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Structure of 2-Acetoxyethoxy-7,7,8,8-tetracyanoquinodimethane, AETCNQ* 
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Abstract. IUPAC name: 2-[2,5-bis(dicyano- 
methylene)cyclohexadienyloxy]ethyl acetate, C l6Hl0- 
N4Oa, M r =  306.28, triclinic, Pi ,  a =  7.165 (3), b 
= 9.058 (8), c =  13.244 (4)A, a =  70.06 (7), f l=  
87.14 (3), 7 = 6 8 . 2 2 ( 6 )  ° , V = 7 4 7 . 4 A  3, Z = 2 ,  D x 
= 1.36 gcm -3, 2(Mo Kct) = 0.71069 ,/k, p = 
1.06 cm -1, F(000) = 316.0, T = 295 (3) K, R = 3.4% 
for 1143 observed reflections. The TCNQ part of the 
AETCNQ molecule has an almost quinoid geometry 
with mmm symmetry, but the acetoxy tail curls over 
and points to the next AETCNQ molecule. The 
structure consists of 'dimers' stacked along [332], in 
which the carbonyl group of one AETCNQ approaches 
a ring H atom of the next AETCNQ molecule, but there 
is a low degree of ~z-zt overlap (intra-'dimer' distance 
3.518A, inter-'dimer' distance 3.385 A). The lattice 
energy (Madelung plus dispersion plus repulsion) is 
-114.291 kJ mol-L 

Introduction. The molecule C 12H3N4OCH2CH2- 
OCOCH 3 [AETCNQ, (1)] is the synthetic precursor 
(Metzger, Panetta, Miura & Torres, 1987) to the novel 
powerful monofunctionalized one-electron acceptor (A) 
C12H3N4OCH2CHEOH (HETCNQ) (Miura, Torres, 
Panetta & Metzger, 1988), which, when coupled 
covalently to strong electron donors D, should yield 
unimolecular electrical rectifiers D - a - A  (because 
D+-tr-A - is much lower in energy than D - - o - A  +) 
(Metzger, Panetta, Heimer, Bhatti, Torres, Blackburn, 
Tripathy & Samuelson, 1986; Metzger & Panetta, 
1987). 

* Supported in part by the National Science Foundation, Grant 
DMR-84-17563. 

~f Present address: Department of Applied Chemistry, Faculty of 
Engineering, Osaka City University, Sugimoto-cho, Sumiyoshi-ku, 
Osaka, Japan. 

:~ On leave at Department of Chemistry, University of Alabama, 
Tuscaloosa, AL 35487-0336, USA. Permanent address: Science 
Department, Laramie County Community College, Cheyenne, WY 
82007-3299, USA. 

0108-2701/88/112007-03503.00 

NI c, N' 

I 
j 06,,, /O17. /019 

011 C7 Cla 
Jl It 

Clo, 09 / Ca 

N : :  : o' "o I ' N1, 

(I) 

022 
)1 

O21 ,,. 
023 

Experimental. The synthesis of 2-acetoxyethoxy-7,7,- 
8,8-tetracyanoquinodimethane (m.p. 416 K, uncorr.) 
has been described briefly (Metzger, Panetta, Miura & 
Torres, 1987); synthetic details are given elsewhere 
(Miura, Torres, Panetta & Metzger, 1988). 

A red crystal of dimensions 0.10 x 0.15 x 0.20 mm 
was examined on an Enraf-Nonius CAD-4F auto- 
mated four-circle diffractometer at the University of 
Alabama, using graphite-monochromatized MoKtl 
radiation. The orientation matrix was obtained by a 
least-squares fit to 24 medium reflections (0=  1.6- 
18.5°). Unique data (h = 0 to 1 I, k = 0 to 1 0 , / = - 1 4  

to 14, 0 =  1.00 to 22.00 °) were collected in the o>--28 
scan mode at 0.8 to 21 ° min-~: of 1861 reflections 
collected, 1143 were measured above background 
[Fobs> 1.67tr(Fobs)]. The data were corrected for 
Lorentz and polarization factors, but not for ab- 
sorption. The structure was solved by direct methods 
and refined by full-matrix least squares, using aniso- 
tropic thermal parameters for all non-H atoms, riding 
positions and variable isotropic thermal parameters for 
the H atoms, and unit weights, to a final unweighted R 
index of 3.4% (1143 observations, 218 parameters). 
The largest shift/e.s.d, was -0 .157.  The largest peak in 
the final difference Fourier map, surprisingly, had a 
density of 0.072 e ,/k -3. Atomic scattering factors from 
SHELX76. The programs used were DATRDN 
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(Hun te r ,  1982), MULTAN80 (Main  et al., 1980), 
SH.ELX76 (Sheldr ick ,  1976), ORTEPII ( Johnson ,  
1976), SYBYL (Tr ipos  Assoc ia tes ,  1986), CELMAP 
(Metzger ,  1976) and  EWALD (Metzger ,  1976). 

D i scuss ion .  The  final a t o m  coord ina t e s  are given in 
Tab le  1, the  b o n d  d i s tances  and  b o n d  angles  wi th in  the 
molecu le  are  g iven in Tab le  2.* T h e  unit-cell  pack ing ,  
wi th  the  in t r a - ' d imer '  pe rpend icu l a r  over lap,  can  be 
seen in Fig.  1. 

The  T C N Q  ring s y s t e m  o f  A E T C N Q  is ve ry  flat, but  
the  a c e t o x y e t h o x y  subs t i tuen t  is folded and  h y d r o g e n  

* Lists of H-atom positions, least-squares planes, INDO charges, 
anisotropic temperature factors, and calculated and observed 
structure amplitudes have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
44391 (12 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

Tab le  1. Atomic coordinates and equivalent &otropic 
thermal parameters for non-H atoms (/~2) 

U~ = ] (trace of the orthogonalized U tensor). 

x y z Ueq 
NI 1.0971 (5) 0.0897 (4) 0.6903 (3) 0.064 (10) 
C2 0.9734 (6) 0.1963 (5) 0.7101 (3) 0.048 (5) 
C3 0.8177 (5) 0.3283 (4) 0.7380 (3) 0.042 (3) 
C4 0.7916 (6) 0-2760 (5) 0.8518 (3) 0.049 (5) 
N5 0.7838 (5) 0.2197 (4) 0.9424 (3) 0.067 (14) 
C6 0.7097 (5) 0.4786 (4) 0.6601 (3) 0.039 (2) 
C7 0.5544 (5) 0.6174 (4) 0.6857 (3) 0.041 (1) 
C8 0.4376 (5) 0.7610 (4) 0.6070 (3) 0.039 (4) 
C9 0.4698 (5) 0.7834 (4) 0.4963 (3) 0.041 (2) 
C10 0-6295 (5) 0.6501 (4) 0.4696 (3) 0.044 (3) 
CI 1 0-7433 (5) 0.5067 (4) 0.5476 (3) 0-044 (3) 
C12 0.3528 (5) 0.9284 (4) 0.4150 (3) 0.043 (2) 
C13 0.3807 (6) 0.9543 (5) 0.3037 (3) 0.051 (8) 
N14 0.3968 (6) 0.9798 (5) 0.2141 (3) 0.079 (25) 
C15 0.1931 (6) 1.0662 (5) 0.4342 (3) 0.046 (4) 
N16 0-0645 (5) 1.1794 (4) 0.4447 (3) 0.060 (8) 
O17 0.5480 (3) 0.5838 (3) 0.7922 (2) 0.046 (7) 
C18 0.3925 (5) 0.6967 (5) 0-8351 (3) 0.048 (7) 
C19 0.1971 (6) 0.6719 (5) 0.8326 (3) 0.052 (6) 
020 0.2240 (4) 0.5037 (4) 0.9050 (2) 0.063 (15) 
C21 0-2367 (6) 0.3863 (6) 0.8612 (4) 0.066 (4) 
022 0.2217 (6) 0-4165 (4) 0.7664 (3) 0.100 (53) 
C23 0.2770 (8) 0.2173 (6) 0.9473 (4) 0.075 (13) 

b o n d e d  to  the nex t  A E T C N Q  molecule .  The  T C N Q  
par t  o f  A E T C N Q  a lmos t  has  the ideal  mmm (=D2h)  
qu inoid  s y m m e t r y  o f  T C N Q  itself; the  b o n d  dis- 
t ances  o f  Tab le  2 are  ve ry  close to the  b o n d  d i s tances  in 
T C N Q  (Long,  Spa rks  & Trueb lood ,  1965). The  
ma lonon i t r i l e  g roup  N 1 - C 2 - C 3 - C 4 - N 5  is bent  
s l ight ly  u p w a r d ,  in the d i rec t ion  of  the  a c e t o x y e t h o x y  
group.  The  molecules  re la ted by  the  invers ion  center  at  
1 1 1  have  some pe rpend icu la r  over lap  be tween  the  ~,~,~ 
s ix -membered  r ings,  bu t  the  molecules  are  shif ted 
s ideways  a w a y  f rom ecl ipsed over lap.  The  ace toxy-  
e thoxy  g roup  of  one  molecule  curls  over  and  
a p p r o a c h e s  ( O 2 2 . . . H 1 0 )  the  next  molecule  a long  the  
s tack.  There  is one  shor t  n o n - b o n d e d  con tac t ,  N 1 . . .  
N 1 6  ( 3 . 0 7 0 / ~ ) .  The  s t ruc ture  cons is t s  o f  a cha in  o f  
A E T C N Q  molecu les  s t acked  as weak  ' d imers '  a long  

Table  2. Bond distances (,t~) and bond angles (°) within 
the AETCNQ molecule 

NI-C2 1.141 (4) C12-C13 1.428 (5) 
C2-C3 1.443 (5) C12-C15 1.435 (5) 
C3-C4 1.442 (5) N14-C 13 1.137 (4) 
C3-C6 1.363 (4) N16-C15 1.142 (4) 
N5-C4 1.140 (4) C7-O17 1.340 (4) 
C6-C7 1.466 (4) O17-C18 1.448 (4) 
C6-C11 1.446 (4) C18-C19 1.501 (5) 
C7-C8 1.354 (4) C 19-O20 1.443 (4) 
C8-C9 1.428 (4) C21-C23 1.498 (~) 
C9-C10 1.456 (5) C21-O20 1.349 (5) 
C9-C 12 1.377 (4) C21-O22 1.191 (5) 
C 10--C 11 1.342 (4) 

N1-C2-C3 178.5 (4) C9-C10-C11 120.6 (3) 
C2-C3-C4 112.0 (3) C6-C1 l-C10 121.3 (3) 
C2-C3-C6 120.4 (3) C9-C12-C13 122-6 (3) 
C4-C3-C6 127.5 (3) C9-C12-C15 123.3 (3) 
N5-C4-C3 173.5 (4) C13-C12-C15 114.1 (3) 
C3-C6-C7 121.9 (3) C12-C13-N14 177.6 (4) 
C3-C6-C11 120.8 (3) C12-C15--N16 177.0 (4) 
C7-C6-C11 117.2 (3) C7-O17-C18 121.1 (3) 
C6-C7-O17 112.2 (3) O17-C18-C19 111.0 (3) 
C6-C7-C8 121.3 (3) C18-C19-O20 108.6 (3) 
C8-C7-O17 126.5 (3) C19-O20-C23 117.7 (3) 
C7-C8-C9 120.2 (3) O20-C21-O22 123.1 (4) 
C8-C9-C 10 119.1 (3) O20-C21-C23 110.6 (4) 
C8-C9-C12 121.2 (3) O22-C21-C23 126.2 (5) 
C I0-C9-C12 119.7 (6) 
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Fig. 1. Stereoscopic ORTEPII drawing (Johnson, 1971) of the unit cell, showing the perpendicular overlap between the AETCNQ 
molecules involved in the 'dimer'. The thermal ellipsoids of vibration are depicted at the 90% probability level. 
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[332]; the normal to the least-squares plane of the 
central ring has Miller indices 2.006, 2.189, 1.000; the 
six-membered rings have two alternating perpendicular 
distances: 3.518 A (intra-'dimer' distance, i.e. distance 
between the two molecules which are related by the 

11 l~ and 3.385 A (inter-'dimer' inversion center at ~,7,~j 
distance). Oddly, the inter-'dimer' distance is shorter 
than the intra-'dimer' distance. 

Using the INDO atom-in-molecule charges (Pople & 
Beveridge, 1970),* the Madelung energy (Metzger, 
1981) for AETCNQ,  obtained by Ewald's method, is 
E M = - 1 0 . 7 6 5  kJ mo1-1. Using the non-bonded van der 
Waals and repulsion parameters of Williams and 
co-workers (Williams, 1981; Williams & Cox, 1984; 
Cox, Hsu & Williams, 1981), the dispersion and 
repulsion energies for A E T C N Q  are Ed=--199.260 
and E r = 95.734 kJ mol -~, respectively, so that E M + 
E d + E r = - l 1 4 . 2 9 1 k J m o l  -~, a value that should 
correlate with enthalpies of sublimation. 

We thank Professor Jerry L. Atwood (University of 
Alabama) for access to the CAD-4F.  We are also 
grateful to Tripos Associates, St Louis, MO, USA, for a 
grant of S YB YL molecular modeling software. 

* See deposition footnote. 
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Structure of Methyl 4-(N,N-Dirnethylarnino)phenylearbamate, DMAPCMe* 
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Abstract.  Chemical Abstracts name [4-(dimethyl- 
amino)phenyl]carbamic acid, methyl ester; registry 
number 78823-56-0; C~0HI4N20 2, M r = 194.23, ortho- 
rhombic, Pbca (space group number 61), a =  
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13.926 (4), b =  9.999 (4), c =  14.854 (7)A,  V =  
2068.3 ,/k 3, Z = 8, D x = 1.25 Mg m -3, 2(Mo Kt~) = 
0.71069,/k, ~ = 0.53 mm -~, F(000) = 832, T =  
295 (3) K, R = 5.9% for 786 observed reflections. The 
structure consists of fiat molecules stacked along 1001 ], 
with a large tilt, but no 7r-n perpendicular overlap. 
There is a significant quinoid distortion. The packing is 
controlled by intermolecular hydrogen bonding along 
1010]. This is supported by the infrared spectrum of the 
solid ( N - H  band at 3330 cm-m). INDO and M I N D O / 3  
calculations, and also the partial quinoid structure, 
suggest that D M A P C M e  is a fairly strong electron 
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