0CC() 

It is evident from the above that,theoretically,the relative orient

ations of the l3C substituents and the proton in question are imp?rtant ln 

determining the extent of coupling (Interactions of type g) . 

For the anomeric 1_13C glucopyranoses, 

1-:1 

HO 

FI 

• 

... 
all..resonance integrals are the same exc.ept for those, indicated below, which 
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,) 

A13 and AH are the sam-e for both cases, (positive), therefore 
C 

• the sign of y 15 expected to determlne the slgn of the eoupling. 

Calculation5 do sh~w, ln fuet (161), that the signs of thcse types 

of integrals ùepend upon the dihedra~ an&!e and the "s" eharacter of the 

carbon orbI ta! 5 involved. Such an 1 ntcgra 1 15. large whcn the carhon 

orbitaIs involved in the lntegra~ arc mostIy p, and ùccrcases with s 

partIcipation. In the case cited above the t5 clcctro-

n~gatïve; therefore the 13C orbital ° ln the C-O bonù 15 such a 0 put 
\ 

more electron density close to the oxygen, i.e., more p orhital participation 

in the c-o bond. This will make the X type of integral large and Y type small, 
f 

(the C-H bond has more 5 character than when only carbon and hydrogen atoms 
, 

are tnvolved) and con~equently these determine the coupllng. 

\~ 
Calculations also lndicate that integrals of thlS type become Increas-

in~ly more negative with increaslng dihedral angle (161). The inference ta be 

'dJ;~wn,then,lS that X i5 large and negatlve for the a anomer and is much smaller 

or cven positive for the gauche intetactlon in the R anomer. In the actual 

calculation of y the above integrals are prec~ded by a negative sign 50 that 

the contributions become négative for the S anomer and positive for the a 

anomer. This is consistent with the proposed hypothesis that a trans 

o., 

,. 

\ 
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electronegati ve group makes q posi ti ve, contribution to the coupling, as 

evidenced in the gemmaI 13C~ couplings of the carbohydrates previous ly 
" 

discussed. 
. 

Calculations have been carrled out on ethanol and ethanc-l,l-diol 
~ , 1 

using the Pople and Santry equation (17) with orbital coefflci~nts and 

energles calculated using the CNDO/2 method. The rcsults arc shawn 'in Tab1f, 

" (. 
~ , 

* 4. 
) '. 

2 ~ 
TABLE 2 - Ca1culated JC~H ln ethanal and ethanc-l,l-diol J 

g ..... 
.Q' .... fl~~ .. f H 

HO H ~O OH 

H H H H 

H H 
2J 

( 

e (cale.) Hz °1 8
2 2.1 (cale.) rIz -lZC_H -13C~'H 

0 -3.2 60 60 -3.0 

30 -3.0 30 90 -2.8 

60 -1.2 0 120 -1.9 

90 0.05 30 150 0 

120 +3.9 60 180 +2.6 

150 +7.2 90 150 +4.9 

180 +9.3 
'b. 

120 120 +6.0 

Although in this type of calcu1ations no weight can be ,p1aced on J. 

the actua1 numerical values, the trends observed can be informative. FOF': 

cthanol the positive contr~bution of a trans hydroxy1' and the negative one 

of a gauche substituent is weIl demonstr~ted. The observed results in the 

See footnote p. 76. 

.. 
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1_13C enriched carbohydrates are a1so reproduced in the ge~ ethartcdio1 system . . 
The coup1ing is negatIve when the hydroxyls are oriented 60° wIth respect to 

the proton and becomes posItive when the dihedral angles become 120°. This 

corresponds weIl, therefore, to what is observed with B-~~a11ose-1-13C and 

1,2:5,6-di-~-isopropy1idene-a-~-glucofuranose-1-13c which sho~ couplings of 
1 

-6.0 and +5.5 Hz respective1y. 

3.13 ConclusIon 

Coupling between l3C and ~ geminal proton shows a striking depend- ~ '. 

ence on the orientatIon of the coupling proton and-the l~c substituents. Values 

• of this coupling ranging from -6.0 to +5.5 Hz have been measured in carbohydrate 

systems differing essentlally,only in relative orientations. The magnituJe of 

this type of variatIon is such as to potentially obsèure differences due to lone 

pair, hybridlzatlon and electronegativity effects. Conccivably, then, 13C_I H 

geminal coupling holds promIse as a tool in conform~tional ana1ysis for the 

determinatlon of unknown substituent orIentations. 

1 

. , 

.. ' 

\ 
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4.1 In,troduct.ory remarks 

Coupling between the l3C nucleùs and a proton over three bonds is , 
termed vicInal coupting and is denoted by 3JC _H. These couplings have also 

been investigated ln this general study of I~C_lH coup1ing constants. Again, 

. because of the experimental dlfficu1ties lnvolved in the measurement of this 
"t j 

1 3 
parameter, very few data are available and consequently a study of JC_~l.held 

appeal even If on1y as a supplement ta vicinal prot?n-proton coupling in 

application to stercochemical proi8lems. The latter parameter, main ly bccause 
, \ 

of !ts depondencc on dihedral angle (4) has proven ta he of Immcn~e value 

in organic s.tructural analysls. A "Karplus type" rclatlOnship hctwç-cn' vIcwal 

13C and IH would not only complement the proton-proton parametcr but concelvably 

could also serve to solve structural problems in the absence of per~inent p~oton-

proton data. The carbohydrate serIes aga1n seemed especlally suitabl.e for 

reallzlng a varlet y of the types of dihedra1 ~ngles generally encountered ln 

organic compounds. 

4.2 3 Dihedral angle dependence of J
C

_
H

_ 

The dihedral angle referred to ln the present context can be denoted, 
, 

by 8 ln the prOjectIon below: 

.. 

, 
However. any discussion of dihedral angle eff~cts in molecules has to 

Il(' prccl'dcd Il\' a statement of caution, or at best reservation. Al though ~h(!mi -.t<; 

, 
lpa."t l\:uLlrly ~,f th\.' or~anlc \'arlety) are accustomed to derlve dlhedral ;mglc" 
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From rnolccular IIIaùch, the actual ,ln}~I(',> '-,uhtcnde0 hy tlll' partllu1.lr !Jolld" IIhly 

he "ub~tantl,llly dlffcrl'nt, cspccldlly for lOmpOII/Hl" III '>(llutIOIl. ('oll"('<jUl'lItly, 

refcrencc bclow ta lllhedrai angle Will always tmply th.!t the angle III l\Ul'stlOIl 

15 only an apprOXImatIon. The ~-::trplu5 curve for proton-proton COUpll11g, Jcsplte 

its unquestloned u5efulncss has lImItatIons that llccd ta he rccognlzcd (162), and 

does not necessanly afford an accurate mcasure of bond angles. Thus', dlhcdr,ll 

angle IS not the only dctermlnant of VIcinal proton-proton coupllng; suhstitution, 

hybridlZatlOn ami hond length eff-ccts abo have ta be consldered. Tt IS best 

then ta use the Karplus rclatlonshlp ln il general manneT, faT examplc, ta d1f-

fercntlate bctwecn dlhedral angle,", of 60, lRO or 90°. ln il similar velH, the 

overall purpose of the prc~ent InvestIgatIon has bccn- ta establl~h whcther or 

1 1 h f 13, l'II 1 1 d 1 h not any ~UC 1 rc atlons Ip eXlsts or C- coup Ing am ta stu y 10W suc a 

relatl0nshlp may be appllcd ta practlcal structural problems. 

During the course of the prcsent study, a depCndenC\ of 3JC _
H 

on 

dihedral 'angle has been reported (163) (163a) for a group of UC-ennched com-

,pounds related ta urIdIne. The data ln thlS Instance deal wlth the systems 
\ 

13 13 2 
C-0-C-1I and C-N-C-II ln which the carbon lS sp hybrldlZed. Also concurrentl)', 

dlheclral angle dcpendence 

3 
(165), J

14 (166) , 

has he en demonstrated for 3Jp_C_C_H 01,4), 3JII_C_C_F 

3J 13('_('_('_1: (167), 3Jp_o_c_13C (lbS), 3JII_N_C_H (169), 
3 N-C-C-H 

and J p_
C

_
C

_13
C 

(170) sa that 
, , , 3 / 
Intuttlv~ly one would cxpcct .J

C
_
lI 

to follow an 

analogous trend. On the oth~r hand 3 J (171) exhihlts a much more complex , 'F -C-C-F 

reiationship 50 that a Karplus type of hehavlour clnnot he assl~ed ~ prIorl. 

The flrst experlmental suggestIon for dlhedral angle depen~~~ce of 

13 came from Karabatsos et~. (172) who examulCd propana.l-3- C. The 
. 

relat1ve populatIons of the rotamers A and B can be calculated as a function .. 
of temp,rature (173). 

, 



if trans 

-

A 

It has been shown th,\t Mf (A-~B) = -800 cal/mole; conscquently 

3 
J C_H lS larger than gauche, an increase ln temperature should de~ 

crease the couplmg between 1 \ 3 ~nd "1 ln t~e ahovè' compound. Such a decreasc 
~,. 0 3 

was indeed noted over the temperaturc range of -3!! to +45, .Je_II dccreaslng 

from 2.65 to 2.30 Hz. On this basis Karabatsos est1mated that 3JC _1I trans = 

3.5 Hz and gtuche = 0.2 Hz. Although the se data are indIcative, one must be 

careful not to place too much slgnificancc on an observed change of 0.35 Hz 

in coupllng. 

The general reac~ion schemes employed ln this study have already becn 
\ 1 

outlined ln chapter 1. The compounds.used ln the InvestigatIon of vic1nal coupllng 

13 1 and the1r measured C- fi coupllng constants are listed ln Table 1 and the 

angular dependence based on these data is deplcted ln FIg. ~. It 15 

'~bVIOUS that the reiatlonshlp lS not stralghtforward,8s demonstrated by the 
, 3 

vanation ln,,~"A-c_H ln compounds possessing nominally the same dihedr;ll angle. 

The dotted line rep~ts the best fIt curve through these points hut the 

sighificant deviatibns from the line ralse questions concerning -the approximat ion 

of the rela~ionshlp by means ~f a Karplus type curve. It 1S to be emphasized, 

however, that most of these deviatlons can 'e questloned ln terms of other 

possible factors coming into play as will be shawn below. The procedure adopted 

for discussing these effects and the overall relationship, is to examine separately 
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~ TABLE l - Vicinal l3C_H coupllng in 13C enriched carbohyarates 

l. 

2. 

3. 

4. 

5. 

6. 

Compound 
. 13 

1J2-Q-Isopropy1idene-a-~-glucofuranose-6- C 

1,2-Q-IsoprOPYlidene-a-~-gluCofuranose-6-13c-6-d2 
1,2-0-Isopropy1idene-3,5,6-tri-O-acety1- a -Q-
glucofuranose-6- 13C . - -

1 
1,2-0-Isopropylidene-3,5,6-trl-0-acetyl-a-Q-

- 13 ~ - -glucofuranose-6-- C-6-d2 ' 

1,2_0_I~OprOpYlidene-a-~-glUcofuranose-1-13c 

1,2-0-Isopro?ylidene-3,5,6-tri-O-orth~formyl-
a-~-~utofuranose-6-13C -

..... > 

7. 1,2-0-Isopropylidene~~,S,6-trl-0-orthoformyl-
a-R-g1ucofuranose-l- 1 C -

8. l, 2-Q-Isop;OPYlidene-Ci-Q-g1ucofuranose- 6_.
13

C 
(periodate complex) -

9. 1,2-Q-IsoprOpy1idene-B-k-ldofuranose-6-13C 

10. 1,2-0-Isopropylidene-3,S,6-tri-0-acetyl-5-
k-idofuranose-6-13C -

Il. 1,2-Q-IsoprOpYlidene-s-k-idofuranose-6-13C-6-dZ 

12. 1,2-~-Isopropy1idene-a-Q-g1ucofuranurono-6,3-
lactone-6- 13C ' - -. ' 

"'- .. 
.... 

Coup1ing pathway 
"., 

CÇ CÇ C
4

-H
4 

C6-CÇ C4-H4 

CÇ CÇ C
4

-H
4 

C6-CS:-C4-~4 

Cl -C 2-C 3-H3 

C1-04-C4-H4 

1:
6 

-C Ç C4 -H4 

CçOçC-H 

C1-C 2-C 3-H3 

rel :'0 4 - C 4 - H 4 

C
6

-C Ç C
4

-H
4 

C
6

-C Ç C
4

-H
4 

C
6

-C Ç C
4

-H
4 

C
6

-CÇ C
4

-H
4 

CÇ CÇ C
4

-H
4 

C -O-C -H . 6 3 3 

a 

01hedral 
angle 

.. 

140 0 

1100 

700 

1600 

1400 

1100 

70° 

./ 

1400 

1000 

e 

3
J 

C-H 
(±t Hz) 

.;; 

2.8 

2.5 

3 

,!; 3 

5 

< 1 

< 1 
~ 

~ 
--..1 

4.6 

5.2 

< 1 

< 1 

< l 

1 1 

< 1 

9 

< 1 
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, Dlhedral 3 Compound CouEling Eathwa~ ~le JC_

H 
(Hz) 

13. 1,2-0- Isopropylidene- B-t- idofuranurono- C6-C5~4H4 140 0 
6.6 6,3-1actone-6- 13C = 

;' 

C -O-C -H 633 100° < 1 
.-.... 10 -14. lr2-0-Isopropy1idene-S-O-acety1-a-~- C -C -G ,-H 140 8.5 glucofuranurono-6,3-1actone_6_13C - 6 5 4 4 

; C -O-C -H 6 3 3 100 1.3 
( 15. 1, 2-Q.- 1 sOprOpy hdene-"S-Q.-acet31- 6-!:-- C6 -,C5-C 4 -H4 140 6.7 idofuranurono-6,3-1actQne_6_ 1 C -

/ 
/ 

C -O-C -H 6 3 3 100 < 1 
16. '13 

C1-C
2

-C
3

-H
3 140 0 D-Mannono-1 4-1actone-L- C 

9 ,= ' 

CI-04-~4-H4 110° < 1 .... 
~ 

l,2:S,6-Di~Q-1so1roPYlidene-a-Q- 00 " 't 17. 
CÇ CÇ C4-H

4 3 . -
glucofuranose-6- 3C ' -

/ lY 18. l,2:S,6-Di-Q.-1so~ropy11dene-a-~_ C1-C2-C
3

-H
3 1400 

S.S glucofuranose-1- 3C -... 
& C1-04-C4-H4 1100 

< l 

19. l,2:5,6-Di-O-isopropy11dene-3-0- C1-C2-C
3

-H
3 1400 

4.5 acetyl-a-~-giucofuranose-1-13G~ 
, 

20. l, 2~i:--Q.-iSO~rppYlidene-a-~- C1-C
2

-C
3

-H
3 90° 0 alla anos~ 

C1-04-C 4-H4 llOo < l 

21. l,2:5,6-Di·~-1sopropy11dene-3-0- C1-C 2-C3-H
3 90° 0 acetyl-a-Q-~i1ofuranose-1-13C - '/ -;/ 

(' "" C1-04-C 4-H4 110° < 1 

---------
22. 2,3:5,6-Di-Q-isoyropylidene-a-Q- C1-C2-C3-H3"~ 100° 30.5 mannofuranose~l- 3C ,-

At 

"' '"' 
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Dihedral 3 ' 
Compound Coupling pathway ~le 

J C_H (Hz) 

23. 2,3:S,6-D1-~-isoproPllidene-l-Q-acetyl-
a-D-mannofuranose-l- 3C = .~ 

~ , 

C1-C 2-C 3-H3 100° 3.5 

60° 24. 2,3,4,6-Tetra-O-acetyl-l,S-anhydro-Q- C1-C 2-C 3-H3 < 1 

glucitol-1-13C~1-~ -
C1-OçCçHS 60° 1.S 

MethYl~a-Q-glUCOpyranOside-1-13c 't 
• <' l' 25. C1-C Z-C3-H4 60° 

C1-OçCçHS 60° 2 . 

L-1-01-C-H 4 

26. ' 13 
60° Methyl-a-~-gluc.pyranoside-6- ;C C6-CÇ C;t-H4 3.3 

27. 1,2,3,4,6-Penta-O-acetyl-a-Q-gluco- C6-C Ç C4-H4 60° 2.8 ..... 
.;:.. pyranose-6- 13C - - \0 

28. 1,2,3,4,6-Penta-O-acetyl-8-D-gluco- C6-C Ç C4-A4 
'" "I ..... 

T 
60° 2.4 

pyranose-6-1 3C - ~ 
., 

29. 1,2.3,4,6-Penta-O-acetyl-a-Q-gluco- C1-C 2-C 3-H3 60° < 1 
pyranose-1-13C - -

C1-OçCçHS 60° 2.5 

30. 1,2,3,4,6-Penta-O-acetyl-S-D-gluco- C1-C 2-C 3-H 3 60° < l 
13 - = pyranose-l- -C ' 

,;o.: C1-OçCçHS 60° 2.5 , 
.', 

3l. 2,3,4,.6-Tetra-Q.-acetrl-h-Q-glucO-
pyranosyl bromide-l- 3C 

C1-C 2-C3-H3 60° < 1 

.. 
32. ~,3,4,6-Tetra-Q-acetl1-a-Q-manno-

pyranosyl bromide-l- 3C 
C1-C2-C 3-:-H3 60° < 1 

:.. 
33. 2,3,4,6-TetTa-O-acetyl-a-Q-glucopyranosyl CÇ CÇ C4-H4 ~ .60 0 3 bromide-6- 13C - - .,t-- , 

-'il '-. 
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Dihedral 3 ~ 

Compound Coupling pathway ~le 
J C_H CIf) 

34. 3,4,6-Tri-Q-acetYI-B-~-rnannofr,ranose C1-C 2-C 3-H3 60° < 1 
1,2-(methyl orthoacetate)-l- C 

C1-OçCçHs 60° 2.5 

35. 13 
C3-C

Z
-C1-H

1 60° S-~-Glucopyranose-U- C < 1 , 
36. 13 

C3-C 2-C1-H1 180° 5-6 a-~-Glucopyranose-U- C ..... -
37. 13 

B-~-Allopyranose-l- C C1-C Z-C 3-H3 180~ S.S 

38. 1,2~3,4,6-Penta-O-acetyl-S-D-a11opyranose- C1-C 2-C3-H3 180° 5.5 1_1 C ,. -' = 

39. 
. 13 

CÇ CÇ C4-H4 60° a B-D-Glucopyranose-6- C-6-d 
~ , = -2 

40. 13 
60° B-~-Glucopyranose-l- C C1-C 2-C3-H

4 < 1 
" / ..... 41. 13 

C1-Oç Cç H5 60° 2 U1 B-~~mannopyranose-l- C 
0 

Î 
42. 1,Z13,4,6-Penta-~-acetyl-6-Q-mannopyranose- C1-OçCçHS 60° 2 1_1 C -

43. 2,3,4-Tr~-O-acetyl-1,6-anhydro-a-L-ido- C
6

-CÇ C4-H
4 160° 5,8 

pyranose-6:13C. = 
- C6-OÇ C1-H1 160° 5 ,-

44. Methyl 4,6:Q-benZY11dene-a-Q-glucopyranoSlde-'~ C1-C Z-C 3-H3 60° < 1 1-13C -
ÇL-O -C -H -. - --_5 5 5 60° 2 

.. C -0 -C-H 1 1 4 
45. Mef~yl 4,6-~benzylidene-a-Q-g1ucopy'ranoside- C

6
-CÇ C4-H4 60° 2.5 

6- C -

C -O-C-H 6 60° 1.5 

,"" 

... 
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the groups of compounds g~ving r~sc to a particular,~lhcd~al angle. 

- 60° Oihedral angle 

Cornpounds weIl suited to the investigatlon of a nomInal 60° (+5°) di-

hedra1 angle are the pyranose sugars enriched ln the 6 or 1 posltion. The 
\ 

b d - - 1 13 1 1- f 3311 f h 1 D 1 o serve VlClna C- H coup Ings range rom. z or met y -a-=-g uco-

pyranoside-6-l
3

C to < l',Hz for the a-~-glucopyranose-l-13c deri vat ives. Measurc

ment of these.çouplings presented sorne problems especia11y in the case of the . , 

6_l3C 1abelled tompounds where the 13C satellites of 116 and H6' sometlmes oh-

scured the vicinal H4 absorption. In the se Instances It was nccc<;sary to 

resort to ânalogs deuterated at posItIon 6, as is il1ustrated ln Fig. 2 for 

13 
~;-glucopyranose-6- C-6-d 2. The deuteratlon is carried out by reduclOg"" 

1.2-~-iSOprOpYlidenc-a-Q-glUCOfUranuro10-6,3-1actone-6_13C (Scherne l, p. 16) 

with NaBD4 instead of NaBH
4

. 

Although wIthln the group of compounds discussed here substantiai 

conformational differences may exist, the range of such varIatIon surely 

cannot be as large as that observed arnong the coupling constants. The 60° 

angles are in general furnished by three distinct systems: 

a) A pyranose ring dnriched in the 6-posltion - the relevant coup1Ing being • 

1 

1 

1 

\ 

" 

\ 



.. 

- 153 -

1 
... ---- JC-H-----~~ 

~ __ - __ --~----~ ~-4---+P~-4_----~ 

, 

1 
(0 

1 

. H.OH 

L 

A 

B 

FIG. 2 
1 13 

Partial pmr spectrum (19~ MHz) of A) a,B-Q-Glucose-6- C (60%) 
and B) Q.B-2-Glucose-6- C (80\)-6-~2 in ~20. 

" 

3.2 
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b) " A pyranose ring enriched in the l-position - the relevant coupling being 

c) A pyranose ring enriched in the I-position - the relevant coupling being 

J 13 
C -o-c -H 

1 5 5 

TDe ab ove systems were selected not only because they furnish 

dihedral àngles of 600 but also because they allow the examinat~on of variations 

p due to factors other than d~hedral ~ngle. 

The tirst question encountered in the analysis'of these results is 

whether coupling through a h~teroatom is significantly different from coupling 

through carbon. It is difficult to obtain any info~ation along"these lines 

from proton-proton data because in general' the orientation of the bonds in an 

H-C-O-H type of systems is not weIl known. Sorne indicat~on ~n .:.oe had from 

hydrogen bonded ~!stelU$ fi 74) such as tlte followiryg": 

., 
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where the H-C-O-H coupling is observed to be 12 Hz, roughly what is expected 

for a trans g10rnetry of the C-H and O-H bonds. More relevant information is 

avai1ab1e from the comparlson of sorne conformatlonal1y mobile systems in which 

the coupling pathways between 13C and ~ proton are similar except for the 

presence of a heteroatom a10ng the path (150): 

OH·' 
• 13 11 1 

CH - C-ô-C-CH 
3 1 3 

H 

J 13 = 3.1 Hz 
C-O-C-H 

" 

o H 
13 11 1 

CH CH C-CH -Cu 3 2- 2 6'2 J 13 = 4.7 Hz 
C-C-C-H 

J 13 ' = 5.3 Hz 
C-C-C-H 1 

J 13 = 4.0 Hz 
C-O-C-H 

These data Imply that coup1ing through oxygen is about 1 Hz less 

h h h b l h h l ' h h ,l3t t an t roug car on. n t e ~ugar serIes, t e coup lng t roug oxygcn ln l 

-enriched pyranoses can be re1ated to the coupling through carbon in the 1.3C6 

enriched compounds; the coup1ing pathways being simi1ar. In the former case 

13 t,he coupling between Cl and H
S 

i,$ in general around ,2 Hz whereas the coupling 
o 13 

between 06 and H
4 

is on the average 3 Hz (Table 1). This 15 consistent with the 

hypothesis that coupling through oxygen is sl~ghtly sma11er than through carbon. 

To further investi,gate this matter it was desirable to examine a compound in 

which the coupling pathwaY5 both origimited from the same 13c 50 th'at any 

hyhrid~tation effects cou1d he minimi~ed. Methyl 4,6-Q-benzylidene-a-~

glucopyranoside-6- 13C is suited for this purpose: 

'"\ 
\ 
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3JC : C_
C

_/II = 2.5-3.0"lIz 3JC _o_c4tf = 1.5-2.0 IIz 

3.
1 

r, 3 
The C,OupI in~s under investigation here arc (6 -C-C-H

4 
and ·J

C6 
-06 -C-II' 

At 220 Mliz the relevant signaIs were ohservahle and the coupllng thro~gh 

carbori was measurt:;d,to be 2.5-3.0 Hz whcreas that through oxygen was 1.5-2.0 

Hz, again.con~i~with the hypothesis that couplings through oxygen are' 

slightly smaller than the corFes~ondlng cG)~hngs through carbon. 

A second example investigated ln this re~ard was 2,~,4-trl-~-acctyl-
... , , . 13 

l.6-anhydro-a-~-ldopyranose-6- C WlllCh was synthesl zcd as dlscussed on p: 115. 

-' 

~t: 
1 , 

• OAc 

H 
o " 

H • 

13 13 ~ 
In this molecule both of the C

6
-C

S
-CArH

4 
and C

6
-O-C

l
-H

l 
couplings involve 

( 0 
a dihedral angle of' about 160 , but ln one instance the coupling is through 

1 

OXygt'll .mtl in the other it is t4lrough carhon. The observed couplings are 5.8 Hz 

• 
throlt~h tlw \.·athon pathw'ly and 5 Ilz through the oxygen. It seems reasonably . , 

"l'II l, ... tal:lisher-thl'Jl \hat'there are-no major dlfferences in 13C_1H vlcina1 
\ 

coup). ing \~hethe through oxy~en or through carbon. The cpnsistent1y Stna11 

dif,ference Of, 1 Hz bet,ween pathwap Of' 'IIpe "a" an/p., ::C" (p. 152) and then 

\ 

\ . 

,1 
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lik..ely due to the presenc7 of the heteroatom in path "cJ '. 

Differences between c04p'Mngs through path "a" and path "b" a.e more 

striking: aIl examp1es of the 'latter ttype that .have been examined gi ve no 

detcctable couphng (I.e., < l Hz) as opposed to '1.12-3 IIz for path "a", The 

most evident distInction between the se two pathways 1S the presence of two 

\ ~ 

oxygen substltuents on the enriched carbon in the "b"- series as opposed tç:> only 

one ln the "a" serIes. However) the simple IntroductIon of electronegatlve sub:" 

" , stituents ùoes not seem to be the main factor judg-Ing from the equa 1 i ty of 

3JC'_1~4.~ IIz) 'in the !WO compounds l:relow (~49); 
~ 

3 
- J

C
_
H 

= 4.5 Hz .. 4.5 Hz 
~ 

Similarly removal of one of the oxygen atoms ln the Cl lahelled series, which 

can he ~tereoselective manner ~y the reaction: 

\ , 

l' 
, 'f 

showed that ,coupliIJg to H3 was stIll less than 1 Hl.. Bence. the extra oxygen 
~ , 

, 

is not the~~etermining factor. (The coupling through oxygen to H
S 

aiso remained 

essentially unchanged, at 1.5-2.0 Hz)~ 1-
It seems estahlished then that the 

'60 0 angle can furnish a reI'atlve't y wtde r-ange of 13C_H vicinal coupling con-

stants. 

. 
", 

, 
1 

- \ 
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~ 
Since substitution effect~ on the enrlched carbon do not account for 

the ob.,ervecl dlfferences, the rest of the coupl ing pathway must be examlncd 
/ 

critically. The major dl ffcrence bctwct'n pathway" "a" and "b" \11('n hccome<, 

the orwntatlpn of the oxygen, sllhstltllcnt on the vIcinal proton-hc,lrll1g carhon . 
with respect'to the coupling pathway. In the 6_

1
\ <'(,l'Ic~ the (t-Oit hond j" 

gauche wlth respect" to the 13c6 -s:
S 

bond whcreas ~\n the l_L\: senes the <:3-_03 

b cl 1 h h 13C -('\'~h J' on 15 antIpenp anar Wl t respect to tel '2' on . 

0t\ 
Now, fOI- rel ated proton-proton viC! nal, coupllngs subst i tuent OrI entat IOn effects 

have been notcd. For example, ln the partIal structures below the aXlal-equatorJal 

proton-proton vIClnal ,oupling is 5.5 Hz smaller for s::. than for Q. (175). Slmllarly 

in 1dthe coupllng between 114 and 

',\ 
H

4 
equatorial 115 1s'\~._1 Hz. 

~ ~-
aXlal "5 is 7.0 Hz whcreas the coupllng hetween 

HO 

\ c H o 
OH 

The conclUSIon ta ba drawn from the above data is that the presence of an elect~o

" ncgative substituent bearlng a trans orientation"to part of the coupling path~ay 

reduccs the absolute value of the coupl1ng. It 1S weIl" est~hlished that proton-
• P .-

proton, proton-fluorine and fluorine-fluorine, vicinal couplings are 

.! 
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decreased by electronegatlve substitut10n at the pathway carbon atoms (97) 

(176) (177) (179). That is, ln ~ the more clectronegatlve X is, the smaller 

the coupllng. A physlcal explanation may be that in an antiperlplanar situatlon 

X 
1 

-C-C-
1 1 
H H 

" F '" 

the substituent can \YI thdraw electrons front the path more effecti ve1y; that' 1S, 

its e1ectronegat1vity lS or1entat1on dependent. A decrease of electron denslty 

a10ng the coupl1ng path should be reflected in a decrease ln coupllng since th~ 

coupIlng lS transmitted through electr~ns (10). In fact, a study of clectron 
\ " . ~II~.J 

densities in nucleo~ldes (180) suggests that there lS a correlatIon between 

unusually small 13c_\[ vIcinal couplings and iow electron densl ty in one of the 

coupling path\o.ay bonds. Per.taining to the 13C- C- C:r1 type of coupllng then, 

the presence of an electronegative substituent parallel to part or the coupling 
... , \ , 

path",ay should lead to a decrease ln coupling. Coupllng pathways of type "c" 

do n5t have any such trans substit4ents assoclated with them and consequently 
; 

13 
ln the pyranoses, coupllllg between Cl artd H

S 
(despl te belng through oxygen) is 

consistently 1-2 Hz larger than coupllng to aXial fi3 even though the dihcdral 

angles are essentlally the same. 

It was also of Interest to i~stlgate the effect of a second axygen 

substi tuent antlparallel ta the coupllng pathway. This situation can be realized 

. th J 13C . ln e mannopyranose- - serIes: 

• 

,V9\ 
o~'t 

H 
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'j'Ile (' 0 h·1 • t 1 h 13(, (' 1 1 1 '3- 3 onu remalns an Iperlp anar to t (' '1 - . 2 lOIH lut, 1 Il 

addItIOn, the C
2
-0

2 
bond now ls.antipcnplanar wlth respect to the C~-II.) hond. 

The observed coupllngs,however,are also about 1 Hz, 1.0., compardhlc to the 

glucose serIes. ThIS rec,ult, although c,eemlngly anoméi!ous, WilS not unexpected. 

131 1 ( 7) In gcneral, vIcInal C- Il coup lngs are posItIve scc sectIon .6. If the 

coupllng for a 60 0 anglc 1 n the absence ot an antIperlplanar clectronegatlve 

substItuent 15 about 2.5-3I1z as deTlved From the 6_
1

\ serIcs, then the ptcsençl' 

of the aDtlperiplanar sub~tItuent must makc a neg.ltivc contrllmtlon of ahout 2 II:, 

making the observable.coupllng ahout 1 lIz; thIS lS the coupllng noteo ln the 

1 1 13(. g ucosc- - ,SCrIes. fi. second antlpcnplanar C,lIh<;tltllcnt m"y dccrca<;e the 

coupIlng hy ,lIJothcr two cycles rc,",ultlng ln a fln.1l U\Upllng of ahout -1 to 

-1.5 Ilz, but the Loupllng detectablc III the '"'pcctrum, of course, rl'malns vl'ry 

smal!. Such possIble ShIfts from pO~ltlve ta negatlve coupllng a~unu<;ual; 

ev en the Karplus curve for proton-proton vICInal courl1ng tahes on negatlv~ talues 
o 

in the 90° dIhedral anglc~eglon (4). 

One furthcr po.nt conccrnlng the small couplIng obscrved for the 1 ~ 13C 

enriched specles bears dIScuSSIon. ThIS IS the possible rolc of stcric rcrturh-

atlon effccts: If ln the system. 

o and 0 ùeviatc from the tetrahedral angle, the couphng may ln facto rc.il{!tt 

tlus devlation. If 2,2-dimethylpropano1-1-
13c and 2,),3-trimcthylhtlltUI-2-01-

13 
~ 2- C are comparcd, 

l 
Je -H • 3. 6 Hz' 
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the ohservcd couplings are 4.5 and 3.6 IIz respcctlvely (l81). The angles 0 

and 0 arc expcctcd ta he different ln these two compounds duc to sterlC Inter-

acttons, yot thore lS no large dlffercnce ln coupllng. It can also he nated 

that 1 f "terlC InteractIons werc the reason for the small t:"c
1
-C,-C 7 -H 7 ('oupllng 

L ,) ,) \ 

111 the 1_1\ sugars, the 13CI-O-CçHS coupllng should be simll.trly "ffcctC'd, .. 

whl ch 1 ~ Ilot o!J ... crved. 

1 - 1 
It hd ... becn clearly uemonstratcd th,lt gennT1,J! \-11 coupl"ill!; 1" very 

mu ch depen(lc~t on the orlentat Ion of the subsf 1 tuent ... on the l)C flucl cu ... \<lI th 

respect ta the coupllng p~ton. 

vlc~nal caupllng. For cxample, 

However, thlS doco, not "ccm to he the c,lse \VIth 

ln l ,2,),4,6-renta-2--aLC'tyl-'(-~-glllcapyranoso-

1_1\ the L'lC
l

-1l
3 

and 1 \l-II
S 

coupllngs <Ire cqulv,llcnt to the corresponolng 

coupllngs ln, the l' ,momer. The proton Ilke1y IS tao Lir removed from Cl sub-

st 1 tuento, ta cxpeTl once the l'ffect. 

To summarlze the resul ts ohtalOcd from the vaTlOliS 60° dJl1l'dral angle 

SItuatIons examlncd, lt can be noted that the cxtent of coupllng thl"ough oxygell 

/ 
15 vlrtually the same (generally 1 Hz smallcr) a" coupllng throu~h car\JOJl and that 

an electronegatlve substItuent antlperlplanar ta the coupllng pathway lead" tu 

a d~crcase Ion observed coupllng. 

Dihcdral a~glcs between 60° and 110 0 

lhhedral angles bctween 60 0 dnd 90° are re1at1vcly difficult ta rea1ize. 
, 

A dlhcdr~l angle somewhat largcr than hO°, of nomlnally 70° 1S subtcnded by the 

" CÇ C
6 

and (;;1-11
4 

bonds of 1,2-~-lsopropylldene-3,S,6-tTl-~-orthoformyl-a-~-gluco-

, 13 
furanosc-6- C (9,). ThlS]S a rather ngld structure, espcClally whcn the absence , 
of coupling between 11

2 
and H3 is taken into account, thereby, flxlng this dlhedral 

, 
,... angl-e hetween th'6 'C

2
-H

2 
and C

3
-H

3 
bonds at about 90°. The compound is synthcsized 

from l, 2-0-1sopropylidene-a-~- gl ucofuranose-6- 13C : 

Q 
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Therc is very Iittie coupling ohservable hetwècn the l~C nucleus 

and H
4 

but, agaIn, tin" 15 not unexpccted Slncc the CçOs bond anJ the rIng 

O-C
4 

bond are antipcr,lplanar to t~c C
4

-1I,1 and CçC() hond" rcspcctlvcly. 

It i5 not really fcaslblc to Ulcorporatc il 90° angle Into a pyr,lnosc 

system; thercforc lt bec,lmc nccc~sary to examIne fur,lT1ose compounds for ,\ 

potcntlal 90° JlhcJral angle bctwccn tkc 1\: and 111 I1UC!Cl. Conform,ltlOn,I1 

ana 1y515 of 1) 2: 5) ()-d I-Q..-lsopropyl Hlcnc-,t-~-a Il ofuranosc-l-
l 
\: (.!..) l nd i l dt L''' 

that the C 1-C2 anJ C
3

-H
3 

b'~nds 5uhtend an angle 'of 90°. Th i s compound 15 

synthesl.zcd From Its glucose eplmer by Inversion at C
3 

as alrcady dcscnbcd on P.I02. 

Once again, proton-proton coupling,cohstants are uscd as a refercnce 
) 

in the detcrmination of the' furnnose ring conformatIon. The ~iClruA. proton-

proton coupling constants are ln accord W;trh a conformatIon simllar to the. 

one ilready estab~is~cù (131) for 1)2:5,6-dl-~-lsopropylldcne-a-~-glucofuranose. 
3 

( J H -II ' 
3 4 

'~ould be 

almost trans, equals 8.5 Hz;3JH -H', about 30°, equals 5I1z). ït 
2 3 

noted that this conformation can be assurned with sorne confIdence be-

cause if th~ furanbse were ln the alternate twist conformat\o~. the dihcdral 

." 
1 

1 1 1".. 
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ang~e between the C3-113 and C
4

-H
4 

hond.:; would he ahout 90 0 and conseq~ently 
1 

no couphng would be expected whereas in fact 8.5 IIz is measured. Consequcntly, 

in proJectlon ~1ong the C3-C2 bond the conformatIon can he deplcted as helow: 

The pmr spectrllffi of thlS compound presented intcrpretatlon prohlem~ 

sincc the 113 ahsorptlon could not he 'uMmhlguously assigncd. In order ta fully 

analyzc the spectrllffi lt hecame necessary to synthcslZe 1,-2:'),()-dI-~-IsopropylI-

dene-a-~-a11ofuranose- 3- ,mtI -4~. The former' co~ound can he oht,n ned hy reduc Illg 

the lntermetIwte 3-hexulose (!.!) WI th NaBD 4 1l1stead of NaBlI
4

, Whllc the latter 1 S 

syntheslZed by treatlng the ketone WI th D
2

0 and has~ ta promotc dcutcrlUm cx

change in the CI. pOSitIon. Comparl son of the proton spC'ctra of thec,c componnds 

! to the spectrum of the 13C ennched Jerivative clearly lnlhcates no additlOnal 

coupllng to H3 ~troduced by the pre~cnce Of,13C1 • 

Lcmieux ~~. (163) have also examlned the 1,2-(mcthyl ortho<lcctate) 

13 
dcrivatlve of Q-glucosc, labellcd Wl~ C as shawn below: 

/ 

t AcO 

, 

• 
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These workers observed no couplIng to el thcr Il} or H
2 

and exp 1 a lned 

o 
thlS phenomenon by statlng that the dlhedral anglcs involved arc 90°. LXamInatloll .., , , 
of molecular models revcals that It 1" not possible to have both of thec,l' dlhedr.J1 

angles slmultaneously equai to QOo. 

1I0wcver, If the (hhcdral angle hctween the 13C_O 
2 

.wd C ') -1 L) bond" 
'- ~ 

is set cqual to 90°, the Be-al and CI-Ill bonds subtend an ,mgle of .Jhout 120° 

but the Cl-OS bond now IS practlcally trans to th~1 13C:_OI bond - il Sltu,ltlon 
\ " 

WhlCh rcsults ln decreased coupllng (sec p. l58).The ratlonale thcn IS that one 

coupl1ng IS zero because of the 90° dlhedral angle Situation wherca" the 

" 
other coupltng,although' havlng a dlh~ral angle of "'120,°1" decrea<.;ed due ta 

the anti orientation of the rIng oxygen wlth respect to the coupllng pathway. 

• Olhcdral angles or 110° were obtalned ln the l_l3C labcllcd furanose 

.. 

serics. For cxample, as alrcady mentldned, the conformatIon of 1,2·S,6-dl-~-

isopropylidenc a-U-glucofuranose ({) 1!-> known wlth re,l"onahle accur;HY (!:il), 

Slnce the C2-H
2 

and C3'-H3 
bonds "untent! an angle of 90° (3.J

1I 
Il = 0). Consequcnt Iy, 

2 3 
the C1-04 jond and the C

4
-H

4 
bond malntam a dlhedral angle of about 110 0

, a 

situation which ln projection along~the C
4
-0

4 
bond can be deplctcd as below: 

; 

13 • AlI couplings measured through the CI -O-C
4

-H
4 

pathway were consistently 

< 1 IIz • 

4.2 Dihedral angles between 140° and 1600 
' 

t" .. , 
i,2; 5,~ di-O-isopropylidene-a-D- glucofuranose-l- 13c as\ weIl as the - = 



(. 
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rnono-~-lsopropy1idene derlvative fUrnlShed dihedral angl~s of about 140 0
• The 

13 
couplmg pathway examlned here lS the C

1
-C

2
-(\-1I

3 
route, or in pro] ectl'Qn, 

along thc C2-C
3 

bond: 

The obseTved couplings in these ~~scs were 5-5.5 Hz. 

-
Two d1ffcrent cornpounds SUPpllCd d1hedral angles of 160 0

• In 1,2-~-

" lsopropylldene-3,S,6-tn-Q.-orthoformy1-;-rt-Q-g1ucofuranose-6_ 13C (K), the 13Cç06 - ;-
and C-ll f 1 bonds of thc 13C6-0-C-II pathway subtcnJ an angle' of 1<>0 0 whcrcas , ormy 

as already rnentlOned on p. 156, 2,3,4-tn-~-acety1-1,6-anhydro-(1'-k-ldopyrano<;e-

" 

13 13 
6- C (ls) provldes two routes wlth dlhedral angles of 1bO°, I.e., tne' C

6
-O-C

1
-lI

l 

and 
13 ~ ~ 

C
6
-C

S
-C

4
-H4 pathways. 

, 1, 
~j 

K 
The observed couplIngs throug~ 

\t, 

H 
'1\ 

the oxygen were 4.6 

OAc 

. 
Hz and 5 Hz in K and L , 

res'pectively; whereas coupling tl'lrough carbon ln L was 5.8 IIz. 

Dlhcdral angle of 1800 

" , 1 L 13 
\ From the spectrum of Cl and" B-R-g1ucopyraTfO"se-U- C (p. 6), it is 

• • evident that Hl of 'the Cl anorner exhibi ts 13C coupling but Hl .of the B form does not. 

The observed coupling (6-7 Hz) of the Cl protol has been attributed ta vicinal 

," 

" l' 

.,. 
, 1. 
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caupllng ta 13C3 or 13C5 . In each of the se SttuatIOns the dlhedral angle 

; 

15 180°. ln tht..., system, howevcr, Ù 1S .l.mposslblc tn C'xcludc the pO~""lhlllty c> 

1 ~ 
that the oh~crved coupllng arISC~, !n fact, from gcmlnal coupllng to (-" It 

bccame ImperatIve therefore to examIne a sItuatIon ln whlch no ~uch amhlgulty 

could anse. In ~-allopyranose, the (;3-113 and C
1

-C
2 

bonds suhtcnd d dlhcdral 

angle of 180°. i~-~-Àllopyranose-l-13C (~ can be obtailled by and hydrolv<;ls 

of 1,2:5,6-dl-Q.-.l.sOprOpylldene-a-~-allofuranose-1-13c Whlch, ln turn, 1<; 

avallable by InverSIon at C
3 

of the glucosetJeplmer as outllned on p.'.~{)2.0nly tht' 

r~ anomer fonns upon hydrolysl s and consequent ly the 100 Mliz pmr spe'ctrum of the' 

product 1S not excesslvely complex. The rl anomer 1'> Jé<;tdbIllzed ln thl'> ca""c 
f 

on account of the unfavourahle l, 3-dlaxlal i nteract 1 on hetwC'cn 011 1 and Olle;' 

.. , . 
• HO 

.. 

1. 

The measur~d coupling ln this experlment was 5.5 Hz consistent wlth the splittlng 

13 
of HIa observed in the ~-glucose-lJ- C spectrum. 

l t IS eVldent from the prcceding' that a general dihedral angle 

3 
dependcnce?f J

C
_

H 
1S 

associated with larg/r 

followed: 13 1 
trans arrangements of C and H nuclei are 

" 
coupllngs than gauche arrangements. H~ever, à5 has been 

indica~, sorne factors other than dihedral angle also must be taken into account 

Jo. "" 
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and consequently it,becomes necessary'to examine the impact of other variables 
. 

such as lone pair and hybridization effects on thlS parametcr. .. 
4.3 Lone pal~ effects . ' 

( 
Lone paIr effects have already heen j nvokcd to expIa i n' sorne phcnomena 

1 d · d' 1 b d cl d 1 13 1 re atc to lrect y on e an gemIna C- H coupllngs, hencc the possihlllty 

that they also play a role in VICInal couplings hears dIScussion. If proton-

proton vicInal coupllng of 1,4-dIoxane IS consldered (146); 

the sum of the vicinal couplings calculated accordlng to the Karplus rclationshlp (4) 

is 7 Hz~which becomes 4.8 Hz when corrected for the electronegativlty effects of 
, 

the oxygehs. This IS ln sharp contrast to the ohscrvcd coupling of 9.2 IIz. 

However, If overlap of an oxygen lone pa,lr with a bond of the coupling pathway 

causes an lncrease in coupling the result becomes more rational~. In thl s case 

the mean number of overlaps IS two, consequently suggestlng an lncreasc ln VICInal \" 

proton-proton coupling of about 2 Hz per lone'palr overlap. .. 
" 

-~ It is difficult to synthesize vicinal systemg in which the orIentations 

of the oxygen substituents can be controllcd. Qne pà55ibIllty for 5uch study 

however i5 2,~5,6-di-~-iSOprOPYlldene-a-~-mannofuranose-I-13c: 

1 
" , , H H 

\. , 

J-- , Again the· conformation of this moleéule is reasonably weIl est~plished 

.,f 
10" 

t 
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, 

from proton-proton coupllng data (sec p. 127). The absence of coupllng between 

Hl and H
2 

'flXes the relative orIentatIon ,-.:J~ the Cl-Hl and C2-112 bonds at 90 0 

, 
and this ln turn establishes the conformation of the furanosc rIng. Tht: 2,3-2.,-

isopropylidene functlon fIxes the orientatIon of the oxygens relative to the 

coupllng pathway. The oxygen orlentdtlon~ are such that one of th~ lone paIrs 

011'03 ccllp"es the C3-H3 bond wherctls il 10nc pau on 02 ccllpses the C2-C l hond. 

This situation can be"'lllustrated hy prOj'ectlOns along the C
7

-0 2 (ti)' ,lT1d C"j-03 ' 
• c 0 

CQ) bon\is: 

" 

The lone pair effect. If such exists. is ~ntlclpat~d ta he con"lder-

able ln this~case Slnce two bonds (I.e., c2- l3e l ~nd C3-H 3 bonds) of the coupllng" 

pat~way are eclipsed by ,lone pairs. The dlhedral angle hetwcen 13Cl and H3 1S ~ 
" roughly 1100

, a sltuatlon1which from aIl previous experience "houIJ result in 
\ 

, < , 

zeta c~upling. The expe'i·itnentally. measured coupling however is 3.5 Ilz, a re~;ul t 
" , -

which s~erns explicable on1y' by attributing the lncrease to lone pair orientations. , 
~ 

It is also noteworthy that in 1,2:S,6-dl-Q-isopr?pyliden~-a-Q-gluco

furanose-I- 13C the observed coupl~ng of S.S Hz for a dihedral angle of 1400 seems 

large in cornparison ta the values observed for 16~. In this compound on~ of' ' 

the lone pairs of the C2 oxygen substituent eclipses the C2-C 3 bond, a situation 

which should lead ta -:increased coupling. 

, 
" 

oq 



~ 1 

o 

-'. 

r 

• 
" 

l ' 

- 169 

" 4.4 Hybridlzation and substituent effëcts 

In,conformationally mobile compound~ a slight increase is noteo 

"" 3 2 wl{en gOl ng from sr to sr C'atbon (149) . . ", 

r v 

3 
J

C
_

1l 
-= 4.5 lIz 

, .. 
It was desirable to examine thlS relationshtp in systtms of kpown 

, - 1 • ~ 

geometry. The compounds employed ln this study were 1,2-~-lsopropylidene-a-

~-glucofuranurono-6,3-1actone-6-l3C (~), 1,2-~-lsopropyll?ene-S-k-idofuranurono-
13 , 13 

6,3-lactone-6- C (~) and ~-mannono-!,4-lactone-l- C (~). 
l' 
1 

:OH~O H 
, HI 
H H 0 O:~..... 1 O.L o A 0-« .-,., 

p C~ 

• \' 
"Fig. 3 illu"strates the speçtrum of Rand 1S typlcal of those encounter~d in . -

the ab ove systems. The couplings from 13C6' to 114 in the uronolactones are 9 Hz 
-~ 

and 6.6 Hz for the ~-gluco and k-ido epimers, respective1y, although the 
~ 

dihedral angle for this pathway of about 1400 
15 associated above with sma11er 

3JC _H values. It seemsklear that, other factors belng equa1,an 1r;:rease in "5" 
, "'13 

character of the C nucleus results in' Increased coupllng. ~-Mannono-l,4-

lactone-1_13~ also' eXTnbits a coupling ~f 9 Hz'between 13Cl and H
3

; ~s discussed 

. 
is interest~g. "It is likely due to the different orientation of th~C5-05 

.,,, 

. . 
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(60%) in D

2
0. -"0 - - • 

4. .. \ 

; 

1-' 
--..J. 
o 
" <.,; 

~ 

-------::/ 



1 

- .171 
1 

bond with respect to the coup11ng pathway ln the two compounds. In the L-ülo 
=-

deri vat1 ve thlS bond nearly ecl i.pses the C 4-H4 bond ~hereas in the ~-gluco 

" der~vatlvc a 90° relatlonshlp ls.malntalned. This orientation effect t~en l~ 

13 1 . 
not un,llke those observcd ln C- 1\ gcmlnal couplings. AlI of the coflpl itlgs 

through the 1actone oxygen in the ahove cpmpounds werc found to he zero but 

~he dlhedral angles ln these cases arc roughly 110°, an angular rcglon whcre 

llttle coupllng is to be expected. 'ln general .. though, as has heen shown by 

Leffileux ct al. C163) 13C_I H viClnal. co~upllngs wherc ~he 13C atom 15 sp2 

hybr1dlzcd vary wlth dihcdral angle ln a Karplus manner. 

S b ff . 1 13C 1 Hl' h h b U stl t.uent c ects on VlClna - coup lng w en t e su st 1 tuent 

.rIJ 
15 bondcd to the coupling carbon are minimal. When the serIes below was examlneù, 

variation 3 
a11 couphngs being less tha1'l 1Hz. \ no ln J c -H was noted, 

1· 3 

~ CH2°Ac H 

AcO t\ HO 

ri 
·Otv:.rD 

OH ri 
3
J 

ri 

-C-H < 1 Hz < 1 <, 1 Hz < 1 

Even wh~n large couplings were examlned no substItuent effects were observed. 

This is apparent on consideration of the data below: 

H 
3 J e_

H 
=i' 3.5 Hz 

3 

HO 

:5 
Je_H • S.S Hz 

3 

ri H 
3 Je_H = 3.5 Hz 

, 3 

ACOW~ 
H~r.0Ac 

OAc R 

3J .. 5.5 Hz 
C-"3 

.. 

l, 
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This lack of variation in coupling has already been noted by Karahatsos ~~. 

(181) who consequently drew the conclusion that vicinal coupling is not governed 

by the ,Fermi contact term. 

13 1 
4.5 C- Il VIClhal coupl1ng in rotamer.s 

As with geminal l3C_1H couphng 1.t was of interest to examine what 

information could he obtalned about rotamer populations in frccly rotutlng 1 

carbinol groups- ftith the ald of 3 J
C

-_
H

' . 

-' 

The pmr spectra of 1, 2-2.-isopropylldcne-a-~-glUcofuranose ~6-1\, 'and of 

Its k-ido ~plmer,show that H4 and HS are strongly caupled. For each of these 

compounçls the large value of J
H 

-H observedD(7.5-8 Hz) 1S consistent with a prc-
4 5 ,\ . 

popderance of el ther of two rot amers : in one; 114 and 115 are ec li psed and in the 

other antiperlplanar. On conformational grounds, obviously the latter arrange-

men,t is more likelY. The preponderant rotamers for the ~-gluc'P an" k-1do 

derivatlves then become the followlng: 

.,. 

~-Gluco L-Ido 
"" --

j 

The expcrimentally observed l3C -H couplings of 2.4 Hz and 0 Hz for the Q_-gluco " . 
. 6 4 -

(Fig. 4) and k-~ epimers -respecti vely, a&ree wi th the dihedral angle of nominally 
{' 

60° rclating these two nuclei. The difference of 2.4 Hz can he attributed ta 

the ftict that in the k-1do epimer the ring oxygen is trins to the CÇ C
6 

bond. This 

particular type of arrangement has already been associated with a decrease in 

; 
\ 

1 

1 

, i 

1 
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" \ "3 
H6 l. 

\ 
\~ ". H H _ H6, H _ 0 

HO~ 
A . ri O __ C ....... CH3 

MS 
'CH ~/ 

.. 
b 

1 

B ~ 

... 

, 
1 

1.0 4.S ppm(6) 4,0 

FIG, 4 Partial pmr spectrum (220 MHz) of A) 1,2-0-Isopropy1idene-a-~
glucofuranose and' B) 1,2-~-Isopropylidene~a-Q-glucofuranose_6_13e 
(60%) in CDC1 3,. ~~ -

3 
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observed coup1ing. In the gluco epimer, on the other hand, tre same bonds 

-
subtend a gauçhe relationship. If the rotgmer population about the C

S
-C

6 
bond 

for the gluco epimer could be influenced sa as ta fàvour- the·rotamcr ~, 

~ 
S 

the coupling should decrcase SinCr there are now two C-? bonds antipcriplanar 

to the coupling pathway. This situation can be rcallzed by comp1exing the 

mono-Q-isopropylidene dcrIvativ~ with perlodate (183): 

When perio~ate is added to a D20 solutIon of l,2-Q-isopropylldene-a-Q-gluco-
1'3 . ---. \ 

furanosp-6- C in the ~ sample tube, the spectrum changes to t~at of the 

" complex and the coupling between l3C6 and H4 disappears. (This result i% ana~og-

ous to that obtained with IJ2-Q~isopropylidene-3,5.6-tri:~-orthoformyl-a-~-gluco-

13 
iaranose-6- C.) This observed phenomenon again reinforces the concept that an 

antiperiplanar electronegative substi tu'ent 1eads ta decreased 13C_.H coupling. 

tween 

In the 1,2:5,6-di-Q-isopropylidene derivative of glucose the caupling be-

13C ancr H4 is essentially .. equivalent to that in the mono-Q-Isopropylidene-.6 

\ 
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compound Indi~ng that there lS no major change ln the rotarncr populatIon about 
! .~\ 

the e4:c~ bond when OH5 and~H6 arc constrained ln a gauche rclationship. 

It was a1so of interest ta examIne the coupllng betwccn 13C and the 
1 

rnethy1 protons ln 

HO 

H 

The obscrved coupllng of 4 Hz In thl~ case is readlly ~tlonal1zcd if the gauche 

couphng ln ahsence of a trans oxygen is assurned to he '\,2.5-3 Ilz and the trans 

coupllng is takcn to have an avcrage value of 5.5-:6 Hz. .J h then cquaIs I\veragc ' 

(2.1 + J )/:1 Whlch 1'1 about 4 cycles, ln agreement wlth the ohscrved valut'. g t _ 

A Slmllar resul t has becn noted hy Lcrni eux ct al. who rncasured th<.' COUpI1 ng ~c-

_ t,ween Hl and the glyCOSldlC carbon (163a). 

4.6 Signs of VIClnal 13C _
1

H couphng constants 

Very few slgn determlnatlons of v;cinal proton _l:1C coupling constants 

have been cart'led out. ThIS stems mostly from the lad. of SUI tahle compound". Ta 

carry out a slgn determ1na%lon hy means of the spIn decoupling method, the only 

metnod which can provlde conclusIve results, lt IS necessary for the vicinal proton 

ta be 13 coupled not only ta thc C nucleus but a1so ta the proton bondcd ta the 

Slnce tpe dlrectly bonded 13e _1 H coup1 inw:onstant 15 known ta be pOSI tl ve ~ 

the slgn'of the vicInal coupling ca~ then be obtalAed. The system necessary for 

5uch an experiment c~ be represented as: 

J:-c~~t-
, 1 1 

H H 

where tbe protons must couple appreclably to each other. Such situations are very 

\. 
~. 
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dIfflcult to reallze, èonsequent1y the sign determlnations made hcretofore 
l' , 13 

have Involved comparlsons of ·c satellite spectra wlth ~omputcd ~)ectra.' 

, Il 
AgaIn, thlS method ,i's 11mlted ta rather sImple compounds. A11 results ohtaincd 

ln thlS area Indicltc the the 13C_l11 vIcInal couplIng ts posItIve 

r, 

t-

4 

Il 

vicinal 

/ sign of 

13e_I H 
J 

Ti\BLL 2 - Slgns of VICinal coupIlng cohstants 
1 

------

r 3
J (llz) . C-Il 

H.!teC-CH , 3 +4.8 

_ U 
\ +3.6 183 H-C=C-CH

3 \ 

f ''TH3 
+4.4 184 CV<l-l-CH ,) 

3 3 
H3 -) 

Uc 

0 +7.4 18S 
::::--. H 

0 

'tH3~-CH3 +2.2 186 

In the present study no compounds were encountered ln WhlCh the 

proton and the duectly honded protons werc coupi cd. consequent ly 

the vicinal coupling could not be direc~ctcrmined. 
Accordingly, an a1ternate app~oach was deslgned ta determinc thc 

1 

the 

, 
sign 

f h .. 1 l3C lH 1 . 1 13 1 . l' ote VlClna - coup lng re atlve to C- H gemina coupling. The pre-

requIsltes now become coupling of the vicinàl and gemlnal 
. 13 

protons to the C 

nucléus and to cach other. Symbolically thlS arrangement cao be represented 

as helow: 

2 
I··.-------JC- H --------~. 

-~H-H 

HVIC 

, 

j 
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'-' Accordlngly, If Irradiation of one of the doub lets 0lf elther quartet 

leads to collapse of one of the doublets of the other quartet the relatIve 
q 

3 2 values of J
C

_II and J C_1l arc obtalned. Thcoretlcally thcn, a compound such 

~ 13 
~as s-~-allopyranose-l- C would be sUltable for such an experlment: 
t .... 

.... . , 
.., 

H 

HO 

OH 

13 
Both H3 and H

2 
are coupled to C-1 and the Sign of the geminal coupling between 

13C_l and H
2 

has a1feady been determlned to be negatlve. However, in thlS 

compound H2 and H3,aslde from belng coupled to each othe~ are also coupl~d to 

Hl and H4 respect1vely; this 1eads to a degree of oomplexity ln the H2 and H3 

absorptIons as to preclude such an experiment. It seemed nece~sary, therefore, 

to examine a compound in which at least one of the extra coupllngs was absent. 

1,2-~-ISOprOPY1idene-S-Q-acetYl-a~~-gluCOfUranuron~-6,3~lactone-6-13C was 

suitable for this purpose. Due to the absence of hydrogens on C6 , the -HS signal 

ln the non-enriched compound IS a simple doublet. The proton spectrurn of the 
/-

6_ 13C compound can ~e represented schematlcally by the following: 

H4 

--JH='H 
" 5 

Relative sign determinatlon now involves irradiating one·of the 

.. 
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doublets of the'H sègnal and obscfVing the collapse of the upper or low~r 
5 

half of the H
4 

sIgnal. Upon uradlation the H4 signal then should takc on 

the appearance of either (~) or (!0: 

a 
. 

....... ---....,;JC-H 
6 4 

b 

The experimental sign determinatlon (Fig. 5) indicates that the 

vicinal and gemi~al couplings are of opposite sign: Irradiation of the low field 

H
S 

doublet results ln collapse of the upfield half of the H4 sIgnal, whercas 

irradIation of the upfield H
S 

doublet causes collapse of' th'e Im-l field half 

bf the H
4 

.;ngnal. Slnce the geminal coupling ln thlS case is most llkely 
; 

ncgative (Chap~~r 3~, the v~inal coupling must be posltlve. In any case, It 

is clearly demonstrated t~~he couplings are of opposite Sign. 

4. 7 Theoretical consideratIons 

Wasylishen and Schaefer (187) carrled out calculations according to the 
1 

INDO formulation using propane as a model. These workers found a Karplus type 
\ 

of relationship but suggested that there is an insensitivity of vicinal coupling 

to hybridization state as weIl as to substituent effects. Later examinatlon 

of f.{uoropropane (188) indlcated that the coupl ing decreases when a fluonne 

atom is present aIo~g the pathway as in 'G but this decrease is modulated by 

the orientation of the substltuent . 
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,.. 
QAc 0 H 

~C~ 
o H O-~"'C~ 

CH:3 H4 

<-

./ 
Hl HS A 

B 

6.0 ppm(6) 5.5 
FIG. 5 Relative sign determination by double resorlance in l,2-O-isopropylidene-S-O

, acetyl-a-Q-glucofuranurono-6,3-1actone-6- 13C. Partial pmr spectrum (100 MHZ) 
of A) the-natufal abundance compound and B) the 6_ l3C (80%) derivative in CDC1 3• 

1 
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The ~f- f~uorine varies with the dlhedral angle between the fluorine 

/ia 13~c ~ -- - ~ l' -. . ff ' , 18 bd' 0 an nuc el exertlng a maxImum e ect at e = 0 an a mInimum at 8 = 90 . 
• . 13 Similar relationships were noted ln ~-fluorQpropane-l- C: 

~ 
I~CH-.-C-CH 

""3 Fk 3 

In general then these'ca1culations support the experimental data 
/ 

previously discussed. 

~alculations have al 50 been carried out using the CNDOj2 method, 

and oxygen orientation effects were examined. 1,2-DihydrQxyPropane was used 

as a model compound. Again the results obtained from the calculations arc 

consistent with the cxperimental data - If constant dlhcdral angle 15 malntaincd, , 

an anhperiplanar oxygen leads to _dccreased couphng (189): 

13
CH 

13éH " 
3 3 

·H 
H "'H - HO 

- <> H OH" H OH 

OH 

smaller coupling larger çoupling 

• • 
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a 

It has been demo~trated/that vicinal l3C_lH coupling does not 

conform to a straightforward dihedral angle relationship. Suhstltuents, sub-

stituent orientations, hybridizatlon changes and lone pair effects can aIl 

significantly modulate the coupling e~pected an a dlhedral angle hasls. Con-

, sequently, .no validity can be attached to calcu~ations of dihedral angles from 

~ 
J C_H which do not take these factors Into account. 

-

\ 

o 

" 

• 

, 
'J 
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5.1 Introductory remarks , 
\, The preparatIon of carbohydratcs enriched with 13C (or 14C) in the 

, 

one positIon ~resents s~me problems. The maIn difficu1ty in the synthcsis arisc~ 
/ 

from the last step of the Fi scher-K Ù Lan i sequence, namely the rcduct Ion of an 
,/' 

aldono1actone to an a1dose (~. This reaction must be carned out in such a 
8 

way as to prevent over-reductlon to the sugar alcohol (8). The reaction is 

il1ustrated be10w for ~-glucono-1,5-1actone. 

o H,OH OH 

H 
A 

H OH 

B 
OH 

The classica1 reagent for reduction to the a1dose is sodlum-amalgam 

(190)(.191); however,it has sometim~'s proven difficult to obtain good ylelds 

~ 

using this techniqUe. Preliminary experlments showed that the sodIum ama1gam 

method was not suitable on a small scale. The maximum yields obtained wcre 60% 

for ~-glucose and 3Q% faT ~-mannose. More recently It was found that cstcrified 
1 

aldono-l,4-1actones ~92-195) as weIl as som~ free aidonolactones (196) could 

be reduced ta the corresponding aldose with bis-3-methyl-2-butylboranc (di~i-' 

amylborane) (197) (198). The highest yield achieved for the reductioll. ?f'\~-glucono-

1,S-lactone to 2-g1ucose using this method hQwever lS again only 60% (196). 

While Iower yields can be tolerated when radioisotope (14C) enrichment is desired 

due ta t~e possibili ty of co-crystalli ;ing the first product with non-enriched 

material, high yields in 13C incorp~ration experiments are very important, 
~ . 

especially for spectroscopie studies which are favored by ~gh degree of 
o 

~nrichment as possible. 
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•• Since one is already limitcd by the degree of enrichment of the 

starting material, K13CN, anYfurtherdilutI.on should be avoidcd. 'WolfrolllMs', 
< 

described the reduction of aldonolactones using buffered sodium borohydride 

(199) but this reaction was found to bc difficult to control and also gave poor 

yields. 

In the light of these results a search was carried out for a reduction 

method which would give higher ylelds of the sugars in questIon. As a result, two 

novel reduction technIques for the reduction of aldon61actones to aldoses werc 

dcveloped: reduction via BH3 and reduc~ion via a LIAIH
4

-AICI 3 mixed hydride 

reagent. Both methods afforded higher ylclds of the reducing sugar than had been-' 

previously attainable. 

,° 5•2 ReductIon of aldonolactones by means of BH3 

Diborane, which ln its ch~mical action can he considered as BH3' is 

a weIl known reducing agent, reducing aldehydes, kctones and carboxylic acids 

rapidly and esters more slowly (200-202). The reduction of lactones by diborane 

has received very litt le attention alt~ugh Dias and Pettit (203) have reported 

a mixture of products when certaIn steroid lactones were treated with diborane. 

Diborane is readily prepared by the addition of a solution of sodium borohydride 

.. in diglyme to boron trifiuoride etherate (204): 

This diborane solution can be heated under an inert atmosphere to distil off 0 

diborane into a receiver containing tetrahydrofuran. A lM solution of diborane 

in THF is a150 available cornrnercially. Diborane is a Lewis acid and reduces 

carbonyl funotions by first complexing with the oxygen atom and then transferring 
. 

a hydride, perhaps by a concerted mechanism analogous to the hydroboration of 

alkenes: 
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\ 
1 

-C-O-BH 
1 2 
R 

Treatment of the produet with water generates the aleohol.and borie aeid: 

, 
-C-O-BH 

1 2 
H 

+ 
1 . 

:--+ -C-OH + 
.~ 

1t was hoped that if the reduction of lactone~ with borane could be 

controlled 50 that on1y the earbonyl group were reduced, a elean method for 
\ 
\ 

converting lae\ohes to hemlacetais would be available. The laetones of major 

concern for the present pu;poses were ~-glueono-l,5-1actone and ~-mannono-l,4-
) 

lactone,the epimerie species formed upon the addition of cya~ide to arabinose, Slnce 

the correspond;ng '13c-enrIehed hexoses and derivatives of them have constituted 

the main compounds examined in this investIgation. 

HO 
o 

OH • H H 

R-Glueono-l,S-lactone Q~annono-l,4-Iactone 

A ten foid excess of a lM so'lution of diborane in THF was used to compare the 

reduction or these lactones under different conditions. The result5 of this study 

are leported in Table 1. Yields were obtained ~y g.l.c. analysis of the TMS or 

acetate derivatives of the products. 
-? 

) 

; 
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TABLE 1 - Reduction of aldonolactoncs by lM BH3 

~-G1ucono-1,5-1àctone 

Reaction time 

15 min 

60 min 

90 min 

3.5 hrs 

40 hrs 

84 hrs 

3 hrs 
. , 
3 hrs 

18 hrs 

~-Mannono-1,4~1actone 

15 min 

60 min 

3.5 hrs 

40 hrs 

" 84 hrs 

3 hrs 

3 hrs 

• ,18 hrs 

A1dose 

R.T. 60% 

" 88% 

" 90% 

" '90% " 

" 86% 

" 81% 

reflux 60% 

40% 

48% 

R.T. 52% 

" 75% 

" 65% 

" 60% 

" 57% 

reflux - 35% 

35% 

-10 40% 

A1dito1 Lactone 

2% . 38% 

5% 7% 

8% 2% 

8% 

13% 1% 

19% 

40% - . 
60% 

2% 50% 

23% 25% 

18% 7% 

30% 5% 

38% 2% 

43% 

65% 

65% 

10% 50% 

The above resu1ts indicate that most probab1y there àre two reactions: 

first, the lactone is reduced to the sugar, (9r to a derivative which on 

hydro~ysis yields the sugar) in a fast reaction, followed by the much slower 

conversion of the sugat. into the sugar alcohol • 

L fast~ sugar slow ~ h ac~ne -- -- ~ugar alco 01 

... 
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This is emphasized by the very low rate of formation of aldltül at _10 0
• 1t 

was found that the best and most reproducible rcsults wcre obtained whcn the 

reaction was carried out at room temperature for 2 to 3 hours. Under these 

conditions the isolatcd yields were 85-90% for gluco~e .and 65-70% for man~ose. 

Both of these Ylelds arc hlgher than those obtalned by any othcr procedure. 
\ 

The reaction Itself i5 much cleaner and is caSlcr to carry out than 

amalgam reduction or rcduction using buffercd sodium borohydriJc. ri nely 

powdered lactonc is suspended ln tetrahydrofuran and an cxccss of Jlhoranc, 

(about 10 foId) 15 addcd, foIIowcd by vlgorou5 stlrrlng. A rapIJ cvolution of 

hydrogen gas IS ohscrvcd on the add 1 t IOn of the borane n;:agcnt i. th 1 <; 1 s of , 
course due to the reaction of borane wlth the hydroxyl groups of the lactonc: 

1 
-C-OH + 

1 

1 

-->~ -C-O- BH + 
1 2 

After a short perl0d the reaction mixture becomcs geiatinous, prcsumahly duc to 

the formatIon of species such as the followlng: 

It is also conceivable t~at dimeric or even trimeric borate esters can form, 

joining together two or three laetone units. At the end of the reduction period 

watcr i5 added to decompose the gel and the reaction mixture is concentrated 

scver.ll times with mcthanol to remove borie acid as volatile methyl borate. If 

the l'l'actIon lS carricJ out on a scale of one or more grams the deslred p~o.duct 

can he fractional)y crystallized at this point. On a smaller seale It was found 

that crystallization led to the 1055 of too much produet and alternative ... 

" 
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approaches were cxamined. For the reduction of ~-_gIUCOnO-1 ,5-:acton~ thc' most 

effIcIcnt l!>olation technique was found to hc 3ct'tyl·atlon of the rC:lctlo" 

mIxture followed,by chromatography on slilca gel. Mannose WHS be~t JsolJtcd 

From the reactlon mIxture through its phenylhydrazone derlvatlve (evidence now 

favours an acycllc form for thlS compound (205)) from WhlCh mannose l~ r~adlly 

regenerated: 

Reactlon ~
?OH 

H 0 

HO H OH OH 

H H 

Mechanism of reductlon 

A ~ossible mechanism for the reduction of Q-gluconQ-I,5-1actone (~ ]S 

outl1ned ln FIg. 1. ~-Glucose C!:) 15 obtained by hydrolysl<; of the IntermedlHte 

E. This Intermedlate however can concclvably undergo rlng openlng by three 

di fferent rathw~y<;: via carbonium ion (~), ~ concerted mcchan 1 SIII (!?), or VIa 

type ~ complex formation (~. AlI of these routes Ica9 to the aldltol as the 

fInal product. The corresponding scheme for ~-mannono-I,4-1actone is given in 

Fig. 2. Note that in thlS case borates of type ~ can also be expected to form by 

analogy to 2,3: 5, 6-dl-Q.-isopropylidene-Ct-~-mannofuranose. Hydrol ys IS of lnter-

rnediate 0 or P affords D-mannose but the se speCles can also undergo rlTlg opcmng 

by routes analogous to a, ~, and ~ of Fig. 1. The implicatIon of. the experimental 

results lS that a furanose ring 15 more likely to undergo ring openlng than 

is a pyranose ring. It apt>eared possibre, howevcr, that the configuration at 

C2 and not ring size is the determining factor. In order to clear up this point 

the reduction of ~-glucono-l,4-1actone was examined. * 

* A gift of Q-glucono-l,4-1actone from Professor H.~. Isbell is gratefully 
acknowledgëd. 
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FIG. 2 ReductIon of ~-mannono-1,4-1actone with diborane. 

~ 1 
The reduction of this compound now afforded yHlds of aldose (60%) 

and aIdltol (40%), very similar ta those obtained from ~-mannono-l,4-lactone. 

~-Galactono-1,4-1actone also gave almost equiva1ent yields. It seems 

established. then, that the difference in yield of a1dose obtaÏncd by BH3 re

duction of ~-glucono-lJ5-1actone and ~-mannono-l,4-1actone can be accountcd for 

by the dIfferent ring sizes of these lactones. 
< 

In arder to gain further Insight into the rEfuction of BH3 wi th 

carbohydrates and to attempt to determine what factors lpromote ring opening, 

a series of reducing sugars was studied under experimental conditions equivalent 
k' 

to those used for the lactones _ (10 fold excess BH3 for 3 hrs a,t- ,R. T. ) • 

.. 
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. "'These are reported in Table 2. 

"~ 
TABLE 2 - Reduttion of aldoses by diborane 

D-Glucose =-
B.~-Glucose 

~-Mannose 

~-Galactose 

~-Erythrose 

L- Fructose 

% ~ldose 
remaining 

95 

95 

60 

9S 

45 

75 

% Aldi toI 

5 

5 1 
40 . 

5 -------
si 
25 

~ 
~- 6-Deoxyg l ucose 75 25 

j 

• 

... 
~-,Lyxose .. 40 60, 

~-Xylose 30 70 

~-Ribose 5 95 

~-Arabinose 10 90 

~:2-DeQxyarabinohexose 0 100 

~-2-Deoxyribose 0 JOO 

~-Glucosel and ~-mannose are again reduced to different· extents but this time 

,i t was not possible to determine whether this difference is due to a ,difference 

in ring size. The major interrnediate species that are expe~rm on 

reaction of ~-mannopyranose and g-gluc9Pyranose with BH3 a~icated 
below. 1 

r 
• 
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OH 

H OR )3H; H_E(0-~CH2 . 
2 .0 '0 H 0 ri 

H~ + f~ H 
H 0 

OR OR H O-~ 
H 'H 

RO 

OH 

H 

, , 
\ 

It was not possIble to determine the relative ratIos of these types 
'l:(, f 

of species in su ch a complex system and hence the dl fferences in the rate of 

reduc&ion of ~-mannose and ~-glucosc cannot be attributed to any one specifie 

factor such as ring size. More intcresting,however,is the ob~ervation that 

when the C2 oxygen substituent is removed, as in 2-deoxyarabinohexose, red~ction 
." 

to the alditol is 100%. There are two possible ~xplanations that may be 

suggested in this regard. If ring opening proceeds by a carbonium ion mechanism, 

removal of an electronegative substituent adjacent to the prospective carbonium 
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ion Q,., should favour the reaction. The second alterndt1ve IS that rc,lctLOn 

proceeds through, the open chain or aldchydo form of the vad ous sugars, and 

those sugars with higher aldehydo content in solution arc more readl1y re

duced. ThIS latter rationale seems favourable since 2-deoxysugars and rIbose 

are expected to have the hlghest (evcn though very small) aldehydo content, 

followecl 'by pentoses and then hexoses (206). Slnce, 1 t i s known that alpchydcs , 
r; 

are rapidly reduced (200-202) the overall trend in Table 2 becomes reasonablc. 

5.3 Reduction of aldonolactones by mcans of LiAlH4-AlC1 3 

Li thium alumlnum hydride has been extensIve 1 y u')cd 1 n orgamc and 

inorganlc synthcsls (207). ThIS compound 1S known to rcducc lactones readlly 

to diols and therefore IS not sUltablc for the reductlon of aldonolactoncs to 

aldoses. It is possible however to modlfy the reducing propcrtle') of lIthium 

aluminum hydride by the addition of a measured amount of aiuminum chlondc 

(208-211). The nature of the reduclng speCles ln this "mlXcd hydridc" re-

action depends on the molar proportIon of AICl 3 and LiAlH4 (212,213) accord-

ing to the followlng relationships. 

AlC1 3 + 3LiAIH4 > 4AIH3 + 3LiCl 

AICl 3 
+ LiAIH4 > 2AlH2Cl + LiCI 

3A1C1 3 + LiAIH4 > 4AlHC 12 
+ LiCl 

The alumi~um hydrldes produced in any of the above reactions ~re analogous 
f 

to the prevlously discussed diborane, and reduction of lactones by them 

can be expected to proceed in a manner slmllat to the borane reductions. AlI 

"" 
three hydrides are LeWIS acids and perform their function by first complexing 

with an available oxygen atom. The actual reductlon can then proceed elther 

by a four center or a carbonjum ion mechanism as illustrated below: 

" 
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'c.:ft.î+ 

/ -, - I-
I 

,+ './ c-î -+ -c-O-AI 
/ ' - , ....... 

H~ 11- H 

For 1actones, the reaction is not expected to stop at the hemi-

acetal stage since it has been shown that aceta1s, ketals and orthoesters 

can be c1eaved by the mixed hydride reagent (214-217). Mechanistica11y this 

type of cleavage is expected ta be very similar to cleavage by dibarane, as 

discusse? previous1y. Once again,both four center and carbonium ion mechanisms 

can be envisaged: .\ 

. , ,/ " / rll -
AI-

-+ , -0-' 
'c-î ' "" --Jo C-O-AI 

~-I- ~ '1 1 

, ,-
1 

-b/h _O"AI-

a.) 
tI' H 

C-O-At/ C-Q-AI --+ 
-.J ---./ ........ 

~ , / 
AI- \ 

• / " AI .... 
-f).. ,/ ;-~~ ".-

C-O-AI --+ C-Q-AI 
~ ".-/ " 

b.) 

, 
However,because the ~ate of these c1eavage reactions is considerab1y s10wer 

than the rate of reduction of carbony1 functions (214), it was hoped that 
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under the Tlght reactlon conditIons lt would be poss1ble to reduce aldonolactones 
, 0 

to aldoses in good y1eld. 

At flrst the reactlon was attempted ln a manner analogous to the 
J 

# 

borane 'reductlOn. The lactone was suspended ln ct~r or Tllf, and thlS was , 

foHowed by the add! t lon of a mIXture of AIC1 3 and L1A1II4 in TIIF. (Jqng thlS 

procedure the reactlon rate was extremely slow duc ta the relative InsolubllltY 

c of"the lactonc ln the ~~)}yent (a gel, ëharacterlstic of the borane reduction, 

docs not farm· 1 n thl s case). To clrcurnvent tIn s prohlem JI hydropyran was uscd 

ta block tt1~ frcd hydrox~l groups of< the Lletone: the resultlng tctrahyJro-' 

pyranyl dellvdtlve~ ..Ire hydrogenolyzed very slowly unJer the reactlon condItIOns, 

but arc readlly removed by mlld aCId hydrolysis followlng reduction of the 

carbonyl functI0n. Thus, for ~-glucono-I,S-lactone: 

l,AIH(AICI 3 H 
o -+ 

CH20H 

OH ~ ~:"'~~OH H6H /-
fj OH H OTHP 

Resultq ohtalned ln these experiments were simllar to those for the 0 

borane reductIon; the reduction of ~-glucono-I,5-lactone normally proVlded Ylelds 

of glucose ranging From 80 to 90% whereas the reductlOn of D-mannono-l,4-'lactone p 

afforded ylclds of 60 to 70%. As before, the best mcthod of IsolatIon of mannose 

from the reactlon ~lxture proved to be via the phenylhydrazone. Although re

ductIon by means of the mIxed hydride is experImentally somewhat complex, the 

yields obtalned are better than by the stqndard rcductlon technIques, other 

than the prev10usly dlscussed diborane reductlon. 

Both for Q-gIucono-l,S-lactone and D-mannono-I,4-lactone the best ratios 
J _ = 

of aldose to aIditoI U were obtalned when the molar ratIo of LiAIH
4 

to AIC1
3

,was 

" 
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• 
1:3 and the poorest yiclds were obtaincd ~hen a mo1ar ratio of 3:1 was cmploycd. 

In the former case the reducing specles is AIHC1 2 whereas in the l,atter the 

preponderant specie5 15 AIH 3 " Both of thc5e read11y reduce the carhonyl 

funct10n, hut the e~pcr1ments indicatc that ring opening is more extenslve 

wherr the rcducing specICS 15 AIH3" If' ring opemng procccds by i.I four ,ft'Ilter 

mechanism as in: \ 

H, _"H 

, b/(H 
~~~O-AIH 
~. 2 

" 
i t is like1y that the reason more dio1 i5 formed wh en A1H

3 
i 5 the reduclng 

specles can,be traced to the fact that three hydrogens arc avai1able for the 
(~'. 

reaction as comparéd to one for AIHC1
2

0 

In sununary, i t can be stated that both of the reduction t'echniqucs 

developed for the conversion of aldono1actones to aldose sugars surpass or 

o equa1 the. existing methods in efficiency, and a1so for the diborane reduction 

in simpHcity, and hence they can facilitate the synthesis of 1_13C, (or 1_ 14C) , 
enriched carbohydrates bl widening the classica1 bottleneck of the Fi5cher

Ki1ianio sugar synthesis, namely, the reduction of the a1dono1actone to the 
J 

aldoseo 

/ , 

CO 

.. 

" , 

.. 



.. 

t 

• 
. I~ 

• 
" '.' 

, 

) 

CHAPTER 6 

EXPERIMENTAL 

, . . 
• 

~-

( 

\ 

(J 

, 



- 196 -

PART l 
1 

GENERAL METHODS 

t 
The natural abundance analogs of the compounds synthesized during 

the present research are knewn compounds. However, the,synthetic methods 

used ln many cases have had to be mod1fied because in workmg with the l3C_ 
, 

enrlched spec1es small scale eXpenments were' mandatory. Such conJ-i tions 

13 were dictated by the high cost of the starting material, K CN Ulerck, 

Sharpc and Dohmc, Montreal, Canada), which also nccessitatcd numcrous 

"dry runs" uS1ng non-cnn chcd matcrial before undertllak1ng any synthes i s in-

13 volvlng C en~hed compounds. 

Many of the which arc report cd to be 

easlly synthesized on 'scale proved far less access1ble on a 

milligram scale, and when yields were critical. Generally, they have been 

isolàted by crystall1zation, whereas ln the current exper1ments It was 

usually necessary to employ column chrornatography in order to ~btaLn good 
~ 

yields. 'IdentlficatlOn of the l3C enriched compounds was made by melting point. 

mass specùoscoPY and most relevant to this study, by NMR spectroscopy. In )' 

each case, the spectrum of the enriched der1vative was comparéd to the spectrum 
, 

of the natural abundance analog. As an example of compound Ident1fication by 

mass spectroscopy, F1gS. 1, 2 and 3 (Appendix) show the spectra ùf 1,2-~-iso

propylidene-3,5,6-tri-~-acetyl-a-~-gluco(uranose and 1tS 1_13c and 6_ 13C 
... 

der1vatives, respect1vely. These spectra are seen to be identical except for 

~ the onetF/e unit Sh1ft of sorne peaks due to the presence of the l3C isotope. 

Suoh isotopie substitution can,in\~ct,b~ used to advantage in the analysis 
" o 

of fragmentatien patterns and is discussed briefly in the Appendix. , , 

\ 
1 
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Spectroscopy 

Pmr spectra at 100 MHz were recorded wlth a VariaIt HA-IOO spectro-

meter. Spectra at 220 MHz were recorded at the Canadlan 220 MHz NMR Centre 

13 ' 
ln SherIdan Park, o'ntarlo. C spectra werc record~d th a Brùker WH90 

speetrometer operatlng at 22.6 MHz. 

Mass spectra were reeorded with an LKB gas chromatograph mass 
, 
speetrometer operatlng at 70 eV. 

''Chroma 10 gr aphy 

ThIn layer chromatography plates were prepared using MN slllca gel G 

as ad-sorbent. Bcnzcnc-cthcr (1:1, v/v) and bcnzcnc-methanol (9:1, v/v) wcrc .". 

the solvcnts commonly used. Vlsualization wa~ hy spraying with sulfurlc aeld 

(5% solutIon v/v),ano hcatlng the sprayed platc- at 120 0 in an oyen. 
, 

Analytical paper chromatography was carrled out by the descendlng , 
technique on Whatman No. 1 paper uSlng butanol-pyridine-acetic acid (10:3:3, 

v/v/v) as the solvent system. Spots were located with the ald of ammonIacal 

sllver nitrate and alcoholic SOdlum hydroxide solutIons (218). 

Column chromatographlc separat Ions w'ere carrled out on columns packed 

wlth MN sllica gel (graIn sue O.OSmm)whlch had been preVlously washed with 

the solvent system being used. 

Gas liqUld chromatography was conducted with a Hewlett-Packard F & M 

402 gas chromatograph using a sIlIcone gum column (4% u.e.w.) on ehromosorb W. 

carb7drates were analyzed ei ther through their acetates. (prepared Wl th 

pyridine and acetic anhydride) or through thelr trimethylsilyl 1frivatlves 

(prepàred with pyrldine, hexamethyldisilazane, and trimethylchlorosilane (219)). 

Melting points 

Mel\ing points were determined with a Fisher-Johns hot/plate 

and are uncôrrected. 

- ( 

apparatus 
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Acetrlation 

Small scale acetylations 

acetic anhydride. Jhe compound to 

with twenty drops of pyridine a~d 

were carried.out at 60° with pyridine

he acctYla~~~So mg) was warmed 

ten drops of acet4dride for 1 hour. 

The solutIon was then transferred by means of a dropping pipette to a 10 ml 

separatory funnel containing 4 ml of lce-water. ExtractIon was carricd out 

with chloroform (3 x 5 ml) and the combined extracts were washed osuccessively 

with an 'Ice-cold 3% sodlum biçarbonatc solutIon and ice-watcr hefore bClng 

dried ovcr anhydrous SOdl~ sulfate. The solution was concentrqted and traces 

~ of pyridinc were removed under 

~V Evaporat Ions 

high vacuum. 

~, .. AlI evaporations were carried out under reduced pressure at 40°C. 

• 

• 

« ,~ 

• 

.. 
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PAHT [1 

l'RLI'ARATION OF 6 _13C CARBOIlYDRATLS 

1,2:5,6-01-~-lsopropylldene-a-~-glucofuranose (l) 

D-Glucosc (200 g) was trcated wlth anhydrous acctone ln the = . 

presence of concentratcd sulfuric aCld accordlng tofnown methods (220); 

YIeld,173 g-(60%); m.p. 108-110° (lit. 110° (220)). 

1,2-~-Isopropylldene-u-~-glucofuranose (~) 

Compound l (l50 g) was dlSSO 1 ved In water and the pli of the solut Ion 

was adJusted to 2 hy the addItion of I~l. After 4 hours at 40° the solutIon 

was neutrpllzed wlth NaOII, flltered and concentratcd to a crystaillne materlal 

Whl ch W,IS then recrystalll zcd from cthanol (221); yleld, 101 g (80°,,); m.p. 

159-160° (lit. 161-162.5° (220)). 

l, 2-Q-I sopropyhdcne-a-~-xylo-dialdopentofuranose C.~) 

To a stirred solutIon of 25 g of sodIum metapcrlodate ln 250 ml of 

water was added 25 g of 2 ln small portions, followed after 1 hr, by ethylene 
- 1 

glycol to decompose excess perlodate. The solutIon was concentrdted and 

the resldue was extracted wlth C~ICI3' The extract was then transferred onta 

a column of slllca gel, and ciution with ether rcsulted in dlmerlc 3 as 

the major fractIon (Yleld, 50%); recrystaillzed From chloroform-petroleum 

ether, m.p. 171-172° (llt. 178-180° (221)). 

13 Barlum 1,2-~-Isopropylldene-a-Q-glucuronate-6- C (i) 

This compound was prepared essentlally accordlng to the procedure 

of Ishcll et.!!.. (6). Twenty-five ml of an aqueous solutIon containing 1.1 g 

(5.0 mmole) Qf 3 was introduced into a 250 ml flask. To thIs was added a 

solut;on of 0.36 g (5.5 mmole) of K13CN foUowed by the addition of 0".2 g 

lS.O nunole) of NaOH • Finally 20 ml of I.ON acetic acid were added in 
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order to make the solution SIIghtly aCId. The resultlng solution, now ycllow, 

was stlrred untll Lt was homogenous and was then stored tightly stoppered for 

twenty days. (Tnal expcnments Ind 1 cated that shorter react Ion t Imes resu 1 ted 

ln lower Yields and that he.lting the solutIOn.produced decomposltlon of the. 

product.) After the 20 day reactlon pCrlod the now enTiched cY,lI1ohydrln wa.., 

hydrolyzed .!...!l SitU. (If tIns hydrolysis was not carned out carefuIly,the 

reactlon mixture turned dark ancl- there was much decompoSltlon. Accordlngly, 

partl.ll hydrolysls was flrst carned out at low alkallnlty and lo~ tC'mpcraturc, 

then the pll- 3f]d tempcraturc were incrcased t? complete the react 1 011.) The 

hydrolysls was carned out by addlng 0.25 g of Na 2S0
3 

to thè react~n ;nlxturc 

and heatlllg .lt 70° for two hour~ followed hy the addItIOn of 1.0 g of Na2CO~ 

and reflu:(p1g for two hours. The solutIon was then cooled wlth Ice ,1I1d passed 

through a column of catIon cxchangc reSln (Amherllte IR-120 (H)) at 10°, 

the effluent . .llld wa,>lllngs helng collected ln Cl flas" contalning a weIl 

stIrrcd solutIOn of Ba (011) 2° 811
2
°(8.0 g). Lxcess of ba'tlllm hydroxldc was then 

.... 
neutrallzed wlth ga,>cous carbon dlOXldc and the BaC0

3 
was removed by filtration. 

fhe flltrJte wa~ conccntrJted ta SU ml, Jgaln flltcrcd, ,>lowly conccntratcd 

further under Cl stream of éllr untIl crystals of banum 1 ,2-Q.-lsopropyl idcnc

a-~-glucuronate-6-l3c bcgan to form and then stored at 10° for 24 hours (Yleld, 

0.6 g). On concentration, 'the mother liquor Ylelded a further 0.1 g, and rc-

crystallizatlon from water-methanol (3:1) gave a final Yleld of 0.62 g of the 

13 
C cnrlched salt. 

13 
CalClum 1, 2-Q.-lsopropyhdenc-B-~ .. dofuranu{~nate-6- C (~ 

To the mother llquor from the preparatIon of !,700 ml of ethanol was 

added to prccipitate out banum acetate, the filtrate was concentrated, cooled 

wi th lce, and was passed through a column of cation cxchange resin (Amberli te 
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IR-120 (II)) wto a flask containing 0.3 g of BaC0 3. The effluent was lyo

pin 11 zcd, and addItion of methanol ta an aqueous solutlOn ot the rcsulting 

syrup .Ifforded 0.15 g more of~: After flltratlOn, the mothcr lIquor wa" 

Vagain passeù through a catIon exchange column wlth coolIng Into ,1 fIas].. 

contalning O.lS g of CaC<}~. ConcentratIon of the solution ln a stream of 

au yiclJc'ù crystals of ~, WhlCh were recry~tall17;cd from methanol-water 

(5:1); Yll'ld,O.25 g. 

~l 13.) L 2-Q.-I ,>opr()pylldellt'-I(-~-g lucofllr,llluTollO-h, .)- actonc-t>- { (Il 

1\ ',olutloll or D.S g of ~ W.l" p,lsc,eu through a lollllllll of c(Jld Clt 1011 , 

exchangc rt"dll and the l'ffluellt wa" lyopl1111 Zl'U to producl' "yrupy l ,2-~-

1 1 1 1 d 13(. lsopropy llenl'-Il-~-g ucurOlllC ,ICI -()- ,. 'Ihl'5 resIduc wa'> di~soIVl'd III 

acetone, toluenc (50 ml) was adJcù and the solutIon was slowly evaporated to 

produce crystals of 6; Yield, 0.23 g(800o); m.p. 115-120°(lit. 119-120° (222)). 

~-2.- 1 sopropy lldcne-f~- ~ -1 dofuranurono-6, 3-1 actonc-6- 1 \: (~) 

1,2-~-I<;opropylldelle-r;-~-lduronIc acül (100 mg) was lactol1lZcd ln 

f:I" 
,1 manner analogous to the gluco eplmer ahove; YIeld,RO mg (R7':,), m.p. n:;-131l0 

(lIt. n7-nRo (221)). 
1 

.!..J2-Q.- l ,>opt'opy 1 1 delle - S.!O- acct yi -,t-!.! -g luco fur anurono - (), ~ - Li C t ()11('-(,- 1 \: (R) ,mt! 

~-~- 1 sopropy Il dcne- 5 -~-acct y1- r~-~-1lIofuranuronO-6 • ~ -1 aet ol1e- <> _ 1 \- ' (~) 
A ~olutlon conslstLng of 25 mg of ~ or l ln pyrldlnc (0.5 ml) and 

.. 
acetlc anhydrlde (0.5 ml) was heated at bO° for 1 hour, and then tran~ferred 

to a seperat6nnel contalOlng 4 ml of 1120 and 4 ml of CIICl3.: Aftcr 

partltlolung, the CHC1
3 

layer was wa~hcd with Icc-watcT and the aqucou~ layer 

was furtlwr extracted wlth CIIC1
3

. The COmh1JlCd CIIC1
3 

éxtracts werc washed with 

ice-co1d sojJÀum }ncarbonate (3%) solution and dried over anhydpous Na
2
S0

4
. 

ConcentratLOn of, the CIIC1
3 

solution then produced syrupy 8 or 2.; Yleld, 2'0 mg 
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(7000). Thesc compounds wcrc uscd to study solvent cffect;:- on 
2 

.J c: _II as repor t ed 

ln Chapter 2. 

1,2-2.-1 sopropy 11 dene-n -~- gl ucofuranosc- 6 _ 13C (lQ) 

1 ,2-Q..-IsopropyllJenc-rt-~-gl\lcofuranurono-6,3-1actonc-b- L\ (0.25 g) 

wa<; (\)'i,>olvcd ln methanol (5 ml). Wlth constJnt ,>tlrnng, NaBlI'l (100 mg) 

was ac.1dcd ln small portIons and stlrnng was contLnued for an ,ldtlItlon,li 

30 mlnutc~, cxccss of cation cxchange reSl11 (J\mberllte IR-120 (II)) wa:. then 

Introduced, the reS1n was flltercd off, and the flltrate was concentrated. 

Mcthanol was added to the residue and then dlstlllcd off, th15 procedure hClng 

repeateJ several tlmes to rcmovc honc acid as methyl borate. The rroJuct (.!..Q) 

crystalltzeel Jnel was recrystalllzed from hot ethyl acetate; yjcld,230 mg 

(93%); m.p. 159-160°, (11t. 161-162.5°(221)) . ....... 
~ 13 

~-~-Isopropyl1dcne-~-k-ldofuranosc-6- CClI) 

Th 1 S compound was preparcd from ~ (50 mg) by a mcthod Jnn logous to 

the preparation of the gluco cplmer abovc; y1clJ, 42mg (85°0); m.p. 1l0-112°(1It. 

l, 2 -~-_I.::. . .y..-:"'.J..J-_l_1_d_c.::.n_c_-_r-x-D gl ucofuranosc-6- 13C-6-~2 (12) 

compound as pre2ared by the same procedure as used for the 
f 

. .t 
preparatIon of l.Q, except that NaBD

4 
Instead of NaBII

4 
was used for the reduction. 

. 13 
~-~-Isopropylldene-3,5,6-trl-~ac~tyl-a-~-glucofuranose-6- C-6-~2 (13) 

Acetylation of ~ (25 mg) was carried out accordlng to the procedure 

descnbcd undcr "Gencral Methods"; ylcld, 30 mg (80°0). 

~-~-Isàpropylidcne-3,S,6-trl-~-orthoformyl-a-~-glucofuranose-6- 13C (~ 
13 

1,2-~-Isopropyl1dcne-a-~-glucofuranose-6- C (100 mg)(!Q) was dlssolvcd by 

hcat ing ~n 1 ml of triethyl orthoformate. To this solutIon were then addcd 2 

drops of a 1% solut1on of Hel in anhydrous methanol (prepared by adding acetyl 
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chloride to anhydrous methanol) and the solution was allQwed to cool. After 

a short time crystals of !i formed and werc recov~cd by fIltratIon; yleld, 

80 mg (78°0); m.p. 198-201
0 
(ht. 200-201

0 
(224)). 

13 
~~-Isopropylldene-a-Q-glucofuranose-6- C perlodate complex (~) 

C) 
ThIS complcx was prepared by the procedure of Perlln and von Rudloff 

13 (18;'2). 1,2-2..-Isopropy1Idenc-(X-Q-g~ucof~ranosc-6- C (20 mg) was dlssolvcd 

ln 020 (0.5 ml) and 20 mg of anhydrous potassIum carbonate and 20 mg of ~odlum 
r 

metapcrlodate werc ,ldded. The pmr spectrum of the resutbng complcx wa<; 

Immedlatcly rccordcd. 

13 
l,2;5,6-Dl-~-lsopropylldene-a-~-glucofuranose-6- C (~ 

13 .~ 
l, 2-Q.- I,sopropylidene- a-~-glucofu:r:anose-6- C (100 mg) was suspcnded 

ln anhydrous acetone (50 ml), conc. sulfuric aCld (20 drops) was Introduced, 
"\ 

the resul ting solutIon was stlrred for 5 hours undcr anhydrou<; condItIons, 

and neutrallzed with anhydrous Na 2C03• The prccipitatcd Na
2
:0

4 
was flltcred 

off, thoro1J:ghly washcd wlth acetone,the flltrate was conccntrated to about 

'1 ml and then transfcrrcd to a column_(30 cm x 1.5 cm) of sillel gel. Ltsing 

benzene:ethcr (1'1) as the clu,tlng solvent, ~cmergcd from the column JS the 
, 

fust major fractIOn; YIeld, 72 mg (60%); m.p. 106-108° (lIt. 110° (220)). 

Using acctone as the next cluant, about 30 mg of 1,2-0-1sopropylldenc-u-D-
- = 

13 glucofuranose-6- C were recovered from the column. 

13 
~-Glucose-6- C (lZ) 

1,2-~-lsopropylidene-a-~-glucofuranQSe-6~13c (100 mg) was dissolved 

in 5 ml IIp. Cation exchange reSln (Amberlite IR-120 CH), 500 mg) was then 

added and the solutIon was stirred at 90 0 for l hour. The ion excha~ge resin 

was then flltered off, thoroughly washed with water, and the flltrate was~ 

concentrated to givc syrupy ~-gluCoSe-6_13C; yield, 80 mg (97%). 
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13 
1,6-Anhydro-a-k-1dopyranose-6- e (~) 

1,2-ü-IsOprOpylidene-S-k-idofuranose-6-13e (100 mg) was'trcated wlth 

cation cxchangc rcsin dS above for the prcparation of ~-glUCOsC-6-1~(1 l~adlng 

to prero~derant formatIon of the 1,6-anhydro dCTlVatlve (18). Conver'>lon , 
of the syrupy rCC;lÙUC to ~ was promoted hy subjectwg It to a 11lgh vacuum. 

YlcId of th~ flnal syrupy product was 70 mg (95~). 

2,3 ,4-Tn -~- ,lcetyl-l , b-anhyùro-rx-k- iùopyranosc-6- 13
( (19) 

Compound IR (70 mg) was acctylatcd dS dcscrlbcù undcr'''C;Cnt'i',Il' Met hot! '>" 

to glVC "yrupy l~; yleld, 80 mg (92°0). 

1,2,3,4, 6-Pcntd-Q.- accty l-I)-U-g lucopyranose-6- 1 \: (20) 

Acetylatlon of ~-glucose with sodllm acetatc catalyst ylclds the 

1 d (22 ) Be ( d d pcracety ate 0-anomer 5. U-Glucose-6- 100 mg) was suspen C ln acetlc 

anhydTlde (2 ml) contalnlni~oA/ '(100 mg), the mixture was stlrred at 90° 

for 18 hours, after WhlCh most of the acetlc arihydrlde was evaporated off 
, 

under reduccd pressurc. Thc rcsiduc was partitlOncd betwe-cn CIIC1
3 

and 11
2

() 

and the aqucous Idycr was cxtractcd Wl th furthe-r port Ions of (:IIC 1 ~. '1 he 

chloroform layer was washcd WI th lcc-cold sodIum hlcdrhollatc solutIon (3°0), 

thcn lce-water and drlcd ovcr ... anhydrous Na
2

S0
4

. l'hc pmr spcctrum of the 

f1rst syrupy product showeù the presence of only the- I)-anomer. Cry"tallLzatlon 

From 9S00ethanolgavc~; yield, 150 mg (68%); m.p. 127-130 0
,(11t. 132 0 (225)). 

13 
1,2,3,4-6-Penta-Q-acetyl-a-~-glucopyranose-6- e (~) 

ConverSIon of 20 to the a-anomer can be effected hy treatment wIth 
~ 

perehlorlc aeld (226, 227). To acetic anhydride (0.35 ml) ln a l ml flask 

at 40°, pcrchlorlc aeld (0.005 ml) was added followed by the slow additIon 

of 1,2,3,4,6-penta-~-acetYI-B-~-glucoPyrariOSe-6-13c (100 mg). The solution 

was stirrcd for 30 mInutes, dlluted wlth lce-water (5 ml) extracted with , 

, 
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chloroform, and the chloroform layer was washed with ice-cold sodIum bl- \ 

carbonate (3%), then Ice -water, dried over anhydrous Na 2S04 and concentrated. 

The residue was crystaillzed from 95% ethanol; yield, 80 mg (80%); m.p. 107-110° 

(lit. 112-113° (226)). 

Methyl-a-~-glucopyrànoside-6-13c (~) 
13 A solution of Q-glucose-6- C (100 mg) in anhydrous methanolic 

;! 

hydrogcn chioride (3 ml, 1%) was refluxed under anhydrous conditLons for 1 houT. 

Neutra1ization was carrIcd out wlth lcad carbonate, the ~olutlon was flltcred, 

the flltrate was concentratcd, and the reslduc was crystaillzed from warm 

ethanol, affording E; yleld, 5S mg (,51°ô); m.p. 164-167° (lIt. 167-169°(228)). 

Methyl 4,6-~-benzylidene-a-Q-glucopyranoslde-6-13c (~) 

The procedure employed' was a rnodlfIcd form of the method of Freudenherg 

~~. (229). 
- 13 

To mcthyl a-~-glucopyranosldp-6- C (100 mg) , benzaldehyde (2 ml) 

(wh~ch had been purifled by washlng with aqueous SOdIum carbonate to remove 

benzoic aCld and subsequent dlstiliation under reduccd pressure) was added 

fo110wed by 400 mg of ZnC1 2. The rcsulting mixture was shaken vigorous1y at 

room tcmperature for 4 hours, and poured lnto 5 ml of ice-water, which was 

then qUlckly cxtracted wlth several portions of chloroform. The chloroform 

extract was washed with ice-cold sodlum bicarbonate (3%) , then ice-wate~ 

dried over anhydrous Na 2S04 , and concentrated, the'residue being transterred 

to a column of silica gel. Using to1uene-ether (1:1) as eluant, 23 was obtalned 

in pure form; yield, 5S mg (36%); m.p. 158-161° (lit. 161-163° (229)). 

1 



- 206 -

PART III 

PR[PARATION OF 1_13C CARBOHYDRATES 

13 
Banum-~~gluconate-l- C J~) 

The procedurc uscd IS a modl fIed form of the method of I5be11 ~~. 

(6a) deve lopeù for 14C l'llrlChment. 
13 ' 

To a ')olutlOn of K eN (0.26 g) .wd 

NaOH (0.16 g) ln watcr (20 ml), Q-arahlnose (0.60 g) ùl<;solvcd ln sodium L,lrhondt(' , 
(0.2 M,20. ml) wa.:; added and thc solution was stlrreù at room temperatuTe for 4R hour"i. , 
Hydrolysls of the resul tlng cyanohydnn was carned out in SI tu by heat lng at 60° 

ln a current of aIr for twelve hours, and the residual solutIon was passcd through 

a column of catlOn exchange resin (Amberllte-IH 120 (II)). NeutrallzatlOil of thE' 

effluent was effected Wl th barium hyùroxlde Wl th stirring for 1 hour, cxcess 

of barlum was then removed wlth gaseous carbon dloxide, the solutIon was conccn-

trated to 3 ml, and methanol was added to the pOInt of turhldity. Crystallizatlon 

of hanum gluconate-1-
1 

\ proceeded ovcr a perlod of 7 day~ at 10°; the rcsult'lng 

crystals were washed wlth cold water and methanol; yield, 300 fug. 

~-GIUCOnO-I,5-lactone-I-13c (~) 
13 Barlum ~-g1uconate-l- C (500 mg) was passed through a column of cation 

exchange reSln (Amberiite IR-120 CH)) and the effluent and washlngs werc lyo-

philized. The resldue was dissolved ln methyl cellosolve, and the solvent was 

slowly evaporated ln the presence of seed crystals of ~-glucono-l,5-lactonc 

leaving a partially crystalline mass, which upon storage ln ~desiccator for l 7 

days completely crystaillzed. A solution of the erystals ln hot methyl eello-
J 

sol vc was dccolori zed Wl th chareoal, and on eoollng afforded ~-glueono-l ,5-

laetonc-1-
13

C ln a total yicld of 75%. 

13 
~-Mannono-I,4-1actonc-l- C (26) 

13 
The mother llquor from the preparation of barium ~-glueonate-l- C 

\ 
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was passed th,rough a column .of catIon e"x,"hange resjn (Amberli te-IR 120 CH)), 

the effluent and washlngs were concentrated and the residue, mOlstened with 

isopropanol and seeded wlth D-mann~no-I,4-1~ctone, w~s ~tored ln a dessicator. = 0 ' ) 

~ 

Crystaillzation of the lactone proceeded f0r 14 days and rccrystallizatlon 

from lsopropa"nol affordcd 26; yield,200 mg; m.p. 143-147 0 (lit. 148 0 (230)). 

13 
D-Glucose-l- C (~) 

13 
a) Reduction of Q-glucono-l,5-lactone-l- C wlth LIAI114-AH::1 3 (231) 

13 
~-Glucono-l,S-lactone-l- C (100 mg) was dissolved ln dry ~,~-

dlmcthylformamlde (2 ml), 3,4-dlhydropyran (2 ml) and ~-tolucnsulfonic aCld (la 

mg) ln ~,!i-dImcthy 1 formaJ'udc (1 ml) ~ wcre then added, and the reaet 1 on mixture 

was stlrred for 1 hour at room tcmperature. Ice w~er (S ml) was Introduced 

fo llowed by thorough extractIon wi th chloroform, and the chloroform extract -

was washed with lee water, and drlcd over anhydrous sodium sulfate and 

evaporated to a syrup. The latter was dlssolved ln anhydrous ether (la ml). 

Meanwhlle, LIAl1l4 (23 mg) and A1C1 3 (240 mg) were each suspended ln ether 

(10 ml) ln .separate flasks, the AIC1 3 suspensIon was then poured into the LIJ\11l4 

suspensIon and the combined mixture was qUlckly transferred to the ether so-

lutlon of the lactone. Followlng a 1 hour period of heati~g under reflux wlth 

efficient stIrring, the ~eaction mixture was carefully decomposed wlth c~d 

water and the resulting gelatinous mixture was extracted with chloroform. (It 

was found necessary to use especlally large volumes of chloroform for this 

extractIon ln order to minimize emulsification.) The combined extracts were 

washcd with water and were conc<:ntratcd, water (30 ml) and cation ex change resin 
) 

(Ambcrlite-IR 120 (H), J g) werc then added to the syrupy product, and the mix-

turc was heated on a steam bath for 1 hour. A second extraction wIth chloro-

form- was carried out after removal·of the ion ex change resin, and the aqueous 
~ 
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solutIon was concentrated to glve a syrupy product, which by g.l.c. analys1s 

was 95% glucose. The reactlon product was acetylated as descrlhed ~bovc and, 

follow1ng column chromatography OQ sil1ca gel using benzene-ether (6:4) as 
c 13 

eluant, ylclded 1,2,3,4,6-pellta-Q.-acetyl~,e-~-glucopyrallose-l- c. Irc-Q.-acctyl-

atlon was carrled out wlth D.lM sodium methoxide ln methano~ catIon cxchange 

reSln (Amberl1te-IR (H)) was added, the solution filtcred, and the filtrate 

, 13 
concentrated to pure ~-glucosc-l- C; yield, 90 mg (90%). (It should he added 

that whcn the rcaction is ~arrled out on a larger scale purlfication~through 

the acetate lS nat necessary; ~-glucose can be crystalllzcd ~rom the syrupy 

reactlon product uSlng methanol-lsopropanol (6:1) as solvent.) 
() , c 13 

b) ReductIon of ![-glucono-l,S-lactone-l- C by BH3 ln tetrahydrofuran 

The procedure descrlbcd here IS typlcal of aIl reductions carr1ed 

out by the use of BH3 ,ln l'HF. Q-Glucono-1.,5-1actone (100 mg) was suspended 

in THF (8 ml) and a 1 M solution of BII3 in l'HF (4 ml), (avallable from Alfa 

" 
Products, Beverly, Mass.) was 1ntroduced, anhydrous conditions belng malntained. 

lThe addItIon of BH3 to the rea'ttlon mIxture had to be carn ed out caut lOus,ly 
~ , 

as hydrogen gas was evolved.) The reaction mixture was stirred at room temper-

ature for 3 hours (after 15 mInutes It becomes gelat1nous); although 

experiments indicated that the stirr1ng may not he essent1al. Water was then 

slowly 1ntroduced (again care had to be exerc1srd on account of the vigorous 

effervescence WhlCh occurred). 
\ 
After the addItion of water,thc solutIon, which 

was now homogeneous, was concentrated at reduced pressure, and the resldue was 

treatcd several tlmes Wl th methanol III order to removc boric acid as volatile 

13 methyl borate. ' The syrupy product was secn to be 95% ~-glucose-l- C by g.l.c. 

analysis; where necessary, It was further purif1ed through the acetate .... 

derivative as described above. 
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13 
D-Mannose-l- C 
= 

a) Reductlon of 

- 20~-

, 
(28) ,_ 

- "'. 13 
~-mannono-l,4-1actone-l- C 

The prdcedure was analogous to the one descrlbed above .for ~-glucono-

1,S:"'lactone. G.I.e. ,ll1a1ysls of the syrupy product showcd the presence of 
\ 

ahout 30% U-mannltol along wlth Q-mannose. This product was dlssolved ln a 

minImum ..amount -of water. A. suspenslOn of phenyl hydr<lzme hydrachlorlde 

(100 mg) and sodIum aectate (80 mg) in water ( 2 ml) was fllEcred through 

a cotton plug Into the sugar-~01y01 solutIon, the reactl0n mlxtlfte was heated 

at 90° for 30 mInutes and Wil<; then stored at 3°C for 12 haurs. The hydr,lzone 

{232, 233) was recovered by fIltration, washed wlth water, cthanol and ether; 

yield, 100 mg (thlS would Imply about 65-7ao., of mannose in the rcactlon mIxture, 
4 

whlch l~ commensurate with g.l.c. analysls and also Indlcates thdt formation 

of the phcnylhydrazonc IS practically quantitative) m.p. 1~6-200° (lit. 199-200° 

(232)). 
. 13 

D-Mannose phenylhydrazonc-l- C (100 mg) was suspended ln bcnz-

a1dehyde (2 ml) and water (1 ml), the mixture WJS heatcd with stlrrlng on the 

steam bath for 15 minutes, dlluted wlth watcr and then cxtractcd wlth chloro-. , 

form. Following passage through a column of deco10rizlng charcoal and ccllte, 

the chloroform cxtract was concentratcd to a colorless syrup which by g.l.c. 

analysls was cssentlally pure Q-mannosc-I- 13C; yield, 60-65 mg, corrcsponding 

~ 13 
to an lsolat~yleld of about 65% ~-mannose-l- C from the reduction of 

13 
~-mannono-l,4-lactone-l- C. , 
b) Reduction of ~-mannono-l,4-1actone-1-13C by BH} in tetrahydrofuran 

• 

The method fo 1 iowcd was analogous to that descrihed above for R-glucono-. 

13 13 
l,5-1actone-l- C. Isolation of ~-mannose-l- C was again \hrough its phenyl-

13 hydrazone derivative. Overal1 isolated yields of ~-mannose-l- C based on 

13 
~-mannono-l,4-1actone-l- C ranged from 60 to 70%. 
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1,2,3,4,6-Pen ta-Q.- acety 1- 0- glucopYl dnose-l- Be (29). 

13 Prepared hy treating ~-glucose-1- e (50 mg) with ace~ic anhydride 
~-

and sodIum ~cetate as described for the preparatIon of ~; yie1d, 105 mg (71~); 

o 1 m.p. 128-130 (ht. 132° (225)). 

l,2,3J4,6-Penta-~-accty1-a-D-glucopyranose-1-l3c'(30) 
13 1,2,3,4, 6-Pcnta-O-accty1- B-~-glucopyranose-l- C UOO mg) was converted 

1nto 30 by use of pcrchloTl.c aCld as descrihed for the preparation o~'~; yleld, 

60 mg (6000); m.p. 10<>-108°(11t. 112-11;° (226)). 
, 13 

1,2,3,4, 6-Penta-Q.-acoty1-rl-~-mannopyr,mose-l- C l.;?lJ anù 

1,2,3J4,6-Penta-~-acetyl-~-~-mannopyranose-1-13c (~ 
13 ' 

Q-Mannose-l- C (50 mg) when treated wlth acetic anhydride and py~lù1ne as 

described above, y1elds both anomeri~ acetates WhlCh could not be separated by 
1 , 

chromatography nor by fractional crysta1lization; yleld, 110 mg (72%). 
o 

13 
2J3!4J6-Tetra-Q-acety1-a-~-glucopyranosyl bromlde-l- e (~' 

This compound was prepared by known procedures (234). 1,2,3,4,6-

penta-~-acetyl-B-~-glucopyranose-1-13e (50 mg) was treated with a solutio~ of HBr 

ln acet1c acid (2 ml) at 00. Thin layer chromatographlc ana1y~is of the ~eaction 

mIxture showed that after 1 hour the reaction, was essentIa1ly complete. The 

solution was then poured into Ice water (4 ml) and rapidly extracted wlth chloro-

form, the extract was-washed with bicarbonate (3%) solution, then water, drled over 

anhydrous Na2S04 , passed through a colurnn composed of layers of celite, de

calorizing charcaal and sillca gel, and concentrated. 

syrup of 33-' was obtained; yield, 35 mg (6S~ 
1,5-Anhydro-~-glucitOl-1-13C_l~d (34) 

, 

An almast colorless 

To a stirred solution of 33 (35 mg) in anhydrous
1 
ether (2 ml), LIAID4 

JO 

(20 ml) was added, and 1 h0ur later ,the reaction w~ arrested by the addition 

of first acetonc, and then water. The ethera1 layer was decanted off, the aqueous 

, 
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mlxture centrifugea a'nd the supcrnat,wt lL4u1J W,l~ ncutrallZcd wlth Amlwrllt\.'-

IR 1 ~O (Il ) rCSin and was concentratcd to syrupy 34; ylcld, 20 mg (72°0). 

G 2,3,4,6-Tctra-Q-acety1-a-~-mannopyranosyl bromide-1-
13C (~) 

ThIS compound was prepared from the mIXture of 31 and .32 (100 mg) 

l~ a manner ana10gous to the preparatIon of ~ from 29; yic1d, 50 mg (51%). 

13 3,4,6-Tn-Q.-acetyl-P'-Q-mannose 1,2-(methyl orthoacctatc~-l- C (36) 

ThIS compound was prcparcd hy the mcthod of. Mazurek and Perlln 

• 1 3 (235). To a solutIon of 2,3,4,6-Tctra-Q.-acetyl-(1-U-mannopyranosyl hromldc-l- 'C 

(50 mg) in chloroform (2 ml) was addecl 2,6-1utldlnc (0.3 ml) ln absolutc 

methanol (2 ml). Aftur 18 hours at room tcmpcrature, chloroform (5 ml).was 

Introuuceu ,mu the solutIon was w,lshcu wlth ice-cold sodlum !ncar!Jonate (3 00), the 

latter hetng extracted with further portIons of chloroform. The comhtl1ed extrade, 

were washed wlth lce-water, drlcd ovcr anhydrous sodIum sulfate, pdSSCU through 

a column conslstlng of layers of dcco1orlzing charcoal and SIl Ica gel, and 

concentrated to glve syrupy~; yleld, 20 mg' (53%). 

13 Methy1-a-Q-glucopyranoslde-l- C (~ 

." , , 

13 
Prcpared From ~-glucose-l- C (100 mg) hy the method uscd to prepare 

13 
22 From Q-glucosc-6- C; yleld,60 mg (5S~);m.p. 163-166° (lit. 167-169° (228)). 

, 13 
Methyl 4,6-~benzyl1dene-a-Q-glucopyranoslde-l- C (38) 

Prcparcd From ~ (60 mg) by the method uscd to prepare 23 from ~; 

ylelcJ, 40 mg (34%); m.p. 158-160° (ht. 161-163° (229)). 

13 1,2:S,6-UI-Q.-lsopropy11dene-a-~-glucofuranose_1_ C (39) 

13 A suspension of syrupy ~-glucose-l- C (100 mg) ln anhydrous acetone 

(50 ml) containing concentrated sulfuric aCld was shPken vigorous1y f~ 18 

hours. Thin layer chromatographie ana1ysis of the reaction mIxture after that 

timc showc~ that the major fraction was 39. Neutralization was carrled out 
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wlth acetone,the flltratc was cancentratcd ta about 1 ml and transfcrrcd 

to a column of ..,IlIC.! gel. lIs1ng hcnzene-e~cr (1:1) as the clutJng solvcnt, 

~9 cmergcd From the cûlumn as the major fractIon, Yleld, 70 mg (60~); m.p. 

lUb-I07° (llt. 110° (220)). 

1,2: 5,6 -D 1 -9,.-1 sopropy Il Jcnc- )-Q-acetyl-rt-V- g lucofuranosc -1- l3C (iQ) 

Compound 39 (25 mg) was acetylated as descTlbeJ under "(;encral 

Methods"; yleld, 25 mg (83%). 

13 ) 
1,2: 5, 6-DI -Q-lsopropyll(.1cnc-lt-~-nbohcxofuranosc-3-ulosc-l- C (!!J <lJlÙ 

1,2: 5 ,6-Dl-Q-lsopropyllùCnC-(t-~-nbohcxofurano<;c-3-ulosc""1_13C (monohvdratp) (47) 

Thcse compounlls \vere prcparcd accordlng to the proccdure of Joncs ct ~. 

(236). 1,2:5,6-lh-Q.-lsopropYl1dcnc-a-~-glucofuranosc-1-13C (100 mg) wa<; d'lS-

f 

solved ln ethanol-frec chloroform (3 ml), watcr (2 ml), potasslum l perlodate (90 
\ 

mg), potassIum carbonate (10 mg) and ruthcnlum dlOXIJC (20 mg) werl' Introduced, 

and the reactlon mIxture was stlrred for 3 hours. An cxcess of lsopropanol wa.., 

then addcd and the rcactlon mIxture wa.., extractcd several timcs with chloroform 

(Ru0 2 rcmalns ln thc aqucou.., layer). Thc COml~lfl('J CXtLlct.., werc wa..,hed \~i th watl'r, 

dried ovcr anhydrous Na
2

S0
4 

and concïntrated to a syrup which by pmr wa~ 

shown to be a mIxture of 41 and~; ~Cld, 90 mg (90%). 

1,2:S,6-Dl-Q-isoprOpYlldcne-a-~-allofuranose-1-13C (43) 

An excess of sodium borohydride wa5 added to a cold methano11c 

solution of ~ and ~ (90 mg), the reactlon mixturc was stirred at 0° for 2 hours, 

then dllutcd wlth watcr, and extracted wlth ethyl acctate. The combined extracts 

wcrc drlcd ovcr anhydrous Na
2
S04 and conccntrated to a syr~p; yield, 80 mg. (88%). 

Crystal1izatlon of 43 was effccted from be~zcne-hcxan~ (4:1); yleld, 60 mg 

(67f~); m.p. 74-77° (lIt. 77_78° (237)). 

• 
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• 
1,2: 5 ,b-D \ -~- i <;opropyll dcnc- 3-2.-acetyl-a-~-allofuranose-l- Be C.~) .... 

!\Lct'yLltlOn of ~ (20 mg) was carncd out as dcscnbcd under "General 

Methods"; Ylcld,20 mg (83°0). 

B-Q-A11opyranosc-1-1 3c (~) 
~ 

1,2:5,6-Di-2.-isopropYlidene-a-~-allofuranose-1-13c (60 mg) was 

dlsso1ved ln water (10 ml), catIon exchange resin (Amberlitc-IR 120 (H), 500 mg) 

was added, the mIxture was stirred at 90° for 3 hours, then fi1tered, and the 

filtrate was concentrated to a syrup; yIe1d, 40 mg (95%). 

13 
1,2,3,4,6-Pcnta-2.-acctyl-~-~-a11opyranosc-1- e (46) 

Compound 45 (20 mg) was acctylatcd as descnbed above yieiding a 

syrupy product, 46; ylcld, 41 mg (700ô). 

1'\...,"> 13 ..!..i::vQ.-I sorropyhdcnc-(ï-~-glucofuranosc-l- C (!Z..) 
1 

A solution of 1,2:5,6-dl-Q-lsopropylldenc-a-Q-glucofuranose-1-1 3c 
(100 mg) ln dllutc Hel (4 ml, pH2) was heated at 40° for 4 hours,then neutral-

lZed with anion exchange resin (Rexyn 203(OH)). The reSln was fl1tcreà off, the 

fIltrate was concentrated, and the resldue was crysta11ized from ethy1 acetatc, 

affording 1.7; Yleld, 60 mg (71°0); m.p. 15i-159° (lit. 161-162.5° (221)). 

13 ld.-O- l sopropyhdene-3,S ,6-tn-O-acety1-a-R-g1ueofuranose-l- e (48) 

Compound 47 (20 mg) was acety1ated as described .above; yield, 25 mg 

(80%). • 
13 

1,2-Q-Isopropy11dene-3,5,h-trl-O-orthoformy1-a-~-glucofuranose-1- C (49) 

Compound ~ (40 mg) was treated wlth trlethyl ortho formate as des

crIbcd for the preparatIon of 14 from lQ; yIe1d, 30 mg (71%); m.p. 197-200° 

(lit. 200-201°(224)). 

2,3:5,6-di-Q-isopropy1idene-a-~-mannofuranose-1-13C (50) 

13 
Syrupy ~-mannose-1- e (100 mg), anhydrous aeetone (50 ml) and cone. 

sulfuric aGid (20 drops) were shaken together for 18 hours; t.l.c. analysis 
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of the reaction mixture th en showed the presence of on1y one major componcnt 

(50). Aftcr ncutralization wlth anhydrous Na2C03 and removal of the prec~pitated 

Na 2S0
4 

the solutIOn was concentrated to a thin syrup which was transferrcJ, to 

a c61umn of ,sillca gel. ElutlOn with tolucne-ether (6:2)yielded crystallinc (50), ,-
ylc1d, 65 mg, (50%); m.p. 1,16-119° (lit. 122-123° (238)). • 

2,3:5,6-Dl-~-isopropy11dene-l-~-acetyl-a-~-mannofuranose-1-1 3C (~ 

Compou~ 50 (20 mg) was acetylated as described ab6ve to give.syrupy 
'1. 

~; yleld, 20 mg 't83%). 

.. 

\ t 
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CLAIMS TO ORIGINAL RESEARCH 

1. 13 13 13 d . d 6" 13 
~-Glueose-l- C, ~-mannose-~- C, Q-glueose-6- C an k-l ose- - C, 

as weil· as dCrlVat1ves of these compounds,have been synthes1zcd. The 

proton magnetie resonanee spcetra of the sc eompounds have been analyzcd 

t Id 1 f t 1 1 b t the 13c·, nue ICI ,lnd a ylC va ucs or ln crnue ear coup Ing e ween 
~ 

directly bonded, gcmlnal and vicInal protons. 

2 b cl d 1 l 1 3C d III 1 1 h fIl . Dl reet 1 y on e coup lng )etween an las )ecn s own not to 0 ow 

3. 

a stfél1ghtforward relatlonshlp w1th percent "5" charaetcr. VarlollS 

1 factors glvlng TIse ta dlfferences ln Je_II have I>een examlned and It ha!) 

been shown that stenc, as wcll a.s adjacent lone paIr effects,can have 

a substant1al Impact on the obscrved ~oupllng. 

2 
An orientation dependence of J

C
_
H 

has been dcmonstrated. The magnitude 

2 
of Je_li is governed by the orientat1on of the couplLng proton relatIve 

13 
ta the substltuents on the eoupllng C nucleus. Lone paIr, hybriJlzatio~ 

2 
stenc a'nd substl tuent effects on Je_II have been investi gated. 

4. The Slgns of gemlnal coupllng in r~-Q-alloPtTanose-l-13C and ln 1,2:5,6-

dl-2.-lsoprOPYllclCnC-it-~-glUCOfUr'lno:e-1-13cl have hecn dctermlncd. Coupllng 

5. 

between 13CI and 11
2 

ln the former compound tS -6.9, Ilz, and ln the latter 

+5.5 IIz, ThIS dl fferenee dellneates the importance of slgns of coupl lOg 

constants and demonstrates that orIentatIon effeets may glve rlse to large 

2 changes ln Je_H, 

3 It has been shown that J
C

_
H 

does not follow a straightforward dlhcdral 

1 d d Th b f h b } 13 ang e epen ence. e a solute value 0 t e coupllng etween tIC C 

nucleus and a proton 5eparated by three bonds 15 Jecrea5cd by electrb-

negative substitution at the proton-bearing carbon when thlS substItuent 

lS antlpcriplanar to a bond constltuting part of the coupling pathway. 
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3 
Pr.oblerns lnhelfent in denvi ng dlhedral angles from Je_II have becn 

cmphasiz.ed. The roles of hybridl zatlon, lone palTs, substituent and 

steri~ effects as deterrninants of 3Je _H have been exarnined. 

6. Two nove! technIques for reducing ald6nolactones to aldoses have been 

developcd. ~-Glucono-l,S-lactone and ~-rnannono-l,4-1actone have becn 

rcduccd to 8-glucosc and Q-mannose, respectlvely, ln hlgh yield, clther 

wlth a 1 malar solutlOn of BII3 ln TIIF or wlth a LIAl1l4-AIC1 3 mixed 

hydrldc rcagent. Mcchanlstic aspects of these reductlons have heen dlscusscd. 

7. The lIsefulnC'ss of 13C-lahelling for eluCldatlng mass spec;ral fragrnent-

at10n patterns of carbohydrate derivatives has been dernonstrated . 

., 
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1 t W;t', of 1 nteres t to examIne the mass spectra of sorne of the 

1 \. enrich('d c,Hhohydratcs made avallab1e ln thlS study from the pOInt of 

VICW of check ing V,lrlOUS features of fragmetltat10n patterns. [)euteTlllm 15 

frequently ·uscd as an Is0tOpiC marker tn this contcxt (239-241) but 

13 
C may he more rel lubie hecause it is less 11kely to be involved ln Intra-

môlecular migratIon. 

Q-Isopropylldene deYlVatlves Illustrate the potentu1 of this approach. 

The mass spcctrum (FIg. 4) of 1,2:5,6-dl-2 ... ::lsopropylldene-(t-~-glucofuranose (~) 

has bcen Interpreted by Ihemann and De Jongh (241). The major peaks are found 

t at mie 24S j 187, (~59, 131, 129, 

~esents the 10ss of a methyl 

127, 101, S9 and 43. The peak at mIe 2~5 

group, whereas that nt mie 187 IS due to the 

further lo~s of an Q-Isopropylidene group, as acetonc. The peak at mie 127 

corresponds to a 1055 of CH 3 + CH
3

COCII
3 

+ CH
3

COOII, whereas those at mie 59 and 43 

are attributed to fragments from the Q-lsopropylidene mOlety corresponding to 

C3H70 and C2H30 re;pectlvel y . 

FIgures 5 and 6, WhlCh illustrate the mass spectra ll,2:S,6.-di-Q.

isopropyllJcne-a-~-glucofuranose-1-13c (80% enrlched) and _G_ 13C (60% enriched), 

13, 13 rcspcctlvl'!y, confirm the ahove asslgnmcnts: both ln the 1- C and ô- C 

• 
der]Vatlve~ ,the peaks at mie 245, 187 and 127 now Shlft to 246, 188 and 128 

(commensurate with the degree of enrichment) whereas the peaks nt mie 43 and 59 
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are unaffected. Cleavage of the C4-C
5 

bond 15 thought (241) ta g1ve r1se ta 

the peaks at mie 101 and 159: 

d . h f h 13C d h cl k Accor ingly, ln t e spectrum ote 6- compoun t e correspon Lng pea 

is at mie 102 whercas the mie 159 peak remains; ln contrast, the spectrum of 

the 1_13C compound shows a Shlft From m/c 159 to 160 whereas the 101 pedk l~ 

unaffected. 

Peaks of mie 129 and 131 probably represent a fragmentation hy 
, 

cleavage of the Cl-OS and C3-C4 bonds wlth elther loss,or addltlon,of a 

hydrogen dependlng on the pathway (241). With the ald of Flgures 5 and 6 

these peaks can now be assq~ned. In the spectrum of the 6_ 13C compound (FIg. 5) 

the peak at mie 129 remains unaffectcd whcreas there l~ now a peak at mie 

132 rather than at 131. In Figure 6, the opposite IS notccl, l.e., the mie .. 
129 peak 1S replaced by one at mie 130, and the mie 131 pea~ 15 unaffected. 

ThIS means that the mie 129 ~eak caH_now he assigned wlth confIdence to the 

fragment cdntainlng C
1

-C
2

-C
3 

and the mie 131 peak to the fragment containing 

FIgures 7 and 8 represent the mass spectrum of 2,3:5,6-di-~-iso-

13 
propylidcne-a-~-mannofuranose (~) and is 1- C anal~, respectively. 

H H 
B 

The fragmentatlon pattern is very similar to that observed for 
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1,2:5,6-dl-~-isopropylidene-a-~-glucofuranose (Figs. 4-6) except for the 
, 

peak at mie l29,which is considerably more Intense relative to the mie 131 

peak than in the glucose derivative. The former peak is again replaced by a 

13 peak at mie 130 in the 1- C compound Indicating that lt is due to the fragment 

incorporatlng Cl' C2 and C
3 

as above. The ratio of the Intensitics of the peaks 

at mie 128 and 131 Implies that the Cl-C2-C~ fragment in the man~ose derivatlve, 
< 

beating_the isopropylldene function on C
2 

and C
3
,is more stable than the 

corresponding fragment of the glucose isomer in WhlCh this function is bonded 

13 In general then, lt is eVldent that incorporation of the C nucleus 

Into compounds can facilltate fragmentation asslgnments ln ma5s spectroscopy and 
, 

in turn 1ead to grcater undcrstanding of the fundamental nature of molccu1es. 

-
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