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Conformational Analysis of Sulfonylureas
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Abstract— To determine the optimal conformation of sulfonylureas, the correlation between con-
formation and hypoglycemic activity of the two sulfonylureas of tolbutamide and chlorpropamide
as hypoglycemic agent was studied using an empirical potential function (ECEPP/2) and the hydra-
tion shell model in the unhydrated and hydrated states. The conformational energy was minimized
from several starting conformations with possible torsion angles in each molecule. The conformatio-
nal entropy change of each conformation was computed using a harmonic approximation. To under-
stand the hydration effect on the conformation of the molecules in aqueous solution, the contribu-
tion of water-accessible volume of each group or atom in the lowest-free-energy conformation
was calculated and compared each other. From comparison of the computed lowest-free-energy -
conformations of two sulfonylureas, it could be suggested that the hydration of sulfonylurea moiety
is related to increase the hypoglycemic activity. From the calculation results, it was known that
the conformational entropy is the major contribution to stabilize the low-free-energy conformations
of two sulfonylureas in unhydrated state. Whereas, in hydrated state, the hydration free energy
largely contributes to the total free energies of low-free-energy conformations of tolbutamide and
conformational entropy contributes to stabilize the low-free-energy conformations of chlorpropa-
mide. The torsion angles from phenyl ring to urea moiety of the low-free-energy conformations
of the two sulfonylureas were shown the nearly regular trend. On the basis of these results,
the conformation exhibiting the optimal hypoglycemic activity of sulfonylureas and the binding
direction to pancreatic receptor site A could be predicted. Also, according to the side chain lengthe-
ning of urea moiety, tolbutamide showed various conformational change. Therefore, steric effect
may be important factor in the interaction between sulfonylureas and the putative pancreatic recep-
tor.

Keywords [] Conformation, hypoglycemic agents, sulfonylureas, tolbutamide, chlorpropamide.
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Fig. 1—The chemical structure and torsion angles of
tolbutamide (a) and chlorpropamide (b).
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Table I—Torsion angles of low-free-energy conformations of unhydrated tolbutamide®®

No. Conf & & & 2 & & * * @
1 t gt gg g gtgt —161 —58 126 -1 -1 —89 64 8 177
2 t g't gtgtgte gttt —167 59 —126 1 0 90  —66 11 177
3 tg't gggggt —169 60 —124 -1 -2 -84 62 8 179
4 grg’t gtgTgg gt 14 —58 124 0 -2 88 —58 -6 —175
5 t gt g gtggTgtt —163 60 —124 -1 2 —49 56 16 171
6 gtg’t gtgtgtg gt 16 58 —127 1 0 9 —63 14 178
7 t gt ghgtgtg gt —173 58 —126 1 0 90 —66 7 178
8 grgTt g gtgt gt 8 —58 126 -3 0 —82 176 1 178
9 t gt gtgtgtggt —169 56 —125 0 1 84 —67 -1 —176
10 grgtt gtegte gt 8 59 —-127 2 -1 90  —68 17 175
11 grg't gtgtgtetgtt 8 59 —124 0 2 88 58 10 179
12 ghg't gtgtgtgTgtt 13 59 —126 1 1 88 —65 2 180
13 ghgt ghgtgteg gt 17 —62 123 0 3 89 —64 11 —180
14 t gtt gtggTgtgt —161 62 —125 0 -3 —87 65 -6 177
15 tgtgggggtt —167 —60 125 -1 -2 —88 —61 6 176
16 gtgt gtgtgtg gt 20 —58 - 124 2 3 85 —62 -1 178
17 t gt gtgTggtg’t —169 —59 126 0 -1 —90 65 1 —179
18 gtgt gtgtgtetett 7 —55 121 2 3 90 57 10 179
19 ghgt gtgtgtt gt 5 —16 123 1 2 78 —176 -1 —179
29 gtgt gTgggt gt 13 —59 126 -1 -1 -91 63 2 —178
21 grgTt gtgtgTgteTt 8 —59 125 0 0 —87 63 14 —179
22 ghg t gfg g g g't 8 —59 125 0 -2 —85 —61 5 180
23 grgTt gtgtgteTet 11 -61 123 1 2 87 —63 -1 -177
24 t gt gfgtgteggtt —168 —58 124 1 2 87 —63 0 178
25 t gt g gTggTgtt —168 —59 126 -1 -2 -91 62 12 180
26 get g gt gttt 16 —60 126 -1 -1 -93 63 1 173
27 gfgt gfg g gtgt 4 —60 125 0 -1 —89 62 12 178
28 t gt gtgtgtg gt —165 60 —127 1 0 89 —70 27 173
29 t gt g gTgtgtett —168 59 —123 -2 2 83 58 12 178
30 grg't gtgtgtgtgt 30 59 —125 0 2 87 64 -1 —174
31 t gt g g g g gt —163 59 —124 -1 -3 —87 ~59 -4 —179
32 ghg"t gtgTg gtgTt 13 —59 125 0 -1 —89 62 13 168
33 t gt ghgTgggtt —166 —62 124 0 -2 —91 —64 9 —-174

“Units are in degree. *See Fig. 1 for definition of torsion angles. ‘Each conformation is defined by conformational
letters of nine torsion angles defined in Fig. 1, ie, 0°<g*<120°, 120°<t<180° or —180°<t<—120° and —120°

<g <o0°.
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Table II—-Energetics of low-free-energy conformations of unhydrated tolbutamide*

No. Confr AG¢ 10 AE  —TA% AE,} AE, AE,/
1 t gt ggggtgtt 00 053 .00 00 .00 .00 .00
2 t gtt gtgtgtg gttt 33 .030 -.10 43 .00 -.05 —.05
3 t g't g g g gTgt .53 .022 27 26 —.02 .59 —-.30
4 gtgt gtgTgTg gt 61 .019 48 13 01 A7 .00
5 t gtt g gtg gt gt .63 .018 .70 —.08 .01 1.62 —.93
6 gtg't gtgtgtg gt .63 018 —.08 71 —.03 —-.03 —.02
7 t g't gtgtgte gt 73 .015 —.05 78 .00 —.08 .03
8 grgt gTgtgTt gtt 73 015 90 -.17 .06 1.04 —.20
9 t gt gtgtgtgTgt .74 015 .08 .66 .00 14 —.06
10 gtg't gtg gtg gt 75 015 —.16 9 —.J01 12 —.27
11 grgtt gtgtgtgtgtt 79 014 .36 A3 02 52 —.18
12 g gt gtgtgtggtt .80 .014 -.02 82 —.01 —.05 .04
13 grgt gtgtgtgT gt 84 013 15 .69 02 23 -.10
14 t gt gtgTg gt 85 .013 27 .58 —-.02 30 —-.01
15 tgtggggght .86 .012 43 43 .02 45 —.04
16° grgTt gtgtgtgTgt .86 012 .20 .66 -4 33 —.09
17 t g7t gtg g gtgtt 86 012 01 .85 -.01 -.10 12
18 grgt gtgtgtgtgtt 87 012 A7 40 02 44 01
19 gt gtgtgtt gt 87 012 121 —34 .00 1.60 -39
29 grgt g g ggtett 87 012 01 86 - 01 -13 15
21 gtgt gtgtg gtg't 90 011 .06 84 .00 43 =37
22 ghgt gtg g g gt 91 .011 46 45 .00 .66 —-.20
23 gtgt gtgTgtg gt 91 011 .20 71 —-.03 22 Ki)
24 t gt ghtgtgtgght 92 011 19 73 —.02 23 —.02
25 t g7t gTg g gtgtt 93 011 03 90 .00 14 -.11
26 gtgt grg g gtgtt 93 011 04 .89 —.02 —.24 30
27 gtgTt gtggTgtgtt 93 011 05 .88 —.02 - .29 —.22
28 t g't gtgtgte gt 94 o11 —-23 117 —.02 65 —86
29 t gt g7gtgtgtgtt 95 011 .36 .59 01 .79 — 44
30 gtgtt gigtgtgtgt .96 .010 .39 .57 .02 54 -.17
31 t gtt ggTgg gt 97 .010 .57 40 —.01 .66 —.08
32 gtgTt gtg g g gt 97 010 .04 93 .00 .03 01
33 tgt gtg g g gt 99 010 47 52 01 33 13

“Energies are in kcal/mol, and free energies and entropic contributions are calculated at 298 K. *Only the conforma-
tions with the relative total free energy to that of the conformation t g7t g"g g g*g*t(AG<1.0 kcal/mol) are
listed. “The number of each conformation is the same as that of Table L. “The total free energy of each conforma-
tion in the unhydrated states; AG=G—G*=AE—TAS, G°= —1.148 kcal/mol. ‘Normalized statistical weight. /Intra-
molecular interaction energy change; AE=E—E’; E°=E,’+E,s’ + E..’= —69.511 kcal/mol. #Conformational entropic
contribution. *Electrostatic energy change; AE.,=E,—E.’, E.’=—67.985kcal/mol. ‘Nonbonded energy change;
AE;=E,,—E.°, E»’=—5.053 kcal/mol. "Torsional energy change; AE,,=E,—E.’, E.’=3.527 kcal/mol.

oA tolbutamide®] & AFoUiA] FelfAld Chlorpropamide — B] <=3} el ol 4] 97270 2]
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Table II—Torsion angles of low-free-energy conformations of hydrated tolbutamides

No. Con! Py ¢ o Py & & & ¢ Py
1 t g't gtgggtgt —161 62 —125 0 -3 —87 65 -6 177
2 t g't gtgtgtggtt —167 59 —126 1 0 90 —66 11 177
3 tg't g gtgtgtet  —168 59 —123 -2 2 83 58 12 178
4 gtgt ghgrgtgtgt 9 —62 124 2 2 83 57 12 178
5 gfgt gtgTgg gt 8 —59 125 0 -2 —85 —61 5 180
6 tgtggggat —161  —58 126 -1 -1 -89 64 8 177
7 tg't gigtgtg et —169 56 —125 0 1 84  —67 -1 —176
8 t gt gfgtgTg gt —173 58 —126 1 0 90 —66 7 178
9 t gt ghgtgtgtett —172 —60 124 0 2 84 57 15 177

10 t gt gtgtgtg gt -168 —58 124 1 2 87 —63 0 —178
11 t gt g gtggtett —163 60 —124 -1 2 —49 56 16 171
12 t g7t gtgtgtgtgtt —165 —60 124 1 3 84 56 18 173

“~‘See footnotes of Table I

Table TV—Energetics of low-free-energy conformations of hydrated tolbutamide*’

No. Confr AG,/” o AF AGE —TAS* AAGy ‘AEY AE  AE,/
1 t g't gtgTggtgt 00 085 .00 00 00 .00 .00 00 .00
2 t g't ghgtgtg gt 63 029 37 61 98 .02 01 —.34 —.04
3 t gt g gtgtetett 70 026 09 119 110 —49 04 48 —43
4 grgt gtgtgtgtgtt 71 026 13 122 109 -—-51 —.03 .60 —.44
5 gtgt gtg g g gt 75 024 19 122 103  —47 02 35 .18
6 tgtggg gt 76 023 —.27 82 109 —.06 02 —30 01
7 t gt gtgtgtg gt .79 022 —.19 86 1.05 - .07 02 —-.16 —.05
8 t g*t gtgtgtg gt .88 019 —.32 87 119 01 03 -.39 04
9 tgtggrgtetgtt 88 019 1 137 126 —.49 02 59  —.50
10 t gt ghgtgtegght 89 019 —.08 92 100 —.03 00 —.07 —.01
11 tgt g gtggtett 93 018 44 142 98 —49 03 132 -91
12 t g7t gtgtgtgtgTt 94 017 .08 143 135 —49 .00 64 —.56

abe=hi~ISee footnotes of Table II. “The number of each conformation is the same as that of Table IIl. “The total
free energy of each conformation in the hydrated states; AG=Guu—Gu’, Gu’=—1.432 kcal/mol. 'E°= —69.241
kcal/mol. ‘Hydration free energy of each conformation; AAGu=AGus—AGus, AGy=—35.049 kcal/mol. 'E,¢

—68.008 kcal/mol. *E,,°=

(t;ﬁq &q
Fig. 2—Stereoview of the lowest-free-energy confor-

mation of tolbutamide in unhydrated (a) and
hydrated state (b).
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Table V—Torsion angles of low-free-energy conformations of unhydrated chlorpropamide®’

No. Conf’ oM o f8 [ s s [0k
1 gt ghgtgtgte —62 132 0 1 66 63 —6
2 gt gtgTgTgtg” —62 131 2 -1 —68 72 —11
3 gt gtgtgggt —-60 131 1 0 —62 —64 10
4 g't g gtg g gt 59 —131 -1 0 —63 —63 12
5 gt g g g gte 62  —129 -1 -1 —63 67 -12
6 gt g'gtgte gt 61 —132 0 1 74 —67 13
7 g't g gtgtetet 59 —133 -1 1 69 56 9
8 gtgtgtgge -61 131 2 0 —62 —61 —108

*See footnotes of Table I. *See Fig. 1 for definition of torsion angles.

Table VI—Energetics of low-free-energy conformations of unhydrated chlorpropamide®®

No. Conf: AG? oy AE —TA% AE/} AE, AE,/
1 gt gtgtagtgtg” 00 091 .00 00 00 00 .00
2 gt ggggte 7 028 - 88 159 05 —1.09 16
3 gt g gt 72 027 — 88 1.60 08 - 83 -13
4 gt g gtgg gt 73 027 - —.88 161 .08 —.76 —.20
5 gt g7g g gt 83 022 —.88 1.71 06 —.82 —.12
6 gt gtgtgtggt 86 021 — 47 1.33 08 —.59 04
7 g't g gtgtetet 89 020 10 79 01 11 —02
8 gt gtgtg g g 92 019 —-.93 1.85 07 -.75 -.25

+=iSee footnotes of Table II. ‘The number of each conformation is the same as that of Table V. ‘G°=—1.184
kcal/mol. /E°= —73.669 kcal/mol. *E.*= —73.152 kcal/mol. ‘E,;’= —3.219 kcal/mol. ‘E,,°=2.702 kcal/mol.

Table VII—Torsion angles of low-free-energy conformations of hydrated chlorpropamide®®

No. Conf’ AG? o AE —TA% AE,} AE,; AE,/
1 g't gtgtgtgt 63 —133 0 0 74 —25 —163
2 gt gtgte g —64 128 1 0 —60 —54 —14

¢~See footnotes of Table V.

Table VIII—Energetics of low-free-energy conformations of hydrated chlorpropamide®’

No. Conf’ AGHH o AF AG —TAS" AAG,/ AE/ AE, AE,/
1 gt gtgtgtet 00 .200 00 .00 00 .00 .00 .00 .00
2 gtggtg g g 63 070 —122 72 1.94 —.09 02 -122  —.02

2bd-ISae footnotes of Table IL ‘The number of each conformation is the same as that of Table VIL ‘G,’= —1.569
keal/mol. /E°= —73.503 kcal/mol. AGy’= —38.456 kcal/mol. E.°= —73.057 kcal/mol. *E,;’= —2.886 kcal/mol.
'E,’=2.441 kcal/mol.

B AEZH(—TAS7} 9 7|9& 132 U&& & AEEE 747 Table VIS VI vehigle) 53

4 Asiek. A A E Blgsabeol Mg o] wEAAE W
sl e 71909 Welse SaaH e A YicKTable VID.
AAe) 27] Y2 slof 4B A E B4R Table VIIZHE 2ap) 4528 oUA(AE)ZE

A3 Al AA Aelleiz] 7} 1keal/mol w]=k) F2 wAF AHA(AEL] 23te] s e
209 A= o2 g deded )AL 37} ch- QEZI(—TAS7} AA AFAVR(AG) HEtel
lorpropamide®] el <k s}el] FFE Fia U A 79§EE B FIEMAE e JERY
vehlls Aotk o)E9 nERAEIH 74 duxA (—TAS)7} chlorpropamide®] el <tA 3t 9
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(a) o o Table X—The water-accessible volume for atoms in
the lowest-free-energy conformation of sul-
fonylureas®

N/

/CZ—-C{\ 01\ /02 0|3
R‘I——C"\ ;4——5\ /07\ /RZ
/CS—C5\ N1 N2
H H H|1 l‘!l
Fig. 3—Stereoview of the lowest-free-energy confor- Atoms Tolbutamide Chioropropamide
. . . C1 479,031 487.348
mation of chlorpropamide in unhydrated (a)
and hydrated state (b). c2 464.778 475.372
C3 435,049 448.687
Table IX—The partial atomic charges of the lowest- 4 431.099 436.843
. Ch 431.953 434.405
free-energy conformation of sulfonylureas
. L C6 460.101 467.639
in hydrated state
S 456.035 461.607
Hl /“2 o1 358.308 364.799
02 372.772 372.081
C2—— 02 03
/ CS\ 01\ / I N1 348.128 354.464
Rt——C} 4— ¢y R2 H1 183.682 182.712
\ N\ / C7 408.446 423.430
/“*05\ Nl1 N2 03 283.750 313425
Ha A s H|B N2 356.244 367.160
H2 194.475 192.054
Atoms Tolbutamide Chloropropamide “Units in A%
C1 .0566 1020
Cc2 —.0315 —.0079 719dE stw glee 2 4 glgich
- o o Chlorpropamides] ¥l4:3tsh -5pgelel 4] b2
. : o ) 3] 3 A21™8-e Fi
o o o 3& Aol Aol HY JATHE Fig 3ol
C6 — 0365 0055 vrER 2l
H1 0212 0487 & AXHst
H2 0235 0260 FZ2E-A AF2RE] AAH tolbutamides} chlor-
o e g propamides] FaAeld b we AU
S 1'0382 '9891 Heje) 7+ dzpe] BE 4xAEE CNDO/2(0ON)
01 — 5406 —.3942 HJ“%;]?’E‘)_iC’ 74]/&8}0:] 1 @3’4—% Table IX°]] "}'E}'LH
02 ~ 4279 — 4932 drk olAE AW A3} AALEIet AT #
N1 — 5401 — 5667 Ao e walslr)e 2ashsc).
H5 1970 22153 4315 o}
o e o %ol FEEA AT 3l sl T Jo
. ’ 31 23 Aof| =1 638FL Als
N2 — 3326 — 3813 Mk fdglort bt B3 T %S i)
H6 1297 1649 8 At P B AfeduRlE A=
“Charges in electron charge units. e o] 7 AxgS Eo| Tl ¢ ole ¥

Vol. 36, No. 6, 1992



526 7371 % - 0143 - AeH

A& A4rsled Table Xol] YehN e} Table X24-€] o Ao Frbrt ¥ Aetaze] Fviet @A
43 Ao #2% sulfonylurea H-EuHe Al R ol & 7;3."_ v}elytc}. Sulfonylurea f-=4 52
% chlorpropamide”} tolbutamide 2.t} 2F 7043 A% T4 H9) Aclle] Ao glolA] urea F-¥-¢ X

o 2 3e AL ek ol ¥ BEA} o 308°
Az RuE sAe APIPEEE chlorpropamide
ok 2l AES BXAT o 2YE Aol

mebd go] Soid = Qe ¥919) 37% & A4
2717} 8o Z7lo) 01_‘: A AR Ao A
7 £ Ui

TEXN Zgle] =3

T3t ol) A tolbutamide$} chlorpropamide?] z}
7+ 12709} 270 9] W2 Afoll A PSS B o
Y225 urea 271X Jele B5F A3
vehtar gl ol #id ] %€ sulfonylurea

F-Eo 2 22 JeFR7F 49 "Lil"ﬂ a3
7‘74‘9 & AlA}sle Zolv) =3 urea F-¥-oll n-butyl
group®) X#% tolbutamide 7J-$-<] 4] butyl group2
e syl opoksbA el gl ool #lE u-
propyl groupe] 218+¥) chlorpropamide?] Z$-& 2
Heli7b A9l dA3A Jehdx g} ol9 2L ¥
e2] Wtz Re AR $44 £9] Aol 3t sulfony-
lurea f=AE2] A3 7154L sulfonylurea?) urea
Tl A" A Zols} Z2o)A tolbutamide
9 7E o5 oty ule FA) 84 9
Aol gt Age) JAFANE F7] wEo chlorpro-
pamided] wl&) dF ZHsEAFAr} dopAle o
A 7Z+Ec},

4 B

Sulfonylurea =4 ¥w7}slA|al tolbutamide 2}
chlorpropamideel] W3 F+22A 7z}, v|aale e
314t 2ol 4] tolbutamide$} chlorpropamide+
#Hd 2] 25 sulfonylurea ¥-E7}x] Ao UAz
He & X80 oleid Felfx7L EA4E L3}
=Y F48% 2995 4 4 gt Tolbutamides}
chlorpropamide= W34 elol 4] 2F e JEZ
A7t 3 AfelUA] He g g e 51 75
3k glen, 3pAtelo) A tolbutamide: 3} A
94217}, chlorpropamidet e} AEZI7} e
Aol FelEel A3t F2 7]o3le, Fol

4% 4 gl #5318 BAA sulfonylurea 3

)54 % AL P FHEAE BHYo
deldl oh3 F8T FHE VAL Yt AL & 5

Uit
8

=

1) Glew, R. H. and Peters, S. P.: Clinical Studies in
Medical Biochemistry, Oxford University Press,
Inc, New York, pp. 102-117 (1987).

2) Smithfield, W. R. and Purcell, W. P.: Application
of regression analysis to hypoglycemic activities
of 12 piperidinesulfamylsemicarbazides and acti-
vity predictions for 12 analogs. J. Pharm. Sci., 56
(5), 577 (1967).

3) Seydel, A. J., Ahrens, H. and Losert, W.: Applica-
tion of regression analysis to the hypoglycemic ac-
tivities of a series of substituted benzenesulfona-

18(3), 234 (1975).

4) Kang, Y. K.: Molecular modeling and drug design.
Korean Biochem. News, 10(1), 17 (1990).

5) Foye, W. O., Ed.: Principles of Medicinal Chemistry,
Lea & Febiger, Philadelphia, pp. 543-548 (1974).

6) Gilman, A. G, Goodman, L. S, Rall, T. W. and

Murad, F.: The Pharmaceutical Basis of Therapeu-

tics, Macmillan Publishing Company, New York pp.

1504-1507 (1985).

Anjaneyuly, R., Anjaneyulu, K., Couturier, E. and

midopyrimidines. /. Med. Chem.,

7
Malaisse, W. J.: Opposite effects of hypoglycemic
and hyperglycemic sulfonamide upon ionophore-
mediated calcium transport. Biochem. Pharmac., 29,
1879 (1980).

Sturgess, N. C., Ashford, M. L. J., Cook, D. L. and
Hales, C. L.: The sulfonylurea receptor may be

8)

an ATP-sensitive potassium channel. Lancet 31,

474 (1985).

Nelson, T. Y., Gaines, K. L., Rajan, A. S, Berg,

M. and Boyd, A. E.: Increased cytosolic calcium.

J. Biol. Chem., 262(6), 2608 (1987).

10) Schmid-Antomarchi, H., De Wielle, J. R., Fosset,
M. and Lazdunski, M.: The receptor for antidiabe-
tic sulfonylureas controls the activity of the ATP-

9

J. Pharm. Soc; Korea



EXd o FEAES HAHEN

527

11)

12)

13)

14)

15)

16)

17

18)

19)

Vol.

modulated K* channel in insulin-Secreting cells.
J. Biol. Chem., 262(33), 115840 (1987).

Fosset, M., De Wielle, J. R., Green, R. D., Schmid-
Antomarchi, H. and Lazdunski, M.: Antidiabetic
sulfonylureas control action potential properties in
heart cells via high affinity receptors that are lin-
ked to ATP-dependent K* channels. J. Biol. Chem.,
263(17), 7933 (1988).

Pace, C. S.: Influence of a tumor-promoting phor-
bol ester on tflé electrical response of B-cells to
glucose and glyburide. Molecular Pharmacol., 26,
267 (1984).

Henquin, J. C., Garrino, M. G. and Nenquin, M.:
Stimulation of insulin release by benzoic acid deri-
vatives related to the non-sulphonylurea moiety
of glibenclamide structural requirements and cel-
lular mechanisms. Eur. J. Pharmacol, 141, 243
(1987).

Brasseur, R. and Deleers, M.: Theoretical study
on conformation-related activity of hypoglycemic
sulfonylureas. Pharm. Res. Commun., 15(10), 901
(1983).

Deleers, M., Grognet, P, Mahy, M., Brasseur, R.
and Malaisse, W. J.: Synergistic effect of hypogly-
cemic sulfonylureas and negative phospholipids on
calcium transport: lonic acid conformational aspe-
cts. Res. Commun. Chem. Pathol. Pharmacol., 41(3),
407 (1983).

Deleers, M., Brasseur, R. and Malaisse, W. ].:
Stoichiometry of calcium binding by hypoglycemic
sulfonylureas. Res. Commun. Chem. Pathol. Phar-
macol, 42(2), 181 (1983).

Brown, G. R. and Foubister, A. J.: Receptor bin-
ding sites of hypoglycemic sulfonylureas and rela-
ted [(acylamino)alkyl]benzoic acids. J. Med. Chem.,
27, 79 (1984).

McManus, J. M., McFarland, J. W, Gerber, C. F.,
McLamore, W. M. and Laubach, G. D.: sulfamylu-
rea hypoglycemic agents. I. Synthesis and scree-
ning. /. Med. Chem., 8, 766 (1965).

Geeisen, V. K, Hibner, M., Hitzel, V., Hrtka, V.
E., Pfaff, W, Bosies, E., Regitz, G., Kiihnle, H. F.,
Schmidt, F. H. and Weyer, R.: Acylaminoalkyl-sub-
stituierete benzoe- und phenylalkansduren mit

36, No. 6, 1992

20)

21

S~

22)

23)

24)

25)

26)

27

28)

blutglukose-senkender wirkung., Arzneim.-Forsch.
(Drug Res.), 24, 1028 (1974).

Plumpe, V. H., Horstmann, H. and Plus, W.: Isoxa-
zolcarboxamidoalkylbenzolsulfonyl-harnstoffe, -se-
micarbazide und-aminopyrimidine sowie damit ve-
rwandte verbindungen und ihre blutzuckersenke-
nde wirkung. Arzneim.-Forsch. (Drug Res.), 24, 363
(1974).

Gutsche, V. K., Schroder, E., Rufer, C. and Loge,
O.: Neue blutzuckersenkende benzolsulfonamido-
pyrimidine. Arzneim.-Forsch.(Drug Res.), 24, 1028
(1974).

Rufer, C., Biere, H., Ahrens, H., Loge, O. and
Schroder, E.: Blood glucose lowering sulfonamides
with asymmetric carbon atoms. 1. /. Med. Chem,,
17(7), 708 (1974).

Biere, H., Rufer, C., Ahrens, H., Loge, O. and
Schroder, E.: Blood glucose lowering sulfonamides
with asymmetric carbon atoms. 2. J. Med. Chem.,
17(7), 716 (1974).

Rufer, C. and Losert, W.: Blood glucose lowering
sulfonamides with asymmetric carbon atoms. 3.
Related N-substituted carbamoylbenzoic acids. [
Med. Chem., 22(6), 750 (1979).

Nemethy, G., Pottle, M. S. and Scheraga, H. A.
Energy parameters in polypeptides. 9. Updating
of geometrical parameters, nonbonded interactions
and hydrogen bond interactions for the naturally
occuring amino acids. J. Phys. Chem., 87(11), 1883
(1983).

Kang, Y. K., Nemethy, G. and Scheraga, H. A.:
Free energies of hydration of solute molecules.
1. Improvement of the hydration shell model by
exact computations of overlapping volumes. J.
Phys. Chem., 91, 4105 (1987); erratum, ibid. 92,
1382 (1988).

Kang, Y. K, Némethy, G. and Scheraga, H. A.:
Free energies of hydration of solute molecules.
2. Application of the hydration shell model to no-
nionic organic molecules. /. Phys. Chem., 91, 4109
(1987); ervatum, ibid. 91, 6568 (1987).

Kang, Y. K, Némethy, G. and Scheraga, H. A.:
Free energies of hydration of solute molecules.
3. Application of the hydration shell model to cha-



528

271 % - o1 A3E - B+H

29)

30)

31

32)

33)

34)

35)

rged organic molecules. /. Phys. Chem., 91, 4188
(1987).

Kang, Y. K., Gibson, K. D., Némethy, G. and Sche-
raga, H. A.: Free energies of hydration of solute
molecules. 4. Revised treatment of the hydration
shell model. J. Phys. Chem., 92, 4739 (1988).
Kang, Y. K.: Conformational Analysis Program for
Biological Molecules (CONBIO), KRICT Research
Report (1988).

Donaldson, J. D., Leary, J. R, Ross, S. D., Thomas,
M. J. K. and Smith, C. H.: The structure of ortho-
rhombic form of tolbutamide (1-n-Butyl-3-p-tolue-
nesulphonylurea). Acta Cryst, B37, 2245 (1981).
Nirmala, K. A. and Gowda, D. S. S.: Structure De-
termination of Tolbutamide. Acta Cryst, B37, 1597
(1981).

Koo, C. H,, Cho, S. L. and Yeon, Y. H.: The crystal
and molecular structure of chlorpropamide. Arch.
Pharm. Res., 3(1), 37 (1980).

Thompson, H. B.: Calculation of cartesian coordi-
nates and their derivatives from internal molecular
coordinates. J. Chem. Phys., 47(9), 3409 (1967).
Mommany, F. A, McGuire, R. F.,, Burgess, A. W.
and Scheraga, H. A.: Energy parameters in poly-
peptides. VII. Geometric parameters, partial atomic
charge, nonbonded interactions, hydrogen bond
interactions and intrinsic torsionl potentials for the

36)

37

38)

39)

40)

41)

42)

naturally occuring amino acids. /. Phys. Chem., 79
(22), 2361 (1975).

Kang, Y. K.: Conformational analysis of bioactive
molecules. Korean Biochem. News, 7(4), 41 (1988).
Gay, D. M.: An adaptive nonlinear least-squares
algorithm. ACM Trans. Math. Software, 9, 503
(1983).

Go, N. and Scheraga, H. A.: Analysis of the contri-
bution of internal vibrations to the statistical wei-
ghts of equilibrium conformations of macromole-
cules. J. Chem. Phys., 51(11), 4751 (1969): On the
use of classical statistical mechanics in the treat-
ment of polymer chain conformation. Marcromole-
cules 9, 535 (1976).

Abramowitz, M. and Stegun, 1. A, Eds.: Handbook
of Mathematical Functions, Dover, New York, p.
884 (1972).

Zimmerman, S. S., Pottle, M. S., Nemethy, G. and
Scheraga, H. A.: Conformational analysis of the
twenty naturally occuring amino acid residues
using ECEPP. Macromolecules 10, 1 (1977).
Gibson, K. D. and Scheraga, H. A.: Revised algori-
thms for the build-up procedure for predicting
protein conformations by energy minimization.
J. Comput. Chem., 8, 826 (1987).

CRC Handbook of Chemistry and Physics, 67th ed.
p. F-10 (1986).

J. Pharm. Soc. Korea



