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&elimination process that results in a release of the alkenyl 
grouping and closure of the cluster. This transformation 
demonstrates the existence of a relatively facile CH acti- 
vation process that leads to the formation of an uncoor- 
dinated 2-propenethiolato group, such as that found in 2. 
It  is possible that an intermediate similar to 3 was trav- 
ersed en route to 2. Efforts to confirm this are currently 

(16) A solution of 3 (16 mg) in heptane (20 mL) was heated to reflux 
for 1 h. The product 4 was isolated in 60% yield by TLC on alumina. 
IR (v(CO), cm-l; (in hexane): 2091 m, 2051 s, 2014 vs, 1999 m, 1989 m, 
1967 m, 1947 w, 1943 w. ’H NMR (6; in CDCI,): 7.53-7.35 (m, 5 H), 5.73 
(m, 1 H), 5.17-5.12 (m, 2 H), 2.81 (dd, 1 H, JH-H = 12.7 Hz, JH-H = 7.0 

reverse of this reaction (CO addition) has not yet been achieved. The 
PPh, derivative of 2 was prepared by a similar sequence of insertion/ 
ligand addition to yield the PPh, analogue of 3 and a subsequent de- 
carbonylation. The PPh, derivative of 2 was characterized crystallo- 
graphically. 

Hz), 2.54 (m, 1 H, J H - H  = 12.7 Hz, JH-H = 7.0 Hz), 2.29 (d, 3 H, JP-H = 
10 Hz), 2.26 (d, 3 H, J p - H  10 Hz), -17.03 (d, 1 H, JP-H = 26 Hz). The 

in progress. This observation of the involvement of thia- 
metallacylces in the cluster chemistry of thietane appears 
to contrast significantly with the proposed transformations 
of thietane on metal s ~ r f a c e s . ~ J ~  
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Summary: The use of SMe, (dimethyl sulfide) as both 
ligand and solvent has allowed the first X-ray structural 
characterization of a lithium alkylcuprate aggregate. The 
title compound [L~,CU~(CH,S~M~,),(SM~,)~] (1) was syn- 
thesized by the reaction of 2 equiv of LiCH,SiMe, with 
CuBr in SMe,. Its structure consists of infinite chains of 
the dimeric units Li,Cu,(CH,SiMe,), linked by weakly 
bridging SMe, ligands that bind to the lithium centers. The 
Li,Cu, array is almost planar, and the a-carbons of the 
alkyl groups reside in alternating positions approximately 
1.3 A above and below the metal plane. The Li-S dis- 
tances, 2.65-2.71 A, are long, and the Li-C bonds, -2.2 
A, are short. Thus, the Li atoms are relatively strongly 
bonded to the a-carbons of the alkyl group. The Cu-C 
distances are - 1.956 A, which is close to the values in 
arylcuprates. The structure of 1 is significantly different, 
in certain details, from that predicted for Li,Cu,Me, on the 
basis of spectroscopy and theoretical calculations. 

Since their introduction over 20 years ago’ organo- 
cuprate (Gilman) reagents have proved extremely valuable 
in organic synthesis.2 They are normally represented by 
the formula “L~CUR,”,~ but they are believed to be asso- 
ciated into higher aggregates in solutions of ether-the 
solvent in which they are normally employed. For exam- 

(1) House, H. 0.; Respess, W. L.; Whitesides, G. M. J .  Org. Chem. 
1966,32,3128. Corey, E. J.; Posner, G. H. J. Am. Chem. SOC. 1967,89, “, , , 
5111. 

(2) Posner, G. H. An Introduction to Synthesis Using Organocopper 
Reagents; Wiley: New York, 1980. House, H. 0. Acc. Chem. Res. 1976, 
9,59. Normant, J. F. Synthesis 1972,63. Jukes, J. E. Adu. Organomet. 
Chem. 1974, 12, 215. van Koten, G.; Noltes, J. G. Comprehensive Or- 
ganometallic Chemistry; Pergamon: Oxford, England, 1984; Vol. 1, 
Chapter 14. 

(3) Gilman, H.; Jones, R. G.; Woods, L. A. J .  Org. Chem. 1952, 17, 
1630. 
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ple, ‘‘LiCuPhC crystallizes as the %imeric” ionic species 
[Li,Cu,Ph,]- from ether or T H F  solution mixtures along 
with a countercation of solvated or complexed l i t h i ~ m . ~  
In addition, the self-complexing cuprate LizCuz- 
(C6H,CH2NMe2-2)4 is a dimer in both solution5 and the 
solid state6 These two structures, and that of the related 
species [Li(THF),] [LiCu4Ph&‘ constitute the extent of the 
currently available detailed structural knowledge of asso- 
ciated lithium diorganocuprates. The scarcity of data for 
these compounds is further underlined by the absence of 
a detailed (X-ray) structure for any lithium dialkylcuprate 
aggregate. In addition, only two crystal structures of 
neutral copper(1) alkyls, the tetramer Cy(CH,SiMeJ$ and 
the dimer [ (~-(M~,S~),CCUC,H~N)~] ,9 have been published. 
Even though the structures of the separated mononuclear 
dialkylcuprate ions [CU(C(S~M~~)~) , ] -  lo and [CuMeJ l1?l2 

(4) Hope, H.; Oram, D.; Power, P. P. J. Am. Chem. SOC. 1984, 106, 
1149. Olmstead, M. M.; Power, P. P. Unpublished work. The counter- 
cation may be [Li,C1z(OEt.Jlo]2+, [Li(THF),]+, or [Li(EhO),]+. 

(5) Jastrzebski, J. T. B. H.; van Koten, G.; Konijn, M.; Stam, C. J.  Am. 
Chem. SOC. 1982,104, 5490. 

(6) van Koten, G.; Jastrzebski, J. T. B. H.; Muller, F.; Stam, C. H. J. 
Am. Chem. SOC. 1985, 107, 697. 

(7) Khan, S. 1.; Edwards, P. G.; Xuan, H. S.; Bau, R. J.  Am. Chem. 
SOC. 1985, 107, 1682. 

(8) Jarvis, J. A.; Kilbourn, B. T.; Pearce, R.; Lappert, M. F. J. Chem. 
SOC., Chem. Commun. 1973,475. Jarvis, J. A.; Pearce, R.; Lappert, M. 
F. J. Chem. Soc., Dalton Trans. 1977,999. The latter reference features 
studies on the reactivity of Cu,(CH2SiMe3),. Upon treatment with 
LiCH2SiMe3 the species LiCu(CH2SiMe& was obtained and reported to 
be soluble in ether. ‘H NMR data on solutions having different ratios 
of LiCH,SiMe, and CuCH&JiMe, also indicate that L~CU(CH&J~M~,)~  is 
the only cuprate species found Kieft, R. L.; Brown, T. L. J.  Organomet. 
Chem. 1974, 77, 289. 

(9) Papesergio, R. I.; Raston, C. L.; White, A. H. J.  Chem. SOC., Chem. 
Commun. 1983, 1419. 

(IO) Eaborn, C.; Hitchcock, P. B.; Smith, J. D.; Sullivan, A. C. J .  
Organomet. Chem. 1984,263, C23. 

(11) Hope, H.; Olmstead, M. M.; Power, P. P.; Sandell, J.; Xu, X. J. 
Am. Chem. SOC. 1985, 107, 4337. 
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Figure 1. Computer-generated illustration of the polymeric 
structure of I. Some important bond distances (A) and angles 
(deg) are as follows: Cu(1)€(9) = 1.961 (6) ,  Cu(l)€(13) = 1.958 
(61, Cu(Z)-C(l) = 1.954 (61, Cu(2)-C(5) = 1.949 (5), Li(l)-C(l) 
= 2.218 (13), Li(l)-Cl9) = 2.205 (13, Li(2)-C(5) = 2.201 (12), 
LiWC(13) = 2.198 (121, Li(l)-S(l) = 2.654 (9), Li(l)-S(la) = 
2.677 (91, Li(2)-Sl2) = 2.679 (lo), Li@-S(Za) = 2.709 (9); C -  
(9)-Cu(l)-C(13) = 173.8 (3), C(l)-Cu(Z)-C15) = 171.5 (31, C- 
(l)-LiIl)-C(9) = 142.1 (41, C(5)-Li(Z)-C(13) = 140.2 (41, S(1)- 
Li(l)-S(la) = 83.3 (Z), S(Z)-Li(Z)-S(Za) = 80.8 (2). 

have appeared, these are not believed to be representative 
of their solution structures owing to the presence of either 
large substituents or lithium complexing agents. Spec- 
troscopic and theoretical data have pointed to a dimeric, 
approximately planar, Li,Cu, array with coplanar bridging 
alkyl groups for L~,CU,M~,. '~J~ In this paper the first 
structure of a solvated lithium dialkylcuprate8 aggregate, 
[Li2C~2(CH2SiMe3)4(SMe2)21a, (11, is now described. 

The compound 1 was ~ynthesized,'~ in a conventional 
manner, by the treatment of CuBr with 2 equiv of 
LiCH,SiMe,.'6 A key feature of its isolation involves the 
use of dimethyl sulfide rather than the more conventional 
ethers as the solvent. The advantages of using Me,S were 
first recognized by Bertz," who showed, inter alia, that it 
was possible to identify unambiguously higher order cup- 
rates in this solvent.'8 The s t r u ~ t u r e ' ~  of 1 consists of 
infinite chains in which dimeric Li,Cu2(CH2SiMe3), units 
are linked by two weakly bridging SMe, ligands, as illus- 
trated in Figure 1. This structure results in a very dis- 
torted tetrahedral ligand arrangement for Li+, whereas the 
coppers possess almost linear coordination. Although the 
lithium and copper atoms are essentially coplanar, the 
planarity does not extend to the or-carbon atoms of the 
-CH2SiMe3 groups. This is illustrated by Figure 2, in 
which the metal-bound carbon atoms reside pairwise on 
opposite sides of the metal plane. Important structural 

(12) Dempsey, D. F.; Girolami, G. S. Organometallics 1988, 7, 1208. 
(13) Pearson, R. G.; Gregory, C. D. J.  Am. Chem. Sac. 1976,98,4098. 
114) Steward, K. R.; Lever, J. R.; W h g b o ,  M. H. J. Org. Chem. 1982, 

(15) Under anaerobic and anh drous conditions, a solution (16 mL) 

to a solution of C a r  (0.43 9)  in MqS (IO mL) with moling in an ice bath. 
The addition Dmduced a white orwinitate and a ode vellow solution that 

of l(trimethy~il~l)methyl)lithium' K (1.0 M in hexane) WBS added dropwise 

was stirred f i r  4 h. The precipitat; WBS then ailowid to settle and the 
supernatant liquid filtered twice through a Celite-padded glass frit. The 
volume of the solution was reduced to CB. 10 mL and filtered again. 
Cooling to -20 'C overnight gave the product 1 BS colorless needles: yield 
0.62 g, 67%; mp 6&74 'C. 'H NMR (C D& 6 -1.35 (br 9, CH,SiMea), 
0.35 (s. CH,SiMeJ, 1.71 (9, SMe,). 73C NMR (C6DB): 6 1.32 (s, 
CH.$iMe3), 4.44 (8, CH1SiMe3), 17.7 (a, SMe,). 

(16) Sommer, L. H.; Mureh, R. M.; Miteh, F. A. J.  Am. Chem. Sot. 
,*Ed 7c I f l O  .", ..I.". 

(171 Benz. S. H.; Dahhagh, C.. Terrohedron 1989.45, 42s. 
(18, BeTt2.S. H.; Dsbhsgh.C.. J. Am. Chem. So<. 19XX.l1U.:iffiR. The 

structure of a higher order cuprate h a s  a190 been reponed. Ohswad. M. 
M :  Power. P. P. J Am Chem. 4 . r .  1989. 111. 4 M .  

. ~ .  . ,  ~~~ ~~ . ~ .  ,-, . 
triclinic, apace g.&p Pi, d,, = 1.12 g emd, V = 1820 Ai, kn7data with 
I > z m  R = 0.06. R, = 0.07. 

Figure 2. View of the asymmetric dimeric unit of 1. Some 
nonbonded distances (A) and angles (deg) are as follows: Cu- 
(l)-Cu(Z) = 2.984 (l), Li(l)-Cu(l) = 2.637 (9), Li(Z).-Cu(l) = 
2.648 (9), Li(l)-Cu(Z) = 2.618 (9), Li(Z)-Cu(Z) = 2.644 (9), Cu- 
(l)Li(Z)Cu(Z) = 68.6 (21, Li(l)Cu(l)Li(2) = 110.7 (31, Li(1)Cu- 
(2)Li(2) = 111.4 (3). Average distances of C(l), C(5), C(9), and 
C(13) from the Li,Cu, plane are 1.26, 1.348, 1.348, and 1.28 A, 
respectively. 

information is provided in the figure captions. 
The main feature of interest of 1 involves the dimeric 

stoichiometry of the weakly solvated Li2Cu2(CH2SiMe3), 
structural motif. The relatively weak solvation of Li by 
SMe, is reflected in long30 (2.65-2.71 A) Li-S distances and 
short Li-C bonds of -2.2 A. The Cu-C bond lengths, 
-1.956 A, are marginally longer than those found in other 
lithium cuprate aggre ates, although they are considerably 

closest published structure related to 1 is the dimeric aryl 
species L ~ , C U ~ ( C ~ H , C H , N M ~ , - ~ ) ~  (Z)! This has much 
longer Li-C distances of about 2.385 A due to the strong 
solvation of Li by the ortho -CH,NMe, ligands. The Cu-C 
bonds in 2 are marginally shorter than those in 1, perhaps 
owing to the different hybridization of the metal-bound 
carbon atoms. Other differences between the structures 
relate to the C u C u  vectors, which are 2.984 (1) A in I and 
2.666 (1) in 2. The shorter C u C u  contact in 2 may he, 
in part, the result of some constraints imposed by the ortho 
donor ligand. This appears to be borne out by the 
structure of the aryl species Li,CuzPh&3Mez)3, which in- 
volves a C u C u  vector of 2.87 A where these constraints 
are absent?I 

The Li,Cu, array in 1 is very close to planarity (mean 
deviation of metal atoms from the average plane 0.02 A). 
When they are viewed along this plane (Figure 2), the CuC, 
units are staggered with respect to each other so that the 
opposite pairs of a-carbons are located approximately 1.3 
A above and helow the metal plane. The structure of the 
dimeric unit of 1 is, in fact, remarkably similar to that 
found for Li,Cu,Ph, crystallized from SMe,/hydrocarbon 
mixtures?' I t  may he described as a very distorted tet- 
rahedron of four a-carbons in which four of the edges are 
bridged by the metals. In many ways the structure of the 
dimeric Li,Cu,R, species (R = alkyl, aryl) is intermediate 
between the cuboidal and planar forms found for LhR, and 
Cu,R,. These two contrasting structures are, in turn, the 

shorter than the 2.02 i observed in c~ (cH,S iMe~) , .~  The 

(20) Shannon, R. D. In Structure and Banding in Crystals; O'Keeffe, 
M. K., Navrotsky, A,, Eds.; Academic: New York, 1981; Vol. 11, p 53. 
These data predict (on the basis of crystal radii derived from metal 
sulfides) a Li-S distance of 2.44 A for 4-caordinate Li'. 

(21) Olmstead. M. M.; Power, P. P. Unpublished work. 
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result of the tendency of Li+ and Cu+ toward tetrahedral 
and linear coordination, respectively. 

From the point of view of stoichiometry the structure 
of 1 is in broad agreement with the dimeric structure 
proposed for LiCuMe2 in Et20. However, there are large 
differences in structural details. First, whereas Li2Cu2Me4 
was said to have approximate Da symmetry with coplanar 
Li, Cu, and Me groups, the organic groups of 1 show large 
deviations from the Li,Cu2 plane. Second, the Cu...Cu 
distance in Li2CuzMe4 was estimated to be 4.4 f 0.7 A,I3 
which is very different from the value observed in 1. The 
validity of the 4.4-A Cw-Cu distance has already been 
questioned and may be in error.6,22 It is possible to argue 
that the deviation of the alkyl groups from the Li2Cu, 
plane in 1 could be due to the steric effects of -CH2SiMe3. 
Nonetheless, it is notable that Li2Cu2Ph4 (solvated by 

(22) Krauss, S. R.; Smith, S. G. J .  Am. Chem. SOC. 1981, 103, 141. 

Articles 

SMe2)21 also has a structure very similar to that of 1, 
whereas c ~ , P h , ( S M e ~ ) ~ ~ l  is almost planar, like Cu4- 
(CH2SiMe3),.8 Thus, it appears that this intermediate 
structure in 1 may be more characteristic of Li2Cu2R4 
systems than the planar one proposed for Li2CuzMe4. It 
should also be borne in mind that, in solution, LizCu2Me4 
is probably solvated by ethers binding to lithium, which 
could play a role in its structure by imposing a nonplanar 
configuration on the molecule similar to that seen in 1. 
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Oxidative addition of P-H bonds of primary/secondary phosphines, bound to Mo-2-oxacyclopentylidene 
systems, to Pt(0) complexes results in the transfer of the 2-oxacyclopentylidene ligand from the Mo to 
the Pt center. The cationic 2-oxacyclopentylidene complexes C~~-[C~(OC)~MO(COCH,CH~CH~)- 
(PPh2H)]BPh4 and trans-[Cp(OC)~Mo(COCHzCH2CH~)(PCy~H)]BPh4, obtained from the reaction of 
Cp(OC)3Mo(CH2CH,CH2Br) with PR2H and NaBPh,, react (i) with Pt(C,H,),(PCy,) to give [Cp- 
(OC)2Mo(p-PR2)(p-H)Pt(COCH2CH2CHz)(PCy3)]BPh4 and (ii) with Pt(C2H4) (PPh,), to give equimolar 
mixtures of [Cp(OC),Mo(p-PR,)(p-H)Pt(COCH2CH,CH2) (PPh3)]BPh,, Cp(OC),Mo(R,PCOCH,CH2CH2), 

and [PtH(PPh,),]BPh,. Reaction of Cp(OC)2Mo(COCH2CH2CH,)(PCyH2)]BPh4 with Pt(C,H,)(PPh,), 
gives a mixture of trans(~o),cis(Pt)-[Cp(OC)2Mo(COCH,CH,CH2)(p-PCyH)PtH(PPh3)z]BPh, and [Cp- 
7 (OC) ,MO(~-PC~(CHOCH&H,)) ( IL-H)P~(PP~J~]BP~~.  The complexes Cp(OC),M6: 
(R2PCOCH2CH2CH2) are readily obtained from the reaction of 7 or 8 with base (Proton Sponge). The 

molecular structure of [Cp(OC)zMo(p-PPh2)(p-H)Pt(COCH2CH2CH2)(PCy3)]BPh4~CH2Cl, ( loa)  has been 
determined by single-crystal X-ray diffraction. Crystal data for loa: C,H76BC12M003PzPt, fw = 1352.0, 
monoclinic, space group P2,/c ,  a = 17.920 (3) A, b = 19.605 (4) A, c = 18.301 (3) A, p = 108.95 (1)O, V 
= 6081 A3, D, f l =  1.48 g cm-, for Z = 4; R(wR) = 0.052 (0.051) for 5973 reflections with F 2 6 u(F). The 
structure of lta contains square-planar Pt  and distorted 4:3 “piano-stool” Mo centers, which are linked 
by bridging diphenylphosphido and hydrido ligands with Pt-(p-P)-Mo and Pt-(p-H)-Mo bond angles of 
81.28 (9) and 149 ( 7 ) O ,  respectively. The Pt-Mo separation (3.063 (1) A) is long and weak. 
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Introduction 
The oxidative addition of the P-H bond of a primary 

or secondary phosphine complex to Pt(0) complexes pro- 
vides a synthetically useful route to a wide range of sin- 

early example involves the reaction of (OC),M(PR2H) (1; 
M = Cr, Mo, W) with Pt(C2H4)(PPh& to give the p- 

gle-phosphido-bridged heterobimetallic complexes. lT5 An 

(1) Powell, J.; Gregg, M. R.; Sawyer, J. F. J.  Chem. Soc., Chem. Com- 

(2) Powell, J.; Sawyer, J.  F.; Smith, S. J. J .  Chem. SOC., Chem. Com- 

(3) Powell, J.; Sawyer, J. F.; Stainer, M. V. R. J. Chem. Soc., Chem. 

(4) Schwald, <J.: Peringer, P. J. Organomet. Chem. 1987, 323, C51. 

mun. 1985, 1312. 

Commun. 1985, 1314; Inorg. Chem. 1989, 28, 4461. 
mun. 1984, 1149 Inorg. Chem. 1989, 28, 4451. 
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