
1666 

Acta Cryst. (1980). B36, 1666-1669 

Tetra-n-butylammonium Hydrogen Dichloromaleate* 

BY L. GOLIC AND I. LEBAN 

Chemistry Department, University Edvard Kardelj, 61000 Ljubljana, Yugoslavia 

(Received 5 December 1979; accepted 22 February 1980) 

Abstract. C16H36N+.C4HC1204, M r = 426.4, triclinic, 
e i ,  Z = 2, a = 8 .950(2) ,  b = 10.516 (4), c = 
13-116(4) A, ~t = 99.50(3) ,  fl = 97.19(4) ,  y = 
99.53 (2) °, V --- 1185-9/k 3, O m = 1.20 (5) (flotation), 
D x = 1. 194 Mg m -3, p(Cu K~t) = 2-650, p(Mo KCt) = 
0.299 mm -~, at 293 (1) K. The structure contains 
tetra-n-butylammonium cations and hydrogen di- 
chloromaleate anions and an extremely short intra- 
molecular O . - .  H . . .  O hydrogen bond with an average 
distance of 2.20 (3) A confirmed by the two indepen- 
dent diffractometer data sets obtained from the two 
different crystals. The correction due to thermal 
vibration gave an average value of 2.25 (3) A. R and 
R w values were 0.082 and 0-120 (Cu Kct, 1830 
observed reflexions) and 0.075 and 0.101 (Mo Ka, 
1337 observed reflexions)respectively. The moderate 
accuracy of the structure determination is because of a 
high degree of thermal disorder in the hydrogen 
dichloromaleate residue. 

Introduction. As part of an investigation of acid salts of 
some dibasic acids, in search of short hydrogen bonds, 
crystals of tetra-n-butylammonium hydrogen dichloro- 
maleate were prepared. The infrared spectra of the title 
compound and potassium hydrogen dichloromaleate, 
KHC4C1204, in solution indicate an intramolecular 
hydrogen bond. However, solid KHC4C120 4 has 
intermolecular hydrogen bonds of 2.449 A, linking the 
dichloromaleate residues into one-dimensional arrays 
(Goli6, Detoni, Had~i & Orel, 1976). On the other 
hand, solid potassium hydrogen maleate and 
chloromaleate (Peterson & Levy, 1958; Ellison & 
Levy, 1965) have discrete monoanions with strong 
intramolecular hydrogen bonds of 2.437 and 2 .403 /k  
respectively. The present X-ray analysis of the title 
compound was undertaken in order to confirm the 
intramolecular hydrogen bond suggested by the in- 
frared spectroscopy. 

The compound crystallizes from water as transpa- 
rent prisms. The reciprocal lattice was explored by 
oscillation and Weissenberg photographs. Cell dimen- 
sions were obtained by least squares from the 20 values 
of 30 moderately high-order reflexions measured on a 
CAD-4 diffractometer [Cu Kay, 2 = 1.54051 AI. The 

* For a preliminary account see Goli6 & Purkeljc (1976). 
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centrosymmetric distribution of I EI values ( ( E  2) = 
1.000; ( I E  2 - 1 I)_ = 1.037; ( I E I )  = 0.769) indicated 
the space group P1. 

Two sets of data were collected on the diffractom- 
eter with two different crystals and two different 
radiations (Cu Ka with Ni filter; Mo Kt~ with graphite 
monochromator). Details of the data collection and 
reduction are given in Table 1. The data were corrected 
for variations in reference reflexions and Lorentz-  
polarization effects, but not for absorption. 

The structure was solved with M U L T A N  74 (Main, 
Woolfson, Lessinger, Germain & Declercq, 1974)from 
the Cu Ka data. An E map with the highest combined 
figure of merit C F O M  (2.74) obtained with the unit 
weighting of ABSFOM (1.025), ~'o (410) and RESID 
(22.22) computed with 300 phases (IEl > 1-68) gave 
the initial coordinates for all the heavy atoms. Both sets 
of data were refined by least squares, minimizing 
)'w(IFol -- k IF c I) 2, where the weighting function was 
determined empirically to keep ~w(AF)  2 uniform over 
the ranges of (sin 0)/2 and IF ol. The variables were 
divided into three separate blocks. Because of the low 
accuracy of the structure determination, no attempt 

Table 1. Data-collection summary 

Temperature (K) 293 (1) 
Diffractometer CAD-4 automatic, four-circle 
Scan method o.r--20 
20scan width (o) 0.8 + 0.2 tan O 
Aperture (mm) 2.4 + 0.9 tan O 
Reference reflexions 123; i 23; 113 
Background ~ of the scan time at each of the scan limits 
Radiation (/k) Cu Ka (]t = 1.5418) Mo K~ (). = 0.7107) 
Size of crystal (mm) 0.29 x 0.37 x 0.33 0.35 x 0.42 x 0.38 
Scan rate (° min -1) 

Minimum 2.5 1.8 
Maximum 20-1 20.1 

Maximum scan time (s) 30 40 
20ma x (o) 110 60 
Intensity decrease (%) 8 7 
Measured reflexions 6354 (+h,+k,+l) 7209 (+_h,+_k,+l) 
Averaged reflexions 2980 6869 
Mean discrepancy 2.6 - 

on I (%) 
Observed reflexions 1830 1337 

I I > 2o(1)1 
Unobserved reflexions 1150 5532 
o(I) based on Counting statistics 
p(mm -~) 2.650 0.299 

© 1980 International Union of Crystallography 
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was  made  to locate the H atoms.  A p a r t  f rom the acidic 
H atom, the remaining H a toms were included at 
calculated positions with fixed isotropic tempera ture  
factors,  assuming C - H  = 1.09 /~ and a s taggered 
conformat ion.  A final difference map  was featureless. 
Final  refinement pa ramete rs  are given in Table 2. 
Scattering factors  for C1, O, N and C were those of  
C r o m e r  & M a n n  (1968) and for H of  Stewart ,  
Dav idson  & Simpson (1965). 

All calculations were per formed on the C D C  Cyber  
172 computer  at R R C  Ljubl jana with X R A Y  72 
(Stewart ,  Kruger ,  A m m o n ,  Dickinson & Hall,  1972). 
Table 3 lists the final coordinates.* 

Discussion.  Table 3 shows that  there are no essential 
differences between the structures obtained f rom the 
Mo K a  and Cu K a  X - r a y  da ta  and therefore only the 
Cu  K a  structure will be discussed. The criterion for this 
choice was the better var iable- to-parameter  ratio and 
consequently smaller e.s.d. 's of  the fractional coordi- 
nates. 

The structure is composed  of  separate  tetra-n- 
bu ty l ammonium cations and hydrogen  dichloro- 
maleate  anions (Fig. 1). The dichloromaleate  residues 
exhibit extremely high thermal  pa ramete r s ;  on the other 
hand,  the vibrational paramete rs  for the a toms in the 
cations are reasonable  even for terminal  C atoms.  

In tera tomic  distances and angles are listed in Table 
4. The cation is in the normal  t rans  (staggered) 
conformat ion  with average C - N  and C - C  distances 
of  1.519 (3) and 1.514 (3) /k and average C - N - C ,  
N - C - C  and C - C - C  angles of  109-5 (2), 115.8 (2) 
and 111.2 (2) ° respectively. These values are com- 
parable  to those found in other  tetra-n-butyl-  
a m m o n i u m  derivatives. Each  of  the four n-butyl chains 
is p lanar  to within 0 .04  A. 

* Lists of structure factors and anisotropic thermal parameters 
from both data sets have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 35088 
(21 pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 

Table 2. R e f i n e m e n t  s u m m a r y  

Final refinement cycle 

Scale factor (k) 
R = ElaFJ/EIFol 
Rw = [ y" w(AF)2/• WF2ol 1/2 
Average shift/error 
Maximum shift/error 
Data (m)-to-variable (n) ratio 
[ ~ w(dF)2/(rn - n)l 1/2 
Number of reflexions 
Final difference map 

Maximum Ap(e /~-3) 

Cu Ka data Mo Ka data 

1.046 1.039 
0.082 0.075 
o. 120 o. 101 
0.209 0.359 
0.876 1.400 
7.50 5.48 
0.399 0.450 
1830 1337 
0.39 0.24 

The dichloromaleate  residue is shown in Fig. 2. The 
most  striking feature of  this group is an extremely short  
in t ramolecular  hydrogen  bond of  2.221 (14) A. Cor-  
rection for bond shortening due to thermal  vibrations,  

Table 3. F i n a l  f r a c t i o n a l  coordinates  with e.s.d. 's in 
paren the se s  

Coordinates are multiplied by 104 for non-hydrogen and by 10 a for 
H atoms. Ueq = (UII.U22. U33) 1/3. Upper numbers: Cu Ka data, 
lower numbers: Mo Ka data. 

eq 

x y z (A 2 x 10 a) 

CI(1) 5554 (4) 388 (2) 1533 (2) 125 (2) 
5554 (5) 387 (3) 1533 (3) 123 (3) 

C1(2) 7665 (4) 2237 (5) 652 (2) 184 (3) 
7662 (5) 2237 (6) 654 (3) 185 (4) 

O(1) 4373 (13) 1257 (12) 3269 (8) 189 (8) 
4386 (16) 1288 (15) 3256 (10) 183 (10) 

0(2) 5665 (9) 3292 (10) 3744 (5) 133 (5) 
5672 (11) 3315 (13) 3727 (7) 133 (7) 

0(3) 7063 (12) 4799 (8) 3073 (9) 144 (6) 
7025 (17) 4792 (11) 3074 (11) 148 (9) 

0(4) 8345 (10) 4873 (11) 1672 (10) 192 (9) 
8342 (14) 4861 (14) 1664 (12) 194 (11) 

N 7198 (4) 3812 (4) 7341 (3) 49 (2) 
7210 (6) 3820 (5) 7344 (4) 49 (3) 

C(1) 5293 (10) 2193 (11) 3167 (7) 99 (6) 
5310 (13) 2219 (16) 3152 (10) 100 (8) 

C(2) 6078 (7) 2014 (6) 2176 (5) 69 (3) 
6087 (9) 2025 (8) 2174 (6) 68 (5) 

C(3) 6978 (7) 2803 (7) 1764 (5) 80 (4) 
6981 (9) 2811 (10) 1768 (7) 79 (5) 

C(4) 7543 (10) 4371 (12) 2211 (13) 120 (8) 
7542 (14) 4381 (16) 2213 (17) 119 (11) 

C(5) 7191 (6) 4634 (5) 6492 (4) 54 (3) 
7206 (8) 4649 (7) 6496 (5) 53 (4) 

C(6) 8690 (7) 5576 (5) 6505 (4) 63 (3) 
8692 (9) 5570 (7) 6504 (6) 62 (5) 

C(7) 8514 (8) 6369 (7) 5647 (5) 77 (4) 
8513 (10) 6364 (8) 5642 (6) 72 (5) 

C(8) 9991 (8) 7267 (6) 5599 (6) 83 (4) 
9996 (11) 7270 (9) 5606 (8) 83 (5) 

C(9) 7741 (6) 4655 (5) 8426 (4) 55 (3) 
7739 (9) 4655 (7) 8425 (5) 53 (4) 

C(10) 6858 (7) 5740 (6) 8714 (5) 69 (4) 
6852 (10) 5728 (8) 8706 (6) 66 (5) 

C(ll)  7586 (10) 6566 (8) 9776 (5) 87 (4) 
7589 (13) 6569 (10) 9781 (7) 89 (7) 

C(12) 6685 (11) 7556 (10) 10178 (7) 109 (6) 
6662 (14) 7521 (13) 10192 (8) 107 (8) 

C(13) 8309 (6) 2871 (5) 7151 (4) 55 (3) 
8316 (8) 2866 (7) 7141 (5) 52 (4) 

C(14) 8359 (6) 1894 (6) 7871 (5) 66 (3) 
8345 (9) 1883 (7) 7876 (6) 64 (4) 

C(15) 9466 (8) 987 (7) 7598 (5) 86 (4) 
9475 (11) 991 (9) 7606 (7) 80 (6) 

C(16) 9520 (11) -19 (9) 8279 (8) 118 (6) 
9481 (14) -25 (11) 8291 (9) 113 (8) 

C(17) 5587 (6) 3067 (5) 7290 (4) 55 (3) 
5576 (8) 3054 (7) 7291 (5) 51 (4) 

C(18) 4934 (6) 2037 (5) 6312 (4) 57 (3) 
4943 (8) 2035 (7) 6311 (5) 53 (4) 

C(19) 3254 (6) 1521 (6) 6317 (5) 67 (4) 
3249 (8) 1529 (7) 6323 (6) 60 (5) 

C(20) 2599 (8) 408 (7) 5399 (6) 83 (4) 
2599 (10) 400 (9) 5404 (8) 77 (6) 
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Table 3 (cont.) 

x y z x y z 

H(1) 692 397 574 H(19) 798 232 635 
692 398 574 798 232 634 

H(2) 629 521 658 H(20) 946 346 724 
632 524 659 947 344 723 

H(3) 899 624 726 H(21) 873 242 867 
901 624 726 869 241 868 

H(4) 959 501 638 H(22) 721 131 780 
959 500 638 720 129 779 

H(5) 815 570 490 H(23) 911 48 679 
816 569 489 915 49 679 

H(6) 764 696 579 H(24) 1061 158 768 
764 695 578 1062 159 772 

H(7) 1036 794 635 H(25) 987 49 909 
1035 794 636 981 47 911 

H(8) 1086 667 545 H(26) 837 -61 819 
1087 668 547 833 - 6 2  818 

H(9) 986 784 498 H(27) 1 0 3 1  -67  808 
987 784 499 1029 -66 809 

H(10) 764 401 899 H(28) 558 257 796 
764 401 899 557 255 796 

H(11) 894 511 847 H(29) 483 378 735 
894 511 847 481 376 736 

H(12) 688 636 813 H(30) 505 247 562 
687 635 812 507 248 562 

H(13) 567 531 874 H(31) 556 123 629 
567 529 874 556 122 629 

H(14) 770 591 1033 H(32) 313 116 704 
774 592 1033 312 119 705 

H(15) 872 708 971 H(33) 262 232 627 
871 711 971 262 232 627 

H(16) 658 821 962 H(34) 272 76 467 
652 817 964 273 74 467 

H(17) 555 704 1024 H(35) 323 -39  545 
554 698 1026 323 -39  546 

H(18) 721 815 1095 H(36) 139 4 540 
718 812 1095 139 4 541 

applied on the basis of the rigid-body TLS analysis 
[Schomaker & Trueblood (1968); computer program 
written by Filippini & Gramaccioli (1969)1, gave the 
value 2.275 ,~,, which is still very unusual. For this 
reason, the whole crystal structure analysis was 
repeated with Mo Ka data and the value obtained for 
0 ( 2 ) . . . 0 ( 3 )  was 2.166 (18) ,~,. However, this value, as 

ci2 
l.____-Jl .-._,C3 J ,  

\ ClO~) C l l ~  \ \ 

I - -  ¢1 ~ , o  ~ : ~ c 6 ~  " ~ I  \ 
C I c7  ! 

\ c,o;  

V 
Fig. 1. A view of the structure along [ 100]. 

well as all the others in the dichloromaleate residue, is 
strongly affected by the high degree of thermal 
disorder; therefore, the values are not exact and will not 
be discussed in detail. The atomic groups (I): O(1), 
0(2),  C(1), C(2); (II): 0(3),  O(4), C(3), C(4) and (III): 
CI(1), C1(2), C(2), C(3), are planar to within 0-008 for 
(I), 0.007 for (II) and 0.010 ~, for (III). The dihedral 
angles (I),(III) and (II),(III) are 7.2 and 1-5°: thus the 
dichloromaleate residue is almost planar. The average 

Table 4. Bond distances (A) and angles (°), Cu Kct 
data 

N(n-C4H9) ~ cation 

N-C(5) 1.519 (7) C(5)-N-C(9) I I I .9 (4) 
N-C(9) 1.522 (6) C(5)-N-C(13) 108.5 (4) 
N-C(13) 1.528 (7) C(5) -N-C(17)  108.4 (4) 
N-C(17) 1.511 (6) C(9) -N-C(13)  107.8 (4) 
C(5)-C(6) 1.526 (7) C(9) -N-C(17)  109.3 (4) 
C(6)-C(7) 1.515 (9) C(13)-N-C(17)  111.0 (4) 
C(7)-C(8) 1.506 (9) N-C(5)-C(6) 115-6 (4) 
C(9)-C(10) 1.516 (9) C(5)-C(6)-C(7)  110.4 (5) 
C(10)-C(11) 1.519 (8) C(6)-C(7)-C(8) 112.1 (5) 
C(I 1)-C(12) 1.488 (14) N-C(9)-C(10)  115.2 (4) 
C(13)-C(14) 1.508 (9) C(9)-C(10)-C(11) 109.9 (6) 
C(14)-C(15) 1.520(10) C(10) -C( l l ) -C(12)  113.5 (7) 
C(15)-C(16) 1.495 (14) N-C(13)-C(14)  115-6 (5) 
C(17)-C(18) 1.519(7) C(13)-C(14)-C(15) 111.3(5) 
C(18)-C(19) 1.513 (8) C(14)-C(15)-C(16) 112.9 (7) 
C(19)-C(20) 1.514 (9) N-C(17)-C(18)  116.6 (4) 

C(17)-C(18)-C(19) 109.9 (5) 
C(18)-C(19)-C(20) 111.3(5) 

C4HCl20 ~ anion Corrected* 

C1(1)-C(2) 1-736 (6) 1,779 
C1(2)-C(3) 1.708 (8) 1.751 
C(1)-O(1) 1.211 (15) 1.241 
C(1)-O(2) 1.241 (13) 1.271 
C(4)-O(3) 1.297 (19) 1.329 
C(4)-O(4) 1.191 (19) 1.219 
C(1)-C(2) 1.552(11) 1.592 
C(2)-C(3) 1.291(10) 1.321 
C(3)-C(4) 1.628 (14) 1.668 
0 (2 ) . . . 0 (3 )  2.221 (14) 2.275 

CI(1)-C(2)-C(1) 109-0 (5) 
CI(I)-C(2)-C(3) 117.4 (5) 
C(I)-C(2)-C(3) 133.5 (6) 
CI(2)-C(3)-C(2) 120.5 (6) 
CI(2)-C(3)-C(4) 114.3 (7) 
C(2)-C(3)-C(4) 125.2 (8) 
O(I)-C(I)-O(2) 128.1 (I0) 
O(I)-C(I)-C(2) ]16.2 (9) 
O(2)-C(I)-C(2) 115.6 (8) 
O(3)-C(4)-O(4) 133.9 (II) 
O(3)-C(4)-C(3) 114.5 (I0) 
O(4)-C(4)-C(3) I 11.5 (12) 

* Values corrected for rigid-body librations. 

1-241 ._ 2.2 1 . . . .  1.297 2166 - 1-308 
I'211N"N@OOZ ~(z ' / f 1.237 S~u._.~-b~ ,/ 1-190 

~ . C  (1) ~,,~, r~,7~) C~(1~) ~ C ( 4 ) ~ . ~ i ~ ,  

~ , . , ~  ~ ~ ~ 4  1"6~O(4) ,  ~ 
6~1~u~,, c~2)HZ".~.~.. ~ "  0(17 c~2>:y~c~3> 

" ~  ' '  ;1(2' ~o. 1.7461 1.281"-~.7~11 
~C11:  ~ '~C1(1) C1(2.~ ' 

" - "  ( b )  ~ - ~  

Fig. 2. A hydrogen dichloromaleate residue viewed along the 
normal to the mean plane. The atoms are represented by thermal 
ellipsoids drawn at the 50% probability level (Johnson, 1965). (a) 
Cu Ka data, (b) Mo Ka data. 
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deviation of the ten atoms from the mean plane is 0.05 
A, with extremes o f - 0 . 1 2  for O(1) and 0.13 A for 
O(2). 

Further work is being carried out in order to obtain 
data at low temperature. 

The authors thank Professor D. Had~i for providing 
the crystalline sample and Mr F. Purkeljc for technical 
assistance. The financial support of the Research 
Community of Slovenia is also acknowledged. 
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Structure d'un Nouvel Alcalo'ide Bisindolinique: Complexe Mol6culaire 1:1 Sungucine- 
Ac6tone 

PAR L. DUPONT, 0 .  DIDEBERG ET J. LAMOTTE 

Laboratoire de Cristallographie, Institut de Physique B5, Universitd de LiOge au Sart Tilman, B-4000 LiOge, 
Belgique 

ET K. KAMBU* ET L. ANGENOT 

Laboratoire de Pharmacognoisie, Institut de Pharmacie F1, Universitd de Lidge, rue Fusch 5, B-4000 LiOge, 
Belgique 

(Regu le 18 octobre 1979, acceptd 1 l fJvrier 1980) 

Abstract. C42H42N402.C3H60,  M r = 634.8 (+58.1), 
orthorhombic, P212~2 ~, a = 13.779 (5), b = 
24.516 (6), c = 10.640 (4) A, V = 3594.3 A 3, Z = 4, 
D c = 1.28 Mg m -3, g = 0.643 mm -1, Cu Ka radiation, 
final R = 0.05 (3394 reflexions). Sungucine represents 
a new type of bisindolinic alkaloid with an unusual 
C (23 ) -C(5 ' )  bond between the two parts of the 
molecule, which have the same stereochemistry. Ring 
D (and D')  is almost in a boat conformation and 
C(2) -C(16)  is eis. There are only van der Waals inter- 
actions in the crystals. 

Introduction. La sungucine (Fig. 1) est un nouvel 
alcalo'ide extrait des racines de Strychnos icaja Baill.; 

* Adresse actuelle: Facult6 de Pharmacie, Univcrsit6 Nationale 
du Za'ire, BP 212, Kinshasa XI, Za'ire. 

0567-7408/80/071669-04501.00 

ces derni6res sont utilis6es en Afrique centrale pour la 
pr6paration des poisons de fl6che et d'@reuve. La 
nouvelle substance a 6t6 6tudi6e par UV, IR, spectro- 
m6trie de masse et RMN, mais une analyse radio- 
cristallographique a 6t6 n6cessaire pour 6tablir sa 
structure mol6culaire originale (Lamotte, Dupont, 
Dideberg, Kambu & Angenot, 1979). C'est l'objet du 
pr6sent article. 

Les cristaux ont 6t6 obtenus fi partir d'une solution 
d'ac+tone. 

Les donn6es ont 6t6 collect6es au moyen d'un 
diffractom6tre fi quatre cercles Hilger & Watts. Sur 
3607 r6flexions mesur6es, 3439 ont 6t6 consid6r6es 
comme observ6es [I > 2o(1)]. 

La structure a 6t~ d6termin6e par m6thodes directes 
avec le programme M U L T A N  77 (Main, Lessinger, 
Woolfson, Germain & Declercq, 1977). L'affinement a 
© 1980 International Union of Crystallography 


