
2330 Organometallics 1992,11, 2330-2333 

resonances of all of the proton and proton-bearing carbon 
atomse6 

The NOE difference experiments were especially in- 
formative, as irradiation of the " n c e  of H(4A) resulted 
in enhancement of the intensity of the resonance of H- 
(1OB); since theae two H atoms are! at opposite ends of the 
organic ligand, the result suggests a structure in which the 
diallylic ligand wrap around the metal atom. This con- 
clusion was supported by molecular mechanics (MMX') 
calculations and subsequently confirmed by X-ray crys- 
tallographic analysis? 

The structure of I (Figure 1) contains two mutually cis 
carbonyl group, the C(l)-Fe-C(2) bond angle being 92.0 
(2)". The hydrocarbon framework is coordinated to the 
iron via the two q3-allyl group C(3)-C(5) and C(8)-C(lO), 
involving the former TMM and isoprene constituents, 
respectively. The FeC(4) bond is marginally longer than 
the other iron-allyl bonds, but all are typical of (q3-al- 
1yl)iron compounds in general? Interestingly, I is much 

(6) See Fm 1 for the nu&e&echeme. '% NMR resonance8 
(Cad:  d 219.2 (CO), 216.5 (CO), 123.5 (C(5) or C(9)) 109.5 (C(9) or c(5)), 
76.7 (C(8)), 64.0 (C(4)), 45.3 (C(3)), 45.2 (CUO)), 39.1 (C(6)h 32.1 (c(7)), 
27.4 (C(11)). 'H N M R  resonances ( C a d :  d 3.16 (d, H(3A)), 3.07 (dd, 
H(lOA)), 3.04 (dd, H(8)), 2.76 (br e, H(lOB)), 2.24 (d, H(4A)), 2.18 (br 8, 
H(3B)), 2.15 (br e., H(4B)). 2.07 (dd, H(6B)), 1.79 (dddd, H(6A)), 1.49 (e, 
H(llA,B,C)), 1.36 (ddd, H(7A)). 0.66 (dddd, H(7B)); J u d  = 3.3, J- 

1.5, J M a  12.2, J w - 1 ~  4.8, J M ~  14.2, J-m 5.0, J I A - ~  13.2, 
J,A+ 6.3, J m  10.8, Jblw 1.6, JlO~-lm 1.5 Hz. 

(7) Available as PCMODEL from Serena Software, Bloomington, IN. 
See: Gajed ,  J. J.; Gibed, K. E.; McKelvey, J. Adv. Mol. Model. 1990, 
2, 65. 

(8) Cryetal Data: C H14Fe02, M, = 234.06, monoclinic, apace group 
ml/c ,  a = 8.8800 (12) 1 b = 8.9197 (12) A, c = 13.5091 (171, B = 95.642 
(11)O, V = 1064.82 (24) AB, 2 = 4, D, = 1.460 g F(OO0) = 488, p(Mo 
Ka) = 13.86 an-', R = 0.0401 (R, = 0.0466) for 2440 observed data (298 
K, Wyckoff w scam, 28 I 55O, F 1 4u(F)). Data were collectad wing a 
Siemsne PI diffractomater (298 K, Mo Ka radiation, X = 0.71073 A). The 
data were correctad for Lorentz and polarization effecta, and the etruc- 
turea were eolved using direct m e t h d  ( S H E L X ~  PLUS program). Com- 
plete detaib will be published in a full paper. 

(9) (a) Deeming, A. J. In Comprehensive Organometallic Chemistry; 
Wilkimon, G., Stone, F. G. A., Abel, E. W., W.; Pergamon Press: Ox- 
ford, U.K., 1982; Chapter 31.3. (b) Orpen, A. G.; Brammer, L.; Allen, F. 
H.; Kennard, 0.; Wataon, D. G.; Taylor, R. J. Chem. SOC., Dalton Trans. 
1989, s1. 

more thermally stable than is Fe(C0)2(q3-allyl)z,10 which 
is reported to reductively eliminate diallyl at above room 
temperature. Presumably the ethylene backbone jo in i i  
the two q3-allylic fragments prevents intramolecular re- 
arrangement to the orientation neceseacy for coupling and 
decoordination, although an oscillatory motion involving 
rotation about the C(6)-C(7) bond and comcomitant mu- 
tual reorientation of the two q3-allyl-ir0n linkages seems 
likely since the resonances of H(6A,B) and H(7A,B) exhibit 
temperature-dependent chemical shifta. 

The formation of I presumably involves initial coordi- 
nation of the unsubstituted end of the isoprene, since 
trimethylamine oxide is required for the reaction to OCCUT. 
Details of the subsequent coupling step are not obvious, 
but we note several apparently similar, photochemically 
induced coupling reactions of CzF4 to coordinated TMMa 
and +diene ligands" and of conjugated dienes to penta- 
dienyl ligands.12 Preliminary investigations of reactions 
of (TMM)Fe(CO), with 2,3-dimethyl-l,&butadiene and 
lB-butadiene suggest that the former yields a compound 
analogous to I while the latter yields a tricarbonyl com- 
pound, not yet identified. 
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(10) (a) Nmeyanov, A N.; Kritakaya, I. I. J. Organomet. Chem. 1988, 
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S m r y :  Reactions of CIMe2GeGMe2CI and Me20ec12 In view of the growing interest in group 14 metal-bawd 
with Pt(PEf& proceeded to give cis -/trans - materiale and reagents,' understanding of the reactivities 
(w,Oekpt(pEts)2 (1) and "4W&FWP&k (2)s 
respectively' The structure Of "-' was by 
c ~ s t e ' ~ a p h y .  Of a cis'trans mixhrre Of 
afforded 2 with release Of di"ylene, w h M  cou# 
be trapped by bnzll to a 1,uloxa-2germe+y- 
clopentene species. 

(1) (a) The Chemistry of Organic Silicon Compounds; Patai, S., 
Rappoport, Z., Ede.; Wiley: Chicheater, U.K., 1989. (b) RiviBre, P.; 
RiviBre-Baudet, M.; Saw, J. In Comprehensive Organometallic Chem- 
btry; Wilkineon, G., Stone, F. G. A., Abel, E. W., Ede.; Pergamon: Ox- 
ford, U.K., 1982; Chapter 10. (c) Daviea, A. G.; Smith, P. J. In Com- 
prehenarve Orgonometallic Chemistry; Wilkimon, G., Stone, F. G. A., 
Abel, E. W., Me.; Pergamon: Oxford, U.K., 1982; Chapter 11. 
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as pale yellow cryatals and the structure was confirmed by 
X-ray crystallography (vide infra).8 The structure of 
trans-1 could be reasonably assigned7 by the observation 
of (a) a virtual coupling of the methylene protons in tri- 
ethylphosphine with two phosphorus atoms9 and (b) a 
rather small value of 3 J ~  in ClMe&e ligands (6.5 Hz) and 
a relatively large value of Vptp (2495 Hz), which are con- 
sistent with the trans influence of a germyl ligand being 
higher than that of a phosphine ligand.1° The selective 
crystallization of cis-1, which has a larger dipole moment 
than t r a w l ,  probably is due to its low solubility in non- 
polar hexane. It is interesting to note that the analogous 
(CIMe#i)zpt(PE&Jz, which is obtained from Pt(PEt& and 
CIMezSiSiMezC1, adopts only a cis geometry in benzene- 
deb Bulky germyl groups, in comparison with the cor- 
responding silyl groups, presumably disfavor the sterically 
congested cis form in solution. 

A similar reaction of Me3GeGeM% did not proceed even 
at 60 "C, indicating that the cleavage of the Ge-Ge bond 
is facilitated by the chlorine atoms attached to the ger- 
manium atoms, as obse~ed in the reactions of dishes.& 

The structure of cis-1 (Figure 1) is distinctly distorted 
from planarity; the dihedral angle between the PtPz and 
the PtGe2 planes is 28.5'. This deformation is caused by 
repulsion between the four tertiary (ie., bulky) ligands and 
is common for planar d8 compounds." The steric con- 
gestion is only partially reduced by a 'tooth-and-cog" 
gearing of the four ligands. Only one alkyl group of each 
ligand lies near the Gemz mean plane, and these groups 
have larger Pt-X-C (X = P, Ge) angles (124.9' average) 
than do those projecting away from this plane (111.8' 
average). 

Although crystallized 1 had a cis geometry, dissolution 
in hydrocarbons such as benzene, toluene, and hexane 
caused rapid isomerization to give a &/tram equilibrium 
mixture.12 The cis/tram equilibrium is temperature-de- 
pendent; 'H and slP NMR measurements in toluene-d8 
showed that cis/trans ratios were 39/61 (27 'C), 24/76 (-30 
"C), and 13/87 (-60 'C), thermodynamic parameters AH 
and AS being estimated at -8.5 kJ/mol and -25 eu, re- 
spectively. Addition of triethylphosphine significantly 
promoted the isomerization; the cis/trans ratios after 
benzene-d6 solutions of cis-1 (2.4 X M) were kept at 
20 'C for 4 min were 93/7, 76/24, and 61/39 in the 
presence of 0, 2, and 6 equiv of added phosphine, re- 
spectively. Accordingly, the isomerization may be best 
explained by the mechanism involving a pentacoordinate 
intermediate.13 

When MezGeClz was allowed to react with Pt(PEQ3, 
selective addition of a Ge-Cl bond took place at room 
temperature to give trans-(CIMezGe)PtCl(PEt& (2; eq 
2)J4 The reactivity of the G e c l  bond is much higher than 

Figum 1. o m  drawing of cis-1, showing eelected atom labeling. 
Hydrogen atoms are shown as open circles. Selected structural 
parametere are 88 follows: Pt(l)-P(lO) = 2.350 (41, Pt(l)-P(17) 
= 2.333 (41, Pt(l)-Ge(2) = 2.4271 (151, Pt(lI-Ge(6) = 2.4327 (15) 

(lo), Pt(l)-Ge(2)4(5) = 123.7 (51, Pt(l)-Ge(2)-C(4) = 113.63 
(25). 

of these metal compounds is highly desired. As compared 
with silicon species, however, the knowledge of reactivities 
of germanium systems is extremely limited? Herein are 
reported the first examples of oxidative addition of a 
Ge-Ge and a Ge-Cl bond to a Pt(0) complex*s and 
unexpected generation of germylene species upon ther- 
molysis of a bis(chlorogermy1)platinum complex. 

When ClMe2GeGeMezCl was treated with Pt(PEh), in 
benzene (or bm"3-d, for NMR monitoring) at room 
temperature, selective oxidative addition took place at the 
Ge-Ge bond to give cis- and trans-(CUleZGe),Pt(PEt3), 
(l), while the Ge-Cl and G e M e  bonds remained intact 
(eq l).SJ From the resulting mixture, cis-1 was isolated 

WPEbh + CiM~G@G@Me&l - w clSmans-(CIM~Ge)2#(PEt)2 
C A  r.t 

aystalllration 

&(2)-Pt(l)-P(lO) = 158.39 (lo), &(6)-Pt(l)-P(17) 158.62 

1 On tdutlon) 
e ds-1 

(1) 

(2) Mackay, K. M.; Nicholson, B. K. In Comprehensioe Organo- 
metallic Chemistry; Wikinwn, G., Stone, F. G. A., Abel., E. W., Eds.; 
Pergamon: Oxford, U.K., 1982; Chapter 43. 

(3) For our recent studies on the relevant reactions of organmilicon 
compounds with group 10 and or 9 metal complexes, see: (a) Yamaehita, 
H.; Kobayaehi, T.; Hayashi, d; Tanake, M. Chem. Lett. 1990,1447. (b) 
Yamyhita, H.; Kawamoto, A. M.; Tanaka, M.; Goto, M. Chem. Lett. 
1990,2107 and referencea cited therein. 

(4) An addition reaction of a Ge-Ge bond in a strained digermacy- 
clopropaue to Pd(PPhs), was reported: Tsumuraya, T.; Ando, W. Or- 
nanometallics 1989.8.2286. - (6) For oxidative addition of Ge-CI bonds to Pt(I1) complexes, see: 
Kuypsr, J. Znorg. Chem. 1977,16,2171. 

(6) The dwermane CIMegGeGeMe&1(0.119 "01) wan added to Pt- 
(PWS (0.119 m o l )  in benzene (1.0 mL), and the readting mixture was 
stirridat room temperature for 20 min. The vohtiles were removed in 
vacuo, and the reaidue was extracted with hexane. Slow cooling of the 
hexam extract down to -30 "C gave pale yellow crystala of cis-1 (0.093 
mmol, 78% yield); mp 92-95 O C  (under nitrogen). Anal. Calcd for 

(Nujol): 1253 (w), 1224 (w), 1214 (w), 1035 (e), 1004 (w), 828 (m), 802 (m), 
762 (a), 717 (a), 632 (w), 578 (m), 566 (m) cm-'. 

(7) NMR data for cis- and tym-1 were obtained using a solution 
prepared by dissolution of cis-1 in benzene-d6 (see the text). 
cis-1: 'H NMR (C,,D6. T I d E a J  = 9.9 Hz, 12 H, GeCH$, 0.83 
(dt, VPy = 2%Jm s 16.2 Hz, 18 H, PCH2Hs), 1.81 (dq, lJpH = Jm = 
7.6 Hz, J ~ I H  = 15 Hz, 12 H, PCHJ; ''P NMR (C&, HaP04) 8 15.68 (8,  
~JP(P = 2251 Hz). trawl:  'H NMR (C&, TMS) 8 1.07 (e, %JP(w = 6.5 

(C,,Da, HQ04) 8 15.68 (8, lJptp = 2495 Hz). 

C1&2Cl&~Qspt: C, 27.15; H, 5.99. Found: C, 27.37; H, 5.75. Et 

Hz, 12 H, GecHs), 0.63 (dt, ' J ~ H  
(tq, ' J ~ H  ss 3.2 Hz, ' J m  

' J m  7.7 Hz, 18 H, PCHZCHA, 1.81 
21 Hz, 12 H, PCH& "P NMR 7.7 Hz, ' J ~ I H  

(8) Crystallographic data for cis-1 at -174 O C :  a = 10.301 (1) b = 
13.676 (2) A, c = 18.503 (2) A, and B = 102.71 (1)O with Z = 4 in space 
group P2&. R(F) = 0.0494, R,(F) = 0.0472 for 2823 observed (F > 
3dF)) reflections up to 28 = 45O, using fued idealiaed hydrogens and 
anieotropic thermal parameters on all non-hydrogen atoms. 

(9) Glockling, F.; Hooton, K. A. J. Chem. Soc. A 1967,1066. 
(10) Appleton, T. G.; Clark, H. C.; Manzer, L. E. Coord. Chem. Reo. 

1975, 10, 336. 
(11) Lundquiet, E. G.; Streib, W. E.; Cadton, K. G. Znorg. Chim. Acta 

1989, 159, 23. 
(12) The possibility of s i m i i  isomerization was euggested also for 

(Ph8Ge)LPt(PEQ2 (L = GePha, GeMe&g 
(13) For a review of cis/trans isomerization of square-planar com- 

plexes, see: Anderson, G. K.; Crms, R. J. Chem. SOC. Reo. 1980,9,186. 
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that of the S i 4 1  bond since oxidative addition of a S i 4 1  
bond in Me#iC12 requires temperatures as high as 90-120 
o n  15 

Communications 

yield) (eq 3). These results verify the generation of di- 
methylgermylene species upon thermolys i~ .~~*~~ 

Concerning the mechanism, a process via a-migration 
of a chlorine atom leading to a (germy1ene)platinum in- 
termediate" is conceivable. In fact, the structure of cis-1 
(Figure 1) shows that a chlorine atom (Cl(7)) is in close 
proximity of both the platinum center and a phosphine 
ligand. Accordingly, we propose that cis-1, which is in 
equilibrium with t rawl ,  undergoes dissociation of the 
phosphine and a-migration of the chlorine atom (eq 4). In 

u. 

trans-(ClMaGe)Pta(PEt& (2) 
- PEt  

W P E t h  + MI~GoU~ 
2 

~ b ,  r.t * 

Interestingly, thermolysis of 1 also formed 2 with release 
of dimethylgermylene. Thus, when a benzene-d6 solution 
of 1 (cis/trans = 39/61, 8.3 X M) was heated in a 
sealed NMR tube at 80 OC with periodical monitoring by 
'H NMR spectroscopy at  20 OC, the proton signals of 2 
increased with concomitant decrease of those of 1 (almost 
constant cis/trans ratio - 4/6). After 12 h, 2 was formed 
in 48% yield at 88% conversion of 1 (eq 3). Germylene 

/ Gb,so.c* 2 + tMe2Ge:I 
(3) 

dsnrms-'\ phcocoph, + Ph 0, 
X O / O e M a  

Ph 
c&. 80 *C 

4 

trapping experiments wing styrene, 2,3-dimethyl-1,3-bu- 
tadiene, diphenylacetylene, and dimethylphenylsilane 
failed. However, treatment with phenylacetylene (20 
equiv, 80 OC, 2 h) afforded adducts with dimethyl- 
germylene (Me2Ge/PhC=CH = 1/2) (3),16 albeit only in 
trace yields. In addition, benzyl bromide (3 equiv, 80 OC, 
2 h) gave the benzylgermyl bromide (12% yield) along with 
the benzylgermyl chloride (14 9% yield).l8 Furthermore, 
benzil (10 equiv, 80 OC, 10 h) could effectively trap the 
germylene species to give a l-germa-2,5-dioxa-3-cyclo- 
pentene species (4,48% yield)lg accompanied by 2 (68% 

~ 

(14) A benzene-da (0.35 mL) solution of MeZGeCl2 (0.24 mmol) waa 
added to Pt(PEt.& (0.24 mmol) under nitrogen at  room temperature. 'H 
NMR spectroscopy of the resulting mixture after 20 min showed that a 
MeGe-Pt species (1.13 ppm, 3Jptn = 13.6 Hz) cleanly formed with con- 
sumption of Me2GeC12. The volatile8 were removed in vacuo, and the 
resulting pale yellow oil wae extractad with pentane. Cooling of the 
pentane extmct down to -80 OC gave white crystals of 2 (0.16 mmol,61% 
p l d ) ;  mp 29-30 OC (under nitrogen). 'H NMR (c&, TMS): 6 1.13 (8, 
Jptn = 13.6 Hz, 6 H, GeCHs), 0.93 (dt, 'Jp = 'Jm * 8.0 Hz, 18 H, 

3lP NMR (C$Da, HgP04): 6 16.69 ('J, = 2624 Hz). IR (neat); 1464 (m), 
1411 (m), 1376 (m), 1030 (e), 824 (m), 772 (a), 753 (a), 724 (e) cm-'. Anal. 
Calcd for Cl4HSCl&eP2Pt: C, 27.80, H, 6.00. Found C, 28.14; H, 6.07. 

(15) Yamaehita, H.; Hayashi, T.; Tanaka, M. Jpn. Kokai Tokkyo 
Koho, JP 90-794 (to Agency of Industrial Science and Technology of 
Japan), 1990. 
(16) GC, GC-MS, and GC-HRMS analyses showed the formation of 

three adducta @a+), although their MS fragmentation pattame did not 
agree with those reported for 2,s and 2,4-diphenyl-l-germa-2,4-cyclo- 
penkdiene." MS (EI, 70 eV): m/z 308 (M+ for "Ge), 293 (M+ -16), 161 
(PhGe). The relative intensity values (%) of these fragmenta are 68,100, 
and 35 for QP, 100, 97, and 73 for 3b, and 100, 65, and 36 for 3c, re- 
spectively. HRMS (EI, 70 eV): calcd for C&& 308.0621, found 
308.0802 for 30 and 308.0616 for 3b and 3c. 
(17) (a) Barton, T. J.; Nelson, A. J.; Clardy, J. J. Org. Chem. 1972,37, 

895. (b) Billeb, G.; Neumann, W. P.; Steinhoff, G. Tetrahedron Lett. 
1988.29, 6246. 
(18) The result suggests that bis(germy1)metal species are possible 

intermediates in the single germylation of organic halides with 
ClMe&GeMe2C1, affording germylene-insertion-type producte: Reddy, 
N. P.; Hayashi, T.; Tanaka, M. Chem. Lett. 1991,677. Insertion of Me& 
into benzyl bromide has been reported: Kijcher, J.; Lehnig, M. Organo- 
metallice 1984,3, 937. 
(19) Although the MS data for 4 were not consistent with the literature 

values,l' GC, GC-MS, and 'H NMR data for 4 were in good agreement 
with the following data for an authentic sample (a thermally unstable 
white solid) prepared from benzoin dipotassium salt  and MezGeC12 ac- 
cording to a reported method for ita diethylgermylene analogue:21 lH 
NMR (e&, TMS) 6 0.30 (8, 6 H, CHs), 6.9-7.2 (m, 6 H, aromatic H), 
7.7-7.8 (m, 4 H aromatic H); MS (EI, 70 eV, relative intensity) m / z  314 
(100, M+ for ?de), 284 (59, M+ - 30), 181 (84, Me2PhGe), 105 (34, PhCO), 
77 (61, Ph); HRMS (EI, 70 eV) calcd for C&&e02 314.0361, found 
314.0361. In addition, the fact that hydrolysis of 4 gave benzoin also 
supports the structure. 

PCHzCHa), 1.95 (tq, 2'Jp~ * 'JHH * 7.0 HZ, Jpt~ 21 HZ, 12 H, PCHz). 

trans-1 

 YE^ P E t  2 + [Me~Ge:l 

CiM*Ge-Pt- CI (4) 
MepGe I '  2 + [M&Ge+PEt] 

C 

view of the steric congestion and strong trans influence of 
the germy1 1igand'O in cis-1, the phosphine dissociation 
(path a) does not seem to be a crucial step. Indeed, 
phosphine addition did not inhibit but rather promoted 
the reaction; the yield of 2 after 1 was heated alone (80 OC, 
1 h) was 11%, while it was 46,46, or 32% after the same 
treatment in the presence of 1, 2, or 8 equiv of added 
triethylphosphine, respectively. Although further study 
is required, thia may be rationalized by rate-determining 
phosphine recoordination (path b) and/or phoephine-as- 
sisted abatraction of dimethylgermylene (path c ) . ~ ~ ~  The 
effect of phosphine strikingly contrasta with the case of 
cis-(Me~PhSi)2Pt(PMePh~)~, in which silylene generation 
was almost completely suppressed by addition of me- 
thyldiphenylph~sphine.~~ 

Different from 1, 2 is thermally stable, and the sepa- 
rately prepared 2 remained unchanged in the absence or 
presence of triethylphosphine even after heating at 140 OC. 
Further investigations on the detailed reactivities of 
(germy1)metal complexes as well as the application of the 
present resulta to the development of catalytic reactionsa 
will be future subjects. 
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(20) Michels, E.; Neumann, W. P. Tetrahedron Lett. 1986,27,2466. 
(21) Lavaywiere, H.; Dowe,  G. J. Organomet. Chem. 1986,297, C17. 
(22) Thermal decomposition reactions of (Ph&)2M(PR& (M = Pd, 

R = Et; M = Pt, R = Et, Pr) affording PhaGeGePh8 and Ph,& were 
previously reported: (a) Cross, R. J.; Glockling, F. J.  Chem. SOC. 1961, 
6422. (b) Brooks, E. H.; Glockling, F. J. Chem. SOC. A 1966, 1241. 
(23) Analogow methylene elimination from M C H d l  linkages giving 

M-Cl (M = Pt, Ru) bonds waa reported (a) McCrindle, R.; Ferguron, 
G.; Areenault, G. J.; Hampden-Smith, M. J.; McAleea, A. J.; Ruhl, B. L. 
J. Organomet. Chem. 1990,390,121. (b) Hubbard, J. L.; Morneau, A.; 
Bums, R. M.; Nadeau, 0. W. J. Am. Chem. SOC. 1991,113,9180. 
(24) For a review of (germy1ene)metal complexes, see: Petz, W. Chem. 

Rev. 1986,86,1019. 
(25) Diorganogermylenes are known to form complexes with a phos- 

phine: Ando, W.; Itoh, H.; Tsumuraya, T. OrganometalZica 1989,8,2769. 
(26) We cannot unequivocally exclude a possible alternative route 

involving reductive elimination of ClMezGeGeMe2Cl from 1, subwquent 
redistribution leading to Cl(GeMe2),CI (n 2 l), and oxidative addition 
of Me2GeC12 to Pt(0) to give trans-2, although we could not detect C1- 
(GeMe2),CZ. 
(27) Kobayaehi, T.; Hayaahi, T.; Yamaehita, H.; Tanaka, M. Chem. 

Lett. 1988, 1411. 
(28) We and another group recently reported catalytic trannformation 

reactionn of Ge-Ge bonde: (a) Reference 4. (b) Hayaahi, T.; Y m h i t a ,  
H.; Sakakura, T.; Uchimaru, U.; Tanaka, M. Chem. Lett. 1991, 246. (c) 
Reference 18. 
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Oxidative Addition of N-Substituted Amides to Molybdenum( I I )  Involving 
N-H Bond Cleavage To Give 

( q2-N-Acylamido-N, 0 )  hydridomolybdenum( I I) Complexes: X-ray 
Molecular Structure of the SevekCoordlnate Complex 

[MoH(N(COCb)CH31{ (C6Hd 2PCH2CH2P ( CeHs) 212 1 
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Summry: Photochemical or thermal reaction of 
[MoH,(dppe),] with N-alkylamldes R1NHCOR2 (R', R2: 
Me, Me; Ph, Me; Me, H; Ph, H; (CH,),; Ph, Ph) in benzene 
or toluene yielded [MoH(N(R1)COR2-N,0 )(dppe),] as a 
resutt of the oxidative addition involving amlde N-H bond 
cleavage (dppe = Ph,PCH2CH2PPh2). The resulting N-  
acylamido complexes have been characterized by means 
of N W  and I R  spectroscopy as well as with an X-ray 
crystal structure study for R1, R2 = Me, Me. Some re- 
actions of the N-acylamklo complexes, including the ox- 
idation of MeOH to yield a formatdehydacoordinated 
complex, are also described. 

An investigation of the interaction between organo- 
transition metals and organic nitrogen compounds such 
as amines, amides, and amino acids is intriguing in view 
of ita relevance to biological systems. Among the nitrogen 
compounds, organic amides are especially important in this 
respect since they constitute a fundamental component 
of protein. In contrast to the fairly rich chemistry of 
transition-metal amido or imido complexes which are 
synthesized by the reaction of alkali-metal salts of amines 
with the tramition-metal complexes,1 examples of a direct 
oxidative addition of the N-H bond of unfunctionalized 
amines or amides to the transition-metal complexes are 
surprisingly few? While several examples of the oxidative 
addition of a highly polarized N-H bond of a cyclic imide 
such as succinic and phthalic imides have been reported? 

t Yokohama National University. * Tokyo Institute of Technology. 
(1) See for example: (a) Cowan, R. L.; Trogler, W. C. J. Am. Chem. 

Soc. 1989,111,4760. (b) Glueck, D. S.; Wu, J.; Hollander, F. J.; Bergman, 
R. G. J. Am. Chem. SOC. 1991,113,2041. 

(2) See for example: (a) Fornies, J.; Green, M.; Spencer, J. L.; Stone, 
F. G. A. J. Chem. Soc., Dalton Trans. 1977,1006. (b) Hillhouse, G. L.; 
Buh, A. R.; Santarsiero, B. D.; Bercaw, J. E. Organometallics 1988, 7, 
1309. 

Scheme I 

7 h o r A  4 ":CR2 
[MoH,(dppe)~] t R'N-C-R2 [MoH(N, )(dppe),l + 2% 

R' 
1 2 

there has been only one precedent for the oxidative ad- 
dition of simple amides involving N-H bond cleavage, 
where (acylamido)hydridoruthenium(II) and -iron(II) 
complexes are isolated and characteri~ed.~?~ Here we 
report the reaction of organic amides with molybdenum 
polyhydrides to give oxidative-addition produds involving 
nitrogen-hydrogen bond cleavage. Molybdenum is espe- 
cially important among the transition metals because it 
is one of the essential metals in biological activity. 

Irradiation for 3-5.h with a 100-W high-pressure mer- 
cury lamp at room temperature of a yellow benzene solu- 

(3) (a) Roundhill, D. M. Znorg. Chem. 1970,9, 254. (b) Kohara, T.; 
Yamamoto, T.; Yamamoto, A. J. Organomet. Chem. 1978,154, C37. (c) 
Ikariya, T.; Takizawa, S.; Shirado, M.; Yoshikawa, S. J. Organomet. 
Chem. 1979,171, C47. (d) Yamamoto, T.; Sano, K.; Yamamoto, A. Chem. 
Lett. 1982, 907. (e) Kurishima, S.; Ito, T. Chem. Lett. 1990, 1299. (fJ 
Kurishima, S.: Matauda. N.: Tamura, N.: Ito, T. J. Chem. SOC., Dalton 
Trans. 1991,1135. 

(4) Schaad. D. R.: Landis. C. R. J. Am. Chem. SOC. 1990,112.1628. 
(5) While thie paper was preparation, the reaction of NH&OR (R 

= CF,, Ph) with a ruthenium complex to form N-bonded (acylamido)- 
ruthenium complexes was communicated: Hmthome, M. B.; Mazid, M. 
A.; Robinson, S. D.; Sahajpal, A. J.  Chem. SOC., Chem. Commun. 1991, 
1146. 
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