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Abstract

Reactions of the cluster Os,(CO)o( u-C4Phy) (1) with a large number of smaller P-donor nucleophiles ( Tolman cone angle 8< 143°)
proceed rapidly in heptane at room temperaturs via associative adduct formation to form the monosubstituted products. However, reactions
with several larger P-donor nucleophiles { 8> 145°) in heptane at room temperature yield, in a single observable bimolecular step, a mixture
of mononuclear and dinuclear products and it is therefore not possible to synthesize the monosubstituted clusters directly with these larger
ligands, Crystallographic structures of Os,(CO),(etpb)(#-C,Ph;) - (CH,OH) (2etpdb) (ctpb=P(OCH.)\CEt) and Os;(CO)y-
(P(OPh),)(u-C,Phy) - (CH,,) (2P(OPh),) have been determined and show that the substituent has displaced a CO ligand from the
03(€O), moiety in 1. © 1998 Elsevier Science S.A. All rights reserved,

Kevaordy: Osmacyclopentadiene complexes: Curbonyl complexes; Cluster complexes; P-donor substivients

1. Introduction

The cluster Os,(CO)y( 1-C,Phy) (1) contuins an osma-
cyclopentudiene ligand that coordinates through the two con-
Jjuguted -C=C- bonds to one of the other Os atoms [ 1],

0s(CO)

Itis one of the products formed during the scries of reactions
beginning with Os,(CO),, and C,Ph;, [ 2]. and reaction with
a further molecule of C,Ph, after dissociation of u CO ligand
from 1 leads eventually to the oligomer C,Ph,, [3]. In this
respect 1 exemplifies, in both its formation and its reactions,
the way in which C=C coupling can be facilitated by metal
carbonyl clusters | 2.4]. Although this cluster hus been known
for many years no substituted derivatives have yet been fully
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characterized. This could be because of the ease with which
this Os, cluster undergoes fragmentation in spite of its
presumably strong Os=0s bonds |5]. Reaction with CO
proceeds smoothly between S0 and 70°C 0 form
05,(CO)( (u-CyPhy) und Os(CO), by a bimolecular proe-
ess, and reaction with PPh, at room temperature leads to
similar fragmentation by what must also be a bimolecular
reaction [6], CO dissociation requiring heat and being rela-
tively stow [7]. Since it is known that clusters such as
Fe,(CO),, also undergo ready f{ragmentation with larger
nucleophiles but substitution with smaller ones [ 8] we have
examined the reuction of 1 with a wide variety of P-donor
ligands and (ind that stable mono substituted derivatives are
formed with P-donors that have Tolman cone angles |9] as
high as 143°, However, when the nucleophiles have cone
angles 2 145° it uniformly undergoes fragmentation to form
mixtures of dinuclear and mononuclear osmium carbonyl
complexes. The crystallographic structures of the clusters
Os(COV L p2-C,Phy)y (L=P(OCH)H CF1 (etph) and
P(OPh),) have been determined.

2. Experimental and results

2.1. Chemicals

All P-donor ligands were obtained from commercial
sources (Strem and Aldrich). Liquid phosphorus ligands
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P(OMe);, P(OEt),, P(OMe).Ph, P(OEt),Ph, PMe,Ph,
PPh,H, P(OPh),, P(O-i-Pr);, PEt;. P(n-Pr),, P(n-Bu),,
P(OMe)Ph,, P(OEt)Ph,, PMePh,, PEtPh, and PCy,H, were
purified by distillation under reduced pressure of argon imme-
diately before use. PPh, was recrystallized from ethanol. Etpb
was sublimed (50°C, reduced pressure) immediately before
use. All the solvents for synthetic use were reagent grade.
Heptane, hexane and pentane were dried and distilled over
Na in the presence of benzophenone ketyl under an atmos-
phere of N.. CH,Cl, and acetonitrile were dried and distilled
over CaH, under N,. The solvents were bubbled with argon
for 1 h after distillation and before use. All gases were
obtained from Matheson or Canox Ltd. and were of Research
Grade. 05,(CO),, (Strem) and C,Ph, ( Aldrich) were used
as received. Trimethylamine N-oxide (Aldrich) was sub-
limed prior to use and stored under dry argon. All manipu-
lations were carried out by using standard Schlenk techniques
under atmospheres of oxygen-free N, or Ar.

2.2. Svnthesis of Os,(CO)(p-C Ph,)

The violet cluster Os;(CO),( u-CPhy) (1) was prepared
in crystalline form in 80% yield from Os;(CO),, via
05,(CO),y(NCMe) (C.Ph,) by using the published method
| 10]. and was purified by thin layer chromatography (TLC)
(2:1 (vol./vol.) hexane=CH,Cl,). The IR spectrum of 1 in
the C-0O stretching region ( Nicolet SDX FT-1R spectrometer:
in heptane: 2113.6 (5), 2057.5 (vs), 2042.8 (vs), 2035.3 (s,
sh), 20119 (vs), 1998.2 (s), 1987.8 (m), 1930.2 (s)em ')
was in excellent agreement with that reported in decalin | 6].

Table 1
C=0 stretehing frequencies for the ¢lwsters Os ((CO) L p-CPhy)

2.3. Syntheses of the clusters Os{COjdetpb) p-C Ph,)-
(CH,OH) (2etpb) and Os(CO) P(OPh) ;) u-C Ph,)-
(CH,,) (2P(OPH);)

The monosubstituted complexes Os:(CO)q(etpb)( p-
C,Ph,) and Os;(CO)x(P(OPh),)( u-C,Ph,) were obtained
directly by CO substitution reactions of 1 (0.1 g, 0.087
mmol) with L (0.12 mmol) in heptane (20 cm*) and mon-
itoring the FT-IR spectral changes until the »(CO) bands of
the parent compound had disappeared. The resulting solu-
tions were evaporated under reduced pressure, and the resi-
dues dissolved in CH,Cl; and purified by TLC (2:1 (voi./
vol.) hexane-CH,Cl,). This afforded pink products in
90-95% yields and their ¥(CO) stretching frequencies are
listed in Table 1. Crystals of 2etpb (Os;(CO)y(etpb)-
(u-C,Ph,) - (CH;OH) ) were grown by slow evaporation of
a CH,ClL,/CH,OH solution of product, and crystals of
2P(OPh);  (0s;(CO)4(P(OPh);) (u#-CyPhy) - (CeHyy))
were grown by slow evaporation of a CH,Cl,/hexanes solu-
tion of product.

2.4. Crystallographic data collection, solution and
refinement for Qs (CO)yletpb)(p-C ,Phy)-(CHOH) (2etph)
and Os,(CO)P(OPh) ) 1-C,Ph,)- (CH ) (2P(OPh);)

Data for the crystal structure analyses of compounds 2etpb
and 2P(OPh), sre given in Table 2. A crystal of each com-
pound was mounted on a glass fibre and accurate cell dimen-
sions were determined on a CAD-4 diffractometer by a least
squares treatment of the setting angles of 25 reflections in the
range 12<0<15° w-Scans of several intense low-angle

L X" TR #(CO) (em "

Epb 31,20 101 2092.3m 20479 vy 0238 s 2000.3 v 1968.7 vs 1943.8 w 1916.1 m
P(OPh), 30.20 128 20044 m 2044.6 v 178 s 1997.3 5 1908.3 vs 19300 w 1917.7m
P(OMe), 2410 107 8A2lm 4565 20034 vs 1993.0 s 1962.7 » 19426 w 19114 m
P(OEL), 21.60 109 2082.0m 20445 01017 vs 1991.6 5 1962.2 s 1937.3m 1909.8 m
P(OMe),Ph 19.45 120 2080.9 m 2044.3 0013 vs 1992.8 5 19733 m 1960.9 & 19912.0m
P(O-i-Pr), 19.05 130 2080.2 m 20430 20098 vs 1990.4 s 1964.6 5 19422 w 19158 m
P(OEt),Ph 18.10 121 2080.5 m 2043.6 8 20100 vs 1991.3 s 1971.5m 19590 5 1911.0m
PPh,H 17.35 126 2082.1 s 2050.7 vs 2014.2 vs 1994.0 s 1967.5 » 19539 m 19038 m
P(OMe)Ph, 16.30 132 2080.7 m 20509 s 2007.3 vs 1913 s 1967.7 m 1989 8 » 1919.6 m
P(OEL)Ph, 15.60 133 20802 m 20490 s 2006.2 vs 1991.0s 1965.1 m 1938.2 4 1918.3m
PMePiy 12,10 136 20809 5 2051.1 vs 2007.0 vs 1992.2 vs 1967.6 5 19814 m 19014 m
PEtPh, 11.30 140 2081.0m 2051.6 vs 2000.7 v 1990.9 5 1967.6 s 19428 5 1889.5m
PMe,Ph 10.60 122 2078.6'm 2042.7 s 2004.3 vs 1991.4 5 1966.7 m 1949.7 & 1889.1 n
PCy.H 9,10 143 2080.5 « 2048.4 vs 20185.6m 1996.9 vs 1962.5 s 1956.2 « 1902.0 w
PE1, 6.3 132 2081.1m 2050.2 vs 20144 5 1997.8 vs 19700 m 19435« 1903.3 12
P(i-Pr), 5.40 132 2081.6m 2050.8 2010.9 vs 1999.2 v 1966.8 » 19354 s 1902.4 o
P(n-Bu), 528 132 2081.2m 20511 s W52 s 2000.1 vs 1975.6 m 1934.8 19019 m
PF, 54.7 104 2100 m 2058 vs 2018 s 2004 m 1976 s 1930m

2036 vs 1992 s(sh)

“ Ligand x values (em ') are taken from Ref. [23].
* Tolman cone angles,
* Spectra recorded in heptane, except for L=PF, | 7].
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Table 2

X-ray experimental data for 2etpb and 2MOPh),

Compound 2etpb 2P(0OPh),
Structural formula 0s,(CO)(ctpb) (u-C,Ph,) - (CH;0H) 05,(CO)(P(OPh) ;) (»-CiPhy) - (CHy,)
Empirical formula Cy3H;350,:0s:P C.:H350,,0s:P

M 1345 1548

Crystal system triclinic monoclinic

Space group P1 (No. 2) P2,/n (No. 14)
a(A) 12.372(2) 11.939(2)

b(A) 13.313(3) 27.591(6)

¢ (A) 14.952(3) 17.209(3)

al® 96.64(3) 90

B(*) 103,05(3) 104.98(3)

y{*) 106,77(3) 90

U (A 253(1) 5476(3)

Crystal colour, habit, size (mm) violet blocks, 0.20 X0.25 xX0.18 violet blocks, 0.14 X0.22 X 0.18
F4 2 4

D, (gem™) 1.98 1.88

F(000) 1264 2960

u(Mo Ka) (mm~") 8.53 7.03

Indices h —14,14; k —15,15:10,17 h —14,13:£0,32: 10,20
29 Range () 1-50 1-50

No. data (R,,) 7801 (0.0163) 9952 (0.0412)

No. data used (criterion) 5143 (F>4a(F)) 6940 (F>40(F))
No. standards, frequency (h). decay (%) 32,003 3, 2,001

Final R (R,) 0.0388, (0.0452) 0.046S, (0.0858)
Numiber vasiables (obs./variables) 438 (11.7) 437 (159)
Largest (mean) final shift (e.s.d.) 0.03 (>0.01) 001 (>00D
Final density map (¢ A~ ) =09910 113 -1.23w0 117

{ Maximum near) (Os(1)) (C(126))
Goodness-of-fit 1.26 2.53

reflections revealed that the crystal mosaicities were accept-
able, The X-ray reflection data were measured at 23°C. The
reflections measured were corrected for Loreni2 and polari-
zation effects, For 2etpb, the space group Pl was chosen
based upon the cell parameters and the intensity distribution,
and this space group was confirmed by a successful structure
solution. The space group for 2P(OPh),, £2,/n, was deter-
mined from the systematic absences. The structures were
solved by direct methods using the program SHELXTL PC
(nj.

For 2etpb, a difference Fourier synthesis after location of
the non-hydrogen atoms revealed the presence of electron
density associated with a disordered phosphite ligand. The P
atom and the carbon atom C16 are ovdered; the disorder is
associated with the ~OCH,~ linkages. The major atom ori-
entation, 0(9a), O(10a) and O(11a) with site occupancy
factors nf 0.50, was located during the structure solution.
Associated with each of the O atoms O(9a) and O(10a) are
two other sites O(9b), O(9¢). O( 10b) and O( 10c) with site
occupancy factors of 0.25. The three partial O atoms labelled
O(9) are bonded to C( 13) which has a site occupancy factor
of 1.0. The three partial O atoms labeled O( 10) are bonded
to C(14) which has a site occupancy factor of 1.0. The thi:d
=OCH;- group is disordered over two sites O( 1 1a)~C( 15a)
and O(11b)~C(15h) each with a site occupancy factor of
0.5. A diagram depicting the disorder model is available with
supplementary material. At this stage, two additional peaks,

separated from the Os, cluster, were noted in a difference
Fourier synthesis, These peuks were assigned to the Cond O
atoms of a CH,OH solvent molecule. The atoms refined with
an occupancy factor of 1.0, The H-atoms associated with the
CH,OH solvent molecule could not be located in a difference
Fourier synthesis and were not included in the model. Hatoms
associated with the phenyl rings, the methylene groups and
the methyl group were positioned on geometric grounds and
included (as riding atoms) in the structure factor calculation
(Uio—Sp* refined to 0.17 A* and U,,,—sp* refined to 0.32
A?), Refinement was by full-matrix least-squares calcula-
tions on F using the weighting scheme w™'=a*(F) +
0.0005F>. Anisotropic thermal parameters were refined for
all non-H atoms except the phenyl ring C atoms and the O
atom associated with the minor orientation of the phosphite
ligand which were refined with isotropic thermal parameters.
Data were corrected for absorption effects by u semi-empir-
icul method using the program SHELXA [ 12]. Correction
factors ranged from 0.270 to 0.541. No correction was made
for secondary extinction. The atomic coordinates are given
in Table 3. Selected bond lengths and angles for 2etpb are
listed in Table 4. An ORTEP [ 13} view of the molecule is
presented in Fig. 1. Scattering factors for neutral atoms were
used in the refinement | 14].

For 2P(OPh),, a difference Fourier synthesis after location
of the Os; cluster non-hydrogen atoms revealed the presence
of a n-hexane solvent molecule. Initial attempts to refine the
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Table 3 Table 3 (continued)
Atomic coordinates ( X 10™Y) and equivalent isotrapic displacement coef-
ficients (A% X 10%) for 2etpb Atoms X z U,*
Atoms  x ¥ : U, Ct16) 2397(18) 277015 —136311)  96(9)
cun 2366(18) 4394(19)  —2395(13)  140(12)
os(1) 2734(1) 3276(1) 3675(1) A1) CU18) 1337(23) 413018)  -2964(15)  178(18)
0s(2) 1596(1) 1953(1) 1957(1) 2(1) 0(20) 4311(26) 9182(23) 39(22)  365(17)
0s(3) 2879(1) 4000( 1) 1933(1) si(h C(20) 3820(33) 8002(30) 555(26)  264(16)
ch) 2455(12) 4629(10) 3908(10)  70(6)
Qn 2277(10) 5404(8) 4084(7) 93(6) * Equivalentisotropic U defined as one third of the trace of the arthogonalized
C(2) 2816(11) 3061(10) 4909(9) 64(6) U, tensor,
0(2) 2906(10) 2910(10) 5657(7)  105(6)
c(3) 4417(12) 3948(10) 3935(8) 61(6) Table 4
0(3) 5398(9) 4322(9) 4109(7) 98(5) Selected bond lengths (A) and angles (°) for 2etpb and 2P(OPh),
C(4) 2128(11) 1339(10) 1024(9) 60(6)
0(4) 2449(9) 976(8) 450(6) 89(5) 2etph 2P(OPh),
C(5) 207(12) 1928(11) 9ROCI0)  69(7)
o(s) -481(9) 1881(10) 047 105(6) 0s(1)-05(2) 2752(1) 2.760(1)
Ci6) 4169(12) 3430(10) 1923(9) 59(6) 0s(1)-05(3) 2.904(1) 2921(1)
0(6) 4894(9) 3115(8) 1855(7) 87(5) 0s(2)-0s(3) 2.738(1) 2732(1)
c(n 3R69(13) 5447(12) 224(10)  76(7) 0s(1)-C(9) 2.13(1) 2.18(2)
o7 4496(11) 6295(8) 25729)  12006) 0s(1)-C(12) 2.15(1) 205(1)
c8) 1426(13) 4281(10) 1908(9) 68(6) 08(2)-C(9) 227(1) 230(2)
0(8) 579(10) 4472(9) 1853(8)  102(6) 08(2)-C(10) 2.27(1) 2.24(2)
c) 2788(9) 171(8) 3248(8) 454) 0s(2)-C(11) 228(1) 23102)
Ci10) 1718(10) R79(8) 3023(7) 45(5) 0s(2)-C(12) 2301 227(2)
cun 694(9) 197(8) 3001(7) 45(5) 0Os(3)-P 2.244(4) 2.261(5)
CL12) 908(9) 2331(9) R8T 46(5)
cooN 3902(11) 1433(9) 3448(8) 58(3) 0s(2)-0s(1)-0s(3) S7.8¢1) 57401
C(92) 4334(11) 103310 2782(9) 65(3) Os(1)-0s(2)~0s(3) 63.9(1) 6431
C(93) 5372(13) 757(12) 056(11)  BS(4) Os( 1)-0s(3)-0s(2) .31 s8.3(1)
C(94) 5927(15) R78(13) W51012)  100(5) Os(2)-0s(1)-C(9) 53.5(3) 54.0(3)
C(95) 5§19(17) 1262(14) 4660(14)  121(6) Os(3)-0s( 1)-C(9) 96.8(3) 99.1(5)
CY6) 4509(15) 1578(13) 440012)  106(5) 0s(2)-0s(1-C(12) 4.303) 53905
caon 1628C10) - 283(9) W98 SHA) Os(H=0x(1)-C(12) 96.9(3) 94.50%)
C102) 1722013)  =740012) 6T B4 C9-0st1-Cr1d) 17.40) 76.606)
CO103) 14701S) - 1814014)  3SR6(1D)  106(8) Os(13-C19)-0(2) 774(4) 7596
CoHM) 1648(13) = 2386(12) WS BB OM 1=C(9)-LC10) 116.1¢9) HAOC1S)
Co108) 1487018) = 1977(14) 198312)  108(5) 0s(2)-C(9)-C10) 72.3(6) 72012
1061 6212 B W00 0k 08 1)=C(9)-CL91 ) 123.006) 120 3010y
can - $07(9) 193(8) 258(7) 45(3) Oxt2)=Civ)=C(oh) 138.0(9) 1209¢12)
€1y =124600 = 1RUI0) 1990(8)  S8(3) C0-LO-C(O1) HB.3(10) 1232018
Cl3)  =23(12)  =827011) 1916010)  7704) O82)-C(11-C(9) 9N 764(12)
Cilld)  =2679012)  =1062(11) WISCI0) T4 Ox2)=C(1M-C(11) 71 731010
COS)  —1949013)  =SK3(1) 3630 T4 CO-CAm-Ci) 115.9¢10) 121.7¢19)
cue) B46(12) 175(10) 1063091 004y Os(2)-CM=C(101) 130.6(8) 127.8013)
2 Z800) 2719(9) 1320(8) 803 C(9)-CUM=C(101) 1230011 129.7(19)
C2) - 109%010) 2507(9) 2616(9) 600 CUN-CU10)=C(101) 120.8(9) 10R.2( 14)
CU2Y)  =2028012)  2MW6(I0) 21049 T4 0s(2)-C(11)-C(10) AR 08.2(10)
CI29) = 1986(13) 3248(11) 640) 814 Os(2)-CL1H-C(12) 7247) 69.3¢9)
C(125) -997(13) 3520011 2500100 Bl CaO-Can-Co12) HS.609) 106.214)
L) S0 1246010, 2197(0) 65031 0s()-CUH=CLD 1309(7) 135.9(13)
2 32 ~10)=Ce 1 1)=C 222 1249(17)
P 264243 A117(3) 202 90 Cam-Cah-Cath 122.2(10) .
O(YA) 1816(21) W97 -38(16) el CU=cab-caln) 1320011 127.9(18)
0(9B) 477038)  3262(36)  -285(30) 4613y Os(D=CUi2-0s(2) 704(4) 79.1(6)
‘ : 0013)
0(9C) 2422(20) 314026 =282 35(9) Ost H)-C(1)-Ce 1D |14, 1(8) o0l
0(10A) IT19) 399224 -7014)  ss(y  Os2-CaD-CilD 097 7200101
Pt rygr . p Os(1=C(12)-Ce12h) 125.5(7) 126.1(11)
O(10B) 3774(36) 4627(37) 143(29)  43(10)

Os(1)-C(12)=C( 121) 132.7(8) 129.5(12)
0(10C) 3639(43) 5021(40) 240300 T21S) ) 158000 r610)
O(11A) 2436(36) 5111021) 01018)  110(22) Can-Caa-cah ' -
O(11B) 1683(29) 4649(27) 427y 119019)

g: ::; :23& g: ; :ﬂzgg; _"2)32: : L; ::;:.L:; positional parameters of the solvent C atoms led to an un-
C(15A) 5355(59) 5|§;z(§3) -912(26)  130(37) acceptable geometry for the hexane molec_ule. The hexane
C(15B) 1526(43) 4702(46) -936(33)  129(29) molecule was successfully refined by applying distance con-

(continied) straints to the C—C bonds and to the 1-3 non-bonded C...C
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Fig. 1. A view of the molecule Os,(CO)u(etpb)(u-C,Ph,) (2etpb) with
25% probability ellipsoids. H atoms are omitted, for clarity.

distances. H atoms associated with the pheny] rings, and the
methylene and methyl groups were positioned on geometric
grounds and included ( as riding atoms) in the structure factor
caleulation (U,.,—sp® refined t0 0.18 A* and U,,, — sp® was
fixed as 0.15 A?). Refinement was by full-matrix lcast-
squares calculations on F using the weighting scheme
w™'=@(F) +0.0005F>. Anisotropic thermal parameters
were refined for all non-H atoms except the pheny! ring C
atoms which wera refined with isotropic thermal parameters.
Data were corrected for absorption effects by a semi-empir-
ical method using the program SHELXA {12]. Correction
factors ranged from 0.370 to 0,600, No correction was made
for secondary extinction, The atomic coordinates are given

Tabie §
Atomie coordinates ( X 10 *) und equivalent isotropic displucement coef
ficlents (A% 10 ') for 2POPh),

Table § (continued)

Atoms x < Uy"
C91) —813¢(15) 590(7) 2544(10) 38(4)
C(92) - 1229(18) 874(8) 3083(12) 59(6)
C(93) —2434(18) 742({8) 3120(12) 58(6)
C(93) -2916( 18) 356(8) 2834(12) 56(6)
C(95) —2481(19) 70(9) 2334(12) 61(6)
C(96) - 1404(16) 180(7) 2183(11) 48(5)
C(101) 1443(16) 675(7) 3931(11) 40(4)
C(102) 1371(16) 217(8) 4185(11) 50(5)
C(103) 1456(20) 138(10) 4985(14) 37
C(104) 1448(22) 505¢tt) 5475(16) 85(8)
C(105) 1421(21) 977(10) S5188(15) THT)
C(106) 1450(16) 1051(7) 410011 46(5)
canmn 3499(13) 744(6) 32099 26(4)
C(112) 4007(18) 1136(8) w»nay 55(5)
C(11y) 4999( 19) 1035(8) 4550012) 58(6)
C(114) 5505(20) 610(9) 4556(14) H419)
C11s) S123(17) 254(8) 4109(12) . " 51(5)
C(116) 4050( 18) 292(8) 3496(12) 58(6)
caz2n 3356(15) 826(7) 1657(10) 38(4)
Ci12)) 4258(16) 1169(7) 1919¢t1) 46(5)
C(123) 5206(17) 1165(8) 1602¢11) 52(5)
C(124) 5419(19) 815(9) 1123(13) G6(6)
C(125) 4544(25) 420011 R64(17) 97(9)
C(126) 3464(19) 460(9 1HY) 64(6)
P -24(4) 2501(2) 749(3) 34(2)
o 130012) 2707(4) 1611(7) 46(5)
C2h 200(18) 3208(8) 1881(12) S4(5)
(2 1087(1T) 3288(8%) 2504(12) 51(5)
C2d 1224024) 3768 1) 2864(16) 88
C2h 427(25) 4108 12) 2492(17) 94(9)
C(2%) =400(20) 40209 IRSA(14) 6R(6)
C(26) = SR6(19) ISANR) 1495(13) $7(6)
Ol = 1196 10) 2731(5) A7) J35)
Cidn = J208(1§) 28047 240010) 40(d)
Cidd) = 26800 19) 2016(8) 913 1Y) S8(6)
Cay = Y7600 21) 2490(9) 9l wMhH
Cidh =4493(21) 2500 240014) THT
Cs = 0082 22300 10) = 440(18) 0(7)
Cilo) = 3061 19) 2373(8) =J4R6(13) 62(6)
ot 878 1) 21(8) MU 41(5)
C(d) 11931 Igl6(0) =~ 269(10) 324
C(42) 47101 2720¢7) =991(11) 48(5)
C(33) 77820V 275719) = 1723(14) 67(6)
Cd) 2AH6(21) BSUD) - 1591(14) nn
C(45) 2672(22) 2507(9) =932(14) N
Cea6) 2349¢20) 872(9) =223(14) 65(6)
C(S1) 4938 1379017 8574(26) 232(24)
C(52) 071437 1567(18) 8073(29) 246(27)
C(sh 15200 38) 1316¢23) 73782 371(46)
C(54) 3283 1218019} 7425(32) Am(38)
C(55) - 539(38) HA6(16) 68S1(32) 244020
C(56) = 1563(36) 189 15) 6335(26) 241(28)

* Equivatent isotrapic U detined as one third of the trace of the orthogonalized

U, tensor,

Atoims X ¥ H oy
Oa 628(1) 671(1) 12060 1) onn
Os( ) 1238(1) 1424¢1) 200(1) RN
Oy 134 1684 1) 51D ot
cny 1085(1%) T00(7) 1R 39(7)
oh 1330011 674(%) = AR} S4(6)
Ci 952{15) =87 1378¢10) kY/ ¥l
o) 116013 ~J04(6) 1440(9) 67(T)
(<R} =934{ 18) §93(7) 663(11) 45(8)
oty = 1986(12) $30(6) 2339) 68(6)
Cidy 224 183(7) 2672(14) 70011
™) = 366( 14) 2064( %) 20479 697
Ci3) 293 14) 193N 2448(10) (T
O5) 2900 12) 2282(6) 502 10) 09(6)
Cre) = 1284( 16) 157%7 199 12) 24T
06 =089 11) METY 1339 S9(6)
N = 595¢16) 1657( ) =300 4+4(7)
™7 = 1061(16) 1604(6) = 1005¢ 10) RI{R)
Ci®) 1660( 14) 1729 607¢10) 15(6)
O(R) 2330012y 17?1¢6) 486(9) 60(6)
Cv) 366( 14) 694(6) 24¢10) 33(6)
Cam R NN 2086¢11) (7
oo 458U 26 28331 1N
Cun 2259(13) 809(6) 1924¢ 10y 2(6)
(contived)

in Table 5 and selected bond lengths and angles for 2P(OPh),
are listed in Table 4. An ORTEP view of the molecule is
presented in Fig. 2; the same atom labelling scheme was used
for both structures. A diagram showing the hexane solvent
molecule is available with supplementary material.
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Fig. 2. A view of the molecule Os:(CO)(P(OPh) ) u-C,Ph,)
(2P(OPh),) with 25% probability ellipsoids. H atoms are omitted. for
clarity.

2.5. Reactions of Os(CO) p-C,Ph,) with other P-denors
of cone angle < 143°

The cluster 1 was reacted with a large variety of smaller
P-donor ligands L. (L=P(OMe);, P(OE!);. P(OMc),Ph,
P(OE1).Ph, PMe,Ph, PPh,H, P(O-i-Pr)., PEt;, P(n-Pr),.
P(n-Bu),, P(OMe)Ph,, P(OEt)Fh,, PMePh,, PEtPh, and
PCy,H: listed in ascending order of cone wagles and with the
largest cone angle being 143°) in exactly the same way as for
the syntheses of 2etpb and 2P(OPh},, and the products iso-
lated also as before. The »(CO) stretching frequencics are
listed in Table 1.

The reactions with all these smalier P-donor ligands pro-
ceeded in two observable stages. With a ten-fold excess and
quite large absolute concentrations of the ligunds the initial
violet color of 1 was immediately replaced by a yellow color
which changed over the next few minutes to the pink=violet
color characteristic of the products. When the concentrations
of the ligands were reduced to one molar equivalent the initial
color changes occutred over a period of 1-2 min, but the
subsequent changes occurred at roughly the same rates as
before.

2.6. Reactions of OsCO)( u-C Phy) with larger P-donors
of cone angle = 145°

The larger ligands (p-XCoHy) P (X=F:C. CL. F and.H)
and P(NMe,) (all with cone angles 2 145°) react in only
onc observable step (even at low values of [L]) at rates
clearly dependent on [L], to form mixtures of mono- and
dinuclear osmium carbonyls. Thus the mixture of products
of reaction with PPh, were separated by TLC (2:1 (vol./
vol.) hexane~CH,Cl,) into two pairs of components: (a)
0s(CO)(PPh;), (v(CO)=890 cm™') [I5] and
05,(CO)( u-C4Phy) (»(CO) =2081 (s),2051 (vs), 2015
(m), 1998 (s) and 1972 (m) em ') [16]. and (b)
Os(CO)PPh, (»(CO)=2060 (s). 1980 (m) and 1943

(vs) cm™') [11] and Os,(CO)s(PPhy)(u-CsPhy)
(»(CO)=2057 (s). 2005 (vs) and 1929 (m) cm™'). all
the spectra being measured in CH,Cl,. The assignment of the
last group of IR bands to Os,(CO)s(PPh,)(u-C,Ph,) is
proposed so that the number of CO ligands in this pair of
products is the same as in the reactant cluster. This assumption
is supported by the cleanness of the reactions as evidenced
by the presence of isosbestic points in the successive spectra
taken during the course of the reactions. The products of
reactions with the other larger ligands listed above were not
separated but the changing FT-IR spectra in heptane were
monitored throughout the course of the reactions. The bands
due to Os,(CO)q( u-CPh,) were observed in all casesexcept
for L =P(NMe,),. when only its lowest frequency band at
2081 cm ™' was clearly distinguishable. Bands assignable to
0s(CO).L, at 1881 (P(NMe,)1). 1900 (PPh,). 1896 (P(p-
FCcH,y):). 1900 (P(p-CIC.H,);)., and 1903 (P(p-
FiCC.H,);) cm ™! were observed and three matching bands
assignable to Os(CO),L were observed for L=P(NMe.),,
PPh, and P(p-FC.H,),. Only the lower frequency bands at
~1930--1940 cm ™' were observed for Os(CO) L when
L=P(p-CICH,),) and P(p-F,CC,H,)..

The ratios of the intensities of the bands at 2081 and/or
2051 cm ™' (due to Os:(CO)q( u-CsPhy)) to those of the
bands at ~ 1900 cm ™' due to the Os(CO),L, complexes is
approximately constant. This is in contrast to the ratios of the
intensities of the bands due to Os(CO),L at ~ 1930-1940
em ! 1o those due to Os(CO),L, at ~ 1890-1900 cm ™'
which vary from ~0.6:1 to 6:1 as the basicity of the ligands
increases (9] along the series P(p-XC H,) 1 (X =CF,.CL.F,
H) and P(NMe, ) .. Provided the intensities of the carbonyls
0s(CO),L, are not oo dependent on the basicity of the
substituents we can therefore conclude that the carbonyls
0s(CO)Y L, and Os,(CO)( u-C4Phy) are formed together
as one pair of products, and thut Os(CO),L and the prtive
0s:(CO)L( u-C4Phy) ure formed together as -mother pair.
The ratio of the yields of Os(CO),L to those of the corre-
sponding Os(CO);L; and  O0s3(CO)o(u-CyPhy)  pairs
increases substantially with the basicities of the substituents.
The fact that not all bands due to the various products can be
seen in all cases arises from the changing relative intensities
of the pairs of products and the consequent overlap of some
bands.

3. Discussion

The final products of the reactions of 1 with etpb and
P(OPh), are clearly the clusters Os,(CO)L(u-C,Ph,) (2)
in which the substitutions have occurred at the Os(CO},
moiety in the parent cluster and the substituent is essentially
trans (o the Os atom that is in the osmacyclopentadiene ring.

The main structural features of the clusters 2etbp and
2P(OPh), are similar to those in the parent cluster 11(1}.
Two of the four coordination sites on atoms Os(2) are occu-
pied by -bonds from an osmacyclopentadiene ligand. Inthe
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structures of 2etbp, 2P(OPh), and the parent cluster 1, the
0s-0s bonds involving Os(2) are significantly shorter than
the average 0s-Os distance in 0s,(CO),, of 2.844(5) A
[17]. The Os(1)-0s(3) distances, 2.904(1) and 2.921(1)
A for 2etbp and 2P(OPh),, respectively, are significantly
longer than the Os,(CO),, distances and in the range of the
values 2.917(2) and 2.894(1) A reported for 1. (The struc-
ture of 1 has been determined in a monoclinic and an ertho-
rhombic form.) Thus the phosphite ligands have very little
effect upon the geometrical parameters of the Os, core. The
structure of the closely related cluster Os,(CO)o{C(Si-
Mey)CMeCHCPh) is quite different. It contains an osma-
cyclopentadiene ligand with a 7-bond to each of the two Os
atoms not in the osmacyclopentadiene ring { 18). In this clus-
ter the Os-Os distances that involve the Os atom in the ring
and an Os atom with a 7-bond are both 2.811( 1) A. The Os-
Os distance between the two Os atoms with #r-bonds is
2.825(1) A.

All other geometrical parameters associated with the
structures 2etbp and 2P(OPh), are in the ranges observed
in the parent cluster 1 [1] and, where comparable, in
08,(C0O)y(C(SiMe,)CMeCHCPh} (18].

Since the C-O stretching frequencies in Table 1 show little
dependence on the nature of the substituents it can be con-
cluded that all the clusters have the same structures and,
particularly, that no multiple substitutions had occurred. The
most likely ligands to produce multisubstitutions are the small
phosphites etpb, P(OMe), and P(OEt); [ 19] but there isno
spectroscopic or crystallographic evidence for that and solu-
tions of all the products were stable in the presence of excess
ligand for months at ambient temperatures. This is corrobo-
rated by the observation that the violet cluster Os,(CO),-
(PF,)(u-C,Ph,) can be synthesized by addition of PF, to
the unusual unsaturated cluster 0s,(CO)(u-C,Phy) {71.
Further reaction with an excess uf PF, proceeds very slowly
even though multisubstitution reactions by PF, are well
known due to its very high 7 bonding ability. The monosub-
stituted cluster was characterized by its mass and NMR spec-
tra [7) and, since PF, (8=104°) falls into the group of
*small’ ligands as defined here, its C-O stretching frequencies
are included in Table 1 ', Itis also clear that the effects of the
different substituents on the C-O stretching frequencies are
dissipated widely over the whole cluster, no localized effect
of the sort that could be associated with changing substituent
basicity being 2oparent,

Reactions of 1 with the group of larger ligands (92 145°)
are evidently very different. With L = PPh, the known com-

" It hax abvo been reported |7} that 08,(CO).(PPhy ) -C,Ph,) can be
synthesized by addition of PPl 10 Os,(€0),( u-C,Phy ). It hies C-O stretch-
ing frequencies in quite good accord with those of the other Ox,( CONLp-
CiPha) clusters but it is black-green and no mass spectrum could be
oblained. Thix suggests that, if it is thermodynamically stable cnough to be
isolated. its Os, cluster must be sulficiently distorted to alter its color sig-
nificantly and it cannot be as stable as the other monosubstituted clusters.
Nevertheless, the failure to prepare it by diret substitution of PPh, into
05,{ €0y { :C,Ph, ) would be for kinetic and not thermodynamic reasons.

plexes Os(CO);L,, Os(CO).L and Os,(CO)e(p-CiPhy)
were isolated from the product mixture and characterized
spectroscopically. The fourth product isolated was not char-
acterized other than by measurement of its C-O stretching
frequencies and its assignment to Os,(CO) ;PPh,{ u-C,Ph,)
is based more on the cleanness of the reactions and the stoi-
chiometric symmetry that its existence would provide.
Attempts to obtain crystals suitable for structure determina-
tion were unfortunately not successful. In spite of this gap in
our knowledge, the products Os(CO);L., and Os,(CO)4( u-
CPh,) do seem to be formed in equimolar amounts that are
clearly different from the yields of Os(CO),L and what we
assume to be Os,(CO)s(PPh;)(u-C,Phy). The relative
yields of Os(CO),L, and the pair of products Os,(CO)¢( u-
C4Ph,) and Os(CO) L are very dependent on the nature of
the ligands, those of Os(CO),L., becoming relatively much
greater with increasing ligand basicity.

Some of the important features of the reactions observed
here are reminiscent of the behavior of the clusters
M;C(CO),s (M=Ru and Fe) [20.21]. The color changes
and relative rates of the reactions with smaller ligands all
suggest initial formation of cluster-ligand adducts in a bimo-
lecular process that is acompanied, in the case of the M,C
clusters, by the opening up of the clusters with majorchanges
in the electronic spectra. This is followed by dissociative loss
of CO and reversion to the closed form of the now substituted
clusters which have colors similar to those of the unsubsti-
tuted ones. When M=Ru this substitution path is only
observed for ligands with cone angles of < 133°, those with
cone angles of = 136° leading to monosubstituted products
by a single and quite different path [20]. When M =Fe,
ligands with 0 < 128° lead 10 monosubstitution via reversible
bimolecular adduct formation followed by CO dissociation
but, when 02 136°, fragmentation or decomposition occurs
[21]. These very small cone angle gaps between ligands that
produce the same or different products by quite different
paths are quite remarkable but the steric effects are accom-
panied by changes in ligand basicity and it is likely that
electronic effects also contribute to the different behavior. In
general the smallest of the larger ligands involved are of
substantially lower basicity than the largest of the smaller
ligands {20.21]. In the reactions reported here, the smaller
ligands also lead to substitution, most probably via associa-
tive adduct formation, while the larger ligands lead to frag-
mentation products via Fy2 [22] processes, The cone angle
gap of 2° between the largest small ligand, PCy,H, and the
smallest large ligands, P(p-XC¢H,) ., is not, of course very
precisely defined because the cone angle of the former is
itself not precisely defined either. The distinction between
the reactions involving smaller and larger ligands is clearly
reflected in the nature of the products as well as in the number
of observable steps. More detailed kinetic and other studies
would be required to establish possible reasons for this type
of behavior.
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4. Supplementary material

Tables and diagrams of complete molecular geometries,
anisotropic displacement coefficients, H atom coordinates (9
pages for 2etbp and 8 pages for 2P(OPh);) and tables of
structure factors (17 pages for 2etbp and 22 pages for
2P(OPh);) are available from author D.H.F.
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