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pyranose series* 
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There exists a considerable amount of literature data on the molecular rotations 
([Ml,) of carbohydrates. The lack of a satisfactory quantitative treatment of these 
data has prompted an exploration of the possibility of applying the simple empirical 
equation1 

[Ml, = mxR, + I w 
to carbohydrates, where CR, is the sum of bond refractions, and m and I are con- 
stants for a given series of compounds. It has been shown’ that this equation can 
correlate satisfactorily the molecular rotations of a-D-glucopyranose, a-D-galacto- 
pyranose, and u-D-xylopyranose derivatives having various C-l substituents. An 
extension to cr-D-mannopyranose (1, 2,7), R-D-talopyranose (3, 4), a-D-lyxopyranose 
(5, 6), and a-D-rhamnopyranose (8, 9) derivatives is now reported. 

The method of calculating the CR, values has been described’. For the 
initial plots of [Ml, against CR,, the CR,-, values for l-9 with the C-l substituents 
shown in Table I (X = YZ, where Y = 0, N, or S) were calculated from the Newman 
projection 10a (viewed from C-l along the C-l-Y bond). Where X = OH, OMe, 
N1, SAlk, SAr, or OAr, the points deviate considerably from the line correlating the 
halogen atoms, OAc, SCH,Ar, and S(CH,),Ar in all the plots of the literature data 
(Table I). The deviation is unlikely to be caused by the presence of a mixture of two 
chair conformers, because the compounds listed in Table I are expected to adopt 
mainly the 4C, conformation. The literature data 3 - 6 (Table II) on the conformational 
equilibria of a-D-lyxopyranose (6) and tetra-0-acetyl-a-D-lyxopyranose (5) deriv- 
atives show the preponderance of the 4C, conformer. This preponderance should be 

*Linear Relationship Between Molecular Rotation and Bond Refraction in Carbohydrates, Part II. 
For Part I, see ref. 2. 
**This work was carried out at the Max-Planck-Institut fur Experimentelle Mediin, Giittingen, 
Germany. 
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1 R = R’ = OAc , R2 = H , R3 = CHZOAc 

2 R = d = OH , R* = H , R3 = CHZOH 

3RZ RZ’ OAc , R’ = H , R3 = CH20Ac 

4R = $=OH,R’= H,R3=CHZOH 

5 R = R’ = OAc , R2 = R3 = H 

6 R = R’ = O,, , R2 = R3 = ” 

7 R = R’ = Ok, R2 = H , R’ = CHZOBz 

8 R = R’ = OBz , R2 = H , R3 = Me 

9 R = R’ = OAc ,R2= H,R3= Me 

TABLE I 

MOLECULAR ROTATIONS OF COMPOUNDS l-9 

Compounds Ia 
H 
F 
Cl 
Br 
I 
OAc 
SMe 
OPh 
OCaHKN(o) 
OCsH&N@) 
OCaH4Cl(p) 
OCaHBt@) 

Compounds 2 * 
H 
F 
OH 
OMe 
OCsH4NOz(o) 
OCsH4NOdm) 
OCsH4NO&$ 
OCeH&ie(m) 
OCsHsMe(p) 
OCaHdBr(m) 

-1399 oc&&fe(m) 
7510 OCeHdvfe(p) 

33010 OCsH4NOz(o) 
54110 OCeH4NOdm) 
8731° OCsH4NOz(p) 
21511 OCsHeBr(m) 
3.5212 OCsHaBr(p) 
31413 OCsH4OMe(p) 
2321“ OCsH4OEt(p) 
41414 OCsH4Buyp) 
35515 SCsHdOMefp) 
31815 SCsH4N%(p) 

-829 
2921 

5422 
15322 
3OOC’5 
394c15 
4371” 
313c15 
332C15 

346c15 

ocdboMe(p) 

oCsH&Et@) 
OC6H4Cl(p) 

OCsH4CN(o) 

OCeH4CNti) 

OCeH4N&(p) 

OCeHKHzNHz(o) 
OCsH&HzNH&) 
SCeHaOMe(p) 
SCsH4NHAc(p) 

318l5 SCa&N~c@) 48617 
30415 SCHzCsH4NCh(p) 91814 
57115 SC&CeH&N(p) 88114 
38115 SCH&H4Ph@) 86914 
49216 SCHzCaHssNHAc(p) 75614 
38015 S(CH&Ph 72114 
36515 S(CH&Me 425’8 
43515 S(CH2)6CI 44.518 
31115 S(CH&CN 43418 
45015 S(CH&SAc 45018 

- 356d14 N3 339e19 
692l’ OCOC6Hll 27540 

351c15 
321c15 
37oc15 
142t14 
41oc14 
35OC’4 
21 514 
31114 
767c14 
533c14 

SCH&d-hNHz@) 
SCHzCsH4NHAc(p) 
SCHzCsHKN(p) 
SCH&sHKHz- 
NJ%(P) 
SCHzCsH4Ph(p) 
S(CH&Ph 
S(CH&Me 
S(CH&OH 
S(CH&NHz 

11 32c1* 
1163C14 
116oc14 
964c’J 

1205c’d 
1026c14 

556c’S 
4441s 
34818 
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TABLE I (continued) 

x [MID x [MID X [MID 

OCaH4Br(p) 383~15 SCsH4NOz(p) 1008~14 
OCsHBt@) 302c15 SCaH4NHz(p) 76614 
0CaH4But(p) 34w5 SCHzCaH4NOz(p) 53OCJ14 

Compounds 3’ 
H 
Br 
N3 

Compouncis 4b 
H 
OMe 

Compounds 5~ 
H 
F 
Cl 

Compounds 60 
H 
OMe 

Compounds Ia 
F 
Cl 

Compounds 8”~ g 
H 

S(CHW1 
S(CHa)sCN 

5570’8 
552c18 

-549 OAc 26524 
68123 OCaH4NOz(p) 54425 
44219 SCeH4NOz(p) 788e5 

62625 

-199 OCeH4NOz(p) 564Cas 
20426 OC&NHz@) 409ca5 

1049ce5 

-1939 Br 4742s OMe 8630 
-152’ N3 15519 OCOPh 20031 
26528 OAc 80zg OCHePh 19529 

-132g 
9732 

OH 833 
OCHzPh 18429 

-51527 Br 7734 OMe -41234 
- 18834 I 31734 OCOPh -13034 

- 128535 
F -110427 

Compounds ga,g 
H - 1323s 
OMe 18135 

Cl -6733e I 16Oas 
Br - 35036 OMe -87236 

Cl 
Br 

39237 
5663s 

OAc 2093g 

aIn chloroform. bin water. ~1n methanol. dThis value seems to be erroneous in sign. CIn l&dioxane; 
thezRn value (5.69) for X = Na is calculated for conformer lob for the resonance form C-N=N+=N- 
with RD (N = N) = 4.12 (ref. 20). Whis value seems to be erroneous, because it has only half the 
expected magnitude (cf. the corresponding NHz, CN, NHAc, and Ph compounds). BObtained from 
the U-L enantiomers. 

H 

2 

0 A 
c-2 

H 

2 

0 
k 

c-2 

lob 10a 
1oc 
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TABLE II 

PERCENTAGE OF 4i7~ CONFORMER IN 5 AND 6 

X 4G (%) 

----- . ..___ 

Reference 

5 OAc 71’; IOOb 3-4 
OMe 83a; 1000 3x4 
OBZ 72s 3 
SAC 64a 3 
Br 960 3 
Cl 910 3 

N3 52b 5 

6 OH 75e; 50c 4,6 
OMe 90” 4 

&In CD3COCD3. bin CDC13. % D30. 

TABLE III 

CORRELATIONS OF MOLECULAR ROTATIONS WITH BOND REFRACTIONS’ 1N COMPOUNDS t-9 BY USE OF 

EQUATION 1 

34 0.944 55.7 25.0 
35 0.954e 93.3 -212 

6 0.985 56.7 106 
4 0.998 94.7 -109 
8 0.951 56.0 -80.4 
3 0.998 101 -227 
6 0.954 60.5 -535 
5 0.996 93.1 -1225 
4 0.998 59.3 8.0 

13 
32 (15)f 

5 
4 

228 

4;1;20)’ 
6 
4 

~.._._~ ~______ ~. 

@For method of calculating ZRD, see ref. 2; conformer 1Oa was used for X = SCH3Ar and S(CH&Ar; 
conformer lob was used for X = OH, OMe, SR, OAr, SAr, and Ns. bNumber of points used in the 
correlations. The point for X = H is not used (see text). ECorrelation coefficient. &Average deviation 
of observed molecular rotations from the corresponding values calculated from the correlation lines. 
eX = S~HZC~H~NO~~) is not used (see footnotefof Table I). fExctuding X = OC~H~CN(O), OH, 
and F (the latter two give comparatively large “,$ deviations because of their comparatively small 
molecular rotations). gExcluding X = F, which has a comparatively small molecular rotation. 
AExcluding X = OH, which has a comparatively small molecular rotation. %xcluding X = 03~. 

greater for l-4 and 7-9 because of the presence of an additional substituent at C-5. 
However, when the xRD values calculated for conformation lob (10~ gives identical 
CR, values, but the cont~bution of this conformation is negligible because of steric 
~nd~nce7) are used for the former substituents, satisfactory plots are obtained 
(Table III). These results suggest that these substituents favour the conformation 
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TABLE IV 

A COMPARISONOF THE INTERCEPTS(I) OF EQUATION I AND THE MOLECULAR ROTATIONS ([M]D)oF THE 
1,5-ANHYDRO-D-ALD~TOLS 

Compound I - [MID Ref. 

1,5-Anhydro-D-mannitol tetra-acetate (1, X = H) 
1,5-Anhydro-D-talitol tetra-acetate (3, X = H) 
1,5-Anhydro-D-lyxitol triacetate (5, X = H) 
1,5-Anhydro-D-rhamnitol triacetate (9, X = H) 
1,5-Anhydro-D-mannitol (2, X = H) 
1,5-Anhydro-D-talitol (4, X = II) 
1,5-Anhydro-D-lyxitol (6, X = II) 
1,5-Anhydro-D-glucitol tetra-acetate 
1,5-Anhydro-D-galactitol tetra-acetate 
1,5Anhydroxylitol triacetate 
1,5Anhydro-~glucitol 
1,5-Anhydro-D-galactitol 
1,5-Anhydroxylitol 

164 
160 
113 
140 

-130 
-90 
-95 
121” 
106b 
68C 
19d 
61e 
41c 

This work 
This work 
This work 
This work 
This work 
This work 
This work 
2 
2 
2 
2 
2 
2 

~[M]D = 130 (CHCl3); ref. 41. ~[M]D = 160 (CHG); ref. 9. C[M]~ = 0 (meso compound). d[M]~ = 
70 (HzO); ref. 42. ~[M]D = 126 (HzO); ref. 9. 

lob rather than 10a. This finding is surprising, because 1Oa would be expected to be 
favoured as a result of the exo-anomeric effect. In the corresponding C-2 epimers 
(a-D-glucopyranose, cc-o-galactopyranose, and cr-o-xylopyranose derivatives), 10a 

is favored over lob because of the exo-anomeric effect and steric factors’, and our 
previous results2 are in agreement with this fact. Another puzzling observation is the 
different behaviour of S(CH,),Ar (n = 1 or 2) from SAr and SAlk. The O(CH,),Ar 
(n = 1 or 2) substituent might be expected to show the trend of the corresponding 
thio substituents. The lack of literature data does not permit verification of this point 
or a check on whether the same trend persists for higher values of rz. 

The average value of m in the above equation is 57 +2 for the acetate series 
(1, 3, 5, 9), 77 + 16 for the benzoate series (7, 8) and 96 f 5 for the three parent 
series (2, 4, 6). The constancy in the m values shows that the magnitude of m is 
independent of the position of the groups on C-3,4,5. This constancy is also observed 
in the corresponding C-2 epimers 2. The average m value for the acetate series is 
identical to that2 (57) of the corresponding C-2 epimers, but the average m value 
of the parent series is about twice that’ (40) of the corresponding C-2 epimers. 

Previously’, CR, = 0 was assigned for X = H. However, a more detailed 
analysis shows that the point for X = H generally deviates from the corresponding 
correlation line. This is probably due to the failure of the above equation when the 
centre is achiral’. It is observed that the [Ml, value for X = H differs from the 
intercept of the corresponding correlation line by about the same magnitude in the 
acetate series as well as in the parent series. This trend is also observed in the corre- 
sponding C-2 epimers (Table IV). 
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The plots are not as good as those of the C-2 epimers, probably because of the 
presence of significant and different amounts of the ‘C, conformations for various 
substituents. The compounds where X = NHC,H,N02(p) and N(Ac)C,H,NO,(p) 
in 5 have the ‘C, conformation, and their reported molecular rotations [-48”-+ 
- 194 ’ and -771’, respectively, (chloroform)] * do not fit in the correlation line of 

5 having the 4C, conformation. 
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