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Discussion. There is a crystallographic centre of sym- 
metry in the molecule. The two V atoms are bridged 
by two (/z-r/2-S2) groups. The other coordination 
sites of each V atom are occupied by two bidentate 
dithiocarbamato ligands. The arrangement of the 
ligands is simply described as two distorted hexa- 
hedra that share a parallelogram and each has its 
other five faces strongly twisted. The bond distance 
of 2.884 (4),~ for V--V, which indicates a direct 
metal-metal interaction, is consistent with those of 
diamagnetic complexes (Duraj, Andras & Kibala, 
1990; Halbert, Hutchings, Rhodes & Stiefel, 1986), 
and is much longer than the distance of 2.4 ,~ postu- 
lated for a d2--d 2 double bond (Dorfman & Holm, 
1983). The average V--Sb (bridge) distance (2.409 ,~) 
is obviously shorter than the average value (2-503 A) 
for V--S, (terminal). The S(1)--S(2) distance of 
1.984 (5) A is not significantly different from those in 
other similar compounds (Bolinger & Rauchfuss, 
1982; Bolinger, Rauchfuss & Rheingold, 1983; Bol- 
inger, Weatherill, Rauchfuss, Rheingold, Day & 
Wilson, 1986). 

Atoms S(nl), S(n2), C(n), N(n), C(nl) and C(n3) 
(n = 1,2) are coplanar, which indicates that the dtc 
ligand coordinates to a V atom in the 

- S  > C~_I~I < R 
- S  R 

form. Although molecular vanadium dimers with $2 
bridges are known, those with a Vz(/Z-~72-S2)2 core 
that have been hitherto structurally characterized are 

found in the mineral patronite (VS4)n,  V2(/.~-T]2-52)2 - 
(BuENCS2)4 (Halbert, Hutchings, Rhodes & Stiefel, 
1986) and V2(~-r/E-SE)E(S2CCH3)4 (Duraj, Andras & 
Kibala, 1990). 

The generous financial support of NNSF, 
NSFCAS and FNSF is greatly appreciated. 
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Abstract. C25H22 p + .[Mn(C6H4OS)2(C3H4N2)] - .- 
C2H3N, Mr = 765"82, monoclinic, P2~/n, a = 
16.221 (4), b =9.705 (2), c =  24.457 (5) •, 13 = 
94.96 (1) °, V = 3835 ,~3, Z = 4, Dx = 1.33 g cm -3, 
a(Mo Ka) = 0.71073 A, /1. = 5.1 cm-1, F(000) = 
1592, T = 296 K, final R = 0-054 and wR = 0.064 for 
2570 observed reflections with F > 3tr(F). The Mn m 
ion is in a distorted square-pyramidal $202N coordi- 
nation environment. 

* To whom correspondence should be addressed. 
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Introduction. On the basis of chemical and spec- 
troscopic evidence, the acid phosphatase from sweet 
potato appears to contain a mononuclear 
manganese(Ill) site with thiolate (cystein), phenolate 
(tyrosine) (Sugiura, Kawabe, Tanaka, Fujimoto & 
Ohara, 1981) and imidazole (histidine) (Fujimoto, 
Murakami & Ohara, 1981) ligands. These discoveries 
have stimulated research into manganese chemistry, 
especially in Mnnt-thiolate chemistry (Bashkin, 
Huffman & Christou, 1986; Christou & Huffman, 
1983; Costa, Dorfman, Hagen & Holm, 1983; Seela, 

© 1991 International Union of Crystallography 



2088 C 25H22P +. [Mn(C6H40S)2(C3H4N2)] - .C2H3 N 

Huffman & Christou, 1985; Gohdes & Armstrong, 
1988; Greiwe, Krebs & Henkel, 1989). Complexes 
with Mn---O or Mn--N ligations have been studied 
extensively (Wieghardt, 1989; Christou, 1989), while 
those with Mn--S bonds are less common and those 
with mixed O,S,N ligations are scarcely reported. To 
our knowledge, only two complexes of the latter type 
are reported in the literature (Bashkin, Huffman & 
Christou, 1986; Gohdes & Armstrong, 1988). In our 
studies (Kang, Weng, Liu, Wu, Huang, Lu, Cai, 
Chen & Lu, 1990) on transition metal complexes 
with o-mercaptophenol (H2mp), a multifunctional 
bidentate ligand with mixed S,O donors, it was 
observed that different coordination modes are pos- 
sible for ligation with transition metals. Imidazole 
(Him) is a ligand of potential interest in Mn- 
containing biological systems (Fujimoto, Murakami 
& Ohara, 1981; Stalling, Pattridge, Strong & 
Ludwig, 1985). We applied the two interesting liga- 
nds to the synthesis of the title complex. 

Experimental. Crystals of (Ph3PCH2Ph)[Mn(mp)2-  
(Him)].CH3CN were obtained from the reaction of 
Mn(CHaCOE)E.4H20, H2mp, Him and NaOCH3 in 
1:2:2:6 molar ratio in CHaOH by controlled aerial 
oxidation at room temperature. Single crystals 
suitable for X'ray diffraction were obtained by 
recrystallization from CH3CN solution. Red plate 
single crystal with dimensions 0.3 x 0.2 x 0.08 mm 
was mounted on a Rigaku MSC/AFC5R diffractom- 
eter with graphite-monochromated Mo Ka radia- 
tion. 18 reflections whose 20 values ranged from 
18-27 ° were used in the least-squares refinement of 
the orientation matrix and the lattice parameters of 
the crystal. 5309 reflections were collected in to-20 
scan mode, to scan width (0.8 + 0.35tan0) °, 20max = 

48.2 ° ( 0 < h < 2 0 ,  0 < k < 1 2 ,  - 3 0 < l < 3 0 ) ,  of 
which 2570 were observed with F >  3tr(F). Three 
standard reflections with no significant variation in 
intensity. The systematic absences (h0/, h + l = 2n; 
0k0, k = 2n) indicated the space group to be P21/n 
exclusively. Anisotropic decay correction was applied 
with max. and min. correction factors 0.940 and 
1.224, respectively. Lp and empirical absorption cor- 
rections were made. Max. and min. transmission 
factors were 1.290 and 0.861, respectively (DIFABS; 
Walker & Stuart, 1983). 

The structure was solved by direct methods and 
refined by full-matrix least-squares refinement on (F) 
of 460 parameters for all non-H atoms, with aniso- 
tropic temperature factors. H atoms were added to 
the structure factor calculations but not refined. 
Scattering factors and f '  and f "  values were taken 
from International Tables for  X-ray Crystallography 
(1974, Vol. IV). Final R=0.054, wR=0.064 for 
2570 observed reflections, w = 1/[tr2(Fo) + (0"01Fo) 2 + 
1.0], (A/o')max = 0" 14, (Ap)max = 0"38, (Ap)min = 

-0 .34 e A -3. All calculations were carried out on a 
VAX 11/785 computer with SDP (Frenz, 1978). 

Discussion. Table 1" contains the atomic positional 
and thermal parameters. Table 2 gives selected bond 
distances and bond angles. The unit cell of the title 
complex consists of well separated cations, anions 
and acetonitrile solvate with no close contact, in 
which the structures of cation and solvate are unex- 
ceptional. Fig. 1 shows an ORTEP (Johnson, 1976) 
view of the anion which features a distorted square- 
pyramidal coordination with the imidazole nitrogen 
N(1) at the apex and the two cis-thiolato atoms S(1), 
S(2) and the two cis-phenolato atoms O(1), 0 ( 2 )  
from two mp 2- in the base plane. Yet, the four basal 
atoms do not exhibit planarity, with largest devia- 
tions of 0.2/~ from the least-squares plane. The Mn 
atom is nearly in the plane of the imidazole ring 
which is exactly planar as expected. Only small 
deviations (+__ 0.008, --- 0.074/~, respectively) are 
found for the atoms in the two five-membered che- 
late rings Mn--S(1)--O(1)--C(ll)--C(16) (plane 1) 
and Mn S(2)--O(2)--C(21)--C(26) (plane 2); the 
dihedral angle is 153.3 °. The imidazole ring tilts 
markedly to one side of the anion to make dihedral 
angles of 106.4 ° with plane 1 and 82.83 ° with plane 
2. The anion has no symmetry. The angle N(1)--- 
Mn--S(n) or N(1)---Mn--O(n) (n= 1,2) can be 
divided into two sets: that which contains N(1)-- 
Mn--O(1) [91.4 (3) °] and N(1)--Mn--S(2) [97.6 (3) °] 
and that which contains N(1)--Mn--O(2) 
[103.6(2) °] and N(1)--Mn--S(1) [105.4(2)°]. The 
two chelate angles (av. 87.0 °) and the bite distances 
(av. 2.90 A) fall in the range of the other complexes 
with mp 2- ligation (Kang et al., 1990). Compared to 
other five-coordinate manganese(III) complexes, the 
bond distances in the title complex can be sum- 
marized as follows: (1) The average Mn--S bond 
length (2.28A) is comparable to that in 
[Mn(tdt)zMeOH]- (av. 2.282 ]k; H2tdt = toluene-3,4- 
dithiol; Greiwe, Krebs & Henkel, 1989) and 
[Mn(thiosal)2(Him)]- (av. 2.282 A; H2thiosal = thio- 
salicylic acid; Bashkin, Huffman & Christou, 1986), 
but shorter than those in [Mn(edt)2(Him)] 2- (2.134- 
2.334 A; H2edt = ethanedithiol; Seela, Folting, 
Wong, Huffman, Christou, Chang & Hendrickson, 
1985) and [Mn2(edt)4] 2- (terminal Mn--S av. 2-32 A; 
Costa, Dorfman, Hagen & Holm, 1983). (2) The 
Mn--O distances (av. 1.905 A) are longer than those 
in [Mn(salen)(S--C6H4--p-NO2)] [av. 1.88 A; salen 

* Lists of structure factors, anisotropic thermal parameters, 
bond distances and angles, least-squares planes and deviations, 
and H-atom parameters have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 54188 (15 pp.). Copies may be obtained through The 
Technical Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH1 2HU, England. 
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Table 1. Atomic coordinates and equivalent isotropic 
thermal parameters for (Ph3PCH2Ph)[Mn(mp)2- 

(Him)].CH3CN 

Beq = (4/3)[a2B(1,1) + b2B(2,2) + c2B(3,3) + ab(cosy)B(1,2) 
+ ac(cosfl)B(1,3) + bc(cosa)B(2,3)]. 

x y z B~q (A 2) 
Mn 0.67546 (9) 0.1856 (2) 0.85523 (5) 3.34 (3) 
S(I) 0.7235 (2) 0.1639 (3) 0.9457 (1) 4.57 (6) 
S(2) 0.5410 (2) 0.1882 (3) 0.8761 (1) 5.24 (7) 
O(1) 0.7875 (3) 0.2137 (7) 0-8404 (2) 3.9 (2) 
0(2) 0.6408 (3) 0-2970 (7) 0.7932 (2) 4.1 (t) 
N(I) 0.6763 (5) -0.0202 (8) 0.8220 (3) 3.8 (2) 
C(11) 0.8282 (6) 0-1638 (9) 0.9334 (4) 4.0 (2) 
C(12) 0.8936 (8) 0.143 (1) 0.9738 (4) 6.7 (3) 
C(13) 0.9755 (7) 0.150 (I) 0.9610 (5) 7.7 (4) 
C(14) 0-9932 (7) 0.174 (1) 0.9082 (5) 7.2 (3) 
C(15) 0.9298 (6) 0.195 (1) 0.8685 (4) 4.9 (3) 
C(16) 0.8481 (6) 0.191 (I) 0.8800 (4) 4.0 (2) 
C(21) 0.5050 (6) 0.292 (I) 0.8201 (4) 4.0 (2) 
C(22) 0.4217 (6) 0.333 (1) 0.8105 (4) 5.8 (3) 
C(23) 0.3973 (7) 0.416 (1) 0.7666 (5) 7.6 (4) 
C(24) 0.4523 (7) 0.456 (1) 0.7318 (4) 6.2 (3) 
C(25) 0.5347 (6) 0.417 (I) 0.7399 (4) 4.5 (3) 
C(26) 0.5616 (6) 0.336 (I) 0.7846 (3) 3.7 (2) 
C(31) 0.7097 (6) -0.057 (I) 0.7770 (4) 4.2 (2) 
N(2) 0.6885 (5) - 0.1853 (9) 0.7621 (3) 4.4 (2) 
C(32) 0.6398 (6) -0.235 (I) 0.7990 (4) 4.9 (3) 
C(33) 0.6338 (6) -0.135 (1) 0-8358 (4) 4.7 (3) 
P 0.7483 (2) 0-5995 (3) 0.0188 (1) 3.55 (6) 
C(41) 0.7448 (5) 0.747 (1) 0-0625 (3) 3.5 (2) 
C(42) 0.7717 (6) 0-738 (1) 0.1174 (4) 4-5 (3) 
C(43) 0.7661 (6) 0-845 (1) 0-1519 (4) 4.8 (3) 
C(44) 0.7316 (7) 0.968 (1) 0-1325 (4) 5.5 (3) 
C(45) 0.7062 (7) 0.981 (1) 0.0781 (4) 5.6 (3) 
C(46) 0.7099 (6) 0.869 (1) 0.0427 (4) 4.5 (3) 
C(51) 0-7863 (5) 0-6415 (9) -0.0461 (3) 3.0 (2) 
C(52) 0.7870 (6) 0-5368 (9) -0.0843 (4) 4.2 (2) 
C(53) 0-8151 (7) 0-563 (1) -0.1351 (4) 5.0 (3) 
C(54) 0.8424 (6) 0-692 (1) -0.1476 (3) 4.5 (2) 
C(55) 0-8446 (6) 0.795 (1) -0-1091 (4) 4.1 (2) 
C(56) 0-8163 (5) 0-7720 (9) - 0-0580 (4) 3.5 (2) 
C(61) 0.8180 (6) 0.4783 (9) 0-0538 (4) 3.8 (2) 
C(62) 0-7912 (7) 0.383 (1) 0-0887 (5) 6.9 (3) 
C(63) 0.8470 (8) 0.296 (1) 0.1184 (5) 7.7 (4) 
C(64) 0.9284 (8) 0.310 (1) 0.1129 (5) 7.6 (3) 
C(65) 0.9574 (7) 0.405 (1) 0.0791 (4) 7.0 (3) 
C(66) 0.9019 (6) 0.490 (1) 0-0490 (4) 5-3 (3) 
C(71) 0.6480 (6) 0.516 (I) 0.0072 (4) 4.3 (2) 
C(72) 0-5829 (5) 0-600 (I) -0.0270 (4) 3.5 (2) 
C(73) 0.5628 (6) 0.564 (1) -0.0815 (4) 4-1 (2) 
C(74) 0.5013 (6) 0.634 (1) - 0.1126 (4) 4.6 (3) 
C(75) 0.4612 (6) 0.739 (1) -0-0909 (4) 5.1 (3) 
C(76) 0.4797 (6) 0.777 (1) -0.0367 (4) 6.2 (3) 
C(77) 0.5406 (6) 0.704 (I) -0.0050 (4) 5.0 (3) 
C(81) 0.9017 (9) 0.585 (2) 0.2492 (6) 12.7 (5) 
C(82) 0.973 (1) 0.513 (2) 0.2397 (6) 12.8 (5) 
N(3) 0.847 (I) 0.638 (2) 0.2568 (6) 21.0 (6) 

= N,N'-ethylenebis(salicylideneaminato); Gohdes & 
Armstrong, 1988], but shorter than those in 
[Mn(thiosal)2(Him)] - ; (av. 1.94 ,~; Bashkin, 
Huffman & Christou, 1986). (3) The Mn--N length 
of 2.157 A is shorter than any other ones reported 

m for five-coordinate complexes with Mn --imidazole 
ligation such as that in [Mn(thiosal)2(Him)]- 
(2.176 A), [Mn2(edt)4(im)] 2- (2.197 A) and 
[Mn(edt)2(Him)]- (2.224 A). These results compare 
favourably with each other and the nature of the 
ligands around Mn m plays an important role in 
these differences. 

The financial support of NNSF, NSFCAS and 
FNSF is greatly appreciated. 

Table 2. Selected bond distances (A) and bond 
angles (o) 

Mn--S(1) 2-290 (2) O(1)----C(16) 1.337 (9) 
Mn--S(2) 2-284 (3) O(2)--C(26) 1.338 (9) 
Mn----O(l) 1.903 (6) N(I)--C(31) 1-32 (I) 
Mn--<)(2) 1.908 (5) N(1}--C(33) 1-38 (I) 
Mn--N(I) 2-157 (7) C(I I)--C(16) 1.40 (2) 

" S(I)---C(II) 1.751 (9) C(21)---C(26) 1.38 (2) 
S(2)--C(21) 1-761 (8) 

S(I)--Mn--S(2) 92'2 (1) Mn--S(1)--C(I l) 95.1 (3) 
S(I)--Mn--O(I ) 87.0 (2) Mn--S(2)---C(2 I) 95.2 (4) 
S(l)---Mn---O(2) 150.8 (2) Mn--O(I)---C(I 6) I 19.6 (5) 
S(I)---Mn--N(I) 105.4 (2) Mn--O(2)--C(26) 119.7 (5) 
S(2)--Mn--O(1) 171.0 (3) Mn--N(I)---C(31) 125.9 (6) 
S(2)---Mn--O(2) 87.1 (2) Mn--N(I )---C(33) 129.9 (6) 
S(2)---Mn--N(1) 97.6 (3) S(I)---C(I 1)---C(16) 117.8 (7) 
O(l)----Mn--O(2) 89.3 (2) O(1)---C(16)--C(I 1) 119.5 (8) 
O(I)~Mn--N(I) 91.4 (3) S(2)--C(21)---C(26) 118.1 (8) 
O(2)~Mn--N(1) 103.6 (2) O(2)---C(26)--C(21) 119.9 (9) 

N(1)~ ~C(33) 

) 

C(13) C(12) S(1) 

Fig.  1. ORTEP ( J o h n s o n ,  1976) view o f  [ M n ( m p ) 2 ( H i m ) ] - .  
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Abstract. C18H16C12NPPt.C3H6 O, Mr=601.4,  tri- 
clinic, P1, a=9.381(1) ,  b =  14-352(1), c =  
8-944 (2) A, a=107 .37(1) ,  B=103.83(1) ,  y =  
78.71 (1) °, V=  1106 (2) A 3, Z =  2, Dx = 
1.806 g cm -3, a(Mo Ka) = 0"7107/~, /x = 
66"90 cm-1, F(000) = 580, T = 293 (1) K, R = 0.026 
for 3457 observed reflections. The square planar Pt 
atom is coordinated by two C1 atoms [Pt--C1 
2.369(1), 2.300(1)A] and the P and N atoms 
derived from a chelating (2-aminophenyl)di- 
phenylphosphine ligand [Pt--P 2.188 (1), Pt--N(1) 
2.048 (4) A and P(1)--Pt--N(1) 86.3 (1)°]. Centro- 
symmetric molecules associate via N--H...C1 con- 
tacts and the acetone molecule of solvation hydrogen 
bonds to the second amine proton. 

Introduction. The hybrid ligand (2-aminophenyl)- 
diphenylphosphine, Ph2PC6H4NH2, displays facile 
and reversible deprotonation at the aromatic amino 
group upon coordination to transition metals (An- 
sell, McPartlin, Tasker, Cooper & Duckworth,  1983; 
Cooper, Downes, Goodwin, McPartlin & Rosalky, 
1983). Bis-chelating complexes of this ligand with 
Ni II, Pt n and Rh I have been used to study geometric 
isomerism (Cooper & D o w n e s ,  1981) and metal- 
template catalyzed synthesis of the multidentate 
P,N-ligand, N,N'-bis[2-(diphenylphosphino)phenyl]- 
propane-l,3-diamine (Cooper, Duckworth, Ham- 
bley, Organ, Henrick, McPartlin & Parekh, 1989). 
Serendipitous crystallization of the precursor com- 
plex [PtCIE(PhEPC6H4NH2)] from acetone gave a 
novel hydrogen-bonded acetone solvate, the struc- 
ture of which is reported herein. 

Experimental. [PtC12(Ph2PC6H4NH2)] was prepared 
as in the literature (Downes, 1978) and crystals for 
the X-ray study were obtained as a mono acetone 
solvate from an acetone solution of the compound; 
m.p. 339-343 K (dec.). Enraf-Nonius CAD-4F dif- 
fractometer controlled by a PDP8/A computer, 
graphite-monochromated MoKa radiation; o~--20 
scan technique. Cell parameters by least squares on 
25 reflections (2-< 0-< 11 °) (de Boer & Duisenberg, 
1984) on a 0.12 x 0.12 x 0.50 mm crystal. Analytical 
absorption correction applied; max. and min. 
transmission factors 0-517 and 0.410 (SHELX76; 
Sheldrick, 1976). 4364 reflections (1.5 -< 0 -< 25.0 °) 
measured in the range - 11 _< h -< 11, - 17 --- k -< 17, 
- 1 0  _< l_< 1. No significant variation in the net 
intensity of three reference reflections (22i, 222, 433) 
measured every 7200s. 3894 unique reflections 
(Rmerge 0.011) and 3457 satisfied I_> 2-5~r(/). Struc- 
ture solved by Patterson method, full-matrix least- 
squares refinement on 245 parameters based on F 
(SHELX76; Sheldrick, 1976). Anisotropic thermal 
parameters for non-H atoms and H atoms included 
at their calculated positions and assigned a common 
isotropic thermal parameter. At convergence R = 
0.026, wR = 0.027, w = [tr2(F) + 0"00181/~2] - i, S = 
0.79, (A/o')max-<0"001, Apmax = +2-01, Apm~n= 

3 
- 1.70 e A -  ; no extinction correction applied. Scat- 
tering factors for neutral Pt corrected for f '  and f "  
from International Tables for X-ray Crystallography 
(1974, Vol. IV, pp. 99, 149) and for the remaining 
atoms as incorporated in SHELX76 (Sheldrick, 
1976). All calculations on SUN4/280 computer 
system. Atomic parameters are given in Table 1, 
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