
Synthesis of Cationic Ruthenium Thioketene 
Complexes through Intramolecular 1,2-Elimination [1]
W olfd ie te r A . Schenk*, N ikola S onnhalte r, N icolai B urzlaff
Institut für Anorganische Chemie, Universität Würzburg. Am Hubland. D-97074 Würzburg
Z. Naturforsch. 52b, 117-124 (1997); received July 25, 1996
Ruthenium Complexes, Thiocarboxylate, Thioketene, Structure

Halfsandwich thiocarboxylate complexes [CpRu(PR3)->(SC(0)CH2R')] ((PR3)2 = (PPh3)2, 
Ph2PCH2PPh2 (dppm), Ph2PC2H4PPh2 (dppe); R' = C6H5, 4-C6H4Me, 4-C6H 4OMe, 4- 
C6H4C1) are obtained from the corresponding thiolate complexes [CpRu(PR3)2SH] and 
acyl chlorides. The structure of [CpRu(dppm)(SC(0)CHTPh)] was determined: monoclinic 
space group P2j/c (No. 14), a = 9.229(2), b = 16.680(3),"c = 21.447(5)Ä, ß  = 90.751(12)°, 
Z = 4. Reaction of the thiocarboxylate complexes with the anhydrides of either trifluoro- 
acetic acid or trifluoromethanesulfonic acid gives thioketene complexes [CpRu(dppm) 
(?;2-S=C=CHR')]PF(s. H ie structure of [CpRu(dppm)0/2-S=C=CHPh)]PF6 was deter­
mined: monoclinic space group P2,/c (No. 14), a -  13.814(5), b -  15.338(2), c = 
17.057(7) Ä, ß = 93.74(2)°, Z = 4.

Introduction

T ransition  m etal com plexes of th io k e ten es have 
m ostly  b een  p re p a re d  from  stable, iso lable th io ­
k e ten e s  such as bis (re rr-bu ty l)th ioketene or 
2 ,2 ,6,6-te tram eth y lcy c lo h ex y lid en em eth an e th io n e  
[2 -5 ] . A s p a rt o f a b ro a d e r investigation  in to  the 
chem istry  of co o rd in a ted  th iocarbony l com pounds 
such as th io e s te rs  [6 ], th io lac to n es [1,7], and thio- 
a ldehydes [8 ] we are  particu larly  in te rested  in 
com plexes o f reac tive  th io k e te n es  which canno t be 
iso la ted  in th e  free  state . T herefo re , we have to  
rely  on a m e th o d  to  p roduce  th io k e ten es in the 
p ro tec tin g  c o o rd in a tio n  sphere  of a transition  
m etal. To o u r know ledge this has been  achieved 
in only a few  cases. S tone et al. have ob ta in ed  
b is( tr if lu o ro m eth y l)th io k e te n e  com plexes of irid ­
ium  and  p la tin u m  by m eta l-induced  deg radation  
o f a m ix tu re  o f b is(triflu o ro m eth y l)m eth y len e- 
su b stitu te d  tr ith io lan e  and  te tra th ia n e  (eq. (1)) [9]. 
Surprisingly, the  k e ten e  d im er (x = y  = 1) did no t 
react. W erner et al. have re p o rte d  the add ition  of 
su lfu r to  osm ium  and  rhod ium  vinylidene com ­
plexes w hich gave a com plex  of the p a re n t th io k e t­
en e  (eq. (2)) [10]. R osini and  Jones, in an investi­
gation  a im ed  at the  cleavage and  deg rad atio n  of 
th io p h en e , p ro d u ce d  a rhen ium  th io k e ten e  com -
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plex by pho tochem ica lly  induced  y3-hydrogen 
tran sfe r (eq. (3)) [11]. H ere  we re p o rt on  a novel 
syn thetic  access to  com plexes of th io k e te n es  which 
appears to  be of qu ite  general applicability.
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hv
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Synthesis and R eactions o f  Ruthenium  
Thiocarboxylate C om plexes

The th io la to  com plexes 1 - 3  [12,13] react w ith 
acid ch lo rides a t - 7 0  °C to  give high yields o f the 
co rresp o n d in g  th io carb o x y la te  com plexes 4 - 6
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(eq. (4)). A fte r ch ro m ato g rap h ic  w orkup  the  new  
com pounds are iso lated  as yellow  air-stab le crys­
talline m aterials. T h e ir  spectroscop ic  p ro p ertie s  
(Table 1) are qu ite  stra igh tfo rw ard . In the  'H  
N M R  spectra  the m ethy lene p ro to n s  give a singlet 
resonance aro u n d  4 ppm , slightly upfield  from  the  
C p resonance at ca. 4.7 ppm . In the  13C N M R  
spectra  the C H 2 g roup  ap p ears  as a singlet at 55 
ppm  w hile the  carbonyl g roup  rives rise to  a signal 
aro u n d  205 ppm  which is split in to  a trip le t due to  
coupling  w ith the  tw o phosp h o ru s nuclei. In the  
in fra red  spectra  a low v (C = 0 )  frequency  of the 
carbonyl g roup  a tte s ts  to  the e lec tro n  don atin g  ca ­
pability  of the  [C p R u (P R 3)2]+ com plex  fragm ent.

In o rd e r  to  co m p are  the new  th iocarboxy la te  
com plexes 4 - 6  to  the  sim ilar th io la te  com plexes 
[C p R u (P R :,)2(S R ')]  [8,14] a few reac tions have 
been  ca rried  ou t. Thus, substitu tio n  of tripheny l-

phosph ine for C O  in 4a  (eq .(5 )) req u ires  c o n s id e r­
ably harsh e r cond itions (50 °C, 4 h) than  a sim ilar 
ligand exchange in the co rresp o n d in g  th io la te  
com plexes (20 °C, 3 h) [14]. The carbony l com plex 
8 can also be synthesized from  the  th io la te  d e riv a ­
tive 7 (eq .(5)). 8 was iso lated  as a highly stab le ,

Ru_ 
Ph3P‘ /PPhi

4a

CO
- PPh,

rV
Ph3P"(> 5 

O

"CHiPh
Ru

Ph3P'c/ s'SH 
O

PhCH->C(0)CI 
- HCI (5)

-CH,Ph

Ru
R ,P 7  ^SH

1 -3

Ru
R3P'p/

Ri

O//
C H - C

Cl - HCI

S"C''CH?

4 - 6

(4)

(R3 P) 2  \ R' H Me OMe Cl

(Ph3P) 2 4a 4b 4c 4d

dppm 5a 5b 5c 5d

dppe 6a 6b 6c 6d

dppm = Ph2 PCH2 PPh2 , dppe = Ph2 PCH2 CH2 PPh2

off-w hite crystalline pow der. In the in fra red  
spectrum  of 8 the ca rboxy la te -C O  v ib ra tio n  is 
shifted to  h igher w avenum bers co m p ared  to  4 - 6  
(Table I) which d em o n stra te s  th a t the  dec reased  
elec tron  density  at the m etal is tran sm itte d  all the 
way to  the carboxy late  function . V ice versa , the 
vibration  of the m eta l-bound  C O  is found  also  at 
h igher w avenum ber com pared  to  ana logous th io ­
late com plexes [C p R u (C O )(P P h 3)(S R )] [14]. The 
two m ethy lene p ro to n s are d ia s te reo to p ic  and  give 
a narrow  A B -system  in the  p ro to n  N M R  
spectrum . The l3C resonances of the  tw o C O  
groups are very close in chem ical shift bu t can

Table I. Important spectroscopic data of the thiocarboxylate complexes 4 -6  and 8..

No. IR (Nujol) 'H  NMR (C6D6) 13C-NMR (C6D6) 3IP-NMR
l'(CO) (CITT 1 ) c P CH2 CH3 Cp CH2 CH, CO V (P -C ) (C6D6)

4a 1610 4.67 4.24 82.8 56.0 206.5 4.7 43.9
4b 1601 4.68 4.25 2.16 83.0 55.8 21.3 206.9 5.0 43.9
4c 1598 4.69 4.22 3.34 83.0 54.9 55.3 207.2 4.5 43.9
4d 1606 4.67 4.06 83.0 55.2 206.2 4.5 43.8
5a 1600 4.91 3.85 80.4 54.3 205.1 5.5 14.9
5b 1625 4.92 3.85 2.13 80.4 54.0 21.0 205.4 5.4 15.0
5c 1627 4.93 3.82 3.32 80.5 54.7 53.5 205.7 5.5 15.0
5d 1601 4.90 3.69 80.5 53.6 204.6 5.3 14.9
6 a 1626 4.79 3.77 82.1 54.6 204.1 4.3 83.5
6 b 1624 4.82 3.79 2.15 82.1 54.2 21.1 204.4 4.3 83.6
6 c 1595 4.81 3.76 3.33 82.1 54.8 53.7 204.6 5.5 83.6
6 d 1620 4.78 3.66 82.0 53.7 204.6 4.0 83.7
8 1636a 4.81 4.23b

4.29
87.0 53.8 204.3C 4.6 53.8

i’(R u-C O ) 1961 (vs); b AB-System, 2/ ( H -H )  13.4 Hz; c R u-C O  204.6 ppm. 27(P -C ) 19.1 Hz.
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readily be distinguished by their rather different 
P -C  couplings.

An unsuccessful attempt was made to alkylate
6 a using methyl iodide, while methyl tosylate or 
triethyloxonium hexafluorophosphate were both 
electrophilic enough to convert 5 a into the thioes- 
ter complexes 9a,b  (eq. (6)). The site of alkyla- 
tion -  sulfur rather than oxygen -  is apparent 
from the 'H and 13C NMR signal of the group 
R. Taken together these reactions attest to both 
a reduced nucleophilicity and a reduced jr-donor 
ability of the thiocarboxylate ligand.

o o lpp6
Php'7'Û S^C"CH2Ph "R+ "► Ph?>, /■û S"C"CH2Ph 

5a 9a, b

" R+ " R

MeOTos Me 9a

Et3OPF6 Et 9b

Crystal and Molecular Structure of 
[CpRu(dppm)(SC(0)CH2Ph)] (5a)

Details of the structure determination are col­
lected in Table II and in the Experimental Section. 
Important bond distances and angles are listed in 
Table III, a view of the molecule is shown in Fig. 1. 
The geometry of the [CpRu(dppm)] part of the

Fig. 1. Structure of [CpRu(dppm)(SC(0)CH2Ph)] (5a).

Table II. Details of the structure determination of
[CpRu(dppm)(SC(0)CH7Ph)] (5a) and 
[CpRu(dppm)(?72-S=C=CHPh)]PF6 (10a).

5a 10 a

Formula G,8 H 1 4 OPtRuS C3 8 H 3 3 F hP^RuS
F. wt. 701.72 829.68
Color yellow yellow-brown
Crystal size (mm) 0.40x0.25x0.15 0.15x0.15x0.30
Temperature (K) 293 293
A (A) 0.70930 0.70930
Space group P 2 ]/c P2,/c
a (A) 9.229(2) 13.814(5)
b  (A ) 16.680(3) 15.338(2)
c (  A ) 21.447(5) 17.057(7)
ß  (deg) 
V (A - )

90.751(12) 93.74(2)
3301.1(12) 3606(2)

Z 4 4
q  (calc) (m g m m '3) 1.412 1.528
fi (M o -K „ ) (c m '1) 2.26 2.83
6  R ange 2 .2 -2 3 .9 2 .2 -2 2 .9
Index range h 0 , 1 0 0, 15

k 0, 19 0 , 16
I -2 4 . 24 -1 8 , 18

M easured reflections 5530 5245
Independent reflections 5166 5002
Observed reflections3 4081 4107
Parameters 388 574
R 0.028 0.031
w R2 0.064 0.066

a I0> 2a (I0).

Table III. Important bond distances (pm) and angles 
(deg) in the molecule [CpRu(dppm)(SC(0)CHUPh)] 
(5a).

R u -S  238.19(10)
R u - P ( l )  225.34(9)
R u -P (2 )  228.67(9)
R u -C p a 187.4
S -C (7 1 )  174.1(4)
C ( 7 1 ) - 0  121.1(4) 
C (7 1 )-C (7 2 ) 151.9(5)

a Cp denotes the midpoint of the C5H5 ring. The average 
of the Ru-C(ring) distances is 221.4 pm.

molecule is, as expected, almost identical to that of 
other compounds containing this grouping [8,15]. 
The R u -S  distance (238.2 pm) equals those in the 
thioether complex [CpRu(dppm)(SC6H 7C6H4Cl)]+ 
(236.3 pm) [8] or in the metal thiolate 
[CpRu(dppm)(SCH2C6H4F)] (239.5 pm) [16]. The 
two dihedral angles P ( l) -R u -S -C (7 1 )  and 
P (2 )-R u -S -C (7 1 )  are rather unequal. The 
S C (0 ) -C H 2Ph ligand apparently assumes an ori­
entation which minimizes the antibonding interac­
tion of the lone pairs at sulfur and both filled fron­
tier orbitals a' and a" of the halfsandwich complex
[17]. The S -C (71) distance in 5a is 8.4 pm shorter 
than in the benzyl thiolate complex mentioned

P ( l ) - R u - P ( 2 )  71.84(3) 
P ( l ) - R u - S  87.81(3)
P ( 2 ) -R u - S  86.72(3)
R u -S -C (7 1 )  108.98(14)
S - C ( 7 1 ) - 0  126.3(3)
S -C (7 1 )-C (7 2 ) 113.3(3)
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120 W. A. Schenk et al. ■ Synthesis of Cationic Ruthenium Thioketene Complexes

above [16] which corresponds exactly to the differ­
ence of covalent radii of sp2 and sp3 carbon. Thus, 
while both the IR data and the reactivity point to 
a major contribution of resonance form B this is 
not borne out in the structures of these thiocar- 
boxylate complexes.

[RuK s/<
o

[RuK ^ c. r

Synthesis of Ruthenium Thioketene Complexes

Among the numerous routes to thioketenes sim­
ple 1,2-elimination reactions have found surpris­
ingly little attention [18]. After such a strategy had 
been successfully employed for the synthesis of ru­
thenium sulfine complexes [19] we tried to acylate 
the thiocarboxylate complexes 5 a -d  at oxygen 
using trifluoroacetic acid anhydride. The desired 
thioketene complexes lO a-d  were indeed ob­
tained, albeit in only moderate yield. A major side 
product was the trifluorothioacetate complex 11 
which apparently arises from competing electro- 
philic attack at sulfur (eq. (7)). This problem can 
readily be overcome by using the anhydride of

5a - d + (CF3C 0)20  - CFjCQQH^ 
NH4PF6

Ph2 Ru—C=C
P'J V/ -P b

^  Ph2

10a -d

(7)

Ph2 Rû  
^ Pph2

11

S " C " C F 3
R' H Me OMe Cl

10a 10b 10c lOd

trifluoromethane sulfonic acid as an electrophile. 
After addition of NH4PF6 the thioketene com­
plexes are isolated as stable, orange-brown crystal­
line materials.

Mechanistically, the formation of the C=C 
double bond certainly involves acylation at oxygen 
followed by intramolecular 1,2-elimination (eq.
(8)). When the reaction is carried out at low tem­
perature a transient color change to dark red is 
observed which might be due to either the anhy­
dride or the 7/ 1-thioketene intermediate -  among 
the thioester and thioaldehyde complexes the rj]

oii
[Ru]—S

H R

+/S
[R ulO
L C=CHR

(CF3S 0 2)20

O C F}

o j \ o
[Ru]t

H R

- CF3S 0 20H

[Ru]-S=C=CHR (8)

isomers are also consistently more deeply colored 
[6, 8]. ^ ^ -c o o r d in a te d  thioketene complexes 
with electron-poor transition metal fragments such 
as [M(CO)5] (M = Cr, W) or [CpMn(CO)2] have 
been obtained previously [3], Thioaldehyde com­
plexes [CpRu(PR3)2(S=CHPh)]+ normally occur 
as ?;1(S)-isomers; rapidly equilibrating rj]/rj2-mix- 
tures are formed only with sterically less demand­
ing, strongly donating PR3 ligands such as PMe3 
or Me2PC2H 4PMe2(dmpe). The side-on coordina­
tion of the C=S group in the final products lO a-d  
is apparent from the non-equivalence of the two 
phosphorus nuclei as well as from the high-field 
shift of the thiocarbonyl carbon atom (ca. 110 ppm 
upfield from free thioketenes) [18] and its strong 
coupling to one of the phosphorus nuclei 
(Table IV). We have not found any spectroscopic 
evidence for the presence of the corresponding 
^'-isomers in solution.

Table IV. Important spectroscopic data of the thioketene complexes lOa-d.

No. 'H NM R (acetone-dh)
Cp CH 47 (P -H )

13C NM R (acetone-df,)
Cp SCC 27 (P -C ) s e e -V (P -C )

3,P NM R  
P (A )

(acetone-d6)
P(B) 27 (P -P )

10 a 5.71 6.22 3.2 91.4 158.9 11.1 119.5 6.8 0.1 -8 .8 96
10b 5.78 6.20 3.2a 92.0 158.5 10.1 120.0 7.0h 0.2 -8 .6 96
10 c 5.77 6.16 3.2C 91.8 157.5 10.8 119.6 7.0d 0.4 -8 .6 96
10 c 5.82 6.26 3.2 91.1 161.9 11.1 118.9 7.0 -0 .3 -9 .0 97

a A ryl-CH , 2.22 (s); b Aryl-CH, 21.0 ; c Aryl- OCH3 3.71 (s); d Aryl -O C H 3 55.4.
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Crystal and Molecular Structure of 
[CpRu(dppm)(ti2-S=C=CHPh)]PF6 (10a)

Details of the structure determination are col­
lected in Table II and in the Experimental Section. 
Important bond distances and angles are listed in 
Table V, a view of the cation of 10 a is shown in 
Fig. 2. The geometry of the [CpRu(dppm)] part of 
the cation is similar to that of 5 a. The small 
decrease (2°) of the P ( l) -R u -P (2 )  angle as well 
as the remarkable increase of the average R u -P  
distance (6 pm) are forced by the formal increase 
of the coordination number. The two angles 
C ( l) - R u - P ( l )  and C ( l) -R u -P (2 )  are rather dif­
ferent which explains why in the 13C-NMR spectra 
C (l) is coupled only to one of the phosphorus nu­
clei. The S -C ( l)  distance is roughly 10 pm greater 
than in free 2,2,6,6-tetramethylcyclohexylidene-

Table V. Important bond distances (pm) and angles 
(deg) in the cation of 
[CpRu(dppm)(//2-S=C=CHPh)]PF6 (10a).

R u -S 240.79(11) P ( l ) - R u - P ( 2 ) 69.76(4)
R u -C ( l) 210.2(4) P ( l ) - R u - S 94.48(4)
R u -P ( l) 232.96(11) P ( l ) - R u - C ( l ) 84.09(10)
R u -P (2 ) 232.62(12) P ( 2 ) -R u - S 81.13(4)
R u -C p a 188.0 P ( 2 ) - R u - C ( l ) 115.94(10)
S - C ( l ) 167.1(4) S - R u - C ( l ) 42.84(10)
C ( l) -C (2 ) 132.1(5) S - C ( l ) - C ( 2 ) 141.1(3)
C (2 )-C (3 ) 146.3(5) C ( l ) -C (2 ) - C (3 ) 125.2(4)

a Cp denotes the midpoint of the CSH5 ring. The average 
of the Ru-C(ring) distances is 222.1 pm.

Fig. 2. Structure of the cation of [(CpRu(dppm)(?/2-S= 
C=CHPh)]PF6 (10a).

methanethione [20] or its 7 '-[CpMn(CO)2]com- 
plex [3], but slightly smaller than in d8-halfsand- 
wich 7 2-thioketene complexes of cobalt or rho­
dium [5,10]. This indicates that the d6-cations of 
this work have less back-bonding capability.

Conclusions

The acylation-elimination route outlined in this 
study provides an efficient access to cationic d6- 
complexes of thioketenes. Spectroscopic and struc­
tural data seem to suggest that there is only lim­
ited back-donation of electrons from the metal 
into the cumulated ji* system. As a consequence 
we expect thioketene complexes of this type to un­
dergo nucleophilic addition reactions and cycload- 
ditions similar to those of the analogous ruthe­
nium and rhenium thioaldehyde complexes [8].

Experimental Section

All experiments were carried out in Schlenk 
tubes under an atmosphere of nitrogen using suit­
ably purified solvents. The thiolato complexes 1 -  
3 and 7 were obtained as described previously 
[12,13], all other reagents were used as purchased.

IR: Perkin-Elmer 283; NMR: Bruker AM X 400 
( !H, 400 MHz, TMS; 13C, 100 MHz, TMS; 31P, 162 
MHz, H 3 P O 4). Melting or decomposition points 
were determined by differential scanning calorim­
etry (DSC).

[CpRu(PR3)2(S C (0 )C H 2R')]  (4 -6)

To a solution of thiolate complex 1 -3  (0.20 
mmol) in THF (8 ml) is slowly added at -7 0  °C a 
solution of acyl chloride (0.20 mmol) in THF 
(5 ml). (In the synthesis of the bis(triphenylphos- 
phine) complexes 4 a -d  free triphenylphosphine 
(100 mg, 0.40 mmol) has to be added to the reac­
tion mixture in order to suppress decomposition 
into [CpRu(PPh3)2Cl].) The mixture is allowed to 
warm to room temperature while the solvent is 
stripped under vacuum. The dry residue is taken 
up in a minimum amount of THF, transferred onto 
a silica column (20 cm) an chromatographed using 
THF/Et20  1:2 as eluent. The broad yellow zone 
contains the thiocarboxylate complex which is iso­
lated by evaporation of the solvent and crystalliza­
tion from benzene/hexane.

4a: Yield 155 mg (92%), yellow crystalline pow­
der, m.p. 82 °C.
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122 W. A. Schenk et al. • Synthesis of Cationic Ruthenium Thioketene Complexes

C49H4,O P,R uS (842.0)
Calcd C 69.90 H 5.03 S3.81% ,
Found C 70.11 H 5.31 S3.65% .

4b: Yield 134 mg (78%), yellow crystalline pow­
der, m.p. 117 °C. This compound contained a con­
tamination which we were unable to remove.

C s o H 4 4O P 7 R u S  (856.0)
Calcd C 70.16 H 5.18 S 3.75%,
Found C 71.74 H 5.36 S2.87% .

4c: Yield 143 mg (82%), yellow crystalline pow­
der, m.p. 124 °C.

C50H 44O2P2RuS (872.0)
Calcd C 68.87 H 5.09 S 3.68%,
Found C 68.66 H 5.09 S3.75% .

4d: Yield 131 mg (75%), yellow crystalline pow­
der, m.p. 168 °C.

C49H 41C10P2RuS (876.4)
Calcd C 67.15 H 4.72 S 3.66%,
Found C 67.03 H 4.91 S3.55% .

5a: Yield 126 mg (90%), yellow crystalline pow­
der, m.p. 152 °C.

C38H 34OP2RuS (701.8)
Calcd C 65.04 H 4.88 S4.57% ,
Found C 65.16 H 4.94 S4.73% .

5 b: Yield 127 mg (89%, yellow crystalline pow­
der, m.p. 94 °C.

C39H 36OP2RuS (715.8)
Calcd C 65.44 H 5.07 S 4.48%,
Found C 63.99 H 4.93 S 4.36%.

5 c: Yield 113 mg (77%), yellow crystalline pow­
der, m.p. 150 °C.

C39H %0 2P2RuS (731.8)
Calcd C 64.01 H 4.96 S 4.38%,
Found C 62.98 H 4.87 S 4.33%.

5d: Yield 130 mg (88%), yellow crystalline pow­
der, m.p. 172 °C.

C38H „C 10P 2RuS (736.2)
Calcd C 62.00 H 4.52 S 4.36%,
Found C 61.77 H 4.46 S4.20% .

6a: Yield 126 mg (88%), yellow crystalline pow­
der, m.p. 168 °C.

C39H 36OP?RuS (715.8)
Calcd C 65.44 H 5.07 S4.48% ,
Found C 65.60 H 5.10 S4.38% .

6b: Yield 137 mg (94%), yellow crystalline pow­
der. m.p. 123 °C.

C40H 38OP7RuS (729.8)
Calcd C 65.83 H 5.25 S 4.39%,
Found C 65.58 H 5.29 S 4.37%.

6c: Yield 130 mg (87%), yellow crystalline pow­
der, m.p. 118 °C.

C40H 38O 2P2RuS (745.8)
Calcd" C 64.42 H 5.14 S 4.30%,
Found C 64.08 H 5.10 S 3.98%.

6 d: Yield 114 mg (76%), yellow crystalline pow­
der, m.p. 142 °C.

C39H „C 10P 2RuS (750.2)
Calcd C 62.44 H 4.70 S 4.27%,
Found C 61.82 H 4.90 S 4.54%.

[CpRu (CO) (PPh3) (S C (0 ) CH2Ph)] (8 )

A 30 ml pressure tube equipped with a Teflon 
rotary valve is charged with a solution of 4 a (84 
mg, 0.10 mmol) in toluene (20 ml). CO is bubbled 
through this solution for 30 min at 0 °C, the tube 
is then closed and heated to 50 °C for 4 h. After 
cooling to r.t. the excess CO is released and the 
solution is worked up as described for 4 -6 . Yield 
58 mg (95%), off-white crystalline powder, m.p. 
140 °C.

8 is also obtained by treating 
[CpRu(CO)(PPh3)(SH)] (7) (98 mg, 0.20 mmol) 
with PhCH2C (0)C l (31 mg, 0.20 mmol) as de­
scribed above. Yield 92 mg (76%).

C32H 270 2PRuS (607.7)
Calcd C 63.25 H 4.48 S5.28% ,
Found C 63.24 H 4.46 S5.27% .

[CpRu(dppm ) (MeSC(O) CH2Ph)]PF6 (9 a)

To a solution of 5 a (35 mg, 0.05 mmol) in ace­
tone (2 ml) is added methyltosylate (466 mg, 2.50 
mmol) and N H 4PF6 (8.2 mg, 0.05 mmol). After 2 h 
the mixture is evaporated to dryness, the residue 
extracted with a minimum amount of dichloro- 
methane, and the product precipitated with hex­
ane. Yield 12 mg (27%), red-brown crystalline 
powder.

’H NMR (C D 2C12): 1.85 (s, CH,), 3.12 (s, CH2),
4.96 (s, C5H s), 4.84 (dt, 7 (H -H ) 15.0 Hz, 7 (P -H )
11.2 Hz, PCH2P), 4.99 (dt, / ( H - H )  15.0 Hz, J(P -  
H) 10.4 Hz, PCH2P). 31P NMR (C D 2C12): 5.1 (s).

[CpRu(dppm)(E tSC (0)C H 2Ph)]PF6 (9b)

To a solution of 5 a (35 mg, 0.05 mmol) in dichlo- 
romethane (2 ml) is added [Et30 ]P F 6 (11 mg, 
0.045 mmol) at 0 °C. After 2 h the mixture is
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worked up as described above for 9 a. Yield 13.5 
mg (31%), yellow crystalline powder.

'H NMR (CD 2C12): 0.64 (t, / ( H - H )  7.2 Hz, 
CH3), 2.27 (q ,/ (H -H )  7.2 Hz, CH2), 3.08 (s, CH2),
4.96 (s, C5H5), 4.88 (dt, / ( H - H )  16.6 Hz, / ( P - H )
10.5 Hz, PCH2P), 4.92 (dt, / ( H - H )  18.8 Hz, / ( P -  
H) 11.2 Hz, PCH2P). 31P NM R (CD 2C12): 5.0 (s).

[CpRu(dppm)(rj2-S=C=CHR)JPF6 (10a -d )

A solution of thiocarboxylate complex 5 a -d  
(0.10 mmol) and NH 4PF6 (20 mg, 0.12 mmol) in 
dichloromethane (1 ml) is treated at -7 0  °C with 
trifluoromethanesulfonic acid anhydride (28 mg, 
0.10 mmol). A color change from yellow to deep 
red is observed immediately. After 15 min the 
crude product is precipitated by adding cold hex­
ane, washed repeatedly with hexane and diethyl- 
ether, and carefully dried under vacuum. Further 
purification is effected by chromatography over a 
short (10 cm) silica column using dichlorometh- 
ane/acetone 50:1 as eluent.

10a: Yield 59 mg (71%) yellow-orange crystal­
line powder, m.p. 200 °C (dec).

C38H 33F6P3RuS (829.7)
Calcd C 55.01 H 4.01 S3.86% ,
Found C 54.86 H 4.09 S3.93% .

10b: Yield 53 mg (63%), yellow-orange crystal­
line powder, m.p. 144 °C (dec).

C39H 35F6P3RuS (843.8)
Calcd C 55.52 H 4.18 S 3.80%,
Found C 55.50 H 4.42 S3.40% .

10 c: Yield 58 mg (68%) yellow-orange crystal­
line powder, m.p. 155 °C (dec).

C39H3SF6OP3RuS (859.8)
Calcd C 54.48 H 4.10 S 3.73%,
Found C 54.28 H 4.20 S 3.96%.

10 d: Yield 56 mg (65%) yellow-orange crystal­
line powder, m.p. 154 °C (dec).

C38H32C1F6P3RuS (864.2)
Calcd C 52.82 H 3.73 S3.71% ,
Found C 52.71 H 3.71 S 3.55%.

When the same reaction is carried out with 
trifluoroacetic acid anhydride a larger amount of 
[CpRu(dppm)(SC(0)CF3)] (11) is produced. 11 
appears in the chromatographic workup as a first 
yellow band. The yields of the thioketene com ­
plexes drop to ca. 35%.

11: Yield ca. 50%, yellow crystalline powder, 
m.p. 215 °C.

C32H 27F3OP2RuS (679.4)
Calcd C 56.55 H 4.00 S4.72% ,
Found C 56.58 H 4.29 S4.87% .

IR (Nujol) 1607 cm -1 (CO). ]N NMR (acetone- 
d6): 4.94 (s, C ,H 5), 4.43 (dt, / ( H - H )  15.0 Hz, / ( P -
H) 11.4 Hz, PCH2P), 5.46 (dt, / ( H - H )  15.0 Hz, 
/ ( P - H )  10.2 Hz, PCH2P). 13C NMR (acetone-d6):
49.3 (t, / (P -C )  23.0 Hz, PCH2P), 80.9 (s, C5H 5),
116.5 (q, / ( F -C ) 293.3 Hz, CF3), 120.0 (qt, / ( P -  
C) 6.6 Hz, / (C -F )  32.2 Hz, CO). 19F NMR (ace- 
tone-d6): -73 .2  (s, CF3). 31P NMR (acetone-d6): 
12.9 (s).

X-ray structure determination o f  
[C pR u(dppm )(SC (0)  CH2Ph)]  (5 a)

Clear yellow prisms suitable for structure deter­
mination were obtained from a benzene/heptane 
solution. 25 centered reflections from a crystal of 
the dimensions given in Table II gave a monoclinic 
unit cell. Data were collected from one fourth of 
the reflection sphere in the range 2 °< #< 24° (En- 
raf-Nonius CAD 4 diffractometer, MoKa radia­
tion, graphite monochromator, filter factor 15.4). 
An empirical absorption correction based on the 
counts of 9 reflections was applied. The structure 
was solved by the heavy atom method (program 
SH ELX S86) [21] in the space group P2!/c 
(No. 14). H atoms were included in idealized posi­
tions. Least-squares cycles using the SHELXL93 
[22] program package led to the R values given 
in Table II. The 5 highest maxima of the final 
difference Fourier map were between 0.26 and 
0.19 e A -3. Further details of the structure deter­
mination may be obtained from the Fachinforma- 
tionszentrum Karlsruhe, D-76344 Eggenstein-Leo- 
poldshafen, on quoting the depository number 
CSD 405579, the names of the authors and the 
journal citation.

X-ray structure determination o f  
[CpRu (dppm) (rj2 -  S=C=CHPh)]PF6 (10 a)

Clear brownish-yellow crystals suitable for X- 
ray work were obtained from a dichloromethane/ 
diethyl ether solution. 25 centered reflections from 
a crystal of the dimensions given in Table II gave 
a monoclinic unit cell. Data were collected from 
one fourth of the reflection sphere in the range 
2 °< $ < 2 3 °  (Enraf-Nonius CAD 4 diffractometer, 
M oKa radiation, graphite monochromator, filter 
factor 16.4). An empirical absorption correction 
based on the counts of 9 reflections was applied. 
The structure was solved by the Patterson method 
(program SH ELXS86) [21] in the space group
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P2j/c (No. 14). All hydrogen atoms were located 
and refined isotropically. Least-squares cycles 
using the SHELXL93 [22] program package led 
to the R values given in Table II. The 5 highest 
maxima of the final difference Fourier map were 
below 0.28 A -3.

Further details of the structure determination 
may be obtained from the Fachinformations- 
zentrum Karlsruhe, D-76344 Eggenstein-Leo-

poldshafen, on quoting the depository number 
CSD 405580, the names of the authors and the 
journal citation.
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