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Abstract. C28H48N2Oa.H2 O, M r = 4 9 4 . 7 ,  orthorhom- 
bic, P2~2~2~, a = 7.634 (2), b = 11.370 (2), c =  
34. 167 (4) A, V = 2966 (2) A 3, Z = 4, D m = 1.095, 
D x -- 1. 108 g cm -3, Mo Kct, 2 -- 0.7107 ,/k, ~ = 
0.43 cm -~, F(000) = 1088.0, T =  293 K, R = 0.061 
for 1578 significant reflections. The second-harmonic- 
generation (SHG) efficiency of this compound is 
negligible (1/100th of the urea standard). The observed 
low second-order nonlinear response has been attri- 
buted to the unfavourable packing of the molecules in 
the crystal lattice. 

Introduction. As part of a long-range research pro- 
gramme on developing organic compounds exhibiting 
good nonlinear optical properties (Kanagapushpam & 
Venkatesan, 1987; Kanagapushpam, Padmanabhan & 
Venkatesan, 1987), we have investigated the molecular 
geometry and correlation between structure and 
second-harmonic generation of the title compound. This 
compound was prepared by following the procedure of 
Ericsson, Sandstr6m & Wennerbeck (1970) using 
di-2-menthyl malonate as the active methylene com- 
pound. 

0108-2701/88/020337-04503.00 

Experimental. Single crystals of the title compound 
obtained from acetone by slow evaporation, approxi- 
mate dimensions 0.30 × 0.30 × 0.35 mm. D m by flota- 
tion. Preliminary ocillation and Weissenberg photo- 
graphs indicated that the crystals were orthorhombic. 
Lattice parameters refined by a least-squares fit to 
settings of 25 accurately centred reflections. Nonius 
CAD-4 diffractometer, graphite-monochromated 
MoK~ radiation, m/20 scan mode, scan speed 
1 ° min J, 0 _< 23 °. During data collection three stan- 

dard reflections (1,4,1 l, 156, 404) showed statistical 
variations within +7% and the data were corrected for 
this. 2146 reflections collected, hkl range, h: 0 to 8, k: 0 
to 12, l: 0 to 37; 1578 significant, IFol > 3OlFol. Data 
not corrected for absorption. Structure solved by direct 
methods (MULTAN80; Main, Fiske, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1980). The E map 
computed using the second-best set with ABSFOM 
= 1.0715, PSIZERO =- 1.729, RESID = 26.23, 
CFOM =2 .6768  yielded the structure. Full-matrix 
least-squares refinement (SHELX76; Sheldrick, 1976) 
of a scale factor, positional and anisotropic thermal 
parameters for non-H atoms and positional and 
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Table I. Fractional atomic coordinates (x 104) and 
equivalent isotropic temperature factors (× 103) for 

non-H atoms 

E.s.d.'s are given in parentheses. 
Ut.t I I X  x I !  ,,.~*t~*~ = ~ - - i ~ i v i . i t 4 i  ".i a i ' a j "  

x y z --'~'u<.,itA'-j 
O(I) 9880 (7) 4277 (4) 1849 (1) 62 (2) 
0(2) 8724 (7) 3248 (3) 1355 (I) 63 (2) 
O(33 9867 (7) 150 (4) 1909 ( I ) 60 (2) 
0(4) 8921 (7) 1052 (3) 1371 (1) 63 (2) 
N(I) 12247 (103 2759 (5) 2353 (2) 64 (3) 
N(2) 9895 (10) 1912 (5) 2580 (2) 68 (3) 
C(I) 10683 (I 13 2290 (5) 2262 (2) 54 (3) 
C(2) 9961 (8) 2209 (6) 1875 (2) 46 (2) 
C(3) 13553 (123 3133 (7) 2086 (3) 87 (4) 
C(4) 12569 (133 2690 (8) 2763 (3) 94 (4) 
C(5) 10895 (16) 2156 (7) 2934 (2) 93 (4) 
C(63 8071 (153 1514 (8) 2617 (3) 102 (4) 
C(7) 9543 (9) 3308 (6) 1700 (2) 42 (2) 
C(83 8121 (103 4309 (6) 1171 (2) 53 (3) 
C(9) 6445 (I 13 4740 (6) 1360 (2) 61 (3) 
C(10) 5701 (I I) 5806 (7) 1160 (3) 73 (3) 

C ( I  I) 5525 (123 5561 (7) 729 (3) 86 (4) 
C(123 7149 (103 5100 (7) 537 (2) 65 (3) 
C(13) 7852 (10) 4030 (6) 748 (2) 52 (3) 
C(143 9482 (12) 3461 (7) 544 (2) 73 (3) 
C(153 9004(133 2915(113 146(3) 117(53 
C(163 11011 (15) 4216 (9) 534(4) 142(6) 
C(17) 4006 (133 6255 (8) 1353 (3) 108 (5) 
C(18) 9596 (9) 1061 (6) 1726 (2) 48 (3) 
C(19) 8372 (10) -34 (5) 1191 (2) 51 (3) 
C(20) 9798 (10) -515 (6) 942 (2) 60 (3) 
C(21) 9269 (13) -1578 (6) 707 (2) 71 (3) 
C(223 7672 (13) -1300 (7) 474 (2) 76 (4) 
C(23) 6155 (1 I) -825 (8) 739 (3) 77 (3) 
C(243 6720 (103 256 (6) 965 (2) 54 (3) 
C(25) 5303 (13) 829 (8) 1206 (3) 87 (4) 
C(26) 4557 (12) - 1 0  (9) 1516 (2) 99 (4) 
C(27) 3894 (133 1380 (9) 969 (3) 110 (5) 
C(28) 10828 (153 -2061 (8) 453 (2) 104 (4) 
W(I) 7490 (8) 4536 (5) 2505 (1) 99 (2) 

isotropic thermal parameters for H atoms (all the H 
atoms were fixed stereochemically) converged to 
R = 0.061, wR = 0.077, S = 1.2. The function mini- 
mized was ~w(IF ol -- lEe I)2 where w = 0 . 9 3 0 9 /  
[a2( IF I.)+0.003542 I FI 2]. In the final cycle of refine- 
ment, A/a for non-H atoms is about 0.06 and for H 
atoms about 0.12, ZlPmax = +0.29,  Apmin = 
--0.21 e/~-3. Atomic scattering factors from 
International Tables for X-ray Crystallography (1974). 

Discussion. The atomic positional and thermal param- 
eters for non-H atoms are listed in Table 1.* Bond 
lengths and angles are presented in Table 2. Fig. 1 is a 
view of the molecule. 

There is extensive delocalization involving the donor 
imidazolidine ring and the acceptor menthoxycarbonyl 
groups as reflected in the molecular dimensions. The 
C(1)=C(2) distance is 1.435 (10)/~ which is very 
much greater than that of the C=C bond in ethylene 
[1.336 (2)A; Bartell, Roth, Hollowell,  Kuchitsu & 
Young, 1965]. There is a corresponding reduction in the 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
44422 (20 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

Table 2. Bond distances (A) and angles (o) involving 
non-H atoms with their e.s.d. 's in parentheses 

O(I)-C(7) 
O(2)..-C(73 
O(2).-C(83 
O(3)-C(183 
O(43-C(183 
O(4)-.C(19) 
N( I ) -C( I I  
N(1)--C(3) 
N(I)-C(4) 
N(2).-C(I) 
N(2).-C(5) 
N(2).-C(6) 
C(I)-C(23 
C(2)-C(7) 
C(23-C(183 
C(43.-C(5) 
C(8).=C(9) 
C(8).-C( 133 

1-241 (8) 
1.336 (8) 
1.436 (8) 
1-227 (81 
I-318 (8) 
1-442 (7) 
1-344, 11) 
1.417, 12) 
1.424123 
1.314 10) 
1.457 I I) 
1.470 13) 
1-435 10) 
1.421 10) 
1.428 10) 
1.531 15) 
1,515 ( 13 
1.494 103 

C(9)-C(10) 
C(10)-C(11) 
C( 10)-C(17) 
C(113-C(12) 
C(123-C(13) 
C(13)-C1143 
C( 143-C(153 
C(14)-C(16) 
C(19)-C(203 
C(193-C(24) 
C(20)-C(2 I) 
C(2 I)-C(22) 
C(2 I)-C(28) 
C(22)-C(233 
C(23)-C(24) 
C(243-C(25) 
C(253-C(26) 
C(25)-C(273 

-503 ( I I) 
• 505 ( 141 
• 539 (133 
• 497 { 12) 
• 513 (101 
-566 ( I I ) 
• 539 133 
-449 14) 
-486 I0) 
-515 10) 
-506 10) 
-490 q 13) 

1-572 133 
1.566 13) 
1-514 12) 
1-508 123 
1.535 133 
1-485 14) 

c(7)--0(2)-c(83 
c(  18)--0(4).-c (19) 
C(I)-N(1).-C(3) 
C(I) . -N(I)-C(4) 
C(3)-N(1)-C(4) 
C(I)-N(23.-C(53 
C(1)-N(23-C(6) 
C(53--N(2)-C(6) 
N( I ) -C( I ) -N(2)  
N(I).-C(1)-C(2) 
N(2).-C(1).-C(2) 
C(I)--C(2)--C(7) 
C(1)-C(2)--C(18) 
C (7)--C(23-C(18) 
N(1).-C(43-C(5) 
N(23-C(5)-C(43 
O(1)-C(73-O(2) 
O(I) -C(7)-C(2)  
O(23--C(7)-C(2) 
O(2)-C(83-C(9) 
O(2)-C(8)-C(13) 
C(93-C(83-C(13) 
C(8)--C(9)--C(10) 
C(9)-C(10)-C(1 I) 
C(9)-C( 10)-C(17) 
C(I D-C(103-C(173 

119.6 (5) 
120.9 (5) 
126.5 (7) 

11.0 (7) 
21-9 (7) 
12.6 (7) 
27.3 (7) 
18.9 (7) 
10.2 (6) 
25.4 (6) 
24.4 (7) 

114.7 (6) 
117.5 (6) 
127.6 (6) 
104.7 (7) 
101.3 (7) 
120-3 (6) 
124.2 (6) 
115.5 (6) 
110.8 (6) 
106.8 (5) 
111.4 (6) 
112.7 (6) 
109-2 (7) 
113.0 (7) 
113.9 (8) 

C(10)-C(l  I)-C(12) 
C(11)-C(12)-C(13) 
C(8)-C( 13)-C(12) 
C(8)-C(13)-C(14) 
C(12)-C(133-C(14) 
C(13)-C(14)-C(15) 
C(13)-C(143-C(16) 
C(15)-C(14)-C(16) 
O(3)-C(183-O(4) 
O(3)-C(18).-C(2) 
O(43-C(18)-C(2) 
O(43-C(19)-C(20) 
O(4)-C(19)-C(24) 
C(203-C(19)-C(24) 
C( 19)-C(20)-C(213 
C(20)-C(2 I)-C(22) 
C(20)-C( 21)-C(28) 
C(22)-C(21)-C(28) 
C(21)-C(22)-C(23) 
C(22)-C(23)-C(24) 
C(19)-C(24)-C(23) 
C(19)-C(24)-C(25) 
C(23)-C(24)-C(25) 
C(24)-C(25)-C(26) 
C(24)-C(25)-C(27) 
C(26)-C(25)-C(27) 

114.8 (7) 
I 11.5 (6) 
109.8 (6) 
114,1 (6) 
113.7 (6) 
111.8 (7) 
113.9 (7) 
114. I (8) 
121,9 (6) 
123.8 (6) 
114.3 (6) 
110.3 (5) 
105.8 (5) 
113.5 (6) 
113.8 (6) 
109.5 (7) 
I 11.8 (7) 
113.5 (71 
I II .7 (7) 
111.4 (7) 
108.7 (6) 
114.4 (6) 
115.1 (7) 
112.0 (7) 
113.8 (8) 
111.7 (8) 

lengths of donor-ethylenic and acceptor-ethylenic 
bonds: N(1 ) -C(1 )  and N(2) -C(1 )  are 1.344 (11) and 
1.314 (10)/~, respectively, which are shorter than the 
1.452 (2)/k reported for an N--Cs°2 bond (Ammon, 
Mazzocchi, Regan & Colicelli, 1979~. On the acceptor 
side, the C(2) -C(7)  and C(2) -C(18)  distances of 
1.421 (10) and 1.428 (10)A,  respectively, are signif- 
icantly shorter than the 1.487 (5 )A reported for a 
Csp2-Csp2 single bond (Shmueli, Shanan-Atidi, Hor- 
witz & Shvo, 1973). Because of the delocalization, the 
acceptor part of the molecule assumes a carbanion-like 
structure. The menthoxycarbonyl groups assume the 
Z,Z conformation (Sandstr6m, 1983). 

The steric interaction involving the methyl groups at 
the N atoms and the menthoxycarbonyl groups results 
in a large rotation about the C(1)=C(2) bond. The twist 
angle measured as the angle between the planes defined 
by N(6), C(1), N(2) and by C(7), C(2), C ( 1 8 ) i s  
64.8 (8) ° . It is of interest to note that in 3-(1,3- 
dimethyl-2-imidazolidinylidene)-2,4-pentanedione 
(Adhikesavalu & Venkatesan, 1983a), which has two 
acetyl groups as the acceptors, the C=C bond length is 
1.468 (3) A and the twist angle is 72-9 (3) °. In methyl 
2-(1,3-dimethyl-2-imidazolinylidene)-3-oxobutyrate 



D. K A N A G A P U S H P A M ,  K. VENKATESAN AND T. S. CAMERON 339 

(Adhikesavalu & Venkatesan, 1983b), the C=C bond 
length is 1.464 (2) A and the twist angle is 62.6 (3) °. It 
is noteworthy that the C=C bond lengths do not differ 
very significantly in the three push-pull ethylenes 
discussed above, although the twist angle about the 
C=C bond differs considerably. 

The average C - C  distance in the cyclohexane rings 
is 1.515 (12) A and the mean C - C - C  valence angle is 
I10.3 (6) °. These values are in good agreement with 
those in menthyl 2-[bis(dimethylamino)methylenel-3- 
oxobutyrate (Kanagapushpam, Padmanabhan & Ven- 
katesan, 1987). The torsion angles within the six-mem- 
bered rings indicate that both are in the chair con- 
formation and the non-H atoms take up the equatorial 
positions. 

The packing of the molecules viewed down the a axis 
is displayed in Fig. 2. The crystal structure is stabilized 
by hydrogen bonding. The water O atom is hydrogen 
bonded to 0(3)  of the menthoxycarbonyl group. The 
hydrogen-bonding parameters are O(3). . .W(1 ~) = 
2.865 (7), O(3)...H2(I,I 4)--- 1.99 (5) A and 0(3) . . .  
H2(W~)-W(I~) = 136 (4) ° [( i)= 2 - x , y  -1 ,  ½-z]. 

Co,stal pack ing -SHG efficiency correlation 
Because of the considerable delocalization of 7r 

electrons in this molecule, one would expect it to 
possess a strong second-order hyperpolarizability and 

C (9)~C(D)  
CH0~~C(~7) 

Fig. 1. A perspective view of the molecule showing atom numbering. 

Fig. 2. Packing of the molecules in the unit cell viewed down a. 

hence good SHG efficiency. The SHG measurements 
carried out on a powder sample of the title compound 
(Eaton & Wang, 1986) show, however, the SHG 
efficiency to be negligible (0.01 times urea). With the 
CNDO/2  method (Pople & Segal, 1966), the cal  
culated dipole moment was found to be 
~ 1 7 . 9 x 1 0 - 3 ° C m .  From the nature of the charge 
distribution, it is reasonable to assume that the 
charge-transfer axis is essentially along the C(1) -C(2)  
bond. In this molecule, the charge-transfer axis makes 
86-9, 68.2 and 22-0 ° with axes a, b and c, respec 
tively. For the point group 222 there are three 
nonvanishing nonlinear coefficients. Away from reso- 
nance, which corresponds to the experimental condi- 
tions, the Kleinman (1962) relations apply and lead to a 
single component, 

dl4 = dj5 = d36 - -  d. 

In this molecule, the charge-transfer axis is almost 
perpendicular (86.9 °) to the a axis. According to the 
oriented-gas model (Chemla, Oudar & Jerphagnon, 
1975), 

d = 4 N f  a cos (X, a) cos (X, b) cos (X, c) flxxx, 

where X is the charge-transfer axis. Since the charge- 
transfer axis is almost perpendicular to the a axis, the 
cosine projection factor cos (X, a) cancels out, result- 
ing in very low SHG activity of the crystal. Another 
factor which is of importance for SHG activity is the 
requirement of high Ap, the difference between excited 
charge transfer and ground-state dipole moment. 
Knowledge of Ap is not available for this molecule. 
Even if Ap were large, the molecular packing in the 
crystals is clearly not favourable for the optimization of 
second-order nonlinear response. 

We thank Drs D. F. Eaton and Y. Wang, Du Pont 
Ltd, Willmington, for SHG measurements and the 
Council of Scientific and Industrial Research for 
financial support. 
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Structure de la Nitro-7 Benzoxas616nole-2,1 One-3 
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Belgique 

ET C. LAMBERT 
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Belgique 

(Recu le 18 mars 1987, acceptd le 27 octobre 1987) 

Abstract. 7-Nitro-2,1-benzoxaselenol-3-one, CTH 3- 
NO4Se, M r = 2 4 4 " 1 ,  tetragonal, P41 or P43, a =  
b = 7 . 5 9 1 ( 2 ) ,  c = 2 6 . 5 7 4 ( 2 ) A ,  V = 1 5 3 1 . 5  (9) A 3, 
Z = 8 ,  D x = 2 . 1 1 6 g c m  -s, 2 ( M o K c t ) = 0 . 7 1 0 7 A ,  /~ 
= 5 1 - 9 5 c m - ' ,  F ( 0 0 0 ) = 9 4 4 ,  T = 2 9 0 K ,  m .p .=  
443 K, final R = 0.056 for 1322 observed reflections. 
The compound is an anhydride of carboxylic and 
selenic acid moieties with ring closure through an S e - O  
bond. This bond with the oxygen of the carboxy group 
is 1.977 (9)./t in molecule A and 1.918 (9).A in B. An 
Se--.O bonding interaction with an O atom of the nitro 
group is also observed: 2.347 (9) (,4) and 2.500 (9) ,& 
(B). All atoms are coplanar. The cohesion of the crystal 
is the result of van der Waals interactions. 

Introduction. Lors de synth6ses d'h6t6rocycles s61~ni~s 
cinq chainons, la nitro-7 benzoxas~16nole-2,1 one-3 a 

~t6 isol6e avec un rendement de 2%. Diff~rentes 
modifications des conditions op~ratoires ont permis 
d'am61iorer celui-ci jusqu'& 75%. La structure chimique 
du compos6 a &6 6tablie par spectrom6trie de masse, 
r~sonance magn~tique nucl~aire ~H, ~3C et 77Se (6 
= 1401,8), infra-rouge et par analyse ~l~mentaire. I1 
s'agit d'une nouvelle fonction: un anhydride cyclique 
mixte entre un acide carboxylique et un acide s~16nique. 
L'6tude radiocristallographique a ~t6 entreprise pour 
confirmer cette structure inconnue auparavant. 

Partie exp6rimentale. Cristallis6 dans le tolu6ne. Cristal 
incolore: 0,4 × 0,5 × 0,2 mm. Param&res de la maille 
d6termin~s ~i partir de 27 r6flexions (14 < 8 5  20°). 

0108-2701/88/020340-03503.00 

Diffractom&re Siemens. 1582 r6flexions mesur+es, 
20 _< 50 °, monochromateur ~ lame graphite, balayage 
09, 13 72 r6flexions ind6pendantes, --5 _< h < 6, 0 _ k <__ 9, 
0 <l_< 31, Rin t --  0,028. R+flexions de r6f6rence: 
1040 < Fo(2i7 ) < 1090, 1730 _< Fo(2.17 ) < 1780. 
Corrections d'absorption par la m6thode empirique de 
North, Phillips & Mathews (1968): coefficients de 
transmission compris entre 0,11 et 0,28. Structure 
d6termin+e avec MULTANSO (Main, Fiske, Hull, 
Lessinger, Germain, Declercq & Woolfson, 1980). 
Affinement bas6 sur F (matrice enti6re des 6quations 
normales), avec S H E L X 7 6  (Sheldrick, 1976). Facteurs 
de diffusion sont ceux de S H E L X .  Facteurs de 
temp6rature anisotropes affin6s pour tous les atomes 
except6 les hydrog6nes. Facteur B global affin+ pour les 
H = 7 ( 2 ) A  2. Facteur R f i na l -0 ,056  pour 1322 
r6flexions observ6es positives, wR---0,059 avec w 
= 1/[a2(Fo) + 0,003916Fo2]. /1/<7 <_ 0,I. Valeurs 
minimale et maximale de la densit6 ~lectronique 
r6siduelle: - 0 , 7  et 0,6 e A -3. Les coordonn6es fraction- 
naires et les B~q des atomes non-hydrog6ne sont 
donn6es dans le Tableau 1.* La Fig. 1 est une vue de la 
molecule A avec la num6rotation des atomes. 

* Les listes des facteurs de structure, les facteurs d'agitation 
thermique anisotrope, les coordonn6es des atomes H, ies distances 
aux plans PI et P2 et les distances intermol6culaires ont &6 
d6pos6es au d6p6t d'archives de la British Library Document 
Supply Centre (Supplementary Publication No. SUP 44493:11 
pp.). On peut en obtenir des copies en s'adressant fi: The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, Angleterre. 
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