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tuted q3-allyl complexes [Mo(endo-syn-q3-1-C3H4CHOI- 
(CO)z(q5-C5Me5)] ( 1)9 and [Mo(exo-syn-q3-1-C3H4CHOJ- 
(C0),(q5-C5Me5)] (21, the minor product (4%) being 
[Mo(exo-~nti-q~-l-C~H~CHO~(CO~~~q~-C~Me~)] (3) (see 
Scheme I). 

To gain insight into the chemistry of these functionalized 
q3-allyls, their reactivity toward strong acids was examined. 
The low-temperature (-78 "C, CF3S03H, CH,Cl,) pro- 
tonation of the mixture of 1 and 2, or the single isomer 3, 
afforded respectively on room temperature workup either 
a mixture (7:3) of the exo and endo isomers of the trans- 
l-hydroxybuta-l,3-diene cationic complexes 5 and 6 or just 
5, in each case with a cisoid geometry about the Cz-C3 axis 
(Scheme I). These, unlike the corresponding q5-C5H5 and 
q5-C9H7 complexes, are not interconvertible and do not 
isomerize into the q4-s-cis,cis-l-hydroxybuta-l,3-diene 
cations. Addition of triethylamine to the mixture of 5 and 
6 resulted in deprotonation, regenerating 1,2 ,  and 3, but 
with 3, i.e. the exo-anti isomer, now predominating. When 
1 and 2 were protonated and then deprotonated at  low 
temperature, only 1 and 2 were regenerated in the original 
ratio of 7:3 (Scheme I). 

The conversion of 5 into 3 can be seen to proceed 
without alteration to the overall stereochemistry of the 
carbon skeleton of the coordinated ligand. This was found 
to be equally applicable to the reverse reaction, thus es- 
tablishing the nature of the interconversions as being ex- 
clusively anti-q3-allyl aldehyde + q4-s-cis-l,3-hydroxydiene 
and suggesting that a similar retention of stereochemistry 
occurs on protonation of the syn-q3-allyl aldehydes leading 
to the formation of cationic q4-s-trans-1,3-diene species, 
which on warmup isomerize to the isolated q4-s-cis-1,3- 
diene cations. In order to explore this interesting idea, the 
mixture of 1 and 2 was protonated at  low temperature 
(CF3S03H, CDZClz, -78 "C) in an NMR tube, resulting in 
a quantitative conversion into two new cationic species. 
These were identified unambiguously by 'H NMR spec- 
troscopy as the q4-s-trans-l-hydroxybuta-l,3-diene com- 
plexes 7 and 8 (Scheme I), thereby confirming the pre- 
dicted syn-allyl + transoid 1,3-diene relationship. Com- 
plexes 7 and 8 were shown to be stable in solution below 
ca. -40 "C, isomerizing irreversibly at  more elevated tem- 
peratures into the corresponding cisoid species 6 and 5, 
respectively. A comparison between the 'H NMR spec- 
troscopic data reveals the following points of note. A 
decrease in the magnitude of 3J(HH) across the C&3 
bond is observed [7,7.7 Hz; 8,7.4 Hz; 5,6.3 Hz; 6,6.3 Hz] 
upon isomerization (transoid to cisoid) as might be ex- 
pe~ted.~B Secondly there is a marked upfield shift of the 
"inside" protons (Ha and He) in the cisoid complexes, 
relative to the values obtained from the elongated transoid 
analogues. 

These novel aldehyde substituted q3-allyls are also po- 
tential precursors of pentadienyl complexes, a class of 
compounds which are currently attracting attention.l0 
Reaction (thf, -78 "C) of 1 and 2 with the Wittig reagent 

(9) A single-crystal X-ray diffraction study (Bates, P.; Green, M.; 
Hurathouse, M.; Warin , T., unpublished observations) with the related 

bonyl group of the aldehyde functionahty 1s oriented in the same way as 
is illustrated in Scheme I for complex 2 and that possibly related to this, 
there was evidence for n-electron delocalization. 

(10) (a) Bleeke, J. R.; Peng, W.-J. Organometallics 1984,3, 1422. (b) 
Bleeke, J. R.; Hays, M. K. Ibid. 1984,3, 506. (c) Bleeke, J. R.; Kotyk, 
J. J. Ibid. 1985, 4, 194. (d) Bleeke, J. R.; Kotyk, J. J.; Moore, D. A.; 
Rauscher, D. J. J. Am. Chem. Soc. 1987,109,417. (e) Stahl, L.; Hutch- 
inson, J. P.; Wilson, J. P.; Emst, R. D. J. Am. Chem. SOC. 1985,107,5016. 
(f) Ernst, R. D. Ace. Chem. Res. 1985,18,56. (9) Lee, G.-H.; Peng, S.-M.; 
Lee, T.-W.; Liu, R.-S. Organometallics 1986, 5, 2378. (h) Green, M.; 
Nagle, K. R.; Woolhouse, C. M.; Williams, D. J. J. Chem. Soc., Chem. 
Commun. 1987. 1793. 

complex [Rulero-syn-q f -1-C,H,CO)(CO)(?6-C6H,)] shows that the car- 

Ph3PCHz afforded a mixture of the exo- and endo-syn- 
q3-pentadienyl complexes 9 and 10 in a ratio of 7:3, i.e. 
opposite to the exo/endo ratio of the precursor alde- 
hyde-substituted species. A similar reaction between the 
exo-anti complex 3 and Ph3PCH2 afforded only the exo- 
anti-q3-pentadienyl complex 11. Thus, these observations 
establish a new and possibly general synthetic approach 
to q3-pentadienyl complexes. 

It was of obvious importance to examine the protonation 
of these q3-pentadienyl-substituted species. Protonation 
(-78 "C, CF3S03H, CH,CI,) of the mixture of 9 and 10 
followed by room-temperature workup afforded a mixture 
(7:3) of 16 and 15, respectively, there being no evidence 
for the formation of the corresponding q4-s-cis,cis-penta- 
1,3-diene cations. Similarly, protonation of 11 gave only 
15 (Scheme 11). Importantly, upon repetition of the 
protonation reaction in CD,Cl, solution, with the progress 
of the reaction being monitored by 'H NMR, it was clear 
that at low temperature the mixture of 9 and 10 gave only 
the cations 13 and 14 (exo-q4-s-trans,trans-penta-l,3-diene 
and endo-1l~-s-trans,trans-penta-1,3-diene substituted 
species) and that only on warming to -40 OC did these 
undergo irreversible thermal isomerization to the ther- 
modynamically more stable q4-s-cis,trans-penta- 1,3-diene 
cations 15 and 16. 

Thus in conclusion, these observations show that q4-s- 
trans-1,3-dienes can in fact be stabilized by the cationic 
metal fragment M O ( C O ) ~ ( ~ ~ - C ~ M ~ ~ ) .  The establishment 
of regioselectivity for the low-temperature reactions of 
these q4-s-trans-penta-l,3-diene cations with nucleophilic 
reagents will be of particular interest. 
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Summary: The dinuclear tetrahydride ($-C,Me,)Ru(p- 
H),Ru($-C,Me5) reacts with triphenylphosphine to give 
( 775-C,Me,)Ru(p-PPh2)(p-H)(p-~2:112-C~H~)Ru(~5-C5Me5). 
The structure of the complex has been determined by a 
single-crystal X-ray diffraction study, which shows the 
complex to have an v4-benzene as a bridging ligand. 

In the preceding communication, we reported the syn- 
thesis of a novel tetrahydride-bridged dinuclear ruthenium 
complex, (q5-C5Me5)Ru(p-H)4(q5-C5Me5) (l),l and the ac- 

(1) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Moro-oka, Y. Or- 
ganometallics 1988, 7, 2243. 
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tivation of a C-H bond of ethylene induced by complex 
1.2 During the course of investigating the reactivity of a 
coordinatively unsaturated species caused by tetrahydride 
1 under thermal conditions, the formation of a stable di- 
nuclear p-q2:q2-benzene complex via P-C bond activation 
of triphenylphosphine was discovered. The q2- and q4- 
arene complexes have received attention in recent years 
because of their role as intermediates in C-H activation3 
and hydrogenation4 of arenes. We report herein the 
preparation, structure determination, and ligand exchange 
reaction of a novel dinuclear p-q2:q2-benzene complex of 
ruthenium. 

Treatment of (q5-C5Me5)R~(p-H)4R~(q5-C5Me5) (1) with 
1.2 equiv of PPh3 in toluene at  room temperature resulted 
in the formation of (q5-C5Me5)Ru(p-PPh2)(p-H)(p-q2:qZ- 
C6H6)Ru(q5-C5Me5) (2) (eq 1). Recrystallization from 
pentane afforded analytically pure 2 as deep red prisms 
in a 39% yield based on tetrahydride 1. 

The complex has been characterized by 'H, 13C, and 31P 
NMR and infrared spectroscopy and elemental analy~is .~ 
Notable features of the 'H NMR spectrum measured in 
C6D6 at  room temperature are the resonance signals for 
the p-benzene ligand at 6 2.71 (m, 2 H), 2.77 (m, 2 H), and 
5.41 (m, 2 H). An upfield shift of the two sets of signals 
for aromatic protons confirms the coordination of benzene 
in the p-q2:q2-mode. The spectrum was invariant over the 
25-80 "C range. This indicates that the p-q2:q2-benzene 
ligand is nonfluxional at least over this temperature range. 

The resonance for the bridging hydride appeared at  6 
-16.6 as a doublet due to the spin coupling with the 
phosphorus nucleus in the p-phosphido ligand. The 2JpH 
value of 40.6 Hz for 2 is larger than that for ruthenium- 
hydride complexes with both C5Me5 and tertiary phosphine 
ligands such as (q5-C5Me5)RuH3(PR3) (20-22.5 H z ) , ~  
(q5-C5Me5)RuH(CO)(PR3) (34-36 Hz),' and (q5-C5Me5)- 
R U H ( P M ~ ~ ) ~  (38 Hz).* 

In the 13C NMR spectrum, three nonequivalent peaks 
assignable to the carbons of the coordinated benzene were 
observed at  6 46.4, 47.8, and 124.3. These values are 
comparable with those reported for [ (OS(NH~)~),(F- 
~2:~2-C&)]4+ (49.6, 53.1, and 127.6 ~ p m ) ~  and [ ( q 5 -  

(2) Suzuki, H.; Omori, H.; Moro-oka, Y. Organometallics 1988, 7,2579. 
(3) (a) Sweet, J. R.; Graham, W. A. G. Organometallics 1982,2,135. 

(b) Jones, W. D.; Feher, F. J. J. Am. Chen. SOC. 1982, 104, 4240. (c) 
Sweet, J. R.; Graham, W. A. G. J. Am. Chem. SOC. 1983, 105, 305. (d) 
Jones, W. D.; Feher, F. J. J. Am. Chem. SOC. 1984,106,1650. (e) Cordone, 
R.; Taube, H. J. Am. Chem. SOC. 1987,109, 8101. 

(4) Harman, W. D.; Taube, H. J. Am. Chem. SOC. 1988, 110, 7906. 
(5) 2: IR (KBr) 3031, 2997, 2893, 1581, 1483, 1432, 1374, 1021, 749, 

1 H, Ru-H-Ru), 1.87 (s, 30 H, C&fe6), 2.71 (m, 2 H, 91-C6H6), 2.77 (m, 
2 H, 7'-C&), 5.41 (m, 2 H, 7'-C6&), 7.91-6.81 (m, 10 H, PPh2); 13C NMR 
(C&) 6 10.4 (4, JCH 

741,699,522,489,474 cm-'; 'H NMR (C&) 6 -16.6 (d, JPH = 40.6 Hz, 

126.4 Hz, C&fe6), 46.4 (d, JCH = 157.3 Hz, 
C&), 47.8 (d;JcH 161.3 HZ, ?'-CeH,), 93.5 (8, C,Me6), 124.3 (dd, Jpc 
= 5.9 Hz, JCH = 158.6 Hz, 7"CeHs), 125.4 (dd, Jpc = 8.8 Hz, JCH = 157.3 
Hz, PPha), 126.2 (dd, Jpc 161.6 Hz, PPhz), 134.7 (dd, Jpc 

154.6 Hz, PPh2), 137.8 (dd, Jpc = 7.8 Hz, JCH = 158.6 
9.8 Hz, JCH 

10.8 Hz, JCH 
Hz, PPh& 31P(*HJ NMR (C6D6 external H3P04) 6 168.0; mp 208 "C dec. 
Anal. Calcd for C&I17PRuZ: C, 61.94; H, 6.42. Found C, 62.16; H, 6.57. 

(6) (a) Suzuki, H.; Lee, D. H.; Oshima, N.; Moro-oka, Y. J.  Organomet. 
Chem. 1986,317, C45. (b) Suzuki, H.; Lee, D. H.; Oshima, N.; Moro-oka, 
Y. Organometallics 1987, 6, 1569. 

(7) Arliguie, T.; Border, C.; Chaudret, B.; Devillers, J.; Poilblanc, R. 
Organometallics 1989, 8, 1308. 

(8) Tilley, T. D.; Grubbs, R. H.; Bercaw, J. E. Organometallics 1984, 
3, 274. 

CI8 c19 

20  

C17 

Figure 1. Molecular structure of (95-CsMe5)Ru(~-PPh,)(~-H)- 
~-,2:92-C,~)R~(95-C5Me5) (2). Bond lengths (A) and angles (deg) 
of interest are as  follows: Ru(1)-Ru(2), 2.945 (1); Ru(1)-H(l), 

2.308 (2); Ru(l)-C(7), 2.254 (9); Ru(l)-C(8), 2.168 (10); Ru(2)4(4) ,  

C(4)-C(5), 1.451 (16); C(5)-C(6), 1.332 (17); C(6)-C(7), 1.441 (15); 
C(7)C(8) ,  1.428 (15); C(8)-C(9), 1.460 (15); C(9)-C(4), 1.442 (16); 

1.56 (9); Ru(2)-H(l), 1.66 (9); Ru(l)-P(3), 2.307 (2); Ru(2)-P(3), 

2.248 (10); Ru(2)-C(9), 2.168 (10); Ru(l)-CP(l) ,  1.883 (1); RU- 
(2)-CP(2), 1.885 (1); P(3)-C(lO), 1.852 (9); P(3)-C(16), 1.834 (8); 

Ru(l)-H(l)-Ru(B), 133 (6); Ru(l)-P(3)-Ru(2), 79.3 (1); C(10)- 
P(3)-C(16), 76.6 (4); Ru( l ) -C(7 )4 (8 ) ,  67.9 (5); Ru(l)-C(8)-C(7), 
74.4 (6); Ru(2)-C(4)-C(9), 67.9 (5); R u ( ~ ) - C ( ~ ) - C ( ~ ) ,  74.0 (6). CP  
indicates the centroid of a C5Me5 ring. 

C5Me5)Re(Co)2]2(p-qz:q2-c6H6) (40.9, 50.6, and 127.3 
ppm).'' 

The 31P('H) NMR spectrum of 2 in C6D6 revealed a 
resonance at 6 168.0 assigned to the p-PPh, ligand." It  
is well established that the 31P resonances appear down- 
field when p-PPh, ligands bridged two metals joined by 
a metal-metal bond.12 The downfield position of the 
resonance for the phosphido ligand, therefore, implies the 
presence of a Ru-Ru bond in 2. 

A single-crystal X-ray diffraction study of 2 confirmed 
the proposed structure (Figure l).13 The Ru-Ru distance 
of 2.945 8, lies well within the values for the metal-metal 
single bond and falls within the expected range for the 
phosphido- and hydride-bridged complexes such as [ (a5- 
C5H5)(CO)ZM~]2(p-H)(p-PMe2) (3.267 8,)lZa and 
[(PPh3)(Ph)Pt(p-H)(p-PPhz)Pt(PPh3),]+ (2.901 8,).14 The 

(9) (a) Harman, W. D.; Taube, H. J. Am. Chem. SOC. 1987,109,1883. 
(b) Harman, W. D.; Sekine, M.; Taube, H. J.  Am. Chem. SOC. 1988,110, 
cnnc 
D I L D .  

(IO) van der Heijden, H.; Orpen, A. G.; Pasman, P. J. Chem. SOC., 
Chem. Commun. 1985, 1576. 

(11) Chemical shifts were expressed in parts per million downfield 
from the external 85% H3POI. 

(12) (a) Petersen, J. L.; Stewart, R. P. Znorg. Chem. 1980,19,186. (b) 
Carty, A. J.; Maclaughlin, S. A,; Taylor, N. J. J. Organomet. Chem. 1981, 
204, C27. (c) Garrou, P. E. Chem. Reu. 1981,81,229. (d) Johannsen, G.; 
Stetzer, 0. Chem. Ber. 1977,110, 3438. (e) Rosenberg, S.; Whittle, R. R.; 
Geoffroy, G. L. J .  Am. Chem. SOC. 1984,106, 5934. 

(13) Complex 2 crystallized from pentane in the orthorhombic system, 
s ace group Pcab, with a = 19.612 (2) A, b = 19.965 (8) A, c = 17.114 (2) gEt V = 6701.2 (27) AS, and 2 = 8. Intensity data were collected at 25 OC 
on a Rigaku AFC-5 diffractometer with graphite-monochromateed Mo Kor 
radiation in the 2O < 28 < 60° range. Data processing was performed on 
a FACOM A-70 computer by using R-CRYSTAN structure solving pro- 
gram library obtained from Rigaku Corp. The positions of the metal 
atoms were determined by direct methods. All other atom positions, 
except for H18, H19, H20, and hydrogen atoms of C6Me6 ligands, were 
obtained by subsequent difference Fourier synthesis. The position of 
H18, H19, and H20 were determined by calculation. All non-hydrogen 
atoms were refined anisotropically by a full-matrix least-squares tech- 
nique. Hydrogen atoms were refined isotropically. The final R and R, 
values are 0.0534 and 0.0532, respectively, for 3864 independent reflec- 
tions F, 2 5dF.J .  

(14) Jans, J.; Naegeli, R.; Venanzi, L. M. J. Organomet. Chem. 1983, 
247, C37. 
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C(4)-C(9) and C(7)-C(8) bond lengths were 1.442 and 
1.428 A, respectively, which were in the range observed for 
a variety of transition-metal $-olefin c~mplexes. '~ By 
contrast, a C(15)-C(6) distance of 1.332 8, was consistent 
with that of an isolated carbon-carbon double bond. Some 
precedent for such bond localization has appeared.1°J6 
While C=C and C-C bond lengths of uncoordinated 

spectroscopy upon heating complex 2 in toluene at  60 "C 
(eq 3).19 Monitoring the conversion of 2 or 3 to 2-d7 a t  

1,3-butadiene are 1.334 and 1.476 A, respectively, those in 
the v4-diene moiety (C(4)-C(S)-C(8)-C(7)) are 1.435 (av- 
erage) and 1.460 A, respectively. The results indicate bond 
delocalization over the v4-diene moiety in coordinated 
benzene as observed in several 1,3-diene c0mp1exes.l~ The 
benzene ring in 2 is nonplanar. The torsional angle be- 
tween the C(4)-C(g)-C(8)-C(7) plane and the C(4)-C- 
(5)-C(6)-C(7) plane is ca. 12", and the noncoordinated 
double bond is bent away from the ruthenium centers. 

The formation of 2 would reasonably be elucidated by 
a sequence of reactions depicted below. Reductive elim- 
ination of Hz from 1 and coordination of PPh, would form 
an intermediary dihydrido monophosphine complex, 
(q5-C5Mes)Ru(p-H)z(PPh3)R~(~5-C5Me5). Activation of the 
P-C bond of the coordinated PPh3 by one of the ruthe- 
nium centers would be expected to yield the p-phosphido 
species (~5-C5Me5)R~(p-H)z(p-PPhZ)R~(C6H5)(~5-CsMe5), 
which would then undergo reductive elimination of 
benzene and subsequent coordination of the benzene in 
a p-q2:q2-mode to give 2.  

For the cluster-mediated P-C bond cleavage of tertiary 
phosphine, similar mechanism has been proposed.ls 

As mentioned above, 'H NMR study of 2 at the elevated 
temperature showed that the p-benzene ligand was not 
fluxional at  least below 80 "C. Slow ligand exchange be- 
tween p-benzene and uncoordinated benzene was, however, 
observed upon heating the benzene solution of 2.  When 
a solution of 2 in C6D6 was warmed at  60 "c for 1.5 h, the 
deuterated complex 2-d7 was formed exclusively (eq 2). 

Ph ph 

d6 

Complex 2-d7 was isolated in 82% yield and was char- 
acterized by means of 2H and 13C NMR and infrared 
spectroscopy. Resonances for the p-C6D6 and deuteride 
ligands appeared at 6 5.20 (m, 2 D), 2.77 (m, 2 D), 2.70 (m, 
2 D), and -16.5 (d, JpD = 5.0 Hz, 1 D), respectively, in the 
2H{1H] NMR spectrum. The 13C{lH] NMR spectrum 
showed three triplets for the p-C6D6 ligand a t  6 123.7 (t, 
JCD = 23.1 Hz), 47.3 (t, JcD = 23.8 Hz), and 45.9 (t, JCD 
= 22.6 Hz). Coordination of the C6D6 molecule was further 
confirmed on the basis of vCD bands at  2295,2281, and 2228 
cm-' observed in the infrared spectrum. Treatment of the 
deuterated complex 2-d7 in C6H6 at 60 "c for 1.5 h aga in  
afforded 2 quantitatively. 

Replacement of the coordinated benzene by toluene 
leading to 3 was also observed by means of lH NMR 

(15! (a) Ittel, S. D.; Ibers, J. A. Adu.  Organomet. Chem. 1976,I4,33. 
(b! Mingos, D. M. P. In Comprehensive Organometallic Chemistry; 
Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon: London, 
1982; Vol. 3, p 47. 

(16) (a) Allegra, G.; Casagrande, G. T.; Immirzi, A.; Porri, L.; Vitulli, 
G. J .  A m .  Chem. SOC. 1970, 92, 289. (b) Davis, R. E.; Pettit, R. J .  Am. 
Chem. SOC. 1970,92, 716. 

(17) (a) Mills, 0. S.; Robinson, G. Acta Crystallogr. 1963,16,758. (b) 
Sasse, v. H. E.; Ziegler, M. L. Z. Anorg. Allg. Chem. 1972, 392, 167. ( c )  
Pierpont, C. G. Inorg. Chem. 1978, 17, 1976. (d) Briggs, J. R.; Crocker, 
C.: McDonald, W. S.: Shaw, B. L. J.  Chem. Soc., Dalton Trans. 1982,457. 
'(18) Dubois, R. A,; Garrou, P. E. Organometallics 1986, 5, 466. 

0276-7333/89/23Q8-2272$Q1.5O/Q 

60 "C in 10-min intervals by means of lH NMR spec- 
troscopy showed that the rate of Ruz(C6H6)/Ruz(C6D6) 
exchange was comparable to that of Ruz(C6H5CH3)/Ruz- 
(C6D6) exchange and that the rate of ~ ~ - a r e n e  exchange was 
much faster than that of RuzH/Ru2D exchange. 

These results strongly imply that the conversion of 2 to 
2-d7 proceeds via initial Ru2(C6H6)/Ru2(C6D6) exchange 
followed by the cleavage of C-H bond of coordinated 
benzene. 

Further mechanistic studies pertaining to the H/D ex- 
change will be reported in due course. 

Acknowledgment. Support from the Ministry of Ed- 
ucation, Science and Culture of the Japanese Government 
(No. 63550618) is gratefully acknowledged. 
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of calculated and observed structure factors (20 pages). Ordering 
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(19) 3: 'H NMR (CsD,) 6 -16.7 (d, J ~ H  = 40.3 Hz, 1 H, RU-H-Ru), 
1.37 (s, 3 H, C6H5CH3), 1.59 (s, 15 H, C&fe5), 1.67 (s, 15 H, C&fe5), 2.58 
(d, JHH = 7.4 Hz, 1 H, CpH5CHn), 2.65 (dd, JHW = 7.4 and 5.5 Hz, 1 H, 
C&5CH3), 2.76 (dd, JHH = 7.4 &d 5.5 Hz, 1 H,-C&&HJ, 2.82 (dd, Jm 
= 7.4 and 5.5 Hz, 1 H, Cd5CH3), 5.31 ( d , J m  = 5.5 Hz, 1 H, Ca5CH3), 
6.72-7.76 (m, 10 H, PPh2); I3C NMR (C&) 6 10.3 (4, JCH = 126.5 Hz, 
Cfle,), 10.6 (q, J C H  = 126.2 Hz, C 6 ) ,  45.8 (d, JCH = 162.4 Hz, q4- 

q4-toluene), 50.2 (d, JCH = 156.5 Hz, s'-toluene), 93.3 (s, C5Me5), 93.5 (s, 
C,Me5). Resonances for aromatic carbons on PPh2 and toluene ligands 
could not be assigned. 

toluene), 46.2 (d, J C H  = 154.6 Hz, 7 P toluene), 48.4 (d, JCH = 153.6 Hz, 

First Example of Catalytic Decarbonylatlon and 
Metathesis Reactions of a-Ketophosphonates 
Promoted by a Palladium Complex 

Hiroshi Nakazawa, * + '  Yuko Matsuoka, 
Hldeakl Yamaguchi,', Toshiaki Kurolwa,' 
Katsuhiko Miyoshi, and Hayaml Yoneda*i3 
Department of Chemistry, Faculty of Science 
Hiroshima University, Hiroshima 730, Japan 
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Summary: Arylketophosphonates and alkylketo- 
phosphonates undergo decarbonylation in toluene-reflux 
conditions, in the presence of a catalytic amount of a 
palladium complex, to afford arylphosphonates and al- 
kylphosphonates, respectively. Evidence is presented for 
a metathesis reaction of a-ketophosphonates (RC(0)P- 

(O)P(O)(OR),), catalyzed by a palladium complex, which 
takes place prior to the observed decarbonylation reac- 
tion. 

(O)(OR), + R'C(O)P(O)(OR'), RC(O)P(O)(OR'), + R'C- 
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