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Abstract[] The crystal structure of sulfapyridine, Cyy
HjiN30:8, has been determined by X-ray diffraction
method. The compound crystallizes in the monoclinic
space group C2/c with a=12.80(4), b=11.72(4), c=
15.36(5)A, f=94(3)° and Z=8. A total of 1133 observed
reflections were collected by the Weissenberg method
with CuKaradiation.Structure was solved by the heavy
atom method and refined by isotropic block-diagonal
least-squares method to the R value of 0.14.

The nitrogen in the pyridine ring of sulfapyridine is

associated with an extra-annular hydrogen. The C
(benzene ring)-S-N-C(pyridine ring) group adopts
the gauche form with a conformational angle of 71°.
The benzene ring are inclined at angle of 84° to the
pyridine ring plane. Sulfapyridine shows three different
hydrogen bonding in the crystal. They are two N-H
--.O hydrogen bonds with the distance of 2.90 and
2.98A respectively, and one N-H.-N with the
distance of 3.06 A.
Keywords[_] Sulfamines—Sulfapyridine—Crystal struc-
ture—X-ray diffraction method—Weissenberg method
—heavy atom method—isotropic block-diagonal
least-sqare method—Threc hydrogen bonds in the

crystal.

There has been some interest in our la-
boratories on the structure of sulphur-con-
taining compounds which have biologiéal
activities. A systematic investigation of the
conformation, hydrogen-bonding scheme and
chemical bonding of sulfanilamide derivatives
1~5 has been undertaken. The structure deter-

mination of sulfapyridine has been attempted
to compare its structure with those of other
sulfanilamide derivatives. It is also of interest
to study the electronic structure of pyridine
ring since it is expected that the pyridine
ring in sulfapyridine may be able to exist in
forms (I) and (II).
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Transparent prismatic crystal of sulfa-
pyridine were obtained by slow evaporation
of a methanol solution of sulfapyridine sodium
monohydrate which absorbs CO, with the
liberation of sulfapyridine and becomes in-
completely soluble in water®.

Oscillation and Weissenberg photographs
indicated the monoclinic space group C2/c.
Unit cell parameters were measured from
#0! and hkO Weissenberg photogrphs cali-
brated with superimposed NaCl powder as
standard using CuKe radiation. The density
of single crystals was measured by the floata-
tion method in a mixture of benzene and
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Table I: The crystal data of sulfapyridine

Sulfapyridine (4-Amino-N-2-pyridinylbenzenesulfon-
amide),

CuHN3O0.S M.W.: 249.29
M.P.: 192°C

Unit cell parameters: a=12.80(3) A
b=11.72(3)
¢c=15.36(4)
£=94.0(3)
z=8

Space group: C2/c, from systematic absences
hOO0 for h=2n+1
0kO for k=2n+1
hkO for h+-k=2n+1

Density: calculated value 1.44g.cm™3
measured value 1.43g.cm™3

carbon tetrachloride.

Intensity data were collected from equi-
inclination Weissenberg photographs taken
with Cukq radiation by use of the multiple-
film method. The approximate sizes of the
crystals used for the data collection for the a,
b and c axes were 0.2x0.3x0.5,0.3x0.3x0.5
and 0.2x0.2x0.3 mm respectively.

The relative intensities were visually estima-
ted by
film strip. The intensities were corrected for

comparison with a calibrated
spot-shape, Lorentz and polarization effects,
and reduced to structure factors. No absorption
correction was made. The structure factors for
various layers were placed on a common
scale by interlayer scaling constants calculated
from common equivalent reflections and put
on an absolute scale by Wilson’s method?. A
total of 1133 observed independent structure
factors were thus prepared for use in the
structure analysis.

STRUCTURE DETERMINATION AND
REFINEMENT

After the structure factors were converted
into the normalized structure factors, a
three-dimensional sharpened Patterson syn-
thesis was computed using all the observed
reflections. A Patterson synthesis showed the

Table II: Fractional atomic coordinates and isotropic
thermal parameters for sulfapyridine.

Atom X y 4 B

S 0.2036(5)  0.0434(6) 0.0622(5) 2.02(9)

o) 0.202(2) 0.132(2) -0.003(1) 2.7(4)
0(2) 0.135(2)  -0.050(2) 0.043(1) 2.9(4)
N 0.320(2) -0.012(2) 0.082(1) 3.1(3)
N(2) 0.127(2) 0.234(2) 0.408(2) 3.3(5)
N@G3) 0.407(2) 0.169(2) 0.075(1) 2.7(4
Cc) 0.171(2) 0.103(2) 0.158(2) 2.4(5)
C(2) 0.145(2) 0.031(2) 0.228(2) 3.2(4)
C(3) 0.130(2) 0.073(2) 0.309(2) 2.6(5)
C4 0.136(2) 0.192(3) 0.325(2) 2.8(5)
C(3) 0.161(2) 0.263(3) 0.255(2) 2.8(5)
C(6) 0.177(2) 0.219(2) 0.173(2) 2.8(4)
C) 0.403(2) 0.056(2) 0.094(2) 2.6(4)
C(®) 0.500(3) 0.002(3) 0.122(2) 3.7(6)
C9) 0.590(3) 0.070(4) 0.136(3) 5.0(8)
C(10)  0.587(3) 0.191(4) 0.1233) 3.7(8)
C(11)  0.493(2) .238(3) 0.089(2) 3.3(6)
H(N2) 0.12 0.31 0.42
H'(N2) 0.13 0.18 0.44
H(N3) 0.36 0.19 0.05
H(C2) o0.12 -0.07 0.21
H(C3) 0.10 0.062 0.35
H(C5) o0.17 0.34 0.26
H(C6) 0.19 0.28 0.14
H(CS) 0.65 0.01 0.16
H(C10) 0.65 0.23 0.13
H(C11) 0.48 0.32 0.07

Key to atomic numbering is given in Fig. 1. The esti-
mated standard deviations given in parentheses refer
to the last decimal positions.
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Table ITI: Observed and Calculated Structure Factor. Columns are: Index, |F.,!, | Feal.

1] [+ 2 ET.Z24 65,57 1 3 2 43.98 39.63 -1 5 8 22.1&6 19.21 7 T Y01 ORE0 T7LEY
0 0 4 65,80 57.7% T 3 3 10.38T T 44 =1 S 9 171.20 14.68 2 1D 2 15.5% 14.70
[ 0 6 59.G8 55479 1 3 4 31455 26452 -1 5 10 13.04 1l.6& 277107 & 20,39 I7.1¥
0 0 & 37.16 36.427 1 3 5 25,62 20, l‘I =1 512 .51 €.99 2 19 6 9.89 11.0¢€
U0 12 25.715  33.99 1 3 &6 5%59.85 52 -1 1 1 _22.41 22,31 2T IC TI5. 9 T 19,94
0 0 16 12.36 15.32 T 3 T 8.83 9 7& -1 7 3 30.25 27,31 2 9 10 14,75 11.95
D 2 0 50.02 £.93 1 3 9 9.73 7.94 =1 7 5 34,03 26.45 2 10 11 11,44 11.086
0 2 1 S$2.12 1C3,%43 T 371G 5.2% 278 -1 7 6 12.49 (2,18 2 10 12 16,05 15,40
[} 2 2 5%.14 O51l.71 1 3 12 5.48 3.11 -1 7 1 52.35 44,10 2 12 0 24,27 19.5%
o 2 -3 52,92 55,30 1 5 0 24,55 2B.6% -1 T I T7.4C 5.99 2 12 o 2903 25,59
[+] 2 5 33.55 273,29 1 5 . 2 1%.24 2C (;; =1 9 1 1%.71 18.77 2 12 * 12.55 11.94°
0 O 6 18.32 23.41 T 5 3 23.3C 2% =T Kl T 11065 T.4C . 2 12 5 7,37 9.2%. .
0 2 B 25.23 29.2% _ 1 5 6. 9.98  9.12 =~1 9 4 FB.SB 42,40 .2 12 5 7.96  8.14
0" 2 9 20.08 26,TLTTITTE T 3567 29,00 =1 T §030 4051 212 8 14,78 11,29
672 10 18.07 26.17 1 5 B 4.96 6,56 -1 3 S 8.22 9,22 2 210 14.81 14.74
0 2 11 1503 21.78 T 5 9 af.e¢3 31.13 -1 910 10.94 TE€.83__ 2 1w N__ 6.97 _ 6.92
T2 T2 16,67 21.8% t 5 11 25,22 20.68 -1y 9 12 3,21 S.84 2 14 2 T.69 2,65
n 4 U 88.73  79.9% T 512 T.13 7B 1T 27 U8 23 24.32 2 14 < 23 10,22
[ 17 19.62 [de=l 1 7 0 12,95 13,62 -1 11 3 11.6C 10443 -2 0 2 _ 254004 26464 .
0 4 3 16.14  15.49 TR .20 S 13T =T 11 “ a,0x 5081 -2 4 4 102477 €094
C 4 4 4l2e086 ITa%2 1 7 5 21420 1657 -1 11 & -2 0, G 0xe 0% 85,21
6 % 5 l4.16 15.97 { T8 BT =T 11710 -2 UoO1% 0 4%.90  50.9%
(A G & TB.UA  T0.A% 1 1 32.14 -1 11 12 -2 2 243,05 48,04
o 4 7 S.08 6432 T 7 ] T M w i} T -2 0 14 27.89 30,26
T & B 17.48 119 1.47_ -3 13 2 -2 i ih_P1.79  30.4%
6 4 10 9,62 L 7ot 13.02 -1 13 4 Tl 5,09 11.11
T F 1T YETT 9.1 24,59 2 0 0 2 1 554 1.5% )
N__ b 0 14.69 19.5. 1 3 3 8,463 5 3 2 2 00.83 21416
a6 1 54,30 44421 ) 4 24211 2 o 2 3 9.51 9.79
[ 6 2 23,12 1%.e9 1 9 < 20387 F Ty B 4 47411 34456
n 5 3 49.5%% 41.3% 1 56 1€.44 I 2 £ 11.764. 14.15
¢ 5 5 14,88 10.74 1 3 7 W 1373 ) K & 55408 T1a-08 -
) & & Ge9l { I T 4 S N | TS 11.70 2 H 12 2 7T O€9.,63 5G.94°
G 59 23,02 22,33 [ U 10,69 Y2.527 5T TS B 8 43,05
S 6 11 17.5% 12.1% it 4 5.82 .22 2 2 ¢ -2 2 12.92
[0 8 018,07 15,65 T 1t 5 1156 12468773777 3 Z -2 Z 27.12
C 8 4 n.7l 0 AW03 1 1 & 26053 21,18 2 2 4 -2 2 28,12
¢ 3 S 48415 36,87 vl 00T 1308 113653 5 =2 A 23.83
o 9 7 1h.88 Lr.10 1 rao12 .61 5,06 2 2 1 € o & 17.26
8] a 8 32.51 25.C3 L 13 @ 11.28 11.37 ] G 35,47 YEOY -2 4 13.99
© S 10 15,22 12.67 L 13 4 13.48 10.91. 5 > 7 15,00 11.41 4 18.42
_a 211 17,79  14.83 1 13 6 16.58 15.15 3~ 7 % I .34 : B $6.53
C & 1z 1%5.8C C.527 -1 T 2 S1.7% 1C6.83 2 R Y 5,05 16485 =7 3 11.83
€ 13 Q0 31.43 22.85 -} 3 342,06 83,2873 % TI.NT tor -2 Y 40,29
¢ 10 2 25.32 .2 ERNEY 1 4 172,40 153,65 2 4 3 3Ttk -2 & < 21453
G e 17.98 12.81 -1 L ) :";.le. 29.047F %5 1.5_39 I I8 2241
R 6 30,40 22,17 =1 I € .55 11,18 2 4 7 14,55 13,21 _ -2 4 11 21e2%
SR S 8 11.31 11.94 -1 1 ‘_aida 62 36.,04TTTFTTTR AT P1.04 =2z 4 12 CaT%
S 12 0 15.87 12.80° =1 i 5 14 5,88 2 4 9 9.92  &.l6 =2 6 1 8.03 10,49
n 12 S 144074 11,35 =1- 110 34,53 38,10 3 % 10 15.40 " 14.56 =2 o 7 249.01  25.32
oo12 3 1le%M 1laa7 -1 11 F.73 12.70 2 4 11 14.90 1l.11_ -2 G a0 1%.12 17452
0 12 4 10,16 10,74 -1 1 12 32,57 38,21 TTTTTTRTI2TTTRLST ORS6T -2 o T 15,67 16400
6 12 @ 19.18 l4.Cl =1 T 15 {#.20 -15.23 2 6 15462 - 2 13.33
[ 2 8 11.20 7.22 =1 L 18 9.33 14,2077 g BT B St Se ¥ 10,48 .
O 12 16 15.56 i0.08 -1 3 T B& 16 52,27 2 & € s 12 - 31.98
C 14 G 16,18 7.53 -1 k) 2 £0.28 S5T.09 z ) [ IS - T T T.69
1% 5 Seih 4473 -1 3 3 0062 28.32 2 & T 3 1 10,04
_n 14 6 13.,9¢ -1 3 4 SN.LE 65410 v 5 B I8 AT 15.87 F) E) 19.1¢
i 1 2 12.3C 11 [ 3 S 2l.54 1S5.70 2 5 10 22.53 21.217 ) 4 31.75
1 1 3.21.04  31.39 =1 3 T 20467 19,227 YT UIRL LS T 18.58 — 2 Bl B 20.85
1 i 34 e TR 68T 3 8 I1.44 2C.13 2 8 2 .35 -2 M 5 10.76
t 1 5 11.6® .25 =1 3 9 15%5.59  15.51—~7 I S Y YT &F 16469
T 1 T 2% ¢L.ol =1 A0 26.98 1% 2 3 5 129.72 8 3 11.52
1 1 7 28405 23435 -1 - 3 17 18404 18,63 77 gy AT -2 T 10, 2063 1722
TTTTTYTTWIRILA YR IN, ST S T U9 IS.%% 2 30 7 as.21 -2 3 11 12.8€ 12.18
1 1 9 6.32 Seb1 -} 5 4 41425 29,35 AT H TR TS T 7 1u I 18.38 17.95
T T [2 72887 29,91 =1 57 5 4097 2%.31 2 3 9 8,21 -2 1n 5 1%.98  15.11
1 1 13 17.66 21.94 -1 5 6 39.58 2%5.”1 7 IIT U, AN U5 BN "2 PN I - W X3
AR k) T~ 35.05 35.23 -1 5 7 29.563 26435 2 10 a4 13.95% 2N 8 9,48 8.89,

Arch. Pharm. Res. Vol. 2, No. 2, 1979




102

C. H. KOO and Y. J. LEE

© {cont.)
= 2% 10, 2 41.90 4P.4T 4 4 1 25.91  21.90 =4 8 S 21,35 17.49
-2 12 1 8.66 10,257 385 224471 4 & 3 38.9€ 32,67 -4 8 6 26.13 22.86
TS2TYZ % 1765 3.1% 4 0.80  5.44 4 4 4 25,97 22426 -4 8. B S,24 11,42
-2 12 6 20.92 17.94 T OTSLTE T TELGE 4T T a T TS5 TEAEG 31445 -4 8 9 Tekh  1.97.
=3 B AN B D, 1 - JEEN - pw of £ 19,94 15,97 4 4 6 10,23 15.90 -4 3 12 12,92 3,73
-2 l4 3 14.75 11.52 7 21.13777% Y T ED.6€ 33207 -4 10 T 25.07 25.4L
= <23 Py 8 _ 2673 6 4 G 13.26 11,47 =4 10 2 17.54 17.81
99.33 115.75 17,097 & & 12 708 7<L1 =4 10 & 35.79 26.72
3l.%8 4 5 © 14,84 17,50 -4 10 5 8.3 6,16
- 19,257 4 TTT TR T 23,9475 L G 13.4€ 13T,
a1 Se65 21.46 4 o _.21.56 17,72 -4 16 1€ 8.6S  §,23
3 1 36,12 27431 21.94 E) 5 TTATTIE0T 13494 G 12 11.66 17.3%
3 1 21417 15490 BRETE K] 4 é T 45,04 37.78 12 4 11.92 12,57
3 T 17.98 1 5 15.35 4 5 7T hl.53 569,67 iz < 3,57 5,67
3 1 4 ©33.69 27.22 12 6 14.5% 1,40
T 1 5 T 96 B.22 127 8 C.47 71.77
31 k] 4 12 R.4C6 10,27 2 1 3.37 T 44
T3 4 K] U ERSTT 25474 a2 5.2
3 1 “ B “ 120,30 15,70 14 3 12,21
T € 3 TTRAETUE 3¥,71 14 4 12.74
31 1 5 1. 0 25,00 46,41
3 1 2 & & T 17 27,7 I°070
3 3 2 8.46 S _ 7_329.99 35.59 1 2 57.06 506.00
3 3 3. E.A3 i AT20.70 16,92 1 3 20.27 13.79
3 3 4 21.9% 2 T 13.81 17.84% L4 S.u7 a.az
3 3 5 11.30 3 3TTESTTT A0S T 17 1196 8.0
3 3 6 50.00 5 _56.28 4 27.99  25.08 5 1. 8 5,89 10.23
3 37 16.3% 7 12.70C 13, RTTTLOTTIRDSS 5 1 G 5.58  4.25
3 3 9 21,43 9 11.60 14 3 17.45 17.23 s L1l 1.0C  7.82
3 3 10 5.710 T 70287 el TS TINTY Ty 1y 22070 23.20
3 3 11 25.88 2 80 15451 2 18.13  18.76 5 1 18 7 6,29 8.47
33 12 7.6% 4 27,53 TTITLSE 13T 5 3 0 34025 24.71
f3 5 1 sa.or T1.36 5 14,43 8 9.39 10.08 5 .3 1 3n-35 5.3
378 2 23.80 13,0€ € X3 T N T AR T T Y T3 37,25 7694
3 5 3 16.45  14.58 7 ) I 13.67 171,62 5 3 4 11.13 10.28
R S T N 8 JUETTATLEY TNTRITTINGGS T T3 5 32453
3 5 5 10.97 9 . 12.37 6ottt 26,88 _ 5 3 1
375 7T 37.37 “ S P IS, 6ET3E,3F 5 3 8
3 s 9 49,99 5 26405 T.40 12415 5 3 9
3 5 11 32.28 27.2% 3 T4.76 Z5.RE  32.63 .5 3 10 16.33 15.3%
3 5 12 8.34 Se45 10 11.20 4 11.268 3.35% 5 3 11 20.36 14,17
3 T 0 76,865 2Z24.40 I1 O =4 CTIFOOT %L 6T 5 3 12 Se 18 C.53
3 7 2 10.2% 1.66 12 11449 -4 } 12,74 18,34 5 > C 16445 17.91
I A M UoPY T T e - H 2E6.CT Ly s e 1.7 5 5 1T 32.3F 71,63
3 7 5 14456 16479 4 14.62 4 .1 S 5 2 8468  £,30
I 8 35,55 34,95 € Te647F T T 55,81 55 3 29.1C 30,57
3 7 9 24,24 22,17 7 65e33 wg 2 4 6403 43,83 5 5 5 15467 14.17
TV YT 27,05 2.2 8 I5.T6 %' 7y VBT F4,48 5 5T T.9% 10.25
3T 12 6,75  7.64 10 8456 ~4 2 4 34,46 23,39 5 5 B 27.24 26,66
39T X 22041 ITGGE i1 10.46" -4 > 7 $U5T 1.3 S 5711 17.27 1s5.47
"3 "9 T 2 14,13 12,78 12 5.74 -4 2 1: 8.30 10,80 S 5 12 S.51 7.59
. 3 g 3T 3%.5F 3U.A7 1 I INL. T ITL O 5 7 G T GE 5.52
. 3 9 4 21,26 23,43 4 2oz S 1 1 35.06 24,55
379 5 I3 TTITLRT 7 s AR TS TR L)
3 9 6 22.78° 20,71 O__98.%4 95,13 _4 4 3 5 7 & $1.23
2 Y (R P £- B ¢ P 2 73.95 70.2L7T, L I R s ETT
3 9 8 20,11 22.09. 4_ 34,03 33,57 -4 . 5 76 4,55
39 10 IT.87 T4.53 6 38,12 41,09 —4 4 5T % T6.42
3 9 11 8,52  7.90 8 16423 -4 5 9 0 21,22
ITIT 0 2777 27,77 10 27.42 -4 s 5 G 2 17,53
3_1) ) 11,52 13,29 12 26469 2806 -6 4 1] S 9 3 1,22
3 11 2 21.23 19,22 0 18 567 Bah2 =g 5 K 9 9 £ 35.10
3 11 4 9.25 __9.7¢ 2 € 11431 3.67 -4 41 597 13.97
311 6 19.52 19.18 2 1 S1.00 85,85 <4 o T 5 9 8 10.31
3 11 8 14,54 14,10 2 2 B.US 4,88 -4 4 g 5 9 9
3 11 1c 8.9C 6.71 4 2 3 728,54 15,76 -4 B S 15.86 14.0 BTSN
311 12 14,16 12.23 4 2 5 18425 18.75 -4 5 0 S5aU7 T.48 5 11 u
3 13 0 12.83 13,51 & 2 & 12,83 14.68 -4 & 11 .T6.33 13.58 S R
3 137 &6 12,21 13,19 4 2 7__12.61 14.97 -4 5 1 32.88 25,21 5. 11 8
3 13 8 7.22 8.75 4T 2TTeTTIZITIR e T Ty 8 2 16,64 13,55 513 [
-3 1 0 108.78 115,75 _11 14.01 11.02 -4 8 3 35,43 31,05 5 13 2
=3 YT I 5.5 45,00 & 2 I2TNI3E Iz Toh g 4 25,57 22.01 5 13 & 13,04

Arch. Pharm. Res. Vol. 2, No. 2, 1979




Crystal and Molecular Structure of Sulfapyridine

103

(cont.) |
=5 1 0 46443 44,41 6 4 9 1878 1T.49_ -6 12 1 10,57 _11.26 "7 &% TTE.ST
=51 7 20,86 TB.TE__ &6 & 10 8,32 5,887 -6 12 2z  9.42  B.4l -7 9 10 1s.87 15,73
-5 1 4 10.38 11.257 & 4 11 17.57 14.20 -6 12 - 4 15,68 18,93 “=T 5 —1r— i 8% 3337
TS T FT S48 S.66_ 6 4 12 T.78  B.427 <6 12 o .02 6:15 -1 11 & .26 7.4S
-5 1 6 15.62 13.227 6 & 0 8.00 5.77 -6 12 5 5.82 3,34 —=TTT— 5101 T80
=5 L T 23.05 23,8 6 6 L 35.27 29.54 -6 12 9 14,07 9,98 -7 11 o  7.65 €.89
-5 1 8 17.79 18,007 & &6 2 T.00 U117 7 3 1 43,85 48.50 ST I3 T 7 90— 9.97
=5 1 10 22.9C 24.27 [ [ 5 15,93 17.03 7 1 2 55.64 81.53 -1 13 2 11.5% 12.0&
-5 1 11 20,64 22.80 & & T 17.45 19.47 7 1 3 21,79 20.26 ST 35— p-ar foe-1.9
=5 T712 1865 2117 __¢& 6 9 38,09 35.55 5 {775 1%.82 17.7% ¥ o B T ITIYIAE
=5 1 16 13.23 14.01 & 8 0 25,01 27.42 v ) ¢ (4,01 16.%3 8 12 15.5¢ 20.06
TSI TN 12 B4 68 1 16,10 15.55 5 3 h iEB.gE 1A, 60‘“_8“’“U__Tt_jnr3§_‘jrjp;
-5 1 19  6.41 7.23 6 8 2 13,17 16.72 732 10,72 12,90 8 0 16 7.93 9.73
=53 T I5.8% 13,39 __ 6 8 & 1.4 ML 24—y 33 {3 30 13.81——g—7—p TLIITTY
c5 3 2 1595 22.81 6 8 7 16483 18.00 7 3 5 13,85 10457 8 2 .1 1144 11.03
S5 3 T3 SEQT 4Beh 6 B 10 T.3b BS54 Ty Tyg vy 28.00 — g7 T%55 15 5T
-5 3 5 16.72 14,06 6 10 1 15.03 18.98 7 3 ¢ .57 11.99 g 2 3 26,71 26.76
S5T3 e ISR RELER 6 M0 3 23.93 2149 TTTTUITOID OTEIBE TBLB6 g Ty T4 aar T Ty
-5 308 18.22 14032 & 105 8.8 8.23 7 3 30 10,26 11,08 8 3 s 11.74 _15.10
SESTIOTEAATIZET 6 e 6 849 6 MY T 3T U5.17 T 3 e 26 23 31.41
-5 3 11l 16.43 17,28 6 10 B 9.55  9.18 5 5 3 46,63 41.69 g > 7 ‘o.7q 11.52
=5 3 17 533 2.04 __ &6 0 10 5.01 7.2¢ T LS ETI0.YE 26.96 8 2 8 20.70 21.97
=5 5 1 6.8f 4.9 6 123 4.93  8.24 3 & 7 31,46 30,12 g _A0 _12.24 16,01
=55 5 183 AT 6 12 4 10.18 0Dy g7 1i.12 5 5 1L 15.31  13.44
-5 5 5 42.28 3l.ee b 12 8 A.F1 3.26 7 5 e,79  _e.02 g 4 o 8,71  B8.05
=55 & AT ETE -6 0 2 2e.05 28.CBTF TTICT .11 10.8% 5 1 18.26 i8.48
5 5 7 29.23 27.24 76 0 4 27.71 26463 7 5 {31 10.84  9.64 8§ 4 2 13.2C 15.09
-5 5 9 7.50 9,28 -6 06 1224 LRBATy Ty {87 T6.07 5 % 3 37.81 34299
=5 5 16 11,95 12.4C 6 0 8 14,41 14,47 7 7 34,72 13.19 g 4 & 11.93  12.28
-5 5 11 21.23 17.85 <=6 0 10 A1.02 48,847 T TTFTYNLTS 14,37 s, 5 16.84 10.76
- 5 12 1,05 B2 =6 o 12 5.67 T.71 7 7 T lb.%4 14,98 8 4 s 9.48 g.82
=5 7 3 64434 aS,42 —6 0 14 12,30 3. IITTTTIRTIIIT B, B T S N VA TNt
=5 34 19,72 zl.c2 =6 0 18 S.08 13.82 7 ¢ 7 12,77 13.88 5 4 g 16052 16,15
-5 7 5 ac.07 30.20 =62 T b 3 AR ey S E  T8 2 T e T 23.96 19.42
=S 7 6 11.00 8,79 76 2 7 41.27 24485 7 i1 6.58 10.52 g 4 12 5.30  7.37
-5 7 8 n.- 16,17 -6 2 4 75T LEL T B S S s 5 P S 1) B £ TURTTTE T T 8.52 7 TE.a3
=5 1 10 15.24 15,20 =6 2 5 25.94 24.20 7 33 8,83 8.4l g5 & 3 14.56 14.62
=5 T 11 17.79 17,28 "SBTTT TV U2ESE T 255T L7y = ~yl29 20.88 7 6o 67 B.27 10.7§
=2 9 2 28.45 26.52 76 2 9 14.69 L4.40TTyTTITTH4IL71 16.28 8 6 9 18.32 18,65
=5 9 4 25,64 23,29 =6 ZAU TA.90 TIRZI -7 4 7 15.71  14.06" 8 61 13.14 13.17
=5 9 5 42406 25,42 =6 2 11 16.33 14.22707 7 5 6.88  9.05 8 6 11 17.3C 15.19
=579 6 44.88 34,80 <-& T2 12 Z21.2% cLy Tl 112 11413 11,1778 TR T3 iT.57 18,50
=> 9 7 10,04 9,23 -6 4 1 25.97 27.31 7Ty TUT I3 INLET 12417 8 8. 5 17.26 17.10
=3 9 8 8.74 Su14 =6 AT T TBE T TeBT o7 1 14 17,57 16,99 T TF % 11.71 " 12.39
-5 9 10  9.92 10.88 =6 4 3 25.565 23.047°7 1 Tt 14.56 15.23 8 8 9 17.42 19,37
C3 9 11 13,08 "10.4m -6 A ST TG072TGBZ 7 3 2 264033 26,74 F IO 5635 10.74
=3 11 2 14.22 13.75_ =6 4 & 27.92 26.037TI7 3 & 61.15 54.59 8 1o g 5.7 5.99
S5OID AT RS TNCL ez T TET A T T UTE B IS o7 3 s 4.0l 43.39 @iz D 5.85 8,76
=S 11 6 10,75 B.79_ -6 4 9 28.92 26.017T§ CU3TTCTUaLRE «22 8 12 4 13.45 10.17
=511 B 1B8.53 17.02 -6 6 1 4383 I3%% S T ? 12,85 T TIE e e Sy
=5 13 2 9.42 11.58 <6 & 3 1.84 &.327 07T 3T TETTLGR TU4.0% “8 0 2 23,95 23.53
=5 13776 13,57 13768 -6 & 5 23.06 20,35 -7 39 632 B.S0——g 1155515 %F
=5 13 8 S.14 6,04 =6 6 T 41,20 37,337 5 (1 30,87 2T.20 -8 0 10 15.45 20,03

6 O 0 57,21 50.98 -& & 816,61 TI5F0 7 3 g2 8.92  10,07——g y T ATAE 1155
&0 759,236,635 -6 6 9 31.34 26,99 .7 5 D IS8T 16.47 -8 2 2 24.67 30.88
& 0 10 23.4C 22,12 <6 &0 7.40 " 7.70 -7 5 233,43 35,75 TE Y TR TS
6 0 TZUITES 18798 __ =6 6 12 12.65 9.85 Ly R TG TUiS.ETUIS.0Y -8 2 8 11.49 13.76
& 2 1 55.94 52.64 —: : ; ig-}? fg-zs' 1 5 5 22.95 19.39—cg—w—g < =

[ I3 O L e - 2 & S . ) <7 85 9 23.,9% 24.03 > ; 1.50
& 2 3 8.03 8.06 =6 8 ¥TALIT 32.05 -7 s g1 17.23 _§ - l? ‘Z:ié }1:29
67T ATIBL00T 2LL25 6 B 4 22.41 17.882TUFT Y5 To47 g 4 3 go7s  10.23
6 2 6 11.84 19,41 <6 8 5 T19.18 18,01 .9 7 3 1100 T8 4 & 17.47 18.Ch
TSR T 127 -6 B 6 22.56 20,41 TLyTTY 3 STLYT 25.3% -8 4 5 26.74 22,32
6 2 9 12.95 10.84 -6 5 8 15,00 10.00l -7 7 & 15,65 16.60 T8 4 7 23.06 24.60
ETTTI0 TCHE BL02.. 6. 8 9. 34459 26,207 ¥ 8§ 38,66 31.07 -8 4 8 16477 20.62
6 4 0 43.2C 38,67 =6 8 10 24.27 18.29 -7 7 & 21,48 18.35 28 4 9 21.39 22.47
€T F T 30,90 32,87 =6 8 11 14,55 9. 12 S T VT 4a60 8,94 —8 4 10 17.39 20.&8
6 4 2 10.38 12.45 =6 8 12 12.83 11.40 -3 7 g 14,29 12.33 T8 4 12 T.Th 6490
RTINS I3CEY .20 10 2 8483 104277 7 IT 17,01 23.43 “8 6 1 12,61 k.48
6 4 4 19,34 19,55 =6 10 4 37,04 30,62 -7 g 1 13,29 14.31 =8 6 2 10.01 16.56
6 4 6 25,41 26,9776 10 10 14.10 13,53~ =V 35 15 57T 1557 -8 6 3 14.96 14.38
6 4 7 25.15 30,96 ~6 10 12 17.98 15.79 .7 9 3 137.32 27.74 T8 e e T 24.76  55.58

Arch. Pharm. Res. Vol, 2, No. 2, 1979




104

C.H.KOOand Y. J. LEE

{cont,
-8 6 6 13.08 35,747 -5 5 T " %.Z4 5.35 -16 10 2 15.53 l4ell 32 4 g 15,22 17.96
<8 6 7 20427 22.19_=9 5 9 22413 244621 1~ 0 28.36 31.45 ~12 4 9 17.11 17.¢-
-8 & 9 25.8Z Z2%5.317 = - . 11 1 2 10.79 13.75 -12 % 10 7.69 7.71
-8 6 10 10.6C  7.20_=-9 7 3 8.83 ©.67T 11 1 & L2.77 18.33 =12 4 11 12.99 12.49
-8 & 12 Cel% 8.63 -9 T & B. 724 .58 11 1 EY 1.12 10,53 =12 I3 1 8.99 0. 67
Y [} 4 15«15 1%.71 =S 7 7 8434 2404711 112 1874 9.12 ~12 6 S 10491 13.51
-8 8 5 16.21 12.047 =9 T 9§ 20. B 1 ] 1 Sell 11.70 =12 6 ) 735 GeTE
-3 B 6 13.14 [1.67 -$ T 11 12.92 10.54°71°1 3 3T1%.52 T1.55 =12 6 S 14,81 1g.27
-8 B8 B 11.0€& 14,247 -5 . T g1 3 & 12,77 15,22 =127 6 1C  T.31 €439
=F 8 12 9.5 IC.51 =S 9 3 20442 18,37 Y1 5 0 13.7€ 16.06 =12 6 11 12.77 13.12
=B 10 3 1B,15 144557 -~ . . 11 5 S 12.09 12.16 =12 8 3 15.34 14.00
- «67 15, =S 9 11 10.72 7.58 [T 5 11 1i.74 11.34 -12 & 8 9,17 1l1.14
-8 10 10 9.08 .54 =99 12 T Z.91 0.38 11 7 7 7.4C  9.20 =12 16 2 7.81 ENY]
-8 I 11 (%) T30 ~% 11 4 8.G% 586 711 r §  15.54 [3.77 -12 10 3 7¢28  1C.21
-8 12 2 S.11 9.237 =9 17" - . 11 9 1 9,82 - 12.22 3 L C 10.45 12.%%
=8 12 4 1.5%5 S.6b_jec o ¢ 34.37 37,51 7XT 9 2 T.87 1056 — v T3 15 78 TT-T4
S 1 1 36,08 37.487 10 0 . 2 41405 5C.08 11 9 &  B.58  B46l 33 | 4 13.82 Ja.60
9 1 2 31.15 37.072 _1iq 2 4 43416 46,056 YT & Y 5. TS 5.9% —13 L z g
9 1 4 32,57 32,23 1 3 & 2726 32.017T{7T .71 0 I0.34 21.46 13 110 7.13 e, 17
TSI ETTI9 75.95 1e 0 12 M7l 17.51 o411 1 17,20 15.82 T3 3 T B30 57
S 1 T 9.02 B.TT10 G 14 16205 1.52 S 1 YT 3TIN.C5 T ZZ.08 03 3 6 714 Tee2
TOTTTLT 8 T17.91 22,94 _10 2 0 15.71 18.06 _1) 1 4 39,37 31.537 13 5 3 1388 14.92
9 1 9 7.9C_ 1.35 710 2 3 39.21 37.36 I71 1 & 17.7€ 23.54 13 5 9 10.88 19,27
§ 1 10 27.46 30.27 10 2 4 17.64 2C.ll —y1 1 7 9.25  9.46 137 [  7.5C .42
9 1 13 11.62 12.11 10 2 S 7.0% 8.21 71 1T 10 15.12 13.37 13 7 4 S.67 11,80
S 3 Q B8.21 .73 10 2 6 12405 13017 .31t 112 8.9¢ 13.24 13 7 3 .17 7.43
9 3 1 14,63 17.497 10 2 7 7-59 9.60 )T I fe  €.48 0.8 i35 1367 —To-Fi
93 2 12.52 13.46 10 4 3 16474 19.06 .31 2 1 14.0% 21.31 _y3 5 2 arsd MEeld
9 3 3 18,25 21.827 10 & & 16.02 19.38037 3 % T 5,85 T 1Z.42 31— re 1ot
33 4 11.22 14.76 10 4 6 10,97 12.75 —y1 3 5 17.15 13.20 _ a2 1 11 8°77 o o4
9 3 5 11,10 12,4610 & T 1.93 S.SEopTTT n £.95 .60 LT e Tes
T3 1.6 i5.9% 10 4 8 11.81 14250 oy 3 7 7.9 10.33 _i3 5 Ta 12:9% le.dd
S 3 8 18,81 22.84 10 6 3 28479 314307 El ] Te532 B.10 =13 3 5 _,".c ‘T‘;ﬂ
3 I0 .16 10.24 10 6 5 13.35 14.Th )} 3 12 4.62  6.07 L33 3 & onzé 12.59
S5 1 16,92 20.32710 & I 14.85 15.05 47T 75~ I T1.95 14.50 —15—5—To— T T5— 113
55 2 3.76 13.35 10 8 4 9.79 10.37 _11 5 4 <42 T.7% L3 3 12 lo.6e 134>
9 5 5 12,09 14.807IC 8 5  9.26 B.80 (] 5 5 I5.25 I7.30 oi3 s+ loiat 1575
55 7 P4.24 Z5.CA 10 8 6 14,41 14:35 _11 5 5 5,02 11.6% _13 2 3 erel eres
9 5 9 13.35 13,31 10 3 S 12.65 10.23- 7% L3 ¥ £.i5 28402713 5 3 “'31 T§75
95 I0 19.55 17.33 10 8 10 8.35 6432 _§1 5 9 17.93 33,42 _y3 7 4 6.kl o 4o
9 0 7 1 8.52 12,40 IO 10 0 13.42 1A Y 5 TE T 6.04 B.20—pr—y—E—pTi——T1F
T 7 5 9.33 T2.5E 10 10 6 9.1T 8472 13 7 1 21.26 25.76 _y3 g 1 7.96 .9
S T T 21.48 22.2T =10 ¢ 2 21e6C 31 12710 7 BT I3.79 13.19--
LA A E N A T s I N B T - £3- Y 22 S T 7 1¢.07 11.57_<£2 3 g 1.5t ‘777331
S 7 10 11.1C 9.72 -39 0 8 15468 22.,397FTT 7T 9§ I&.64 16.7% 14——-5——7;—%§f§f——§§f;g
7T I 8.03 " 9.60716 ¢ 10 7.16  9.07 -1l 9 2 11.74 16,07 . 5 o Tglgs Tgosg
S5 9 1 1047 12,31 -30 G 12 5.80  8.84¢ =117 9 & S.38 959 1 4 17.55 17.29
D SIT750 07 14 11028 1456 =11 9 T 7.74 10442 [. o 5 12.85 12 76
S 9 8 8,86 10,86 -y0 0 16 9.7¢ 15,697=IL II 2 5:28 151 T " 4 16.35 17.04
S 9 10 15.00 13.55°-10 "z 1 12.7C 12.90 12 2 2 124958 1490 g6 5T 13,57
9 11 O '8.90 €.39 -10 2 2 27.%6 314364772 T 0 IZ.7C I71.47 _ . 5 3 “glg97 ji.nc
3 L1 2 8.90  7.39 -10 2 5 22.78 22.54 12 2 4 19.35 15.22— 15 541243
2 1l & 13.67 12.19 -10 2 B 12,26 16,707 12 2 & .92 11.3% 4 8 1 61z esh
9 11 7 10438  8.12 -30 2 9 5487 128l 12 4 % 15416 16456 - 518 fglga—*~§ ot
-9 1 5 6.91 7.84 -10 2z 10 16.85 19.4}" Y2 & 5 12.55 1I.13 L2 1ie é;-z
“9T 1 & 15.84 18.4% <10 4 2 T7.E4 10.91 12 6 1 &.75 6401 R Y N T ;'::
Z9 L 9 SeSl 14.2% =10 4 3 22.96 25.1377IZ & §  5.54 858 0 | o Lt00 16-;;
=97 1 10 ZA.B5 26441 10 4 4 15.46 17.42 12 3 O 7.65 10.21 . R
-9 1 1} 18,10 1932 =10 4 8 17492 13.94 — T I UYSLIE 1328 -15 T 20 T.AT 12.45
-9 1 12 bebl 5.89 <10 4 7 1C.41 13.38 -12 o 2 16.11 20.57_T13 1 8 10,69 lﬁ.ﬁz
-9 1 1s .79 13.00 ~i0 4 9 9ol 12,77 Y7 2 & 2E.58 79.65 -15 3 8 4,18 b.é”J\
S9T3 1 29.72 29468 =10 4 11 12415 10.52 =12 ¢ 8 26.84 31.91 ‘12 5 3 5'32 T;’:;;
=S 3 3 15.22 12.70 -10 & 12 10.50 10.90 =170 TZ —%.95 — T.%% ~ L 0 4 13-21 HSE
-9 3 4 21.57T 23.60 =13 r 2 180eq 1514 -2 5 14 $.76 13.80 g 1 2 1 Sa -3°
~9 3 5 10475 Be42 ~10 6 3 24,05 24.0l-sjr—7 T 530 0,80 -16 2 3 . 9.67 1.7
-G - 8. -10 & 5 20442 19.78 12 2 5 14.97 15.27
=9 3 8 1497 18,43 =10 6 10 10472 12.687T12 2 &  6.50 6.76
-9 3 9 14,72 13.32 =10 E] 3 30.81 2&.43_.12 2 3 14.88 1B.05
-9 3 12 10.41 9.73 ~10 8 6 12.8C 11.01 32 2 G 10.2¢ 12.16
-G g I 11.71 12.14 =10 E) T G, 02 12.89 -12 2 10 £e37 12423
~9 5 3 12.74 14229 =10 8 10  6.57  6.017"12 4 1  9.98 977
- . - =10 8 11 13.67 12.76 32 4 3 18,13 1585
-8 5 & 7.12 11.32

Arch. Pharm. Res. Vol. 2, No. 2, 1979



Crystal and Molecular Structure of Sulfapyridine 105

position of the sulfur atom and four atoms
around it.

A Fourier synthesis based on the positions
of the five atoms showed the remaining non-
hydrogen atoms of a sulfapyridine. Refine-
ment was performed by several cycles of
isotropic structure factor calculations using
the block-diagonal least-squares program?® for
the IBM 1130, and gave a final R value of 0.14
for all the observed reflections. At this stage a
three-dimensional difference Fourier synthesis
was computed using only low-order reflections
with sin #/A<0.35. The
showed peaks for the 10 hydrogen atoms in

subsequent map
plausible positions except the one associated
to the carbon atom in the pyridyl group, whose
peak seemed to be very far placed from the
expected position. This uncertain appearance
may be a likely result under the present ac-
curacy of the structure analysis.

The weighting scheme proposed by Cruick-
shanl was used®. The atomic scattering factors
were taken from International Tables for
X-ray Crystallography!®.

The final positional and thermal parameters
are given in Table II with their estimated
standard deviations. The observed and cal-
culated structure factors are listed in Table I11.

DISCUSSION

The bond lengths and angles are given in
Table IV and Fig. 1 with atomic numbering.
The benzene ring is planar within experi-
mental error while the substituent S and N(2)
atoms are markedly out of this plane. The
C-C bond lengths in the benzene ring vary

Table IV: Bond lengths and angles in sulfapyridine.

Bond length (A) Bond angle (°)

S—O0() 1.444) C(l)— S —O(1) 108(3)
S—0(2) 1.42(5) C(1)— S5 —O(2) 108(3)
S—C(1) 1.71(5) C)— S —N(1) 106(3)
S—N(1) 1.63(5) N()— S —O(1) 112(3)
C(H)—C(2) 1.41(3) N{1)— S —0O(Q2) 106(3)
C(}—C(6) 1.39(4) o)— S8 —0(2) 11503)
C(2)—C(3) 1.36(4) S—C(H)—C(2) 120(2)
C3)—CM@) 1414 S—C(1)—C(6) 122(2)
C(4)—C(5) 1414 CQ—C(1)—C(6) 118(2)
C(4)—N@2) 1.394) C(H)—C(2—C3) 121(2)
C(5)—C(6) 1.39(4) C2)—Ci3)—C4) 120(2)
C(H—N(1) 1.32(3) C(3)—C4)—C(5) 118(3)
C(1)—N(3) 1.36(4) C(3)—C4)—N(2) 120(2)
C(NH—C(8) 1.43(4H C(5)—C@H—N(2) 122(3)
C{8)—C(9) 1.40(5) CH—C(5)—C(6) 121(3)
C()—C(10) 1.43(5) C(5)—C(6)—C(1) 120(3)
C(10)—C(11) 1.39(5) N(—C()—N@3) 126(2)
C(11)—N@3) 1.374) N(DH—C(NH—C@B) 117(2)
N@G)—-C(M—C®B) 117(2)

C(N—C@B)—C(9) 118(3)

C(8)—C(9)—C(10) 122(4)
C(9)—C(10)—C(11) 118(3)
C10)—C(11)—N(3)  115(3)

S—N1)—C(7) 120(2)

C(7)—N(3)—C(11) 126(3)

The estimated standard deviations are shown in
parentheses.

6 e
o238 (2) .
el e 44 _0O(2)
N(2)—=Cla) clytll_g-7142
139 \ .
145 /|.39 163 N 2 ey
Cle)—Gle) \ K
.39 nl32 36 \-39
NIV ==¢(7) ct10)
143 /l~43
C —
@) Clo

Fig. 1: Bond Iengths(A) and angies( ° ) in sulfapyridine,
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from 1.36 to 1.41 with a mean value of 1.39A,
which shows good agreement with the value
of 1.395A quoted for the mean aromatic C-C
bond length. Here some C-C cond lengths
varying significantly from 1.395 A in benzene
may show the resonance effect expected in a
benzene ring with an electron-donating group
and an electron-withdrawing group para to
one another. Also it has been pointed out by
many authors, Klug!®, Arona and Sun-
daralingam'®, Kruger and Gafner'®, that
there is a tendency of stabilization of p-sub-
stituted benzene ring through the distortion
from regular hexagonal symmetry. The C(4)-
N(2) bond length of 1.39A, which is sig-
nificantly shorter than the corresponding
normal single bond length, 1.44A and in good
agreement with the values reported in sul-
fanilamids*~1®, shows an appreciable amount
of double-bond character.

Bonding around the sulfur atom is slightly
distorted from the ideal tetrahedral. The bond
lengths reported for related compounds have
been tabulated in Table V. The S-C(1) bond
length of 1.71A agrees with the value reported
in a-sulfanilamide!® and 2’'-hydroxymethane
sulfonanilide!”. The S-O bond lengths, 1.44
and 1.42A are in good agreement with the
values found in related compounds. The S-N
(1) bond lengths of 1.63A, which is distinctly
shorter than the single S-N bond length of
1.764A in sulfamic acid'® but in good agree-
ment with the value of related compounds,
show a considerable amount of double-bond
character. Cruickshank'® has shown that there
is strong z-bonding in XY, moieties(X=S§i,
P, S, Cl; Y=0, N) because of overlap between

Table V: A comparison of bond length(A) in sulfa-
pyridine and related compounds.

HN(2C C-8  S-O S-N N(@)-C
(ring) (ring)

Sulfapyridine 1.39 1.71 1.4; 1.63 1.32
1.4

Sulfaguanidine 1.41 1.78 144 1.62

monohydrate! 1.42

Sufadiazine? 143 1.78 142 1.66 1.38
1.41

Sulfadimetho- 1.33 1.74 145 1.67 1.37

xine? 1.44

Sulfisoxazole¢ 1.35 1.77 142 169 1.39
1.41

Sodium suifiso- 1.42 1.78 148 1.61 1.39

xazole hexa- 147

hydrate®

a-sulfanil- 140 174 141 1.41 1.61

amidel4 1.47

B-sulfanil- 1.385 1.750 1.454 1.620

amidel® 1.448

r-sulfanil- 138 1.75 1.44 163

amidel6 1.44

Sulfathiazole 1.375 1.749 1434 1614 1.306

polymorph I3 1.427

Sulfathiazole 1.401 1.759 1.444 1.589 1.312

polymorph 1113 1.435

Sulifathizole 1411 1.757 1445 1.606 1.319

poly- 1.441

Yy
morph 11123

3dx2%-y?> and 3dz? orbitals of X and 2p,
orbitals of Y.

The C(7)-N(1) bond length of 1.32A, which
is significantly shorter than the corresponding
normal single bond length of 1.47A, indicates
509 double-bond character by Wheatley’s
oder/length curve?® for C-N bonds. This
double-bond charater seems to be due to the
conjugation of p, electrons on the nitrogen
atom with the z-system of the pyridyl group.

The pyridine ring is approximately planar.
Bonding of the nitrogen atom in the pyridine
ring is interesting. In sulfapyridine the crystal
structure shows that the pyridyl group takes

a form (II) in the crystalline state. An evidence
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Table VI: Least-squares best planes in sulfapyridine.

Atoms Atoms not Distance Constant
included included from best
in plane in plane plane(A)
A. Benzene ring
(8 0.01 A= 0.958
C(3) -0.01 B=-0.099
C(3) 0.01 C= 0.202
C@4) -0.01 D= 2.455
C(5) 0.00
C(6) 0.00
NQ) 0.09
S 0.18
B. pyridine ring
N@3) -0.03 A=-0.294
(o(g)) 0.04 B= 0.165
C(8) -0.02 C= 0.959
C9) -0.01 D=-0.065
C(10) 0.03
Cc(n -0.02
N{) 0.04
Equation for planes : Ax--By+Cz=D, wher x,y,z

are in A)

which a form (II) appears to be quite con-
clusive is the location of the hydrogen atom
revealed by the difference Fourier map. This
hydrogen atom should be part of an N-H:--O
hydrogen bond of length 2.90A. The N-H...
---O angle of 137°supports the assignment of
the hydrogen position. Chater Singh?! has
proposed an indirect test for the presence of
an extra-annular hydrogen attatched to
nitrogen by noting that the internal bond angle
at nitrogen atoms with an extra-annular
hydrogen is significantly greater (more than
120°) than at nitrogen atoms without an
attatchment(where the angle is generally less
than 120°). The bond angle at nitrogen in
sulfapyridine is 126°, a value similar to the
angle of 125.1° in a-pyridone®, where the

hydrogen atom is clearly associated with the
nitrogen. The C(7)-N(1) bond length would
also be expected to be sensitive to the position
of the hydrogen. As can be seen is Table V,
the C(7)-N(1) bond length of 1.32A in sul-
fapyridine agrees well with that in sulfathiazole
polymorphs’*2?? where a hydrogen is not
associated with the N(1) atom of the amide
group but with the nitrogen in the thiazole
ring, while the corresponding values for other
related compounds where a hydrogen atom is
associated to the nitrogen of amide group
instead of the one in heterocyclic ring are
considerably larger. Bond lengths on the
pyridine ring which takes the short-long-short
pattern in the C=C-C=C portion show an
appreciable degree of z-bond localization
supporting a form (II) when compaired to
corresponding values in pyridine®®. Thus,
the C(7)-C(8) and C(9)-C(10) bond lengths of
1.43 A approach the accepted value 1.44 A
for C,:-C,,» single bonds. The C(7)-N(3) and
C(11)-N(3) bond lengths of 1.36 and 1.37 A,
are also significantly longer than the corres-
ponding bonds in pyridine*®. A difference
between the C-N bond lengths in the pyridine
ring, the longer C(7)-N(1) than the correspond-
ing nolmal double bond, and the hydrogen
bonding scheme in sulfapyridine as shown in
(IlI) provides a mechanism for stabilization
of dipolar resonance form (IV). However the

¥ ¥ o3
) 0
n : ¥ 09
N N o %
R \\/\\” R/N\l//N
! l :
7 .
(%) (v
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Fig. 2:

Conformational
sulfapyridine.

angles in degree in

comparatively long C(7)-N(3), C(8)-C(9) and
C(10)-C(11) to classify as pure double bond
reflect an considereable contribution of the
delocalized form (V).

The detailed conformational angles are
given in Fig. 2. The conformation around the
S-N(1) bond is very similar to related com-
pounds. As expected, C(1)-S-N(1)-C(7) group
in sulfapyridine adopts the gauche form with
a conformational angle of 71°. The benzene
ring plane are inclined at angle of 84° to
pyridine ring. The conformational angles
formed by the S-C(1) bond with that of N(1)-
C(7), when the projection is taken along the
S-N(1) in related compounds are compared
in Table 7 with the angles between the two
aromatic planar rings in these molecules.
Small differences of the conformational and
interplanar angles may be attributed to

different hydrogen bonding schemes and

Table VII: A comparison of the conformational angiles
formed by the S-C(1) bond with that of
N(1)-C(7) when the projection is taken along
the S-N(1), and the angles between two
aromatic planar rings in related compounds.

Conformational  Angle(°) between
angle(®) about the two aromatic
S-N(1) bond planar rings

Sulfapyridine 71 84
Sulfaguanidine 76
monohydratet
Sulfadiazine? 77 76
Sulfadimethoxine3 61 71.6
Sulfisoxazolet 54 69
Sodium sulfisoxazole 73 G0
hexahydrates

Table VIII: Intermolecular contacts less than 3.5 A

Hydrogen bonds

1 10) NI O()a 2.98A
N(2) weeveeennees N(1)d 3.06
N(3) reeesereeee O(l)c 2.90
Other shortest contacts
N(2) weoeerererns C(9e 3.38
N(2) +roreeeerens C(10)e 3.48
C(G) +ervermeenes C(l)c 3.13
C(9) vereeemranne OQ2)b 3.19
C10)........ O(2)b 335
o) ........ O(6)c 3.02
Symmetry code:
X, Y, Z.
a X, . -Y. 3+2.
b P+ X, 3+Y, Z.
c 1—X, 1-Y, —-Z.
d =X, 3+Y, 1—Z.
e 3+, =Y, 1+Z.
£ -X, Y 1=Z

different molecular environment. Reference
to Table VII has drawn a conclusion that the
molecule in these compounds maintains a
gauche form.

structure of

The crystal sulfapyridine

projected along the a and b axes i3 shown in

Arch. Pharm. Res. Vol. 2, No. 2, 1979
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The crystal structure of sulfapyridine viewed
down the a axis.

Dashed lines are hydrogen bonds; arrows
indicate donor direction.
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The crystal structure of sulfapyridine viewed
down the b axis.

Dashed lines are hydreogen bonds; arrows
indicate donor direction.

TUNELF

Fig. 3 and Fig. 4.

An examination for interatomic and in-
termolecular contacts revealed that sul-
fapyridine has three different hydrogen bonds.
As above mentioned, the N(3) atom with an
extra-annular hydrogen forms a hydrogen
bond to the O(l) atom of the sulfon group
with Neew--- O distance of 2.90 A. The N(2)

atom of the aniline group participates in two

hydrogen bonds as donor, one is N-H------ 0]
with N------O distance of 2.98 A and the other
" is N-H----N with N-N distance of 3.06 A.

Interatomic contacts below 3.5A are sum-
marized in Table 8. The short contacts of
3.13 A for C(9)—O(1)c and 3.19 A for C(9)
+—0(2)b could be explained by the strong
van der Waals interaction. The tight contacts
between the carbon atom in the pyridine ring
and the oxygen atoms in neighbouring mole-
cules might slightly support a contribution
of the form(V) to the structure of sulfapyri-
dine.
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