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Note

Linear relationship between molecular rotation and bond refraction in the
®-D-mannopyranose, «-D-talopyranose, a-D-lyxopyranose, and a-D-rhamno-
pyranose series*

Bo-LoNG Pon**
School of Chemical Sciences, Universiti Sains Malaysia, Penang (Malaysia)
(Received April 5th, 1982; accepted for publication, May 24th, 1982)

There exists a considerable amount of literature data on the molecular rotations
([M]p) of carbohydrates. The lack of a satisfactory quantitative treatment of these
data has prompted an exploration of the possibility of applying the simple empirical
equation!

[Mlp = m)Rp +I ()

to carbohydrates, where ZRD 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 «-D-glucopyranose, a-D-galacto-
pyranose, and a-D-xylopyranose derivatives having various C-1 substituents. An
extension to a-D-mannopyranose (1, 2, 7), a-D-talopyranose (3, 4), a-D-lyxopyranose
(8, 6), and o-D-rhamnopyranose (8, 9) derivatives is now reported.

The method of calculating the Y R;, values has been described®. For the
initial plots of [M ], against Y Rp, the Y Ry, values for 1-9 with the C-1 substituents
shownin Table I (X = YZ, where Y = O, N, or S) were calculated from the Newman
projection 10a (viewed from C-1 along the C-1-Y bond). Where X = OH, OMe,
N,, SAIk, 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 *C, conformation. The literature data®~ ¢ (Table IT) on the conformational
equilibria of x-D-lyxopyranose (6) and tetra-O-acetyl-a-D-lyxopyranose (5) deriv-
atives show the preponderance of the C; conformer. This preponderance should be

*Linear Relationship Between Molecular Rotation and Bond Refraction in Carbohydrates, Part II.
For Part 1, see ref, 2.

**This work was carried out at the Max-Planck-Institut fiir Experimentelle Medizin, Gottingen,
Germany.
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-

1R =R = 0Ac,R° = H,R’ = CH,0Ac

2R =R = OH,R = H,R = CH,0H

3R = R°= OAc,R = H,R = CH,0Ac

4R = R =o0H,R = H,R>= CH,OH

B8R = R = OAc,RE= R* = H

6R= R =0H,R" = R =#

7R = R = 0Bz,R® = H,R’ = CH,0B2

8R = R = 0Bz, = H,R*= Me

9r = R = OAc,R° = H,R® = Me
TABLE I
MOLECULAR ROTATIONS OF COMPOUNDS 1-9
X [M]p X [M]p X [M]p
Compounds 1
H 1399 OCsHMe(m) 31815 SCsHsNHAc(p) 48617
F 7510 OCsHaMe(p) 30415 SCH2CsH4NO3(p) 91814
Cl 33010 OCsH4NO2(0) 57115 SCH:CsH4CN(p) 88114
Br 54110 OCeHsNO(m) 38115 SCH:CeHsPh(p) 86914
I 87310 OCsH4NO2(p) 49216 SCH2CsHsNHACc(p) 75614
OAc 21511 OCsHBr(m) 38015 S(CHz)2Ph 72144
SMe 35212 OCsH4Br(p) 36515 S(CHz)sMe 42518
OPh 31413 OCsH1sOMe(p) 43515 S(CH2)6Cl 44518
OCsH4CN(0) 23214 OCsH4OEt(p) 31135 S(CH2)eCN 43418
OCsHJACN(p) 41414 OCe¢H4But(p) 45015 S(CH2)sSAc 45018
OCsHCl(p) 35518 SCsH4OMe(p) —356414 N3 339e19
OCsH4Et(p) 31815 SCsH4NO2(p) 69217 OCOC¢H11 27540
Compounds 2°
H —829 OCsH4OMe(p) 351¢15 SCH:CsHiNHz(p) 1132¢14
F 2921 OCgH4OEt(p) 321¢18 SCHzCsHsNHAc(p)  1163¢14
OH 5422 OCsH4Cl(p) 370¢15 SCH:CsH4CN(p) 116014
OMe 15322 OCsH4CN(0) 142c14 SCH>CsH1CHo- 96414
OCsH4NO2(0) 300¢15 OCsH4CN(p) 410¢14 NHa(p)
OCgH4NO(m) 394015 OCsH4NHa(p) 350¢14 SCH:CsH4Ph(p) 1205¢14
OCsH4NO:2(p) 43716 OCsH4CH2NHz(0) 21514 S(CHz2)2Ph 102614
OCeHsMe(m) 313e15 OCgH1sCH2NHz(p) 31134 S(CHz)sMe 556¢18
0OCsHiMe(p) 332¢15 SCeHaOMe(p) 767¢14 S(CHz)sOH 44418
OCsH.Br(m) 34615 SCsHiNHAC(p) 5334 §(CH2)eNH: 34818
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TABLE 1 (continued)
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X [Mlp X M]p X [M]p
OCeH4Br(p) 38315 SCeH4NOs2(p) 1008¢c14 S(CHz2)sCl 55718
OCsH4Et(p) 302015 SCeH«:NH2(p) 76614 S(CH32)éCN 55218
OCsHsBu'(p) 345018 SCHzCeH4NO2(p) 530¢. /14

Compounds 3¢

H —549 OAc 26524 SCe¢H4sNHACc(p) 62625
Br 68123 OCe¢H4NO:(p) 54425

N3 44219 SCsH4NO2(p) 78825

Compounds 4°

H —199 OCeHsNO2(p) 564025 SCeH4NO2(p) 1049¢25
OMe 20426 OCsHiNH2(p) 409¢25

Compounds 5°

H —1939 Br 47428 OMe 8630
F —15%7 Ns 15518 OCOPh 20031
Cl 26528 OAc 8028 OCH;Ph 19528
Compounds 6°

H —1329 OH 833

OMe 97832 OCH,Ph 18429

Compounds 7%

F — 51527 Br 7734 OMe —41234
Cl —18834 1 31734 OCOPh —1303%4
Compounds 8%9

H —128535 Cl —67336 I 16038
F —110427 Br —35038 OMe —87236
Compounds 99

H —13235 Cl 39287 OAc 20939
OMe 18135 Br 56638

aIn chloroform. *In water. cIn methanol. 9This value seems to be erroneous in sign. ¢In 1,4-dioxane;
the ZRp value (5.69) for X = Nj is calculated for conformer 10b for the resonance form C-N=N*=N-
with Rp (N = N) = 4.12 (ref. 20). /This value seems to be erroneous, because it has only half the
expected magnitude (cf. the corresponding NHs, CN, NHAc, and Ph compounds). #Obtained from

the o-L enantiomers.
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TABLE I

PERCENTAGE OF 4C'1 CONFORMER IN 5 AND 6

X 4C1 (%) Reference
5 OAc 71s; 100% 3.4

OMe 83a; 100% 3.4

OBz 728 3

SAc 644 3

Br 96% 3

Cl 912 3

Ns 520 5
6 OH 75¢;  50¢° 4.6

OMe 90¢ 4

4In CD3COCDs. ?In CDCls. ¢In D:20.

TABLE III

CORRELATIONS OF MOLECULAR ROTATIONS WITH BOND REFRACTIONS? IN COMPOUNDS 1-9 BY USE OF
EQUATION /

Compound nY re Slope (m) Intercept (1} Average
deviation® (%)

1 34 0.944 557 25.0 13

2 35 0.954¢ 93.3 —212 32 (15)7
3 6 0.985 56.7 106 5

4 4 0.998 94.7 —109 4

5 8 0.951 56.0 —80.4 22¢

6 3 0.998 101 —227 4%

7 6 0.954 60.5 —3535 42 (20)¢
8 5 0.996 93.7 —1225 6

9 4 0.998 59.3 8.0 4

“For method of calculating 2R, see ref. 2; conformer 10a was used for X == SCHzArand S(CHz):Ar;
conformer 10b was used for X = OH, OMe, SR, OAr, SAr, and N;. *Number of points used in the
correlations. The point for X = H is not used (see text). <Correlation coefficient. Average deviation
of observed molecular rotations from the corresponding values calculated from the correlation lines.
#X = SCH2CsHsNO2(p) is not used (see footnote f of Table I). Excluding X = OCsH4CN(o), OH,
and F {the latter two give comparatively large %, deviations because of their comparatively small
molecular rotations). *Excluding X = F, which has a comparatively small molecular rotation.
#Excluding X = OH, which has a comparatively small molecular rotation. ‘Excluding X = OBz.

greater for 1-4 and 7-9 because of the presence of an additional substituent at C-5.
However, when the Y R, values calculated for conformation 10b (10c¢ gives identical
Y Ry values, but the contribution of this conformation is negligible because of steric
hindrance’) are used for the former substituents, satisfactory plots are obtained
(Table IIT). These results suggest that these substituents favour the conformation
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TABLE IV

A COMPARISON OF THE INTERCEPTS (I) OF EQUATION / AND THE MOLECULAR ROTATIONS ([M]p) OF THE
1,5-ANHYDRO-D-ALDITOLS

Compound I - [Mlb Ref.
1,5-Anhydro-p-mannitol tetra-acetate (1, X = H) 164 This work
1,5-Anhydro-p-talitol tetra-acetate (3, X = H) 160 This work
1,5-Anhydro-p-lyxitol triacetate (5, X = H) 113 This work
1,5-Anhydro-p-rhamnitol triacetate (9, X = H) 140 This work
1,5-Anhydro-p-mannitol (2, X = H) —130 This work
1,5-Anhydro-p-talitol (4, X = H) —90 This work
1,5-Anhydro-p-lyxito! (6, X = H) —95 This work
1,5-Anhydro-p-glucitol tetra-acetate 121e 2
1,5-Anhydro-p-galactitol tetra-acetate 106 2
1,5-Anhydroxylitol triacetate 68¢ 2
1,5-Anhydro-p-glucitol 194 2
1,5-Anhydro-D-galactitol 61¢ 2
1,5-Anhydroxylitol 41¢ 2

o[M]p = 130 (CHCls); ref. 41. ¥[M]p = 160 (CHCl3); ref. 9. {M]p = 0 (meso compound). 4{M]p =
70 (H:20); ref. 42. {M]p = 126 (H20); ref. 9.

10b rather than 10a. This finding is surprising, because 10a would be expected to be
favoured as a result of the exo-anomeric effect. In the corresponding C-2 epimers
(a-D-glucopyranose, «-D-galactopyranose, and «-D-xylopyranose derivatives), 10a
is favored over 10b because of the exo-anomeric effect and steric factors’, and our
previous results? are in agreement with this fact. Another puzzling observation is the
different behaviour of S(CH,),Ar (» = 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 n.

The average value of m in the above equation is 57 42 for the acetate series
, 3, 5, 9), 77 +16 for the benzoate series (7, 8), and 96 +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®. The average m value for the acetate series is
identical to that? (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?, Y Rp = 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 [M]p 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 = NHCZH,NO,(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 *C, conformation.
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