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3-Carbethoxy-4-oxo-6-methylhomopyrimidazole (COMPH) crystallizes in the monoclinic space group
P2,/a and has 8 molecules in the unit cell with the dimensions: a=8-085, b=21-62, c=12:91 A and
B=98-8°. The phase problem was solved by direct methods and the final atomic parameters were ob-
tained by three-dimensional least-squares refinement. R=0-102 for the observed reflexions. In both
molecules of the asymmetric unit the same three groups of corresponding atoms form a plane. The
conformations of the molecular parts in the three planes were found to be identical for the two inde-
pendent molecules. The only difference between the two independent molecules is expressed by different
inclination angles of the three planes. The COMHP molecule contains a system of conjugated double
bonds. Bond lengths compare fairly well with those reported in the literature for similar molecules.
The N-C= bond at the carbonyl group is 1-472 A, which is rather long. The mean length of 24 in-
dependent C-H bonds is 1.00 A with individual deviations averaging 0-06 A.

Introduction

The first attempt at preparation of 3-carbethoxy-4-
oxo-6-methylhomopyrimidazole was made by Lappin
(1948) who came to the conclusion that by the conden-
sation reaction of 6-methyl-2-aminopyridine and ethox-
ide-methylenemalonic ester the cyclization can be
effected only in one of the two possible directions,
namely towards naphthiridine.
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Closure of the ring at the nitrogen atom was thought
to be impossible because of the steric hindrance caused
by the substituent in position 6. This opinion held for
a long time and was later confirmed by Lappin (1958,
1961) as well as by Adams & Pachter (1952, 1954).
In the Research Laboratory of the Chinoin Factory,
however, proper conditions were found for optional
cyclization resulting in naphthiridine and homopyri-
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midazole (Hungarian patent, 1966). From pharmaco-
logical investigations it was found that COMHP and
its derivatives possess favourable biological activity and
an efficacious analgetic action. Further investigation
of the conditions concerning the preparation of
COMHP would, however, require a detailed knowl-
edge of the conformation of the molecule.

Experimental

The crystals used for X-ray diffraction were crystallized
from a solution in petrol saturated at a temperature of
60°C. The colourless transparent crystals are plate-
shaped with well-developed planes and edges.

The cell dimensions were determined from Buerger
precession photographs taken around the crystallo-
graphic axes with Cu Kua radiation. The density of the
crystal was determined with a pycnometer. The sum-
marized crystallographic data are:

a= 80854002 A M.W. 232-244
b=21-62 +0-02 D, 138 gcm™?
c=1291 +0-02 D, 1380 g.cm™?
p=988 +0-5° zZ =8

F(000)=976 #(Cu Ke)=8-52 cm ™1,
The space group P2,/a has been determined from the
systematic absences 40/ if # odd and 04O if k odd.
Equi-inclination Weissenberg film data, using the mul-
tiple-film technique, were taken on O to 6, 0 to 3 and
0 to 3 layers around the a, b and ¢ crystal axes respec-
tively. The intensities were eye-estimated using cali-
brated intensity scales. In total, 2571 reflexions were
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collected and 1215 were unobserved. The reflexions by multiple-film and interlayer scaling after applying
with zero intensity were taken with a value I,= the Lp corrections. The absolute scale and approximate
11.... As the diameter of the crystals used did not ex- overall temperature factor (B=2-78 A?) were deter-
ceed 0-3 mm (xR <0-3) no absorption correction was mined by a Wilson plot from all the three-dimensional
made. The intensities were brought to a common scale data.

Table 1. Final fractional coordinates ( x 10*) and anisotropic thermal parameters (x 10%) for the non-hydrogen atoms

Estimated standard deviations are in parentheses. The b;; are defined by:
T=exp [—(b11h2+ b2ak2 + b3312+ by2hk + byshl + bzgk/)].

x y z b b b33 b1z bis b23

Molecule 4

0(12) — 1640 (6) —2543 (2) —1303 (3) 259 (9) 18 (1) 54 (3) 7(5) —80 (9) —10 (3)
0(13) — 1818 (5) —1621 (2) —545 (3) 141 (6) 17 (1) 51 (2) 14 (4) —50(7) —-1(Q)
0o(17) —488 (5) —3445 (2) 249 (3) 174 (6) 14 (1) 60 (3) —20(4) —17 (8) —4(2)
N(1) 1866 (6) —2002 (2) 1868 (4) 142 (7) 14 (1) 52(3) -—-19(4) —14 (9) -2(3)
N(5) 1098 (5) —3074 (2) 1775 (4) 98 (6) 13 (1) 45 (3) 14 16 (8) 4(3)
C(2) 759 (7) —1904 (2) 998 (5) 127 (8) 15(1) 57 (4) —-7(0) —14 (10) 3(3)
C(3) —141 (7) —2363 (2) 430 (4) 126 (8) 16 (1) 47 (3) -7(5) 24 (9) -4 (3)
C® 99 (6) —2996 (2) 733 (4) 113 (8) 15 (1) 46 (3) -—-11(4) 7 (10) -4 (3)
C(6) 1191 (7) —3657 (2) 2281 (5) 134 (8) 15(1) 63 (4) 3(5) 7 (11) 4 (4)
C(D) 2283 (8) —-3723 (3) 3187 (5) 185 (10) 20 (1) 63 (4) 12 (6) -3(12) 12 (4)
C(8) 3299 (8) —3241 (3) 3629 (5) 188 (11) 25 (1) 65 (4) -3 —-30(13) 15 (4)
C(9) 3156 (8) —2677 (3) 3172 (5) 167 (10) 22 (1) 59 (4) —15(6) —-14 (12) 14)
C(10) 2021 (6) —2572 (2) 2235 (4) 117 (7) 16 (1) 47 (3) —6(5) 19 (10) -=703)
C(11) —1252 (7) —2203 (2) —568 (4) 140 (8) 16 (1) 48 (3) —10¢(5) —14 (10) -3@3)
C(14) —2935(7) —1427 (3) — 1470 (5) 158 (9) 18 (1) 51 (4) 9 (5) —54 (11) 703)
C(15) —3331(8) —757(3) —1314(5) 166 (10) 20 (1) 77 (5) 6 (6) —36 (13) 11 (4)
C(16) 47 (8) —4184 (2) 1882 (6) 184 (10) 15 (1) 94 (5) —27 (5) —-1(14) 12 (4)
Molecule B

0(12) 3322 (D) —95(2) 5736 (4) 298 (10) 23 (1) 69 (3) 38(5) -—128(9) —-19(3)
0(13) 3559 (5) —998 (2) 4957 (3) 182 (7) 21 (1) 60 (3) 29(4) —77(8) -703)
oQ17) 951 (6) 688 (2) 4576 (4) 277 (9) 22 (1) 78 (3) 55(5) —118(10) —-33(3)
N(1) 616 (6) —-612 (2) 2286 (4) 173 (8) 17 (D 56 (3) 21 (5) —-57(9) —12 (3)
N(5) —-24(5) 406 (2) 2867 (4) 112 (6) 14 (1) 49 (3) -5(@4) 0(8) -6 (3)
C(2) 1597 (8) —699 (2) 3197 (5) 169 (9) 16 (1) 57 4 9 (5 —26 (11) -9 @3)
C(@3) 1844 (7) —-275(2) 4002 (5) 136 (8) 17 (1) 51 (3) =35 -1 Q0) -5@3)
C(4) 970 (7) 298 (2) 3907 (5) 128 (8) 18 (1) 57 (4) —-2(5 —-20(10) -—-10()
C(6) ~-818 (7) 974 (2) 2601 (5) 137 (8) 16 (1) 66 (4) 2 (5 30 (11) 1(4)
C(7) — 1810 (8) 1034 (3) 1652 (5) 164 (10) 21 (1) 68 (4) 10 (6) —39(12) 14 (4)
C(8) —2037 (8) 548 (3) 913 (6) 172 (10) 25 (1) 76 (5) 10 (7) —44 (13) 7(5)
C9) —1237 (7) 53) 1155 (5) 142 (9) 24 (1) 59 4) 3 (6) —29 (11) —6 (4)
C(10) —200 (7) -77(2) 2130 (5) 132 (8) 16 (1) 56 (4) —-5() 5(10) —-12(3)
C(11) 2968 (7) —-426 (2) 4986 (5) 146 (9) 18 (1) 53 (4) —2(5 —28 (11) -5(4)
C(14) 4772 (9) —1192 (3) 5861 (5) 208 (11) 22 (1) 76 (4) 24 (6) —138(12) -2 (4)
C(15) 5115 (10) —1854 (3) 5729 (6) 288 (15) 23 (1) 97 (6) 57 (7) —119 (16) -9 (5)
C(16) -579 (9) 1526 (3) 3330 (6) 251 (13) 14 (1) 89 (5) 32 (6) —32(15) -24)

Table 2. Final fractional coordinates ( x 10%) and isotropic thermal parameters (A2) of the hydrogen atoms

Estimated standard deviations are in parentheses.

Molecule 4 Molecule B
X y z B X ¥y z B
H(1) 55 () —148 (3) 79 (5) 1-69 218 (M) —110(2) 323 (4) 0-88
H(2) 228 (9) —414 (3) 348 (6) 3-66 —230(7) 144 (3) 150 (5) 1-77
HQ@A) 417 (11) —-333 (4) 435 (7) 7-16 —276 (10) 61 (4) 25 (6) 4-55
H(4) 373 (9 —231 (3) 344 (6) 2-80 —120 (10) —40 (4) 77 (6) 5-07
H(5) —388 (9) —169 (3) —161 (6) 2:94 415 (9) —-112 (3) 657 (6) 3-64
H(6) —232(8) —147 (3) —208 (6) 2:39 579 (9) —92(3) 590 (6) 2:57
H(7) 40 (10) —436 (4) 122 (6) 477 72.(9) 156 (4) 332 (6) 422
H(B) —123 (8) —404 (3) 174 (5) 1-97 —117 (9) 144 (3) 411 (6) 329
H(9) —6(il) —447 (4) 238 (7) 7-29 —105(9) 186 (3) 307 (6) 3:68
H(10) —395 (8) —-72(3) —68 (5) 2-19 574 (10) ~189 (4) 510 (7) 5-05
H(11) —227 (8) —46 (3) — 117 (5) 2:29 420 (10) —216 (4) 551 (6) 5-14
H(12) —421 (10) —-61(4) —179 (6) 6-09 564 (12) —-203 (4) 634 (7) 717
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nitudes by the symbolic addition method using the
procedure and programs of Main, Woolfson & Ger-
The phase problem of the structure was solved in three main (1968). From the 495 reflexions with greatest
dimensions from the normalized structure factor mag-  E values (E> 1-43), the signs of 323 Evalues were deter-

Determination of the structure

Table 3. Observed and calculated structure factors (x 10)
Unobserved reflexions are marked with an asterisk.

XK ro ¥c X Fo Fc K Fo Pc K ro Fec X Fo Yc K Fo Fc K Po Pc K Po Pc K Po Fc
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2b LB % 10220 -179 9 61 =59 0 TI =50 5257 243 21109 12k 1 22¢ B 15 117 =127 22 31 -32 He-l Le=12 26 6h 51
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3 627 =713 16 193 <176 15 88 B0 6 79 =55 11165 171 He=l L=3 20 72 83 21 36% u5 6 22¢ 6 2121 -115 & 701 787
L 236 226 1718y 190 16 GO =54 T T7 T 12 9% k2 1578 643 21 22% 1L 22 18e 22 T 22¢ -1 3 31 -15 S 305 -329
§ 192 207 18213 198 17 89 -88 B8 2ke -2c 13161 =157 2587 611 22 21e 13 23 6% 3% B 171 -176 4 22¢ 26 6 T T7
6 B3 77 19 1B 15 18 25% 26 9 23 16 1k 10 1Ll 3706 -850 23 10v =16 2L 9 55 5 132 -151 g 26 -81
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17 389 L 60 59 L 94 By 2 300 32 25 ST 52 ls 22+ 6 8 17* B 1013 145 20132 -130 2 39* 56 18 2u5 <261
18 25% =12 3182 =175 $ 179 =157 3 LO* =39 26 36 =22 15423 -k2k 9 LA 52 11 22¢ 7 21 16* 22 3178 150 19 96 95
19 8 b Lk L5 6 ubs -30 b 23 15 27 ST 45 16 390 k00 10 T7 -84 12 260 -20 22 32 k1 Hel Lalk 20 Lk .33
20 193 212 5 28® -20 7 147 121 5 Lle a4 Hel L2 17 236 =250 11 53 S5 13 23¢ <k H=l Le10 1 228 14 21 88
21 2T+ <19 6580 58 8160 146 6 220 21 1713 -Th3 18 25 =19 12 1kl 152 1k 12k -1k1 1 27% 33 2 33 =32 22 100 =90
22 60 59 7T L2y ~382 921k 185 T 21* T 2170 =178 19 315 =307 13 21® «17 15 24s -k 2 40O 418 3 28¢ 28 23 20 -7
23 23w 7 818 166 10135 -118 8 L6 hs 3887 921 20 246 -25k 14 76 -B5 16 2ke -39 3202 179 & 35 L4 24 18e 6
26 28 32 961k 563 11 ukw -28 9 LL L3 4 WAG LT 21 2be <2 15178 205 17 92 -119 k150 156 5 19e¢ 13 25 S8 L9
25 21* 6 10255 226 12255 235 10 190 =28 5298 282 22 23 6 16 149 -162 18 ST 69 5335 356 6 30¢ LO 26 S
26 59 41 11271 =203 13 62 61 11 79 71 6 73 b 23 22¢+ B 17 L3 S8 19 58 79 6353 3B2 7 10+ 14 H=2 L-2
27 62 51 12106 79 1k 5T3 269  H-0 Le15 7482 <470 o4 B7 T4 18 62 82 20 77 - 723 235 8 17T -17 © 1% 125
HeO L2 13 2ke =18 15 6w 23 0 30% =33 BUuUT9 486 25 kO 31 19 21 33% 3B 8 Lke =53 9 4O b4 1 289 308
0 18 <110 1b L6® 45 16Lk2 33% 1 226 <15 9 79 8o 26 87 B1 20 95 -119 22 19 -4 9153 158  Hal L15 2 W66 471
1 18 131 15 266 22 17 207 =161 2 21 -5 104A1 457 27 47 W 21 Bl -109 23 47 Sk 10 39 =38 1 ST 3 11 127
2 Bl B85 16 260 -0 18 2ue 27 3 32¢ .12 11 215 -180 Hel LAl 22 120 119 24 bkl LS 11 106 106 2 22¢ -22 4 193 -1B4
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$ 297 257 1y2% =202 0 9 B6 1 L2 <% 1l s55 50 3359 333 25 Ll AT 2 9 B85 1 S =57 5 21 22 7 205 2m
6 LIT 465 20108 -85 1 2T* 9 2 B <52 15 22¢ -3 L 618 575  Hel L6 3197 173 15 69 T0 6 1ue 20 B L83 455
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mined. From 8 probable solutions, the sign combina-
tion having the highest figures of merit was the correct
one and among these signs only one was later found
to be incorrect. The F map computed with this sign
set revealed the peaks of 31 atoms out of the 34 non-
hydrogen atoms of the asymmetric unit. All these

STRUCTURE OF 3-CARBETHOXY-4-0XO0-6-METHYLHOMOPYRIMIDAZOLE

peaks gave reasonable bond lengths and angles and
resulted, together with the above isotropic overall tem-
perature factor, in a structure factor agreement of R=
0-42 with all atoms taken for oxygens in the first ap-
proximation.

The Fourier function computed with the signs of

Table 3 (cont.)

X Po Pc K Fo Pc K Fo Fc K ¥o Pc K Po Fc K Fo Pc K Fo Pc K FPo Pc X Po Fc K Po Pe X Fo 7Pc
1 39 4 17 75 =90 16 216 =23 19 8y 118 1 76 79 3256 262 23 4l =39 22 66 -T7 9 229 -p62 20 L6 52 2 15¢ <1
2 256 238 18 1% W4T 17 187 -tk 20 38 <LB 15 17 -2 L 68 5T 2u Th  Th 23 56 67 10 176 217 He=5 L=9 3135 123
3 9l 99 19 45 55 18 218 19 21 & 83 16 15* B 0§ 13 S5 25 6k 51 2h 52 6L 11 28+ 12 1 49 W L 102 1
b 337 -3y 20 55 -57 1y 21* 6 22 33 -38 17 64 63 6289 «263 26 61 -70 H=3 le5 }2 70 82 2111 =111 5 130 -13
S 516 528 21 1tk 126 20 37+ =31 2% 34 eblh  Ha=2 L1l 7 148 150 H*3 La3 1379 =38y 13 B4 <84 3137 -117 6 8% 65
6 15¢ =7 22 ly* P 21 1ye =23 0= L=y 0168 138 8374 379 158y -588 2230 227 1L 22* 33 5153 173 T 31 L
T 426 380 23 33* by 22 10¢ b 028k 29u 1 128 13y 9 1Sk 15T 2 995 Sy3 329l 275 15 52 60 6 3¢ 45 B8 1le -26
8 uk4 53 2 16 12 23 b2 60 1290 316 2 24 11 10 66 b6 3310 35) & 1% 15 16 51 <63 T 62 61 9 35 56
9 280 2h6 25 131 -11T 24 ke 14 2 1%h 133 3 161 KT 11 TS5 68 L 216 «205 5 190 167 17 9T «112 8 115 =137  He-3 Lelk
10 466 -h29 26 LS -8 25 33 L6 3 145 11k He2 L=12 12 T3 65 5 11k =103 6 60 60 18 uS® =34 g 22v =11 1227 192
11 270 -250 He2 LeS =2 L=7 L2355 -251 O s52¢ 63 1% L5 -3k 6 LO 39 T 188 198 He3 LaT 10 220 11 2 25 10
12 185 166 0157 =155 O 25% =22 S5 SL -55 1108 112 1k 2ie -20 7 64 79 B 19¢ 27 1111 111 11 29 S6 3131 104
13 78 75 1479 W58 1 55 42 6 %L ki 2 1oy 117 15 91 96 B 62 4S5 9273 29T 2120 =97 12 22% 16  Heb Lal
1L 22 15 2 56 L 2 145 -1y T 0% -kl 3 LO® =22 16 B6 87 9 145 135 10 207 207 3 Lk 37 13 65 T4 0 186 =207
15 220 <18 3 3Ly =311 3217 206 B 153 173 & 76 -85 17 23 -3 10205-208 11 60 75 L 17¢ 0 1 52 70 112k 131
16 23 =25 @177 -152 & 70 -T5 9217 249 5 L6 SL 18 53 62 1l 93 ~69 12472 <523 5 61 =57 15 53 70 2 18 =28
17 99 18 5 3B 21 5250 ~268 10217 2hl 6 20¢ 16 19 2b> -284 12 155 -14% 13 12B 14k 6 18¢ 3 16 38/ 59 3 2L2 -26)
18 L9 46 6386 <350 6 S4  SI 11104 -116 7 20 -8 20 TI T} 13122 -115 1L 119 139 7 19* 30 17 20* -3 L4 lke -8
19 150 «158 7 16¢ 20 7 uO® -3% 12 37¢ 4o B 20+ 8 21 B 57 1Lk 116 -111 15 84 101 B 50 47 18 19* ~25 5 125 ~116
20 249 267 8 91 8y B 127 135 13 87 98 9 L3 Wk 22 78 56 15 85 Tu 16128 -155 9 28e =38 19 18 Ul 6 &8 70
21 127 120 9 73 73 9 58 ~63 1 3B 56 10 63 -2 23 16¢ =54 16 151 172 17127 163 10 SO -61 20 6% 11 7 1sn 1B
22 25 11 10 65 <60 10 334 <33 15 20* -13 11 96 <63 2b 30 29 17 &8 61 18 Y4 15w 11 51 -5k 23 81 97 B 3w 32
23 31 -3l 11 1ye a3 11 93 16 6L <9k 12 38 S5 25 15 -15 18 B6 =93 19 21y -6 12 131 153  He3 L=10 9 135 =12k
2k 18v 10 12 200 12 12129 -1k2 17 LB <63 13 % L1 26 L2 o34 19 ke 36 20 59 76 13118 16 1 260 3B 10 260 -26C
25 70 65 13 200 -28 13277 289 18 17v B8 He-2 Lx12 Hee3 La1 20 23 9  He-3Ls5 1h 91 11y 2 25% =12 11 81 -69
26 14e 18 1L 172 -1TL 1L 356 -L23 19 16 10 0 227 -21b 1 2k <415 21 33 -21 1103 -113 3§ 22* 21 3 33 SO 12 183 =181
He=2 Le3 15 21 -5 15122 156 20 37 L2 1198 ~127 2253 =28y 22 6G =59 2 567 590 16 78 -106 L 115 -137 13174 183
0 658 676 16 83 yb6 16 170 =193 21 4T -ky 2 1B5 -208 3241 2u) 23 30 27 3155 165 17 LY =55 5 228 <29 1k Th ST1
1 964 1174 17 97 =46 17 247 -306 H==p L-9 3 Lke 30 L 208 <216 24 77 -6 L 331 =347 18 598 58 £ 22¢ 20 15 106 =119
2 226 239 18 21* -26 18 208 -7 O 24k -2u3 H*2 L-13% 5216 -198 25 B6 683 5365 368 19 33¢ 50 7 B1 92 16 25¢ el
3 Tl <810 19 21% =13 19 19% =22 1 #0200 3 6500 -575  He=3 Le3 6 75 93 20 19 <k B 93 -130 17 95 98
L 395 403 20 200 6 20 18v 25 2 T B3 1 23 4 THBA -WB3 1 Bl 88 7101 -94 21 Ty -85 Q 22¢ 9 18 25¢ <6
5 2u2 «237 21 89 100 21 106 «105 3 W6 =122 2 22¢ B8 B L7 <470 2 290 =303 8106 -11k 22 16% 20 10 21* -1 19 2ks -12
6 102 100  He=2 LeS He-2 L7 5 W7 =371 3 63 62 91,3183 3 18 2 9 T2 -Th 23 B4 107 11 21¢ 3G 20 3% 36
7 391 383 0782 8 0 79 60 6 45 LT 4 Uy 62 1229 94 L 1B4 1T 10 18 -10 He3 L8 12 55 69 21 22¢ -12
8 307 301 1 52 =57 1 2% 18 7 83 -88 5 18s 2 11263 -2k 5 G0 -100 11 S0 <06 1 271 276 13 20% <29 22 21 1
9 84 62 2300 306 2 22 25 B 2le -5 & 18+ -4l 12 77 B2 6 Sk 53 12 200 -9 2 8 B3 1k W7 -161 23 118 100
10 1280 =98 3 32 26 3196 -208 9 85 lou 7 18« 3 13 20 W 7228 -213 13 3%5 387 3 322 -313 15 83 -0 24 8 83
11 79 T3 L 300 =314 4 151 «25% 10120 =127 8 17* 6 14 12b =140 B 256 -236 1k 13L 167 L 239 -253 16 16% -3 25 L2 39
1275 <66 5334 .33 5 17¢ 10 11 21 10 9 17 D) 15 45 -3t 9 76 75 15263 327 5193 -215 1T 15¢ ©  Hab Lal
13 73 =56 6 Tl -T1 6 17* =25 12 22¢ 24 10 35 >+ 16132 =128 10 19¢ 19 16 70 8 6 21 1 18 76 76 0221 23
1 278 -257 7437 Sl 7117 -20h 13 2% 25 11 %) b5 1723y 267 11 99 95 17166 201 TLDI ~569 19 78 98 1 Gk <86
15 220 -17 B1t2 158 B L3 -h2B b 210 26 12 1ue 17 18 o4 7y 12 2le =29 18 16 193 8 333 ~h07 Ha=3 Lel0 2 G4 45
16 399 -85 9 60 65 9222 2u5 15 21® 19 Hx-2 Lel3 19 33L -h02 13246 =230 19 S5 75 9 72 <05 1 28 17 3132 =126
1T 5T <59 10224 =233 10 S0 16 2le -9 O 68 -66 20 63 56 1L S3 30 20 Ou -126 10 168 ~201 2 20% 13 &4 152 1%
18 78 =70 11 15 -152 11 98 <200 17 Lle W 1110 -B6 21 100 -113 15 61 39 21 208 12 11 20 <57 3 162 «147 5 25T 257
19 166 -173 12157 206 12 20% -3 18108 116 2141 116 22 85 83 16251 -p62 22 18 -1k 12 91 102 7 ST =51 & 19 &2
20 166 175 13 WU 46 13115 122 He2 L=10 3 6y 455 23 81 <67 17 180 -175 23 85 99 13 22¢ =37 B 1 106 7 233 -235
21 63 L9 14 300 352 1 S1 =57 O 31 % =2 Lelb 2L 141 1uL 18 108 81 2L WL =45 1k 22 J)2 9 S8 .79 8 229 222
22 85 <83 15149 218 15 22* 28 1 51 L6 O 2ue 17 25 28 L4 19 ohe «18 H23 L6 15 21 62 10 62 T2 9 Sl -S52
23 20 <2 16 67 73 16 33 L3 2 B2 81 1 L6 -5k 26 20 20 20 26 <45 1 95 93 16 L9 53 11 78 B85 w0 23 4
2k 21 219 17 220 2 17 T3 9T 310y -l113 2 LT <56 H23 Lap 21 3% 28 2158 156 17 19* 35 12 & B85 11 4O -35
25 18 <15 18207 235 1B108 124 L 68 68 3 8y 66 1 22 98 -92 3300-205 18 180 10 13 62 79 12 262 262
26 66 60 1915 187 19 45 -6 5110 131 k Ll 52 210% -103 23 k9 38 L 119 107 19 57 -57 i 60 =80 13 149 136
2T S 9u 20 123 <149 20 1o -1 6275 31k 5 16e -36 3398 3539 2k LY Lk 5 69 -5k 20 15e 37 15 53 68 1h a3 25
He2 Lol 21 51 66 21 18e 40 7227 2B 6 U5 L9 L Lok -kuH 25 18 -7 6 89 <75 21 1% 19 HeX 111 15 74 B3
01043 1075 22 45 6b 22 16* 25 8 Th ~95 7 I5e 1 5172 <161 26 S8 <47 T 61 -64 22 3 49 1 149 -152 16 131 =143
1 238 207 23 36% =39 23 27° L3 9 ¢ 15 B e -1z & 53 61  He3 Lab 8187 188  He~3 Le8 2 199 =200 17 127 W8
2 L8 38 He2 L= 2h 72 76 10 T3 B85 9 Ll Lk 7281 -266 1500 W& 9 68 -73 1 111 111 3108 107 18 95 -9
3 906 -9ul 0 T17 ~738 H-2 L-8 11 102 <122 10 29 37 843 4lo 2 113 =101 10280 307 2 15k =155 & 22¢ =22 1G5 Q0 99
b 508 LLT 110 125 O 79 -Sh 12 3% 25 He-2 Lelk ¢ 391 372 3601 S32 11 21s 15 3231 -227 5 6 65 20121 121
5 52 50 2 61 60 1 Tu 61 13 20% -2k 213 109 10 62 80 i 1o 1 12 310 =367 L 155 <159 6 21* -9 21 2ue 12
6 e 28 3120 99 2 45 -ko Wb 75 B6 3 86 B3 112% 221 5207 -180 13 221 -277 5 100 -101 7 Lke 22 22 11k -1k
T 52 42 L209 185 3155 =137 15 3ke 31 Hs2 L1512 216 208 92 100 14 224 265 6165 -170 B 2le 18 23138 -l27
8 16+ 19 5k e300 L 312 -36 16 73 <81 O 79 78 1% 20 4 T 15k <152 15 S0 60 T 79 =85 9 200 42 24 50 48
9 158 137 6 31+ k0 S 178-200 17 17* 31 1 13 =30 1L 207 219 8 39 31 16 220 «32 B8 208 15 10 82 87  He-d Lal
10 206 =220 7294 27k 6 87 -110 18 15e -z 2 ke 1 15 2% 29 9 18 =34 17 22e 32 9 5L A9 11 22¢ <7 O 9% Tk
11 23 -0 B 26v 23 72524k 19 60 68 3 78 B0 16103 -0k 20 L5 -32 18 Su T1 10 21 29 12 82 96 1 T1 85
12 119 121 9 2he <38 8 20¢ -37 He-p 110 L 30 U1 17 24® 35 11 86 Qi Hee3 1=6 11 36* <46 13 17¢ 4 2225 249
13 61 10258 <275 9 145 160 O 8% 15 5 L0 -52 18 - 12 37 24 1122 1k5 12 22* <6 M 3% k6 3 T& S8
1139 153 11 329 =10 10 4T eS1 1178 167  He3 Le0. 19 10k =129 13 105 -133 2 63 63 13 76 b Hes3 La2l & 224 =235
15 26 <275 12368 3% 11201 -336 2 93 10k 1 99 -B2 20 90 B3 b 2TL 302 3 S5 6 i 22e =13 1 290 =30 5161 138
16 127 144 13104 -106 12 22¢ -y 3 2%k 235 2 273 288 21 L9 32 15196 231 & 65 65 15 53 w5k 20 5 6255 -23%
17 T2 8 1 2le 3k 13 220 -0 8116 12k 3600 700 22 U8 35 16 220 <12 5 63 63 16 By -102 3 670 -8 T 390 ~3%8
18 8 -97 1515 179 1k 123 1S 9106 119 'k 256 «261 23 208 1 17 9% 119 6281 291 17 106 =135  He3 L=12 8 316 284
19 2ls 29 16 22+ -0 1l52k2 289 10 22+ -25 5219247 2b L7 42 18 75 -8 7 85 18 200 18 1 2us 17 9 2 26
20 69 7T 17 21* -2 16 Lle 4k 11 22¢ 16 6639 690 25 15¢ <4 19 53 6 8135 ~126 19 19 43 2 23 =18 10 52 <45
21 36v k9 18 58 61 1T 200 k5 12 TS 98 T298 295  KHe3le2 20 67 Bi 9 3e kg 20 18 9 3 Liw S5 11 18 -5
22 19* -19 19110 114 18 W 67 13 55 62 B lue 2 1 3u6 =385 He-3 L=k 10 35% WO 21 4B <65 4 52 T3 l2 2ue o7
23 80 <84 20 19% <14 19 14 11k 1k 38e 2k 9 22k 220 2 191 2 1520 556 11 99 -109 22 61 -73 5 20¢ 30 13 176 161
2k L8 -5k 21 18¢ 31 He-2 LB 15 k5 S8 10 Gh =102 3121 125 2260 -283 12 T ~T7  He3 L9 6 200 20 1 92 91
25 M 53 22 62 -75 0215 -182 16 L8 52 11221 -217 L ST 65 3 83 B2 13 9512l 1 25¢ 19 T 19 <=9 15 211 216
He-2 Lel 23 40 <8 1240 247 17 63 <91 12 127 127 S LL3 <68 L 2b6 29k 1k 220 <13 2 258 2 B 53 B0 16 27e 11
0 1T* Sk He=2 L6 2 100 18 17% <4 13 53 6512 528 5264 320 15127 «162 3 S3 81 9 18 23 17 103 0%
1 348 370 015 .16k 3174 <177 19 38 -b3 14153 15k T 402 420 6 76 <76 16 128 156 & d2e 16 10 17e 18 210 5
2 181 195 1205 206 k165 160 He2 Lall 15 1ge -18 8170 162 T 15¢ 3 1T B6-106 5 66 68 11 Lo 19 28+ 20
3 15 <150 2161 163 5169 -180 0172 185 16 B4 -78 9213 197 8 91 100 18 B2 96 6 308 390 Hee3 Leld 20 66 -5
L osll <23 3324 626 212 1125 133 17 95 89 10167 20 9251 272 19 B 117 713 155 1 92 ~T1 21 95 75
5 227 «233 L1155 173 7136 17 2 3%e 33 18 77 <81 11 140 128 10 93 91 20 20* -4 B 55 =SB 2 91 By 22 23* 23
6 185 <9 5162 165 92 106 3195 -178 19 82 ~59 12196 -18! 11 Bi -89 21 19¢ 13 9110 131 3112 -97 23 Sh 45
7 33 818 62%0 267 9 Lle L & 250 &9 20 Ul 19 13 218 -2 12157 169 22 79 100 10 120 145  He3 Lal3 24 117 =103
8 33 31 T 56 <69 10 91 100 5 53 -56 21199 220 1b 200 295 13278 -306 He3 1= 1 22+ 3 1 15 <J0 25 66 65
9 376 W6 B8 93 Bl 11 T <169 6 2le 50 22 10T 99 15170 <171 1k 21% 20 1 &6 =74 12 22¢ 32 2 2le <10  Heh L=2
10 165 «177 122 125 12 2le «32 7 61 -75 23 60 LB 16278 =305 15 210 L6 2 26w <26 13 47 LB 3 ST T3 0 324 =313
11 34+ 25 10119 -131 13 113 8 21¢ Lh 2L e o5 17 S6 L2 16108 137 3 66 <65 1 208 2 He=3 Lel3 1217 272
12 1bs 159 11155 -168 1b 25 -20 9 L3e 4B 25 12 1 18 91 90 17 55 61 L ou =9l 15 po» £ 1 20% 1 2 T5h =809
13 82 78 12102 91 15 55 -73 10 20e 26 30 29 19 75 65 18 55 70 Su29 UB3 16 190 32 2 55 36 3284 ~259
Lo 76 85 13 3ys k2 16 70 B2 11 b 63 He3 Lel 20 T9 79 19 LOv -35 6 20% =25 17 1Bs <1t 3 =50 b3k 115
.ig ng' 6&63 192 112 17 21s 27 12 82 91 132 -32 21 55 LB 20 21 -18 7139 =1kl 38 16s -22 He3 Lals 5135 1l
-168 15 55 =60 18 T4 10l 13119 127 2 29 <12 22 LT 48 21 68 o B Sk S1 19 We-8 1 71 T5 6 8% 71
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wards, the refinement of atomic parameters was car-
ried out by the block-diagonal least-squares method,
using Albano, Domenicano & Vaciago’s (1966) pro-
gram which minimizes the fuuction @ =32 w,(F,,—

structure factors of the former 31 atoms, using Dome-
nicano & Vaciago’s (1966) program, also revealed the
remaining 3 non-hydrogen atoms. After identification
of the atomic positions and introduction of the 3 new
atoms, the structure factor agreement reduced to R=

1 . . .
0-234 for all observed reflexions. From this point on- G |Feul)?, where G is the scaling factor. The weight-

Table 3 (cont.)

X Po Fc X Po Fc K PO Fc K PO Fc K Fo Fec X Fo Fc K Fo Fc K Po Fe XK Fo Fc K Po Pc K Yo Pc
T1% =120 0329 B 0 16b 15k 717U =176 0 3% 6 13 26% -3 18 33 -27 6 23 -20 21 19¢ 17 HeS Lrll 16 2T¢ 22
8 5T ol 1298 P 1 27v «1l B 2us «%05 1 2e 22 W 1B 118 1y llo -85 7106 106 22 8% 1 & 17 260 10
0 w0 BT 2185 157 2 %% 31 92 80 15 2 28 <0 15 37 <kl DO 229 -1 6151 -1l He5 LB 2 2ue -1k 18 25¢ -17
10 184 =178 3 306 239 3 176 -1b5 10 155 =130 3 ske <2 16 161 177 21 83 -84 ¢ Sle -kl 92 86 3 19 69 19 23 10
11 88 86 L 100 =8y b e -2 11 S1e o1 L e w0 17 26¢ 0y 22 13 2 JO 112 110 2120 14 L 25 18 20 21+ 3
12 288 =21 5 LD =L S 871 335 12 300 =20 5 126 =116 1B 2S¢ 26 Hes5 Le3 M1 8 Ty 3 37* =10 5 2ke 11 21 19* 16
15198 187 6 95tk 6208 Lw 13 298 e 6115 87 19 30 25 1167 158 12 O 8 L 300 -9 6 2k 30 109 -119
16180 =17y T 92 -85 T 105 Bt & 5pe Th 7 27% <16 20 b2 k0 2 200 205 13 518 -37 5 95 =90 T 23% -l2 L2
15 &7 =358 8 65 =hy B1sy 151 1511k ek 8 260 38 21 77 -70 3 2% 227 14 135 122 6130 13 8 220 -15 0125 17
16 75 73 9 ske 4T 9207 o7k 16 e ey 9 268 W 22 63 ST b 395 393 152k5 279 T T1 -T2 9 2iv 27 1199 -2k
17 28¢ <1 10 321 =307 10 20k <ly5 17 24e =21 10 2% =35  He=5 Lel 5116 72 16 3¢ 10 8 30¢ 15 10 198 & 210k 92
18 27¢ =12 11 356 3k6 11 T3 65 18111 100 11 oke 8 1108 1w 6237 209 17 T9 =55 9 29* 21 11 18e -25 3101 79
19 27% -2 12186 171 12 81 87 Ju s <27 12 20¢ <3 2120 k2 7103 82 18 76 61 10 29 =23 12 15% 102 b 218 ~23b
20 26% 1 13 21y =214 1% 30 LS Moo LB 15105 65 3 2s¢ T B8 v 26 19 27* 14 11 280 3 13 90 <130 5 57 =
21 240 19 1h 31 3% 14 277 232 0319 =335 M 3B b b 207 261 9 by =132 20 25¢ -1 12 27% L0 HeeS Lall 6 260 &
22 kb <48 15 31® -3y 15 30® -1b 1 27% 20 He-b Lell s 19 S8 10 187 150 21 23¢ 13 43 4B 2 2B+ =23 T 106 N
23103 -92 16 31® «56 16105 -163 2101 9% O ule <45 6 200 9 11 37 35 22 20° -18 1k 1% 98 3 70 <81 B 15k 161
2L 4O L4 17T 83 <76 17 103 <156 3133 -118 1 298 335 7 85 71 12 106 -88 23 L2 -49 15 B2 86 H=$ L=12 9 129 =124
25 51 67T 18 75 6% 18 e 15 4 2Te 13 2 97 111 8113 -102 13172 180 Hes 106 16 83 78 1102 -3 10 28+ 16
Heali Le2 15 20% <50 14 4T =46  $ 150 =135 3 Sle 10 9 20l =166 14 47 -3 1 28 1% 1T 29 L1 2 63 -3 11 225 264
0 66 Wb 20 270 -1k 20 23® -1y 6 20e =28 Heb Lel2 10 197 183 16 13 -126 2 205 -215 18 113 118 3 81 6y 12 128 -142
1169 173 21 250 <45 21 85 86 7 29 2 0 4b6* 52 11 LB kb 16 20 3 129 =100 HeaS Ls8 4 130 <112 13 78 -83
2 67 S5t 22 70 <80 M-k L6 B Sle AT 1 65 =63 12 B85 80 1710 113 L 178 179 1 13k =133 5126 -1k L k5 -37
3 220 =35 23 S1 62 0315 .20 9150 Ik 2 2% 12 15102 -39 1823 200 5334 36 2 20e -lb 6 19¢ 11 15 49 36
L 329 =592 Heoli Lal 1200 213 10 30 =4 312 116 Q4 33 <35 19 L5 <35 6 2u7 230 3 ULy =25 7 115 -107 16 268 =21
5203 272 0 B T0 22u3 267 11 LT =lk2 & 3@ ~8 15 63 =52 20 128 -110 T I47 <13y b 139 -118 B8 L3 -30 17 L5 59
6153 132 1359 463 3101 T 12 3le =35 S 29% <7 16113 102 21 83 63 B2s2 258 § 96 =97 He=5 Lal2 18 2lbe 11
7188 2126 2 1ue B L 230 -30 13 o6 k) 6 2ue 3 17167 158 22 137 <123 9319 5 6 7 102 1 27¢ 16 19 220 L
8 233 =222 377w -5 5 248 30 1 69 7T 7 WTe -3) 18120 106 23 17% 30 10224 195 7112 102 2 27¢ 32 20 2& 2
2 66 -5 L9y W 6 290 B 15143 150 B 230 b 19 250 21 24 u3 46 11 251 22k B 68 58 3 LT <32 21 53 <63
10 81 70 520 esc: T A7 6B 16 2. 9 218 a1 20 9k =70 HeS Lb 12158 133 9 She 21 HeS el Heob La2
11 567 =297 b 10 170 B33 147 17 s7Te 41 10 200 -9 21 LA L0 1187 201 13 79 <70 10133 117 1 41 36 0 ke O
P22 w13t 7 40 N3 % idk eicT 18 DT 1 11 14 40 20 56 51 2287 =309 1k 2ys 27 11 kie 4B 2 le W 1 76 B7
1y 260 <26 B 6T f6 10 G618 A1 4. VA NT 12 63 b HeS 12 3 g7 Bl 15 28 <6 12 s0¢ 35 3 68 79 2 19 .16
W93 T4y 2ue 20 11 43 33 30 2%e <12 Hesh L-12 1310 «2%6 L 161 12 16 260 <6 13 65 62 H=-5 Le13 3 65 +61
15 90 B2 10 128 1i2 12 L2 42 21 Lie <39 0 LOo® -by 2213 =227 S 415 0) 17 79 73 W 79 49 2 2ke W 4 23 -18
16 183 11) 11 27 1% 1) Xe <} Hel Lot 1133 <105 % 308 1 6179 ~161 18 23 -3 15 71 S5 3 3+ 21 5 33 -%
17102 =87 12 L L 1k 3.8 5L 0 ke 65 2 e <3 L 31! =316 T 196 168 19 2l 2 16 27 4T HeeS Lk 6 61 59
13161 «131 13 20 =15 1 AL1 i3 1 76 16 3 18 U7 5195 -1ps 3161 <135 20 W8 51 17 82 <65 1 85 62 7 50 <43
19 115 01 14 1h3 «8T 16 e a3 D v epln  Heb Laly 6 16k <155 9 T35 5T 21 76 75 18 2he -30 2 2ke -6 8 23 9
20 31 % 15 7 @ ; T 4 =37 10 9 18 Hes5 L6 19 19 3 3le 16 g 128 12k
21 2% 6 16 1°¢ 10) 8 Ly 42 11 66 ~5% 1 Ly 53 20 52 -52 H=b L0 10 9 8
22 2% 11 17 120 13 G 52 %L 12 200 «293% 2156 149 21 6% 671 0 3Lk 430 1) 308 =25
23 21e <21 8 795 ent 10 66 65 1% 116 102 3251 =263 HeS L9 11035 93 12 10T 104
24 195 =150 10 %m =, 11122 10) k22 233 L 103 87 1100127 2 35 -31 13 B2 -18
25 W7 <33 20 20 23 12 170 =177 1% 120 125 5 L0o® -2b 2 143 2 3 79 T7 14 b3 4O
Hel Le3 21 Ty 6 18250 2L7 16 167 =124 6 86 96 3127 137 L 18) 193 15 k2 <37
0 26k 252 22 63 LY I o L7 Heey Lok 7205 <206 L 123 123 S 172 184 16 33 7
1 837 Sib 23 SU &3 19 iy «lup 1 B W30 A 6y -4 5 59 =38 6 B8] -8 1T 67 ~55
2 67 =50 2 11 €0 16 47 100 228 =315 ) Sn 32 6 60 b7 T 92 <87 18 37T 31
3 228 <183 Rek LS 3 2 ki 17 48 Bk 3 23 15 1014 180 7 290 -1t 8 ST 19 45 <36
L S 38 0630 LOS L 357 W47, W ITI .58 3 16L 135 8 3% -3h L 92 79 111y0 175 8 20e .32 o Th 80 20 62 952
S €8 52 115 ~15. S 171 .4 15 T3 <L7 Hel IolL 1y 2Le =5 5358 166 12 1% 123 9 97 68 10 27 33 21 60 61
6 171 152 2 10. =1 6095 P34 i 125 e O WA «%) 20 D2t & 6176 186 13107 ~l0l 10 85 =77 11 271 28 27 <28
7 46 32 5 LS ST 7 b <37 Q7 Die DT 1 pne o1t 21 LT -k 7 205 237 b 150 4150 11 Sle <41 12 110 117 H=6 L=3
B 216 198 & 134 =12 8235 210 I8 L L1 2 Lo 90 20 6> =51 B 1y <wf 15 300 33 12 78 67 13 25 221 O % -15
9 2k* 9 5106 Tl i 1% ip2 Heeli Lrv 3 43 138 DYy %2 %2 4 1% 4% 16 e -25 13 2% kb 1k W =51 1 203 -217
10109 =60 6 53 L6 10 ¢35 =12 O bge DT & 31 3T HeeS Le> 4O U0s 3% 1T 2Bs 21 1b 220 <23 15 3er JT 2156 -8

OBl =Ty T € &Y i 31 1T 1 91 76 Heek Ltk 1112103 11 6. % 18 27¢ 0 15 200 26 16 32» 328
12 58, 1.5 8235 2L 2298 et 2 AF AL 0210 170 2 .0, <187 12 N6 -45 15 268 <3 16 17% =13 17 31¢ 1 4 163 159
13 1h3 <122 9 BT -PTL 1% 3.0 <1 3 Lpe Do 1 &) 52 3 8 o7, i3 pa 3 20 B <WT 17 L5 <56 18 29» 6 5153 155
W 87 =72 102k8 22 M 5 2T 5 'y 9 0 ke §. W 6L 0k te 218 219 21 2te 1l Ha=$ [»9 Heb Lal 6 128 ~108
15220 1,0 LiP20 eles 15 210 D6 6 TT TS 3 ki -3 53,7 =33 15 €1 61 22 19s =19 1 Uke 0132 123 7225 222
16 310 «2b 12 WAL W93 36 pHe SLL T 99 -k oY A0 6 2 1 23 <8 B8 232 -2u3
17 30¢ 23 132:2 -18, 17104 83 B £ <A 1 #6100 T 3 2117 =202 9 lbb 151
18 LT &3 1k 3ie B 18 2% 3 Q9 30 -39 D20 185 B s 3 gh =82 10 225 -2i2
19 L0 =4, 15106 1L 1, WPe 52 10120 k2 3 Ty A1 9 6 b 6L 62 11 182 186
Y5 L 28y -2u6 10 T 5185 184 12 33 -27
g § 3L 16] 1) 8 6 U9 50 1% 160 =160
0: 6 19 4 1 9 7 49 -43 1 28 17
1 7 k1 4y 13 8 280 18 15 67 =15
2 8175 168 1 9 58 <61 16 260 15
3 2 9 8y <67 15 10 1% «135 1T 27* «25
03546 L3k 22 200 % b 86 ~Uh 0 MWT 2% 10 1% -3 16 11 65 T1 18 50 59
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ing factor of Cruickshank (1961a), w,=1/(a+bF dinates of all hydrogen atoms could be determined,
+cF?) was used with a=4-0, b=1 and ¢=0-01. This showing fairly good agreement with the geometrically
refinement, 3 cycles in the isotropic and 3 cycles in the  generated ones. After inclusion of the H atoms, the
anisotropic mode, gave R=0-130. Subsequently, the structure factor agreement reduced to R=0-110. Fi-
F,—F, difference Fourier function was computed, re- nally 3 cycles of refinement were carried out in the
moving all non-hydrogen atoms. From this the coor- anisotropic mode for the non-hydrogen atoms and 3

Table 3 (cont.)
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Table 4. Atomic least-squares planes of the two molecules in the asymmetric unit and the mean deviations
Jrom the plane of atoms forming the planes

The plane constants (4x+ By + Cz= D) are referred to the orthogonalized axial system and coordinates are considered in A.

Atoms forming Mean
the planes 4 Mole- Plane constants deviation
and B, respectively cule A B C D (A)
C(2), C(3), C(6), A 0-8190 —0-2191 —0-5303 06513 0-041

C(7), C(8), C(9),

C(10), N(1), N(5), C(11) B 0-8520 0-3483 —0-3910 —1-5923 0-023
C(3), C(11), C(14), A 0-8633 0-3074 —0-4003 —1-9606 0-017
C(15), O(12), O(13) B 0-8514 0-3317 —0-4064 —1-6814 0-035
C(3), C(4), N(5), A 0-9006 —0-0510 —0-4317 —0-1496 0-009
o117 B 0-8447 0-4440 —~0-2990 —1-1975 0-002
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cycles in the isotropic mode for the hydrogen atoms.
In the latter refinement all reflexions with sin > 0-7
were omitted. The final atomic parameters together
with their estimated standard deviations are listed in
Tables 1 and 2.

The structure factors calculated from the final
atomic parameters are given in Table 3. The atomic
scattering factors for all atoms were taken from Inter-
national Tables for X-ray Crystallography (1962). The
final reliability index R(4k/) is 0-102 for the observed
and 0-129 for all the reflexions.

The geometry of the molecule

The conformations of the two independent molecules
(A4 and B) of the asymmetric unit show only slight dif-
ferences. The atomic numbering and identification of
atoms is given for both molecules in one drawing
(Fig. 1). In both molecules the same three groups of
the corresponding atoms each form a plane. All but
the C(4) atom of the bicyclic part of the molecules are
in one plane P1. A further two planes, P2 and P3, are
formed by the carbethoxy group and the atoms of
C(3), N(5), C(4), O(17), respectively. The plane con-
stants of the least-squares planes referred to the or-
thogonalized axial system along with the mean devia-
tions of the atoms from the planes are given in Table 4.
The mean deviations from the best planes are in each
case less than or equal to 0-04 A.

The lines of intersection of the two planes P2 and
P3 with plane P1 are defined by the C(3)-C(11) bond
and the C(3) and N(5) atoms respectively. The inclina-
tion angles of the planes are given in Table 5 from
which one can see that these are different for the two
molecules 4 and B. The greatest difference arises for
the planes Pl and P2. While in molecule 4 the in-
clination angles of the planes P2 and P3 with PI are
316 and 12-1°, in molecule B the same angles are 1-0
and 7-6° respectively.

Table 5. The inclination angles of the atomic planes in
the two molecules A and B of the asymmetric unit

Molecule (P1,P2) (P1,P3) (P2,P3)
A 31.6° 12.1° 20.3°
B 1.0 7.6 8.9

The conformations of atomic groups forming the
three planes are the same in molecules 4 and B. This
fact can be proved by inspecting the bond lengths and
bond angles given in Tables 6 and 7.

The thermal motion analysis

The r.m.s. amplitudes and the vectors of the principal
axes of thermal vibration ellipsoids of the non-hydro-
gen atoms were calculated and are listed in Table 8.
The last two columns of the Table show, for the two
independent molecules 4 and B, the inclination angles
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of the principal axes to one of the three atomic least-
squares planes (P1, P2 and P3), i.e. to which the cor-
responding atom belongs. With these angles the rela-

Table 6. Bond lengths in the two independent molecules
A and B with the e.s.d.’s in parentheses

Distances (A)

Molecule 4 Molecule B

C(2)=C(3) 1-374 (8) 1-377 (8)
C6)=C(7) 1-361 (8) 1-364 (9)
C(8)=C(9) 1:352 (9) 1-354 (9)
C(3)—C(4) 1-428 (7) 1-422 (8)
C(7)—C(8) 1-394 (9) 1-412 (9)
C(9)—C(10) 1-420 (8) 1-413 (8)
C(3)—C(11) 1-494 (8) 1-481 (8)
C(6)—C(16) 1-508 (9) 1-514 (9)
C(14)-C(15) 1-504 (9) 1-473 (10)
C(4)=0(17) 1-211 (7) 1-209 (7)
C(11)=0(12) 1-203 (7) 1-:203 (7)
C(11)-0(13) 1-341 (7) 1-328 (7)
C(14)-0(13) 1-445 (7) 1-467 (8)
N(1)=C(10) 1-319 (7) 1-332 (7)
N(1)—C(Q) 1-342 (7) 1:327 (7)
N(5)—C(10) 1:397 (7) 1-405 (7)
N(5)—-C(6) 1-416 (7) 1-404 (7)
N(5)—-C(4) 1-469 (7) 1-474 (7)
C(2)—H(2) 096 (6) 0-98 (5)
C(7)—H(T) 098 (7) 0-96 (6)
C(8)—H(8) 1:09 (9) 0-96 (8)
C(9)—H(©) 095 (7) 1-00 (8)
C(14)-H(14a) 0-94 (7) 1-01 (7)
C(14)-H(14b) 1-00 (7) 1-12. (D)
C(16)-H(16a) 1-02 (8) 1-06 (8)
C(16)-H(16b) 1-07 (6) 1-19 (7)
C(16)-H(16¢) 090 (9) 0-87 (8)
C(15)-H(15a) 1-03 (6) 1-00 (8)
C(15)-H(15b) 1:06 (7) 1-03 (8)
C(15)-H(15¢) 0-92 (8) 092 (9)
C-H (mean) 0-99 (7) 1-01 (7)

Table 7. Bond angles in the two independent molecules
A and B with e.s.d.’s in parentheses

Molecule 4 Molecule B
C(2)—C(3)—C4) 1205 (5)° 120-1 (5)°
C(3)—C(4)—C(5) 113:2 (4) 114-3 (5)
C(4)—N(5)—C(10) 1189 (4) 1189 (4)
N(5)—C(10)-N(1) 1239 (5) 123-1 (5)
C(10)-N(1)--C(2) 117-6 (5) 118-2 (5)
N(1)—C(2)—C(3) 1243 (5) 1249 (5)
N(5)—C(6)—C(7) 118-1 (5) 119-1 (5)
C(6)—C(7)—C(8) 122-5 (6) 122-3 (6)
C(T)—C(8)—C(9) 119-3 (6) 118-8 (6)
C(8)—C(9)—C(10) 121-1 (6) 120-8 (6)
C(9)—C(10)-N(5) 118-1 (5) 1197 (5)
C(10)-N(5)—C(6) 120-5 (4) 119-3 (4)
C(7)—C(6)—C(16) 1199 (5) 119-0 (5)
C(16)-C(6)—N(5) 121-9 (5) 121-8 (5)
C(6)—N(5)—C(4) 120-5 (4) 121-8 (4)
N(5)—C(4)—0(17) 119:8 (5) 118-4 (5)
O(17)-C(4)—C(3) 1269 (5) 127-3 (5)
0(13)-C(3)—C(11) 119-8 (5) 119-8 (5)
C(3)—C(11)-0(12) 126:0 (5) 126-8 (5)
C(3)—C(11)-0(13) 111-1 (4) 1109 (5)
O(12)-C(11)-0(13) 122-8 (5) 122:3 (5)
C(11)-0(13)-C(14) 1152 (4) 1163 (5)
0O(13)-C(14)-C(15) 106-7 (5) 107-5 (5)
C(2)—C(3)—C(11) 119-5 (5) 120-0 (5)
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tive positions of the thermal vibration ellipsoids to the
planes have been visualized. Some similarity of posi-
tioning can be detected in the two molecules.

The thermal motion of both independent molecules
A and B has also been analysed as rigid body molecular
vibration on the basis of Cruickshank’s (19615) proce-
dure, using the program of Schomaker & Trueblood
(1968). The U tensors of thermal vibration of the in-
dividual atoms calculated from rigid body thermal mo-

STRUCTURE OF 3-CARBETHOXY-4-0X0-6-METHYLHOMOPYRIMIDAZOLE

tion (Ug,.) and derived from structure analysis (Uyy,)
show great deviations if the rigid body assumption
refers to the whole molecule. This is in compliance
with the results obtained by geometrical analysis of
the molecule, according to which the three atomic
planes of the molecule (P1, P2 and P3) may twist rela-
tive to each other (Table 5). A satisfactory agreement
of the calculated and observed U tensors can, however,
be obtained if the three atomic groups of the molecules,

Table 8. The principal axes of thermal vibrational ellipsoids for atoms of the two molecules in the asymmetric unit

The axes are given by their lengths (A) and coordinates of their end points referred to crystal axes. The origins of principal axes
are considered to be at the site of the corresponding atom, and coordinates are given in fractions multiplied by 103. In the last
two columns the angles of principal axes to planes to which they belong are given.

Angles to
plane in
Molecule 4 Molecule B molecule
i Us(A) x y z Ui(A) x y z A B
0(12) 1 0333 -—-199 -256 —120 0-374 297 - 14 587 77-6 84-4
2 0-211 —-171 —245 —136 0-220 324 0 573 123 3-6
3 0-175 —174 -257 —142 0182 319 —-11 561 29 4-1
O(13) 1 0-261 —204 —164 —42 0-304 330 —104 509 177 80-8
2 0-203 —181 —153 —-50 0-216 355 -91 502 91 37
3 0-161 —196 —160 —64 0-169 341 -98 486 9-7 82
o17) 1 0-263 —-74 —343 35 0378 62 62 473 83-1 75-5
2 0-213 —62 —340 12 0-206 78 75 450 19 53
3 0-171 —58 -351 20 0-184 89 63 447 77 126
N(@1) 1 0-242 165 —-198 197 0-287 37 —65 241 90-0 80-4
2 0-200 176 —195 175 0-190 54 —53 229 0-0 1-5
3 0-166 175 —206 182 0-175 47 —62 217 0-7 99
N(5) 1 0197 112 =311 164 0-214 -21 39 274 49-1 20-8
2 0-179 131 —305 179 0-190 —-19 46 281 40-0 9-7
3 0-173 116 -314 183 0170 —13 35 280 86 332
C(2) 1 0-239 60 —189 113 0-265 136 —-73 331 752 78-0
2 0-189 63 —184 91 0-199 144 —64 311 12-8 2:4
3 0-182 61 —196 94 0-186 153 -77 311 3-8 11-2
CQ3) 1 0-208 5 —242 49 0-226 165 —-29 411 30-3 72-1
2 0-199 -2 =234 31 0-203 172 —-20 394 58-1 4-5
3 0-187 -4 =230 51 0-187 172 -33 390 96 18-1
C4) 1 0-206 -7 —-297 83 0-244 82 27 405 74-2 59-9
2 0-198 1 -293 63 0-207 84 38 389 0-0 03
3 0-171 -4 =305 67 0177 81 26 381 16-7 29-8
C(6) 1 0-236 130 —367 212 0-234 -85 97 242 61-9 250
2 0-205 142 —-363 235 0-211 —-56 99 261 22-5 619
3 0-185 125 —374 231 0-197 =77 88 261 157 12-3
C( 1 0-260 254 -373 308 0-278 —-161 101 150 80-1 53-3
2 0-239 242 —364 329 0-235 —167 113 169 89 369
3 0-196 239 —378 329 0-183 —166 99 175 4-7 2-8
C(8) 1 0-284 352 —329 350 0-289 —183 54 75 783 59-9
2 0-241 346 315 364 0-246 —195 66 95 11-2 27-6
3 0-199 344 —327 376 0-198 —185 52 102 1-1 11-9
C9) 1 0-259 339 =272 307 0-258 —141 -5 128 81-1 71-0
2 0-226 317 —258 309 0-235 —-133 10 120 79 49
3 0-200 333 —265 329 0-185 —142 0 105 09 18-3
C(10) 1 0-208 208 —264 235 0-232 —-30 —-12 227 83 58-1
2 0-198 223 —259 218 0-208 —-42 -3 209 78-5 253
3 0-182 213 —251 232 0-178 -29 —14 205 85 18-7
C(11) 1 0-236 —147 —218 —-47 0-250 275 —44 510 84-9 70-1
2 0-201 —-130 =212 —65 0-207 290 —-33 496 2:3 11-7
3 0-177 —-139 —-224 —67 0-180 282 —45 488 2:6 16-1
C(14) 1 0-268 —269 —143 —159 0-347 506 —111 569 68-9 72:0
2 0212 287 —133 —143 0-228 479 - 109 590 21-0 137
3 0-160 —281 —145 —137 0-156 492 —121 595 2-5 10-0
C(15) 1 0286 —314 —-178 —148 0-381 545 —181 556 539 80-0
2 0-226 -317 —67 —126 0-241 522 —178 586 354 9-3
3 0194 317 —-81 —-122 0-194 526 —192 580 3-8 2-7
c(16) 1 0-297 —-10 —415 207 0-322 -29 155 319 - -
2 0-240 —-21 —416 177 0-247 -39 155 349 - -
3 0-171 -2 =426 189 0:169 -52 145 334 -
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forming the planes, are each assumed a rigid body
separately (Table 9).

By analysing the molecular thermal motion as rigid
body in this way, we obtain a negative eigenvalue for
the translation tensor ellipsoid in the P2 plane of mol-
ecule 4 only and for the rotation tensor ellipsoid in
the P3 plane of molecule 4 as well as of molecule B.
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In the present molecule atoms with only small mass
differences are present. From these facts it can be con-
cluded that negative eigenvalues cannot be traced back
only to large mass differences as recently assumed by
Neuman (1971) in connection with the thermal anal-

ysis of the 3-bromo-2-decalone molecule. For the mo-
ment the authors have no explanation of the appear-

Table 9. The observed and calculated components of U tensors of the individual atoms of both molecules A and B

referred to the orthogonalized axial system (in 10~2

Ay

Data are given for both molecules for the atoms of groups each forming a plane (Pl and P2). The primed atoms are in molecule B.

Un Un Uiz Ur2 Uz Uy

obs calc obs calc obs calc obs calc obs calc obs calc
C(2) 4-43 4-60 3-50 3-35 4-66 443 —-034 —-064 —-109 -—-074 0-18 —-0-05
(/&) 4-08 3-67 3-84 332 3-87 376 —-029 —0-21 002 -017 -028 —0-27
C(6) 4:50 4-66 3-52 3-62 518 4-98 011 0-14 —-061 -—0-28 0-28 0-33
(¢@)) 628 6-15 4-85 476 5-19 5-51 0-39 008 —0-89 —1:05 0-83 1-09
C(8) 659 6°49 591 573 5-35 511 -031 —-014 -—162 —167 1:04 0-87
C9) 575 5-60 5-20 5-14 4-85 462 —-065 -—-047 -—-111 —144 0-04 0-16
C(10) 3-82 4-04 3-82 3-89 3-90 395 —-019 -028 —-011 —-045 —-046 —0-16
C(11) 4-86 5-00 3-86 4-05 399 427 —-043 —-033 —-099 -—-094 —0-18 0-03
N(1) 493 4-86 3-35 375 4-32 453 —-080 -078 -103 -097 -017 -020
N(5) 322 3-40 313 3-36 371 385 —0-02 011 —-0-17 012 0-30 -0-21
C@3) 4-08 3-81 3-84 3-87 3-87 365 -—0-29 0-02 002 -052 —-028 —005
C(11) 4-86 4-94 3-86 3-65 3-99 371 —043 —-032 —-099 —-096 —-018 —0-06
C(14) 578 592 427 4-56 4-19 4:56 030 -—-016 -—-206 —1-82 0-52 0-46
C(15) 595 5-80 4:73 4-73 6:35 6:20 0-12 041 -193 -207 0-80 0-69
0(12) 9-85 991 4-31 4-33 4-43 4-60 0-41 056 -277 -—-268 —-071 —0-75
0O(13) 5-19 5-44 4-13 4-00 4-19 4-30 0-64 025 —-19 -—-165 —005 —-0-19
C(2) 592 6-03 3-82 3-89 4-68 4-81 0-48 079 —-140 -164 —061 —093
C(@39) 4-62 4-45 392 3-58 4-18 408 —-007 -009 -066 -—077 -—-032 -039
C(6") 4-42 4-48 3-90 379 5-46 5-37 0-09 008 —006 —0-45 0-07 0-25
C(7) 5-87 5-84 5-08 4-93 565 6-20 0-31 064 —189 —146 0-97 0-66
C(8) 6:22 5-99 5-84 591 628 5-60 0-39 036 —212 —-205 0-49 0-42
C(9) 5-05 5-51 572 5-34 4-85 4-84 0-20 010 ~-150 -177 —-041 —-036
C(10") 4-45 4-60 3-81 4-11 4-62 441 —-0-09 004 -—-060 -—114 —-082 —0-47
C(119) 5-17 5-38 4-21 4-31 4:36 427 —-004 -008 -139 -1-14 -033 -017
N(1") 6-31 592 4-02 4-20 460 4-75 1-04 061 -—221 -—-165 —-081 -—1-10
N(5") 3-82 3-64 3-24 3-50 4-01 434 -014 -027 -062 -037 -041 -0-09
C@3") 462 4-49 3-92 406 4-18 397 —~0-07 005 -—-066 —-099 —-032 -—-0-08
C(11) 517 5-00 421 424 4-36 435 —0-04 018 —139 —1-5 -033 -035
C(14%) 815 8-26 5-23 5-32 6-27 661 1-09 1-18 —4-58 —403 -0-17 -0-39
C(15%) 10-68 10-59 542 571 7-99 7-82 2-61 2:45 —434 —-470 —-060 —043
0(12) 11-02 11-09 5-43 5-19 5-67 5-64 1-90 1-85 —421 —419 -—-132 -1-39
0(13) 676 697 4-99 4-68 497 5-05 1-36 1-114 -278 —-250 -—-045 -—-0-56

Table 10. Relative positions of the least-squares planes

P1(B) and P2(B) of molecule B to P2(A) of molecule A

expressed by the distances of all atoms to plane P2(A)

Atoms forming the plane

Plane P2(A)

P2(A) C(2), C(10), C(11), C(12),
0(2), 0(3)
Atoms not forming the
plane P2(A)

P2(B) C(2), C(10), C(11), C(12),
0(2), 0(3)

P1(B) C(1), C(2), C4), C(5)

C(6), C(7), C(8), C(10),
N(1), N(2)

Distances to plane (A) Mean (A)

-0-0014, 0-0095, —0-0349, 0-0278, 0-0169

0-0134, —0-0144

0-3384, 0-3522, 0-5061, 0-3954, 0-3841

0-3083, 0-4043

0-4326, 0-3384, 0:2651, 0-2592,

0-2811, 03137, 0-3188, 0-3522, 0-3471

0-4264, 0-2605
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ance of the negative eigenvalues and therefore the data
for the libration tensor ellipsoids are not used for the
thermz! correction of the atomic positional parameters.

Discussion of the structure

In the asymmetric unit of the crystal structure of
COMHP, two independent molecules 4 and B are
present. As far as the conformations of the two mol-
ecules are affected by the intermolecular forces in the
lattice, the molecules will show differences in their con-
formations.

The corresponding groups of atoms, each forming a
plane in the molecules 4 and B, are found to be iden-
tical with regard to their conformations, bond lengths
and bond angles. Differences in the geometry of the
two molecules are detected only in the inclination
angles of the three least-squares planes (Table 5).
Furthermore, according to the thermal motion analysis
of both molecules 4 and B, only the three atomic groups
forming planes can be treated as rigid bodies, and not
the complete molecule. From all these facts it can be
concluded with high probability that even when the
molecules leave the crystal lattice (e.g. in solution or
gas phase) the most probable change in the molecular
conformation may occur by alterations of the inclina-
tion angles of the three least-squares planes. Full
knowledge of these facts allows us to make an approxi-
mate prediction as to how far the COMHP molecule
can adjust itself to a biological molecule of known
conformation for a more effective reaction.

In spite of the differences between the two molecules
A and B outlined above, the two molecules can be
further treated by consideration of the mean bond
lengths and bond angles (Fig. 1).

The COMHP molecule contains a system of con-
jugated double bonds. The N(5) atom is linked to

-

STRUCTURE OF 3-CARBETHOXY-4-0X0-6-METHYLHOMOPYRIMIDAZOLE

three sp? C atoms, in spite of the fact that the three
bond lengths are significantly different. N(5)-C(4) is
the only bond in the bicyclic group which equals the
pure N-C single bond, but since according to the litera-
ture 1-34 A has been found for the N-C bond length
in the system N-C=0, the present N(5)-C(4) bond has
to be considered as lengthened. Actually this is the
bond where the difficulty in ring closure has been pre-
dicted and where the ring easily opeas in aqueous solu-
tion. It is also noteworthy that the average of the above-
mentioned three bonds belonging to N(5) is 1-421 A,
which is almost the same as has been found in tri-
cycloquinazoline (1-425 A) (Iball & Motherwell, 1967).

The pairs of bond lengths N(5)-C(6) and C(9)-C(10),
C(10)-N(5) and C(7)-C(8), and C(8)-C(9) and C(6)-
C(7) are equal within the experimental error and their
respective averaged numerical values are 1-413, 1-402
and 1-358 A. These are in good agreement with the
corresponding bonds found in the naphthalene mol-
ecule, where lengths in the same sequence are 1:425,
1-416 and 1-36 A respectively (Cruickshank, 1957).

The bond lengths of N(1)=C(10) and N(1)-C(2)
show no significant difference, in agreement with sim-
ilar bonds found in pyridine derivatives (Restivo &
Palenik, 1970).

The C(2)-C(3) bond with the length 1-376 A is
longer than an sp?>-sp?> C=C double bond; the C(3)-
C(4) bond with length 1-425 A, is, however, shorter
than an sp?-sp? C~C single bond. A similar phenom-
enon can be found in uracil (Stewart & Jensen, 1967),
with the values of C=C=1-340 A and C-C=143 A.

The bond lengths and bond angles of the carbethoxy
chain agree with those in a similar chain of the dinitro-
benzoate molecule (Barnett & Raymond, 1970).

Among the bond angles, those of C(3)-C(4)-O(1)
and C(3)-C(11)-0(12) are noteworthy (Table 7). These
angles are significantly enlarged relative to 120° but,
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Fig.1. Atomic numbering and averaged bond lengths and bond angles of the two independent molecules 4 and B.
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within experimental error, are identical in the two
molecules 4 and B, though the two planes P2 and P3
containing these angles are differently twisted in the
two molecules (Table 5). Thus the widening of these
two angles cannot be assigned only to the repulsion
of the carbonyl oxygens.

The spatial packing of the molecules in the crystal
lattice must be discussed from two points of view.
First, we shall consider the relative positions of the
two independent molecules 4 and B (Fig. 2) and then
the arrangement of these coupled pairs in the unit cell.

Table 11. The shortest intermolecular distances be-
tween the two independent molecules A and B of the
asymmetric unit

Distances (&)
From molecule
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The molecules A4 and B, in the most tightly fitted
symmetry positions of the two independent molecules,
arelinkedby N---N,N---Hand H- - - Hvan der Waals
contacts, the intermolecular distances of which are given
in Table 11. With these distances the two molecules
take their relative positions in such a way that on one
side the least-squares planes of their carbethoxy chains
P2(A4) and P2(B) (Table 10) are almost parallel with
an inclination angle of 1-5° and normal distance of
0-4 A, and on the other side the atomic arrangement
of these two planes has a non-crystallographic centr
of symmetry. Taking the midpoints of the correspond-
ing atoms of these two planes, we find the maximum
deviation from their average to be less than 0-005 A.

The spatial packing of the molecule pairs A~B com-
pares the molecular close packing with the shortest in-
termolecular distances listed in Table 12.

Comparing the intermolecular distances at the van
der Waals contacts of the A-B pairs of molecules with

Ato B Bto A Average M .
N(1)- - N(1) 3212 3.242 3.242 the sum of the van der Waals radii, some differences
N(1)- - -H(1) 2:620 2:697 2-659 can be detected depending on whether the contacting
i—{lgg;- . I}{IEEZ; %-ggﬁ %;?g %‘Zgg atoms are identical or different (Table 11). Thus the
H()- - -HO) 5742 2910 5826 shortest N- - - H distance of 2:659 A may %ecomppsed
H(8)- - - H(15b) 2937 3.014 2.976 of the van der Waals radii 1-50 and 1-16 A. But if we
N(1)- - - C(2) 3-323 3-262 3293 take the minimum values of the N- - - N and H- - - H dis-
Table 12. The shortest intermolecular atomic distances (A) in the spatial packing of A-B pairs of molecules
After the distance in parentheses the labels of the two molecules are given to which the corresponding two atoms belong.
From atom Labels
in of
X,¥,2 To atom In position Distance molecules

H(14b) H(16a) - X, -, -z 2-215 (A-B)

H(16b) H(2) —+4+x, —%i-—y, z 2:492 (A-B)

H(l6¢) H(15¢) i—x, i+, 1—z 2-522 (B-B)

H(14a) H(16b) — X, -y, -z 2-535 (B-B)

H(15¢) H(14a) —1+4+x, y, —l+4z 2-575 (A-B)

H(16a) H(15a) i+x, —%-y, z 2590 (A-A)

H(16¢) H(15¢) —t—x, —i+y, -z 2:619 (A-A)

H(16a) H(8) —3—x, —i+y, -z 2:634 (A-B)

H(16b) H(8) —t-x, =%+, -z 2:689 (A-B)

H(14b) H(15¢) —1+x, Yy, —l+4z 2-705 (A-B)

H(14a) H(15¢) —1+x, y, —1+4z 2:710 (A-B)

0(12) H() —4—x, —3i+y, -z 2:365 (A-B)

0(12) H(7) I—x, i+, l—z 2-386 (B-A4)

o(17) H(8) —3—x, —%+y, —z 2:522 (A-B)

o3a7) H(g8) 3—-x, I+, 1-:z 2:545 (B-A)

o7 H(7) —3—x, -3+, -z 2-674 (A-B)

o7 H(7) +—x, 3+, 1—2z 2:719 (B-A)

o(17) H(15a) I4+x, —%3—y, z 2-594 (A-A)

o7 H(14b) 1—x, -y, 1—z 2:839 (B-B)

C(2) H(16b) I+x, —%—y, z 2-818 (B-A)

C@) H(14b) 1—x, -, -2z 2:920 (B-B)

o7 C(7) —3-x, —3i+y, -z 3-229 (A-B)

o7 C(7) 3+ x, 3+, 11—z 3-277 (B-A)

Oo(17) C(8) —3—x, =3+, -z 3174 (A-B)

o7 C(8) 3 —x, 1+, 11—z 3-266 (B-A)

o7 C(3) —X, -, 1—z 3-247 (B-B)

o(17) C(14) T+x, —i—y, z 3.266 (A-A)

0(12) C() —t—-x, —3+y, —z 3:327 (A-B)

0O(13) C(4) —3+x, —%-y, z 3-298 (A-A)

o(17) O(13) I+x, —%—y, z 3-287 (A-A)

N(1) C4) I+x, —%i—y, z 3-186 (A-A)
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tances, for van der Waals radii we obtain 162 and 1-30 A,
respectively. For H the value 1-16 A compares with the
value 117 A determined by Kitaigorodskii (1961), and
the 1:30 A is nearer to 1-27 A, the shortest H---H
contact found in C;,H,, (Sasvari & Low, 1965).

The same phenomenon can be found in the spatial
packing of the molecule-pairs 4-B if instead of the
shortest intermolecular distances we take an average,
which is 2:571 A for H.--H and 2:581 A for O. - -H.

The average intermolecular distances C---H=
2:869 (1-7041:17), C---N=3-186 (1-70+ 1-486) and
C..-0=3-263A (1-70+ 1-4) are noteworthy. These can
also be regarded as distances of van der Waals con-
tacts to a very good approximation if we take 1:70 A
for the van der Waals radius of C as found in the
graphite structure. Only the C- - - O distance is longer
(by 016 A) than can be predicted from the van der
Waals radii.
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