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The Crystal and Molecular Structure of 5-Amino-4-ethoxycarbonyl-IH-1,2,3-triazole, 
C5HsN402* 
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CsHaN402 is monoclinic, space group P2~/c, with a = 10.667 (2), b = 6.287 (2), c = 10.881 (2) ,~,/3 = 
94.39 (10) °, Z = 4. The structure was refined to R = 0.085 for 1281 observed reflexions. The tautomerism of 
the 1,2,3-triazoles can be characterized by the bond angles in the five-membered rings. The hydrogen bonding 
formed in the presence of the ethoxycarbonyl group is compared with that in related compounds. 

Introduction 

A minor by-product was isolated from the mother 
liquor of ethyl ethoxycarbonylacetimidate.  HC1 by am- 
monolysis (Pinner, 1895). It was identified as 1-ethoxy- 
carbonylacetamidine.HCl (m.p. l l0°C).  This com- 
pound, like 1-carbamoylacetamidine, reacts with 
sulphonyl azide [Schawartz, Hornyfik (n6e Hhmor i )& 
Sz/its, 1970], and gives a sulphur-free colourless 
substance (m.p. 170°C). The X-ray analysis cor- 
roborated the predicted 1 H-1,2,3-triazole structure. 

Experimental 

A crystal of 0.1 mm maximum dimension was 
mounted on a Syntex P21 computer-controlled four- 
circle diffractometer equipped with a graphite mono- 
chromator. Cell constants were determined by least 
squares from the setting angles of 15 reflexions. 

* Dedicated to Professor A. Albert (Canberra) on his 70th 
birthday. 

Crystal data 

CsHsNaO2; M r = 156.1, monoclinic; a = 10.667 
(2), b = 6 .287(2) ,  c = 10.881 (2) A, ~ = 94.39 
(10) °" V = 727 .58 / i3 .  Dc = 1.424, D m = 1.42 g cm -3, 
Z ~= 4. F(000)  = 328, / / (Mo K~, ~ = 0.71069 A) = 
0.74 cm-  ~ space group P2 i/c. 

During data collection (Mo Kc~ radiation) the inten- 
sities of 98 reflexions were lower than a preset limit and 
these were omitted from the measurement. 1301 
reflexions were retained in the final set, 1281 of which 
had IFI - 4.5or(F) > 0 and were taken as observed. No 
absorption correction was performed. 

The structure was solved with S H E L X  (Sheldrick, 
1975) from 246 normalized structure factors (E ___ 
1.20) giving R --- 0-38 for the non-hydrogen atoms. 
Prior to the refinement, all H atoms, except those linked 
to N atoms, were generated with a staggered methyl 
group assumed and with C - H  constrained to 1.08 fl,. 
Blocked fuU-matrix least-squares refinement for the 
non-hydrogen atoms gave a final R of 0.085 IRe, = 
(Z wA2/Z WlFol2) 1/2 = 0.0991 for the observed reflex- 
ions (Rto t = 0"089 for all 1301 reflexions). The weights 
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were given by w = k/[trZ(Fo) + gFZo] where k and g 
refined to 20.436 and 0.00036,  respectively. A bonded- 
H-atom scattering factor was employed (Stewart, 
Davidson & Simpson, 1965) with complex neutral 
scattering factors for the remaining atoms (Cromer & 
Mann, 1968; Cromer & Liberman, 1970). The cal- 
culations were performed with SHELX (Sheldrick, 
1975). The final coordinates for the non-hydrogen 
atoms are given in Table 1, the parameters for the H 

Table 1. Fractional coordinates (x  104) 

Estimated standard deviations are given in parentheses. 

x y z 

O(1) 7109 (3) -1463 (4) 6341 (3) 
0(2) 7183 (2) 2008 (4) 5847 (3) 
N(1) 9326 (3) -2004 (4) 3369 (3) 
N(2) 9374 (3) 141 (5) 3152 (2) 
N(3) 8720 (3) 1077 (4) 3968 (3) 
N(4) 8423 (4) --4350 (5) 4789 (3) 
C(1) 8253 (3) -417 (5) 4695 (3) 
C(2) 8638 (5) -2413 (5) 4327 (3) 
C(3) 7462 (3) - 40  (5) 5704 (3) 
C(4) 6351 (4) 2527 (7) 6814 (4) 
C(5) 5025 (4) 2264 (9) 6354 (5) 

Table 4. Rigid-body librational analysis 
Centre which gives symmetric S: 0-8735, -0.0744, 0.4200. 

L(rad 2 x 10-0 59 (7) - 19 (5) -41 (6) 
26 (6) 29 (5) 

73 (7) 

S(rad ,~ x I0 -a) 9 (8) 2 (9) 1 (7) 
2 (6) 10 (9) 6 (8) 
1 (7) 6 (! 1) - 1 9  (9) 

T(A 2 x 10-') 347 (19) -21 (16) 35 (17) 
225 (16) - 4  (15) 

373 (18) 

atoms in Table 2 and the bond distances and angles in 
Table 3.t  

An analysis of the thermal parameters of the non- 
hydrogen atoms was performed with rigid-body motion 
of the molecule assumed (Schomaker & Trueblood, 
1968). The generalized Rva = [E (U c -- Uo)2/E U2o] v2 
was 0.100. The results are presented in Table 4 and 
have been used to apply the libration correction to the 
bond lengths (Table 3). 

Discussion 

Table 2. Fractional coordinates (x  103) [common 
thermal parameter fi = 0 .086 (7) A 2] and bond 

distances (,~) for  the hydrogen atoms 

x y z X - H  X 

H(I) 982 -269 291 0.87 N(I) 
H(41) 797 -442 537 0.82 N(4) 
H(42) 856 -538 457 0.71 N(4) 
H(4a) 656 151 761 1.08 C(4) 
H(4b) 659 416 707 1.08 C(4) 
H(5a) 483 314 551 1.08 C(5) 
H(5b) 438 275 702 1.08 C(5) 
H(5e) 492 58 617 1.08 C(5) 

The non-hydrogen atoms, except C(5) [A = - 1 . 4 3 7  A], 
are at an average distance of 0.22 A from the least- 
squares plane given by: 8. 188x + 0.582y + 6.241z - 
9.649 = 0, where x, y, z are coordinates referred to 
orthogonal axes a*, b, c. The triazole ring is planar; the 
maximum deviation from the best plane (8.276x + 
0.440y + 6.157z - 9.705 = 0), obtained for the ring 

t Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 32634 (10 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CHI I NZ, England. 

Table 3. Interatomic distances (A) and bond angles (o) with their e.s.d.'s in 

o(~) -c (3 )  
o (2 ) - c (3 )  
o ( 2 ) - c ( 4 )  
N(1)-N(2) 
N(I)-C(2) 

parentheses 
Librationally corrected bond lengths are given in square brackets. 

1.210 (4) 1 1 . 2 1 8 1  N(2)-N(3) 1.310 (4) 
1.334 (4) 1 1 . 3 4 1 1  N(3)-C(I)  1.384 (4) 
1.464 (5) [1.467] N(4)-C(2) 1.344 (5) 
1.371 (4) [1.380] C(1)-C(2) 1.389 (4) 
1.345 (5) [1.3501 C(I)-C(3) 1.454 (5) 

C(4)-C(5) 1.474 (6) 

1.3131 
1.3561 
1.3541 
1.3951 
1.4571 
1.4831 

C(4)-O(2)-C(3) 
C(2)- N(1)-N(2) 
N(3)-N(2)-N(1) 
C(I ) -N(3)-N(2)  
N(4)-C(2)-N(I)  
C(1)-C(2)-N(1) 
C(1)-C(2)-N(4) 

116.9 (3) C(2)-C(1)-N(3) 
110-5 (3) C(3)-C(I) -N(3)  
107.3 (3) C(3)-C(1)-C(2) 
108.9 (3) O(2)-C(3)-O(1) 
125.6 (3) C(1)-C(3)-O(I)  
104.0 (3) C(I) -C(3)-O(2)  
130.4 (3) C(5)-C(4)-O(2) 

109-3 (3) 
126.3 (3) 
124.5 (3) 
124.4 (3) 
122-4 (3) 
113.2 (3) 
110.5 (4) 
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atoms, is 0.002 /~, in agreement with the strong 
multiple bonds within and between the ring and the 
substituents (Table 3). The endocyclic H atom, as 
expected, was found to be bound to N(1), and as in 5- 
amino-4-carbamoyl- 1H- 1,2,3-triazole (Khlmb, n, Si- 

NH 2 NH 2 

. \  -/ . ¢ 
~.35 c2 ~ ~'3----~2----5 c 2 --'-"-'-'--- N1 N! ,,, 

109C1 
N2 ~°~ ~'O,e C1 N 2 *~01 ~ . 

IA6 ~ ~c 

N3 
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(c) (cO 
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NHMs NMeMs 

Y ¢ 
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N3 
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Fig. 1. Bond distances (/~) and angles (o) for 1,2,3-triazole rings with 
different substituents and environments including an imidazole 
derivative (f) analogous to (a) IN(2) is replaced by a CH 
group]. (a)5-Amino-4-carbamoyl-lH-1,2,3-triazole (K/rim/m, 
Simon, Schawartz & Horv~th, 1974). (b) Present work. (c) 
Tetrachlorobis[2- (5-amino-4-carboxamidinium)- IH- 1,2,3-triaz- 
olelcopper(II) (Purnell, Shepherd & Hodgson, 1975). (d) l-(a- 
o-Bromobenzoyloxy-o'-bromobenzylideneamino)-4, 5-diphenyl- 
1,2,3-triazole (Kokkou & Rentzeperis, 1975). (e) 8-Aza- 
guanidine (Sletten, Sletten & Jensen, 1968). ( f )  4-Amino-5- 
carbamoyl-lH-imidazole monohydrate (Simon, Schawartz & 
K/dm/m, 1977), (g) 5-Mesylamino-2H-1,2,3-triazole-4-car- 
bonitrile monohydrate (K/rim/m, P/~rkanyi, Schawartz & 
Simon, 1976). (h) 2-Methyl-5-[methyl(mesyl)aminol-2H-l,2,3- 
triazole-4-carbonitrile (K/dmhn, P/~rkhnyi & Schawartz, 1977) 
(angle at N3: 103°). 

mon, Schawartz & Horvb.th, 1974), tetrachlorobis[2- 
(5-amino-4-carboxamidinium)- 1 H- 1,2,3-triazole] copper 
(II) (Purnell, Shepherd & Hodgson, 1975) and 8- 
azaguanidine (Sletten, Sletten & Jensen, 1968) is 
accompanied by a strong, almost double, bond between 
N(2) and N(3) (Fig. 1). This proof of the 1H-tauto- 
meric form is weakened by the fact that a similar 
short N(2)--N(3) bond (1.310 ,~) was also found in 
5-mesylamino-2H-1,2,3-triazole-4-carbonitrile mono- 
hydrate (K/rim/m, Pb, rk/myi, Schawartz & Simon, 
1976). As seen in Fig. 1 the 1H- and 2H-structures can 
be distinguished, however, by analysis of the endo- 
cyclic bond angles. The 1H-tautomers have different 
angles at N(1), N(2), N(3) and C(2) from those in the 
2H-structures (Table 5). 

While the angles at the N atoms in 1H-triazoles 
differ only slightly from each other, they are definitely 
different from the corresponding angles of the 2H- 
structures. The analogous 4-amino-5-carbamoyl-lH- 
imidazole monohydrate (second column in Table 5) has 
bond angles intermediate between the corresponding 
1H- and 2H-1,2,3-triazole values, but it can be 
distinguished from the triazoles on the basis of the four 
bond angles. The differences between the bond angles 
involving N atoms to which are bonded an endocyclic 
H and those of the bare N atoms have been discussed 
elsewhere (K/dmfin et al., 1976). 

The analysis of 5-amino-4-carbamoyl-lH-1,2,3- 
triazole (K/dm/m et al., 1974) and the analogous 
4-amino-5-carbamoyl- 1H-imidazole monohydrate (Si- 
mon, Schawartz & K/dm/m, 1977) revealed fairly 
complicated hydrogen-bond networks (K/dm/m & 
Simon, 1975). Both structures are built up from dimers 
depicted in Fig. 2. Each corner of these dimers is either 
donor or acceptor in forming complicated hydrogen- 
bond networks. This ability of the title compound is 
considerably diminished by the replacement of the 
carbamoyl group by an ethoxycarbonyl moiety, as 
shown by the simple hydrogen-bond helices formed 
around screw axes (Fig. 3). These helices are indepen- 
dent of each other. In each helix there is only one 
strong hydrogen bond [N(1)--H.. .N(2)] out of the 

Table 5. The mean endocyclic bond angles (° ) for  a f e w  
1,2,3-triazole rings depicted in Fig. 1 

Angle at 1H-Triazoles 1 'H-Imidazole* 2H-Triazoles 

N(1) (111) > (108) > (103) 
N(2) (CH) (108) < (113) < (116) 
N(3) (108) > (105) > (103) 
C(2) (104) ~ (104) < (108) 

* In this column are the corresponding data of 4-amino-5- 
carbarnoyl-lH-imidazole ( f  in Fig. 1) which differs from 5-amino- 
4-carbamoyl-lH-1,2,3-triazole by the replacement of N(2)with a 
CH group, and in the location of the tautomeric H atom 
(IH --, I'H). In a preliminary report (K/~lmhn & Simon, 1975) it 
was incorrectly described as 5-amino-3H-imidazol-4-carboxamide. 
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Table 6. The parameters of the hydrogen bonds formed by the 
molecules 

N. • .X H. • .X 

N(I) -H. . .N(2)[1  - x ,  ½ +y, ½--zl 2.87A 2.02A 
N(4) -H(42) . . .N(3) [x ,y-  I, z] 3.03 2.32 
N(4)-H(41)*.. .O(2)[x,y-- 1, z] 2.92 2.47 
N(4)-H(41)*...O(1)[x,y,z] 2.91 2.36 

N - H . . . X  

165.4 ° 
133.0 
116.0 
124.9 

* H(41) participates in both weak NH. . .O hydrogen bonds, which may thus be regarded as bifurcated hydrogen bonds. A similar 
bifurcated hydrogen bond was found in 5-amino-4-carbamoyl-1H-1,2,3-triazole (Kfilmfin et al., 1974). 

three intermolecular bridges (Table 6). Moreover, no 
dimers are formed. This phenomenon may perhaps be 
explained as follows. The dimer shown in Fig. 2(a) can 
be formed only by tautomers of the l'H-type, e.g. 4- 
amino-5-carbamoyl- 1H-imidazole. The 1H-tautomers, 
on the other hand, seem to prefer the dimer form shown 
in Fig. 2(b), which is excluded in the presence of an 
ethoxycarbonyl group. Any other theoretically possible 

H X/" 
/ 

H ~ N / C X  f 
,~ \ \  A/ 

= . 
] 

"-.HN/H / / H--N /N" '~ N 

" \o  J =  / H / \ / 
I iol - - -  

Z 3 "% B 

,, 7 - - - \  _ .  / 

(a) (b) 

Fig. 2. The dimer pairs formed by the molecules of (a) 4-amino-5- 
carbamoyl-lH-imidazole and (b) 5-amino-4-carbamoyl-lH- 
1,2,3-triazole. 

dimer, e.g. maintained by the N ( 1 ) - H . . . N ( 2 )  pair, 
would presumably lead to an even less compact crystal 
structure than that found in the title compound. 

We thank Mr G. Lindahl (General Manager, Syntex, 
Analytical Instruments AB, Akersberga, Sweden) for 
his offer of collecting the data on the Syntex P2~ 
automatic single-crystal diffractometer in our 
laboratory. 
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Crystal and Molecular Structure of the Trinuelear Chromium(Ill) and Iron(Ill) Complex, 
[ C r2FeO( C [] 3C OO)6(H 20)3]N O 3. C [] 3C O O H 
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[Cr2FeO(CH3COO)6(H20)3]NO3.CH3COOH is monoclinic, space group P2ffc, with a = 11.774 (1), b = 
14.706 (2), c = 15.157 (2) /k, fl = 90.70 (1) °, Z = 4. The structure was refined to R = 0.061 with 2516 
counter reflexions, for which F > 3.92a(F). The cation possesses idealized D3~ , symmetry with the O in the 
centre of an equilateral triangle. 

Introduction 

Trinuclear coordination compounds containing three 
antiferromagnetically coupled Cr or Fe ions have 
recently been investigated theoretically and experi- 
mentally. Neither the mechanism of unpaired electron- 
spin interactions nor the factors affecting the mag- 
nitudes of these interactions have been established. For 
an interpretation of the magnetic properties in this 
group of  compounds studies on mixed complexes with 
Cr2FeO or Fe2CrO groups, in which the ions of 
different electron configurations are coupled simul- 
taneously, are important. Such compounds have been 
isolated (Weinland & Gussman,  1909) but only in recent 
years were they subjected to detailed structural studies. 

Magnetic studies (Zelentsov, Zhemchuznikovao 
Rakitin, Yablokov & Yakubov, 1975) and EPR spectra 
(Yablokov, Gaponenko,  Eremin~ Zelentsov & 
Zhemchuznikova,  1973)confirmed the appearance of  
pure compounds with nuclei containing two types of 
metal atoms and showed that exchange interactions 
between the Fe atoms in mixed complexes are larger 
than in the Fe30 group, whereas interpretation of  the 
C r - C r  interactions is not so well defined. 

Measurements of the electronic spectra (Zelentsov, 
Zhemchuznikova & Lubovskii, 1975) carried out for 
mixed complexes do not enable any conclusions to be 
drawn as to the symmetry perturbations of the M 2 M ' O  
group or of the nearest environment of each metal 
atom. In order to determine the structural details of a 
complex cation containing two types of metal atoms, an 

X-ray investigation of the [Cr2FeO(CH3COO)6- 
(H20)a]NO3. C H 3 C O O H  complex was carried out. 

Experimental 

The compound was prepared as described by Zelentsov 
et al. (1975). Dark-red crystals suitable for X-ray 
studies were obtained by slow evaporation of an acetic 
acid solution. Weissenberg photographs showed the 
crystals to be monoclinic with systematic absences 0k0, 
k -- 2n + 1 and hOl, ! - 2 n  + 1, which fix the space 
group uniquely as P2 jc .  Cell parameters were obtained 
by least squares from the setting angles of 15 reflexions 
measured on a diffractometer. The density wa3 
measured by flotation in a chloroform/bromoform 
mixture. Crystal data are listed in Table I. 

Intensities from a crystal 0.15 × 0.15 × 0-2 mm 
were collected with Cu Kc~ radiation on a Syntex P2 ,  
computer-controlled four-circle diffractometer with 

Table 1. Crystal data 

[Cr2FeO(CH3COO)6(H20) 3 INO~. CH3COOH. FW 706.3 
Monoclinic, space group P2 t/c 
a = 11.774 (l)/k Z = 4 
b = 14.706 (2) 2(Cu Ko) = 1.5418/k 
c= 15.157 (2) D,,--= 1.78 gcm '-~ 
/3=-90.70(1) ° D, = 1-77 
V = 2624/k 3 /a(Cu Ka) = 124crn -~ 


