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Abstract: The mixed-metal complex, [RhOs(CO)4(dppm).][BF4] (1; dppm = u-Ph,PCH,PPh,) reacts with
diazomethane to yield a number of products resulting from methylene incorporation into the bimetallic core.
At —80 °C the reaction between 1 and CH:N; yields the methylene-bridged [RhOs(CO)s(u-CH2)(u-CO)-
(dppm)][BF4] (2), which reacts further at ambient temperature to give the allyl methyl species, [RhOs(»*-
C3Hs)(CH3)(CO)s(dppm)2][BF4] (4). At intermediate temperatures compounds 1 and 2 react with diazo-
methane to yield the butanediyl complex [RhOs(C4Hs)(CO)s(dppm).][BF4] (3) by the incorporation and
coupling of four methylene units. Compound 2 is proposed to be an intermediate in the formation of 3 and
4 from 1 and on the basis of labeling studies a mechanism has been proposed in which sequential insertions
of diazomethane-generated methylene fragments into the Rh—C bond of bridging hydrocarbyl fragments
occur. Reaction of the tricarbonyl species, [RhOs(CO)s(u-CH.)(dppm).][BF.] with diazomethane over a
range of temperatures generates the ethylene complex [RhOs(12-C,H4)(CO)s(dppm)2][BF4] (7a), but no
further incorporation of methylene groups is observed. This observation suggests that carbonyl loss in the
formation of the above allyl and butanediyl species only occurs after incorporation of the third methylene
fragment. Attempts to generate C,-bridged species by the reaction of 1 with ethylene gave no reaction,
however, in the presence of trimethylamine oxide the ethylene adducts [RhOs(#7?-C2H4)(CO)s(dppm),][BF4]
(7b; an isomer of 7a) and [RhOs(7?-C;H4)2(CO)2(dppm),][BF4] (8) were obtained. The relationship of the
above products to the selective coupling of methylene groups, and the roles of the different metals are

discussed.

Introduction

Despite the industrial successes of the Fiseff@opsch (FT)
reactiont since its discovery over 75 years agthe process is
still not well understood and its lack of selectivity continues to

coupling of methylene and vinyl groups (Maitlis et 29y the
coupling of methylene groups and surface-bound olefins (Bry).
Significantly, all of these proposals involve methylene fragments
bridging adjacent metal centers.

The observation that even within the closely related group 8

be a drawback. Although there is general agreement that thegng 9 transition-metal catalysts, the different metals give
reaction is a result of the stepwise polymerization of methylene substantially different products and product distributiéns,

groups® how this polymerization occurs is unknown and a

suggested to us that some control over product distributions

number of mechanisms have been proposed, the most prominenyight he achieved by the use of combinations of these metals.

of which involve either: the direct polymerization of methylene
units (Fischer and TropscR)the coupling of methylene and
alkyl fragments (Brady and Pettit; Biloen and Sachtfethe

Certainly, improved selectivity has been reported for bimetallic
catalysts over monometallic ones, as seen for example in
hydrogenation reactiofsand in isomerization reactions of
olefins&° These ideas have also been applied to the FT process,

TPresent address: Department of Chemistry, University of Regina, \where mixed Co/Ru catalysts have been investigé&ed.

Regina, SK S4S 0A2.
*+ X-ray Crystallography Laboratory.
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learned about the roles of the different metals in these systemsether and dried in vacuo (43 mg obtained, 85% yield). Anal. Calcd.
We have adopted an approach of studying well defined, for RNOsRFBOsCsHs: C, 53.12; H, 4.07. Found: C, 52.81; H, 3.92.
heterobinuclear complexes of groups 8 and 9 with a view toward MS m/z 1202 (M" — BFa).

determining the roles of the metals in processes of carbon ~ Method (ii). The compound [RhOs(CGppm)|[BF.] (1) (50 mg,
carbon bond formation. Our interest in the FT process and the 0-040 nij') was dissolved in 20 mL of G&l, and the solution cooled
established significance of bridging methylene groups in this 1 60 °C. Diazomethane (ca. 15 equiv), generated from 500 mg (2.3

. . mmol) of Diazald, was passed through the solution ¥oh and the
chem!sFry prompted us to study the reactivity of complexes solution was stirred for an additional hour. The solution was then put
containing the Mg¢-CH;)M' core (M = Rh, Ir; M' = Ru,

11-13 . . under dynamic vacuum for 1 h. The cold bath was then removed and
Os); - and in t.hls paper, we report our results on the unusually the reaction was pumped to dryness, yielding a yellow residue. This
selective coupling of methylene groups at a Rh/Os core, a residue was dissolved in 5 mL of GEl, and 40 mL of ether was

preliminary version of which has appearéd. added to precipitate a yellow solid. The solid was washed with 3
£ . | . mL of ether and dried in vacuo (42 mg obtained, 82% yield).
xperimental Section (c) [RhOs(-CaHs)(CH)(CO)s(dppm);I[BF 4 (4). Method (i). The

General Comments All solvents were deoxygenated, dried (using compound [RhOs(CQu-CHz)(dppm}[BF4] (2) (50 mg, 0.039 mmol)
appropriate drying agents), distilled before use, and stored underwas dissolved in 5 mL of THF at ambient temperature. Diazomethane
nitrogen. Reactions were performed under an argon atmosphere usingca. 12 equiv), generated from 100 mg (0.47 mmol) of Diazald, was
standard Schlenk techniques. Rh&H,0 was purchased from Strem  passed through the solution for 15 min. 30 mL of ether was then added
Chemicals, OCO),, was purchased from Colonial Metals Inc., and resulting in the precipitation of a yellow solid, which was washed with
Diazald (including?H and°C enriched) was purchased from Aldrich. 3 x 5 mL of ether and dried in vacuo (43 mg obtained, 87% yield).
13C-enriched CO (99.4% enrichment) was purchased from Isotec Inc. Anal. Caled for RhOsfF4BOsCs7Hs2: C, 51.99; H, 3.98. Found: C,
and Cambridge Isotope Laboratories (99% enrichment). The com- 51.45; H, 3.35.
pounds, [RhOs(CQjdppm}][BF4] (1)** and [RhOsf3-CsHs)(CO)s- Method (ii). Compoundl (50 mg, 0.040 mmol) was suspended in
(dppm}]*® were prepared by the published procedures. 15 mL of THF at ambient temperature. Diazomethane (ca. 12 equiv),

NMR spectra were recorded on a Varian iNova-400 spectrometer generated from 100 mg (0.47 mmol) of Diazald, was passed through
operating at 400.1 MHz fotH, 161.9 MHz3!P, and 100.6 MHz for the solution for 15 min. The mixture was stirred for an additional 15
13C nuclei. Infrared spectra were obtained on a Nicolet Magna 750 min, during which time the solution became clear. 50 mL of ether was
FTIR spectrometer with a NIC-Plan IR microscope. Spectroscopic data added resulting in the precipitation of a yellow solid, which was washed
for all compounds appear in Table 1. The elemental analyses wereWith 3 x 5 mL of ether and dried in vacuo to give 41 mg of product
performed by the microanalytical service within the department. (82% yield).

Electrospray ionization mass spectra were run on a Micromass Zabspec Method (iii). Compound4 as the triflate salt was prepared by the
spectrometer. In all cases, the distribution of isotope peaks for the addition of methyltriflate (4.8:L, 0.042 mmol) to a solution of the
appropriate parent ion matched very closely that calculated from the compound [RhOs(CQ(;*-CsHs)(dppm}] (50 mg, 0.042 mmol) dis-
formulation given. solved in 5 mL of THF. The solution was stirred for 30 min. 30 mL of

Preparation of Compounds. (a) [RhOs(CO)(u-CH,)(dppm)]- ether was then added resulting in the precipitation of a yellow solid,
[BF4] (2). The compound [RhOs(C@ippm}|[BF 4] (1) (100 mg, 0.079 which was washed with & 5 mL of ether and dried in vacuo (89%
mmol) was dissolved in 15 mL of Ci€l, and the solution cooled to  Yield).

—78 °C in an acetone/dry ice bath. Gaseous diazomethane (ca. 18 (d) [RhOs(CO)s(u-CHy)(dppm)2][BF 4] (5). The compound [RhOs-
equiv), generated from 300 mg (1.4 mmol) of Diazald, was passed (CO(u-CHz)(dppm}][BF4] (2) (50 mg, 0.039 mmol) was dissolved
through the solution for 30 min. The solution was kept-&8 °C and in 4 mL of CHCl; and MgNO (3.0 mg, 0.039 mmol), dissolved in 4

put under dynamic vacuum for another 30 min. The cold bath was mL of CH.Cl,, was then added to the solution, which immediately
then removed and the reaction mixture was pumped to dryness, yieldingbecame orange. After stirring for 30 min the solution was concentrated
a yellow residue. This residue was dissolved in 5 mL of,Chland to 4 mL under an argon stream, and 30 mL of ether was added to
30 mL of ether was added to precipitate a yellow solid. The solid was precipitate an orange solid. The solid was then washed withbamL
washed with 3x 5 mL of ether and dried in vacuo (93 mg obtained, of ether, recrystallized from Ci€l./ether, and dried in vacuo (yield
92% yield). Anal. Calcd. for RhOsPsBO,CssHas: C, 51.81; H, 3.64. 77%). Satisfactory elemental analysis has not been obtained, however,

Found: C, 51.63; H, 3.67. M8Vz 1188 (M"™—BFy,) mass spectral analysis confirmed the presenceb,ofvhich after
(b) [RhOs(C4Hg)(CO)s(dppm)2][BF 4] (3). Method (i). The com- purification was the only product detected by NMR spectroscopy.

pound [RhOs(COJu—CH,)(dppm)][BF4] (2) (50 mg, 0.039 mmol) HRMS m/z Calcd for RNOsRD:CssHss: 1161.1067. Found: 1161.1064.

was dissolved in 20 mL of C}€l, and the solution cooled te60 °C. (e) RhOs(COX(PMejs)(u-CH2)(dppm)2][BF4] (6). Method (i).

Diazomethane (ca. 15 equiv), generated from 500 mg (2.3 mmol) of Compound?2 (40 mg, 0.032 mmol) was dissolved in 5 mL of &>
Diazald, was passed through the solution fch followed by stirring and 32uL of a 1.0 M solution of PMgin THF (0.032 mmol), was

for an additional hour. The solution was then put under dynamic vacuum then added to the solution. The resulting yellow solution was stirred
at —60 °C for 1 h. The cold bath was then removed and the reaction for 15 min and then concentrated to 3 mL under an argon stream. Ether
mixture was pumped to dryness, yielding a yellow residue. This residue (20 mL) was then added to precipitate a yellow solid which was washed
was dissolved in 5 mL of CkCl, and 40 mL of ether was added to  with 3 x 10 mL of ether and dried in vacuo (yield 92%). Anal. Calcd
precipitate a yellow solid. The solid was washed withk 3 mL of for RhOsRF:0sBCsHss: C, 51.75; H, 4.19. Found: C, 51.42; H, 4.19.
MS mVz 1236.0 (M — BFy).

(11) (a) Trepanier, S. J.; Sterenberg, B. T.; McDonald, R.; CowieJ Mim. Method (ii). Compound5 (10 mg, 8 mmol) was dissolved in 0.7
ﬁh%%fﬁ;%%?glilcgogg% (g%érgr.epamer, S. J.; McDonald, R.; Cowie, ) of cD,CI, in an NMR tube sealed with a rubber septum. To this
(12) (a) Rowsell, B. D.; Trepanier, S. J.; Lam, R.; McDonald, R.; Cowie, M. was added &L of a 1.0 M solution of PMgin THF (0.008 mmol) via
O tallics2002 2pl 3228. (b) R II, B. D.; McDi Id, R
rganometallics , . owsell, B. D.; McDonald, R.; ; itori ; ; 1 1
Ferguson, M. J.; Cowie, MOrganometallic2003 22, 2944. syringe. Momtonn? thedrerslultlng SOIUUOJ\]NWPE H} e(;nd HhNMR
(13) DellAnna, M. M.; Trepanier, S. J.; McDonald, R.; Cowie, i@rgano- spectroscopy confirmed that compouidwas formed as the only
1) rmttallngsg\?OJF, 20, ?]8.k R A Cowie. O (allic€1991 10, 304 observed phosphorus-containing product.
ilts, R. W.; Franchuk, R. A.; Cowie, MDrganometallic , 304. '
(15) Sterenberg, B. T.; McDonald, R.; Cowie, @rganometallics1997, 16, (f) [RhOs(nZ-CzH4)(CO)3(dppm)2][BF4] (7a). 'Method (i). Com-
2297. pound5 (50 mg, 0.040 mmol) was dissolved in 10 mL of &h.
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Table 1. Spectroscopic Data for Compounds
ir cm=1)ab nmred
compound O S1P{H}¢(ppm) 6 H (ppm)e 0 BC{*H} (ppm)?
[RhOs(CO)(u-CHy) 2043 (s) P(Rh): 33.7 (dm, u-CHyz: 2.25 (m, 2H) u-CHz: 32.8 (d,"Jrnc = 15 Hz)
(dppm}][BF4] (2) 1970(s) Ugrnp= 157 Hz) dppm: 3.75 (m, 2H); CO(Os): 176.3 (br); 176.6 (t);
1798 (m) P(Os)=2.8 (m) 2.80 (m, 2H) u-CO: 210.5 (dmJrnc = 26 Hz)
CO(Rh): 195.0 (dt!Jghc = 57 Hz)
[RhOs(GHg)(CO) 1970 (s) P(Rh): 22.2 (dm, Mg 0.67 (m, 2H); Cy4Hsg: 24.6 (d,"Jcc= 31 Hz,
(dppmY][BF4] (3) 1850 (M)  Jrnp= 106 Hz) 1.06 (m, 2k); 2.09 (br, G); 36.2 (t,cc= 34 Hz, G);
P(Os):—6.7 (m) 2H); 1.18 (br, 2H) 37.8 (t,3cc= 33 Hz, G); —0.3 (d,
dppm: 3.80 (M, 2H); Jecc=30Hz, G)
3.93 (m, 2H) CO(Os): 182.4 (dBJpc= 9 Hz,
2Jcc= 2 Hz); 191.1 (m)
CO(Rh): 186.4 (ddt!Jrnc=
81 HZ,ZJCCZ 5 HZ,ZJpc: 17 HZ)
[RhOs(GHs)(CH5)(CO) 2031 (s) P(Rh): 27.3 (dm, GH—0.26 (t, 3H,3py = CO(0s): 179.1 (dJcc= 27
(dppm)][BF4] (4) 1799 (m)  Wrnp= 148 Hz) 7 Hz) Hz2Jpc — 9 Hz), 203.5 (dm,
P(OS)Z -5.0 (I"I'l)q C3H5: 2.60 (dm, 2H,3JHH = 1~]RhC: 12 HZ)
7 Hz); 2.89 (d, 1H3Ju = u-CO: 232.6 (ddm,
16 HZ); 3.70 (d, 1H,3JHH = 1~]RhC: 27 HZ,ZJCC =27 HZ’1
10 Hz); 5.16 (ddt, 1H3Jun =
16, 10 Hz,2Jun = 7 Hz) dppm:
3.23 (m, 2H), 3.33 (m, 2H)
[RhOS(CO}u-CHy) 1994 (s) P(Rh): 27.0 (m) 6.38 (BJposp= 13 Hz, dppm: 22.4 (m, 2C)
(dppm}][BF4] (5) 1937 (s) P(Os): 2.1 (m) 3Jprmn= 8 Hz) u-CHy: 93.9 (s, br, 1C)
4.25 (m, 2H) CO(0s): 177.4 (dRIrnc= 4 Hz,
3.82 (m, 2H) ZJCP(OS)Z 9 Hz); 186.7 (t,z\]cp(c)s)
=5Hz)
CO(Rh): 189.7 (dtJrnc= 63
Hz, ZJCP(Rh)= 14 HZ)
[RhOs(CO)(PMes)(u- 1976 (s) P(Rh): 18.2 (dm, MB: 0.75 (d, 9HZJpy MesP: 18.02 (d, 3CHpc= 20
CHy)(dppm)][BF 4] (6) 1960 (s) Jrnp= 104 HZz) =8Hz) Hz)
1907 (s) P(0s):-10.8 (m) dppm: 3.53 (m, 2H); dppm: 26.1 (m, 2C)
PMe;: —56.2 4.31 (m, 2H) u-CHyz: 75.9 (m, 1C)
(dm,Yrnp= 117 Hz)  u-CHz 4.88 (m, 2H) CO(Os): 181.4 (dBJcpyes= 18
Hz, 2Jcp(os)= 14 Hz); 189.1 (dt,
3Jcpmes= 2 Hz,2Jcposy= 4 Hz)
CO(Rh): 199.6 (ddtlJrhc= 51
Hz 2J(;pp\/|e3: 4 Hz, ZJcp(Rh): 20 HZ)
[RhOs(GH4)(CO) 1959 (s), P(Rh): 25.6 (dm, Mg 2.13 (br, 2H); 1.12 @H4: 36.0 (s); 13.8 (s)
(dppm)][BF4] (74) 1978 (s), Urnp= 116 Hz) (br, 2H) CO(Os): 194.6 (M, bidrpc =
1906 (m, br) P(Os)=-5.5 (m) dppm: 3.95 (m, 2H); 4 Hz); 184.6 (t2pc= 10 Hz)
3.58 (m, 2H) CO(Rh): 181.9 (dtiJrnc= 74
Hz, zJpc: 17 HZ)
[RhOsS(CO}(CHa) 1985 (s) P(Rh): 33.1 (m) £l (Rh): 2.75 (m, 4H, GH4: 64.2 (d,\Jrnc = 11 Hz)
(dppm}][BF4] (7b) 1903 (s) P(Os)=7.1 (m) 2JrhH = 2 HZ) CO(Os): 181.2 (t, 2CJpc= 13
dppm: 4.04 (m, 4H) Hz); 198.0 (dt, 1CXrhc= 6
Hz,2Jpc= 9 Hz)
[RhOS(GH4)(CO)(u-CHy) P(Rh): 26.7 (dm, dppm: 3.82 (br, 2H); CO(Os): 179.8 (br); 186.8 (br)
(dppm}][BF4] (8) LJrnp= 97 Hz) 3.62 (br, 2H) CO(Rh): 194.3 (d, bitJrnc = 60
P(Os):—4.9 (m) CoHa: 4.95 (br, 4H) Hz)h
(u-CHy): 5.88 (br, 2H)
[RhOs(CO)(CaHa)2 1858 (s) P(Rh): 32.7 (dm, A4 (Os): 0.90 (t, 4H, @H4 (Os): 23.5 (s, 2C)

(dppmy][BF4] (9)

1Jth= 154 HZ)
P(Os): 1.8 (m)

BJPH =6 HZ)

CoHa (Rh): 2.89 (m, 4H,
2JrhH= 2 Hz)

dppm: 3.76 (m, 4H)

CoHy (Rh) 64.6 (d, ZC}JRhC:
11 Hz)

dppm: 34.5 (m, 2C)

CO(Os): 195.5 (dt, 2CJrnc =
ZJpc: 8 HZ)

a]R abbreviations: s= strong, m= medium.? Powder microscop€.NMR abbreviations: s= singlet, d= doublet, t= triplet, m = multiplet, br=
broad.? NMR data at 25°C in CD,Cl,. ¢31P chemical shifts referenced to external 85%°8,. f Chemical shifts for the phenyl hydrogens not give#
and3C chemical shifts referenced to TMSNMR data at—80 °C.

Diazomethane (ca. 25 equiv), generated from 200 mg (0.93 mmol) of an NMR tube containing an ethylene atmosphere. After 3 days at room
Diazald, was passed through the solution for 5 min. The solution temperature approximately 80% of the sample had converted to [RhOs-
(7?-CaH4)(CO)(dppm)][BF 4] with the remainder being several un-
the solution was concentrated to 5 mL under an argon stream and 30characterized species. Propene was also observed.

(g) [RhOs(®?C,H 4)(CO)s(dppm)2][BF 4] (7b). CompoundL (80 mg,
0.064 mmol) was dissolved in 10 mL of GEl, and the solution placed
under an ethylene atmosphere.qM© (4.8 mg, 0.064 mmol), dissolved
in 5 mL of CH,Cl,, was then added to the solution, which immediately
became orange but after several minutes changed to yellow. After

immediately changed from orange to yellow. After stirring for 30 min,

mL of ether was added to precipitate a yellow solid (yield 83%). The

solid was then washed with 8 5 mL of ether and dried in vacuo.

HRMS nvz Caled for RhOsBD:CssHas: 1175.1224. Found: 1175.1220.
Method (ii). The compound [RhOs(C&l«-CHy)(dppm}][BF4] 5

(10 mg, 0.008 mmol), dissolved in 0.7 mL of @Dl,, was sealed in

8048 J. AM. CHEM. SOC. = VOL. 126, NO. 25, 2004
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Table 2. Crystallographic Data for Compounds 2 and 3

[RhOs(CO)4(CHy)(dppm).- [RhOS(CO)3(CHy)a(dppm),]-
[BF4] (2) [BF] (3)
formula 035H4GBF404OSP4Rh Q‘,7H528F40305P4Rh
fw 1274.72 1288.79
color yellow-orange pale yellow
cryst syst monoclinic monoclinic
space group 12/a (an alternate setting of P2;/n (an alternate setting of
C2/c [No. 15]) P2;/c [No. 14])
a A 42.751 (3} 17.181 (1%
b, A 10.2233 (6) 12.1815 (7)
c, A 23.580 (1) 26.533 (2)
B, deg 90.432 (1) 103.177 (1)
V,A3 10306 (1) 5406.7 (6)
Zz 8 4
Jeales g CM—3 1.643 1.583
u, mm—1 2.968 2.828
T,°C —80 —80
total data 24 873(52<h=<53,-12<k 30774 20=<h=<20,-14=<k
<12,-29=<1<10) <5,-31<1=<31)
no. of observns 85782 = 20(Fs?) 4930 Fo? = 20(Fo?)
R1[Fo? = 20(Fo?)] 0.0329 0.0675
wR; (all data) 0.0744 0.1869

a Cell parameters obtained from least-squares refinement of 5792 centered refléofietigparameters obtained from least-squares refinement of 7295
centered reflections.

stirring for 30 min, the solution was concentrated to 5 mL under an [BF4] (4) (10 mg, 0.008 mmol) dissolved in 0.7 mL of THfg-for 30
argon stream and 30 mL of ether was added to precipitate a yellow s. After approximately 8 h, 15% of the starting material had reacted,
solid. The solid was then washed with<35 mL of ether and dried in yielding the products [RhOs(Ce&§j-H).(dppm}][BF4],'* propene, and
vacuo. The3P NMR spectrum of this sample showed a mixture of methane, as observed by NMR spectroscopy. After 72 h, the reaction
compoundsl, 7b, and 9; although variable amounts of the three was complete as judged by NMR spectroscopy.

compounds were obtained, typical ratios were ca. 1:3:2, respectively.

A pure sample of7b could not be isolated, so characterization was X-ray Data Collection and Structure Solution

based on NMR spectroscopy.

(h) [RhOS(2-C2H2)(CO)a(u-CH2)(dppm)2l[BF 4] (8). Compound Ye"oz""'orangebcrﬁtafé’f ['Thosé%@TCHZ)f@g.C?(Idp‘;]m)]'.
5 (10 mg, 0.008 mmol), dissolved in 0.7 mL of @Cl,, was sealed in [BF“_] (2) were obtaine y slow diffusion of diethyl ether into
an NMR tube containing an ethylene atmosphere. At room temperature® dichloromethane solution of the compound. Data were
only [RhOs(CO)(u-CH)(dppm}][BF 4] was observed by NMR spec-  collected on a Bruker P4/RA/SMART 1000 CCD diffractome-
troscopy; however, upon cooling the sample +80 °C complete terl® using Mo Ko (A = 0.710 73 A) radiation at-80 °C. The
conversion to the ethylene addu8) pccurred. Warming the sample  data were corrected for absorption through use of the SADABS
to room-temperature resulted in loss of ethylene and the reappearancgprocedure. Unit cell parameters were obtained from a least-
of the starting comple%. Characterization of compour@iwas carried squares refinement of the setting angles of 5792 reflections from
out by NMR spectroscopykf, °C, 'P) at—80°C. After several days  the data collection, and the space group was determined to be
conversion to7aand propene was observed (see part (f), Method (ii)). |2/ (an alternate setting a@2/c [No. 15]). See Table 2 for a
Elemental analyses could not be obtained owing to facile loss o summary of crystal data and X-ray data collection information.

ethylene as described above.
(i) [RhOs(5-CzH)2(CO)(dppm)2[BF 4] (9). The compound [RhOs- Pale yellow crystals of [RhOs(C&CsHg)(dppm}|[BF4] (3)

(COM(dppm)][BF4] (1) (80 mg, 0.064 mmol) was dissolved in 10 mL ~ Were obtained by slow diffusion of diethyl ether into a
of CH,Cl, and the solution placed under an ethylene atmospherg. Me dichloromethane solution of the compound. Data were collected
NO (9.6 mg, 0.13 mmol), dissolved in 5 mL of GEl,, was then added ~ and corrected for absorption as fabove. Unit cell parameters

to the solution, which immediately became orange but after several were obtained from a least-squares refinement of the setting
minutes changed to yellow. After stirring for 30 min, the solution was angles of 7295 reflections from the data collection. The space

concentrated to 5 mL under an argon stream and 30 mL of ether wasgroup was determined to tR2:1/n (an alternate setting ¢21/c
added to precipitate a yellow solid. The solid was then washed with 3 [No. 14]).
x 5 mL of ether and dried in vacuo (91% yield). Anal. Calcd for

RhOSRF;BO;CseHsz: 34; H, 4.16. Found: .08; H, 3.89. . ;
MS HSE {1%(;,5\;:28;)‘ 53.34; H, 4.16. Found: C, 53.08; H, 3.89 programSHELXS-867 and refinement was completed using

s :
(j) Reaction of Compound 3 with H,. Dihydrogen was passed the.programSHELXL—931 Hygrogen a.toms were assigned
through an NMR tube containing [RhOs{@)(CO)(dppm}I[BF] (3) positions based on the geometries of their attached carbon atoms,
(10 mg, 0.008 mmol) dissolved in 0.7 mL of THz-for 30 s and the and were given thermal parameters 20% greater than those of

solution was left under an Hatmosphere. After approximately 8 h,  the attached carbons. Farthe boron and two fluorine atom
10% of the starting material had reacted, yielding the products [RhOs positions for the tetrafluoroborate anion were found to be
(COX(u-H)2(dppm)][BF4]* and butane, observed by NMR spectros-  disordered; each of these atoms occupied two positions of half
copy. After 72 h,3 had completely reacted, yielding these products.

The dihydride product was readily identified by #® NMR resonances (16) Programs for diffractometer operation, data collection, data reduction and

atd 26.3 and—1.4 and the hydride resonancedat-9.95 a” ast;]s?(rjp,tiokn (csor'\rﬁtitt)n \CNer? tlToselsété%pgi% %Er%%r.
: ; : eldrick, G. cta Crystallogr —473.
(k) Reaction of Compound 4 with H,. Dihydrogen was passed  (1g) Sheldrick. G. MSHELXL-93 Program for crystal structure determination;

through an NMR tube containing [RhOg#CsHs)(CHz)(CO)»(dppm)]- University of Gdtingen: Germany, 1993.

The structure of2 was solved using the direct-methods
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Scheme 1
+
P/\P + p/\p
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| o™ | l o° '|= o
1 o 4
-60°C CHAN,
CH.N, 20°C
-78°C
P/\P + P/FP H, +
| e | o | Bl en,
A S0s”C 0C—Rf——0s—C}
—_— — —_— S—
c— \/s\c CH,N o [N\, e
0€™ | S¢” | Teo CHaN. | o¢” | ¢
P P -60°C P\O/P o
2 3

occupancy and were refined independently. The final model for
2 was refined to values d&(F) = 0.0329 (for 8578 data with
Fo? = 20(Fo?)) andwRx(F?) = 0.0744 (for all 10 519 indepen-
dent data).

The structure of3 was solved as described f& and
converged tdxy(F) = 0.0675 (for 4930 data with? > 20(F?)
and WRx(F?) = 0.1869 (for all 9864 independent data). The
crystal quality of3 was poorer than desired, even after many
recrystallization attempts, leading to poorer data quality than
ideal. Nevertheless, location of all non-hydrogen atoms pro-
ceeded without difficulty and refinement also proceeded un-
eventfully. The structure reported is based on the last (and bes
of three data collections on samples obtained from differen
recrystallization attempts, that were carefully carried out with
a full appreciation of the difficulties involved. Inspection of the

the ! binding of the allyl group comes from th8C NMR
spectrum of a sample &f prepared using®CH,N,, in which
only thea-carbon atd 44.3 displays coupling (24 Hz) to Rh.
The carbonyl groups in th&C NMR spectrum appear at
179.1, 203.5, and 232.6. While the high-field shift of the first
resonance and its absence of Rh coupling establishes that this
carbonyl is terminally bound to Os, the other two carbonyls
are involved in some type of bridging interaction. We propose
that the low-field carbonyl, which displays 27 Hz coupling to
Rh, approximates a conventional bridging carbonyl, whereas
the intermediate chemical shift of the other and its 12 Hz
coupling to Rh indicate a weak semi-bridging interaction with
this metal, as diagrammed in Scheme 1. Spin-saturation-transfer
experiments at ambient temperature, in which irradiation of the
o protons of the allyl group results in loss of the signal
corresponding to the-protons, indicate that the allyl group is
fluxional, alternating coordination to Rh by tikeandy carbons.

Compound4 (as the triflate salt) can also be generated by
the reaction of the known allyl complex, [Rh@&(C3Hs)(CO)s-
(dppm}],*5 with methyl triflate, adding further support for its
formulation. Interestingly, methylation at the Os center of the
ne-allyl precursor results in conversion of this allyl group to an
n* coordination mode, presumably a consequence of the increase
in coordination number and concomitant increase in steric
crowding in the product.

In an attempt to learn more about this unprecedented
conversion of diazomethane-generated methylene groups to an

t)aIIyI and a methyl ligand we attempted to observe intermediates
t in this transformation by carrying out the reaction at lower

temperatures. At-78 °C, the reaction ofl with diazomethane
results in the exclusive formation of the methylene-bridged

thermal parameters suggested that one problem may arise fronfOmPlex [RhOs(COJu-CH,)(dppmR[BF 4] (2), which can be

the flexibility within the GHg fragment giving rise to thermal

parameters for these atoms that were larger than those of othe
atoms within the inner coordination sphere. Nevertheless, any

disorder within this fragment must be slight since all atoms were
well defined in electron density maps with no evidence of
multiple positions. Furthermore, all bond lengths and angles
within this group are normal.

Results and Compound Characterization

(a) Methylene Coupling ReactionsThe mixed-metal com-
plex [RhOs(COXdppm}|[BF.] (1) (dppm= u-PhPCHPPh)
reacts with excess diazomethane at ambient temperature yieldin
essentially quantitatively the allyl- and methyl-containing
product, [RhOs(*-CH,CH=CH,)(CHs)(CO)(dppm}][BF 4] (4),
through the incorporation of four methylene groups as shown
in Scheme 1. ThéH NMR spectrum of4 shows the methyl
resonance ai —0.26 as a triplet, due to spirspin coupling to

the Os-bound ends of the diphosphine ligands; the allyl protons

are observed ab 2.60 (2H), 2.89 (1H), 3.70 (1H), and 5.16
(1H). Selective’'P decoupling experiments indicate that only
the high-field pair of allyl hydrogens display coupling to the
Rh-bound phosphorus nuclei, although no coupling of these
o-protons to Rh is observed. Our failure to observe the two-
bond Rh-H coupling is not unusual since such coupling to
o-hydrogens is commonly less than 3 Hz. Théydrogen §
5.16) displays 7 Hz coupling to theprotons in addition to 10

Hz coupling to the cis and 16 Hz coupling to the trans olefinic
hydrogens ad 3.70 and 2.89, respectively. Further support for
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isolated in high yield by first removing the excess diazomethane
pefore warming to ambient temperature. THRE{H} NMR
spectrum of2 shows four carbonyl resonances. Two of these,
atd 176.3 and 176.6, are in the characteristic range for carbonyls
terminally bound to osmium and this has been confirmed by
selective®’P NMR decoupling experiments in which selective
decoupling of the Os-boun#P nuclei results in collapse of
these signals from triplets to singlets. The signabat95.0
represents a rhodium-bound carbonyl as determined by selective
31P NMR decoupling experiments and by the-Rb coupling
constant {Jrn-c = 57 Hz) which is typical of such groups, and
he resonance ab 210.5 is in the characteristic range for

ridging or semi-bridging carbonyl$3C{31P} NMR spectros-
copy, which shows coupling of this last carbonyl to &iP
nuclei, allows us to confirm the bridging mode of this group,
and the 26 Hz coupling of this carbonyl carbon to Rh is also
typical of bridging carbonyls. Its bridging geometry is also
confirmed by the IR spectrum, which shows a low-frequency
stretch at 1798 cnt.

In the IH NMR spectrum the methylene group appears as a
pseudo-quintet ab 2.25 having essentially equal coupling to
all four 3P nuclei, confirming that it bridges the metals. No
coupling of the methylene protons to Rh is evident. Infi@
{1H} NMR spectrum this methylene carbon appears 8.8
and displays a coupling of 15 Hz to Rh, but no coupling to the
Rh-bound phosphines is observed.

The geometry o has been confirmed by an X-ray structure
determination and a representation of the cation is shown in
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Chart 1
H“c 'H o+ H"c 'H o
Cc (o]
N\ N\
/Rh /Os\ C/Rh\ /Os
C
A B

A)1419and a nonbonded separation3 1 A)!° and leaves some
uncertainty in the nature of this interaction. Two valence-bond
extremes can be proposed for a compound having the formula-
tion of 2, as shown in Chart 1. In the one extren®) the
carbonyl labeled C(3)O(3) is terminally bound to Os, leaving
Rh with a 16-electron configuration and Os with an 18-electron
Figure 1. Perspective view of the complex cation of [RhOs(G@)CHy)- count. This formulation would not be expected to have a
(u4-CO)(dppm)][BF 4] (2) showing the atomic labeling scheme. Numbering conventional RR-Os bond. In the second extreni) carbonyl

of the phenyl carbons starts at the ipso carbon and proceeds sequentially, . Sy _
around the ring. Non-hydrogen atoms are represented by Gaussian eIIipsoidsC(S)O(S) has a conventional bridging geometry and an ac

at the 20% probability level, except for hydrogen atoms, which are shown COmpanying Rk-Os bond, giving both metals an 18-electron

arbitrarily small. Phenyl hydrogens are omitted. configuration. Although carbonyl C(3)O(3) is clearly bridging,
Table 3. Selected Distances and Distances and Angles for the other parameters indicate that the observed geomgtry appears
Compound 2 to fall somewhere between these two extremes, albeit closer to
(@) distances (&) extremeB. As a consequence, the metanhetal sgparatipn is,
ol aom2 — . p— as noted above, intermediate between a conventional single bond
5 - 2eas@ R @ 23010 and a nonbonded separation. Carbonyl C(3)O(3) is asymmetri-
S . . iy _ — . _ _
Os P() 23867(9) Rh c@3) 2.027(4) cally bridging (Os-C(3)—0(3) = 141.7(3}; Rh—C(3)—0(3)
Os P(3)  2.389(1) Rh C(4)  1.895(4) = 128.9(3}) and appears to be more strongly bound to Rh than
Os C(1) 1.907(4) Rh C(5)  2.088(4) to Os (RR-C(3) = 2.027(4)A; Os-C(3) = 2.157(4)A). The
82 g% ;%;gg 88 ggg ﬂigg lengthening of the OsC(3) bond may result from the high trans
Os C(5) 2:210(4) o(3) c(3) 1:163(5) inﬂuence of carbonyl C(l.)O(l). Surprisingly perhaps, the
Rh P(2) 2.3483(9) O(4) C(4) 1.144(5) bridging methylene group is also more strongly bound to Rh

(Rh—C(5) = 2.088(4)A; Os-C(5) = 2.210(4)A).

The allyl/methyl product4) can also be obtained by the
atoml atom2 atom3 angle atoml atom2 atom3 angle reaction of the methylene—bridged Compound [RhOSQ@B)
P(1) Os P(3) 17442(33) C(3) Rh C(5)  94.9(2) CHy)(dppm}][BF4] (2) with diazomethane at ambient temper-
gg; 82 gg; 1%.?3((?) 8(34) Fg(‘3) (é('f) 123'_:13((?) ature, suggesting thatcould be an intermediate in the formation
c(l) Os Cc(5) 856(2) Os c(3d 0@ 141.7@) Of4 Thisview issupported by subsequent labeling studies (vide
C(2) Os C(3) 92.0(2) Rh C(3) O(3) 128.9(3) infra).
ggg 82 gg 1;;-28)) g(sl) 8% 5(“2) ﬁg-gg)) The reaction of either compound or 2 with excess
P(2) Rh P(4) 156"69(4) PE) C(7) P@) 121'.2(2) diazomethane at bet_weenGO °_C and —40 °C yields a third
C(3) Rh C(4) 95.5(2) product of methylene incorporation, [RhOgg)(CO);(dppm}]-

[BF4] (3), in which the “condensation” of four intact methylene
units has occurred forming an osmacyclopentane moiety (Scheme
Figure 1 with important bond lengths and angles given in Table 1). The geometry o8 has also been established by an X-ray
3. The geometry is typical of bis-dppm-bridged binuclear structure determination and a representation of the complex
complexes, having both diphosphines in essentially trans ar-cation (in which only the ipso carbons of the phenyl groups are
rangements at each metal, although the phosphines on Rh arghown) is presented in Figure 2. Important bond lengths and
bent back significantly (P(2)Rh—P(4)= 156.69(4)) compared angles are given in Table 4. Again, as in compo@nthe Rh-

to those on Os (P(3)Os—P(3) = 174.42(3Y). Os separation is long (2.956(1) A) and suggests a weak

If the metat-metal bond is ignored, the geometry about Rh interaction between the metals. The butanediyl fragment chelates
can be described as a tetragonal pyramid having the phosphineg0 Os, having normal GsC distances (OsC(4) = 2.20(1)A,
the methylene, and the terminal carbonyl group in the basal Os—C(7)= 2.30(1)A) and a bite angle of 79.3¢4)Vithin this
sites, with the bridging carbonyl in the apical site. This hydrocarbyl fragment the €C distances (1.45(2)1.53(1) A)
description of Rh as a tetragonal pyramid is consistent with the areé normal for single bonds betweer?-$gbridized carbons,
bending back of the phosphines as described above. Similarly,as are the angles at these carbons (103:8@@3(1)). Although
the other atoms in the basal plane, C(4) and C(5), are also benthe hydrogen atoms were not located in this X-ray study, their
away from the apical site (C(4Rh—C(5) = 169.1(2)). The pogltlons have been idealized basgd on the geometrles about
geometry at Os (also ignoring the metahetal bond) is pseudo- thelr. gttached carbon atoms. ThIS. places H(?B) in clpse
octahedral with all angles between adjacent ligands close®to 90 Proximity to Rh (ca. 1.93 A), suggesting an agostic interaction
The Rh-Os separation (2'9413(4)'&) i_S intermediate between (19) lggo, J. A.; Markham, D. P.; Shaw, B. L.; Thornton-Pett, J.Chem.
what one would expect for a normal single bond (ca—2B Soc., Chem. Commui985 432.

(b) angles (deg)
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suggesting that a fluxional process interchanges them. We had
assumed that the hydrogens that are involved in the agostic
interaction would resonate at higher-field than the other meth-
ylene protons in the butanediyl moiety; however, an inspection
of Table 1 shows that this not the case. Nevertheless, labeling
studies establish the existence of this interaction. If compound
3 is generated fron by reaction with3CH,N,, the'H NMR
resonance ai 1.18 shows a carberhydrogen coupling of 112

Hz. This is significantly less than the values observed for the
other methylenes of the butanediyl group, ranging from 127 to
133 Hz. If, as suggested, both hydrogens of the “agostic”
methylene group are alternating between an agostic and a
Figure 2. Perspective view of the complex cation of [RhOgg)(CO)s- terminal C-H bond, then the €H COUp”ng observed will be
(dppm)Y][BF4] (3) showing the atomic labeling scheme. Only the ipso the average of the two. Assuming a valué&fi; = 130 Hz for
carbons of the phenyl rings are shown. Thermal ellipsoids as described inthe terminal bond, the value for the agostie-B8 bond is

Figure 1. calculated from the average to be 94 Hz, consistent with
Table 4. Selected Distances and Angles of Compound 3. previous reports!

(a) distances (A) Further evidence for the agostic interaction comes from the
aom1l  aom2  distance  aom1  atom?  distance 13C NMR spectrum, in which the resonance for C(7) appears at
Os Rh 2.956(1) Rh c@) 1.82(2) 6 —0.3 (the 13C resonances are correlated t_o t_he|r att_ached
Os P(1) 2.392(3) Rh c@) 2.46(1) protons usingH/3C HMQC spectroscopy), which is consider-
8: 2(8 5.38(22()3) 3?1) g((z)B) i?g(z) ably upfield from the other ring carbong 4.6, 36.2, 37.8)

Oe o 2:03(1) oQ) o 1:10(1) p_os&bly |_nd|cat|ng an addl'qqnal mteractlon_wnh the_electron-
Os c@) 2200 03 Cc@ 1.13(2) rich rhodium center. Surprisingly, no coupling of this carbon
Os c(7) 2.30(1) C(4) C(5) 1.45(2) to Rh is observed. Also observed in tH€ NMR spectrum are
Rh P(2) 2.335(4)  C(5)  C(6) 1.51(2) three carbonyl resonances. The oné 486.4 is assigned to a
EE (P:(ég %_’i’fé()“) C(®) cm 1.53(1) Rh-bound carbonyl on the basis of selectiV€{3P} NMR
spectroscopy and a strong coupling of this carbon to rhodium
(b) angles (deg) (Mrn-c = 81 Hz), the signal ab 182.4 is due to a terminally
atoml atom2 atom3 angle atoml atom2 atom3 angle bound osmium carbonyl, and the remaining resonanéel@i.1
P(1) Os P(3) 175.7(1) Os C(2) 0(2) 156(1) is due to a semi-bridging carbonyl. Although no Rh coupling
C(1) Os C(2) 94.6(6) Rh C(2 02 121(1) to the latter carbonyl was resolved in tF€ NMR spectrum
c(1) Os  C@ 7815 Os  C@4 C5) 113(1) owing to the complexity of the signal, the semi-bridging

ggg 82 ggg 1?;523% gg’; ggg; gg% ﬂgg; formulation is supported by a carbonyl stretch at 1850tim

C(2) Os C(7) 108.1(5) Os C(7) Rh 76.8(4)  the IR spectrum. In any case, the X-ray structure determination
c(4) Os C(7)  79.3(4) Os C(71) C(6) 103.8(7)  confirms this assignment in the solid state.

g(sz) 2?2) 2%4) 1;;’3(%)) Rn cr)y cO) 15396) The reaction of2 with diazomethane at-60 °C yields 3
exclusively, however, at increasing temperatures increasing
amounts o4 become evident. At+40 °C, compound€ and3

of C(7)H(7B) with this metal. This interaction is supported by appear in an approximate 1:50 ratio, whereas reactions at higher
the Rh—C(7) distance (2.46(1)A) which is typical of such an temperatures yield higher ratios4&nd by ambient temperature
interactio®2! and has been confirmed in solution by NMR  only this species is observed. Warming a sampl&tofambient
studies (vide infra). The carbonyl C(2)O(2) is bound as a temperature does not result in its conversiortandicating
semibridging group in which the more linear arrangement that both products are derived by competing independent paths.

involving its interaction with osmium (RRC(2)-0O(2) = In an effort to obtain mechanistic information on the
121(1f, Os-C(2)—0O(2) = 156(1)) correlates with the shorter  transformations of into either3 or 4, the reactions of [RhOs-
metal-carbonyl distance (3sC(2) = 2.03(1) A, Rr-C(2) = (COX(u-CD2)(dppmy][BF 4] (2-D2) and [RhOS(CQYu-13CHy)-
2.41(2)A). (dppm)][BF 4] (2-13C) with unlabeled CHN, have been moni-
NMR characterization of3 confirms that the geometry tored, to determine the sites of isotope incorporation in the
observed in the crystal is maintained in solution. THENMR products. In compoung, synthesized from eithé-13C or 2-D,

spectrum of3 displays four methylene resonances for the at —60 °C, the '3C or deuterium label is scrambled equally
osmacyclopentane group, and the connectivity of the methylenespetween the two adjacent sites of the butanediyl moiety, remote
has been established using selecthg*P} NMR spectroscopy  from Rh, with none appearing in the other sites, as shown in
and'H/*H HMQC experiments. Unlike the solid-state structure, Scheme 2. The reaction of GN, with (2-'3C) at ambient

in which the agostic interaction involving H(7B) clearly temperature yieldd, in which the allyl group is*C enriched
differentiates it from uncoordinated H(7A), the solution NMR jn a 1:2:1 proportion at the, 8 andy positions, respectively,
study shows only one broad resonance for both hydrogenswith no 13C incorporation into the methyl group (see Scheme
3). In the reaction oR-D, with unlabeled CHN,, deuterium

20) Brookhart, M.; Green, M. L. HJ. Organomet. Chen1983 250, 395. ; P i ;
EZlg Brookhart, M.; Green, M. L. H; Wc?ng, L.-IProg. Inorg:.i Chem1988 !ncorporatlon II’.ltO 6}” sites of the _a”yl and_ methyl grOUpS40_]c
36, 1. is observed (vide infra). There is no evidence of deuterium
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Scheme 2 Scheme 5
1SCH2: P/\P + /\ +
-22 HZC/C:C Ha /C\ | /CO Me;NO ‘ /C\ | /Co
N, SN ¢ P U
Rh Os s—Che o® | \8 | (o8 -C0, oC” l |\C
-60°C (o]
+ ethylene * P\/P P\/P
CD.: 2 PMe, 5
z . l PMe,
H, Hz C/C\C Hy -Cco
c
CH2N2 \ /\ +
an’” Nos + —CH? P
-60°C Mea"\‘ _C_ | o
+ ethylene * /Rh Os\
» fully labelled o7 | [ e,
% fractional P F
enrichment 6
Scheme 3 together withn-butane, whereas the reactiordofields the same
13CH,: dihydride complex along with propene and methane. Interest-
H2 ingly, this dihydride product can in turn be converted to [RhOs-
/ N M CHi (CON(dppm)][BF] (1) via addition of CO, and this complex
—°> ,C—Rh Os can subsequently be transformed into either the osmacyclopen-
) ane complex ) or allyl/me complex addition o
20°C “C;H t pl llyl/methyl pl by addition of
w2 CHyN, at the appropriate temperatures. Regeneration of the
CDy: + ethylene * starting hydrocarbyl speciesand 4 allows us to construct a
Ha cht pseudo-catalytic cycle for the selective formation of butane, or
/c\ CHN2 ™y, | i methane and propene, from diazomethane and hydrogen.
Rh % e twes O Reaction of [RhOs(CQJu-CH,)(u-CO)(dppm)][BF4] (2)
CHZ* with MesNO results in the loss of a carbonyl to give [RhOs-

= fully labelled

+ ethylene *

% fractional
enrichment

Scheme 4

incorporation into the dppm ligand of either prod@abr 4. In
Schemes 2 and 3 only the metals and the relevant hydrocarbyl
fragments are shown. In both reactions;#0 °C and 25°C,

with either 2-13C or 2-D,, 13C- or ?H-enriched ethylene is
observed as an additional product. On the basis of the labeling

studies, a reaction sequence that rationalizes the selectlve

formation of product$ or 4 is proposed and will be explained
in the Discussion section.

Both complexes3 and 4 react slowly with H, undergoing
hydrogenolysis of the metal-alkyl bonds as shown in Scheme

(COX(u-CHy)(dppm}][BF4] (5) as shown in Scheme 3H
NMR spectroscopy confirms that the methylene group remains
bridging, appearing as a triplet of triplets @t6.38 owing to
coupling with both sets of!P nuclei; as with the precursaz)(

no spin-spin coupling between the methylene protons and Rh
is observed. Three resonances to terminal carbonyl ligands are
observed ab 189.7, 186.7, and 177.4. The first displays 63 Hz
coupling to Rh, clearly identifying that it is bound to this metal,
whereas the other two display coupling to the Os-bound ends
of the diphosphines. The high-field signal also displays 4 Hz
coupling to Rh, consistent with it occupying a site on Os
opposite the RROs bond. This assignment is consistent with
the upfield shift of this carbonyl in th&C NMR spectrum,
compared to the other osmium-bound carbonyl, which is cis to
the Rh-Os bond. We have previously nofédhat carbonyls

cis to the metatmetal bond, therefore in closer proximity to
the adjacent metal, display low-fieldC chemical shifts.

(b) PMes Addition to Compound 2. [RhOs(CO}(u-CHy)-
(u-CO)(dppm)][BF4] (2) reacts readily with PMgyielding
[RhOs(CO}(PMes)(u-CHy)(dppm)][BF4] (6) quantitatively,
accompanied by the loss of a carbonyl (Scheme 5). Compound
6 can also be synthesized by the addition of BMe the
tricarbonyl compound [RhOs(Cef)-CHy)(dppm}][BF 4] (5).
The3P{1H} NMR spectrum o6 displays multiplets ab 18.2
and —10.8, typical of the rhodium- and osmium-bound dppm
roups, respectively, as well as a high-field doublet of multiplets
ato —56.2 due to the PMgyroup. The large rhodium coupling
(Mrnp = 117 Hz) to this phosphine clearly identifies that the
PMe; group is bound to rhodium. In thiH NMR spectrum,

g

4. In the reaction o3 with H, the products obtained are the
known dihydride complex [RhOs(Ce)-H)>(dppm)][BF 44

(22) George, D. S. A.; McDonald, R.; Cowie, Nbrganometallics1998 17,
2553.
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Scheme 6 interaction of this carbonyl with Rh. The other carbonyl stretches
p— ~p *+ p— ~~p * (1978, 1959 cm?) are clearly due to terminally bound groups.
' H, | I =7 Insertion of olefins into a metalcarbon bond of a bridging
_~C ! __co :
Rh Os —> OC—Rh; 0s—CO methylene group to give metal-bound fagments have been
oc/ l |\C CH,N, ] e | observeé® or postulated in the generation of higher oleffis.
PP o P\O/P Attempts to induce analogous coupling through reactio2 of
5 7a with ethylene failed, with no reaction being observed over the
_80°C| C.H CH CH.CH=CH temperature range 6f80 °C to ambient. However, compound
¢ il 2 T T TE 5 reacts with ethylene at80 °C to give the ethylene adduct

—~p *+ P~ m~p * [RhOs?-CoH4)(CO)(u-CHy)(dppm)][BF 4] (8) as shown in

P T gz | o 20°C He”Cen, Scheme 6. In addition to the dppm resonances intthBlMR
SR 0s—C RH- 0s—CO spectrum, the bridging methylene resonance is observed as a
c/ \ \c C/l | \c broad singlet ab 5.88, whereas a broad resonance for ethylene
o PP o o PP o is observed betweed 4.5 and 5.0. Although excess ethylene
8 is present, no signal for free ethylene is observed. Instead, the

observed signal integrates for both free and coordinated ethylene,

the bridging methylene group appears as a multiplet 4138 indicating facile on/off exchange of this ligand even-a80

and selectivé'P decoupling experiments show coupling to all ~C: Under these conditions, the ethylene chemical shift is
five 31P nuclei. Also bound to rhodium is a carbonyl which dependent on the ethylene concentration in solution, approaching

resonates af 199.6 in the*C NMR spectrum {znp= 51 Hz). that for the free ligandd 5.39) at high ethylene concentration.

Two other carbonyls, terminally bound to osmium, are observed The resonance a%4.95, repgrted in Tablg L integrates as four
ato 181.4 and 189.1. Although one carbonyl in the isoelectronic ethylene r_nolecule_s, indicating that ml this experiment there are
precursor 2) is bridging, all carbonyls i are terminally bound. thlr:é’ equn_/akl]er:jts in e>|<cess. In tiff:{ T} er\]/IR specl;rug of d
Similar structures have been observed in the analogoustf/Ru & O-enriched sample, one carbonylis shown to be bound to
and Rh/Ré&?2 compounds, the structures of which have been Rh (¢ 194.3) on the basis of a 60 Hz couplmg o this metal,
confirmed by X-ray crystallography. Based on steric arguments, whereas the other twa (186.8, 179.8) are terminally bound to
we would have expecteito have a structure like that @fin Os. Although no SPIRSpin coupling between the ole_fm protons
which the larger PMggroup would favor a carbonyl group and Rh was ob_served in thel NMR spectrum_, owing to the
being pushed toward Os, resulting in a bridging configuration. breadth of the signal, the location of two termlnal_ carbonyls on
However, it appears that a terminal carbonyl on Rh may be Os and c_>n|y one on Rh suggests. that ethylene is bound at the
favored by its effectiveness in removing the increased electron vacgqt S'tet 0? tﬁh'PTh'S (;/:/jou![(é %'\\/’e C‘?mPO“Bd‘" sl,trl;u:re
density from this metal that has resulted from the electron- reminiscent of the Mea ucto. Warming a sample 0
donating PMe group. Although2 rapidly reacts with diaz- ambient temperature results in reversiorbtand free ethylene
omethane, the isoelectronic specksis unreactive. Clearly, and maintaining this sample at ambient temperature results in

the coordinative unsaturation at Rh, required for reaction with thent Silr?i\;lv ccr)n(\j/er?ovr\l/itr(]over ;evenrailn d?ﬁi 'I[IO nthf :athylnene-
diazomethane, is not readily achieved with this Biemplex. containing producta accompanying formation ot propene.

) . Presumably, ethylene insertion into the -RbH, bond of 8
_(c) Ethylene ComplexesCompounds reacts rapidly with 005 as’ previously proposédyielding the propanediyl-
d|az_omethane, at tempergtgres betweet8 °C and ambient bridged intermediate (Scheme 6) which undergdéydrogen
to give the ethylene-containing product [Rh@sC,H4)(CO)-

. ; elimination to give an allyl hydride species followed by
(dppm}I[BF4] (78), shown in Scheme 6. At ambient temperature o y,ctive elimination of propene. Reaction of the remaining Rh/
only one resonance for the ethylene ligand (eiffreor 13C) is

! ) ) . Os complex with ethylene presumably yields the ethylene adduct
observed owing to facile olefin rotation, whereas,~&80 °C

] 7a
two resonances are observed. In theNMR spectrum at this Attempts to generate £bridged products, related &a, by
temperature, the ethylene resonancesj 2t13 and 1.12, are

the reaction of the carbonyl precursor, [RhOs m)]-
broad and no coupling is resolved. When compoutdis v P [ (“apmy]

> [BF4] (1) with ethylene failed with no reaction observed.
generated from ChiN, addition to the'3CH,-labeleds5 ethylene

- 1 However, upon addition of 1 equiv of MHO to a solution of
resonances, at 36.0 and 13.8 in th&*C{*H} NMR spectrum, 1 under an atmosphere of ethylene an instantaneous reaction

appear as singlets at80 °C with no coupling observed to Rh.  j.;rs yielding two products, [RhOB(CsH4)(CO)(dppm)l-
This clearly establishes that the ethylene ligand is bound to OS'[BF4] (7b) and [RhOs(2-CoH4)2(CO)(dppmY][BF4] (9), to-
Furthermore, the high-field®C chemical shifts for this group gether with unreacted (Scheme 7). We were not able to
are more in line with that expected for an Os-bound group than selectively remove a single carbonyl frot to give 7b

for a Rh-bound ethylene (see compounds and 9 for exclusively, even when less than 1 equiv of M® was used.
comparison, vide infra). In th&C NMR spectrum of &3CO- Carbonyl loss from7b is competitive with CO loss from
enriched sample, a Rh-bound carbonyl resonance is observed

i i i _ (23) (a) Howard, T. R.; Lee, J. B.; Grubbs, R. HAm. Chem. Sod98Q 102
ato 181.9, dlsplaylng COUp“ng to Rh (74 Hz) and. to th? Rh 6876. (b) Lee, J. B.; Gajola, G. J.; Schaefer, W. P.; Howard, T. R.; Ikariya,
bound phosphines, a second is observedl ¥4.6, displaying T. Straus, D. A.; Grubbs, R. H. Am. Chem. Sod 981, 103 7358. ()

i - i i i Motyl, K. M.; Norton, J. R.; Schauer, C. K.; Anderson, O.J?PAm. Chem.
coupling to only the Os-bound phosphines, while a thirdj at Soc 1982 104 7325,

194.6, shows coupling to the Os-bound phosphines and to Rh(24) (a) Sumner, C. E., Jr.; Riley, P. E.: Davis, R. E.; PettitJRAm. Chem.

B B R ; _ So0c.198Q 102, 1752. (b) Theopold, K. H.; Bergman, R. G.Am. Chem.
(4 Hz). This small coupling to Rh, combined with the low S0c.1981 103 2489. (((:))Kao, S C. Thiel. C. H. Petit, Brganometaliics
frequency IR stretch at 1906 crhsuggests a weak semibridging 1983 2, 914.

8054 J. AM. CHEM. SOC. = VOL. 126, NO. 25, 2004



Adjacent Metals in C—C Bond Formation ARTICLES

Scheme 7 example of the trans effect of an ethylene ligand being
p— ~p + p— ~p + transmitted through the metametal bond. The transmission
O¢ | +<|\:an?4 o } 90 of the trans effect from one metal to another, via the metal
OC—Rh——0s—CO ———> /—Rh:"‘ ~0s—CO metal bond, has previously been noted by Oro and co-wofRers.
-~ S . ) .
o° | | c Compoundrb is an isomer ofa, having the ethylene bound

PP C.H, PP to Rh instead of to Os. Clearly, the activation barrier to
1 + Meaby 7b interchange of these isomers is substantial since interconversion
C.H, does not occur at ambient temperature. Attempts to establish
+ 2Me;NO . . . . .
o~ . which of these isomers is thermodynamically favored failed
T 0 T since warming solutions of either in attempts to effect conversion
/_Rh,,——‘C\OS_/ to the favored species resulted in decomposition in both cases.
| o | / It is also interesting that isomef& and 7b were ostensibly
PO p obtained from the same [RhOs(G@ppm)]* precursor. In the
\/ . .
" first case, this unsaturated complex was presumed to be

generated by propene loss from the putative propanediyl
intermediate, shown in Scheme 6, whereas in the second case,
it was generated by trimethylamine oxide addition to compound
1. The formation of different isomers under these different
conditions indicates that the nature of the unsaturated precursor
differs subtly under both sets of conditions.

compoundl resulting in competitive formation of the bis-
ethylene product. Howeved,can be obtained as the sole product
by the addition of two equiv of M@NO to 1 under an ethylene
atmosphere. Compour@ shows two ethylene resonances in
theH NMR spectrum; a triplet ab 0.90 displays 6 Hz coupling
to the Os-bound phosphines so is clearly due to the Os- Discussion

coordinated @H,4 ligand, and a multiplet resonance @2.89 . . .
corresponds to the Rh-bound ethylene group. Seledie (a) Mechanisms of Methylene Coupling.The observation

decoupling experiments shows that this latter ethylene group that [RNOS(COXdppm}pI[BF.] (1) reacts with an excess of
couples to the Rh-bound phosphines and also allows thediazomethane at ambient temperature to give essentially quan-
observation ba 2 Hz coupling between Rh and these protons. titative conversion to [RhOg{-CsHs)(CHz)(CO)(dppm}][BF 4]

In the 3C NMR spectrum only one carbonyl resonance is (4. in which anallyl group is bound to Rh and a methyl group
observed ab 195.5, having approximately equal 8 Hz coupling 1S Pound to Os, is intriguing and led us to question how the
to the Rh nucleus and to the Os-bound phosphines, indicatingtfansformation of four methylene groups into the allyl and
that both carbonyls are primarily bound to Os, but having a Methyl groups had occurred. In particular, we were interested
weak semi-bridging interaction with Rh. This semi-bridging " establishing the roles of the two different metals in this
formulation is supported by the carbonyl stretch in the IR Process. We therefore reinvestigated the reactiorl wiith
spectrum at 1858 cm. When3C,H, is used in the preparation dlazomethane_ at d|ffgr_ent tempe_ratures in attempts to_observe
of 9, two ethylene resonances are observed inl#eNMR and characterize additional species that may help elucidate the

spectrum; the high-field resonance’a23.5 corresponds to the steps in this unigue methylene-coupling reaction. In total, three
Os-bound ethylene ligand, and thata64.6, showing 11 Hz products of methylene incorporation in this RhOs system have

coupling to Rh, corresponds to the Rh-bound group. No coupling 2€€n observed, depending on the temperature, as depicted in
to phosphorus is observed in either signal. Scheme 1. At the lowest temperature investigate80(°C) the

Although the mono-ethylene productlh) could not be incorporation of only one methylene fragment occurs yielding

obtained pure, its spectral parameters can be obtained from thethe methylene-bridged product [RhOS(G@)}CHo)(u-CO)-

mixture of products. In théH NMR spectrum the ethylene (dppmpl[BF4] (2). This incorporation occurs without carbonyl

. loss. At intermediate temperatures, betweeB0 °C and
resonance appears as a broad unresolved multipk&t2at5. . . . ’
31p-decoupling experiments confirm the coupling between the approximately 0C, athird species, [RhOs{H3)(CO)(dppma-

ethylene protons and the Rh-bound ends of the diphosphines,[BF4] (3), is pbservgd in- which the condensation of four
and also allow the 2 Hz coupling to Rh to be resolved; both methylene units to give a butaned_|yl fragment has occurred.
pieces of coupling information indicate that ethylene is bound Abo.ve —40 dC’ :h[e aIItth/met.ktg/I SPC?C'S?I beglnts to appear ash
to Rh. This connectivity is more clearly demonstrated by the a minor product together With, and at temperalures approach-
13C NMR spectrum of 43C,H,-enriched sample which shows ing ambient it becomes the sole product. Compouhdsd 4
the ethylene signal as a doubleta4.2, having 11 Hz coupling do not interconvert at ambient temperature indicating that they
to Rh. The carbonyls appear in a 2:.l ,rati033198.0 and 181.2 are generated frorhby different reaction pathways. (_Zomp(_)und
respectively; both signals display coupling to the Os-bound 2.can also be used as the precursoB_ahd4 by reac“of‘ W'th .
phosphorus nuclei, while the first displays an additional 6 Hz diazomethane at the tempgratures given abovg, and its |sola'F|on
coupling to Rh. Clearly7b and9 have analogous structures in has allowed us to carry out isotope-labeling studies by generating
- L . ; the 13CH,-labeled or CD-labeled compounds2-13CH, and
which the axial site on Os opposite the metaletal bond is

occupied by a carbonyl ifib and an ethylene ligand @ These 2-CD,, and following the distribution of the isotopes upon

similarities are borne out by the close similarities in many of ﬁ?;[\rl]e::'r?; trcc))i ir:?diri'o ;Lhee ;2332?[?22%1 z;)IfIO\t/\r/]se ulsa?i(resktad
the spectral parameters of these compounds. It is interesting y group P

that the initial replacement of a carbonyl by ethylene occurs at to establish tha? is involved as a probable intermediate in the
Rh, and that OnQe this SUbStltu“Qn occurs the Iab_”lty of a (25) Sola, E.; Torres, F.; Jimez, M. V.; Lopez, J. A.; Ruiz, S. E.; Lahoz, F.
carbonyl on Os is enhanced. This represents an interesting ° L.; Elduque, A.; Oro, L. AJ. Am. Chem. So@001 123 11 925.
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Scheme 8
H H, .H H,C=CH
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Rh Os —> Rh Os — Rh Os
2 C D
« i
H,C—CH, H
7 \ * (2
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l 20°Cl B-H elimination
Hy
H, . C- H.
¢~ ~ch2 H CH
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Rh——O0s™ ™~ "2 Rh—O0s —> C—Rh—O0s
HCY*
3 G CH, 4

formation of these products fro and the distribution of the
labels in3 and4 gives information on how these transformations
occur. The sites of isotopic incorporation into these products

the sites of label incorporation are shown only f&iC.
Reversible conversion of a bridging ethylene group into a
terminally bound ethylene group has been demonsttataul
would yield anz?-olefin product, such aB. The 52 binding
mode is known to allow facile rotation about the metal-olefin
bond3° as was demonstrated for compoufaj and subsequent
reversion to the ethylene-bridged intermediate, would result in
scrambling of the label equally over the two gsltes to give
C*. It should also be recalled that ethylene is always obtained
in the reaction of eithet or 2 with diazomethane. Presumably,
this occurs by ethylene loss from an intermediate sucb,as
regenerating., which can react with CbN; regeneratin@. We
have no structural information about thyé-olefin adductD;
however, it is shown in Scheme 8 as having ethylene bound to
Os, since we have demonstrated that the tricarbonyl ethylene
adduct7a, generated by the reaction of the methylene-bridged
5 with diazomethane, has the ethylene ligand bound to Os in a
site adjacent to the bridging position, much as propose®for
Methylene insertion into the RFCH, bond ofC* would yield

scrambling of the!3C and?H occurred. In all insertion steps
we assume that methylene insertion into the—Ri, bond
rather than the GsCH, bond occurs. This proposal is consistent
with the results of the labeling study, and can be rationalized
on the basis of a predicted weaker-Rb bond compared to
Os—C bond?® which allows more facile insertion into the RIC

knowr?3¢:31 or have been proposed as intermediates in the
formation of higher olefing* However, none of the previously
described @bridged species resulted from the stepwise coupling
of methylene groups, as proposed in this study. Subsequent
insertion of another methylene group into the-R&hbond ofE
would yieldF, which we presume rearranges to the final product

allows for nucleophilic attack of diazomethane at this metal,
followed by N, loss, generating a Rh-bound methylene group,
which inserts into the RRC bond of the bridging hydrocarbyl
fragment.

allacycle to the unstrained five-membered osmacycle. Note that
stepwise insertion of methylene groups into the-R, bonds

of the hydrocarbyl-bridged intermediates, together with ethylene
rotation inD, rationalizes the sites of label incorporation (both

Although the X-ray structural and spectroscopic parameters 13C and 2H) in compound3. The loss of the RRCH, bond

for 2 indicate a substantial contribution from the carbonyl-
bridged canonical form (structui of Chart 1), which would
give a saturated 18-electron configuration at both metals,
displacement of the bridging carbonyl by nucleophilic attack
at Rh still occurs. The susceptibility of the Rh centerio
nucleophilic attack is demonstrated by its reaction with PMe
resulting in CO loss and accompanying binding of ReRh,
adjacent to the bridging methylene group. The failure of this
PMe; products, which is coordinatively saturated at both metals,
to react with CHN, supports the idea that a site of incipient

upon migration to Os, yieldin@®, is compensated for by the
agostic interaction by this GHjroup in the final product.

At higher temperatures, we propose tifatH elimination
from the central carbon of the propanediyl-bridged fragment in
E becomes competitive yielding an allyl/hydride complex, one
possible isomer of which is shown &, and subsequent
methylene insertion into the @41 bond could give the allyl/
methyl complex4. The sequenc€* — E — G is not unlike
that proposed by Pettit and co-workers, for the reaction of
[Fex(CO)(u-CHyp)] with ethylene?*a¢ and by Theopold and

unsaturation at Rh, presumably resulting from movement of the Bergman for a similar reaction involving @pox(CO)(u-

bridging carbonyl in2 to a terminal site on Os, much as
diagrammed for structurA (Chart 1), is necessary.

Additional support for methylene insertion into the RGH,
bond comes from the reactivities @ or 5 and the Rh/Ru
analogue with alkynég®27and allened’-28which give products
of insertion into the RRCH, bond, leaving the OsCH, or
Ru—CH; bond intact. On the assumption that methylene
insertion occurs at Rh, the first product would be an ethylene-
bridged structureC, shown in Scheme 8, in which the label

CH,).2%2 In both cases a $Elg-bridged intermediate, analogous
to E, is proposed to underg@-hydride elimination to give an
allyl/hydride complex, before reductive elimination of propene.
The difference observed in our case presumably results from
the rapid interception of the hydrido intermediate by an
additional methylene group yielding the methyl ligand. Again,
this proposal for the formation dfis consistent with the labeling
study.8—H elimination from the'3C-labeledE would give an
allyl group having equal®C incorporation at one terminal GH

(*3C or2H) has remained adjacent to Os. Note that in this scheme group and at the central carbon. Conversion tgaallyl group

(26) (a) Ziegler, T.; Tschinke, VBonding Energetics in Organometallic
CompoundsMarks, T. J., Ed.; American Chemical Society: Washington,
DC, 1990; Chapter 19. (b) Ziegler, T.; Tschinke, V.; Ursenbachl. Bim.
Chem. Soc1987, 109, 4825. (c) Armentrout, P. BBonding Energetics in
Organometallic CompoungsMarks, T. J., Ed.; American Chemical
Society: Washington, DC, 1990; Chapter 2.

(27) (a) Chokshi, A. M. Sc. Thesis, University of Alberta, 2004. (b) Rowsell,
B. D. Ph.D. Thesis, University of Alberta, 2004.

(28) Chokshi, A.; Rowsell, B. D.; Trepanier, S. J.; McDonald, R.; Cowie, M.,
submitted for publication.
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would give a further isotope dilution at theandy sites in4
since there would be an equal probability of either end of the

(29) (a) Bender, B. R.; Ramage, D. L.; Norton, J. R.; Wiser, D. C.; Rafipe
K. J. Am. Chem. So0d.997, 119, 5628. (b) Johnson, B. F. G.; Lewis, J.;
Pippard, D. A.J. Chem. Soc., Dalto@981, 407.

(30) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, RPfhciples and
Applications of Organotranstition Metal Chemistryniversity Science
Books: Mill Valley California, 1987; pp 523660.

(31) Theopold, K. H.; Bergman, R. ®@rganometallics1982 1, 1571.
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allyl group coordinating to the metal. It should also be recalled with 9. Certainly, the location of the two ethylene ligands at
that4 is fluxional, and exchange of the andy positions of opposite ends of the complex, and the intervening pair of
the n*-allyl group would also result in scrambling of the label. carbonyl groups makes their coupling unlikely. In addition, this
According to this scheme, A8C incorporation into the methyl  bis-olefin complex is unlikely to be an intermediate in the
group would occur since this carbon originates from unlabeled formation of 3 since it is carbonyl deficient. Any attempts to

diazomethane. By arguments similar to those"¥arscrambling, generate a better stoichiometric model of a bis-ethylene,
2H scrambling over all allyl positions occurs. In addition, tricarbonyl intermediate, by reaction 8fwith CO led irrevers-
removal of one hydrogen from the central carborEina site ibly to the tetracarbonyl.
having 2H incorporation, will incorporate someéH into the (c) Carbonyl Loss.An unanswered problem that remains in
hydride group ofG resulting in?H incorporation into the methyl ~ the methylene-coupling transformations of the tetracarbonyl
group of4. precursorsl and?2 into the tricarbonyl product8 and4, is the

We have attempted to model the transformation of the allyl stage at which carbonyl loss occurs. The Bideduct6 clearly
hydride intermediateG) to 4 via protonation of the known?3- demonstrates substrate coordination at Rh and can be viewed

allyl complex, [RhOs(3-C3Hs)(CO)(dppm)], and subsequent  as a model for diazomethane attack &npreceding N loss
reaction with diazomethane. However, protonation of this allyl and subsequent methylene coupling. On the basis that PMe
species, even at80 °C, leads to facile decomposition, and even attack on2 is accompanied by CO loss, it is tempting to suggest
in the presence of diazomethane, attempted protonation of thisthat diazomethane attack @ralso results in CO loss. However,
allyl species also led to decomposition in which no evidence the observation that the methylene-bridged tricarbonyl species
of either3 or 4 could be observed. 5 reacts with diazomethane to yield the ethylene comlgx

The formation of3 is favored at lower temperatures, whereas but that this species undergoes no further methylene incorpora-
the formation of4 becomes favorable at higher temperatures. tion, seems to rule out carbonyl loss at an early stage in the
Unfortunately, the appropriate experiments to determine the methylene-coupling sequence (Scheme 8). Compdtadp-
activation enthalpies and entropies for the formation of com- pears to be analogous to intermedi&le except that in7a
pounds3 and 4 have not been carried out. One of the major movement of ethylene back to the bridging site to yield a species
problems in carrying out such a study is the capricious nature such a<C appears not to occur. We propose that for methylene
of reactions involving diazomethane and these transition-metal incorporation to yield @and G products such as compounds
complexes. We have found that under seemingly identical 4 and 3, methylene insertion into the RICH, bond of a
conditions the reaction of G, with 1 or 2 can lead to hydrocarbyl-bridged fragment has to occur. This suggests that
substantial, although variable, amounts of polymethylene and intermediateC in Scheme 8 is a tetracarbonyl and that the
ethylene, which can lead to incomplete formation of the expected additional carbonyl, compared to the tricarboiig serves to
products B8 or 4) and difficulties in determining the concentra- force the ethylene ligand into the bridging site to allow
tion of diazomethane in solution from reaction to reaction. subsequent methylene incorporation to yield theb@dged

(b) Models for C,-Bridged Intermediates. The proposed intermediateE. We propose therefore, that carbonyl loss in the
C.Hg-bridged intermediate @) in our methylene-coupling  generation of compoundsand4 occursafter incorporation of
sequence is never observed; clearly, once generated, it is rapidlythe third methylene group.
intercepted by reaction with diazomethane yieldggr 4 or
both. In attempts to obtain ethylene-bridged species directly,
three ethylene complexe®a, 7b, and9, have been generated. The Rh/Os complex, [RhOs(C&ippm)] ™ (1) has demon-
However none of these products has an ethylene group in theStratéd a unique ability to couple diazomethane-generated
bridging position as suggested for intermedi@teCompound ~ Methylene groups to yield the;Cand G-containing products,
7a, having the ethylene ligand bound to Os, adjacent to the [RNOS¢*-CaHs)(CH3)(COX(dppm}l ™ (4) and [RhOs(GHg)-
bridging site, appears to be closestQpbut it does not react ~ (COR(APPMY™ (3), respectively. The failure of the analogous
further with diazomethane. The reasons for this difference in Rh/RL_‘lz and I/R4* complexes to accomplish this facile
reactivity will be discussed in relation to the stage at which COUPIiNg suggests that the Rh/Os pair of metals has the right
carbonyl loss occurs in the methylene-coupling sequence (Videcomblnatlon of_ prop_ertles_ that aII_ows binding of the hydrocgrbyl
infra). The other monoolefin isomer7b, does react with fragments yvhlle_sull being labile enough to allpw .mult|ple
diazomethane to yield a mixture of unidentified products, but methylene insertions to occur. Clearly, the coordinative unsat-

neither3 nor 4 is detected in this reaction mixture. Clearly, the Uration at Rh and the lability of the RICH, bond allows
binding mode of the ethylene ligand is pivotal in determining diazomethane coordination and activation at this metal followed

the course of the reaction with diazomethane, with an ethylene-PY methylene insertion into the RICH, bond, while the greater

bridged product such a3 being necessary for the formation of ~ Stréngth of the Os-hydrocarbyl bond appears to be pivotal in
other hydrocarbyl-bridged species suctEandF in subsequent ~ rétaining the hydrocarbyl fragment, thereby allowing chain
reactions with diazomethane. growth to occur. This latter feature is particularly important in
Also produced in the reaction generatifigis the bis-ethylene e ethylene adducD, from which ethylene loss would
adduct, [RhOsf2-C;H,)»(CO)(dppm}][BF 4] (9), resulting from otherwise stop the methylene-coupling sequence. This chemistry
removal of an additional CO fronvb and accompanying also demonstrates the importance of bridging binding modes
reaction with ethylene. The butanediyl complé ¢ould, in of hydrocarbyl fragments in methylene-goupling sequence, and
principle, result from coupling of two ethylene ligands, examples ©fférs support for the methylene-coupling scheme of Dry to

of which are well documented.Such a coupling is not observed ~ rationalize carborrcarbon coupling in FischerTropsch chem-
istry ® In the Dry proposal, coupling of surface-bound olefin

(32) Pillai, S. M.; Ravindranathan, M.; Sivaram,Ghem. Re. 1986 86, 353. and methylene groups yields a propanediyl-bridged species,

Conclusions
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