494

Fig. 1. Molecular structure and labelling scheme for (1).

As(2)

Fig. 2. Molecular structure and labelling scheme for (2).

on 181 parameters; all non-H atoms anisotropic, H
atoms idealized and updated (C—H =096 A, U=
1-2U of attached C). Ry=477%, wRr= 5:03%, S =
1276, w™'=o*(F,) + gF?, g=0001; (4/0)may=
0-043; Appax = 1009, Apin = —1-208 ¢ A ~3; atomic
scattering factors from International Tables for X-ray
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[Mo,As,(CsgH 1)2(CO)y] AND [Mo,(As;),(CsH;),(CO),]

Crystallography (1974); SHELXTL computer pro-
gram (Sheldrick, 1985).

Atomic coordinates and equivalent isotropic ther-
mal parameters for (1) and (2) are given in Tables 1
and 2 respectively. Bond lengths and angles for (1)
are given in Table 3. Bond lengths and angles for (2)
are given in Table 4. Figs. 1 and 2 show the labelled
molecular structures for (1) and (2) respectively.*

Related literature. (1) is an analogue of a structure
previously reported by Foley, Rheingold & Sullivan
(1982). (2) is an analogue of a structure previously
reported by DiMaio & Rheingold (1987). Three simi-
lar Mo—As clusters have been reported by Scherer,
Sitzmann & Wolmershauser (1986).

The sponsors of the Petroleum Research Fund,
administered by the American Chemical Society, are
thanked for partial support of this research.

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters, and figures showing unit-cell packing have
been deposited with the British Library Document Supply Centre
as Supplementary Publication No. SUP 52328 (35 pp.). Copies
may be obtained through The Technical Editor, International
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England. .
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Structure of [(1,2,3-)-Cyclotridecenyl]bis(triphenylphosphine)rhodium Benzene
Solvate

By A. W. CORDES, S. SIEGEL, S.-T. LIN, L. MARTIN AND M. C. NOBLE
Department of Chemistry and Biochemistry, University of Arkansas, Fayetteville, AR 72701, USA

(Received 26 June 1989; accepted 29 September 1989)

Abstract. [Rh(C,3Hp){P(CsHs)s},).0-5CcHe, M, =
8459, triclinic, P1, a = 12:260 (6), b = 13-05 (1), ¢ =
1591 (HA, a=7130(6), B=7624(6), y=
6771 (5)°, V=2211(3) A%, Z=2,D,=127gcm™3,

0108-2701/90/030494-03303.00

A(Mo Ka) = 0-71073 A, u =48 cm ™", F(000) = 886,
T=293 K, R= 0043 for 6030 reflections with F,? >
30(F,?). The Rh atom is m*-bonded to the allyl
portion of the 13-carbon-ring ligand. The ring atoms

© 1990 International Union of Crystallography
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flanking the allyl unit are in the trans configuration.
In the allyl sequence the bond distances are 1-380 (5)
and 1-411 (5) 2; the bond angles of these three atoms
are 123-9 to 125-7 (4)° and their distances to the Rh
atom are 2-120 (4), 2-180 (5) and 2-231 (3) A.

Experimental. Title compound (I) obtained by the
reaction of bis(triphenylphosphine)rhodium hydride
with 1,2-cyclotridecadiene. Data crystal obtained by
slow evaporation of a benzene solution. Orange crys-
tal approximately 0-3 x 0-3 x 0-3 mm mounted under
argon in a capillary tube. Intensities measured with
an Enraf-Nonius CAD-4 diffractometer using «-26
scans of 4-16° min~ ' in 6. Unit cell determined from
least-squares analysis of angle data for 25 reflections
with 26 < 26 < 28°. Absorption correction based on
¢ scans varied from 0-95 to 1-00. Data collected to
(sin@)/A of 0-59 A7, —14<h=<14, —15<k=<15,0
<[ = 18. Variations in the intensities of three stand-
ard reflections (373,255,559) over 71-9 h of data col-
lection resulted in a correction which ranged from
0-89 to 1-00. 8061 reflections measured, 7758 unique
(Rine = 0:02), 1728 reflections with I<3o(l) where
a*(l) = o%(D) + (0-08)%; o (D) is standard deviation
of I based on counting statistics. Solved by direct
methods using MULTANI11/82 (Main, Fiske, Hull,
Lessinger, Germain, Declercq & Woolfson, 1982)
and Fourier methods. Full-matrix least squares mini-
mized >w(F, — F.)>. H atoms were constrained to
idealized positions (C—H = 0-95 A) with fixed iso-
tropic B values of 8-:0 A% The three C atoms of the
benzene solvate (located on an inversion center) were
refined isotropically while all other non-H atoms
were refined anisotropically for a total of 481 param-
eters. R=10-043, wR=0-056, S=1-6, where non-
Poisson w™' =[o*(]) + (0-051)*)/4F?. Final (4/0)ax
<02, Aprax = 0-63 (7) and Appin = —0-61 (T) e A™3
on final difference map. Atomic scattering factors
and anomalous-dispersion corrections from Inter-
national Tables for X-ray Crystallography (1974) and
programs used were those of Enraf-Nonius (1982)
SDP.* Table 1 gives the atomic coordinates and
Table 2 selected bond distances and angles. Fig. 1
shows the molecule with the numbering scheme.

CH.  CH
Ph,P e 2
3 Sy Senp Son,
=0 e, con '
N 2 CH
Ph3P/ I T
@

* Tables of distances and angles in the phenyl groups and in the
standard portion of the allyl ring, anisotropic temperature factors,
structure factors and H-atom positions have been deposited with
the British Library Document Supply Centre as Supplementary
Publication No. SUP 52315 (59 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystallog-
raphy, 5 Abbey Square, Chester CH1 2HU, England.
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Table 1. Fractional coordinates and isotropic or
equivalent isotropic thermal parameters

The thermal parameters are of the form B=8%?U and B, =
§Y.SUa*a*a.a,

x y z BIB,, (A%

Rh 0-21416 (2) 0-33505 (2) 0-32990 (2) 3-433 (6)
P(1) 0-18748 (7) 0-19508 (7) 0-29147 (6) 319 (2)
P(2) 0-31258 (7) 0-41249 (7) 0-20339 (6) 343 (2)
C(1) 0-0328 (3) 0-2135 (3) 0-2852 (2) 3-70 (8)
C(2) 00032 (3) 0-1388 (3) 0-2574 (3) 46 (1)
C(3) -0-1139 (3) 0-1572 (4) 0-2516 (3) 53 (1)
C(4) -0-2019 (3) 0-2506 (4) 02732 (3) 54 (1)
C(5) -0-1739 (4) 0-3263 (4) 0-2988 (3) 54 (1)
C(6) 0-0572 (3) 0-3089 (3) 0-3054 (2) 43 (1)
C(7) 0-2368 (3) 0-0596 (3) 0-3766 (3) 45 (9)
C(8) 0-3481 (4) 0-0297 (4) 0-4005 (3) 59 (1)
C(9) 0-3913 (4) —0-0682 (5) 0-4655 (4) 74 (2)
C(10) 0-3250 (5) —0-1384 (5) 0-5079 (4) 80 (2)
C(11) 0-2160 (5) -0-1107 (5) 0-4862 (4) 83(2)
C(12) 0-1701 (4) —00108 (4) 0-4206 (3) 60 (1)
C(13) 02562 (3) 0-1489 (3) 0-1875 (2) 3-75(8)
C(14) 03337 (4) 0-0406 (4) 0-1842 (3) 57(1)
C(15) 0:3754 (5) 0-0107 (4) 01041 (4) 71(2)
C(16) 03395 (4) 0-0875 (4) 00260 (3) 63 (1)
C(17) 02644 (4) 0-1957 (4) 00274 (3) 54(1)
C(18) 02229 (3) 0-2259 (3) 0-1074 (2) 443 (9)
C(19) 0-2288 (3) 0-4988 (3) 01091 (2) 3-67 (8)
C(20) 0-2781 (3) 0-5565 (4) 0-0297 (3) 49 (1)
C@21) 02110 (4) 06195 (4) —0-0399 (3) 59 (1)
C(22) 0-0953 (4) 06272 (4) -0-0303 (3) 56 (1)
C(23) 0-0431 (3) 05754 (3) 0-0488 (3) 5-1(1)
C(24) 0-1095 (3) 0-5106 (3) 01190 (3) 419 (9)
C(25) 0-4430 (3) 0-3044 (3) 0-1613 (2) 375 (8)
C(26) 0-4769 (4) 0-2975 (3) 0-0739 (3) 49 (1)
C(27) 0-5768 (4) 02092 (4) 00518 (3) 63 (1)
C(28) 0-6421 (4) 0-1285 (4) 01172 (4) 63 (1)
C(29) 0-6090 (4) 01342 (4) 0-2038 (3) 56 (1)
C(30) 0-5099 (3) 02216 (3) 02260 (3) 46 (1)
C(a31) 0-3791 (3) 0:5173 (3) 0-2045 (2) 399 (9)
C(32) 0-3036 (4) 06196 (3) 0-2217 (3) 54 (1)
C(33) 0-3460 (5) 0-7013 (4) 02252 (4) 68 (1)
C(34) 0-4665 (4) 06808 (4) 02114 (4) 75(1)
C(35) 0-5420 (4) 0-5816 (4) 0-1935 (4) 71 (1)
C(36) 0-4991 (3) 04992 (3) 0-1896 (3) 52(1)
C(37) 0-1424 (4) 02792 (3) 04733 (3) 49 (1)
C(38) 0-0340 (4) 02443 (4) 05125 (3) 6-5(1)
C(39) 0-0226 (6) 01977 (1) 0-6099 (4) 156 (2)
C(40) 0-0458 (9) 0-2348 (9) 0-6728 (4) 154 (4)
C(41) 0-1446 (8) 01775 (7) 0-7206 (6) 132 (3)
C(42) 0-173 (1) 0-2429 (7) 0:7657 (6) 17-5 (4)
C(43) 0-2330 (9) 03072 (9) 0-7295 (5) 2113 (3)
C(44) 0:3190 (7) 0-3025 (7) 06492 (4) 145 (3)
C(45) 0-3154 (7) 0-4120 (6) 0-5903 (4) 14-6 (2)
C(46) 0-3874 (5) 0-4195 (5) 0-5033 (4) 105 (2)
C(47) 0-3630 (4) 0-3668 (4) 0-4406 (3) 64 (1)
C(48) 0-2416 (4) 0-4267 (3) 04117 (3) 52(1)
C(49) 0-1413 (4) 0-3910 (4) 0-4487 (3) 54 (1)
C(53) 0-0539 (6) 0-8839 (6) 00373 (5) 95 (2)*
C(54) 0-0848 (6) 09687 (6) 00567 (4) 94 (2)*
C(55) —0-0302 (6) 0-9196 (5) —0-0181 (4) 91 (2)*

* Atoms refined isotropically.

Table 2. Selected bond distances (A) and angles (°)
with e.s.d.’s in parentheses
Rh P(1) 2-2543 (12) P(1) C(13) 1-844 (3)
Rh P(2) 2-2347 (8) PQ2) C(19) 1-829 (3)
Rh C(37) 2231 (4) P(2) C(25) 1-839 (3)
Rh C(48) 2:179 (6) P(2) C(@31) 1-845 (5)
Rh C(49) 2119 (5) C(37) C49) 1-380 (7)
P(1) c(1) 1-842 (4) C48) C(49) 1-411 (7)
P(1) C(7) 1-835 (3)
P(1) Rh P(2) 101-56 (3) C(47) C(48) C(49) 1257 (4)
P(1) Rh C(37) 93-63 (12) C(37) C@49) C(48) 125-3 (4)
P(1) Rh C(48) 160-08 (12) Rh P(1) C(1) 116:01 (12)
P(1) Rh C(49) 127-92 (14) Rh P(1) C(7) 109-25 (14)
PQ2) Rh C@37 163-34 (12) Rh P(1) C(13) 12561 (12)
P(2) Rh C(48) 95-49 (12) Rh P(2) C(19) 117:51 (12)
P Rh  C@9) 12996 (14) Rh PQ2) C(25) 11223(12)
C(38) C(37) C49) 1239 (4) Rh P(2) C@31) 11913 (12)
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Fig. 1. ORTEP (Johnson, 1976) drawing and numbering scheme.
The ellipsoids are drawn at the 30% probability surface.

Related literature. The syntheses, reactions and struc-
tural aspects of allyl complexes of rhodium have
been the subject of numerous reviews; recent surveys
include those by Collman, Hegedus, Norton & Finke
(1987) and by Hughes (1982). The structure reported
here can be compared to that of a cyclooctenyl-
rhodium complex (Pickardt & Stuhler, 1980) and
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[Rh(c13H23){P(C6H5)3}2]-0'5C6H6

that of a methylallyl-rhodium complex (Hewitt &
deBoer, 1968).

We thank the National Science Foundation‘ and
the State of Arkansas for financial support.

References

CoLLMAN, J. P., HEGEDUS, L. S., NorTON, J. R. & FINKE, R. G.
(1987). Principles and Applications of Organotransition Metal
Chemistry, pp. 175-182. Mill Valley, California: University
Science Books.

Enraf-Nonius (1982). Structure Determination Package. Enraf—
Nonius, Delft, The Netherlands.

Hewrrt, T. G. & DEBOER, J. J. (1968). J. Chem. Soc. Chem.
Commun. pp. 1413-1414.

HucHss, R. P. (1982). Comprehensive Organometallic Chemistry,
Vol. 5, edited by G. WILKINSON, F. G. A. STONE & E. W. ABEL,
pp. 493-506. Oxford: Pergamon Press.

International Tables for X-ray Crystallography (1974). Vol. IV.
Birmingham: Kynoch Press. (Present distributor Kluwer
Academic Publishers, Dordrecht.)

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

MaiN, P., Fiskg, S. J., HuLL, S. E., LESSINGER, L., GERMAIN, G.,
DECLERCQ, J.-P. & WoOLFsON, M. M. (1982). MULTAN11/82.
A System of Computer Programs for the Automatic Solution of
Crystal Structures from X-ray Diffraction Data. Univs. of York,
England, and Louvain, Belgium.

PickarDT, J. & STUHLER, H.-O. (1980). Chem. Ber.
1623-1625.

113,

(9*-1,3-Di-tert-butyl-2,5-dioxo-3-cyclopentene-1-carbonitrile)bis(triphenylphosphine)-
platinum(0)-Diethyl Ether

By ArRNOLD L. RHEINGOLD* AND CYNTHIA J. BALDACCHINI
Department of Chemistry and Biochemistry, University of Delaware, Newark, DE 19716, USA

AND PHILIP D. MACKLIN AND GREGORY L. GEOFFROY
Department of Chemistry, Pennsylvania State University, University Park, PA 16802, USA

(Received 17 July 1989; accepted 24 October 1989)

Abstract. [Pt(C,,H;sNO,){P(CsHj5)s},].C4H,00, M, =
1027-1, triclinic, P1, a = 11-240 (4), b= 13-748 (5), ¢
=16224 (6) A, a=7677(3), B=7956(3), y=
83-09 (3)°, V=2392(12) A3, Z=2, D.=
1-426 g cm 3, A(Mo Ka) =0-71073 A, w=
3199cm™!, F(000)=1044, T=296K, Rr=411%
for .5014 observed reflections and 479 parameters.
The structure is consistent with a Pt° olefin diphos-
phine complex. The Pt—olefin plane is twisted 11-4°
out of the PtP, plane by the presence of the bulky
tert-Bu group on the cyclopentenedione ring. The
dihedral angle between the ring plane and the Pt-
olefin plane is 95-8°. The two Pt—C distances differ

* Address correspondence to this author.

0108-2701/90/030496-03$03.00

significantly: the distance to the ring position bearing
the fert-Bu group is 2:170 (7) A, while the distance
to the unsubstituted C atom is much shorter,
2:121 (8) A.

Experimental. The title compound was obtained by

the addition of the ligand (see below) to
[Pt(C,H,)(PPhs),] (Macklin, 1988). Yellow crystals
Bu® CN
0 0
But
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