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ABSTRACT 

Data are reported on spin-lattice relaxation-rates and nuclear Overhauser 

enhancement of protons of exo and endo diastereoisomers of 1,2-O-( l- 

methoxyethylidene) and 1,2-0-(1-benzyloxyethylidene) derivatives of 3,4,6-tri-O- 

acetyl-P-D-mannopyranose, and of some specifically deuterated analogs of these 

derivatives. The results verified assignments of the orientation at the quaternary 

carbon atom of the acetal ring, and yielded information about the orientations fa- 

vored by the exocyclic C-methyl and benzyloxy substituents. 

INTRODUCTION 

Some years ago, it was reported’ that mixtures of diastereoisomeric 1,2-or- 

thoacetates of p-D-mannopyranose are formed from the corresponding glycosyl 

bromide under Koenigs-Knorr conditions. Both the exo and the endo isomers of 

3,4,6-tri-O-acetyl-1,2-O-(l-methoxyethylidene)- and -1,2-O-(l-benzyloxy- 

ethylidene)-/3-D-mannopyranose (1, 3, 4, and 6, respectively) were obtained, and 

configurational assignments for them were proposed on the basis of ‘H-n.m.r. 

chemical-shift data. It was then shown2 that the use of 2,6-di- or 2,4,6-tri-methyl- 

pyridine as the acid acceptor instead of silver oxide produced only one of the dia- 

stereomers, designated exo (1 or 4), and this assignment was subsequently con- 

firmed3 for isomer 1 by X-ray crystallography. In the study described here, some 

1 R = CHJ,R’ = OCHrl 

2 R = CH3, R’ = OCHD, 

3 R = OCH) , R’ = CH3 

4 R = CH3, R’ = OCH,Ph 

5R = CHJ, R’ = OCHDPh 

6 R = 0CH2Ph, R’ = CH3 
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aspects of the stereochemistry of these orthoesters in solution have hewn cxamincd 

by ‘H-n.m.r. measurements of steady-state, nuclear Overhauscr enhancement 

(n.0.e.) and nonselective, spin-lattice relaxation-rates (Ri). In particular. the 

n.0.c. experiments, which permit4.5 determination of the interproton distances. 

have been utilized in order to obtain quantitative data on the molecular- geometry, 

‘If- and ‘-‘CL’- N. m. r. .spirT-lattice relaxrrtion uncl t1.0. e. rn~(IsLlrerrlL’t7ts. --- All 

of the n.m.r. experiments were performed with a Varian XL-200 spectrometer 

operated at 200 MHz and 20”. ().06M Solutions in acetonc-d, were used for the ‘Hex- 

periments, to minimize undesirable. dipolar. intermolecular interactions. and O.Fbt 

solutions in acetone-c/, for the ‘“C‘ experiments. Each sample wah carefully degas- 

sed by using 5 to 6 “freeze-pum~thaw” cycles, following which. the 1.m.r. tube 

was scaled. The ‘H-relaxation rates (K,) were determined by the null method”: 

each value is the result of three separate determinations. with ;I reproducibility of 

f5’ii The ‘3CY spin-lattice relaxation measurement5 ~+ere made under conditions 

of full ‘H-noise decoupling, by the two-pulse. inversion-recovery technique. ex- 

perimental details for which are given elsewhere ‘; statistical errors in lhese T, data 

are within F55. Steady-state, proton n.0.e. values were obtained by comparing 

the integrated intensities of the observed peaks in doubly-reson;lr~cc spectra uith 

the areas of the same peaks in the normal spectra. Dclays of _> IO times the longest 

T, value were used between YO” pulses (6.4, ~4). and the irradiating power was the 

minimum required for effective saturation of the irradiated nucleus. At least 8 ex- 

periments were performed for each n.0.e. value. 

Fkpwatiorr of ~omJwutzt1.v. --- The P.W and rntio diastcreoisomcrs of 3.4.6 

tri-O-acetyl- I .2-O-( I-methoxyethylidene)~B_n-mannopyranose (1 and 3, respec- 

tively). and of 3.4.r,-tri-O-acetv1-1,1-O-( 1-benzvloxvethvlidcne)-B-n-manno- < , 
pyranose (4 and 6. respecti\,ely) were synthesized as described previously’. 

Flash column chromatography of the crude, crystalline mixture ot I and 3 (1. I 

g) on Celite. using .3:2 ether-hexane as eluant, afforded 3 (Ct..?8 g); m.p. lO$_lOS” 

(after recrystallization from ether-hexane), [ali?;; ..- 37.1” (c 2. I _ chloroform) (R, 

Cl.35 in 2: 1 ether-hexane); rnixtures of I and 3 were then eluted, folknved by pure 

I, m.p. 112-I 13” (after rccrystallizatitrn from ether), [~];iji ---12.2” ((’ 2.5. chloro- 

form) (R, 0.N in 2: 1 ether-hexane) [lit.’ for I. m.p. 11 I--l II”. /ajl, - -13” (chloro- 

form)]; ‘H-n.m.r. data for I (acetone-&,): 6 5.68 (d. H-l), 5.17-5.17 (m. H-3.4). 

4.6-I (dd, H-2). 3.88 (m. II-T). 1.21 (dd, Ff-6). 1.07 (dd. H-6’). 3. IS (s, OMe). 2.07. 
1.00. 1.99 (s. 3 Ac), and 1.6-I (s, Me); .!I.2 2.-Il, .I?., 3.5.5. .ll,i 9.%. JJ q Q.60. .Is,(, 

3.57, Js,<,, 2.56, and ~I(,,, 13.17 Hz; ‘%I~-n.m.r. data for I (acetone-cl,,): 8 170.63. 

170.35. 170.06 (3 CO). I2.5.08 (C’CHI). YX.34 (C-l). 7X.30 (C-2). 71.3X and 71.G 

(C-3 or C-4). 66.33 (C-S), 62.82 (C-h), 53.95 (OCHl), 15.87 (CC’H,). and 20.63. 

20.56, and 20.56 (3 COCIjj). 

‘H-N.m.r. data for 3 (acetone-&): 8 5.13 (d, H-l), S.3T5.33 (m. H-3.4). 
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4.45 (dd, H-2), 4.24 (d,d, H-6), 4.07 (dd, H-6’), 3.95 (m, H-5), 3.44 (s, OMe), 2.02, 

2.00, 1.95 (s, 3 AC), and 1.42 (s, Me): J,,2 2.42, J2,s 3.75, J3,4 9.90, J4,5 9.53, J5,6 
4.11, Js,hp 2.44, and Jh,h, 12.23 Hz; r3C-n.m.r. data for 3 (acetone-d,): 6 170.54, 

170.40, 170.01 (3 CO), 125.12 (CCH,), 95.66 (C-l), 76.70 (C-2), 71.64 and 71.35 

(C-3 or C-4), 66.34 (C-5), 62.54 (C-6), 50.08 (OCH,), 24.40 (CCH,), and 20.62, 
20.54, and 20.47 (3 COCH3). 

Anal. (for 3): Calc. for C1sH22010: C, 49.7; H, 6.1. Found: C, 49.8, H, 6.2. 

exo-3,4,6-Tri-O-acetyl-l,2-O-(l-methoxy-(d~)-ethylidene-P_~-mannopyra- 
nose (2). - A solution of 2,3,4,6-tetra-0-acetyl-cw-D-mannopyranosyl bromide (1.4 

g) in dichloromethane (5 mL) containing methan-d?-ol (2 mL) and 2,4,6_trimethyl- 

pyridine’ (2.5 mL) was stirred for 36 h at room temperature, diluted with chloro- 

form (20 mL), washed successively with dilute hydrochloric acid, sodium hydro- 

gencarbonate, and water, dried, and evaporated. The solid residue was recrystal- 

lized from cold ether in the form of white needles, m.p. 114-115”, [a]$ -21.4” (c 

1.8, chloroform); (RF 0.40 in 2:l ether-hexane); ‘H-n.m.r. data (acetone-d6): 6 

5.68 (d, H-l), 4.64 (q, H-2), 5.27-5.17 (m, H-3,4), 3.88 (m, H-5), 4.21 (dd, H-6), 

4.07 (dd, H-6’), 1.64 (s, Me), 3.19 (s, CD,H), and 2.02,2.00, and 1.99 (s, AC); J,,* 

2.41,J2,33.55,J~,49.95,J4,s9.60,J5,h4.57, Js,,r2.56,andJe,6V 12.17Hz. 

Benzyf-a-d-alcohol. - Sodium borodeuteride (2.1 g, 0.05 mol) was added 

during 2 h to a stirred solution of benzaldehyde (20 g, 0.19 mol) in methanol (20 

mL) at 0”. After decomposition of the excess of the reducing agent with acetic acid, 

and evaporation of the methanol, the residue was extracted into dichloromethane 

(30 mL) and water (30 mL). The organic layer was washed with sodium hydrogen- 

carbonate, and water, dried, and evaporated, and the residual liquid was distilled 

at 12OV2.4 kPa (18 mm Hg). 

exo-3,4,6-Tri-O-acetyl-1,2-O-(l-benzyloxy-~-d-ethylidene)-~-D-mannopyra- 
nose (5). - A solution of 2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyl bromide (5.3 

g) in dichloromethane (15 mL) containing benzyl-cr-d-alcohol (10 mL) and 2,4,6- 

trimethylpyridine (9.5 mL) was stirred for 48 h at room temperature, diluted with 

chloroform (50 mL), washed successively with cold dil. hydrochloric acid, sodium 

hydrogencarbonate, and water, dried, and evaporated. The solid residue was re- 

crystallized from ether in the form of white needles, m.p. 137-138”, [(Y]$ -1.3” (c 

1.9, chloroform); RF 0.45 in 2:l ether-hexane; ‘H-n.m.r. data (acetone-dh): 6 

7.33-7.24 (m, Ar), 5.74 (d, H-l), 5.32-5.22 (m, H-3,4), 4.71 (dd, H-2), 4.63 (s, 

CDHa), 4.54 (s, CDHa’), 3.92 ( m, H-5), 2.02, 2.01, 2.00 (s, 3 AC), and 1.75 (s, 

Me); J1,2 2.43, J2,3 3.60, J3,4 9.99, J4,s 9.50, Js,h 4.59, J5,h, 2.59, and Jh,6r 12.19 Hz; 

13C-n.m.r. data (acetone-d,): 6 170.62, 170.37, 170.04 (3 CO), 125.0 (CCH,), 

98.36 (C-l), 78.19 (C-2), 71.55 and 71.26 (C-3 or C-4), 66.42 (C-5), 64.32 (CHD), 

62.82 (C-6), and 20.62,20.57, and 20.57 (3 COCH,). 

RESULTSANDDISCUSSION 

Determination of the configurations of diastereoisomeric 1,2-orthoacetates by 
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“The errors (2) art‘given as standard deviations; dashes (-) indicate n.0.e. \aluc\ of 4r 005 

measurements of nuclear Overhauser enhancement and rdaxation rates. --- A direct 

means for assigning the configuration of isomers 1 and 3 was afforded by n.0.e. 

measurements (see Table I). Saturation of the O-methyl protons caused a signifi- 

cant enhancement of the H-2 resonance of 1* whereas H-2 (or H- 1) of isomer 3 was 

unaffected. Tn full accord with these results, irradiation of the <‘-methyl prolons 

produced a 10% increase in the intensity of the H-2 signal of 3, although there was 

no enhancement of the H-2 (or the IH-1) signal of 1. Clearly, these obser\‘ations are 

consistent only with the GOMe bond of 1 occupying the e.~o position, and that of 

3. the rndo position. 

The validity of this comparison is strengthened by the evidence from ‘W’H 

coupling that the conformation of the D-mannopyranose ring is virtually identical 

in 1 and 3 and, therefore. that stereochemical differences between them are con- 

fined to the orthoester structure. That is, ‘J values observed for the ring protons 

(see the Experimental section) are all within 0.2 Hz: J,,, = 2.31 or 2.42. J-I .= 3.55 

or 3.75, J1.4 = 9.90 or 9.95. and _fJ.5 = 9.53 or 9.60 Hz*. 

Close similarities between the chemical shifts of H-l, H-2, and the C<.‘Hi of 

benzyloxyderivative 4 and those of 1 have been cited’ as evidence that the two 

compounds have the same orientation at the acetal carbon atom: an analogous rc- 

‘These coupling data suggest, a$ propnscd earlier’. that the rj-mannopyranosc rlng ma\ he r~prewnttxl 
upprosimufel~ by the “Cl conformation implied by formulas l-6, which also is conskten; with the .X-m\ 

data for crp$tallinc I. 
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TABLE II 

' H-N M.K,SPIN-LA'I-MICE RELAXATION-RATES (s-l) FOR OKTIKMC~TATE~ I, 3, AND 4, AND THE SELEC- 
TIVEL.YDEUTERATkDANAL.OGS 2 AND5 

Compound Protons 

H-l H-2 OCHz OCH.4 CCH.? H-d H-ff'" OCDzH 

1 0.39 0.53 - 0.55 1.08 - - - 
3 0.46 0.59 - 0.60 1.25 - - - 
4 0.7s 0.86 0.75 - 1.36 - - - 
2 0.36 0.43 - - 1.06 - - 0.19 
5 0.55 0.77 - - 1.47 0.57 0.57 - 

“Methylene protons of diastereoisomers of 5. 

lationship was found’ between* 3 and 6. Having concluded from the n.0.e. experi- 

ments that 1 is an exo diastereoisomer, the affinity between 1 and 4 was substan- 

tiated in the same way by the fact (see Table I) that the intensity of the H-2 signal 

of 4 was increased by 12% when the benzylic protons were irradiated. 

A parallel set of data was obtained from measurements of spin-lattice relaxa- 

tion-rates (Ri) (see Table II). As a general observation, R, values for all of the pro- 

tons associated with the orthoester structure in 1 were appreciably lower than those 

of 3. Also, the C-methyl protons of both compounds relaxed at about twice the rate 

of the O-methyl protons. As the relaxation processes of methyl groups in structur- 

ally related acetals are dominated by intra-methyl dipole-dipole and spin-rotation 

interactions’.“, this two-fold difference reflects mainly a difference in the degree of 

hindrance to the internal motions of these groups when bonded to carbon, as com- 

pared with oxygen. 

There appears to be no straightforward basis for relating the variations in RI, 

evident in Table II, with the orientations at the quaternary carbon atoms of 1 and 

3. However, evidence that the O-methyl group of 1 occupies the exo position is af- 

forded by a comparison of the R, values of 1 with those of its O-methyl-d2 analog 

(2) (see Table II). That is, the relaxation rates of H-l and, in particular, H-2 were 

decreased by the incorporation of the deuterium atoms, which indicates that the O- 

methyl protons of 1 are sufficiently close to H-l and H-2 to influence their relaxa- 

tion processes materially. In addition, the fact that RI for the C-methyl protons of 

1 and 2 is the same, whereas that of the lone proton of the OCHD, group of 2 is 

lower by a factor of one-third, is a clear reflection of the dominance of the intra- 

methyl interactions mentioned earlier. 

An analogous combination of measurements of R, with deuterium substitu- 

*Added to the differentiation’ between diastereoisomers 1 and 3 (or 4 and 6), on the basis of ‘H-chemi- 
cal shifts, are equally striking differences in the “C-chemical shifts (see the Experimental section). 
Hence, C-l, C-2, 0X1, and OCH7 are all much more strongly shielded in 3 than in 1. It is also worth 

noting that the corresponding ‘“C-chemical shifts of the latter and isomer 4 are essentially the same (see 
the Experimental section). 
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Fig. I. Partial. ‘tf-n.m.r. spectr;r (2(K) hfHz) of (a) 3,4.h-tri-U-acctvl-1 .2-O-( I-btnz~lo~~cthyIldeno)-B_ 

r,-mannopyranosc (1). and (h) an analog of 4 (i.e.. 5) in which one of the ht:nz~I~c prtltonq is rcplxed 

hy a dcutcron (solvent. acttone-d,.). 

tion was also applied to compound 4. One of the benzylic protons was rcplaccd by 
deutcrium so as to give 5, an equimolar mixture of two diastereoisomers containing 
either an a- or cw’-proton. The composition of 5 was determined from the relative 
intensities of the benzylic protons in the spectra of 4 and 5 (see Figs. la and lb). 
As shown in Table 11, the f?, values for H-l and H-2 were notably smaller in the 
presence of the isotope. whereas the C-methyl prorons cshihited no change. 
Hence, the exo designation for 4 was again verified by these results. 

&ientation of the methoxyi and benz_ybq .sirbstituent.s r!f’i.vnmt?r.~ I nnd 4. - 
Although the n.0.e. and relaxation-rate ttxperiments just described permitted un- 
ambiguous assignments of orientation for the I ,2-orthoesters. they were not suita- 
ble for determining the orientations of the O-methyl or CI-bcnzyl substitucnts. 
There are two main reasons for this: (u) the dominant influence of intra-methyl di- 
pole-dipole relaxations.“ limits the usefulness of the C-methyl or O-methyl groups 
of 1 and 3 as effective probes of intramolecular interactions present. and (b) the 
close spacing of the strongly coupled methylene AB pair of protons of 4 (SW Fig. 
la) prevents detertnination of their individual n.0. effects on neighboring protons. 
However, these restrictions were circumvented by employing the specifcally dcut- 
erated analogs of 1 and 4, i.e., 2 and 5. 

The n.0.e. data for 2 and 5 (see Table III) reltect the proximities of the CI- 
methyl-& group and 0-bcnzyl-d group with respect to H-l and H-9. i.~.. the rota- 
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TABLE III 

‘H-NUCLEAR OVERHAUSER ENHANCEMENT DATA FOR exo-3,4,6-TRI-@ACETYL-1,2-@(I-METHOXY-dz- 

~THYLlDENE)-~-D-MANNOPYRANOSE (2) AND exo-3,4,6-TRf-O-ACE~L-~,2-0-(l-BENZYL-a-d-OXY- 

~T~iYL~D~NE)-a-D-MANNOPYRANOSE (5) 
- _ - - 

Protons Com- Protons observed” 
irradiated pound - .._ _~_._“_____ 

H-I H-2 H-ab H-a” CCH.% @C&H 
-.- 

H-l 
H-l 
H-2 
H-2 
H-a 
H-a’ 
CC& 
CCH, 
0CD2H 

2 0.132 rtO.005 - - 

5 0.071 Tko.007 -O.ffiO~O.~2 - - 
2 0.133 lto.004 - (I.074 f0.018 
5 
5 - 0.042 -t-o.004 - - 
5 0.030 rto.06 0.040 20.003 - - 
2 - - - 
5 - - - - 
2 0.015 1-0.006 0.055 +0.006 - 

‘The errors (2) are given as standard deviations; dashes (-) indicate n.0.e. values of ~0.005. 
‘Methylene protons of diastereoisomers of 4. 

tional orientations of the 02C-O-R moieties* in these molecules. Within a 
molecule, interproton distances (which represent thermodynamic averaging in 2 
and 5) may be determined from n.0.e. values when the overall motion is isotropic 
in the extreme narrowing range and relaxation occurs mainly by the dipole-dipole 
mechanism. Compounds 2 and 5 were found to fulfil these requirements. Hence, in 
each molecule, all of the ring-carbon atoms bearing a single proton were shown to 
have essentially the same 13C-TI value**, which is diagnostic for an overall, iso- 
tropic motion. Moreover, all of these carbon atoms relax by dipole~ipole interac- 
tions, as evidenced by *3C-[‘HJ nuclear Overhauser enhancements of - 100%. 

Ratios of interproton distances were calculated by using the inverse, sixth- 
root dependence implicit in the formalism of steady-state n.0.e. for three non- 
equivalent spins3,4. These ratios were then converted into interproton distances 
(rij) by using a value of 243 pm as the distance between H-l and H-2, based on crys- 
tal data3 for 1; the corresponding value obtained from stereomodels, by assuming 
a dihedral angle’,2 of 30” between H-l and H-2, was 245 pm. A comparison of the 
interproton distances calculated with those obtained from the X-ray diffraction 
data”, and the use of stereomodels (see Table IV), shows excellent agreement be- 
tween the three sets of data; the largest discrepancy (-12%) is found for the H-2- 
H-cr (benzyhc) interatomic distance in 5. 

*The orientation of the phenyl group of 5 has not been assessed. 
a*‘3C-TI values measured for 0.5~ solutions of 1 and 4 in acetone-& at 20” were: for 1, C-l, 2.51; C-2, 
2.57;C-3,2.60;C-4,2.52;andC-5,2.56s;for4,C-l,1.80;C-2,1.82;C-3,1.79;C-4,1.7S;andC-5,1.80 
s. 
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TABLE IV 

Clearly. these data indicate that, in acetone-d, solution. the 0-methyl sub- 

stituent of exe isomer 1 favors essentially the same orientation as in the solid state-‘. 

as depicted in the “Newman” projection along the Cquar -4 bond (71. For the hen- 

zyloxy derivative 4, the facts that the cu.cr’-methylcne protons are equidistant from 

H-2 and that the interproton distances calculated agree with fhosz yivcn hy the 

stercomodels (see Table IV) constitute evidence that the average orientation of the 

O-benzyl substituent may be represented by rotamers 8 and 9 along the CcI,,ilt -0 

and (>-CF-I, bonds, respectively. Rotamcrs 7 and 8 arc expected to hc stabilized by, 

virtue of the fact that both of the oxygen lone-pairs of the OR substiturnt are mri 

(or nearly so) with respect to the two CL,,,;,,. -4) bonds of the orthocstcr ring. as 

pointed out recently”’ for similar types of structures in Z-m&host-l ..Wioxanes. 
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The level of contribution by other possible rotamers (e.g., 10 and 11) to the overall 

conformation of exo isomers 1 and 4 in solution has not been determined. In prin- 

ciple, a fuller description of the rotamer populations may be derived4%” from an 

analysis of the n.0.e. effects observed on a resonance, i, as a consequence of the 

saturation of neighboring protons, j, i.e., 

fi(j) = KZPJri;(s) 

where K is a constant, rii is the distance between protons i and j in the various 

rotamers, s, and P, is the population of rotamers s. However, the problem is inde- 

terminate in the present instance, because five and fifteen possibilities, respec- 

tively, must be evaluated for 1 and 4. 

ACKNOWLEDGMENTS 

The authors express their gratitude to the Natural Sciences and Engineering 

Research Council for support, and to McGill University for the Harold Hibbert 

Fellowship (granted to P.D.). 

REFERENCES 

1 
2 
3 
4 

5 

6 
7 
8 
9 

10 
11 

A. S. PERLIN, Gun. J. Chem., 41 (1963) 399406. 
M. MAZUREKANDA. S. PERLIN, Can. J. Chem., 43 (1965) 1918-1923. 
J. L. FLIPPEN, Cryst. Struct. Commun., 5 (1976) 157-161. 
J. H. NOGGLE AND R. E. SHIRMER, The Nuclear Overhauser Effect, Academic Press, New York, 
1971. 
C. R. JONES, C. T. SIKAWAW, M. Kuo, AND W. A. GIBBONS, J. Am. Chem. Sot., 100 (1978) 5960- 
5961, 
L. D. COIXBROOK AND L. D. HALL, Can. J. Chem., 58 (1980) 2016-2023. 
P. DAISANDA. S. PERLIN, Can. J. Chem., 60 (1982) 1648-1656. 
W. M. BOVEE AND J. SMIDT, Mol. Phys., 26 (1973) 1133-l 136. 
R. ROWAN, P. H. MAZZO~HI, C. A. KANAGY. AND M. REGAN. J. Map. Reson., 39 (1980) 27-30. 
V. S. RAO, Can. J. Chem., 60(1982) 1067-1072. 
B. DEZUBF, C. H. DOBSON, ANDC. E. TEAOUE, J. Chem. Sot.. Perkin Trans. 2, (1981) 73@735. 


