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Abstract*Three alkyne!bridged dicobalt carbonyl complexes\ ðCo1"m!RCCH#"CO#5Ł "R�H 0a\ Me 0b\
CH1OH 0c# have been reacted with Ph1P"SPh# and with the new thiophosphine ligands\ Ph1P"SR?# "R?�Bun\
But#\ to give\ initially\ both mono!substituted ðCo1"m!RCCH#"CO#4"PPh1"SR?##Ł ð"R?�Ph^ R�H 1a\ Me 1b\
CH1OH 1c#\ "R?�Bun^ R�H 2a\ Me 2b\ CH1OH 2c#\ "R?�But^ R�H 3a\ Me 3b#Ł and bis!substituted ðCo1"m!
RCCH#"CO#3"PPh1"SPh##1Ł ð"R?�Ph^ R�H 4a\ Me 4b\ CH1OH 4c#\ "R?�Bun^ R�H 5a\ Me 5b\ CH1OH 5c#\
"R?�But^ R�H 6a\ Me 6b#Ł products[ Thermolysis of complexes 1Ð3 gives ðCo1"m!PPh1#"m!SR?C"O#
CRCH#"CO#3Ł ð"R?�Ph^ R�H 7a\ Me 7b\ CH1OH 7c#\ "R?�Bun^ R�H 8a\ Me 8b#\ "R?�But^ R�H 09a\
R�Me 09b#Ł in which sulphurÐphosphorus bond cleavage and sulphurÐcarbon bond formation at the dicobalt
centre have occurred to generate SR?C"O#CRCH ligands incorporated into 4!membered ring metallacycles[
The transformations are regiospeci_c with the bulky substituents "R � H# in all cases being located adjacent
to the CO moiety of the metallacycle[ Treatment of the complex ðCo1"m!PPh1#"m!SPhC"O#CHCH#"CO#3Ł 7a
with 02CO and monitoring of the reaction via 02C!"0H#!NMR spectroscopy reveals the formation of a selectively
labelled species\ ðCo1"m!PPh1#"m!SPh02C"O#CHCH#"02CO#1"CO#1Ł\ in which the ketonic bridging carbonyl signal
has been enhanced\ while only two of the four signals due to the terminal carbonyl groups have been similarly
enhanced[ The mechanistic implications of this labelling study are discussed and pathways postulated for the
reversible fragmentation of the SR?C"O#CRCH!bridged dicobalt systems[ Single crystal X!ray di}raction
studies have been performed on ðCo1"m!HCCH#"CO#3"PPh1"SBun##1Ł 5a\ revealing axially substituted thi!
ophosphine groups and on ðCo1"m!PPh1#"m!SBunC"O#CHCH#"CO#3Ł 8a\ in which an almost planar CoÐSÐCÐ
C1C metallacycle!coordinated to the other cobalt is observed[ Þ 0887 Elsevier Science Ltd[ All rights reserved
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INTRODUCTION

Bimetallic transition metal complexes in which the
metal centres are spanned by linked alkyne and car!
bonyl groups ðm!C"O#CRCRŁ have been thoroughly
studied and a number of di}erent bonding modes
have been reported ð0Ð2Ł[ A common observation with
these complexes is of the ease with which the alkyneÐ
CO link can be cleaved\ often to generate alkyne!
bridged bimetallic species ð1Ł[ Notably\ in the case of
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ðRh1"m!CO#"m!C"O#CPhC"C5F4##"h4!C4Me4#1Ł\ an
equilibrium exists in the solid and in solution\ with
the isomeric alkyne!bridged species ðRh1"m!
CPhC"C5F4##"CO#1"h4!C4Me4#1Ł ð2Ł[

As a consequence of our studies on the reactions of
alkyne!hexacarbonyldicobalt complexes with ligands
capable of undergoing intra!ligand bond cleavage\ we
have prepared a series of dicobalt complexes involving
the C"O#CRCR structural motif incorporated into
more elaborate bridging systems ð3Ð6Ł[ For example\
dicobalt complexes with bridging ligands which incor!
porate linked alkyne\ carbonyl and phosphide groups
can be prepared from the reaction of ðCo1"m!CRCR#



G[ Conole et al[1883

"CO#5Ł 0 "R�H\ alkyl\ aryl or CO1Me# with diphos!
phane\ Ph1P"PPh1#\ the ordering of the linked groups
being in~uenced by the nature of the R groups ð5Ł[ As
part of a preliminary communication\ we reported
that the reaction of ðCo1"m!HCCH#"CO#5Ł 0a with the
thiophosphine\ Ph1P"SPh#\ a}ords\ as the sole pro!
duct\ ðCo1"m!PPh1#"m!SPhC"O#CHCH#"CO#3Ł 7a\ in
which the thiolate rather than the phosphide fragment
is linked to the ketonic carbon of the C"O#CHCH
moiety ð6Ł[ In order to examine the generality and
regioselectivity of this reaction\ we have sought to
explore the role of the substituents on both the alkyne
and on the thiolate group "Scheme 0#[ In addition\
we describe the results of 02CO labelling experiments
undertaken in order to examine the rigidity of the
bridging SRC"O#CRCR ligand in these dicobalt
systems[

RESULTS AND DISCUSSION

Preparation of Ph1P"SR?# "R?�Bun\ But#

Two new thiophosphine ligands\ Ph1P"SBun# and
Ph1P"SBut#\ have been prepared in high yield from the
reactions of the corresponding sodium thiolates with
chlorodiphenylphosphine in THF "see Experimental#[

Scheme 0[ Products from the reaction of 0 with Ph1P"SR?#[

The FAB mass spectra of the compounds show their
molecular ion peaks while the 20P!"0H# NMR spectra
display resonances for the respective diphenyl!
phosphide phosphorus atoms[

Reactions of 0 with Ph1P"SR?#

The reactions of ðCo1"m!RCCH#"CO#5Ł "R�H 0a\
Me 0b\ CH1OH 0c# with Ph1P"SR?# "R?�Ph\ But\ Bun#
in toluene at 182 K a}ord ðCo1"m!RCCH#
"CO#4"PPh1"SR?##Ł ð"R?�Ph^ R�H 1a\ Me 1b\
CH1OH 1c#\ "R?�Bun^ R�H 2a\ Me 2b\ CH1OH 2c#\
"R?�But^ R�H 3a\ Me 3b#Ł and ðCo1"m!RCCH#
"CO#3"PPh1"SR?##1Ł ð"R?�Ph^ R�H 4a\ Me 4b\
CH1OH 4c#\ "R?�Bun^ R�H 5a\ Me 5b\ CH1OH 5c\
"R?�But^ R�H 6a\ Me 6b#Ł "Scheme 0#[ All of the
complexes have been characterised by mass spec!
trometry\ IR\ 0H\ 20P and 02C NMR spectroscopy "see
Table 0 and Experimental#[ In addition\ the structure
of complex 5a has been the subject of an X!ray
di}raction study[

The spectroscopic properties of the mono!sub!
stituted species\ 1\ 2 and 3\ in solution are consistent
with those found for analogous alkyne bridged dico!
balt pentacarbonyl complexes with other phosphine
substituents ð7Ł[ The 20P!"0H# NMR spectrum in each
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Table 0[ Infrared\ 0H and 20P NMR data for complexes 1Ð09

Compound n"CO# "cm−0#a 0H NMR "d#b 20P NMR "d#c

1a 1957s\ 1907s\ 0888m\ 6[6Ð5[8ðm\ 04H\ PhŁ\ 4[99ðs\ br\ 1H\ CHŁ −36[6ðs\ PPh1"SPh#Ł
0867m

1b 1954s\ 1903vs\ 1995vs\ 6[4Ð6[9ðm\ 04H\ PhŁ\ 4[09ðs\ br\ 0H\ CHŁ\ −37[0ðs\ PPh1"SPh#Ł
0882m\ 0864w 0[82ðs\ 2H\ MeŁ

1c 1914s\ 1945s\ 1914vs\ 6[6Ð5[8ðm\ 04H\ PhŁ\ 4[08ðdd\ 2J"PH# 3[4\ −38[8ðs\ PPh1"SPh#Ł
0888w 0H\ C"CH1OH#CHŁ\ 3[28ðt\ 2J"HH# 5\ 0H\

C"CH1OH#CHŁ\ 2[52ðd\ 2J"HH# 5\ 1H\
C"CH1OH#CHŁ

2a 1957s\ 1904s\ 1909s\ 0862m 6[7Ð6[1ðm\ 09H\ PhŁ\ 4[17ðd\ 2J"PH# 1[8\ 1H\ −48[8ðs\ PPh1"SBun#Ł
CHCHŁ\ 1[44Ð9[6ðm\ 8H\ BunŁ

2b 1952s\ 1900vs\ 1994vs\ 6[8Ð6[1ðm\ 09H\ PhŁ\ 4[01ðd\ 2J"PH# 2[3\ 0H\ −59[5ðs\ PPh1"SBun#Ł
0881m\ 0856w CHŁ\ 1[30ðs\ 2H\ MeŁ\ 1[7Ð9[6ðm\ 8H\ BunŁ

2c 1985s\ 1945s\ 1916vs\ 1999w not recorded −50[9ðs\ PPh1"SBun#Ł
3a 1956s\ 1905vs\ 1998vs\ 6[7Ð6[9ðm\ 09H\ PhŁ\ 4[13ðd\ 2J"PH# 2[9\ 1H\ −55[0ðs\ PPh1"SBut#Ł

0862w CHCHŁ\ 0[3ðs\ 8H\ ButŁ
3b 1953s\ 1902vs\ 1995vs\ 6[6Ð6[0ðm\ 09H\ PhŁ\ 4[05ðd\ 2J"PH# 2[6\ 0H\ −55[0ðs\ PPh1"SBut#Ł

0881m\ 0856w CHŁ\ 1[36ðs\ 2H\ MeŁ\ 0[26ðs\ 8H\ ButŁ
4a 1921s\ 0889sh\ 0879s\ 6[6Ð6[9"m\ 29H\ Ph#\ 3[14ðt\ 2J"PH# 2[1\ 1H\ −38[9ðs\ 1PPH1"SPh#Ł

0846w\ CHŁ\ 3[23ðdd\ 2J"PH# 4[0\ 0H\ C"O#CHCHŁ
4b 1916s\ 0866s\ 0843w\ 7[9Ð5[8ðm\ 2OH\ PhŁ\ 3[15ðd\ 2J"PH# 2[0\ 0H\ −37[6ðs\ 1PPH1"SPh#Ł

CHŁ\ 0[22ðs\ 2H\ MeŁ
4c 1924s\ 0875s 6[6Ð5[8ðm\ 29H\ PhŁ\ 3[25ðdd\ 2J"PH# 3[0\ −49[5ðs\ 1PPh1"SPh#Ł

2J"PH# 2[8\ 0H\ C"CH1OH#CHŁ\ 2[81ðm\
1H\ C"CH1OH#CHŁ

5a 1920s\ 0877vs\ 0867vs\ 6[6Ð5[8ðm\ 19H\ PhŁ\ 3[48ðt\ 2J"PH# 2[3\ 1H\ −59[6ðs\ 1PPH1"SBun#Ł
0843w CHCHŁ\ 1[4Ð9[6ðm\ 8H\ BunŁ

5b 1907s\ 0863vs\ 0843m 6[8Ð6[9ðm\ 19H\ PhŁ\ 3[38ðs\ br\ CHŁ\ 1[02ðm\ −59[2ðs\ 1PPH1"SBun#Ł
2H\ MeŁ\ 1[7Ð9[6ðm\ 8H\ BunŁ

5c 1984m\ 1945vs\ 1916vs 6[7Ð6[1ðm\ 19H\ PhŁ\ 3[48ðdd\ 2J"PH# 3[0\ −51[4ðs\ 1PPh1"SBun#Ł
2J"PH# 2[8\ 0H\ C"CH1OH#CHŁ\ 2[81ðm\
1H\ C"CH1OH#CHŁ\ 1[7Ð9[6 ðm\ 8H\ BunŁ

6a 1908s\ 0886vs\ 0866m 6[7Ð6[9ðm\ 19H\ PhŁ\ 3[59ðs\ br\ 1H\ CHCHŁ\ −55[0ðs\ 1PPh1"SBut#Ł
0[26ðs\ 8H\ ButŁ

6b 1905s\ 0881m\ 0869m not recorded −55[2ðs\ 1PPh1"SBut#Ł
7a 1943m\ 1907s\ 1901sh\ 6[7Ð6[2ðm\ 04H\ PhŁ\ 5[14ðdd\ 2J"PH# 08[4\ 32[9ðs\ m!PPh1Ł

0879m\ 0611w 2J"HH# 3[4\ 0H\ C"O#CHCHŁ\ 3[23ðdd\ 2J"PH#
4[0\ 0H\ C"O#CHCHŁ

7b 1941m\ 1903s\ 0866s\ 6[7Ð6[2ðm\ Ph\ 04HŁ\ 5[19ðd\ 2J"PH# 08[3\ 49[7ðs\ br\ m!PPh1Ł
0577w 0H\ C"O#MeCHŁ\ 0[79ðd\ 3J"PH# 3[9\ 2H\

C"O#CMeCHŁ
7c 1945m\ 1906s\ 0868m\ 7[0Ð6[0ðm\ Ph\ 04HŁ\ 5[16ðd\ 2J"PH# 08[2\ 38[3ðs\ m!PPh1Ł

0566w 0H\ C"O#C"CH1OH#CHŁ\ 3[09ðdd\ 2J"PH#
03[9\ 2J"HH# 5[7\ 1H\ CH1OHŁ\ 1[42ðt\
2J"HH# 5[7\ 0H\ CH1OHŁ

8a 1938m\ 1903s\ 0861m\ 6[7Ð6[2ðm\ 09H\ PhŁ\ 5[01ðdd\ 2J"PH# 08[5\ 06[7ðs\ m!PPh1Ł
0543w 2J"HH# 3[3\ 0H\ C"O#CHCHŁ 3[21 ðdd\ 2J"PH#

4[1\ 2J"HH# 3[3\ 0H\ C"O#CHCHŁ\ 1[7Ð
9[6ðm\ 8H\ BunŁ

8c 1941m\ 1902s\ 0856m\ 6[8Ð6[1ðm\ 09H\ PhŁ\ 5[00ðd\ 2J"PH# 08[0\ 01[7ðs\ m!PPh1Ł
0544w 0H\ C"O#C"CH1OH#CHŁ\ 3[02ðs\ br\ 1H\

CH1OHŁ\ 1[7Ð9[6ðm\ 8H\ BunŁ
09a 1936m\ 1906s\ 0871s\ not recorded 10[1ðs\ m!PPh1Ł

0603m
09b 1934m\ 1905s\ 0872m\ 6[6Ð6[0ðm\ 09H\ PhŁ\ 5[96ðd\ 2J"PH# 19[9\ 07[0ðs\ m!PPh1Ł

0602m 0H\ C"O#CMeCHŁ\ 0[63ðd\ 3J"PH# 2[4\
2H\ C"O#CMeCHŁ\ 0[16ðs\ 8H\ ButŁ

a Recorded in n!hexane solution[
b 0H chemical shifts "d# in ppm relative to SiMe3 "9[9 ppm#\ coupling constants in Hz in CDCl2 at 182 K[
c 20P chemical shifts "d# in ppm relative to external P"OMe#2 "9[9 ppm# "up_eld shifts negative#\ "0H#!gated decoupled\

measured in CDCL2 at 182 K[
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case shows the presence of a terminal Ph1P"SPh#
ligand as a broad singlet resonance\ assignable to the
phosphorus atom of the ligand bound directly to a
quadrupolar 48Co atom[ In the 02C!"0H# NMR spec!
tra\ two carbonyl resonances of intensity ratio 2]1
suggest that the three carbonyl ligands residing on the
unsubstituted cobalt are ~uxional at room tem!
perature on the NMR timescale and that the carbonyl
ligands on the phosphine!substituted cobalt are either
~uxional or are both coordinated pseudo!equatorially
with the Ph1P"SR?# group in a pseudo!axial position[
X!ray studies of other reported alkyne!bridged penta!
carbonylÐphosphinedicobalt complexes do show a
preference for the phosphine ligands to be coordinated
pseudo!axially ð7Ł[

The molecular structure of the bis!substituted com!
plex ðCo1"m!HCCH#"CO#3"PPh1"SBun##1Ł 5a complex
has been determined by a single crystal X!ray di}rac!
tion study[ The structure is illustrated in Fig[ 0^ Table
1 lists selected bond distances and angles[

The CoÐCo bond ð1[346"0# A� Ł in 5a is bridged by
an acetylene unit which lies almost perpendicular to
the cobaltÐcobalt bond ðC"0#ÐCo"0#ÐCo"1# 49[4"1#\
C"0#ÐCo"1#ÐCo"0# 49[8"1#\ C"1#ÐCo"0#ÐCo"1# 40[2"1#\
C"1#ÐCo"1#ÐCo"0# 49[5"1#>Ł[ Each cobalt atom is fur!
ther bonded by two carbonyl ligands and a thi!
ophosphine ligand which bonds via the phosphorus
atom to complete a distorted octahedral arrangement
about both metal centres[ The two thiophosphine
groups are orientated in a {{sawhorse|| con_guration
about the cobaltÐcobalt bond occupying pseudo!axial
sites on each each metal centre ðCo"0#ÐP"0# 1[064"1# A� \
P"0#ÐCo"0#ÐCo"1# 049[69"4#>^ Co"1#ÐP"1# 1[058"1# A� \
P"1#ÐCo"1#ÐCo"0# 036[71"4#>Ł[ The con_guration of
ðCo1"m!HCCH#"CO#3"PPh1"SBun##1Ł 5a is similar to
that observed for the related complexes ðCo1"m!
PhCCH#"CO#3"PPh1"SPh##1Ł ð8Ł and ðCo1"m!HCCH!
#"CO#3"PMe2#1Ł ð09Ł with the phosphorus!containing

Fig[ 0[ Molecular structure of ðCo1"m!HCCH#"CO#3"PPh1"SBun##1Ł 5a including the atom numbering scheme[

ligands occupying pseudo!axial sites despite the result!
ing greater steric interactions with the bridging alky!
nes[

The spectroscopic properties of 5a and the other
bis!substituted complexes\ 4Ð6\ are similar to those
reported for analogous bis!substituted triorganoÐ
phosphine complexes ð7\ 00Ł[ The 20P!"0H# NMR spec!
trum\ in each case\ exhibits one broad signal due to
the phosphorus atoms being equivalent and directly
coordinated to quadrupolar 48Co atoms[ In the com!
plexes containing a symmetrical alkyne bridge "4a\ 5a\
6a#\ one terminal carbonyl resonance is observed in
the 02C!"0H# NMR spectra[ However\ in the 02C!"0H#
NMR spectra of complexes containing an unsym!
metrical alkyne bridge "4b\ 4c\ 5b\ 5c\ 6b#\ two terminal
peaks are observed implying\ either that the CO
groups on each substituted cobalt atom are non!
~uxional on the NMR timescale at room temperature\
or that there is a ~uxional process which leaves the
CO groups inequivalent\ such as the trigonal twist
process which has been suggested elsewhere for related
complexes ð5Ł[

Syntheses and properties of ðCo1"m!PPh1#"m!SR?C"O#
CRCH#"CO#3Ł 7Ð09

Syntheses[ The thermolysis of ðCo1"m!RCCH#
"CO#4"PPh1"SR?##Ł ð"R?�Ph^ R�H 1a\ Me 1b\
CH1OH 1c#\ "R?�Bun^ R�H 2a\ Me 2b#\ "R?�But^
R�H 3a\ Me 3b#Ł in toluene at 202 K gives\ in
addition to the starting material\ the complexes
ðCo1"m!PPh1#"m!SR?C"O#CRCH#"CO#3Ł ð"R?�Ph^
R�H 7a\ Me 7b\ CH1OH 7c#\ "R?�Bun^ R�H 8a\
Me 8b#\ "R?�But^ R�H 09a\ R�Me 09b#Ł in mod!
erate yields "Scheme 0#[ These complexes have been
characterised by 0H\ 02C\ 20P NMR and IR spec!
troscopy\ and by mass spectrometry and micro!
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Table 1[ Selected bond lengths "A� # and angles "># for ðCo1"m!HCCH#"CO#3"PPh1"SBun##1Ł 5a

Co"0#ÐCo"1# 1[346"0# Co"0#ÐP"0# 1[064"1#
Co"1#ÐP"1# 1[058"1# Co"0#ÐC"0# 0[835"5#
Co"0#ÐC"1# 0[828"5# Co"1#ÐC"0# 0[823"5#
Co"1#ÐC"1# 0[848"5# C"0#ÐC"1# 0[187"7#
P"0#ÐS"0# 1[961"1# P"1#ÐS"1# 1[964"1#
S"0#ÐC"2# 0[798"5# S"1#ÐC"6# 0[791"5#
Co"0#ÐC"00# 0[679"6# Co"0#ÐC"01# 0[679"6#
Co"1#ÐC"10# 0[660"6# Co"1#ÐC"11# 0[679"6#
Co"1#ÐC"0#ÐCo"0# 67[4"1# Co"0#ÐC"1#ÐCo"1# 67[0"1#
C"1#ÐCo"0#ÐC"0# 28[9"1# C"0#ÐCo"1#ÐC"1# 28[9"1#
C"0#ÐCo"0#ÐCo"1# 49[4"1# C"1#ÐCo"0#ÐCo"1# 40[2"1#
C"0#ÐCo"1#ÐCo"0# 49[8"1# C"1#ÐCo"1#ÐCo"0# 49[5"1#
P"0#ÐCo"0#ÐCo"1# 049[69"4# P"1#ÐCo"1#ÐCo"0# 036[71"4#
S"0#ÐP"0#ÐCo"0# 094[10"7# S"1#ÐP"1#ÐCo"1# 096[12"7#

ran`e] CoÐCÐO 066[3"5#Ð068[3"5#

analysis[ Complex 8a has been the subject of a single
crystal X!ray di}raction study[

Characterisation[ The molecular structure of com!
plex ðCo1"m!PPh1#"m!SBunC"O#CHCH#"CO#3Ł 8a\
including the atom numbering scheme\ is illustrated
in Fig[ 1[ Table 2 lists selected bond distances and
angles[

Fig[ 1[ Molecular structure of ðCo1"m!PPh1#"m!SBun!
C"O#CHCH#"CO#3Ł 8a including the atom numbering

scheme[

The single cobaltÐcobalt bond ð1[366"0# A� Ł is
bridged by a diphenylphosphido group and the ~yover
ring ðm!SBunC"O#CHCHŁ[ The latter is coordinated
via S"0# and C"0# to Co"0# to form an almost planar
ðmax[ deviation from plane by C"0# 9[17 A� Ł\ _ve!mem!
bered metallacyclic ring ðCo"0#ÐSÐC"09#ÐC"1#1C"0#Ł\
in which the carbonÐcarbon double bond is p!coor!
dinated to Co"1# via C"0# and C"1#[ The ðm!SBun!
C"O#CHCHŁ ligand is attached to Co"0# such that S"0#
and C"0# lie pseudo!trans and pseudo!cis\ respectively\
relative to the bridging phosphido group[ The ðm!
SBunC"O#CHCHŁ ligand is arranged in a similar man!
ner to that of ðm!PPh1C"O#CHCHŁ in ðCo1"m!PPh1#"m!
PPh1C"O#CHCH#"CO#2"PPh2#Ł ð5Ł and shows very lit!
tle structural deviation from the related complex\
ðCo1"m!PPh1#"m!SPhC"O#CHCH#"CO#3Ł 7a\ reported
in an earlier communication ð6Ł[ The phosphido group
bridges the two metal centres asymmetrically with
Co"0#ÐP ð1[191"1# A� Ł being considerably longer than
Co"1#ÐP ð1[025"1# A� Ł[ This is presumably due to the
better p!donation from Co"1# into the d!orbitals of
the phosphorus ðCo"1#\ zero oxidation state^ Co"0#\
oxidation state IIŁ[

The spectroscopic properties of the metallacyclic
ring complexes 7Ð09 are all very similar and\ on this
basis\ can be considered to have related structures[ In
their IR spectra "in hexane#\ in addition to terminal
nCO bands\ weak bands at lower wavenumber "re`ion]
0611Ð0542 cm−0# corresponding to the presence of the
inserted carbonyl in the ðm!SR?C"O#CRCH moietyŁ
are observed[

The NMR spectra are particularly informative
about the conformation of 7Ð09[ In the 20P!"0H# NMR
spectra\ one broad singlet resonance "re`ion] 01[7Ð
49[7 ppm#\ typical of a phosphido ligand bridging a
single metalÐmetal bond ð01Ł is observed for each com!
plex[ Similarly\ in the 0H NMR spectra\ the orien!
tation of the unsymmetrical ole_nic moieties within
the _ve!membered rings can be established unequivo!
cally[ When the ole_nic moiety has only H sub!
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Table 2[ Selected bond lengths "A� # and angles "># for ðCo1"m!PPh1#"m!SBunC"O#CHCH#"CO#3Ł
8a

Co"0#ÐCo"1# 1[366"0# Co"0#ÐP 1[191"1#
Co"1#ÐP 1[025"1# Co"0#ÐS 1[147"1#
SÐC"09# 0[779"7# C"09#ÐC"1# 0[325"09#
C"0#ÐC"1# 0[391"8# Co"0#ÐC"0# 0[862"6#
Co"1#ÐC"0# 0[817"6# Co"1#ÐC"1# 1[988"6#
Co"0#ÐC"00# 0[674"7# Co"0#ÐC"01# 0[668"7#
Co"1#ÐC"10# 0[637"6# Co"1#ÐC"11# 0[671"7#
Co"1#ÐC"0#ÐCo"0# 67[7"1# Co"1#ÐPÐCo"0# 58[5"0#
C"0#ÐC"1#ÐC"09# 019[6"6# C"1#ÐC"0#ÐCo"0# 006[9"4#
C"09#ÐSÐCo"0# 86[9"1#

ran`e] CoÐCÐO 065[4"6#Ð066[5"6#

stituents "7a\ 8a\ 09a# then\ in addition to phosphido
and thiolate group resonances\ two signals both taking
the form of double doublets and integrating as one
proton each are seen[ The down_eld signal "ca[ d 5[1#
is assigned to the ðm!SR?C"O#CHCHŁ protons\ with
the more up_eld signal "ca[ d 3[2# being assigned to
the ðm!SR?C"O#CHCHŁ protons[ The spectra of the
complexes containing an unsymmetrical ole_nic frag!
ment within the m!SR?C"O#CRCH ligand ð"R?�Ph^
R�Me 7b\ CH1OH 7c#\ "R?�Bun^ R�Me 8b\
CH1OH 8c#\ "R?�But^ R�Me 09b#Ł display\ in
addition to the phosphido\ thiolate and R? group res!
onances\ one further signal at ca[ d 5[1 taking the
form of a doublet and integrating as one proton[ The
observation of only one ole_nic hydrogen signal
implies that the transformation is regiospeci_c\ with
the position of the signal indicating that the ole_nic
carbon to which the hydrogen is attached is s!bonded
to one of the cobalt atoms[ It is noteworty that regios!
peci_city is not observed in the related thermolytic
reaction of ðCo1"m!CRCH#"CO#5Ł "R�Me 0b\ CH1OH
0c# with Ph1P"PPh1# in which an approximately 0]0
mixture of ðCo1"m!PPh1#"m!PPh1C"O#CRCH#"CO#3Ł
and ðCo1"m!PPh1#"m!PPh1C"O#CHCR#"CO#3Ł is
obtained\ although in this instance these are not the
major products of the reactions ð5Ł[

In the 02C!"0H# NMR spectra of complexes 7Ð09\ in
addition to up_eld peaks corresponding to the ole_nic
carbon atoms\ clearly identi_able signals are observed
at lower _elds for the terminal carbonyl ðran`e] d

196[7Ð087[7Ł groups and for the C"O# moieties ðran`e]
d 073[1Ð067[7Ł of the bridging ligands[ In most cases\
all four of the terminal CO groups give rise to distinct
resonances\ suggesting the carbonyl ligands are non!
equivalent at room temperature[

02CO labellin` studies[ The facility with which the
C"O#ÐCRCR link can be cleaved in a number of
bimetallic complexes ð0\ 1Ł has prompted us to exam!
ine the possibility of similar cleavage within the
SR?C"O#CRCH ligand using complex 7a as a rep!
resentative example[

Figure 2"a# shows the carbonyl region of the 02C!
"0H# NMR spectrum at room temperature of 02CO

enriched 7a ðCo1"m!PPh1#"m!SPh02C"O#CHCH#
"02CO#3Ł\ prepared by the reaction of a 02CO enriched
sample of 0a with Ph1P"SPh#[ The enrichment is non!
selective and _ve signals are seen^ the four more down!
_eld broader signals ðd 195[3\ 191[2\ 190[7\ 087[8Ł cor!
respond to the carbonyl groups bound to the
quadrupolar cobalt atoms\ while the sharper singlet
resonance at d 073[1 is due to the C"O# group incor!
porated into the bridging ligand[ In Fig[ 2"b# the 02CO
spectrum of complex 7a\ enriched by treating 7a with
02CO at 182 K\ is shown[ Two signi_cant points
emerge from a study of this latter spectrum] "i# the
observed 02CO enrichment of the ketonic C"O# group
shows that this group exchanges rapidly with 02CO
gas at room temperature and "ii# only two of the four
terminal carbonyl groups exchange[ Accordingly the
complex may be formulated as ðCo1"m!PPh1#"m!
SPh02C"O#CHCH#"02CO#1"CO#1Ł[

The substitution by 02CO gas of the ketonic car!
bonyl group in solution at room temperature implies
that\ remarkably under these mild conditions\ 7a read!
ily and reversibly undergoes both ole_nÐcarbonyl and
sulphurÐcarbonyl bond cleavage since these are both
necessary for the labelling process[ Scheme 1 shows a
series of equilibria\ the existence of which could
account for the labelling process[ Although we were
unable to detect in solution by NMR spectroscopy
any of the postulated intermediate species A\ B or C\
related complexes containing the proposed or similar
bridging ligands have been isolated and shown to
undergo carbonylation and:or decarbonylation reac!
tions[ Thus\ examples of the reversible coupling of
alkynes with CO groups on bimetallic centres have
been well documented ð0\ 1\ 2Ł although rare in dico!
balt chemistry ð02Ł[ Dixneuf et al[ have demonstrated
the reversible decarbonylation reaction of the phos!
phide!containing metallacyclic ring species ðRuCo"m!
CO#"m!PPh1C"O#CRCR?#"CO#4Ł to give ðRuCo"m!
CO#"m!PPh1CRCR?#"CO#4Ł ð03Ł which presumably
proceeds via a similar set of equilibria[ It should be
noted that intermediate species C is not required for
02CO exchange to take place but stable complexes
containing a PhSCRCR bridging ligand are known
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Fig[ 2[ Carbonyl regions of the 02C!"0H# NMR spectra of "a#
non!selectivity labelled ðCo1"m!PPh1#"m!SPH02C"O#
CHCH#"02CO#3Ł 7a and "b# selectively labelled ðCo1"m!

PPh1#"m!SPh02C"O#CHCH#"02CO#1"CO#1Ł 7a[

ð04Ł and it seems likely that intermediate B\ if it is
formed\ would be in equilibrium with a further inter!
mediate of this type[

The other observation concerning the labelling\
namely that only two of the four terminal carbonyl

Scheme 1[ A possible pathway to account for the 02CO labelling of the ketonic carbonyl group in 7a[ Terminal carbonyl
groups have been omitted for clarity[

ligands in 7a become labelled\ is more di.cult to
explain and it is not clear which two are labelled[
Two possible assigments are shown in Scheme 2^ in "i#
labelling of two carbonyl groups at one metal centre
is proposed and in "ii# labelling has occurred at the
axial sites of each metal centre[ The observed spectra
do not permit a distinction between these assignments[
It is noteworthy\ however\ that substitution of car!
bonyl groups by phosphites or phosphines in com!
plexes possessing the "OC#1CoÐCo"CO#1 skeleton
display a preference for sites axial to the metalÐmetal
bond ð3\ 5\ 6Ł and it may be that the 02CO substitution
favours only the axial sites[

CONCLUSIONS

In all cases\ the reactions of thiophosphines with
alkyneÐhexacarbonyldicobalt complexes proceed by
initial coordination of the intact Ph1P"SR?# ligand\
followed by phosphorusÐsulphur bond cleavage and
subsequent coupling of the thiolate fragment with a
coordinated CO and CRCH group on the dicobalt
complex[ The transformations are regiospeci_c\ such
that the bulky substituent on the ole_nic group is
positioned adjacent to the ketonic group[ In no case
does the generated phosphide fragment couple with
the alkyne or the CO groups\ instead preferring to
adopt a bridging mode between the metal centres[
This result may be contrasted with the corresponding
reactions of related molybdenumÐcobalt alkyne!
bridged systems which react with Ph1P"SR?# to give
products in which the PPh1 fragment is linked to the
alkyne moiety while the thiolate fragment bridges the
metal centres ð04Ł[ This di}erence may be kinetic or
thermodynamic in origin but the ready rearrangement
of the SPhC"O#CHCH!bridged complex to a
PPh1CHCHC"O#!bridged species on bis!phosphine
substitution ð6Ł\ suggests that any kinetic barriers are
low[ This suggestion is supported by the results from
the 02CO labelling of 7a\ which shows that the
SR?C"O#CRCH ligand fragments readily and rever!
sibly under mild conditions[ In the absence of phos!
phines therefore\ the preference for the SR? group to
be coupled to the organic moiety and for the Ph1P
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Scheme 2[ Two possible assignments for the selectively 02CO labelled terminal carbonyl groups in 7a[

group to bridge the two metal centres is probably
thermodynamically determined[

EXPERIMENTAL

All reactions were carried out under a nitrogen
atmosphere using standard Schlenk techniques[ Sol!
vents were distilled under nitrogen from appropriate
drying agents and degassed prior to use[ Preparative
thin!layer chromatography "TLC# was carried out on
commercial Merck plates with a 9[14 mm layer of
silica\ or on 0 mm silica plates prepared at the Uni!
versity Chemical Laboratory\ Cambridge[ Column
chromatography was performed on Kieselgel 59 "69Ð
129 mesh# or "129Ð399 mesh#[ Products are given in
order of decreasing Rf values[

The instrumentation used to obtain spectroscopic
data has been described previously ð06Ł[ Unless other!
wise stated\ all reagents were obtained from com!
mercial suppliers and the compounds ðCo1"m!
RCCH#"CO#5Ł "R�H 0a\ Me 0b\ CH1OH 0c# and
Ph1P"SPh# were prepared by literature methods ð07\
08\ 19Ł[

Synthesis of the li`ands Ph1P"SR?# "R?�Bun or But#

To a solution of NaH "1[99 g\ 9[97 mol# in THF
"199 cm2#\ was added R?SH "R?�Bun or But\ 7[7 cm2\
9[97 mol# and the solution was left to stir[ After 1 h\
Ph1PCl "04[9 cm2\ 9[97 mol# was added and the mix!
ture was stirred for a further 2 h[ The solvent was
removed under reduced pressure and the residue was
dissolved in hot toluene and _ltered[ Removal of the
toluene from the _ltrate gave Ph1P"SBun# "19[19 g\
81)# as a clear liquid\ while pure Ph1P"SBut# "19[92 g\
81)# could be obtained by recrystallisation of the
residue from hexane[ Compound Ph1P"SBun#] fast
atom bombardment "FAB# mass spectrum\ m:z 163
"M¦#[ 0H NMR] d 1[79ðm\ 1H\ CH1!SŁ\ 0[58ðm\ 1H\
CH1CH1SŁ\ 0[38ðm\ 1H\ CH1CH1CH1SŁ and 9[84ðm\
2H\ CH2CH1CH1CH1SŁ[ 20P!"0H# NMR] d −002[9[
02C!"0H# NMR] d 031Ð017ðm\ PhŁ\ 21[4ðs\ CH1SŁ\
21[2ðs\ CH1CH1SŁ\ 19[9ðs\ CH1CH1CH1SŁ and 00[0ðs\
CH2CH1CH1CH1Ł[ Compound Ph1P"SBut#] FAB
mass spectrum\ m:z 163 "M¦#[ 20P!"0H# NMR] d

−029[4[

Reactions of ðCo1"m!CRCH#"CO#5Ł 0 with Ph1P"SR?#

"i# To a solution of ðCo1"m!HCCH#"CO#5Ł 0a "0[99 g\
2[10 mmol# in toluene "49 cm2# was added Ph1P"SR?#
"R?�Ph\ 9[833 g\ 2[10 mmol^ Bun\ 9[770 g\ 2[10 mmol^
But\ 9[770 g\ 2[10 mmol# in toluene "49 cm2#[ The solu!
tions were stirred at 187 K for 13 h and\ after removal
of the solvent under reduced pressure\ the mixtures
were adsorbed onto a minimum amount of silica\
added to the top of chromatography columns and
puri_ed by eluting with hexaneÐdichloromethane
"09]0#[ This gave\ in addition to a small amount of
unreacted starting material\ orange ðCo1"m!CHCH!
#"CO#4"PPh1"SR?##Ł ðR?�Ph 1a "0[038 g\ 51)#^
R?�Bun 2a "0[964 g\ 59)#^ R?�But 3a "0[927 g\ 47)#Ł
and orange crystalline ðCo1"m!CHCH#
"CO#3"PPh1"SR?##1Ł ðR?�Ph 4a "9[268 g\ 03)#^
R?�Bun 5a "9[276 g\ 04)#^ R?�But 6a "9[289 g\
04)#Ł[ Complex 1a] FAB mass spectrum\ m:z 467
"M¦# and M¦!nCO "n�0Ð4#[ 02C NMR "CDCl2\
182 K\ 0H composite pulse decoupled#] d 193[0"s\
1CO#\ 190[4"s\ 2CO#\ 025Ð016"m\ Ph# and 69[5"s\
1CH#[ Complex 4a] FAB mass spectrum\ m:z 733
"M¦# and M¦!nCO "n�0Ð3#[ 02C NMR "CDCl2\
182 K\ 0H composite pulse decoupled#] d 195[9"s\
3CO#\ 025Ð017"m\ Ph# and 69[8"s\ 1CH#[ Complex 2a

"Found] C\ 38[6^ H\ 2[7[ C12H10Co1PSO4 requires C\
38[4^ H\ 2[7#] FAB mass spectrum\ m:z 447 "M¦# and
"M¦!nCO# "n�0Ð4#[ NMR "CDCl2#^ 02C"0H com!
posite pulse decoupled#\ d 193[4ðs\ 1CoCOŁ\ 190[7ðs\
2CoCOŁ\ 024Ð016ðm\ PhŁ\ 69[6ðs\ CHCHŁ\ 21[3ðs\
CH1Ł\ 20[6ðs\ CH1Ł\ 10[6ðs\ CH1Ł and 02[3ðs\ CH2Ł[
Complex 5a "Found] C\ 45[5^ H\ 4[9[ C27H39Co1P1S1O3

requires C\ 45[6^ H\ 4[9#] FAB mass spectrum\ m:z
793 "M¦# and "M¦!nCO# "n�0Ð3#[ NMR "CDCl2#^
02C"0H composite pulse decoupled#\ d 195[9ðs\
3CoCOŁ\ 023Ð017ðm\ PhŁ\ 69[6ðs\ CHCHŁ\ 21[4ðs\
CH1Ł\ 21[9ðs\ CH1Ł\ 11[6ðs\ CH1Ł and 02[4ðs\ CH2Ł[
Complex 3a] FAB mass spectrum\ m:z 447 "M¦# and
"M¦!nCO# "n�0Ð4#[ NMR "CDCl2#^ 02C"0H com!
posite pulse decoupled#\ d 194[9ðs\ 1CoCOŁ\ 190[8ðs\
2CoCOŁ\ 026Ð016ðm\ PhŁ\ 60[6ðs\ CHCHŁ and 21[5ðs\
ButŁ[ Complex 6a] FAB mass spectrum\ m:z 793 "M¦#
and "M¦!nCO# "n�0Ð3#[ NMR "CDCl2#^ 02C"0H com!
posite pulse decoupled#\ d 195[0ðs\ 1CoCOŁ\ 194[8ðs\
1CoCOŁ\ 024Ð016ðm\ PhŁ\ 61[9ðs\ CHCHŁ and 21[4ðs\
ButŁ[
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"ii# To a solution of ðCo1"m!MeCCH#"CO#5Ł 0b

"0[99 g\ 2[96 mmol# in toluene "49 cm2# was added
Ph1P"SR?# "R?�Ph\ 9[891 g\ 2[96 mmol^ Bun\ 9[730 g\
2[96 mmol^ But\ 9[730 g\ 2[96 mmol# in toluene
"49 cm2#[ The solutions were stirred at 187 K for 13 h
and after removal of the solvent under reduced pres!
sure\ the mixtures were adsorbed onto a minimum
amount of silica\ added to the top of chromatography
columns and puri_ed by eluting with hexaneÐdichlo!
romethane "09]0#[ This gave\ in addition to a small
amount of unreacted starting material\ orange ðCo1"m!
CMeCH#"CO#4"PPh1"SR?##Ł ðR?�Ph 1b "0[006 g\
52)#^ R?�Bun 2b "9[802 g\ 41)#^ R?�But 3b "9[731 g\
37)#Ł and orange crystalline ðCo1"m!CMe!
CH#"CO#3"PPh1"SR?##1Ł ðR?�Ph 4b "9[231 g\ 02)#^
R?�Bun 5b "9[241 g\ 03)#^ R?�But 6b "9[140 g\
09)#Ł[ Complex 1b "Found] C\ 41[7^ H\ 2[3^ P\ 4[2[
C15H08Co1PSO4 requires C\ 41[6^ H\ 2[1^ P\ 4[1#] FAB
mass spectrum\ m:z 481 "M¦# and "M¦!nCO# "n�0Ð
4#[ NMR "CDCl2#^ 02C"0H composite pulse deco!
upled#\ d 194[1ðs\ CoCOŁ\ 193[9ðs\ CoCOŁ\ 191[2ðs\
2COŁ\ 025Ð017ðm\ PhŁ\ 78[7ðs\ CMeŁ\ 61[8ðs\ CHŁ and
08[3ðs\ MeŁ[ Complex 4b] FAB mass spectrum\ m:z
747 "M¦# and "M¦!nCO# "n�0Ð3#[ NMR "CDCl2#^
02C"0H composite pulse decoupled#\ d 195[1ðs\
1CoCOŁ\ 194[8ðs\ 1CoCOŁ\ 025Ð016ðm\ PhŁ\ 75[2ðs\
CMeŁ\ 61[4ðs\ CHŁ and 07[9ðs\ MeŁ[ Complex 2b] FAB
mass spectrum\ m:z 461 "M¦# and "M¦!nCO# "n�0Ð
4#[ NMR "CDCl2#^ 02C"0H composite pulse
decoupled#\ d 196[9ðs\ CoCOŁ\ 195[9ðs\ CoCOŁ\
191[2ðs\ 2CoCOŁ\ 024Ð014ðm\ PhŁ\ 77[7ðs\ CMeŁ\
61[7ðs\ CHŁ\ 21[3ðs\ CH1Ł\ 20[6ðs\ CH1Ł\ 10[6ðs\ CH1Ł\
08[4ðs\ MeŁ and 02[3ðs\ CH1CH2Ł[ Complex 4b] FAB
mass spectrum\ m:z 707 "M¦# and "M¦!nCO# "n�0Ð
3#[ NMR "CDCl2#^ 02C"0H composite pulse deco!
upled#\ d 195[9ðs\ 1CoCOŁ\ 194[8ðs\ 1CoCOŁ\ 025Ð
017ðm\ PhŁ\ 77[3ðs\ CMeŁ\ 61[0ðs\ CHŁ\ 21[2ðs\ CH1Ł\
20[8ðs\ CH1Ł\ 10[7ðs\ CH1Ł\ 07[0ðs\ MeŁ and 02[3ðs\
CH1CH2Ł[ Complex 3b] FAB mass spectrum\ m:z 461
"M¦# and "M¦!nCO# "n�0Ð4#[ NMR "CDCl2#^ 02C"0H
composite pulse decoupled#\ d 194[4ðs\ CoCOŁ\
193[4ðs\ CoCOŁ\ 191[9ðs\ 2CoCOŁ\ 024Ð017ðm\ PhŁ\
78[9ðs\ CMeŁ\ 62[9ðs\ CHŁ\ 41[6ðs\ C"CH2#Ł\ 21[5ðs\
C"CH2#2Ł and 08[2ðs\ MeŁ[ Complex 6b] FAB mass
spectrum\ m:z 707 "M¦# and "M¦!nCO# "n�0Ð3#[

"iii# To a solution of ðCo1"m!"CH1OH#CCH#"CO#5Ł
0c "0[99 g\ 1[81 mmol# in toluene "49 cm2# was added
Ph1P"SR?# "R?�Ph\ 9[759 g\ 1[81 mmol^ R?�Bun\
9[790 g\ 1[81 mmol# in toluene "49 cm2#[ The solutions
were stirred at 187 K for 13 h and after removal of
the solvent under reduced pressure\ the mixtures were
adsorbed onto a minimum amount of silica\ added to
the top of chromatography columns and puri_ed by
eluting with hexaneÐethylacetate "09]0#[ This gave\ in
addition to a small amount of unreacted starting
material\ orange ðCo1"m!"CH1OH#CCH#"CO#4"P!
Ph1"SR?##Ł ðR?�Ph 1c "0[023 g\ 53)#^ R?�Bun 2c
"0[953 g\ 51)#Ł and orange crystalline ðCo1"m!
"CH1OH#CCH#"CO#3"PPh1"SR?##1Ł ðR?�Ph 4c

"9[323 g\ 06)#^ R?�Bun 5c "9[327 g\ 07)#Ł[ Complex

1c] FAB mass spectrum\ m:z 597 "M¦# and "M¦!nCO#
"n�0Ð4#[ NMR "CDCl2#^ 02C"0H composite pulse
decoupled#\ D 194[6ðs\ br\ 1CoCOŁ\ 194[0ðs\ 2CoCOŁ\
024Ð017ðm\ PhŁ\ 81[8ðs\ C"CH1OH#CHŁ\ 69[0ðs\
C"CH1OH#CHŁ and 51[7ðs\ C"CH1OH#CHŁ[ Complex
4c] FAB mass spectrum\ m:z 763 "M¦# and "M¦!nCO#
"n�0Ð3#[ NMR "CDCl2#^ 02C"0H composite pulse
decoupled#\ d 194[1ðs\ 1CoCOŁ\ 190[8ðs\ 1CoCOŁ\ 024Ð
017ðm\ PhŁ\ 80[1ðs\ C"CH1OH#CHŁ\ 58[6ðs\
C"CH1OH#CHŁ and 50[8ðs\ C"CH1OH#CHŁ[ Complex
2c] FAB mass spectrum\ m:z 477 "M¦# and "M¦!nCO#
"n�0Ð4#[ NMR "CDCl2#^ 02C"0H composite pulse
decoupled#\ d 195[9ðs\ CoCOŁ\ 192[4ðs\ CoCOŁ\
190[9ðs\ 2CoCOŁ\ 023Ð017ðm\ PhŁ\ 81[3ðs\
C"CH1OH#CHŁ\ 69[7ðs\ C"CH1OH#CHŁ\ 52[9ðs\
C"CH1OH#CHŁ\ 21[3ðs\ CH1Ł\ 20[6ðs\ CH1Ł\ 10[6ðs\
CH1Ł and 02[3ðs\ CH2Ł[ Complex 5c] FAB mass spec!
trum\ m:z 723 "M¦# and "M¦!nCO# "n�0Ð3#[ NMR
"CDCl2#^ 02C"0H composite pulse decoupled#\ d

195[9ðs\ br\ 3CoCOŁ\ 024Ð017ðm\ PhŁ\ 81[9ðs\
C"CH1OH#CHŁ\ 69[9ðs\ C"CH1OH#CHŁ\ 51[8ðs\
C"CH1OH#CHŁ\ 21[4ðs\ CH1Ł\ 20[7ðs\ CH1Ł\ 10[7ðs\
CH1Ł and 02[3ðs\ CH2Ł[

Syntheses of ðCo1"m!PPh1#"m!SR?C"O#CRCH#"CO#3Ł
7Ð09

"i# Solutions of ðCo1"m!CHCH#"CO#4"P!
Ph1"SR?##Ł "R?�Ph 1a\ 9[178 g\ 9[49 mmol^ R?�Bun

2a\ 9[299 g\ 9[43 mmol^ R?�But 3a\ 9[299 g\
9[43 mmol# in toluene "49 cm2# were thermolysed at
202 K for 4Ð7 h[ After removal of the solvent under
reduced pressure\ the mixtures were puri_ed using
preparative TLC with hexaneÐdichloromethane "5]0#
as eluent to give\ in addition to a small amount of
unreacted starting material\ the red crystalline com!
plexes ðCo1"m!PPh1#"m!SR?C"O#CHCH#"CO#3Ł
ðR?�Ph 7a "9[062 g\ 59)#^ R?�Bun 8a "9[057 g\ 45)#^
R?�But 09a "9[048 g\ 42)#Ł[ Complex 7a "Found] C\
40[5^ H\ 2[1^ P\ 4[4[ C14H06Co1O4PS requires C\ 40[8^
H\ 2[9^ P\ 4[3#] FAB mass spectrum\ m:z 467 "M¦#
and M¦!nCO "n�0Ð4#[ 02C NMR "CDCl2\ 182 K\ 0H
composite pulse decoupled#] d 195[3"s\ CO#\ 191[2"s\
CO#\ 190[7"s\ CO#\ 087[8"s\ CO#\ 070[6ðs\ SPhC"O#
CHCHŁ\ 031Ð017"m\ Ph#\ 013[9ðd\ br\ 1J"PC# 29\
SPhC"O#CHCHŁ and 52[0ðs\ br\ SPhC"O#CHCHŁ[
Complex 8a "Found] C\ 38[4^ H\ 2[7[ C12H10Co1O4PS
requires C\ 38[4^ H\ 2[7#] FAB mass spectrum\ m:z
447 "M¦# and M¦!nCO "n�0Ð3#[ 02C NMR "CDCl2\
182 K\ 0H composite pulse decoupled#] d 195[5"s\
CoCO#\ 191[8"s\ CoCO#\ 191[9"s\ CoCO#\ 088[9"s\
CoCO#\ 073[1ðs\ SBunC"O#CHCHŁ\ 030Ð017"m\ Ph#\
013[9ðd\ 1J"PC# 23\ SBunC"O#CHCHŁ\ 51[6ðs\ SBun!

C"O#CHCHŁ\ 18[6ðs\ CH1Ł\ 18[3ðs\ CH1Ł\ 10[8ðs\ CH1Ł
and 02[5ðs\ CH2Ł[ Complex 09a] FAB mass spectrum\
m:z 447 "M¦# and M¦!nCO "n�0Ð3#[

"ii# Solutions of ðCo1"m!CMeCH#"CO#4"PPh1"SR?##Ł
"R?�Ph 1b\ 9[178 g\ 9[49 mmol^ R?�Bun 2b\ 9[299 g\
9[43 mmol^ R?�But 3b\ 9[299 g\ 9[43 mmol# in toluene
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"49 cm2# were thermolysed at 202 K for 4Ð7 h[ After
removal of the solvent under reduced pressure\ the
mixtures were puri_ed using preparative TLC with
hexaneÐdichloromethane "5]0# as eluent to give\ in
addition to a small amount of unreacted starting
material\ the red crystalline complexes ðCo1"m!
PPh1#"m!SR?C"O#CMeCH#"CO#3Ł ðR?�Ph 7b

"9[062 g\ 59)#^ R?�Bun 8b "9[057 g\ 45)^ R?�But

09b "9[048 g\ 42)#Ł[ Complex 7b "Found] C\ 41[3^ H\
2[3^ P\ 4[3[ C15H08Co1O4PS requires C\ 41[6^ H\ 2[1^ P\
4[1#] FAB mass spectrum\ m:z 481 "M¦# and M¦!
nCO "n�0Ð4#[ 02C NMR "CDCl2\ 182 K\ 0H com!
posite pulse decoupled#] d 196[7"s\ CoCO#\ 191[6"s\
CoCO#\ 191[9"s\ CoCO#\ 088[3"s\ CoCO#\ 067[7ðs\
SPhC"O#CMeCHŁ\ 031Ð016ðm\ Ph and SPhC"O#C!
MeCHŁ\ 67[8ðs\ br\ SPhC"O#CMeCHŁ and 12[5ðs\ MeŁ[
Complex 8b] FAB mass spectrum\ m:z 461 "M¦# and
M¦!nCO "n�0Ð3#[ 02C NMR "CDCl2\ 182 K\ 0H com!
posite pulse decoupled#] d 196[3"s\ CoCO#\ 196[9"s\
1CoCO#\ 087[7"s\ CoCO#\ 070[2ðs\ SBun!

C"O#CMeCHŁ\ 030Ð017"m\ Ph#\ 015[5ðd\ 1J"PC# 22\
SBunC"O#CMeCHŁ\ 69[5ðs\ SBunC"O#CMeCHŁ\
18[6ðs\ CH1Ł\ 18[3ðs\ CH1Ł\ 10[8ðs\ SBunC"O#CMeCHŁ\
10[6ðs\ CH1Ł and 02[5ðs\ CH2Ł[ Complex 09b] FAB
mass spectrum\ m:z 461 "M¦# and M¦!nCO "n�0Ð3#[

"iii# Solutions of ðCo1"m!"CH1OH#CCH#
"CO#4"PPh1"SR?##Ł "R?�Ph 1a\ 9[178 g\ 9[49 mmol^
R?�Bun 2a\ 9[299 g\ 9[43 mmol^ R?�But 3a\ 9[299 g\
9[43 mmol# in toluene "49 cm2# were thermolysed at
202 K for 4Ð7 h[ After removal of the solvent under
reduced pressure\ the mixtures were puri_ed using
preparative TLC with hexaneÐdichloromethane "5]0#
as eluent to give\ in addition to a small amount of
unreacted starting material\ the red crystalline com!
plexes ðCo1"m!PPh1#"m!SR?C"O#C"CH1OH#CH#
"CO#3Ł ðR?�Ph 7c "9[062 g\ 59)#^ R?�Bun 8c "9[057 g\
45)#Ł[ Complex 7c "Found] C\ 49[8^ H\ 2[3[
C15H08Co1O5PS requires C\ 40[2^ H\ 2[0#] FAB mass
spectrum\ m:z 597 "M¦# and M¦!nCO "n�0Ð3#[
02C NMR "CDCl2\ 182 K\ 0H composite pulse deco!
upled#] d 195[4"s\ CoCO#\ 190[7"s\ 1CoCO#\ 087[8"s\
CoCO#\ 079[4ðs\ SPhC"O#C"CH1OH#CHŁ\ 031Ð
017ðm\ PhŁ\ 015[1ðd\ 1J"PC# 22 SPhC"O#C!
"CH1OH#CHŁ\ 55[2ðs\ SPhC"O#C"CH1OH#CHŁ and
52[3ðs\ SPhC"O#C"CH1OH#CHŁ[ Complex 8c] FAB
mass spectrum\ m:z 477 "M¦# and M¦!nCO "n�0Ð3#[
02C NMR "CDCl2\ 182 K\ 0H composite pulse deco!
upled#] d 196[9"s\ CoCO#\ 193[9"s\ CoCO#\ 191[9"s\
CoCO#\ 199[9"s\ CoCO#\ 072[2ðs\ SBun!

C"O#C"CH1OH#CHŁ\ 031Ð017"m\ Ph#\ 017[2ðd\ 1J"PC#
22\ SBunC"O#C"CH1OH#CHŁ\ 55[4ðs\ SBun!

C"O#C"CH1OH#CHŁ\ 53[8ðs\ SBunC"O#C"CH1OH#
CHŁ\ 18[6ðs\ CH1Ł\ 18[9ðs\ CH1Ł\ 10[8ðs\ CH1Ł and
02[4ðs\ CH2Ł[

Isotopic labellin` experiments

Isotopic enrichment of 0a[ Complex ðCo1"m!
HCCH#"CO#5Ł 0a "0[99 g\ 2[10 mmol# was dissolved in

toluene "49 cm2#[ The solution was degassed under
reduced pressure\ back!_lled with an atmosphere of
02CO and left to stir at 182 K for 13 h[ The reaction
mixture was _ltered and the solvent removed under
reduced pressure to give the isotopically labelled spec!
ies ðCo1"m!HCCH#"02CO#n"01CO#nŁ "n�0Ð5#[ NMR
evidence shows a degree of enrichment ×89) had
been achieved[

Preparation of non!selectively labelled 7a[ The non!
selectively labelled complex ðCo1"m!PPh1#"m!
SPh02C"O#CHCH#"02CO#3Ł 7a was prepared using the
procedure outlined in parts "b# and "c# above\ starting
from an isotopically enriched sample of 0a[

Preparation of selectively labelled 7a[ Complex
ðCo1"m!PPh1#"m!SPhC"O#CHCH#"CO#3Ł 7a "9[199 g\
9[24 mmol# was dissolved in toluene "49 cm2#[ The
solution was degassed under reduced pressure\ back!
_lled with an atmosphere of 02CO and left to stir at
182 K for 13 h[ The reaction mixture was _ltered and
the solvent removed under reduced pressure to give
the selectively labelled species ðCo1"m!PPh1#"m!
SPh02C"O#CHCH#"02CO#1"CO#1Ł[ NMR evidence
shows a degree of enrichment of the labelled carbonyl
groups to be ×89)[

Crystal structure analysis of complexes 5a and 8a

Crystal data for ðCo1"m!HCCH#"CO#3"PPh1

"SBun##1Ł 5a[ C27H39Co1O3P1S1\ M � 793[51\ triclinic\
space group P0 "no[ 1#\ a � 09[523"1#\ b � 02[452"2#\
c�02[753"2#A� \ a�63[05"1#\ b�71[35"1#\ g�70[15"1#>\
U � 0781[7"6# A� 2\ Dc � 0[301 g cm−2\ Z � 1\ m"MoÐ
Ka# � 00[9 cm−0\ F"999# � 721[

Data collection for 5a[ An orange crystal of size
9[95×9[35×9[37 mm was used in data collection[
Intensity data were collected on a Siemens R2m:V
di}ractometer at 184 K\ using v!1u scan mode with
graphite monochromated MoÐKa radiation "l �
9[60962 A� #[ No signi_cant drift was encountered dur!
ing data collection[ 02160 re~ections "−01²h²01\
−04²k²04\ −05²l²05# were collected in the
range u 0[4Ð14[9> with a scan width of 0[19>\ to give
5525 "Rint�9[9539# independent re~ections with
I:s"I#×1[9[

Structure solution and re_nement for 5a[ All inten!
sity data were corrected for Lorentz polarisation
e}ects\ and absortion corrections by the c!scan
method^ minimum and maximum transmission fac!
tors 9[2050 and 9[2793[ Computations were performed
using the SHELTXL PLUS package ð10Ł[ The struc!
ture was solved by a combination of Patterson syn!
thesis "Co atoms# and Fourier!di}erence techniques[
The structure was re_ned by full matrix least squares
with all atoms assigned anisotropic displacement par!
ameters ð11Ł[ Hydrogen atoms were placed in idealised
positions and allowed to ride on the relevant carbon
atoms[ Residual electron densisty found after all
atoms had been assigned\ was successfully attributed
to disorder of the butyl fragment of one of the PPh1"S!
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Bun# ligands and this was included in the _nal re_ne!
ment[ In the _nal cycles of re_nement\ a weighting
scheme of the form v−0�s1"F#¦9[909F1 gave sat!
isfactory agreement analysis[ The re_nement con!
verged to R�9[9442\ wR�9[0977 and a goodness of
_t�0[991\ with a _nal shift:esd of 9[908 and a residual
electronic density of less than 0 e A� −2[

Crystal data for ðCo1"m!PPh1#"m!SBun

C"O#CHCH#"CO#3Ł 8a[ C12H10Co1O4PS\ M�447[18\
orthorhombic\ space group P101010\ a�09[139"2#\
b�09[501"3#\ c�11[059"3# A� \ U�1397[0"5# A� 2\
Dc�0[439 g cm−2\ Z�3\ m"MoÐKa#�09[5 cm−0\
F"999#�0025[

Data collection for 8a[ A red crystal of size
9[14×9[23×9[18 mm was used in data collection[
Intensity data were collected on a 3 circle Philips
di}ractometer at 184 K\ using v!1u scan modewith
graphite monochromated MoÐKa radiation "l �
9[60962 A� #[ No signi_cant drift was encountered
during data collection[ 1327 re~ections "9²h²03\
9²k²03\ 9²l²18# were collected in the range u 2Ð
14>\ with a scan width of 9[69>[ Equivalent re~ections
were merged to give 0861 "Rint�9[9533# independent
re~ections with I:s"I#×2[9[

Structure solution and re_nement of 8a ð12Ł[ The
fractional coordinates of the metal atoms were
obtained from a Patterson synthesis^ remaining non!
hydrogen atoms were located from subsequent Four!
ier!di}erence syntheses[ The hydrogen atoms of this
structure were included in geometrically idealised
postions and constrained to ride on the relevant car!
bon atoms in calculated positions of CÐH 0[979 A�
with _xed thermal parameters of 9[97 A� 1\ but were not
re_ned[ After initial re_nement with isotropic thermal
parameters for all atoms\ empirical absorption cor!
rection were applied ð13Ł[ In the _nal stages of full
matrix re_nement the two metal atoms\ the S and P
atoms on the bridging ligands and the atoms of the
CO groups were treated as anisotropically vibrating
atoms[ The _nal shift:esd was 9[921 and there was a
residual electronic density of less than 0 e A� −2[
Re_nement converged with reliability factors of
R�9[928 and Rw�9[931 and with weights of 0:s1Fo

assigned to individual re~ections ð12Ł[
Additional material\ available from the Cambridge

Crystallographic Data Centre\ comprises H!atom
coordinates\ thermal parameters and remaining bond
lengths and angles[
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