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p-(n-Diarseno-u-As,u-As’)-bis(dicarbonyl-n>-propylcyclopentadienylmolybdenum)-
(Mo—Mo) and Bis-u-(n-diarseno-u-As,u-As")-bis(carbonyl-n-cyclopentadienyl-
molybdenum)(Mo—Mo)
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Abstract. [Mo0,As,(CsH;1),(CO)4] (1), M, = 66814,
monoclinic, 12/a, a=17-297(4), b=7-302(2), c=
17-868 (5) A, B =90-60 (2)°, V =2256-8 (10) A%, Z =
4, 0-5 molecules/asymmetric unit, D, = 197 g cm 3,
A(Mo Ka)=0-71073 A, p=418cm™!, F000)=
1296, T=296 K, Rr=2-66% for 2284 reflections.
The structure is the isopropyl substituted analogue of
a previously reported cluster, [M0,As,(CsHs),(CO),)
[Foley, Rheingold & Sullivan (1982). J. Am. Chem.
Soc. 104, 4727-4729). The heavy atoms of (1) form a
distorted tetrahedral cluster with an i-PrCp group
and two carbonyl units attached to each Mo atom
with As—As =2-302 (1), Mo—As=2-576 (1) and
2:666 (1), and Mo—Mo = 3-064 (1) A. [Moy(As,),-
(CsH5)x(CO),] (2), M, = 677-78, monoclinic, C2/c, a
=25435(6), b=28308(2), c=16182(@ A, B=
106:89 (2)°, V=3272(1)A3, Zz=8, D,=
275gcem™!, AMo Ka) =0-71073 A, u =997 cm ™!,
F(000)=2510, T=296K, R-=477% for 2113
reflections. The structure is an analogue of the
methylated bis(diarsenic) structure, [(n*-
MeCsH,)Mo(CO)],, reported earlier [DiMaio &
Rheingold (1987). J. Chem. Soc. Chem. Commun. pp.
404-405). The structure contains two Mo,As, tetra-
hedra sharing the Mo—Mo edge. Each tetrahedron
resembles (1). The Mo—Mo bond forming the edge
bridge is 2:959 (1) A, and the As—As bond lengths
are 2-272(2) and 2-281 (2) A. The four Mo—As
bond lengths average 2617 (2) A. In both (1) and
(2), the As—As distances are very short, indicating
considerable multiple bond character.

Experimental. For (1), red-orange crystals from
methylene chloride/hexane (0-18 x 0-18 x 0-30 mm);
Nicolet R3m diffractometer with graphite mono-
chromator; w scans; lattice parameters from least-
squares fit of 25 reflections (20 < 26 < 25°); empirical
absorption correction (six reflections, ¢ scan, 216
data), Toax/Tmin = 1'18; 26, = 55° (h= =23, k=
+10, /= +24); standard reflections 0,0,10, 040,
10,04, <1% intensity variation. 2895 reflections col-
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lected, 2602 independent (R, = 1-54%), 2128
observed with F, > 5¢(F,), 474 unobserved reflec-
tions. Direct methods (SOLV) structure solution;
least-squares refinement on 127 parameters; all

Table 1. Atomic coordinates (% 10*) and equivalent
isotropic thermal parameters (A? x 10°) for (1)

U,, is the equivalent isotropic U defined as one third of the trace
of the orthogonalized Uy tensor.

x y z U
Mo(1) 3292 (1) 258 (1) 4624 (1) 39(1)
As(1) 2758 (1) 2707 (1) 5597 (1) 46 (1)
o(1) 4580 (2) 3265 (4) 4581 (2) 72(1)
oQ) 3975 (2) —846 (4) 6189 (2) 74 (1)
C(1) 4088 (2) 2210 (4) 4611 (2) 51Q1)
C(2) 3702 (2) —395 (5) 5628 (2) 54 (1)
C(3) 4130 (2) —1526 (5) 3950 (2) 55(1)
C@) 3589 (2) —2720 (4) 4278 (2) 66 (1)
C(5) 2860 (2) —2334 4) 3955 (2) 61 (1)
C(6) 2940 (2) —906 (5) 3430 (2) 52(1)
C(D 3734 (2) —385(4) 3419 (2) 50 (1)
C(8) 4119 (2) 893 (6) 2878 (2) 57(1)
C©) 4307 (5) =151 (11) 2160 (4) 97 (3)
C(0) 3658 (3) 2626 (7) 2703 (3) 75(2)

Table 2. Atomic coordinates (% 10*) and equivalent
isotropic thermal parameters (A% x 10%) for (2)

U, is the equivalent isotropic U defined as one third of the trace
of the orthogonalized Uy, tensor.

x y z U
Mo(1) 1216 (1) 3479 (1) 1280 (1) 32(Q1)
Mo(2) 1231 (1) 1317 (1) —166 (1) 36 (1)
As(l) 940 (1) 406 (2) 1222 (1) 52 (1)
As(2) 362 (1) 2077 (2) 264 (1) 48 (1)
As(3) 1103 (1) 4404 (2) —282(1) 56 (1)
As(4) 1973 (1) 3599 () 439 (1) 67 (1)
C(1) 883 (6) 6022 (15) 1396 (8) 60 (6)
C(2) 537 (5) 4942 (15) 1650 (9) 58 (5)
C@3) 853 (6) 4193 (16) 2383 (8) 64 (6)
C@4) 1382 (6) 4811 (19) 2568 (9) 86 (6)
C(5) 1399 (6) 5948 (17) 1945 (9) 68 (6)
C(6) 587 (5) 309 (16) —1396 (7) 59 (5)
¢ 900 (6) 1451 (16) —1679 () 60 (5)
C(8) 1436 (5) 928 (16) —1460 (7) 53 (5)
(%) 1460 (7) —556 (19) —1052 (8) 75 (T)
C(10) 926 (7) —923 (16) ~1010 (8) 68 (6)
C1y 1871 (6) 2338 (18) 1993 (8) 65 (%)
o(1) 2250 (4) 1724 (15) 2482 (6) 100 (5)
C(12) 1874 (6) 225 (19) 634 (8) 71 (6)
0 2240 (4) — 565 (16) 1024 (7) 108 (6)
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Table 3. Bond lengths (A) and angles (°) for (1)

Mo(1)---As(1) 2:666 (1)
Mo(1)—C(2) 1-981 (4)
Mo(1)—Mo(la) 3-064 (1)
As(1)—Mo(la) 2-576 (1)
O(1)y—C(1) 1-149 (4)
C(3—C@4) 1-412 (5)
C(4)y—C(5) 1-409 (6)
C(6)—C(7) 1-425 (5)
C(8—C(9) 1-531 (6)
Mo—CNT 2:002
As(1)—Mo(1)—C(1) 767 (1)
C(1)Y—Mo(1)—C(2) 866 (1)
C(1)y—Mo(1)—C(3) 877 (1)
As(1y—Mo(1)—C(4) 1519 (1)
C(2y—Mo(1)—C(4) 864 (1)
As(1y—Mo(1)—C(5) 139:4 (1)
C(2y—Mo(1)—C(5) 112:0 (1)
C(4y—Mo(1)—C(5) 351 (1)
C(1)y—Mo(1)—C(6) 114-8 (1)
C(3y—Mo(1)—C(6) 589 (1)
C(5—Mo(1)—C(6) 347 (1)
C(1)—Mo(1)Y—C(7) 84-3 (1)
C(3y—Mo(1)—C(7) 359 (1)
C(5)—Mo(1)—C(7) 58-4 (1)
As(1)y—Mo(1)—Mo(la) 529 (1)
C(2y—Mo(1)—Mo(la) 852 (1)
Mo(1)—C(4)—C(5) 739 (2)
Mo(1)—C(5—C(4) 710 (2)
Mo(lay—Mo(1)—As(la) 556 (1)
Mo(1)—As(1)—As(la) 62-0 (1)
Mo(1)—C(1)—O(1) 1757 (3)
Mo(1)—C(3)—C(4) 730 (2)
C(4—C(3y—C(D 108-6 (3)
As(1)—Mo(1)—As(la) 521 (1)
C(2—Mo(l)—As(la) 1234 (1)
C(4)—C(5)—C(6) 109-1 (3)
Mo(1)—C(6)—C(7) 712 (2)
Mo(1)—C(7)—C(3) 705 (2)
C(3)—C(7—C(5) 1069 (3)
C(3)—C(7—C(8) 1250 (3)
C(T—C(8)—C(%) 109-2 (4)
C(9)—C(8)—C(0) 110-8 (4)
CNT—Mo—As(la) 117-00

Mo(1)--C(1)
Mo(1)—C(3)
Mo(1—C(5)
Mo(1)—C(7)
Mo(1)—As(la)
As(1y—As(la)
02—C(2)
C(3y—C(7)
C(5—C(6)
C(7y—C(8)
C(8—C(0)

As(1)—Mo(1)—C(2)
As(1)—Mo(1)—C(3)
C(2—Mo(1)}—C(3)
C(1—Mo(1)—C(4)
C(3—Mo(1)}—C(4)
C(1)—Mo(1)—C(5)
C(3)y—Mo(1)y—C(5)
As(1)—Mo(1)—C(6)
C(2—Mo(1)—C(6)
C(4—Mo(1)—C(6)
As(1)=Mo(1)—C(7)
C(2—Mo(1)—C(7)
C(4—Mo(1)—C(7)
C(6)Mo(1)—C(7)

O(1)—Mo(1y—Mo(la)
C(1y—Mo(1)—As(1a)
Mo(1)—As(1)—Mo(la)
Mo(ay—As(1)—As(1a)

Mo(1)—C(2)—0(2)
Mo(1)—C(3)—C(7)
Mo(1)—C(4)—C(3)
C(3)—C(4)—C(5)
Mo(1)—C(5)—C(6)
Mo(1)—C(6)—C(5)
C(5)—C(6)—C(T)
Mo(1)—C(7)—C(6)
Mo(1)—C(7—C(8)
C(6)—C(T—C(8)
C(7)—C(8)—C(0)

CNT—Mo(la)}—Mo(1)
CNT—Mo(lay—As(1)

1-982 (3)
2-300 (3)
2:356 (4)
2339 (3)
2:576 (1)
2302 (1)
1-151 (4)
1-431 (5)
1-410 (5)
1-505 (5)
1-526 (6)

722 (1)
1612 (1)
967 (1)
1210 (1)
356 (1)
1420 (1)
585 (1)
1377 (1)
1446 (1)
586 (1)
1486 (1)
1319 (1)
59-4 (1)
352(1)
1290 (1)
893 (1)
715 (1)
660 (1)
1755 (3)
735 (2)
714 (2)
107-5 (3)
732 (2)
721 (2)
1079 (3)
736 (2)
128-2 (2)
1274 (3)
1143 (3)
1167
1672

Table 4. Bond lengths (A) and angles (°) for (2)

Mo(1)—Mo(2)
Mo(1)—As(2)
Mo(1)—As(4)
Mo(1)—C(11)
Mo(2)—As(2)
Mo(2)—As(4)
Mo(2)—C(12)
As(3)—As(4)
C(1)y—C(5)
C3r—C4)
C(6—C(7)
C(7—C(8)
C(9—C(10)
C(12—0(2)

Mo(2)—Mo(1)—As(l
As(1)—Mo(1)—As(2)
As(1)—Mo(1)—As(3)
Mo(2)—Mo(1)—As(4
As(2—Mo(1)—As(4)
C(1Y—Mo(1)—C(2)
C(1)—Mo(1)—C(3)
C(2—Mo(1)—C(4)
C(2—Mo(1)—C(5)
C(4—Mo(1)—C(5)
C(1)—Mo(1)—C(11)

2959 (1)
2-588 (1)
2661 (2)
1972 (13)
2:580 (2)
2:653 (2)
1986 (13)
2281 (2)
1-355 (18)
1-387 (21)
1-398 (20)
1-378 (18)
1-412 (24)
1-163 (17)

) 566 (1)
51-5 (1)
107-5 (1)
) 56:0 (1)
1069 (1)
352 (5)
575 (5)
57-8 (5)
586 (5)
353 (5)
1314 (5)

Mo(1)—As(1)
Mo(1)—As(3)
Mo(2)—As(1)
Mo(2)—As(3)
As(1y—As(2)
C(1)—C(2)
C(2—C(3)
C(4)—C(5)
C(6y—C(10)
C(8—C(©9)
C(11H)—0O(1)
CNT—Mo(2)
CNT—Mo(l)

As(1y—Mo(2)y—As(4)
As(3)—Mo(2)—As(4)

Mo(2)—Mo(1)—As(2)
Mo(2y—Mo(1)—As(3)

As(2)—Mo(1)—As(3)
As(1)—Mo(1)—As(4)
As(3y—Mo(1)y—As(4)
C(2y—Mo(1)—C(3)
C(1y—Mo(1)—C(4)
C(3y—Mo(1)—C(4)
C(1)—Mo(1)—C(5)

2642 (2)
2577 2)
2670 (2)
2586 (2)
2272 (2)
1-400 (21)
1374 (17)
1392 (21)
1-367 (18)
1:392 (20)
11171 (16)
2:001
1985

103-5 (1)
5146 (1)
550 (1)
552 (1)
712 (1)
104-0 (1)
516 (1)
344 (5)
571 (5)
351 (5)
342 (4)
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Table 4 (cont.)
CO—Mo(l)—C(11)  97:5(5)  C3—Mo(1)—C(5) 588 (5)
C5—Mo(1)—C(11)  977(5) Mo(2—Mo()—C(I1) 881 (4)
Mo(1)=Mo(2—As(2)  552(1)  As—Mo(1)—C(11) 1244 (4)
Mo(1)—Mo(2)—As(3) 549 (1)  As(@—Mo()—C(l) 727 (4)
ASQ—Mo(2—As(3) 711 (1) C@—Mo()—C(11) 1316 (5)
C@—Mo(—C(11) 784 (5)  C(6)—OQ)—C(@8) 578 (5)
Mo(1)—Mo(2)—As(1) 557 (1)  C(6)—Mo(2)—C(7) 347 (5)
As()—Mo(2—As(2)  513(1)  C(T—Mo(2)—C(8) 343 (5)
As()—Mo(2—As(3) 1064 (1)  C(T—Mo(2)—C(9) 575 (5)
Mo(1)—-Mo(2—As(4) 563 (1) C(H—Mo()—C(10) 576 (5)
As2)—Mo(—As(@) 1073 (1)  CO—Mo(—C(10) 357 (6)
C(6)—Mo(2)—C(9) 579(5)  C(6—Mo(2)—C(10) 342 (5)
C(8)—Mo(2)—C(9) 350(5)  C(8—Mo@)—C(10) 586 (5)
Mo(1)—-Mo(2)—C(12) 877 (4) As(l—Mo2)—C(12) 726 (5)
AsQ—Mo(2)—C(12)  1230(5) As(3—Mo()—C(12) 1243 (4)
Asdy—Mo(2—C(12) 739 (4) C(6—Mo()—C(12) 1293 (5)
C(—Mo(2—C(12)  1328(6) CEB—Mo(—C(12)  99:5(5)
CO—Mo(2—C(12)  778(5) C(10—Mo2)—C(12) 951 (5)
Mo(1)—As(1—Mo(2) 677 (1) Mo()—As(—As(2) 630 (1)
Mo(2—As(1)—As(2) 623 (1) Mo(l)—As(2—Mo(2) 698 (1)
Mo(1)}—As(2—As(1)  655(1) Mo(2Q—As—As(l) 664 (1)
Mo(1)}—As(3}—Mo(2) 699 (1) Mo(I)—As(3)—As(4) 661 (1)
Mo(2)—As(3)—As(4)  657(1) Mo(l)—As(d)—Mo(2) 677 (1)
Mo(1)—As(4)—As(3)  623(1) Mo(2—As@)—As(3) 627 (1)
Mo(1)—C(1)—C(2) 734(8)  Mo(1)—C(1)—C(5) 727 (8)
C—C(1)—C(5) 1105 (12)  Mo(1)—C(2—C(1) 715(8)
Mo(1)—C(2)—C(3) 72109  C(1)—CR—C3) 1064 (11)
Mo(1)—C(3)—C(2) 734 9)  Mo(1)—C(3)—C(4) 715 (9)
C2)—C(3)—C(4) 1078 (13)  Mo(1)—C(4)—C(3) 734 (8)
Mo(1)—C(4)—C(5) 728 (8)  CO—CMA—C(5) 1091 (11)
Mo(1)—C(5)—C(1) 730(8)  Mo(1)—C(5—C(4) 719 (8)
C(1)—C(5)—C(4) 106-1 (13)  Mo(2)—C(6)—C(7) 732 (6)
Mo(2—C(6)—C(10) 717 (7)  C(—C(6)—C(10) 1084 (13)
Mo(2)—C(7)—C(6) 721(6) Mo(2—C(1)—C(8) 718 (6)
C(6)—C(T—C(8) 108:5(12)  Mo(2)—C(8)—C(7) 739 (7)
Mo(2)—C(8)—C(9) 716 (8)  C(TH—CEB)—C(O) 1077 (13)
Mo(2)—C(9)—C(8) 734 (8) Mo(2—CO—C(10) 723 (9)
C(8)—C(9)—C(10) 1077 (13)  Mo(2—C(10)—C(6) 741 (7)
Mo(2—C(100—C(9)  720(8)  C(6)—C(10—C(9) 1077 (13)
Mo(1)—C(11)—0(1) 1737 (13) Mo(@)—C(12)—0(2) 1714 (12)
CNT—Mo(2—As(l) 1281 CNT—Mo(2—As(2) 1131
CNT—Mo(2—As(3) 1129 CNT—Mo(1)}—As(3) 1124
CNT—Mo(2—As(4) 1269 CNT—Mo(1)—As(4) 1282
CNT—Mo(1)—As(2) 1120 CNT—Mo(1)—Mo(2) 1629
CNT—Mo(1)—As(l) 1267

non-H atoms anisotropic, H atoms idealized and
updated (C—H =096 A, U= 1-2U of attached C);
Rr=266%, wRp=2:72%, S=1237, w™' = o%(F)
+ gF?, g =0:0002; (4/0)max = 0:026; Ap .y = 0-361,
Apmin= —0-317¢ A3 atomic scattering factors
from International Tables for X-ray Crystallography
(1974); SHELXTL computer program (Sheldrick,
1985).

For (2), red-orange crystals from methylene
chloride/hexane (0-30 x 0-32 x 0-34 mm); Nicolet
R3m diffractometer with graphite monochromator;
o scans; lattice parameters from least-squares fit of
25 reflections (20 < 26 < 25°); empirical absorption
correction (six reflections, ¢ scan, 216 data); Tr.,/
Tin =228, 20, =52° (h= %32, k= +11, I=
+20); standard reflections 7.3,10, 953, 17,1,7, <1%
intensity variation. 3575 reflections collected, 3215
independent (R;, = 2:76%), 2113 observed with F, >
So(F,), 1102 unobserved reflections. Direct methods
(SOLY) structure solution; least-squares refinement
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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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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
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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
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