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2 o Empirical force-field W& FAA 32 wyezg FAaA7zsE ®3la  D-Sorbitol,
CH,OH (CHOH); CH;OH of] F&3te] vl g F33ivh, C-CAF Zol& AR 4420 0. 0094
WA C-O A% Zol: 0.0238 Wl A AT & A4E d9ch CC-C4 CGC-0 2F =
T 77 2.3°9F 1.9° o[ulel A €A el 22} crystal packing force 2] g 8- ol ¥ §l & torsion
angle-& A48 o7t 1dwk C(1)-C(2)-C(3)-C(4) torsion angle & A Aoz WA 7HA
steric oV A& QF%¢ A5 39 AA AiAL ¢=+90° FZ0A et HAYP] AF AR
F29e 3E ASE A9k, =z C-0, O-H, O-lone-pair dipole & 7+ A4 32A4& FA8
¢=—60° FZNA HA AL fepfo] AR Fzo QA et Empirical force-field w3
dipole A 5.3&ol #3 AYXNGFZE AQE o $& A#4E A F A& A2z dF 3k

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-O 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. Caleulations 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 w4 o] ]# D-Sorbito] 8] =2} oA =3 dF 105
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29 Tz A= AAFR) QA F
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o, g Fo)7] 93t C-CAF F9 =2 120°
3] A 8ted Bl A4S non-linear, bent confor-
mation & ZA =}, $19 o] &2 DL-arabini-
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EMPIRICAL FORCE-FIELD H|4t

ZE empirical force-field A 2+ Allinger 9
MMI program®& AF-&3%}ed IBM 3032 computer
Z F33k9del, olv ] parameter® S-S program
ol EelgE AL 2dlg AgEHE ot A
9 =HPAARE pseudo-atom®2 E FH FIF =,
3% O-lone-pair Zo] & 0.5A ¢ &, 3% lone
-pair-O-~lone-pair 2 F2& 140°2 A3l 3%
5 3o

Empirical force-field v & 2433530 A

Lol = polar bond  dipole 71&] electros-
tatic 43 Fgo] FH oA wEel HAsHA

g}, o7l e C-0, O-H, O-lone-pair bond
moment 75-& Allinger 72 H3g ¥, F3

dielectric constant = 1.0°0.= ®3}g o},

dat 8 nF

1. S4% 5| 72 Empirical force-field
220} b)id, D-sorbitol 8] @4 ATz X-rayeh
Z47 3R 98 o 2 Park, Jeffrey 9 Hamilton®
o] @Fatgiet. 247 A Wy FaUA
QA5 w2y AFE) P F7| HER vl
Q Foll Jgsict, AL o S53hq ] 2 bent &
ZAF2 conformation o] C(1)nte] == e A
1.06A Bl v} gz el gi YAEL 20.00
Aol d e BA sld ¥ 2o 02
S OB AFE of HdolH ZA Hejrpx]
gekvh(Fig. 1. ¥xe AgZelst AP
torsion angle & Table 1] A 319irl,

Empirical force-field A 4+-& FA =} & Aol A3
dLe YAREES ¥ HIR A3 7Y
B9 o}, Steric ol 2] = 3 Fo 4 A shift7} 0. 003
Kcal/mole o]} @ =liz}=} & 43} stgic) HE
steric o ¥ 2] = 18. 39Kcal/mole ©] &l v} (Table 2),

Table 1A $71x 9oz AL Ao,
A7, torsion angle & vlmd A}, C-CAH
Aele ARG AYAS} 0.0004 o HAA B



106 Hx F
o e 0()-C3-CH)  110.4 1091  -1.3
C3)-CH4H)-0W) 109.2 109.5 +0.3
O0@)-C4)-C(5) 110.0 11.1 +1.1
C{4)-C(5)-0(5) 110.6 107.7 -2.9
0(5)-C(B)-C(6) 110.9 108. 4 -2.5
C(5)-C(6)-0(6) 111.7 109.6 —2.1
Amean —1.4
S Ar.nm.s. 1.9
Hio3) Qi = . Torsion angle (°)
Fig. 1. Molecular conformation of D-Sorbitol. Kev to obs. cale. calc. —obs.
the atomic numbering and thermal ellipsoids from COCECHCHE —51.1 —359.1 —8.0
neutron data. CCECAC(E) —178.3 —172.2 +6.1
CERCHCHEICH) -179.9 —173.8 +6.1
Table 1. Comparison of empirical force-field and Amean +1.4
neutron crystal structures of D-sorbitol. Ar.m.s. 6.8
Bond lengths, A C)C@CR)0E) —174.2 —178.8 —4.6
CEAOCERCAOH) -—55.8 —48.3 +7.5
obs. cak.  cak. ~obs. CICE@CI0Q) —173.7 —178.3 -4.6
C)-C(2) 1.519 1.530  -+0.011 CBCM@CEIOBG) —57.1  —65.4 -8.3
C(2-C® 1.528 1.531 +0.003 CACEHC@0(2) -172.6 —-179.7 —-7.1
CA-CW 1.521 1.533  +0.012 C)C(E)CBYOE) —173.6 —179.9 -6.3
C4)-C(5) 1.534 1.531  —0.003 CEICHWCHROB —56.2  —50.9 +5.3
C(5)-C(6) 1.521 1530 +0.009 CEICHB)ICHIOME)  +57.8  +50.8 —7.0
Amean 0. 006 Amean +3.1
Aur.m. s, 0. 009 FAX 25+ NN 6.5
C1)-0(Q1) 1.412 1. 406 —0.006 QMCC(HO(2) —552 —58.2 —3.0
C(2)}-0(2) 1.441 1.403  —0.038 O@C(2C(HOB) +64.3 +57.6 —8.7
C(3)-0(3) 1.428 1.402  —0.026 0BICEICEAOMW) +66.3 +73.0 +6.7
C(4)-0(4) 1.423 1. 398 —0.9023 O0)C)CB)OB) —179.2 —171.6 +7.6
C(5)-0(5) 1.419 1.401  —0.018 0B)CGBICEIOG) +63.6  +59.7 —3.9
C(6)-C(6) 1.410 1.406  —0.004 /Amean +0.1
Jsmean —0.020 Ar.m.s. 5.9
A\T. I, S, 0. 023
Bond angles(®) gl £e QXL By F9 ot C-0 7&-@, 2 o]
= = T = & AT, <
obs. cale. calc-obs, ¥ force-field ziel AAE F& & ey o
C)-C(2)-C(3) 115.8 115.8 0 o, 8Ag7E 0.0234 ool QA= )
C@)-C(3)-C@  113.7 115.3  +1.6 %, =% C-C-C, C-C-0 BA{AEL A}
C(3)-C{H)-C(5) 112.9 112.3 —0.4 A&BA Y r.m.s. deviation?] 2.3°, 1.9°Z ulm
L(@)-C(B)-C{6) 110.3 114.7 +4.4 A A gkw o)tk 2]} torsion angle 9 r.m.s.
Lmean 1.4 deviation & C-C-C-C 7} 6.8, C-C-C-O 7} 6.5°,
35;1;(-1)-(3(2) 111. 0 109.5 —:122 0-C-C-07} 5.9°2 ¥jmA Ae]7t gol vtz 8l
C(1)-C(2)-0(2) 110. 1 108.8 -1.3 c]‘- Torsion angle o crystal packing force 2}
0@-C-CE  109.7 106.7  —3.0 hydrogen bonding ol 7} 4 & whol ¥7] o
C(2)-C(3)-0(3) 108. 4 107.7 0.7 Fo] gt A z}z)c}izse
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Table 2. The total steric energy of D-sorbitol
Compressicn 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,=71. 94k, (r—r)*(1—c,(r=~r,))
ks stretching constant.
¢, cubic stretching constant.
Bending energy:
E;=0.021914%, (6—6,)% (1—0.006(0—0,))
£;: bending constant.
Stretch-bend energy:
E.,=2. 51124k;5 (ﬁ—*&,)ak((fgg“fonb) +(roc— aér))
&, stretch-bend constant for angle type a-b-c.
van der Waals energy:
E,s.=¢*(8. 28X 10° 71337~ 25 #5)
p= (o 1) /1. €x= e,
€: hardness of the atom.
Torsional energy:
E,=v/2(1-cosw) ~v2/2(1 —cos2m) +v3/2(1-- cos3w)
@: torsion angle. w1, vy, vs: Hrst, second and third
order torsional constants.
Torsion-bend energy:
Eu=kp(Ab1-AF) (1+cos3w) if ve=0
ki (AGL+ A0 (E—c0s2 @) if 0.
k0 torsion-bend constant.
Dipole interaction energy:
E,4p=14. 39018 (uaup) (cos x—3cosa, cosag)
1/R3DE
gt bond moments. z: the angle between the
dipoles. R: distance between midpoints of the
boads. a: angles between the dipole axes and
the lines along which R is measured. DE:
dielectric constant==1. 00.

Aoz le] Frpx AgAe ALAE
As F& AAE B Fouch

2. Empirical force-field o2 P& Bt
At&2] Conformation. C(1)-C(2)-C(3)-C@)
torsion angle ¢ & 30°% WP A 71=l A A A steric
A A E AR 4 B4 sk F
2E 2474 Fdeggld @ A parameter
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52 A planar zigzag BtA=2A+& conformation
2 = ol ARel 3wl B2 olEQg C-C
g C-0 F¢Rele 22 1.5258 51 1.4224

ex Az C-C-C8 C-CO AI¢Ae
Ztzb 113.1°9) 109.7°2 Asgch, 28 og
CH-C2)-CR)-CH) torsion angle & A3
o2 HAAI A el A] £34¢] 718} pavameter
E& 7 torsion angle wprt ¥4 A 7] A steric
i F H a3 s

AzE Table 39 298tgie}, Fig. 2 A &
D-sorbitol =¥ &21e] & RS <877
7] JREez el gt Steric 1A
o) C(1)-C(2)-C(3)-C{4) torsion angle ¢ E 1}
ehielch, 2¥o A dipole A3 &2 A9 A
e

Aol et A2 deformation <) 4 2. ¢
Wr] 4 2L torsion angle el whel =A &
ol & vehn] @gked, m¥ FHH LR ¥
35 o,

Fig. 29§ 4] ¥ eisb 2ro| D-sorbitol 9] steric
=18 7} & Al A 88 van der Waals 4
FZget &g clvalolet, ¢=120¢F —120°¢]
A evrl Heghe 2ed oS ¢=12°
conformer ofl 41 = C(1) 3} O@3), CW)s O(2) 7
o] Azago] aA #HLEr, ¢=—1204 &
O@)sr O 7e] A3 Agor A 1 5 9
o}, Torsional oWz 4Rz 44 $=120°
& —120°1 4 Fl kg e ol AL $=120°
o e C{D-C(2)-C(3)-0(3)% C4)-C(3)-C
(2)-0(2) 7} eclipsed conformation & 2tomni,
p=—120° 142 0(2)-C(2)-C(3)-0(3) 7} ecli-
Z7| W folel PPl

Electrostatic ¢j]t{=] 4 ¥ dipole-dipole 4
378 ew TAEY o0, torsion angle ¢ 2] A
HA evcled A o= 7t 7. 7Kcal/mole o] Ao
2 =z Hastdsk, AlAg dipole 43 AL o

psed conformation &

W=7 AA) steric VA 3s & & 3}
7] ® Feo] MMI program £ 25 FH4& o] F
2% A% 377k A E2bF S ©l pro-
gram o) A= O-H Y} O-lone-pair & =33t di-

pole 43ALE AA oAl 2 719% Hg
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dipole A5 A& (25 24070) #E] <Al o
% ogEE FAH

Mg A wrg HAsA weks] gl C)-0
% Cn+2)—0 #584E A g 28
3 F-& electrostatic AV A&l = ET3
3 ez dipole 4 Z2E-Gol 4o & A3
7] W Eel 253 49 T o ek A=
2 C@2-09 CW-07 dipole 45%48&&

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 -0 -60 —30°
Compression 1,60 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 3.8 3879 362 361 4.54
Stretch-bend* 0.42 0.42 (.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 -1.65 —1.89 —1.80 -1.88 —1.84 -1.63 —2.05 -2.30
Torsional 1.32 0,80 116 1.93 1.42 0.68 1.02 2. 65 1.58 0.71 i. 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 13.5¢ 19.05 15.77 1530 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 intervaction energy.
Table 4, Dipole interaction energy between C{2)~O . .
. and C(4)-O of D-sorbito} "~ / N
21 . {
. distance between N / \ / }
Torsion angle dipoles energy e AN i y .
30° 3.1254 0. 025K cal/mole 10 N N
60 2.818 0. 058 1 o
90 2.595 0.132 . .
120- 2.576 0. 240 3 S \,\ .
150 2.642 0.271 T -— \
180 2.609 0.423 ERE R
—150 2. 758 0.337 g
—-120 3.151 6. 015 J.
~9%0 3213 0.117 ’ \/\ T
—60 3.252 0. 047 5
—30 3.341 0. 038 S
pol 2.3 4.5 &M
) H O H BHOH
t} Boand mowent g #t°l C-0 ¥ 0.73D, O-H ) — AN
r —1.25, O-lone-pair & 0.60°)Rc}h, :=f 4o TN y
D-sorbitol ¥72 25 3409 28344 2000
9] polar bond 7} oAl AHFE EL 8 &9 v RO
CrLIo0(13-0(3)-0(4) torsion angle ()

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

I: TI+III+1IV, II: van der Waals interaction, III:
compression+bending+stretch-bend, IV: torsional+
torsion-bend.

Table 4] EAS 2l HYL C@)-0/CM-
0 A%e HES Astun 8 Age & +

Journal of the Korean Chemical Society



Empirical Force-Field ubioll 2| & D-Sorbitol o] Fz¢} ofiufle] g dF 109

7t et ¢=—60°1A4 C(2)-0% C4)-0O 3
7o) Areds] wo] HelFer, AFFEE BT
A AL ez vepgtont oA Fe|st 2A
@by 23 49 & F ZIh

o] 7] of| A] ©}E empirical force-field yhH o2
BeslEe) BAt2E A7 ABNE nH,
electrostatic o V=& 2HEA 2 van der
Waals 39 non-bonded A3 Z&9kg 3.2 3o
A3 2 Y= & ZE conformer & o F3H4
2, electrostatic A & g E vlzd R
e Bol AA ddviAd] ¥ 4 G <
T AAE ek, £ dFA T dipole A E -7
£ AYF din 4EoE AL oA TEE
o &3] BmA Fhet,

Fig.25& oA 43 8] D-sorbitol & T 3
AY 4 oddAE ke gEel vk A %
& YA E ¢=—600A e, FHAE
0.5Kcal/mole F = %A ¢=+180°c1 A, Al
E 4=+ A vebdel, 7 e JEES
ZAAE 4 wolr C(-0/CW-0 Hz3E
o] Fzio] Yehte 5L glovt 2@AE F
'T""-ﬂu- AAFA elvyx] zHNA AATZAA

2 A3 LA g=—60°1A 71F R

"1?{]-* 723z JEE & F AU ¢=+180°
% +90°e) A steric YAt HE2 #E Fe A
& o] conformer £¢] oy AEE TFEo]
e dUAE e 435 F8o de
7b ob 7] wFol,

o]l nAF wh ¥ E alditol & EATZ
£ 453+ 3d C)-0/C(r+2)-0 423
g0 7t ZA FEE VAR AN E BT
32 empirical force-field ¥4 & D-sorbitol X3¢
Aol Hga & A 99 F3Agl A3
o 7] ‘EJ"’] A4z AR F& AL 2

conformer

= BaqzE gy C@-0/CAH-0 BEFE
& Folz ¢=—60° IS & F AYTh o] 4
F32 bent ®AA+%E conformation 2 Z#E ©HE

alditol B} F 2o & empirical force-field w3
2 e AL g F AT st 53
#3 C)-0/C{n+2)-0 AETAL v F&
2 gAY dipole 4E 2 gl A Bt HEE
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parameter 3 2382 1 & ¢]|x] parameter
e F 6 448 ZESTHE AL o
F& ANE 9F oz HAg),

o] AT FFHTAD dFAYdeE o F
ozl Aeold, olefl wjdtd ZALE =3lr)
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