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C(11)--C(12) 1.409 (7) C(11)--C(19) 1.536 (8) 
C(12)--C(13) 1.393 (8) C(13)--C(14) 1.404 (7) 
C(13)--C(15) ' 1.549 (8) C(15)--C(16) 1.530 (7) 
C(15)--C(17) 1.541 (9) C(15)--C(18) 1.526 (9) 
C(19)--C(20) 1.537 (8) C(19)--C(21) , 1.518 (8) 
C(19)--C(22) 1.547 (7) 
F(1)--C(1)'C(6) 119.3 (5) F(I)--C(1)--C(2) 118.3 (5) 
C(2),C(1)--C(6) 122.3 (4) C(I)--C(2)--C(3) 119.7 (6) 
C(2)--C(3)--C(4) 121.2 (5) C(3)--C(4)--C(7) 120.2 (6) 
C(3)--C(4)--C(5) 117.6 (5) C(5)--C(4)--C(7) 122.2 (6) 
c(4)--c(5)--c(6) 121.0 (6) c(1)--c(6)--c(5) 118.1 (6) 
C(4)--C(7)--C(8) 127.5 (5) c(7)--c(8)--c(9) 128.1 (6) 
c(8)--c(9)--c(14) 122.8 (5) c(8)--c(9)--c(10) 119.6 (5) 
c(10)-7c(9)--c(14) 117.6 (5) c(9)-C(10)-C(ll ) 123.5 (5) 
C(lO)-C(ll)-C(19) 121.4 (4) c(10)-c(11)-c(12) 115.8 (5) 
c(12)-c(11)_c(19) 122.7 (4) 0(1)-c(12)-c(11) 118.7 (5) 
c(11)-c(12)-c(13) 123.2 (4) 0(1)-c(12)-c(13) 118.0 (4) 
c(12)-c(13)-c(15) 121.5 (5) c(12)-c(13)-c(14) 116.6 (5) 
c(14)-c(13)-c(15) 121.9 (5) c(9)-c(14)-c(13) 12312 (5) 
C(13)--C(15)--C(18) 110.1 (4) C(13)--C(15)--C(17) 111.3 (4) 
C(13)--C(15)--C(16) 110.5 (5) C(17)--C(15)--C(18) 108.1 (5) 
C(16)--C(15)--C(18) 110.7 (4) C(16)--C(15)--C(17) 105.9 (4)- 
C(11)--C(19)--C(22) 111.0 (4) C(11)--C(19)--C(21) 111.7 (5) 
C(11)--C(19)--C(20) 111.3 (4) C(21)--C(19)--C(22) 110.7 (5) 
C(20)--C(19)--C(22) 105.7 (5) C(20)--C(19)--C(21) 106.3 (4) 

The author wishes to thank Dr Edward S. Lazer, De- 
partment of Medicinal Chemistry, Boehringer Ingelheim 
Pharmaceuticals, Inc., Connecticut, USA, for supplying 
the samples. 

Lists of structure factors, anisotropic thermal parameters and H-atom co- 
ordinates have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 55920 (13 pp.). Copies 
may be obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH 12HU, England. [CIF ref- 
erence: HA1029] 
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Abstract 
The structure determination has shown that the title 
compound exists as a zwitterion in a gauche confor- 
mation about the central C--C bond. Both of the 
protonated N atoms participate in intramolecular 
hydrogen bonding. There are also two intermolecular 
hydrogen-bond interactions which link the molecules 
into chains extending parallel to a. One of these 
hydrogen bonds, acting between the carboxylic acid 
groups, is strong [O...O = 2.450 (2)A] and close to 
symmetrical. The carboxyl groups assume the usual 
synplanar conformation. The results are compared 
with those obtained previously for closely related 
ethylenediaminetetraacetic acid. 

Comment 
This work is part of a more general study aiming at 
designing new metal-chelating agents. In this 
communication we report on the crystal structure 
of N-(hydroxyethyl)ethylenediaminetriacetic acid 
(H3heedta) which is derived from the well known 
ligand ethylenediaminetetraacetic acid (Haedta), by 

© 1993 International Union of Crystallography 



REGULAR STRUCTURAL PAPERS 1183 

replacing one acetate group by a 2-hydroxyethyl 
substitutuent. 

The present structure (Fig. 1) can be compared 
with that of the parent compound, H4edta, which is 
known to exist in two crystalline modifications, a 
and fl (Ladd, Povey & Stace, 1974; Cotrait,  1972; 
Ladd & Povey, 1973). The comparison has shown 
that the 2-hydroxyethyl substituent in place of  the 
acetate group does not significantly affect the struc- 
ture of  the common ethylenediaminetriacetic por- 
tion. As in H4edta, the molecule exists as a zwitterion 
in a gauche conformation with respect to the central 
C - - C  bond; the 2-hydroxethyl group is oriented 
trans to the central ethylene moiety (Table 2). Anal- 
ogously to Hnedta, the H3heedta molecule is also 
stabilized by two intramolecular hydrogen bonds 
between the protonated amino N atoms and the 
ionized carboxylate groups. The geometry of these 
hydrogen bonds (Table 3) is in keeping with that 
observed for similar bonds in the solid-state struc- 
tures of  amino acids and peptides (G6rbitz, 1989). 

The principal intermolecular interaction is the for- 
mation of a hydrogen bond between O(1)---H and 
0(3)  of  a translationally equivalent molecule (Table 
3); this hydrogen bond fulfills all criteria to be 
classified as a strong hydrogen bond (Emsley, 1980; 
Novak, 1974), even though the acidic H atom is not 
precisely symmetrically placed between the donor 
and acceptor. That  the H atom is more tightly 
bonded to O(1) than to 0(3)  is also evident from the 
difference (A) in the two carboxylic C - - O  distances 
which is much larger for the C(2), O(1), 0(2) car- 
boxyl group [A = 0.083 (2)A] than for the C(4), 
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Fig. 1. Perspective drawing of the title compound and atom- 
numbering scheme. Thermal ellipsoids are drawn at the 400 
probability level. H atoms are represented by spheres of arbi- 
trary size. Intramolecular hydrogen bonds are indicated by 
dashed lines. 

0(3), 0(4) carboxyl group [A = 0.033 (2)A]. In this 
respect, H3heedta more closely resembles fl-Hnedta 
than a-Haedta; in the latter, typical unsymmetrical 
hydrogen bonding was observed. 

There is another intermolecular hydrogen-bond 
interaction between the O(7) - -H hydroxyl and 0(5)  
(at x + 1, y, z) (Table 3). The above two intermolecu- 
lar contacts link the molecules into chains running 
parallel to the a axis. The chains are packed by van 
der Waals forces only. 

As to the conformation of the carboxylic acid 
groups, the torsion angles Xl = O(2)--C(2)---C(1)--  
N(1) and xz=O(4) - -C(4 ) - -C(3 ) - - -N(1 )  (Table 2) 
show that both partially ionized carboxyl groups (i.e. 
those involved in the strong hydrogen-bond interac- 
tion) follow the usual trend observed in a,fl- 
saturated carboxylic acids, namely, a synplanar 
placement of  the 'carbonyl '  O atom [g = 0 ° (Leisero- 
witz, 1976)]. 

Experimental 
Crystal data 

CIoHisN207 
Mr --- 278.3 
Monoclinic 
Pc 
a = 7.076 (5) .4, 
b = 8.218 (7) A 
c = 10.353 (8) ,4, 
/3 = 105.20 (4) ° 
V 581 (2) A 3 
Z = 2  
Dx = 1.592 Mg m -3 
Dm = 1.58 (1) Mg m -3 
Density measured by flota- 

tion in bromoform- 
cyclohexane 

Data collection 
Syntex P2~ diffractometer 
0/20 scans 
Absorption correction: 

n o n e  

1466 measured reflections 
1351 independent reflections 
1218 observed reflections 

[I > 2a(1)] 
Ri~t = 0.023 

Refinement 

Refinement on F 
Final R = 0.034 
wR = 0.042 
S = 0.86 
1218 reflections 
228 parameters 
w= lif]Fo[ < 10 
w = lO/IFol if IFol >_ 10 

Mo Ka radiation 
A = 0.71069 ]k 
Cell parameters from 15 

reflections 
0 = 6- 20 ° 
# = 0.127 mm -1 
T--- 293 K 
Prisms 
0.50 x 0.25 x 0.20 mm 
Colourless 
Crystal source: slow evapo- 

ration of aqueous solution 
at room temperature 

Omax = 27.5 ° 

h =0 - -~9  
k = 0 ---~ 10 
l = -13 --~ 12 
2 standard reflections 

monitored every 100 
reflections 

intensity variation: <5% 

(A/~)m~x = 0.09 
Apmax = 0.19 e ,~-3 
Apmi~ = --0.19 e A -3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 
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Table • 1. Fractional atomic coordinates and equivalent 

C(1) 
C(2) 
C(3) 
C(4) 
c(5) 
c(6) 
c(7) 
c(8) 
c(9) 
C(lO) 
N(1) 
N(2) 
0(1) 
0(2) • 
0(3) 
0 ( 4 )  
0(5) 
0(6) 
0(7) 

isotropic thermal parameters (A 2) 

x 
0.4238 (2) 
0.3881 (2) 
0.7682 (2) 
0.9244 (2) 
0,6550 (2) 
0.8578 (2) 
0.7899 (2) 
0.6319 (2) 
1.1259 (2) 
1.2228 (2) 
0.6303 
.0.9241 (2) 
0.2195 (2) 
0.5092 (2) 
0.9990 (2) 
0.9671 (2) 
0.5150 (2) 
0.6342 (2) 
1.2129 (2) 

Beq = 4 Ei~jBuai.a j. 

Y 
0.6198 (2) 
0.5536 (2) 
0.5342 (2) 
0.5696 (2) 
0.7705 (2) 
0.8351 (2) 
I. 1065 (2) 
1.0863 (2) 
1.0139 (2) 
1.1247 (2) 
0.6739• (1) 
0.9645(I) 
0.4875 (1) 
0.5691 (1) 
0.4442 (I) 
0.7109 (1) 
1.2012 (1) 
0.9622 (I) 
1.0526 (2) 

Z 

: 0.5529 (1) 
0.4125(1) 
0.6152 (1) 
0.5436 (1) 
0.7278 (1) 
0.7839 (1) 
0.6719 (1) 
0.5416 (1) 
0.7811 (I) 
0.7048 (1) 
0.6021 
0.7037 (1) 
0.3639 (1) 
0.3505 (I) 
0.5079 (I) 
0.5267 (1) 
0.5138 (1) 
0.4743 (I) 
0.5808 (1) 

2.07 (3) 
2.16(3) 
2.12 (3) 
2.16 (3) 
Z l l  (3): 
2.19 (3) 
2.42 (3) 
2.01 (3) 
2.30 (3) 
2.56 (4) 
1.69 (2) 
1.74 (2) 
2.94 (3) 
2.75 (3) 
2.99 (3) 
2.87 (3) 
2.76 (3) 
2.66 (2) 
3.77 (3) 

Table 
C(2)--0(I) 
C(2)--0(2) 
C(4)--O(3) 
C(4)--O(4) 
C(1)--C(2)--O(1) 
C(1)--C(2)--O(2) 
O(1)--C(2)--O(2) 
c(3)--c(4)--0(3) 
C(3)--C(4)--O(4) 

2. Geometric parameters (A, o) 
1.288 (2) C(8)--0(5) 1.239 (2) 
1.205 (2) C(8)--0(6) : 1.239 (2) 
1.257 (2) C(10)--0(7) 1.399 (2) 
1.224 (2) 
115.6 (1) 0(3)--C(4)--0(4) 126.7 (1) 
120.8 (2) C(7)--C(8)--0(5) 114.6 (1) 
123.5 (1) C(7)--C(8)--0(6) 118.3 (1) 
113.8 (1) O(5)--C(8)--O(6) 127.1 (1) 

: 119.5 (1) 

N(1)--C(5)--C(6)--N(2) 68.1 (2) O(6)--C(8)--C(7)--N(2) -2.7 (2) 
O(2)--C(2)--C(1)--N(1) --9,6 (2) N(2)--C(9)--C(10)--O(7)-52.1 (2) 
O(4)--C(4)--C(3)--N(1) 25.1 (2) 

. .  

Table 3. Hydrogen-bond geometry (A, o) 
D--H. . .A D--H H. . .A D. . .A D--H. . .A 
N(1)--H- • .0(6) 0.90 (2) 1.94 (3) 2.717 (.1) 144 (1) 
N(2)--H...0(4) . 0.85 (2) 2.08 (3) 2.843 (2) 152 (2) 
O(1)--H. • .0(31) 1.21 (2) 1.25 (2) 2.449 (1) 169 (2) 
O(7)--H- • .0(5") 0.90 (2) 1.84 (3) 2.705 (2) 159 (2) 

Symmetry code: (i) x - 1, y, z; (ii) x + 1, y, z .  

Both positional and thermal  parameters  were  refined for the po- 
lar H atoms but for the non-polar  H atoms (bonded to C atoms), 
only  thepos i t iona l  parameters  were  refined; isotropic B values 
were  fixed at 0.5 ,/k 2 higher  than the values of  Beq of  the associ- 
ated C atoms. The structure was solved by direct methods using 
MULTAN80 (Main, Fiske, Hull,  Lessinger,  Germain,  Declercq  
& Woolfson,  1980). All  remaining calculations were  performed 
using NRC Crystallographic Programs for  the IBM360 System 
(1973). The ref inement  used  a block-diagonal  approximation. 
The weight ing scheme (one of  those available in the NRC pro- 
gram system) was  chosen in order  to make  w ( A F )  2 approxi- 
mately independent  o f  IFo[ and sinOIA. The origin was fixed by 
the x and z coordinates of  the a tom N(1). 

Lists of structure factors, anisotropic thermal parameters, H-atom co- 
ordinates and complete bond distances have been deposited with the 
British Library Document Supply Centre as Supplementary Publication 
No. SUP 55922 (10 pp.). Copies may be obtained through The Tech- 
nical Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CH1 2HU, England. [CIF reference: KA1016] 

0108-2701/93/061184-04506.00 
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Abstract 

The tetrathiafulvalenium (TTF) derivative [4- 
(benzylmethylaminomethyl)-2-(1,3-dithiol-2-ylidene)- 
1,3-dithiole cation] sublattice is built from one 
independent molecule which forms dimerized chains 
along the [100] direction. Short intra-dimer S...S 
contacts [3.532 (2) and 3.409 (2)A] are observed. 
The anionic tetracyano-p-quinodimethane [TCNQ: 
2,2'- (2, 5-cyclohexadiene- 1,4-diylidene)bispropane- 
dinitrile] sublattice is formed by three different mol- 
ecules (A, B and C) which stack along the [001] 
direction perpendicular to the TTF chains. 
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