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carbonato ligand is bidentate, in contrast to the pair
of monodentate acetate ligands reported here.

We thank SERC for a research grant and R.
McLaughlan for technical assistance.
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Structure of Mn(CO);|CsH,CHMeCs;H Mn(CO); and its Benzene Solvate

By A. W. CorbEs, B. DURHAM AND E. ASKEW
Department of Chemistry and Biochemistry, University of Arkansas, Fayetteville, AR 72701, USA

(Received 12 June 1989; accepted 4 July 1989)

Abstract. (I) 1,1-Bis(n’ -cyclopentadienyl)ethanebis-
(trlcarbonylmanganese) CsHoMn,O4, M, =434-2,
monoclinic, P2,/c, a = 12-045 (2) b= 14 169 ), c=
11-468 (4)A B=11591(2)°, V=1760 (2) A3, Z =4,
D,=164gcm™3, A(Mo Ka)=0-710734, u=
14-1cm™!, F(000) =872, T=293K, R=0043 for
1251 reflections with E2>30(F, 2) (II), the 0-5 ben-
zene solvate of (I), C,sH,;;Mn,06.3CsHg, M, = 4732,
triclinic, PI, a=7-850(3), b=9205(4), c=
14291 4) A, a=8542(3), B=8579(3), y=
75-50 (3)°, V=995 (2) A3, z 2, D,=158gcm 3,
A(Mo Ka) =0-71073 =125cm™!, F000)=
478, T=293K, R= 0-028 for 1800 reflections with
E? > 30(F,?). These two crystals show large differen-
ces of conformation of the dicyclopentadiene ligand:
in (I) the cp rings are each within 9-1° of being
perpendicular to the central C(cp)—C—C(cp) plane
and the Mn(CO); units are both on the outside of
the ligand unit, while in (II) one cp ring is perpen-
dicular to the C(cp)—C—C(cp) plane while the other
is twisted 32:6° away from the perpendicular orienta-
tion; the Mn(CQO); unit bonded to the latter cp ring is
on the inside of the fold of the ligand.

Experimental. The title complex (I) was obtained by
the procedure described by Kolobova, Valueva,
Anisimov & Suleimanov (1978). Yellow crystals of
(I) obtained from pentane/benzene (20:1) solution
and of (II) from benzene solution by slow evapor-
ation of the solvents. Data crystal was 0-08 x 0-26 X
0-32mm for (I) and approximately 0-5 %X 0-5 %
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0-5 mm for (II); both were mounted with epoxy on a
glass fiber. Intensities measured with an Enraf-
Nonius CAD-4 diffractometer using «-28 scans of
4-16° min~'in . Unit cell for each determined from
least-squares analysis of angle data for 25 reflections
with 14 < 26 < 20°. Analytical absorption correction
for (I) varied from 0-74 to 1-00; an absorption cor-
rection based on ¢ scans for (II) varied from 0-95 to
1-00. Data collected to (sin8)/A of 0-53 A~! for both
crystals; 0<h <12, 0<k <14, —12</< 12 for (I)
and -8<h<8, 0<k<9, —15</< 15 for (II).
Three standard reflections [404, 244, 160 for (1); 007,
040, 300 for (II)] indicated crystal decomposition of
less than 2-:5% over 20-1 h (I) and 12-7 h (II) of data
collection. For (I): 2390 reflections measured, 2147
unique (R, = 0-033), 896 reflections with 7 < 3o (J)
where o*() = o () + (0-05)%; o.(I) is standard
deviation of I based on counting statistics. For (II):
2612 reflections measured, 2428 unique (R =
0-014), 628 with I < 3o(I). Both structures solved by
direct methods using MULTAN11/82 (Main, Fiske,

Me H
H N/ W
SN /C

~c c
! |
T° ﬁ

(1)
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Table 1. Final fractional coordinates and B., thermal Table 2. Some bond lengths (A) and bond angles (°)

factors for non-H atoms with e.s.d.’s in parentheses
E.s.d.’s in parentheses are in the units of the least-significant digit. O (In
Mn(1)—C(1) 1782 (9) 1-779 (4)
Mn(1)—C(2) 1775 (10) 1777 (5)
By =1Z,5,by(a a). Mn(1)—C(3) 1776 (10) 1775 (5)
2 Mn(2)—C(4) 1-757 (11) 1-789 (4)
o * Y z B(AY) Mn(2)—C(5) 1789 (9) 14771 (4)
Mn(l) 0-53295 (9) 0-35137 (9) 0-1385 (1) 283 (3) (r;i(;;()z_q)—cl()s) ”;; E;)') Hﬁ; g;
Mn(2) 1-11814 (9) 040139 (9) 0-2838 (1) 325(3) 0@ —C(2) 1150 (9) 1-154 (5)
o(1) 0-5509 (5) 0-3700 (4) ~0-1063 (5) 46 (1) 00)—CO) 1164 9) 1152 (5)
02 0-4446 (6) 0-1569 (4) 0-0793 (6) 69 (2) 04 —C(d) 11168 (1) 1-146 &)
o3 0-2780 (5) 0-4224 (5) 0-0243 (6) 66(2) 0(5—C(5) 1134 9) 1158 (4)
0o(4) 1-3093 (5) 0-5285 (6) 0-2834 (7) 104 (2) 0(6)—C(6) 1146 (10) 1-145 (4)
o5 0-9871 (6) 0-3882 (5) 0-0015 (5) 62(2) C(L—C(12) 1-517 9) 1-506 (5)
0(6) 1-2592 (6) 02327 (5) 0-2892 (6) 86(2) C(12—C(13) 1-523 (10) 1:513 (5)
c() 0-5418 (6) 0-3630 (5) -0:0119 (7) 31(2) C12—C(18) 1-514 (10) 1-526 (5)
Q) 0-4785 (6) 0-2335 (6) 0-1034 (7) 39(2) Clepy—C(ep) 140 (1) 1-400 (5)
C@3) 0-3789 (7) 0-3941 (6) 0:0708 (7) 44(2) ~143 (1) —1426 (5)
C@) 1-2335 (7) 0-4767 (7) 0-2824 (9) 60 (3) Mn—C(cp) 2135 (7) 2119 (5)
C() 1-0392 (7) 0-3949 (6) 0-1108 (7) 39(2) —2-154 (8) ~2150 (5)
C(6) 1-2046 (7) 0-2991 (7) 0-2888 (8) 53(3) .
() 06678 (6) 04573 (5) 02365 (7) 29(2) Cfbenz.)—Clbenz.) _ :,;gg g;
C@®) 05895 (7) 0-4502 (6) 0-2969 (7) 38(2)
CO) 0-5998 (6) 0-3567 (6) 0-3447 (7) 37(2) C(1)—Mn(1)—C(2) 923 (4) 920 (2)
C(10) 0-6857 (6) 0-3069 (5) 03146 (6) 31(2) C(1)~Mn(1)—C(3) 922 (4) 918 (2)
(1) 0729 (6) 03688 (5) 02472 (6) 270) CQ)—Mn(1)—C(3) 9-5 (4) 938 (2)
C(12) 0-8262 (6) 0-3485 (6) 0-1999 (6) 31 () C(4—-Mn(2)—C(5) 93-4 (5) 927 (2)
C(13) 0-9481 (6) 0-3881 (5) 0-3004 (6) 29(2) C(4)—Mn(2)—C(6) 92:4 (5) 911 (2)
c(4) 1-0423 (6) 0-3403 (6) 0-4034 (7) 38(2) C(5—Mn(2)—C(6) 90-8 (4) 941 (2)
C(15) 1-1346 (7) 0-4049 (7) 0-4772 (7) 45(2) C(11)y—C(12y—C(13) 107-4 (6) 111:0 (3)
C(16) 1:0994 (6) 04946 (6) 0-4215 (7) 42(2) C(11y—C(12)—C(18) 1132 (6) 1135 (3)
can 09844 (6) 0-4852 (6) 03124 (7) 36(2) C(13)—C(12)—C(18) 112:3 (6) 109-6 (3)
C(18) 0-8353 (7) 0-2450 (6) 0-1727 (7) 42(2) C(cp)—C(cp)—Clcp) 106-4 (7) 1065 (3)
an -109-2 (8) —108-7 (4)
Mn(1) 054290 (7) 0-61080 (6) 0-26810 (4) 330 (1) Mn—C—0 - :;Zzg g; - 1332 Eﬁ;
Mn(2) 1-12654 (7) 0-15203 (6) 0-13086 (4) 310 (1) .
o(l) 01692 (4) 07383 (3) 02373 2) 5:60 (8) Cbenz ) —C(benz.)—C(benz.) _ };32 g;
o) 0-4640 (5) 0-3982 (4) 04188 (2) 81(1)
0(3) 0-5536 (4) 0-8439 (4) 0-3938 (2) 747 (9)
0O(4) 09185 (4) 0-3225 (3) -00223 (2) 603 (8)
o(5) 1-3182 (4) ~00883 (3) 0-0126 (2) 643 (8)
0(6) 0-8423 (4) 00072 (3) 0-1954 (2) 563 (8)
(1) 0-3155 (5) 0-6891 (4) 0-2503 (3) 384 (9)
cQ 0-4941 (6) 0-4835 (5) 0-3603 (3) 50(1)
C@3) 0-5479 (5) 07514 (5) 0-3453 (3) 46(1)
C(4) 1-0006 (5) 0-2533 (4) 0:0364 (3) 41(1)
C(5) 1:2393 (5) 0-0058 (4) 0:0591 (3) 409 (9)
C(6) 09543 (5) 00621 (4) 01693 (3) 383 (9)
cm 06737 (5) 04326 (4) 01837 (3) 393 (9)
C@®) 0-5894 (5) 0-5562 (5) 01255 (3) 46 (1)
C9) 0-6614 (5) 06777 (5) 01383 (3) 44(1)
C(10) 0-7930 (5) 0-6279 (4) 02047 (3) 383 (9)
can 0-8024 (4) 0-4759 (4) 02333 2) 311 (8)
C(12) 09297 (5) 0-3744 (4) 0:2984 (3) 319 (8) . . .
c(13) 10963 (4) 02960 (4) 02447 2) 292 8) Fig. 1. ORTEP (Johnson, 1976) drawing and numbering scheme
C(14) 1-1833 (5) 03555 (4) 0-1664 )3) 339 (9) for (I); H atoms have the same number as the attached atom.
gﬁg 1';';;3 g; g'f‘gé g; g';ggg 8; i‘zg(g) The ellipsoids are drawn at the 30% probability surface and H
camn 1-2056 (5) 0-1526 (4) 02712 (3) 385 (9) atoms have been given arbitrary radii for figure clarity.
C(18) 09768 (5) 0-4553 (4) 03783 (3) 42(1)
C(19) 0-8324 (6) 1:0364 (5) 0-4684 (3) 56 (1)
C(20) 0-9474 (6) 0-9046 (5) 0-4470 (3) 57(1)
@l 1-1156 (6) 0-8674 (5) 0-4788 (3) 56 (1)

Hull, Lessinger, Germain, Declercq & Woolfson,
1982) and Fourier methods. Full-matrix least squares
minimized >w(F,— F,)’.. Methyl H atom orientation
determined from difference maps and all H atoms
constrained to idealized positions (C—H = 0-95 A)
with fixed isotropic B values of 1-2 times the B value
of the attached atoms. For (I) all non-H atoms were
refined anisotropically for a total of 235 parameters.
R=0-043, wR=0-052, GOF=1-1, where non-
Poisson w™! = [oX(I) + (0-051)*)/4F?; final (A/0)may
<0:02, pmax =0:39(9) and ppin = —0:63(9) e A3 Fig. 2. ORTEP (Johnson, 1976) drawing and numbering scheme
on final difference map. For (II) all non-H atoms for (II). Drawing and labeling as in Fig. 1.
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were refined anisotropically for a total of 262 param-
eters. R = 0-028, wR = 0-035, GOF = 1-2, where non-
Poisson w™ ! =[0?(]) + (0-041)*)/4F?; final (4/0)max <
001, prmax =024 (5) and ppn= —0-21(5)e A3 on
final difference map. Atomic scattering factors and
anomalous-dispersion corrections from International
Tables for X-ray Crystallography (1974) and pro-
grams used were those of Enraf-Nonius (1982)
SDP.* Table 1 gives the atomic coordinates and
Table 2 gives selected bond distances and angles.
Figs. 1 and 2 show the complexes with the
numbering schemes. '

Related literature. The structures of three similar
dimanganese complexes have been reported recently:
one with a —C(Me)(OSiMe;)— unit bridging the
two cp rings (Cordes, Durham & Askew, 19894), one
with a —C(CH3)(OH)— bridge (Cordes, Durham &
Askew, 19896) and one with a —C(O)CH=
C(CH;)— bridge (Cordes, Durham & Askew,

* Tables of anisotropic temperature factors, H-atom positions
and structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
52089 (35 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.

Acta Cryst. (1989). C45, 1996-1998

CsH1:Mn,0s AND C,H,-Mn,0¢.5CsH;

1989b). The structure of a related monomeric man-
ganese complex has been reported by Berndt &
Marsh (1963).

We thank the National Science Foundation and
the State of Arkansas for financial support.
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Structure of Acetonitriletris(triphenylphosphine)rhodium(I) Tetraphenylborate

By WiLLiaM CLEGG
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Department of Chemistry, The University, Manchester M13 9PL, England

(Received 28 June 1989; accepted 6 July 1989)

Abstract. [Rh(C,H;N){P(C¢Hs)3}5][B(CeHs)s], M, =
1250-1, triclinic, P1, a=12:095(1), b= 15594 (2),
c=18482(2) A, a=105971(5), B=93-8563),
y=99-580 (6)°, V=32810A3 Z=2, D, =
1265 gcm™3, A(Cu Ka) = 1-54184 A, w=
3-17mm™'; F(000)= 1300, T=295K, R=0-0402
for 7864 unique observed reflections. The structure
consists of discrete cations and anions. The Rh atom
in the cation has essentially square-planar coordina-
tion, with the Rh—P bond trans to the acetonitrile
ligand [2262 (1) A] significantly shorter than those
cis to it [2:315 (1) and 2-361 (1) A]. The Rh—N bond
length is 2:045 (3) A. There is a small distortion of
the square-planar coordination towards tetrahedral,
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with deviations of atoms from the RhP;N mean
plane of: Rh —0-027 (1), P(1) —0-146 (1), P(2)
0-134 (1), P(3) —0:140 (1), N(4) 0-180 (4) A, and
with in-plane compression of P—Rh—N angles and
expansion of P-—Rh—P angles from ideal values of
90°. The acetonitrile ligand is essentially linearly
coordinated [Rh—N—C = 171-8 (3)°].

Experimental. The compound was obtained in an
attempt to prepare a salt of the [Rh(PPhs);(pyri-
dine)]* cation; pyridine was replaced by aceto-
nitrile during recrystallization from this solvent.
Crystal size 0-13 x 0-23 X 0-27 mm, Stoe-Siemens
diffractometer, unit-cell parameters from 28 values
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