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2 ©oF Empirical force-field W& 47 314 wyes FxTFzrst @3z D-Sorbitol,
CH,OH (CHOH), CH,OH o] A g-3hef vl o Fshgdeh, C-C A% Aol Aszizt A 7kel 0.009A
Wl A C-0 Ag Aol 0.0234 WA dAstE £ A4S g3tk C-C-Ce C-C-0 2F
T bzt 2.3°9F 1.9° o]l A A8y 21} crystal packing force 8] & &5 o] Hkx Sl& torsion
angle & A& Aozt 19tk C(1)-C(2)-CB)-C) torsion angle & FAH oz wH3pA7A
sieric AL ATFE A3 B DA AAT g=+o0° ¥2eA et A4 AT A7
Fz9= & AAE g9, zely C-0, O-H, O-lone-pair dipole & 79 A432-4& 74304
¢=—60° 2N A HAJUAE vepe] AAF=z9 AA g}, Empirical force-field 2}
dipole B34 8o #AG ARG S A4dstd o L& Z3E d& F IS5 Aoz o F 3

ABSTRACT. Empirical force-field method has been applied to D-sorbitol, the crystal structure of
which has been studied by the single crystal X-ray and neutron diffraction analyses. The calculated
C-C bond lengths agree with those observed within 0. 009A. The C-O bond lengths show a larger
deviation of 0.023A. The calculated C-C-C and C-C-Q valence angles agree with those observed
within 2.3° and 1.9° respectively. Because torsion angles are influenced by packing forces, they
show considerably larger r.m.s. deviations. Calculations of the conformational energies of the model
compound at selected C(1)-C(2)-C(3)-C(4) torsion angles made with the program MMI, produced
result that the prediction of the observed preferred conformation of the carbon chain appeares to be

less satisfactory.
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Empirical Force-Field u}9{¢] 23 D-Sorbitol 2] 729 oA o] gk 105

E-3] 1, 6-anhydropyranoses®, pyranoses, 10~13
furanoses'® 159} methylpyranosides®® £-2] =h3}
Y Tz dTAAE A T2 dAGE F
L AAE dx A

2 a7l o W& sugar aleohol §]
alditols, CH,OH(CHOH), CH,OH, #3E =
24 ¢] D-sorbitol F-zef #-&3te] AA A
oA & EATzet vlm A zAl g

Alditol H-A}+x2] 5.0 Jeffrey ¢} Kim'62]
o el Al gh3 A =ke} o] acyclic Bh4 AMEE]
extended, planar zigzag conformation o] = ¢j
4] 7ke] alternate &k UAAbell Eoisle A 37
7b viere] FPIA i =HA Hel Cln) —O0st
Cr+2)—0 %9} 452gox B4AFA =
o, oA g Folv] fste C-CAY 4= 120°
3| A ste] &4 A}<&-& non-linear, bent confor-
mation & 24 H}, 919 & &-& DL-arabini-
tol?, D-mannitol, 181° galactitol?®® %2] extended
conformation & Z+:= alditol # ribitol, 2! xyli-
tol22, D-sorbitol®, D-iditol?, allitol?s} meso-
L-glycero-L-gulo-heptitol® %-9] bent gt At&
conformation & Z+:= alditol & AA T 22 HE
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D-sorbitol ¥-x}2] 7 $-o Al = extended Eb4
A}< conformationd HE C@)-0% CH4H-O
A Fgsl dad Mdde A Bege
q C@)-CE3 AF FH= 120° JAst I3
3 bent-chain conformer 7} g}, C(2)elA C
6) /1A B AbEo] e Fuldd FolA o
Z C)L FdolA wlold F25 A Hr

o] o ol A= empirical force-field Wi & A
23te] steric AL FHAA o] L A4
gezd Axdd gk C@)-CR) 2% F4
2 FRA oz 3AAAA 47 d# e D-sorbitol
238 FAo] empirical force-field Al A& A &4
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EMPIRICAL FORCE-FIELD A&t

2 E empirical force-field Al 22 Allinger 9
MMI program®-& A}-23ted IBM 3032 computer
2 Fg8lgrh, oA parameter’’ & program
o EolglE AL adE AR At
9 nHAREE pseudo-atom®P o 2 FH FIH =,
3% O-lone-pair Z o] & 0. 5A o2, 518 lone
—pair-O-lone-pair 4 g7 140°2 Adle] X%
5 A3

Empirical force-field vt & FA 3 EE] A

$-8uo] = polar bond  dipole 7+e] electros-
tatic 43220 g o)A = Eel HFSHA

g}l ol 7)o & C-0, O-H, O-lone-pair bond
moment 7+-% Allinger & 9atg =¥, ®&

dielectric constant &= 1.02.2 =3}¢ o} 2,

Hot U nF

1. =MA 3] £%x2} Empirical force-field
%9} B|m, D-sorbitol &} &A A F2E X-rays}
Z23= 34 9 o 2 Park, Jeffrey 2} Hamilton®
o) aTgt T4 DY P FEUAY
A28 vz AR Foel T AE Hw
Qo] Hgetet, EAE oS3 o & bent B
42}4% conformation ©1®  C(1)7te] FH el A
1.06A Blol i}t 9z el g AAEL2 20.01
Aol 22 Hxl Sl ¥l slerl O@)
$} 0(6) 9AEE o] FHulol A =A Blorix]
FoitH(Fig. ). HA49 AgAolst AT,
torsion angle & Table 10| EA 319

Empirical force-field A A& F4 =} 3] Aol A}
Qo AARTES Ae FLZ g3 £
Bt et Steric o 114 = F Fel 1A shift7} 0. 003
Kcal/mole oW Q wl7}=) & 43} 3ty &
steric o 1] %] &= 13. 39Kcal/mole ©] 9} o} ( Table 2).

Table 194 F7bx) Wb o2 AL Ajo],
A7, torsion angle & vw] w3ty C-C A F
7ol ARASt AFA L 0.0094 oW A -
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Fig.1. Molecular conformation of D-Sorbitol. Key to
the atomic numbering and thermal ellipsoids from
neutron data.

Table 1. Comparison of empirical force-field and
neutron crystal structures of D-sorbitol.

Bond lengths, A

obs. calc. calc. -obs.
C()-C( 1.519 1.530 +0.011
C(2)-C(3) 1.528 1.531 -+0. 003
C(3)-C4) 1.521 1.533 +0.012
C@)-C(5) 1.534 1.531 —0. 003
C(5)-C(6) 1.521 1.530  --0.009
Amean 0. 006
Ar.m.s. 0. 009
C(1)-0Q1) 1.412 1.406 —0.006
C(2)-0(2 1. 441 1.403 —0.038
C(3)-0(3) 1. 428 1.402 —0.026
C4)-01) 1. 423 1. 398 —0.025
C(»)-0() 1.419 1.401 —0.018
C(6)-0(s) 1. 410 1.406 —0.004
Amean —0.020
Ar.m. s, 0.023
Bond angles(®)
obs. cale. calc-obs.

CH-C(-C3) 115.8 115.8 0
C@-C3)-C 113.7 115.3 +1.6
C(3)-C4)-C(5) 112.7 112.3 —0.4
L£(4)-C(5)-C(6) 110.3 114.7 +4.4
Amean 1.4
Ar.m.s. 2.3
0V(1)-C)-C(2) 111.0 109.5 -1.5
C1)-C@2)-0(©) 110.1 108.8 —-1.3
0(2)-C(2)-C(3) 109.7 106.7 —3.0
C(2)-C(3)-0(3) 108.4 107.7 —0.7

0(3)-C(3)-C) 110.4 109.1 -1.3
C(3)-C()-04) 109. 2 109.5 +0.3
O4)-C4)-C(5) 110.0 111.1 +1.1
C@)-C(5)-0(5) 110.6 107.7 —2.9
0(B)-C(5)-C(6) 110.9 108.4 —2.5
C(5)-C(6)-0(6) 111.7 109.6 —-2.1
Amean —1.4
AT m.s. 1.9
Torsion angle (°)
obs. cale. calc. —obs.

COCECEBCH —51.1 —59.1 —8.0
C@CEICUWCEHB) —178.3 —172.2 +6.1
CEACWCHCH —179.9 —173.8 +6.1
Amean +1.4
/Ar.m.s. 6.8
CHC@C(30(E) —174.2 —178.8 —4.6
C@CEBCWOH) —558 —48.3 +7.5
C(3)CE@C1)0() —173.7 —178.3 —4.6
CCUWCHBOB) —57.1 —65.4 —8.3
CHCEC(2HO0@ —172.6 —179.7 -7.1
C4)CBYCE)OBL) —173.6 —179.9 —6.3
CBICHCEB)0B) —-56.2 —50.9 +5.3
C6)C(B)C(4)04) +57.8 +50.8 —7.0
Amean +3.1
Ar.m.s. 6.5
oWCHC(20(?2) —552 —58.2 —3.0
O(@)C(2)C(RB0B) +64.3 +57.6 —6.7
03CECH0HU) +66.3 +73.0 +6.7
04)C@CGBYOB) —179.2 —171.6 +7.6
0(5)C(B)CBYOB) +63.6 +59.7 —3.9
/\mean +0.1
Ar.m.s. 59

2= 22 dAE 1o For C-0 A3 Ao
£ force-field zto] PAZ > e delllo
o], #7277 0.0234 o) Wel A QA Bz 3l
t, =& C-C-C, C-C-0 ZFAEL ARAAY
F A9 r.m.s. deviation©o] 2.3°, 1.9°% ¥z
A =2tz o)tk z2# 1} torsion angle & r.m.s.
deviation & C-C-C-C 7} 6.8, C-C-C-0O 7} 6.5°,
0-C-C-07} 5.9°2 wl=xA Ho]st wo] v}z ¢}
t}, Torsion angle©] crystal packing force £F
hydrogen bonding o] 7}# o3& o] utr] wj

Fol e} A zhg Tz,
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Table 2. The total steric energy of D-sorbitol
Compression 1. 44Kcal/mole
Bending 3.56
Stretch~bend 0.38
van der Waals

1,4 energy 14.12
other —2.00
Torsional 0.38
Torsion—bend —0.03
Dipole —4.46
Total energy 13.39

Compression energy:
E,=T1.94k, (r—r,)t(1—c,(r—r,))
k,: stretching constant.
¢;: cubic stretching constant.
Bending energy:
E,=0.021914k;, (6—8,)% (1—0.006(0—6,))
ky: bending constant.
Stretch-bend energy:
Eu=2.51124k; (0—0,) aoe((ras—Toas) + (Toc—Tosc))
£, stretch-bend constant for angle type a-b-c.
van der Waals energy:
E . s=€*(8. 28X 108 ¢713-5877-1. 25 F)
P= (Fogul +Togu2) /7. €x= JEs€n
€: hardness of the atom.
Torsional energy:
=v1/2(1-+cosw) +vz/2(1 — cos2m) +v3/2(1+cos3w)
@: torsion angle. vy, v, v3: first, second and third
order torsional constants.
Torsion-bend energy:
E,y=k,,(AO14-A02) (1+cos3w) if v2==0
ke (NG NAG2) (1—c0s2 @) if v2%0.
k.. torsion-bend constant.
Dipole interaction energy:
E,4p=14.39418 (paup) (cos x—3cosy cos ap)

1/R3DE

u#: bond moments. z: the angle between the
dipoles. R: distance between midpoints of the
bonds. a: angles between the dipole axes and

the lines along which R is measured. DE:
dielectric constant=1. 00.

AEAR o $8 Fr1A
Ags] £ dAE B9 F3

2. Empirical force-field BfHog d2 EtA
C-C2)-CB-C4)
torsion angle ¢ 2 30°% W73 A 7] 4 A A steric
A = A ek A B sedA T

22 ZAx 3 Auy oA g8 ¥ parameter

ARG AR E

A&l Conformation.
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conformation
3 22 BAE =g C-C
C-0 Z%7ole 77 1.525A 5 1.422A4
= Azl CCC% CCO AIAEE
7+ 113.1°¢F 109.7°2 Asigch z# ohE
(1)~-C(2)~C(3)-C(4) torsion angle & 3=
2 WA A7 A el £349] 713 parameter
7+ torsion angle mpr} WA A 71w A steric
A # x5 S5,

AE Table 3¢ 2935tk Fig. 2l A=
D-sorbitol =&l FA1o] & YRS 1A
o= oz el 2g e Steric ¢ H A
g C(1)-C(2)-C(3)-C(4) torsion angle ¢ & 1}
PGl 23l A dipole 4382 A9 A
Heh

ZA g A o) 9 A 37+ deformation ol A 9= ¢
112 A B2 torsion angle kel upebd =A A
0% WERiA shgted, =¥ 2FAAez W
3FSA .

Fig. 201 A B+ v}g} 7ro] D-sorbitol 9 steric

o x18] 7} 2 7oA & van der Waals A
SAge] &gl Aol ¢=120°¢F —120°]
A A Adghg Zed ojie ¢=120°
conformer el Al = C(1) 3 O(3), CA)=F 0(2)zk
o A5 Agel ZA AE3tz, ¢=—120 1M
0@ 078 #aAgdoz Ay &5 F gl
v}, Torsional ¢y =] AR Ax G4 ¢=120°
9F —120°0 A FHelzke 2w ol AL ¢=120°
e COH-CE-CB-0@)% CUW-CB-C
@-02) 7} eclipsed conformation & Z+o.

¢p=—120° 4= 0(2)-C2)-C3)-01) 7} ecli-
psed conformatmni zt7| w Folg} A A=}

Electrostatic ol ¥} #] A %2 dipole-dipole 4
I AR o0 w2 FASY or, torsion angle ¢ 9 A
A cyele o A A7 7.7Keal/mole o] Ao
2 zA wEskg e, Al4kgE dipole 43 A% o
Y 7k AA steric iAol AEs] & %E g
7} %Oﬂ MMI program ¢ & & o=
71k A9 Erbs gyt o] pro-
gram Oﬂ A= O-Hy} O-lone-pair & #2331 di-
pole 43245 AA oA & 719E dg

4] planar zigzag Bt AAMS
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o] 44 9)
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t}. Bond moment ¢ #t°] C-O& 0.73D, O-H

= —1.25, O-lone-pair & 0.60°] Atk =g
D-sorbltol Hals m& 3479 AgEd A 2470
ol polar bond 7} Yol A AEE B u &9

dipole A3 & (25 24070) = Eell a4l o

4 5EE FAH

A 2o A Btal Hg3hA veks] sle C)-0
o} C(rn+2)—0 A5 4E st =3

3k 3o electrostatic oY A] A Bdoll = B3}
o

3 }= =] dipole A5 ALEo] 3o ®

A Wgel F¥E 49% T 7 A A=
2 C@-05 CW-02e diple 45382

Table 3. Total steric energies for optimized structures of D-sorbitol at selected values of torsion angle ¢
given in Kcal/mole
30 60 90 120 150 180 —-150 —120 —90 —60 —30°
Compression 1.50 1.54 1.45 1.57 1.45 1.39 1.33 1.62 1.48 1.51 1.41
Bending 4.34 4.52 3.66 3.68 3.60 3.53 384 3.79 3.62 3.6 4.54
Stretch-bend+ 0.42 0.42 0.38 0.42 0.29 0.37 0.41 0.41 0.38 0.41 0.48
van der Waals
1,4 energy 15.41 15.64 15.45 15.71 15.25 14.81 15.00 15.44 14.92 14.34 14.62
other —1.78 —1.82 —2.19 —-1.56 —1.89 —1.80 —1.88 —1.84 —1.63 —2.05 —2.30
Torsional 1.32 0.80 1.16 1.93 1.42 0.68 1.02 2. 65 1.58 0.71 1.12
Torsion-bend —0.19 —0.11 —0.13 —0.28 —0.07 —0.02 —0.02 —0.12 —0.03 —0.06 —0.20
Dipole —5.27 —8.19 —9.98 —9.80 —9.73 —7.12 —6.16 —2.90 —4.54 —3.17 -—2.26
Total energy 15.73 12.78 9.80 11.66 10.32 11.8 13.54 19.05 15.77 15.30 17.41
Sub total* 21.00 20.98 19.79 21.46 20.05 18.96 19.70 21.96 20.32 18.47 19.67
*Excluding dipole interaction energy.
Table 4. Dipole interaction energy between C(2)-O . .
. and C(4)-O of D-sorbitol N / .
. “ _\"\ \ / \
Torsion angle d1staé\ic pe o]léztween energy 20 \/ ,‘/ ) .
30° 3.125A 0. 025K cal/mole o N N
60 2.818 0.058 15 i
90 2.595 0.132 - ,\
120- 2.576 0. 240 £ N .
150 2.642 0.271 g’ ’ - \
180 2.609 0. 428 ERE et
—150 2.758 0.337 S
—-120 3.151 0.015 —
—90 3.213 0.117 ’ \/\ TN
—60 3.252 0. 047 5
-30 3.341 0. 058

H B HGOHOH o

H
Ho' 23456
HoHHBHCHH
-
I / .
y
/ —~. b
i - . ™
\./ \_/ ~,_"
ool ai » o 1ng 1800 210 40 £T00 &0 G0
[N SO S P A
CrLIo0(13-0(3)-0(4) torsion angle ()

Fig.2. Energy profiles for D-sorbitol as
of the rotation of C(2)-C(3) bond.

I: II+1II4+1V, 1I: van der Waals interaction,
compression +bending +stretch-bend, IV:
torsion-bend.

a function

I1I:

torsional -+

Table 4o ZA 3t 25l HFe C(2)-
O A% IA=%F #stnx 3=
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7+ A9tk ¢=—60% 4 C(2)-08 C4)-0 7t
Aol g9l el weller, 43REE va
4 Ae Aoz tehgort A Folsb 27

Gobd $3F A e FA Fege

o] 71} A} ©hE empirical force-field B o2
Bl e BArzE 47 ARME B,
electrostatic =& 8 81A
Waals 39 non-bonded A5 #2akS 8
77 Fe o Y2 & ZtE conformer & o 5313
3, electrostatic A S g = vl xF W
e 2ol AA VA AFE FA ¥
T AFE k. B qFo A = dipole 4357
< A g A *év:i’-i H oA T2
o kel B 3A et

Fig. 25 t}A) At# 8 D-sorbitol 2 Z 5
A9l 4 AdAE 2E w50l Ak A%
& AT ¢=—60"14 %EMD% FAE
0.5Kcal/mole A % =7 ¢=+180° 4], A=
= g= ool LhEhas 7 A 4RSS
A3 AH Helx C(@)-0/CW-0 454
o] Felo] Y 5 glovy, 2 E &
tz AA A oA 2™ A AAFzAA
A et A e ¢=—60°004 7

z]% %3 98E & F s o= 180

or3 van der

Z-

W ur oo £

ol
oo nf

vl rlO

iz&n?.,—ﬂ

01 conforme o] o H
L A E e Li 75]"9—01 ¢l = conformer
7} b 7] el o,

ol el A A u} u]E alditol & FATZ
d&sted Hd Cw-0/Cr+2)-0 F5%
o] 44 ZA FFE vAx Jgl=E E73
D-sorbitol =&

i rlo

empirical force-field ¥y &
Ao sgd & A A AeAed B
Y= o] Aejdox 7Hg B A E
FAT7zE 8 C@-0/CH-0 4z%
ZFol = ¢:—60° ds o F 2= o]sd;}

T-2 bent B4 Al4 conformation -2 7zt
alditol EA}F =] = empirical force-field
299 4% T 4 Uee Fasas,
H3 Cn)-0/Cn+2)-0 4334 o]
=8 3A Y dipole 45380l N3k xr A
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