
578 [Rh4(CO) l x {P(C3H7)3 }1 

one basal axial carbonyl in the C3v arrangement 
replaced by the phosphine ligand. 

The Rh--Rh bond lengths range from 2.692 to 
2-795 (2) A, mean value 2.734/~, and this is in good 
agreement with the corresponding lengths in 
[Rh4(CO)12] (mean value 2.732A) (Wei, 1969), 
[Rh4(CO) 100aPh3)2] (mean value 2.729 A), 
[Rh4(CO)9{P(OPh)3}3 ] (mean value 2.706 A) (Heaton 
et al., 1981) and [Rh4 (CO)8 {P(OPh)3}4] (mean value 
2.720 A) (Ciani, Garlaschelli, Manassero, Sartorelli 
& Albano, 1977). The three longest Rh- -Rh bond 
lengths are those involving Rh(1), the substituted 
atom, showing the back-bonding effect of the phos- 

. . . .  

phine ligand. The Rh--P distance is quite long at 
2.394 (2) A, but this may be expected as the aliphatic 
isopropyl groups make this phosphine ligand more 
bulky than, for example, PPh3 {Rh--P bond lengths 
in [Rhn(CO)lo(PPh3)2] are 2.337 (4) and 2.341 (3) A}. 

In [Rh4(CO)t0(PPh3)2] (Heaton et al., 1981), one 
phosphine ligand is coordinated in a basal axial 
position, the other in a basal equatorial position. The 
basal axial positioning of the phosphine ligand in the 
title compound indicates that this is the site of first 
substitution. 

The author acknowledges the SERC for the award 
of a studentship, and Dr Marjorie M. Harding for 
help and encouragement. 
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Structure of Carbonatobis(histamine)cobalt(III) Chloride Monohydrate 
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Abstract. Bis[4-(2-aminoethyl)imidazole-N3,NS] - 
(carbonato-O,O')cobalt(III) chloride monohydrate, 
[Co(CO3)(CsH9N3)2]C1.H20, Mr=394"71, triclinic, 
P1, a = 9.712 (3), b = 15"556 (5), c = 7.192 (3) A, a 
= 92.24 (3), fl = 128-14 (2), y = 1.06-69 (3) °, V = 
784-1 (4) A 3, Z = 2, Dm= 1.663 (1), Dx = 

* To whom correspondence should be addressed. 

0108-2701/90/040578-04503.00 

1.672 Mg m -3, ,~(Mo Ka) = 0-71069 A, /z = 
1.339 mm -1, F(000)= 408, room temperature, R = 
0.030 for 1950 observed reflections. The histamine 
molecules and carbonate ion each act as bidentate 
ligands. The imidazole rings of the histamine mol- 
ecules are coordinated in trans positions. The short 
O...O distance within the bidentate carbonate ligand 
results in the distortion of the coordination sphere, 

© 1990 International Union of Crystallography 
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the O--Co---O angle being 68.4 (1) °. The structure 
contains a three-dimensional network of hydrogen 
bonds. 

Table 1. Final fractional coordinates and equivalent 
isotropic thermal parameters (A 2) 

Introduction. The biological significance of histamine Co 
has prompted the current interest in its complexes N(1) 
with transition metals. Several structures of hista- c(2) 

N(3) mine complexes have been determined so far (e.g. c(4) 
Bonnet & Jeannin, 1970; Dahan, 1976; Wojtczak, c(5) 
Jask61ski & Kosturkiewicz, 1983, 1985, 1987). How- c(6) 

C(7) 
ever, none of them contain Co 3 + as a central ion. N(8) 
The title compound was prepared as described by N(II) 
Danilczuk & Surdykowski (1986). Their investiga- c(12) 

N(13) 
tions suggest that the imidazole rings of both c(14) 
histamine ligands occupy trans positions. The present c(15) 

C(16) investigation has been undertaken to determine the c07) 
structure of the C03+-histamine system and verify N08) 
the conclusions of previous studies, o(l) o(2) 

C(21) 
0(3) 
CI 
OW 

Experimental. Crystals from water, density by flota- 
tion, 15 reflections with 22 < 20 < 30 ° used to obtain 
lattice parameters; 2141 unique reflections with 20 _< 
45 ° (h: -10---,7, k: -16---,16, l: 0---,7) measured 
on a Syntex P2~ diffractometer; crystal 0.4 x 0.4 x 
0.25 mm; graphite-monochromated Mo Ka radia- 
tion; no significant intensity variation for 244, 321 
and 4~74 check reflections monitored every 100 
reflections; no absorption correction; 1950 observed 
reflections with l___2~r(/). Structure solved by 
Patterson method, Y.w(AF) 2 minimized in full-matrix 
least-squares refinement using SHELX76 (Sheldrick, 
1976), two reflections (251 and 12.1) omitted because 
of extinction, w = o--2(F) from counting statistics, 
H-atom positions from Ap map and not refined, final 
R = 0.030, wR = 0.039, S = 2.387, [A/o'[max in the 
final refinement 0.061, ZlPmax = 0"49, Apmin = 
-0-38 e A -3. Atomic scattering factors from Inter- 
national Tables for X-ray Crystallography (1974). 
Other programs used: ORTEPII (Johnson, 1976), 
PLUTO78 (Motherwell & Clegg, 1978) and those 
described by Jask61ski (1982). RIAD-32 computer. 

Discussion. The atomic parameters and bond lengths 
and angles are given in Tables 1 and 2.* The 
numbering scheme is shown in Fig. 1. 

In the present structure, histamine exists in the 
N~---H tautomeric form (IUPAC-IUB Commission 
on Biochemical Nomenclature, 1970). The same 
tautomeric form was also found in other complexes 
containing bidentate histamine ligands (e.g. 
Wojtczak, Jask61ski & Kosturkiewicz, 1985, 1987). 

* Lists of  structure factors, anisotropic thermal parameters  and 
H-a tom parameters  have been deposited with the British Library 
Document  Supply Centre as Supplementary  Publication No. SUP 
52375 (14 pp.). Copies may  be obtained through The Technical 
Editor, International  Union  of  Crystal lography,  5 Abbey Square, 
Chester CHI  2HU,  England. 

Ueq = (1/3 ) Y.,Y~jU~,* aj*a,.aj. 

x y z U~ 
0.48298 (6) 0-22669 (3) 0.09438 (8) 0.0205 (2) 
0-0824 (4) -0-0330 (2) -0.1529 (5) 0.034 (1) 
0"1411 (5) 0"0570 (2) -0"1431 (6) 0-032 (1) 
0.3294 (4) 0"0995 (2) 0"0296 (5) 0-0257 (9) 
0"3930 (5) 0"0320 (2) 0"1355 (6) 0"028 (1) 
0"2405 (6) -0"0494 (2) 0.0224 (7) 0-035 (1) 
0"5997 (5) 0-0550 (2) 0"3389 (7) 0"035 (1) 
0"6987 (5) 0.1504 (2) 0'5176 (6) 0"030 (1) 
0.7109 (4) 0.2262 (2) 0-4035 (5) 0-0252 (9) 
0.8182 (4) 0.4684 (2) 0-1432 (6) 0.035 (1) 
0.7344 (5) 0.3760 (2) 0.0828 (6) 0.029 (1) 
0-6326 (4) 0.3530 (2) 0.1518 (5) 0.0239 (9) 
0-6557 (5) 0-4369 (2) 0.2646 (6) 0.030 (i) 
0-7721 (6) 0-5083 (2) 0.2591 (7) 0.040 (I) 
0.5603 (6) 0.4429 (2) 0.3624 (7) 0-038 (1) 
0.5190 (5) 0.3585 (3) 0.4465 (7) 0-035 (1) 
0.3911 (4) 0.2716 (2) 0.2381 (5) 0.0272 (9) 
0.5236 (3) 0.1791 (2) -0.1101 (4) 0.0274 (7) 
0-2856 (3) 0.2164 (2) -0.2469 (4) 0.0278 (7) 
0.3667 (5) 0.1812 (2) -0.3032 (6) 0-024 (1) 
0.2981 (3) 0.1512 (2) -0.5197 (4) 0-0333 (8) 
0.0328 (1) 0.35590 (7) - 0.0116 (2) 0.0367 (3) 
0-0058 (4) 0.2653 (2) 0-3684 (5) 0-046 (1) 

Table 2. Bond lengths (t~) and angles (°) with their 
e.s.d. 's in parentheses 

Co--N(3) 1.932 (3) 
Co--N(8) 1.943 (3) 
Co--O(1) 1.915 (2) 
Co--O(2) 1.925 (2) 
N(I)---C(2) 1.332 (5) 
C(2)--N(3) 1.327 (4) 
N(3)----C(4) 1.385 (4) 
C(4)---C(5) 1-346 (5) 
C(5)--N(1) 1.368 (5) 
C(4)--C(6) 1.489 (5) 
C(6)---C(7) 1.511 (5) 
C(7)--N(8) 1-481 (4) 

N(8)----Co---N(3) 93.2 (1) 
N(13)--Co--N(3) 178.8 (1) 
N(I 3}--Co--N(8) 87.8 (1) 
N(I 8)---Co---N(3) 89-3 (1) 
N(I 8)--Co---N(8) 95.7 (1) 
N(I 8}--Co--N(I 3) 91-2 (1) 
O(I)---Co---N(3) 88.5 (I) 

C(2)--N(3)--Co 126.2 (2) 
C(4)--N(3)---Co 127.3 (2) 
C(7)--N(8)---Co 120-6 (2) 
C(I 2)--N(I 3)---Co 124.7 (2) 
C(5)--N(!)-42(2) 107.5 (3) 
N(I }--C(2)--N(3) 110.7 (3) 
C(2)--N(3)---C(4) 106.3 (3) 
N(3)--C(4)--C(5) 108.3 (3) 
C(4)--C(5)--N(I) 107.3 (3) 
N(3)--C(4)--C(6) 121.1 (3) 
C(5)--C(4)---C(6) 130-6 (3) 
C(4}--C(6)---C(7) 111.5 (3) 
C(6)--C(7)--N(8) 111-3 (3) 

Co---N(i 3) 
Co--N(I 8) 
N(I l)---C(12) 
C( 12)--N(13) 
N(l 3}--C(14) 
C( 14)--C(15) 
C(15)~N(I !) 
C(14)--C(16) 
C(16)---C(17) 
C(I 7)--N(I 8) 
O(1)~C(21) 
O(2)---C(21) 
C(21 )--0(3) 
O(l)---Co--N(8) 
O(l)--Co--N(l  3) 
O(I)--Co~N(I  8) 
O(2)----Co---N(3) 
O(2)---Co---N(8) 
O(2)--Co--N(I 3) 
O(2)--Co--N(I 8) 
0(2)--Co--0(1 ) 
C(I 4)---N(I 3)---Co 
C(l 7)--N(I 8)---Co 
C(2 l)~O(1)---Co 
C(21)--O(2)---Co 
C(15)--N(I 1)---C(12) 
N(I I)----C(I 2)--N(I 3) 
C(12)--N(! 3)---C(14) 
N(l 3)--C(14)---C(15) 
C(I 4)---C(15)--N(I 1) 
N(l 3)---C(14)---C(16) 
C(15}--C( i 4)----C(16) 
C(I 4)----C(16)---C(17) 
C(16)---C(17)--N(I 8) 
O(1)--C(21)~O(2) 
O(1)---C(21 ) - -0 (3 )  
O(2)---C(21 )---0(3) 

• 923 (3) 
• 948 (3) 
• 327 (5) 
• 330 (4) 
• 392 (4) 
• 361 (5) 
• 364 (5) 
• 487 (5) 
-520 (5) 
• 481 (4) 

1.292 (4) 
1.307 (4) 
1.253 (4) 
96-0 (1) 
90-9 (1) 

168"2 (1) 
87"6 (I) 

164-3 (I) 
91"3 (1) 

!00-0 (1) 
68-4 (1) 

129"0 (2) 
119-5 (2) 
90-1 (2) 
89.2 (2) 

108'5 (3) 
110"5 (3) 
106-3 (3) 
107"9 (3) 
106"8 (3) 
123.9 (3) 
128.1 (3) 
1 i 3-2 (3) 
110'5 (3) 
112"2 (3) 
124"0 (3) 
123-8 (3) 

However, the monodentate histaminium ligand 
(Wojtczak, Jask61ski & Kosturkiewicz, 1983) as well 
as the histamine base (Bonnet & Ibers, 1973) exist in 
the N~--H form. 
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The bond lengths and angles in the imidazole rings 
are similar to those found in other histamine com- 
plexes (Wojtczak et al., 1987, and references cited 
therein) as well as in the histidine-Co 3÷ complex 
(Throup, 1977). 

Both imidazole rings are planar within experi- 
mental error [Y.(Altr) 2 = 0"118 and 1.981]. 

Bond lengths and angles in the side chains are 
similar to those found in other histamine complexes 
(e.g. Wojtczak et al., 1983, 1987). However, 
the C(14)---C(16)--C(17) angle [113-2 (3) °] is larger 
than the corresponding C(4)--C(6)--C(7) angle 
[111.5(3)°]. 

The side-chain conformation of the histamine 
ligands is synclinal, the C(4)---C(6)---C(7)--N(8) and 
C(5)--C(4)--C(6)--C(7) torsion angles being 
-69.4  (4), - 140.8 (6) ° and -60 .4  (4), - 153.6 (5) ° 
for the two ligands, respectively. 

Both coordination and hydrogen bonding effect a 
slight deformation of the carbonate ion, the O(1)-- 
C(21), O(2)---C(21) and O(3)---C(21) bond lengths 
being 1.292 (5), 1.307 (5) and 1.253 (6) A, respec- 
tively, and the O(1)--C(21)----O(2), O(1)--C(21)-- 
0(3) and O(2)--C(21)---O(3) angles equal to 
112-2 (3), 124-4 (3) and 123-8 (4) °, respectively. 

The carbonate ion is planar [Z(A/o~) 2 = 0.997]. 
The carbonate ligand is bonded to the central 

Co 3÷ ion via its O(1) and 0(2) atoms, the Co O(1) 
and Co--O(2) distances being 1.915(2) and 

1.925 (2) A, respectively. This inequality seems to be 
caused by steric effects in the coordination sphere. 
Comparison of these bond lengths with those found 
in other Co3+-CO32- systems (Niederhoffer, Martell, 
Rudolf & Clearfield, 1982) reveals rather weak bond- 
ing of the carbonate ligand in the present structure. 
As a result, the O(1)--Co--O(2) angle is 68-4 (1) ° 
and is among the smallest in the cited review. 

Each histamine ligand forms coordinate bonds via 
its N ~ atom of the ring and the amino group of the 
side chain; the Co--N(3) and Co---N(8) distances are 
1-932 (3), 1.943 (3) A and 1-923 (3), 1.948 (3) A for 
the two ligands, respectively. The observed Co---N(3) 
bonds are similar to whereas the Co--N(8) bonds are 
a little longer than those found in the Co3+-histidine 
complex (Throup, 1977). 

The observed deviations of the central ion from 
the best planes of the rings [0.035 (1) and 0.157 (1)/~ 
for the N(ll)-C(15) and N(1)-C(5) rings respec- 
tively] as well as the differences in the C(4)--- 
C(6)---C(7) angles and conformation of the side 
chains mentioned above suggest a back-bonding 
effect stronger for the Co--N(13) bond than for the 
Co--N(3) bond. This conclusion is supported by 

I 
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N 1 8  
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O W ' I ~  HI~V2 

H82 

H l l l  

Fig. 1. A perspective view of the ions with atomic numbering 
scheme. 

-"-.A sin,8 

Fig. 2. Projection of the structure down the c axis. Hydrogen 
bonds are shown as single lines. 
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comparison of the dihedral angles between the Co, 
N(3), N(13), N(18) and Co, N(3), N(8), N(13) planes 
and the ring planes [176-8 (3), 92.9 (3) ° and 110.1 (3), 
164.6 (3) ° for the N(l l ) -C(15)  and N(1)-C(5) rings, 
respectively]. 

The structure contains a three-dimensional net- 
work of hydrogen bonds (Fig. 2) involving N~----H, 
amino, water and C(12)--H groups as donors, and 
water O atoms, carbonate and C 1 - a n i o n s  as 
acceptors. The N(1)- -H group forms a hydrogen 
bond, the N(1)...O(3) ( - x ,  - y ,  - 1 - z )  distance 
being 2.755 (4)/~. The N(8) amino group is a donor 
in two hydrogen bonds. With N(8)...CI(1 + x, y, 1 + 
z) and N(8)..-OW(1 + x, y, z) distances of 3.318 (4) 
and 2-922 (5)A, respectively. The N ( l l ) - - H  group 
of the second histamine ligand forms a hydrogen 
bond to the C1- ion [N(l l ) - --CI(1-x,  l - y ,  - z ) =  
3.175 (4)/~]. The C(12)--H group acts as a donor in 
a bifurcated hydrogen bond, the C(12)...O(1) and 
C(12)...C1(1 + x, y, z) distances being 2.838 (5) and 
3.448 (5)/~, respectively. The N(18) amino group is a 
donor in two hydrogen bonds, the N(18)..-C1 and 
N(18)...O(3) (x, y, 1+  z) distances being 3.484 (5) 
and 2.930(5)A, respectively. Both water O---H 
groups form hydrogen bonds [OW...C1 = 3.240 (4) 
and O W---O(2) (x, y, 1 + z ) =  2.772 (4)/~]. The C1- 
ion participates in five hydrogen bonds, and the 
carbonate ion is an acceptor in four such bonds, 
whereas the water O atom is a single-hydrogen-bond 
acceptor. 

This research was partly supported by project 
RP.II.10. 

References 

BONNET, J. J. & IBERS, J. A. (1973). J. Am. Chem. Soc. 95, 
4829-4833. 

BONNET, J. J. & JEA~,rNrN, Y. (1970). Acta Cryst. B26, 318-326. 
DAHAN, F. (1976). Acta Cryst. B32, 2472-2475. 
DANILCZUK, E. & SURDYKOWSKI, A. (1986). Pol. J. Chem. 60, 

379-387. 
International Tables for X-ray Crystallography (1974). Vol. IV. 

Birmingham: Kynoch Press. (Present distributor Kluwer 
Academic Publishers, Dordrecht.) 

IUPAC-IUB COMMISSION ON BIOCHEMICAL NOMENCLATURE 
(1970). J. Mol. Biol. 52, 1-17. 

JASK6LSK1, M. (1982). In Collected Abstracts of the Fourth Sympo- 
sium on Organic Crystal Chemistry, Poznafi, September 1982, 
edited by Z. KAI.USKI, pp. 70-71. A. Mickiewicz Univ., Poznafi, 
Poland. 

JOHNSON, C. K. (1976). ORTEPII. Report ORNL-5138. Oak 
Ridge National Laboratory, Tennessee, USA. 

MOTHERWELL, W. D. S. & CLEGG, W. (1978). PLUTO78. Pro- 
gram for plotting molecular and crystal structures. Univ. of 
Cambridge, England. 

NIEDERHOFFER, E. C., MARTELL, A. E., RUDOLF, P. & 
CLEARFIELD, A. (1982). Inorg. Chem. 21, 3734-3741. 

SHELDRICK, G. M. (1976). SHELX76. Program for crystal struc- 
ture determination. Univ. of Cambridge, England. 

THROUI', N. (1977). Acta Chem. Scand. Ser. A, 31,203-207. 
WOJTCZAK, A., JASKrLSKI, M. & KOSTURKIEWlCZ, Z. (1983). Acta 

Cryst. C39, 545-547. 
WOJTCZAK, A., JASKrLSKI, M. & KOSTURKtEWlCZ, Z. (1985). Acta 

Cryst. C41, 1752-1755. 
WOJTCZAK, A., JASKrLSKI, M. & KOSTURKIEWlCZ, Z. (1987). Acta 

Cryst. C43, 645-648. 

Acta Cryst. (1990). C46, 581-584 

Structure of trans-Bromodicarbonyllo-phenylenebis(diphenylphosphine)]- 
(p-t olylme th ylidyne )tungsten( 0 ) 

BY G. A. CARRIEDO, V. RIERA, J. M. RUBIO GONZALEZ AND M. G. SANCHEZ 

Departamento de Qu[mica Organometdlica, Universidad de Oviedo, 33071 Oviedo, Spain 

(Received 23 January 1989; accepted 6 July 1989) 

Abstract. [~tBr(CO)2(CsH7)(C3oHeaP2)], Mr = 869.39, 
monoclinic, P2~/n, a = 9.505 (5), b = 18.333 (4), c = 
20.775 (8) A, /3 = 96.68 (4) °, V = 3595 (3) A 3, Z = 4, 
Dx = 1.606 Mg m-3,  Mo Ka radiation (graphite 
monochromator, ,~ = 0-71073 A), /.t = 4.50 m m -  t, 
F(000) = 1704, T = 291 K, final R = 0.025 for 4337 
observed reflections and 509 variables. The W atom 
is in a distorted octahedral environment formed by 
the two P atoms of the chelating diphosphine, two 
mutually cis carbonyl groups and a bromide ligand 
trans to a methylidyne group. The W~=C--R 

(R = C6H4CH3-4) group deviates slightly from 
linearity and the short W - - C  distance suggests a 
formal metal----carbon triple bond. 

Introduction. Very few X-ray structure determina- 
tions have been carried out on neutral six- 
coordinated methylidyne complexes of tungsten(0), 
and the majority of them are trans-tetracarbonyls, 
having also halogens (Huttner, Lorenz & Gartzke, 
1974; Neugebauer, Fischer, Dao & Schubert, 1978; 
Fischer, Gammel & Neugebauer, 1980) or the 

0108-2701/90/040581-04503.00 © 1990 International Union of Crystallography 


