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The Crystal and Molecular Structure of o-Isosparteine Diperchlorate, CisHzsN2.2HCIO4*

BY MARIA PRZYBYLSKA
Division of Biological Sciences, National Research Council of Canada, Ottawa, Canada K14 OR6

(Received 20 June 1974 ; accepted 22 June 1974)

a-Isosparteine diperchlorate, C;sHzsN,.2HC10Q,, is orthorhombic, space group C222,, with a=9-902 (3),
b=13-510(4) and c=14-480 (4) A; Z=4. The molecule consists of four fused six-membered rings in the
chair form; a twofold axis passes through the methylene bridge atom. The structure was solved by the
heavy-atom method and refined by block-diagonal least-squares calculations to R=0-055 for 879 ob-
served reflexions. The a-isosparteine molecule straddles one of the C10; ions, to which it is hydrogen

bonded.

Introduction

The structure of a-isosparteine monohydrate, a lupin
alkaloid, was solved by Przybylska & Barnes (1953). It
was shown to consist of four chair rings with a twofold
axis passing through the bridging atom. The diper-
chiorate of a-isosparteine was therefore expected to
have the structure (I); however, because of the presence
of considerable strain due to the repulsion between the
N*-H atoms, the structure (II) was considered as an
alternative.
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In (I), an inversion at one of the nitrogen atoms
converts one of the inner rings to a boat form. Such
inversion has indeed been shown to take place readily
in solution in some derivatives of sparteine (Wiewid-
rowski, Edwards & Bratek-Wiewiorowska, 1967; Pel-
16n, Mosquera, Castedo & Ribas, 1969).

The preliminary examination of the a-isosparteine
diperchlorate crystals and the determination of the
space group revealed twofold symmetry of the mole-
cule. The structure (II) was therefore eliminated. How-
ever, because of the strain in the molecule it was im-
portant to obtain the structural details.

Experimental

Crystal data

C,;sHyN, . 2HCIO,, F.W. 435-30, m.p. 252-257°C (dec.
uncorr.), orthorhombic sphenoids, space group: C222,;

* Issued as N.R.C.C. No. 14255,

a=9-902 (3), b=13-510 (4), c=14-480 (4) A,
V=1936-7 A3, Z=4, F(000)=920.
D,=1493 gcm™3,
D,,=1:485 g cm ™3 by flotation in carbon tetrachloride
and toluene.
u(Mo Ka) =39 cm™1.

The crystals of a-isosparteine diperchlorate were pre-
pared by Dr M. Wiewiorowski by adding concentrated
aqueous perchloric acid to a methanolic solution of a-
isosparteine monohydrate until the solution was acid
to Congo red (Cockburn & Marion, 1951). Colourless
crystals were obtained on slow cooling of a saturated
solution in methanol.

Preliminary study of the crystals was carried out with
precession films and the cell dimensions were measured
on a diffractometer with Cu and Mo radiation. Since
there are eight equivalent positions in the space group
C222,, each molecule must possess a twofold axis.

The crystal was cut into a sphere of 046 mm di-
ameter and mounted with ¢ along the ¢ axis. The data
were collected at room temperature on a Picker four-
circle automatic diffractometer with Mo radiation and
a Nb filter. The 6/26 scanning method was used at a
take-off angle of 5°. The scan was 2° in 26 and the speed
was 2° min~!. Background measurements for 20 s were
taken at each end of the scans. High intensities were
remeasured with an extra thickness of Nb foil and, if
necessary, attenuated with lower current settings. A
standard reflexion was measured after every 30-50
reflexions.

The threshold was taken as a net count of 100 or 5%
of the background, whichever was higher. 1266 reflex-
ions were measured within 20~ 55° (sin? 6,,,,=0-212)
but only 879 (69 %) were observed above threshold.

The intensities were corrected for Lorentz and polari-
zation factors but absorption corrections were con-
sidered unnecessary because the linear absorption coef-
ficient was small and the crystal was spherical.

Solution of the structure and its refinement

The scale and overall isotropic temperature factors
were evaluated by Wilson’s method (1942).
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A sharpened Patterson synthesis revealed the posi-
tion of the chlorine atoms, and the locations of the non-
hydrogen atoms with the exception of the four oxygen
atoms of one ClO,4 group were derived from the subse-
quent electron density maps.

The least-squares refinement began when R was 0-32
and continued until it decreased to 0-20. At this stage a
difference map was computed in order to locate O(3),
0O(4), O(5) and O(6) of the ClO; ion straddled by the
isosparteine molecule. The distribution of peaks of 1
oxygen height indicated the presence of positional dis-
order of that ClO, group. A thorough examination of
the systematic absences of the space group C222; was
then carried out with Cu radiation and a General
Electric XRD-5 manual diffractometer, but the results
were inconclusive. Two orientations of C10, were there-
fore assumed to be present and the positions of the
oxygen atoms were assigned by fitting a tetrahedral
model as well as possible to the electron density map.
In three more cycles R of 0-13 was obtained and the
anisotropic refinement of the non-hydrogen atoms was
undertaken. Four additional cycles brought R to 0-09.
At this stage another difference map yielded the posi-
tions of all the hydrogen atoms. The final value of R
was 0-055 and the maximum atomic shift was 0-4 of the
e.s.d.’s.

The refinement was carried out by block-diagonal
least-squares calculations, utilizing only the observed
reflexions, and minimizing the quantity > (|F,| —|F.|)?
where w=1/{|F,|+10-24+0-01|F,|?} and 45<|F,|<
213-2.

The final parameters with their e.s.d.’s of the non-
hydrogen atoms are presented in Table 1. The coor-
dinates and the isotropic temperature factors of the
hydrogen atoms are given in Table 2. The observed and
calculated structure factors for all measured reflexions
are listed in Table 3. Only two observed reflexions
(020, 350) had their |[4F|/|F,} > 3R. Their high observed
values were probably due to multiple diffraction. All
the unobserved reflexions have |F,| < 1+5|Fyyreshotal-

THE STRUCTURE OF «-ISOSPARTEINE DIPERCHLORATE

Table 2. Fractional coordinates ( x 10%) with e.s.d.’s and
temperature factors for the hydrogen atoms

The number of the parent atom is obtained by omitting the

last digit.
xla yIib zje B(A?
H(1D) 391 (5) 369 (3) 235(3) 19
H(21) 160 (6) 405 (4) 267 (4) 3.9
H(22) 144 (4) 312 (3) 217 (3) 10
H(@31) 248 (12) 490 (9) 138 (8) 12:4
H(32) 110 (7) 440 (5) 125 (5) 5-5
H(41) 240 (5) 392 (4) 0(3) 27
H(42) 169 (6) 292 (5) 045 (5) 56
H(51) 434 (7) 386 (6) 059 (5) 67
H(52) 405 (5) 279 (3) 94 2:4
H(61) 329 (6) 203 (4) 150 (4) 4-1
H(D 539 (6) 155 (&) 112 (4) 35
H(81) 398 (6) 092 (4) 232 (4) 3-8
H(101) 351 (6) 323 (5) 370 (4) 46
H102) 321 (5) 240 (4) 332 (4) 32

All calculations were carried out with the aid of the
NRC crystallographic computer programs (Ahmed,
Hall, Pippy & Huber, 1966). The scattering factors
were those of Cromer & Waber (1965) for C1-, Han-
son, Herman, Lea & Skillman (1964) for C, O & N, and
Stewart, Davidson & Simpson (1965) for H.

An effort was made to determine the absolute con-
figuration from all data, but owing to small anomalous
dispersion corrections for Mo radiation (Cromer, 1965)
and the fact that Cl atoms are situated on twofold axes,
the application of Hamilton’s (1965) test did not lead
to any conclusive results.

Discussion

Molecular structure

A vparallel projection of the a-isospartcine molecule
is presented in Fig. 1. It was obtained with Johnson’s
(1965) ORTEP program and shows thermal ellipsoids
enclosing the 50 % probability level. The bond lengths
and angles of the cation are shown in Fig. 2.

Table 1. Final fractional coordinates and vibration tensor components for the expression
T=exp {—27%(Uya**h* + ... +2U,a*b*hk)} and their e.s.d.’s (all quantities x 10%)

xla y[b z/c Uy U Uss 2Ux 22Uy, U,

CI(1) 1987 (2) 5000 5000 520 (10) 453 (9) 493 (10) 142 (20) 0 0
Cl(2) 5000 5860 (1) 2500 542 (11) 329 (8) 794 (14) 0 94 (24) 0

o(1) 2800 (11) 4185 (7) 4967 (6) 2800 (109) 1873 (84) 1129 (54) —109 (129) 489 (179) 3184 (174)
0(2) 1346 (12) 4939 (9) 5826 (8) 2132 (94) 1917 (82) 1773 (85) —35(170) 2569 (163) —117 (191)
0(3) 4751 (12) 4875 (6) 2849 (1) 755 (78) 283 (33) 1130 (96) 38 (81) —445 (139) —120(92)
04) 6407 (12) 5867 (11) 2236 (10) 535 (60) 1322 (99) 1296 (104) 658 (183) 148 (130) —255(134)
O(5) 4182 (15) 6174 (10) 1827 (12) 1271 (122) 784 (72) 1932 (146) 793 (189) —1849 (232) 419 (152)
O(6) 5107 (23) 6510 (7) 3286 (9) 2301 (161) 489 (50) 957 (81) —392(118) 259 (219) —143 (210)
N(1) 3432 (4) 3181 (3) 2324 (3) 296 (19) 328 (18) 434 (24) —117 (38) —66 (34) 35 (32)
C(2) 1975 (6) 3572 (5) 2206 (5) 285 (25) 571 (33) 845 (45) —322 (64) — 150 (61) 91 (54)
C@3) 1872 (7) 4165 (5) 1357 (6) 540 (39) 476 (32) 1006 (52) —46 (73) — 745 (78) 316 (66)
C4) 2333 (8) 3595 (6) 517 (5) 807 (53) 734 (45) 610 (38) 75 (78) — 632 (78) — 157 (83)
C(5) 3789 (8) 3209 (5) 642 (4) 687 (41) 592 (36) 459 (31) 131 (60) —275 (60) 24 (71)
C(6) 3833 (6) 2566 (4) 1496 (3) 420 (29) 340 (24) 348 (24) —206 (44) —113 (45) —50 (46)
C(7) 5163 (6) 2029 (3) 1669 (3) 513 (32) 358 (23) 304 (22) —113 (43) 33 47 159 (54)
C(8) 5000 1351 (5) 2500 633 (49) 296 (31) 420 (36) 0 —103 (82) 0
C(10) 3579 (6) 2649 (4) 3231 (4) 404 (28) 539 (32) 348 (24) - 53 (51) 97 (47) — 152 (52)
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Table 3. Observed and calculated structure factors (< 10)

Reflexions too weak to be

L f0 fC L FC FC L rF0 FC L of0 RC Lofn R [ N
e 0, K O 12 85 96 13 12T 115 2 135 13e ] 8 346 355
13 sss 0 1& s53e 37 3 198 23¢ 9 o 202 308
2 1243 12%¢C 15 sse 3% 4 S4a 541 10 o &1s 21
4 1¢ts 156C wme 0, Ka 14 16 ST 19 s 296 36 11 1 201 201
6 304 288 6 118 123 12 1295 a3
A 21 €3¢ 9 156 171 W= 1y ke 11T 136 118 12 13118 126
10 292 218 1 w9 2 8 342 25 14 14 136 140
12 513 53¢ 2 49 59 0 206 218 e 135 11 15 15 s1e 5
1% 93 91 313 129 1 287 251 16 43% 80 16 16 76 55
16 123 143 4 160 149 2 352 37 11 1l 10 17 17 ser 57
10126 14C S 221 216 3 95 202 12 186 171
6 61 80 4 1B MT 13 102 12 ue He &y e 2
w0, ke 27 16T 15l s 202 178 14 SCe 4B
8 109 102 6 404 4AT 1T 820 47 v o ne 127
295 1ae 9 s4e 29 7T 13 133 16 Ses  5A ' 1 o161 151
T o146 135 10 ses 71 8 122 1€ 1T 154 1@ ? 2 408 i
21261 1158 11 ste 21 9 129 115 » 1399 4%
2 1085 992 10178 156 me 2, ks 8 & « 333 3
41032 98C 195 80 s s 207 293
€ 489 44t 12 82 52 0 216 192 ¢ 281 254 6 109 113
e 219 218 13 55% 68 1 338 161 7105 9 7 276 306
716l a2 16 ses 8% 2 0% 295 * 105 110 8 228 27
e 6% 687 3211 223 9 ee 100 o 262 251
9 12 ac We 1y ke 13 &4 177 168 10 433 43°  1¢ 112 93
10 551 512 5 60 6k 11 B& 9T 11 W3 331
1146 18% 0 16 187 6 19 1eT 12 60 81 12 84 80
12 431 18 1 125 119 T 411 &2+ 12 117 110 13 156 151
17 287 2c 2 a1 216 8 a2e ok 1« 133 138 14 1% 78
16 126 147 3 116 1eS 9 12 132 1= Rl 76 1E 106 114
15 0 12 4 4ge 3210 110 1F2 16 Ses 79 16 Sk 82
16 119 12¢ 5 188 192 11 148 162 17T 56~ &8 1T Ree A4
17 see 25 ¢ ssT 569 6 40° 54 12 12C 116
18 ses 1@ 1891 est T 1A 0 13 9k 92 M= Ay s T M=k, M= &
2 1470 1299 3 sle 11 1 S 2¢
Moo, Kz 6 31219 UM 9 100 112 15 Ske 7 0 €12 545 ¢ o682 683
4 677 122 10 Ses A0 16 Res b L 9n  1ne 1 689 6h4
0 242 241 5 594 597 11 110 119 2 221 2%s 2 s
1 110 17¢ 6 421 415 12 STe 8} s 2y ke 10 T 99 <8 3 113 1%
2 g a17 1 492 529 126 13 « 61 es
2T 68 8170 176 Wx L ke 15 € 4t 68 5 20¢ 210 & 32 e
“ 62¢ 9 387 183 1 252 240 6 sco 528 & 1&1 12
5 124 1248 10 306 303 2 100 2 387 oe7 T 221 3ns 1 219 262
¢ 536 BT? 1l &Tb  4e? 1 11 A2t ks B 149 158 3 A 47
7 4% &3 12 231 a8 2 ez o e2e 1 ° 123 129 e 292 276
8 36 4 17 130 141 2 128 5 184 189 10 266 256 10 236 222
9 e 136 16 52 63 @ 30 & 706 107 11 tee el 11 110 88
10 3«3 3e 5 99 7T 513 19 12 106 10 12 111 103
111e1 1sf 6 34 8 222 199 1P 119 116 17 125 124
12 206 20 7 12t © 160 142 14 167 110 14 104 87
12 4se 71 A ses 25 10 186 175 1% eLe 19 15  Sis g
14122 137 9 120 118 11 a4 89 16 Se= 1A 1 858 19
1e 5€ 12 52s &2 17 o ~2
1t s We 1, K= 1713 SRt 22 Mx 3, K= 9
17 4 14 18 87 Mz 4y Ke 6
18 7 0 see 18 15 ST 2 0 2¢5 M
1118 1o 1252 21 foe2 &
L 2 ses &5 M 2y Xe 12 2 200 216 1 818 s<2
3 s7e 55 2 usn  aie 2 8. 1
4 17 oan o sc e e 3% 325 3 116 100
1142 143 S 660 648 4 311 s
e 2, ke O 2 258 %5 s 219 230 s 285 299
3 0 A& 7 426 417 ¢ %91 570
nosga £y 4 81 AT s 226 27y T 157 369
1 809 N9 £ 77 49 9 115 155 8 227 243
? 1199 1841 6 299 WS 10 120 111 o 288 230
1 619 59l 7 4ee 62 ]I «9e €8 10 11T 128
& 345 352 & 10 ¢2 12 Sle el 1 1 122
s 223 23 9 ste 27 13 63 49 12 48 7%
6 420 472 10 T4 Sl 16 @& 116 13 135 132
7 86 9 11 ses 10 15 Ses 53 le s2e 18
8 241 257 12 55 49 15 ses as
9 11w 13108 107 me A, ke )1 16 56w 83
18 4e) ekt
1M e1e ef we 20 Ke 14 0 275 201 ws 4y ke 8
12 150 142 1 282 8
17 260 215 0 s0e 4 2 19 15 0 e0 72
16 231 248 1 50% et 2 200 147 1369 %5
15 80 17 2 204 206 ¢ 1% 179 2 184 179
16 s2= 50 3152 134 5 1es 126 1 283 88
1T ses a 4 sye e 595 ER 4 316 302
1879 6e 5 81 68 7 118 106 s 126 116
6 81 9% B 236 240 6 206 212
He 20 ks 27 21 127 o s 20 7 287 287
P Ss 1A 10 Sle 37 ® 1n2 106
0 90 420 9 sse e 1n e g7 9 225 211
11806 1777 10 Ses 00 12 121 122 16 71 %
? 1064 1002 13 90 82 11 155 1ée
3 sel 572 M= 2, K= 16 12 82 82
4 401 13m0 e 3, % 13 11 83 o
s 412 Gkt o 1e 21 te e b3
& 804  B2! 1157 160 0313 %s 15 118 <9
11t 101 2 ses e 1250 240
8 249 256 3 sse 42 2 151 143 e &y ke 10
e 36 37 « 99 nr 3173 180
10 242 266 & cee 61 « 219 223 © 188 219
11 4es 432 6 ses 3 5 116 17 1 291 280
12 208 202 1% 6 sle b 2 9 8
13 126 137 7 13 132 3 150 Tes
14102 116 wx 3 ks 1 8 159 156 o ans 20
15 89 9 87 90 5 3 391
16 s2v 39 01156 1179 10 5 28 & 206 19
17 94 9 1423 w62 11 147 138 T o129 127
18 113 85 2 99 eS A 129 121
3 33 58 Wa 3, Ke 15 9 12 112
He 2, K & & 244 260 10 s1s 2y
5 247 316 0 s3 <8 11 52+ 81
0 10 133 6 120 11 1 47 59 12 140 125
1525 se? 7 365 12 2 125 125 13 92 104
2 383 312 8 305 314 353 1 16 s1e 19
3 258 291 9 145 155 ¢ see 29
4 216 218 10 106 N4 s f4s 7S we &, Ke 12
5 255 249 11 2ex 238 6 18 79
6 63 1T 12 11y 12 7 ses 58 LS )
1 425 41l 13 10 117 e s1e 10 1 are 76
8 M5 326 14 75 90 2 82 1N
9 280 286 15 50% S5 Ma 3, K= 1T 3 146 19
10 81 72 16 110 108 o 244 232
0 73 8T 11 43 63 17 sse ¢l ¢ 130 119 s 179 193
1 ese 626 12 321 M7 18 sTe 27 1 st 59 6 155 159
2 193 210 11 158 167 7 sle 3
3332 33 16 498 47 Mz A, ke 3 Ma &y K= O B 1kt 147
4 82 95 15 9 103 9 1c0 115
s 306 295 16 123 120 01103 1094 0 89 70 10 s4s 87
6 41* 39 17 98 o 1 484 469 1 174 151 11 S5+ 70
T 261 276 18 37e 35 2 361 306 2 16 55 12 ST+ 33
8 was %0 3 %22 401 3 416 450
9 219 252 we 2, %= & & 298 303 4 S6b 589 W 4. K= 16
10 are 24 5 326 349 s Ted 74
11 113 n 265 263 6 140 121 6 85 85 o 219 296
12 s0e 75 1350 615 1 286 312 7 132 169

The C-C bonds vary from 1-471 to 1-544 A with a
mean of 1513 A, which is in agreement with Sutton’s
(1965) value of 1:537 A. The deviations from the aver-
age value are not chemically significant, but reflect the
overall accuracy of this determination. The C-N bond
Jengths agree with values found in molecules in which

measured are marked with an asterisk.

(S [ LofD fC L e sC [SL I 23 Lo e
1 103 107 9 520 48 11 12e o 17« 180 4 s5e as « s1e 19
: 8 1ce 10 131 191 2 106 112 150 39 5 sev 82 s 17 6k
1109 9¢ 11 95 107 3 143 137 2 s1e e 6 104 9 6 115 139
4 f2e 62 12 6 28 4 11 63 1 88 87 T sTs 51 7 530 26
5 %3 56 s 91 o3 “ 8 Sev 66
6 %4s 80 Me 5, ke 13 & 49e 25 s 9 55% 24
7 o7 12¢ 7 105 103 6 10 ses &7
e See 31 0 Sle 2 8 97 87 1 11 Ste 27
s Lild a2 1 13¢ 130 9 192 113 8
. 2 171 160 10 €3 80 9 He 16, Xe &
e 4 k= 163 S1e 15 11 13 10
& 520 22 12 “6 6 ste 19
o 91 108 s s2e 26 e 1 105 88
1 67 6 109 114 M= 6, ke 12 2 141 149
2 109 10 T 81 63 [ a me B4
3 87 8 93 94 o 178 165 1 « 528 40
“ sTe a1 9 93 102 1 s0e 6% 2 5 53 20
€« =7e &5 10 85 85 2 110 105 3 6 141 154
3 104 100 “ T Sus 4
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s 137 135 6 9 ses 36
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7 3 4 126 13
[ He 6. ks O 0 Ses 68 4 5 558 4o
° 1 ses 62 5 € ser 2
10 0 943 a4 2 ses 32 s 7 ses  1a
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12 2 789 84k 4 sse 25 8
13 3 37 342 5 11T 1S B M 1, ¥= 10
14 « 4«08 380 6 S6» 6 1
15 5 244 229 7 a2 102 1 0 Ses 49
16 6 195 201 12 179 69
17 7 297 318 He  Tykse 1 13 2 9 0mn
8 330 330 14 2 o 9r
Ke  f ks 3 9 128 137 0 63 . 539 o st &3
10 81 8 1 383 369 ks
0 446 411 11 252 260 2 23 e He o 11, k= 1
1 3%8 341 12 251 251 3 242 227 0
2 398 394 13 50s 89 4 409  4nn 1 9 s1s 46
1269 297 14 S2v 69 5 170 154 2 1 13 107
4 246 225 15 54 17 6 84 99 3 2 sze s
s 21 24 16 S6s 30 T 13 157 o s 116 107
6 132 31 8 211 284 3 o s 25
7 258 261 He 6y K= 2 9 @& 19 6 € 53e 7%
8 224 222 10 102 1m ? e 87 8l
9 215 222 0 45 &3 11 118 139 ] 7 55 &3
16243 244 1 296 285 12 S51s 52 9 8 See 23
1no % 2 29¢ 277 13 52+ 30 10 9 678 23
12 109 11 3202 117 16 sas 57 11
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17 570 1e 8 231 238 0 39 61 He 2 % 86
9 143 14s 1328 %8 3 s 5
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2 2% 226 14 t3 79 6 A3 M7 - 8 56s SO
2 62 81 15 8 98 1 91 87 s 9 sTe 66
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10 s 1 2 1 sse 12 12 3
111719 18 3 15 578 44 13 «
12 291 261 “ 14 s
13 88 99 s He Ty xe 5 6
14 s 37 6 e 7
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2 90 ee 14 7206 193 6 A6 8% Q55+ 60 1 ses a0
3 199 207 15 8 aTs 51 7 122 113 178 el o 17 13
« €51 €43 18 e 101 109 a 167 165 > 55 37 5 s7e 56
3 116 124 10 129 15 9 s1e £9 3 ske 41 6 91 6
& 229 247 = 11 s1e 36 1o S¥  2 4
7 <3 et 12 538 56 11 Ses 9 s
a 226 31¢ 0 40e 13 s4e 48 12 10f  11R ©
a 162 14s 1183 173 16 9T 9 13 STe 4D
16 17 94 2 131 141 He
1 10 s 3227 223 He Ty ke 7 M 8 ke 8
12 s 124 « 105 107 [
12 53 & 5 23 23 0 ake 11 o 17 83 1
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10 90 104 2 185 113 1142 129 2
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c 128 116 10 130 142 T 15 Se 9 fes 65 10
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3 "e7 6P 13 SSe 55 10 96 91 He 8¢ Ks 12 Hm
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a quaternary nitrogen atom is attached to three C(sp®)
atoms (Birnbaum, 1967).

The angles given in Fig. 2, omitting the value of
117-7° for C(10")-C(7)-C(6), give an acceptable mean
of 110-9°. The large value of the excluded angle was
expected on the basis of structural analyses of other
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lupine alkaloids (Przybylska & Barnes, 1953; Srivastava
& Przybylska, 1969). A tetrahedral angle for C(10")-
C(7)-C(6) would bring the nitrogen atoms within the
molecule too close to each other (2:5 A). That distance
in this structure is 3-147 A and that between the hydro-
gen atoms of the NH groups is 2:21 A. This H---H
separation does not deviate significantly from the
normal van der Waals contact.

The bond lengths and angles of the C1O, groups are
listed in Table 4. The bonds range from 1-:337 to 1-445,
with a mean of 1-398 A, and the O-Cl-O angles vary
from 97-7° to 124-3° with a mean of 109-2°. Not too
much significance should be attached to these values
because of lack of correction for thermal motion and
because of the disorder of one of the ClO, groups.

Table 4. The bond lengths and angles of the perchlorate
anions

The e.s.d.’s for the angles are ca. 0-8°.

Cl(1)-0(1) 1365 (11) A O(1)-CI(1)-0(2)  104-9°
CI(1)-0(2) 1-357 (12) O(1)-CI(1)-0(1") 107-7
Cl(2)-0(3) 1-444 (8) 0(2)-Cl(2)-0(1") 107-1
CI(2)-0(4) 1-445 (12) 0(2)-CI(1)-0(2) 1243
CI(2)-0(5) 1-337 (16) 0(3)-Cl(2-0(4) 1053
CI(2)-0(6) 1-442 (12) 0(3)-Cl(2)-0(5) 1164
0(3)-Cl(2)-0(6) 1073
0(4)-Cl(2)-0(5) 1129
0(4)-Cl(2)-0(6) 97-7
0(5)-Cl(2)-0(6) 1152

The C-H bond lengths are in the range 0-51-1-12 A,
and their mean is 096 A. The H-C-H and C-C-H
angles vary from 97-4 to 122-3° with a mean of 108-3°.

The results of the conformational analysis are pre-
sented in Table 5. The signs of the torsional angles are
according to the convention of the [IUPAC-IUB Com-
mission on Biological Nomenclature (1970), and the
e.s.d.’s were calculated according to Huber (1961). The
two rings are of chair form, but owing to strain in the
molecule the inner ring shows much greater deviations
from the ideal conformation. Ring A is flattened at the
nitrogen atom. The torsional angles of the C—N bonds
are only 41-4 and 45-4° and the distance of N from the
plane for C(7), C(9), C(6) and C(10) is 0-52 A. The four
atoms of ring A4 used for the calculation of the plane
were found not coplanar, but those of the outer ring
B were. The e.s.d.’s of 4 are 0-004 to 0-008 A.

Crystal structure

The molecule of a-isosparteine is hydrogen bonded
to O(3) of the perchlorate group, as shown in Fig. 3.
The symmetry-related hydrogen bonds N(1)-H(11)- - -
O(3") and N(1)-H(11")- - - O(3") are identical with those
presented in Table 6. The hydrogen-bonding has prob-
ably contributed to the stability of the all chair confor-
mation of the a-isosparteine molecule in spite of strong
repulsion between the N*-H groups. It had also re-
duced the vibration of O(3) leading to the lengthening
of the C1(2)-O(3) bond (1-44 A).

THE STRUCTURE OF «-ISOSPARTEINE DIPERCHLORATE

Fig. 1. A projection of the molecule down b showing thermal
ellipsoids.
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Fig. 2. Bond lengths and angles. The e.s.d.’s of angles vary
from 0-4 to 0-6°.

Fig. 3. Packing of the molecules projected along ¢.
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Table 5. Torsional angles with their e.s.d.’s and weighted
least-squares planes
Inner ring A

N(1)—C(6)—C(7)—C(8) —60-0 (4)°
C(6)—C(7)—C(8)—C(9) 682 (5)
C(7)—C(8)—C(9)—C(10) —624 (4
C(8)—C(9)—C(10)-N(1) 50-3 (4)
C(9)—C(10)-N(1)—C(6) —41:4 (5)
C(10)-N(1)—C(6)—C(7) 45-4 (4)
Outer ring B
N(1)-C(2)-C(3)—C(4) —552 ()
C(2)-C(3)-C(4)—-C(5) 56-1 (6)
C(3)-C(4)—-C(5)—C(6) —57-8 (6)
C(4)—C(5)—C(6)—N(1) 60-5 (6)
C(5)—C(6)-N(1)-C(2) —61-3 (5)
C(6)—-N(1)-C(2)—-C(3) 581 (5)
Ring 4 Ring B
4 4
C(7) —0-033 C(5) —0-002
C(9) 0-034 N(1) 0-001
C(6) 0-032 C(2) ~—0-002
C(10) —0-038 C4) 0-003
C(8)* 0-785 C6)y* 0723
N(1)* —-0-524 C(3)* —0643
x=169 x=04

Equations of the planes
A: —0-5140X—0-8568Y —0:0411Z=5-0425 A
B: —0-3357X—0-9399Y —0:0624Z = 5-3903

* Atoms excluded from the calculation of the plane.

Table 6. Distances and angles of the hydrogen bonds

Angle D---4 D-H H---4
N()—H(11)- - -O(3) 159° 2742 A 084 A 1-94 A
N(1)-H(11)---0(3) 169 2922 084  2-09
C2)—H(21)- - -0(2") 160 3-542 100 2-58

O(3) was placed at the beginning of refinement 0-40 A
from the twofold axis. The distance increased to a
final value of 0-56 A. The coordinates of O(3) in con-
junction with those of O(4), O(5) and O(6) gave an
arrangement of bonds considerably closer to tetra-
hedral geometry than those of O(3').

It was not possible on the basis of the X-ray experi-
ment, mentioned earlier, to decide unequivocally
whether two orientations of that ClO, group are really
present or whether one set of oxygen atoms was an
artifact due to the symmetry of space group C222,.
Considering however the symmetrical environment of
the ClO; ion there does not seem to be any reason for
the existence of only one of these orientations and the

2459

assumption that both are present is likely to be correct.

An additional very weak C-H- - -O hydrogen bond
may exist between C(2) and O(2") attached to CI(1).
The details are also given in Table 6. The structure may
therefore consist of spirals of hydrogen-bonded a-iso-
sparteine and Cl(1)-O, molecules, parallel to c.

There is another short H(81)---0O(2) contact of
2:48 A but the angle C(8)-H(81)---0O(2) is too small
(122°) for it to be considered a hydrogen bond. There
are no other intermolecular distances shorter than the
sums of the appropriate van der Waals radii.

Grateful acknowledgement is made to Dr M. Wie-
widrowski for suggesting this investigation and for
providing the crystals. I also thank Mrs H. M. Shep-
pard for her valuable assistance.
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