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that other favoured orientations of the ammonium 
ion may be present in this structure. In any case it 
seems reasonable to conclude that the rotation of the 
ammonium ion is not completely free, the distribution 
of oxygen atoms around the nitrogen atom imposing 
a certain number of preferential orientations, as that 
described above. 
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trans-l-Amino-l,3-dicarboxycyclopentane crystallizes with acetic acid of crystallization in the space 
group Pca21, with Z=4, a=9.122 (5), b=13"964 (9), c=8.667 (5) A, V=l104 (1) Aa. Dx= 1"40 and 
Dm=l'39 g cm -3. Diffractometer data, collected with monochromatic Cu K~ radiation, con- 
sisted of 1104 independent reflections of which 190 were less than 2.33o'(1). The structure was solved 
by direct methods and refined by a full-matrix least-squares procedure to the final residual R= 0.065. 
All hydrogen atoms were located and were refined isotropicaily. There is an intramolecular hydrogen 
bond between the 1-amino group and the 3-carboxyl group and the crystal packing is dominated by 
hydrogen-bond formation. The conformation of the cyclopentane ring is intermediate between that of 
an envelope and of a half-chair. 

Introduction 

It has been shown that 1-amino-l,3-dicarboxycyclo- 
pentane, an analogue of glutamate, is a substrate for 
glutamine synthetase (Stephani, Rowe, Gass & Meister, 
1972). The enzyme interacts with one isomer of the 
racemic cis form of the analogue, but not with the 
trans form. A crystallographic study of the trans 
analogue has been undertaken as part of a study of 
the conformations of both isomers. 

* To whom correspondence should be addressed. 

Experimental 

A mixture of the cis and trans isomers was separated 
by the procedure of Stephani, Rowe, Gass & Meister 
(1972). The crystal data are given in Table 1. Since 
the crystals, which grew as colorless needles in glacial 
acetic acid, formed in a noncentrosymmetric space 
group, it appears that the racemic mixture was resolved 
into its optical isomers on crystallization. Three- 
dimensional data were collected on a Syntex automated 
diffractometer equipped with a graphite monochro- 
mator and Cu Ks radiation using the 0-20 scan tech- 
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nique.  Intensit ies were measured  for  1104 unique re- 
flections in the range sin 0 / 2 = 0  to 0.61 A -1. Values 
for  tr(I) were der ived f rom count ing  statistics. There  
were 190 reflections for  which  the measured  intensities 
were less than  2.33 cr(1). The intensity d a t a  were 
conver ted  to s t ructure  ampl i tudes  by appl ica t ion  o f  
Loren tz  and  polar iza t ion  factors  and  p laced  on an 
absolute  scale with a Wilson plot.  Values o f  tr(F) were 

0 ( 2 ) ~  \ -. 
0(4) 

0 . . . .  c(5) 

0(1) 

Fig. 1. View of molecule with thermal elfipsoids, drawn with 
the aid of program ELLIPS (Carrell & Stodola, 1974). 

de te rmined  as a(F)=(F/2){a2(I)/I2+O2} 1/2 where  0 is 
a measured  ins t rumenta l  uncer ta in ty ,  de te rmined  f rom 
the var ia t ion  o f  the intensities o f  the three per iodica l ly  
mon i to red  check reflections (~ = 0.0290). No  absorp t ion  
correc t ion was applied.  

Structure determination and refinement 

The s t ruc ture  was solved by direct  me thods  with  the 
mul t ip le-solut ion p r o g r a m  M U L T A N  (Germa in ,  M a i n  
& Wool f son ,  1971) using 361 reflections with  E >  1.40. 
The first E m a p  gave the pos i t ion  o f  all the heavy  
a toms  except  the r ing a t o m  C(4) and  the acetic acid o f  
crystal l izat ion.  The resul t ing s t ruc tu re - fac to r  calcu- 
la t ion using all reflections had  a value o f  R =  
Y.IAFI/Y.IFol of  0"405. Two Four i e r  maps  revealed the 
posi t ion o f  the r ema inde r  o f  the heavy  a t o m s ;  a 
s t ruc tu re - fac to r  calculat ion for  the  comple te  s t ruc ture  
yielded an R o f  0.25. Three cycles o f  isotropic  full- 
mat r ix  leas t -squares  ref inement  reduced R to 0.157, 
and subsequent  fu l l -matr ix  leas t -squares  an iso t rop ic  
ref inements  gave R = 0 . 0 8 7 .  Pos i t ions  o f  all o f  the 
hyd rogen  a toms  were der ived f r o m  a difference elec- 
t ron-dens i ty  map .  Ref inement  o f  all a tomic  pa r ame te r s  
was cont inued  with the t empera tu re  fac tors  o f  hyd rogen  
a toms  t rea ted i sot ropical ly  and  o f  all o ther  a toms  

Table  1. Crystal data for trans- 1-amino- 1,3-dicarboxycyclopentane 

CTHltNO4. C2H4Oz 
Crystal system: orthorhombic 
a=9.122 (5)/~ 
b = 13.964 (9) 
c = 8.667 ( 5 )  
V= 1104 (1) A 3 

D~ = 1-40 g 'cm -3 

F.W. 233.20 
Space group: Pca2~ 
Systematic absences: h00 with h odd 

0k0 with k odd 
001 with l odd 
hOl with h odd 

Z = 4  Okl with l odd 
F(000) =496 

D,,= 1"39 g cm -a (in trichloroethylene and 1,1-dichloroethane) 

Crystal size: 0.10 × 0.15 × 0.40 mm 

Table  2. Final atomic parameters 

Positional parameters are given as fractional cell coordinates x 104 (x  103 for hydrogen atoms). Anisotropic temperature factor 
parameters are expressed as: exp [ - ¼(h2a*2Bll + k2b*2B22 + 12c'2B33 + 2hka*b*B12 + 2hla*c*B~3 + 2klb*c*B23)] and isotropic tem- 
perature factors as: exp ( -  B sin 2 0/), 2) with B U and B values given in/~2. The standard deviations for each parameter, determined 
from the inverted full matrix, are given in parentheses and apply to the last specified digits. The z value for N(1) was constrained 
during refinement. 

X y Z Bll B22 B33 BI2 B13 B23 
N(1) -1746 (6) 2116 (3) 5710 (0) 5.70 (26) 3.03 (16) 3.o3 (19) -0.12 (17) -0.44 (23) -0.24 (18) 
O(1) - 18 (6) 3341 (3) 8821 (5) 9"33 (31) 4"12 (17) 3"07 (18) -- 1"01 (22) -0"75 (21) 0"00 (16) 
O(2) --777 (5) 1833 (3) 8525 (6) 6"78 (24) 3"42 (15) 3"64 (18) --0"23 (19) -0"79 (20) 0"63 (15) 
O(3) 786 (6) 3606 (3) 1557 (6) 7"43 (28) 4"96 (19) 3"47 (18) --1"96 (22) 0"31 (20) 0"78 (17) 
0(4) - 1021 (6) 2801 (3) 2696 (6) 5"89 (22) 6"22 (22) 3"35 (18) - 1-54 (20) -0"03 (19) -0"37 (20) 
0(5) 878(6) 1356 (3) 905 (7) 9"48 (31) 2"44 (13) 5"64 (23) 0"39 (18) -2"03 (28) 0"37 (18) 
0(6) 667 (6) -- 197 (3) 485 (6) 8"37 (31) 2"90 (15) 4"87 (24) 0"01 (18) -0"49 (23) 0"21 (17) 
C(1) -650  (7) 2824 (4) 6287 (7) 5.16 (31) 2.50 (19) 2.64 (23) -0 .20  (22) -0 .40  (24) 0.02 (17) 
C(2) 824 (8) 2668 (4) 5477 (8) 5.50 (36) 4-08 (24) 2.97 (25) 0.19 (27) 0.03 (24) 0.09 (22) 
C(3) 956 (9) 3468 (6) 4260 (11) 5.89 (41) 5.37 (34) 4-94 (35) -0 .58 (32) 1.22 (33) 0.55 (31) 
C(4) 146 (I 1) 4273 (5) 5030 (12) 9.47 (56) 4.59 (34) 6.04 (43) -0 .35 (37) 1-18 (48) 0.63 (32) 
C(5) -1120 (8) 3856 (4) 5875 (9) 6.54 (37) 2.94 (20) 3.72 (28) 0.33 (25) -0 .40  (31) 0.20 (24) 
C(6) -480  (8) 2653 (4) 8043 (9) 5-22 (34) 2.88 (22) 3-08 (28) 0.24 (23) -0 .05 (26) 0.01 (22) 
C(7) 153 (I 1) 3271 (6) 2751 (10) 6-94 (44) 5.76 (39) 2.98 (30) -0-94 (37) -0 .14  (35) 0.19 (32) 
C(8) 1167 (9) 453 (5) 1212 (9) 6.24 (38) 3.40 (23) 3.30 (30) 0-18 (27) 0.57 (29) 0.43 (23) 
C(9) 2184 (10) 355 (5) 2541 (12) 8.10 (49) 3.98 (26) 5.26 (41) 0.17 (33) -1 .19 (41) 0"53 (28) 
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H(1N) 
H(2N) 
H(3N) 
H(3A) 
H(3B) 
H(21) 
H(22) 
H(31) 
H(41) 
H(42) 
H(51) 
H(52) 
H(O5) 
H(91) 
H(92) 
H(93) 

Table 2 (cont.) 

x y z B 
- 2 6 9  (9) 232 (4) 634 (8) 9 (2) 
- 1 6 8  (8) 220 (5) 454 (10) 5 (2) 
- 129 (7) 150 (4) 594 (10) 6 (2) 

59 (17) 318 (11) 90 (22) 13 (4)* 
- 4 4  (25) 359 (15) 1002 (31) 14 (6)* 

171 (7) 271 (4) 630 (9) 4 (2) 
74 (8) 193 (5) 495 (9) 8 (2) 

197 (7) 363 (5) 413 (9) 5 (2) 
- 1 8  (9) 487 (5) 429 (9) 7 (2) 

92 (7) 456 (5) 586 (12) 12 (2) 
- 1 0 7  (8) 399 (5) 702 (I 1) 6 (2) 
- -190 (7) 389 (5) 518 (10) 3 (2) 

14 (8) 148 (5) 0 (11) 7 (2) 
242 (9) - 2 5  (4) 269 (9) 8 (2) 
264 (9) 84 (5) 272 (10) 12 (2) 
162 (9) 46 (6) 361 (11) 10 (2) 

* 50% occupancy. 

anisotropically. The weights used in the refinement 
were 1/[a2(Fo)] with reflections below 2.33 a(I) assigned 
zero weight. The quantity minimized was Y og{lFo[- 
IFcl} 2. The final refinement converged with R=0.065 
and weighted R =0.068. 

The atomic scattering factor parameters used for 
oxygen, nitrogen and carbon atoms are those listed by 
Cromer & Mann (1968), and for hydrogen atoms the 
scattering factors of Stewart, Davidson & Simpson 
(1965). Computer programs used in this determination 
were the X-RAY 72 System (Stewart, 1972), UCLALS4 
(full-matrix least-squares) (Gantzel, Sparks, Long & 
Trueblood, 1969), modified by H. L. Carrell, and the 
CRYSNET package (Bernstein et al., 1974). 

The final atomic parameters are presented in Table 
2. Fig. 1 is a view of the molecule representing prob- 
ability surfaces for non-hydrogen atoms (Carrell & 

D-H" • -A 

N(1)-H(1N).  • 0(4 I) 
N(1)-H(2N).  • 0(4) 
N(1)-H(3N).  • 0(6")  
O ( 3 ) - H ( 3 A ) . . O ( 1  m) 
O ( 1 ) - H ( 3 B ) . . O ( 3  ~v) 
O(5)-H(O5)" "O(2 "t) 

Table 3. Hydrogen-bond system 

D. • "A D - H  
(A) (A) 

2-834 (6) 1.06 (10) 
2-859 (5) 1-02 (15) 
2.861 (6) 0.98 (7) 
2.509 (7) 0.84 (17) 
2-509 (7) 1.16 (26) 
2.642 (7) 1.05 (9) 

Code 
(i) ½--x, y, ½+z;  
(ii) --x, --y, ½+z;  

H" • "A /_D-H- • "A / H - D "  • "A 
(h) (o) (o) 

1.79 (7) 166 (6) 9 (4) 
1.90 (8) 154 (6) 17 (4) 
1-94 (6) 155 (7) 17 (5) 
1.90 (19) 128 (14) 37 (12) 
1.74 (25) 119 (17) 38 (11) 
1.60 (9) 168 (7) 7 (4) 

(iii) x, y, z - 1  
(iv) x, y, z + 1 

1.248(8) 

126.8(7) 116.7(6) I ~  ~ .  

//~, ...... \\ //106.3 |7} ~23.2 
(81 

05 (9l 

89(7) 1486 17 1 1 1 . 7 ( 6 } ~  

LC(61C(~)C(5) Ir3.6(51 
LN(I)C{IJC(2) 109.8(4) ~ 0 6 ( 1 6 1  125.2(6) ~ }  

Fig. 2. Distances (A) and angles (o) with estimated standard deviations. 



B. G A L L E N ,  H. L. C A R R E L L ,  D. E. Z A C H A R I A S ,  J. P. G L U S K E R  AND R. A. S T E P H A N I  2059 

Stodola, 1974). Some angles and distances in the 
cyclopentane derivative and in the acetic acid of crys- 
tallization (with their estimated standard deviations) 
are given in Fig. 2. 

Discussion of the structure 

The cyclopentane derivative crystallized as a zwitterion 
with a positive charge on the amino group and partial 
negative charges on both carboxyl groups. C-O dis- 
tances in these carboxyl groups lie in the range 1.24-- 
1.27 /k, and a hydrogen atom is disordered between 
0(3) and O(1) of different molecules (see Table 3). An 
intramolecular hydrogen bond between the 1-amino 
group and the 3-capboxyl group is shown in Fig. 1. 
Such an interaction between an amino group and a 
carboxyl group has been suggested to occur in some 
conformations of certain dipeptides in solution (Nakon 
& Angelici, 1974). 

The carboxyl groups are coplanar with the ~-carbon 
atom, within experimental error. The nitrogen atom 
N(1) lies 0.58 ~ from the plane through O(1)-O(2)- 
C(6)-C(1), and 0.20 /k from the plane of the group 
O(3)-O(4)-C(7)-C(3) to which it is hydrogen bonded. 
The angle between the planes O(1)-O(2)-C(1)-C(6) 
and N-C(1)-C(6)is 24.1 o 

In the cyclopentane ring the angle C(2)-C(3)-C(4), 
at the site of substitution of the 3-carboxyl group, is 
smaller than expected (101.5°). The ring angle at 
carbon atom C(3) in 1-amino-3-methylcyclopentane- 

* The structure factor list has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30973 (11 pp., 1 microfiche). Copies may be 
obtained through The Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CH1 1NZ, 
England. 

L.L?,N oLEco j 

L_ <_L _ 

Fig. 3. Packing in the crystal. The cyclopentane amino acid 
and the acetic acid of crystallization are designated 'main 
molecule' in this diagram. Other molecules are designated 
according to the code in Table 3. 

carboxylic acid (Carrell, Gallen & Glusker, 1973) is 
also small (99.9 o). Other ring angles lie in the range of 
105-108 ° with no reduction in the angle at the site 
of 1,1-amino acid substitution. 

Important torsion angles (neglecting hydrogen 
atoms) are listed in Table 4 together with pseudoro- 
tation parameters. The torsion angles, ~0j, in Table 4 
may be fitted to a formula Cp:=~0mCOS (zi/2+144j) 
where ] is an integer (0 to 4) and ~0m is a maximum 
value for the torsion angles (Altona, Geise & Romers, 
1968). If (/94 were 0 ° then the cyclopentane ring would 
be in an envelope conformation (A=468°). If tp~=~03 
and ~00=~04 then the ring would be in a half-chair 
conformation. In this structure the ring is intermediate 
between these situations (A =488.5 °) with a maximum 
puckering at C(3) (which has a substituent carboxyl 
group). A similar conformation exists in 1-amino-3- 
methylcyclopentanecarboxylic acid (Carrell et al., 
1973) (A =481.4°). 

Table 4. Torsion angles and pseudorotation parameters 

C(5)-C(1)-C(2)-C(3) ~Po - 16.2 (9) ° 
C(1)-C(2)-C(3)-C(4) ~ol 32.0 (9) 
C(2)-C(3)-C(4)-C(5) ~2 - 37.1 (10) 
C(1)-C(5)-C(4)-C(3) ~3 27.7 (10) 
C(2)-C(1)-C(5)-C(4) 94 - 6-4 (9) 
O(1)-C(6)-C(1)-N - 156.9 (7) 
O(2)-C(6)-C(1)-N 25.2 (9) 
O(3)-C(7)-C(3)-C(2) - 145-9 (9) 
O(4)-C(7)-C(3)-C(2) 32.9 (14) 
O(3)-C(7)-C(3)-C(4) 102-8 (10) 
O(4)-C(7)-C(3)-C(4) - 78-4 (12) 
N---C(1)-C(2)-C(3) 103.4 (7) 
N---C(1)-C(5)-C(4) - 125.3 (7) 
C(6)-C(1)-C(2)-C(3) - 139-1 (7) 
C(6)-C(1)-C(5)-C(4) 114.1 (8) 
C(7)-C(3)-C(2)-C(1) - 82.1 (9) 
c(7)-c(3)-c(4)-c(5) 83.2 (10) 

Equation (Altona, Geise & Romers, 1968) tpj--tpm cos (A/2+ 
144j). It is assumed that tpo = C(5)-C(1)-C(2)-C(3). 
tan (zt/2) = {(tp2 + tp4) - (tpl + tp3)}/2~po(sin 36 ° + sin 72 °) 
tpm = tpo/cos (,4/2). A=488.5 °, tpm= +37"3 °. 

The extensive network of hydrogen bonds which 
holds molecules together in the crystal is shown in 
Fig. 3. Hydrogen-bond lengths are tabulated in Table 
3. There is a short hydrogen bond (2-509 A) between 
the 1- and 3-carboxyl groups of different molecules 
with the hydrogen atom disordered between them. This 
type of disorder has been found in other carboxylic 
acids [for example see Glusker, Zacharias & Carrell 
(1975)]. The estimated standard deviations for these 
disordered hydrogen atoms, H(3A) and H(3B), from 
refinement with 50 % occupancy, are high and values 
in Table 3 should be read taking these values into 
account. The amino group is involved in three hydro- 
gen bonds, two to oxygen atoms of the 3-carboxyl 
group (one internal) and one to the acetic acid mole- 
cule. The acetic acid is the hydrogen-atom donor in a 
hydrogen bond to the 1-carboxyl group of the amino- 
cyclopentane diacid. 
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Die Kristallstruktur von H.T.-GeS2 

WON G. DITTMAR UND HERBERT SCH.AFER 

Eduard-Zintblnstitut fiir Anorganische Chemie, Technische Hochschule Darmstadt, 
61 Darmstadt, Hochsehulstr. 4, Deutschland (BRD) 

(Eingegangen am 8. November 1974; angenommen am 23. Januar 1975) 

The high-temperature modification of GeS2 crystallizes in the monoclinic space group P2a/c with a= 
6.720 (5), b= 16.101 (5), c= 11"436 (5) A, fl= 90.88 (5) °, Z= 16. The structure was solved by a combina- 
tion of superposition and direct methods and refined by least-squares techniques. The final R is 9.0 %. 
The structure is characterized by 'zweier-einfach' chains of GeS4 tetrahedra running parallel to a. They 
are connected over vertices to layers perpendicular to c by double tetrahedra with a common edge. 

Einfiihrung 

Vom GeS2 sind bisher drei Modifikationen in der Lite- 
ratur beschrieben. Von diesen ist die tetragonale Hoch- 
druck/Hochtemperaturmodifikation (Prewitt & Young, 
1965) mit einem R-Wert von 5,9 am besten gesichert. 
Ffir die nadelf6rmige, sPmrel6sliche Modifikation lie- 
gen zwei Vorschl/ige vor - eine Raumnetzstruktur (Za- 
chariasen, 1936) und eine deformierte CdJ2-Struktur 
(Ch'fin-Hua, Pashinkin & Novoselova, 1963). Nach 
Arbeiten yon Viaene & Moh (1970) existiert eine Hoch- 
temperatur- und eine Tieftemperaturmodifikation von 
GeS2. Von Rubenstein & Roland (1971) wurde die 
Hochtemperaturmodifikation, die offenbar schon 
frfiher yon Pugh (1930) erhalten worden war, in Form 
yon Einkristallen dargestellt, an denen Gitterkonstan- 
ten, Raumgruppe, Zellinhalt und Dichte bestimmt 
wurden. Auch ffir diese Modifikation diskutieren die 

Autoren auf Grund der Zelldimensionen eine defor- 
mierte CdJ2-Struktur. Da die vorgeschlagene Schicht- 
struktur mit oktaedrisch koordinierten Germanium- 
atomen BUS kristallchemischen Grfinden nicht wahr- 
scheinlich erschien, wurde eine vollst~ndige r6ntgeno- 
graphische Strukturbestimmung durchgeffihrt. 

Experimentelles 

Es wurden Einkristalle von GeS2 nach der von Ruben- 
stein & Roland (1971) beschriebenen Methode aus den 
Elementen Ge und S in Quarzbomben bei 900°C dar- 
gestellt [Fig. l(a)]. Die Dichte wurde nach der Pykno- 
metermethode unter Xylol zu 2,89 g cm -a bestimmt. 
Die Verbindung kristallisiert in Form von langge- 
streckten P15.ttchen, die sich bei mechanischer Bean- 
spruchung sehr leicht plastisch verbiegen. Die Pl~itt- 
chenfl~ichen sind (001) und (001). Als weitere Begren- 


