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The conformations of the unsubstituted aldopentose diethyl and diphenyl dithioacetals having the D-ribo [l 
(Et), 2 (Ph)], D-arabino [3 (Et), 4 (Ph)], D-XYlO [5 (Et), 6 (Ph)], and D-lyxo [7 (Et), 8 (Ph)] configurations have 
been examined in methanol-& solution by pmr spectroscopy at 100 MHz. Complete sets of proton-proton spin- 
coupling constants were determined for 2 (in a mixed solvent), 3 (in the presence of 0-100 mequiv of 
PrC13.6Dz0), 6, 7, and 8; partial spin-coupling data were obtained for the remainder. Clearly preponderant 
conformations are indicated for 3, 7 ,  and 8 (all planar zigzag), for 2 and 5 [a sickle (3G+) form derived by rota- 
tion of the carbon chain about the C-3-C-4 bond] and, to a somewhat lesser extent, for 1 [a sickle (ZG-) form 
generated by rotation of the chain about the C-2-C-3 bond]; J1,2 values for 4 are consistent with the extended 
conformation, whereas the xylo derivative 5 is manifestly in a state of conformational instability. Variations in 
the solvent appear to exert no major influence upon these conformations. Conclusions from previous studies on 
acetylated derivatives are compared in an effort to assess the relative importance of 1,2 and 1,3 interactions in 
determining the stability of conformers. Attempts to describe quantitatively the conformational behavior of 
acyclic carbohydrates in terms of simple substituent-interaction parameters are not considered justifiable. 

An extended, planar zigzag arrangement of carbon 
atoms, corresponding to maximal staggering of large sub- 
stituents along each carbon-carbon bond, is considered2 
to be the favored conformation in polymethylene chains. 
Extension of this conformational concept to alditols was 
invoked in an effort to interpret the course of reactions 
leading to cyclic acetals.3 In the latter study, the influ- 
ence of thermodynamic control upon the product distribu- 
tion was, however, not taken into a c ~ o u n t . ~  

Pmr data  have indicated5 that various isotactic vinyl 
polymers, such as polypropylene, in which the extended 
zigzag conformation would generate nonbonded interac- 
tions between parallel substituents on /3-related carbon 
atoms, adopt, by internal carbon-carbon bond rotation, a 
conformation wherein these interactions are minimized a t  
the expense of establishing a gauche disposition of carbon 
substituents along a carbon-carbon bond. Similar parallel 
interactions, between /3-related hydroxyl groups, would 
exist in a tetrahydroxybutyl chain having the ribo or xylo 
stereochemistry were it to adopt the extended, zigzag con- 
formation. 

Numerous reports1a%6-22 appearing during the past 6 
years have described the use of pmr-spectral techniques 
[predicated on the p r e m i ~ e ~ 3 - ~ ~  that  small (-3 Hz) vici- 
nal proton-proton couplings indicate a gauche (-60") and 
large (-8 Hz) ones an antiparallel (-180") dihedral rela- 
tionship of the respective protons] to probe the influence 
of stereochemical configuration on the conformational 
properties of various polysubstituted acyclic chains that 
are present in open-chain sugar derivatives (see Table I). 
Slight liberties of reinterpretation have been taken for the 
sake of uniformity of presentation in a summary. 

I t  is at once apparent from Table I that  arabino, and to 
a somewhat lesser extent lyxo, side chains exhibit the an- 
ticipated predisposition for the planar, zigzag conforma- 
tion; it is likewise manifest that the conformational be- 
havior of both rib0 and xylo systems is virtually devoid of 
clear patterns, save for the general tendency for them to 
exhibit conformational instability and to avoid planar, 
zigzag forms as favored conformations. However, three ad- 
ditional examples, 3,4-di-O-acety1-1,2:5,6-bis(thioanhy- 
dro)-D-mannitol, -D-glucitol, and +iditol, have been ex- 
amined by pmr spectroscopy and it was concluded29 that 
all three adopt a 3G- (see footnote a, Table I) conforma- 
tion that includes parallel eclipsed interactions between 
both acetoxyl groups and the respective remote epithio 

rings, so that there is considerable evidence to dictate 
caution in the formulation of hard and fast rules to predict 
conformational behavior in these acyclic molecules; it has 
been suggested,27 moreover, from studies30 of the con- 
formationally simpler pentopyranose acetates, that specif- 
ic interactions may exist between ester groups within the 
molecule. 

Investigations on the conformations in solution of the 
nonacylated analogs of acylic compounds such as those 
listed in Table I are warranted for two reasons in particu- 
lar. First of all, acylated carbohydrates are rare in biologi- 
cal systems, whereas nonacylated forms are ubiquitous; 
information on the favored shapes and conformational dy- 
namics of simple polyhydroxyalkyl chains is of direct rele- 
vance for gaining insight into numerous biological pro- 
cesses. Secondly, the additional complication of possible 
acyl-group interaction is absent from the unsubstituted 
compounds, and correlation with solid-state X-ray crystal- 
lographic data is facilitated; such data are much more 
abundant in the literature for the unsubstituted deriva- 
tives than for the acylated analogs, which offer considera- 
bly greater procedural difficulty. Although X-ray crystal- 
lographic studies have indicated31 that the conformations 
of such unsubstituted acyclic sugar derivatives as the al- 
ditols are governed by factors similar to those set out for 
the molecules in solution, specific examples of solid-state 
crystallographic data and detailed pmr data for the same 
molecules in solution are notably lacking. One such com- 
parison has been described in a recent report,la where it 
was shown that Z-S-ethyl-Z-thio-~-mannose diethyl di- 
thioacetal adopts in the crystal an  extended conformation 
closely analogous to that  postulated from pmr data as the 
favored form in acetone-da solution; the corresponding tet- 
raacetate in chloroform-d solution likewise adopts a very 
similar conformation of the backbone chain, as judged 
from pmr-spectral data. 

Fragmentary data  have been reported for some unsub- 
stituted phenylosotriazoles,lg~zo quinoxalines,21 and ben- 
zylphenylhydrazoneszZ in solution and a recent report12 in- 
dicates that  the 2-(tetrahydroxybuty1)benzothiazole iso- 
mers having the D-ribo, D-arabino, and D-xylo stereochem- 
istry adopt a partially unstable zG-, a virtually exclusive 
planar zigzag, and a completely unstable conformation, 
respectively, in almost exact correspondence with their 
respective acetates. 

The present report describes the conformation in solu- 
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Table I 
Favored Conformat ions  of 1,2,3,4-Tetraacetoxybutyl Derivatives [R (CHOAc) 3CHzOAc ] in Solution as Determined  

by Pmr Spectroscopy 

7-- Favored conformationa--------- 
R D-ribo n-arabino D-XylO D-lyxo Ref 

-CH(SPh)z P (4G-) 4 
3G + Pb 3G + 5 

-CH(OMe)2 hG-1 Pb Unstable Pb 3 

[2G-I P 3G + Pb 7 -CH(NHCR')z 
-CH20Ac Unstable P Unstable d 9 

-CCHzOAc 

-CH (SEt) 2 Unstable P Unstable Pb 6 

0 
I1 

0 

2G - P 3G + 14 
-C0zCHs6 zG- P Unstable P 14 

-CSNHz P (4G-)f 3G + 13 

II 

-CHO zG- 6G-l  P Unstable Unstable 4 

-CEN zG- (4G-) P (4G-)g 3G + Unstable 11 
H 

I 
-C=CH 

I 
NO2 

H 
-CHOAcC=CH 

I 
NO2 

(5-deoxy) 

(5-deoxy) 

zG- (.IG-) P (4G-I Unstableh 12 

P Pi 10 

Pi Unstable P 17 

P 

P 

P (&-) 2G-f P 

Unstablef 

8 

13 

2 

2 

a P denotes planar, zigzag preponderates; P denotes planar, zigzag is virtually exclusive form; [PI indicates slight preference 
for the planar, zigzag (or other) conformation, but modest conformational instability and large contribution by two or more 
states to the conformational equilibrium;26 2G- denotes27 the sickle obtained by 120' clockwise rotation of the remote atom 
along the C-2-C-3 bond; 3G+ denotes27 the sickle form obtained by 120' counterclockwise rotation of the remote atom along 
the C-3-C-4 bond; unstable signifies that there is no single, identifiable, favored conformation and indicates a high degree of 
conformational instability. b There is some instability about the C-1-C-2 bond. There is some instability about the C-4-C-5 
bond. Identical with D-arabino; the symmetry of this derivative precludes conclusions about D-rib0 and D-xylo conformations. 

The -CH20Ac terminus is replaced by -C (=O)CH20Ac. f Data are reported for the enantiomorph. 0 Data for this com- 
pound are reported also in ref 13. h Data for this compound are reported also in ref 28. i Rotation occurs about the C - 1 4 - 2  axis 
to remove the nonextended C-1 substituent from 1,3 interaction with 0-3. j Data for this compound are reported also in ref 15. 

tion (methanol-dd), as  determined by analysis of 100-MHz 
pmr coupling constants, of two configurationally complete 
series of acyclic D-aldopentose derivatives having tetrahe- 
drally hybridized end groups, namely D-ribose diethyl32 
(1) and diphenyl d i t h i ~ a c e t a l ~  (2), D-arabinose diethyl33 

CH(SR)2 CH(SR), CH(SR), CH(SR), 
I I 
I I 

I I I I 

HOCH 

HOCH 

I 
I 

HCOH 
I 
I 

HOCH HCOH 

HCOH HOCH HCOH 

HCOH 
I 

HCOH HCOH 
I I 

H ~ O H  
I I 

CHBOH CH,OH CH,OH CH,OH 

R=Et  1 3 5 7 
R=Ph 2 4 6 8 

(3) and diphenyl dithioacetalg (4), n-xylose diethyl34 ( 5 )  
and diphenyl dithioacetalg (6),  and D-lyxose diethyl35 (7) 
and diphenyl dithioacetaP (8). 

Experimental Section 
Compounds 1-8 had physical constants in agreement with pub- 

lished values. After exchange of the hydroxyl protons in DzO, 
100-MHz spectra of each compound [20 & 2 mg in 0.3 ml of meth- 
anol-dr (Stohler) containing 3% Me&i as a lock signal and inter- 
nal calibrant] were recorded on a Varian HA-100 spectrometer in 
the frequency-swept mode at a probe temperature of -30". Addi- 
tions of pyridine-& or of a solution (0.01 molar equiv per drop) of 
PrC13.6DzO in methanol-dd were dropwise, with regular spectral 
scanning to monitor the effect of each addition. PrC13.6DzO was 
prepared from the hexahydrate (Alfa-Ventron) by three repeti- 
tions of a cycle consisting of heating in two volumes of D20 for 1 
hr followed by lyophilization. 
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Table I1 
Pmr-Spectral Pa rame te r s  Determined  at  100 MHz for Solutions 

( ~ 0 . 5  M )  of Dithioacetals 1-8 in Methanol-& at  -30" 

Hi 

Ji., Ethyl (1) Phenyla (2) Ethyl* (3) PhenylC (4) Ethyld (5) Phenyl (6) Ethyl (7) Phenyl (8) 

Chemical shifts of H z ,  T ,  and coupling constants C J ~ , ~ ,  
or ---D-ribo---- -----D-arabino------ ---- D-xy1- _--_ 7-v- -D-lyXO----- 

Ji,z 8 . 0  1 . 6  9 88 2 . 2  5 . 5  1 . 9  1 . 3  
J218 3 . 6  7 . 9  2 8 . 5  4.2 8 . 5  8 . 6  
Js14 3.6* 3 .6  8 4.5e 4 .0  1 . 3  2 . 5  
J 4 , 5  2.6  4 1.8 6 . 0  6 .0  

J 5 s 5 1  10 .3  12 11 .6  
H-1 5.96 4.48 5 .88  5.10 5.72 5 .23  5.72 4 .96  
H-2 6 .22  5 .51  6.12 6.02 6.04 6 .05  5 .98  5 .89  
H-3 5 .94  5.40 5.95 5.84 6 .21  6.09 
H-4 -6.28 5 . 7 1  6.19 6 .27  6.05 6 .03  
H-5 -6.32 5 .86  6 . 0 1  6 .36  6.36 6 .39  
H-5' -6.40 5 . 9 1  6.33 6.62 6.32 6 .41  6 .36  6 .39  
CH, 7.29 7.23, 7 .22  7.30, 7 .26  7.31, 7 .28  

8.76, 8.75 8.74, 8 .73  8.78, 8.76 CH, 8 .77  

J1151 7 . 2  6 . 5  9 . 1  

Ph 2.40-2.75 2.49-2.76 2.39-2.77 2.43-2.75 

a Spectrum determined in 1: 1 methanol-da-pyridine-&. I, J values were determined in the presence of varying amounts of 
Pr3 +; chemical shifts were estimated by extrapolation back to zero concentration of the lanthanide. c In  methyl sulfoxide-&; 
J1.2 was unchanged in pyridine-&. J values were determined in the presence of 30 millimolar equiv of PrC13.6Dz0. e Measured 
spacings from X portion of presumed second-order systems. 

Nmr Spectra. The 100-MHz pmr spectra of -0.2 M solutions 
of the (hydroxyl proton-exchanged) dithioacetals 1-3 and 5-8 in 
methanol-dd at -30" confirmed that the compounds were essen- 
tially free from contaminants and from hydroxylic protons; the 
insolubility of compound 4 in this solvent necessitated the use of 
methyl sulfoxide-& or of pyridine-db to obtain data on 4. The di- 
phenyl dithioacetals 2, 4, 6, and 8 showed at lowest field between 
T 2.40 and 2.75 a complex, ten-proton multiplet corresponding to 
the protons of the arylthio groups; at high field in the spectra of 
the corresponding diethyl dithioacetals are two three-proton tri- 
plets of identical or nearly identical chemical shift (near T 8.75) 
and two two-proton quartets exhibiting similar chemical-shift re- 
lationships near T 7.25, which are assigned to the methyl and 
methylene resonances, respectively, of the ethyl groups. The spec- 
tra of 1-3 and 5-8 are otherwise largely dissimilar, having the H-1 
resonance at lowest field (near T 5.8 for 1, 3, 5 ,  and 7 or near T 5.0 
for 2, 6, and 8), generally as a doublet, and the remaining five 
resonances in the region from T -5.8 to -6.4; the details of the 
skeletal proton resonances are discussed individually. A singlet 
near T 5.2 in all these spectra is attributed to residual hydroxylic 
protons present in the solvent and the sample. 

Discussion 
General Considerations Underlying the Deduction of 

Conformational Dispositions from Spin-Coupling Data. 
As in earlier s t u d i e ~ , ~  ,6 it  is assumed that interconversion 
between rotameric states is rapid, and that a pure anti- 
parallel or a pure gauche relationship between vicinal 
pairs of protons gives rise to a coupling constant of -9 or 
-2 Hz, respectively. The latter assumption is reasonable, 
in that  the effective electronegativity of the hydroxyl oxy- 
gen atom should be only slightly greater than that in the 
acetylated analog. 

D-Arabinose Diethyl Dithioacetal (3). Compound 3 in 
methanol-& gives a single, connected multiplet from r 5.8 
to 6.4 for the six skeletal-proton resonances. Incremental 
additions of PrC13 .6Dz0 in methanol-& caused the iden- 
tifiable separation of various signals in the spectrum a t  
different lanthanide-ion concentrations (at the expense of 
some line broadening), and it was possible to measure the 
splittings of each resonance as it emerged from the enve- 
lope; a t  the low relative concentrations of Pr3+ employed, 
it appears that  no significant alteration of conformation is 
caused by c ~ m p l e x a t i o n ~ ~  with the cation. Chemical-shift 
values were estimated by extrapolation of the approxi- 
mately linearly dependent, paramagnetically altered field 
positions to zero concentration of added lanthanide, as il- 
lustrated in Figures l and 2. I t  is noteworthy that the lan- 

0,15j-0, 

$ 1  
'''I q 

0'05 t 
L 
0 
3 
0 3 1 

H-5 H C O H  "\ 

- '  
3 

Y 
4 5 6 r 

Figure 1. Plot of the chemical shifts of the proton resonances of 
D-arabinose diethyl dithioacetal (3) us. the relative concentration 
of PrCl3.6D20 added. Values for the unperturbed chemical shifts 
were estimated by extrapolation back to zero concentration of 
Pr3+. 

thanide causes progressive downfield shifts for all protons 
except H-1: the signal of the latter undergoes moderate 
upfield shifts as the concentration of lanthanide increases. 

The coupling parameters thus derived (Table 11) accord 
with a dominant contribution to the conformational equi- 
librium26 by a conformer having H-1 antiparallel to H-2, 
H-2 gauche to H-3, H-3 antiparallel to H-4, and an equi- 
librium about the C-4-C-5 bond between the forms having 
0-5 in the extended position (major) and in the gauche 
position remote from 0 - 3  (minor), as shown by the planar 
zigzag representation 3a and the derived conformation 3b. 

D-Arabinose Diphenyl Dithioacetal (4). Compound 4 
is so insoluble in DzO that hydroxyl-proton exchange 
could be accomplished only under extended refluxing, and 
it is also insoluble in methanol-&. The nmr spectra of so- 
lutions of 4 in pyridine-& or methyl sulfoxide-& exhib- 
ited gross similarity to those observed for the other seven 
examples in this study, displaying a well-separated H-1 
doublet (from which J 1 , 2  was estimated) located between 
the aromatic resonances a t  low field and an effectively 
featureless, broadened envelope of signals from H-2 to 
H-5'; the addition of relatively enormous amounts of Pr3+ 
to these and similar solutions succeeded only in producing 
further broadening and negligible (-0.2 ppm/mol of Pr3+) 
dislocations of the resonance positions, owing (presum- 
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b 
3+ 0.1 equivulents ~ r 3 +  

1 , , , , , , , , 1 I I , 1 1 , , , I 1 , , , , , , , , I , , ,1111, ~ 

I I I 111' 
5 6 r 

Figure 2. Pmr spectrum at 100 MHz of the chain protons of 3 in 
methanol-& in the presence of (a) 0 and ( b )  100 mequiv of PrC13; 
the signal to highest field is due to the solvent. 

ably) to extremely efficient competition by the solvents 
for the cation. 

As dominance of the conformational equilibrium of 4 by 
the planar, zigzag form is predicted by analogy with most 
of the examples in Table I, the preponderant extended 
conformation may be a ~ s u m e d ~ g - ~ ~  with reasonable confi- 
dence, even though only the J 1 , 2  value is available experi- 
mentally. 

D-LyXOSe Diethyl (7) and Diphenyl Dithioacetals (8). 
Closely similar spectra and conformations are observed for 
both 7 and 8. The H-1 resonance is observed at low field 
as a doublet ( J 1 , 2  > 2 Hz), followed, in turn, by the H-2, 
H-4, and H-3 signals and a doublet for the fortuitously 
equivalent, terminal methylene protons. The values in 
Table I1 were secured by approximate second-order analy- 
siq3? addition of PrC13.6D20 or of EuCl3.6D20 failed to 
produce any spectral simplification, The values for JI ,~,  
J 2 , 3 ,  and J 3 , 4  are clearly extreme ones, so that, despite the 
fact that the anisochronous methylene protons a t  C-5 re- 
sonate at the same field position and thus obscure any in- 
formation contained in J4,5 and J 4 , 5 , ,  a conformational 
equilibrium may be specified (for both 7 and 8) that is ab- 
solutely dominated by the planar, zigzag form. 

D-Ribose Diethyl Dithioacetal (1). The spectrum of 1 
in methanol-de is only partly separated and attempted 
simplification by additions of paramagnetic ions or of sec- 
ond solvents generally failed; observable H-1 and H-2 sig- 
nals, however, allowed the determination of 51,~ and &,3, 

and an estimation of J 3 , 4  (Table 11). These values accord 
with the 2G- sickle conformation l a ,  which complements 
the elucidation of this arrangement for eight of nine ex- 
amples in Table I, although the tendency toward inter- 
mediacy in the coupling magnitudes is suggestive of some 
degree of conformational nonuniformity (that is, instabili- 
ty). This observation points up a trend in the ribo column 
of Table I, which reveals that trigonally (or linearly) hy- 
bridized R groups seem to favor enhanced stability in 
the 2G- conformation compared to tetrahedral termini. 
Examination of the 2G- representations la and l b  (with 
particular reference to the intensified bonds) reveals that 

H SEt EtS SEt 

H 0 M : H  H. OH Y H O M O H  H, OH y 
,' / / 

H' H HO H H' H HO' H 
la Ib 

these sickle forms are not totally free of parallel, eclipsed 
interactions where R is tetrahedral and disubstituted so 
that this trend in Table I can thus be rationalized. The 
slightly low J1.2 value may also reflect some distortion of 
l b  away from exact staggering about the C-1-C-2 bond in 
order to alleviate the parallel, C-4-S interaction. 

D-Ribose Diphenyl Dithioacetal (2). The spectrum of 
2 in methanol-d4 was only partially resolved and, although 
sequential additions of either Pr3+ or EuY+ failed to im- 
porve signal separation before excessive line broadening 
prevailed, it was found that the addition of pyridine-ds 
(up to 50% of the final solvent mixture) effected sufficient 
spectral dispersion to permit second-order calculation by 
using the LAOCN3 program. The magnitude of J 1 , 2  was 
observed to be relatively solvent independent, as are other 
examples of this type. 

Coupling constants in Table I1 support a 3G+ (sickle) 
conformation (2a) for 2 generated from the planar, zigzag 

H, OH Srh H 

" W S P h  

H" HOH H HO 
2a 

form by counterclockwise rotation about the C-3-C-4 bond 
in order to place 0 - 4  in the extended position formerly oc- 
cupied by C-5; this conformation, which is free of eclipsed 
1,3 interactions, has been reported for only one previous9 
example, the corresponding acetate. The possibility exists 
of an attractive interaction between the two aromatic 
groups, especially in methanol-d4, although such an effect 
should serve to decrease, rather than increase, the effec- 
tive size of the sulfur atoms. 

D-XylOSe Diethyl Dithioacetal ( 5 ) .  The addition of 30 
mequiv of PrC13-6DzO to a solution of 5 in methanol-d4 
produced the most informative spectrum of this com- 
pound, allowing measurement of 51,~ and J 2 , 3  and estima- 
tion of J 3 , 4 .  The values of the former two coupling con- 
stants, 2.2 and 8.5 Hz, respectively, indicate a substantial 
energetic preference for the 3G+ conformer 5a, whereas 

H '  
HO 

Sa 
the intermediacy of the somewhat uncertain J 3 , 4  (4.5 Hz) 
offers the possibility of a moderate degree of instability 
about the C-3-C-4 bond. The unavailability of coupling 
information for H-4-H-5 interactions precludes specula- 
tion about the C-4-C-5 rotameric state. 

D-Xylose Diphenyl Dithioacetal (6). The spectrum of 
6 in methanol-&, which is unique in this series of deriva- 
tives in having all of its resonances completely separated, 
is presented in Figure 3 to illustrate the resolution avail- 
able in this solvent. In contrast to the preceding exam- 
ples, the conformational behavior of 6 appears to feature 
extreme instability about the C-1-C-2-C-3 portion of the 
molecule, for which no discrete conformation can be iden- 
tified as an important contributor to the rotameric equi- 
librium, but to exhibit almost total uniformity of confor- 
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F i g u r e  3. Pmr spectrum a t  100 MHz of D-xylose d ipheny l  di- 
th ioaceta l  (6) in methanol-&. 

I 

I 

mation in the C-3-C-4-C-5 segment. A decrease in effec- 
tive size38 of the arylthio sulfur atom, as anticipated (but 
not observed) for the xylo analogs, would act to minimize 
parallel, eclipsed interactions involving the sulfur atoms 
and 0 - 3  or C-4 and might thus increase the relative sta- 
bility of the zigzag and the zG-  conformation^,^^ although 
no rationalization is immediately apparent for the seem- 
ing reversal of this effect in the ribo compounds 1 and 2. 

Summarizing, compounds 1-8 appear to follow the 
broad generalization that  conformations incorporating ec- 
lipsed, 1,3 interactions between pairs of large groups tend 
to be relatively destabilized, so that, within the limits of 
their general validity, the conclusions drawn from studies 
of acetylated analogs can be extended with some degree of 
confidence to the unacylated carbohydrates. Quantitative, 
conformational predictions, either for acetylated or for un- 
substituted acyclic carbohydrates, are currently out of the 
question, and, although a direct demonstration such as 
that presented26c to establish that  conformations of the 
comparatively simpler aldopentopyranosyl derivatives are 
not amenable to quantitative correlation to simple, sub- 
stituent-interaction parameters cannot be mustered, the 
prospect of such a simple correlation's evolving for the 
acyclic series is not optimistic. 
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