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mesitylene and generates the trihydride complex IrH3- 
(CO) (dppe). 

In the presence of C2H, (2 atm), 1 undergoes an unusual 
transformation leading to the formation of the 3,5-di- 
methylbenzyl ethylene complex Ir(q2-C2H4)(CH2C6H3- 
(CH3)2)(CO)(dppe) (4) in nearly quantitative yield. Com- 
plex 4 was identified by NMR and IR spedroscopy, which 
clearly reveals coordination by a benzyl ligand rather than 
the mesityl ligand of 1.l0 The 13C{'H) 135O DEPT spec- 
trum confirms the presence of the benzylic carbon as an 
inverted doublet of doublets (2Jc-p = 72, 6 Hz) at 6 8.3 
ppm, while the 31P(1H) NMR spectrum shows evidence of 
two inequivalent phosphine donors and uco establishes 
t e d  CO coordination to Ir(1). The 'H NMR spectrum 
reveals the presence of a bound ethylene with four Werent 
proton resonances upon coordination. On the basis of 
these results, we assign 4 as a fivecoordinate Ir(1) complex 
with dppe spanning axial and equatorial positions of a 
trigonal bipyramid, the 3,5-dimethylbenzyl ligand occu- 
pying the other axial position, and CO and q2-C2H4 ligands 
residing in the remaining equatorial sites. The structure 
has been confirmed by X-ray crystallography and will be 
discussed in a later report. A similar structure has been 
proposed for Ir(C2H,)(q2-CzH4)(CO)(dppe), synthesized 
from IrH3(CO)(dppe) and ethylene at 70 OC.ll Under 
reduced pressure, complex 4 eliminates ethylene. The 
mechanism for the mesityl-to-benzyl rearrangement is 
under investigation and moet likely involves C-H oxidative 
addition of a mesityl methyl group to produce a cyclo- 
metalated intermediate followed by reductive elimination 
of the aryl C-H bond. The latter step may require rear- 
rangement of the cyclometalatsd intermediate to generate 
the required geometry for aryl C-H bond formation. 

Under CO (1 atm) in CD2C&, complex 1 converts readily 
into the trimethylbenzoyl complex Ir(C0)2(C(O)C&- 
(CHd3)(dppe) (S), which was charadmized by NMR and 
IR spectroscopy.l2 On the basis of the spectroscopic re- 
sults, the structure determination of the propionyl analog 
reported previously,13 and theoretical arguments," we 
assign 5 to be trigonal bipyramidal with the trimethyl- 
benzoyl ligand occupying one of the axial positions. In 
contrast with 4, the Ir(I) acyl dicarbonyl complex 5 appears 
to be fluxional above -9 OC on the basis of equilibration 
of the dppe methylene protons, and the phoephorus nuclei, 
noted by NMR spectroscopy. 

The four-coordinate Ir(1) aryl complex Ir(C0) (C6H2- 
(CH3I3)(dppe) (1) synthesized and characterized in this 
study thus demonstrates interesting reaction chemistry, 
including aryl-to-benzyl ligand rearrangement, stereose- 
lective oxidative addition of H2 and diphenylsilane, and 
facile insertion of CO. Moreover, the oxidative-addition 
products of 1 establish the possibility of competitive re- 
ductive eliminations,"J3 which are under investigation. 
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0M920071+ 
(10) Selected epectroscopic data for 4 IR (Cas)  1955 (e) (CO) cm-'; 

'H NMR (Ca6)  6 3.15 (m, 1 H, benzylic CHd, 2.20 (e, 6 H, -CH& 2.11 
(m, 2 H, q2-C&14, -P(CH&P-), 1.99 (m, 2 H, #-C2&, -P(CHdpP-), 1.50 
(m, 1 H, benzylic CHd,0.98 (m, 1 H, q2*CzH4), 0.79 (m, 1 H, qaC2H4) 

slP(lH} NMR (Cas) 6 28.1 (d, = 5 Hz), 21.9 (d, %JpP = 5 Hz) 
'8C('H) 135O DEFT NMR (Ws) 6 8.3 (dd, V s p  = 72,6 Hz, benzylic 

CHd ppm. Anal. Calcd for CgeH&I0P2: C, 59.59; H, 5.13. Found C, 
58.11; H, 4.88. The unsatisfactory analysis for 4 is attributable in part 
to facile lose of ethylene which occurs upon drying the sample under 
vacuum. 

(11) Deutsch, P. P.; Eisenberg, R. J. Am. Chem. SOC. 1990,112,714. 

(12) Selected spectroscopic data for 6 IR (CHzC12) 1986, 1935 (a) 
KO), 1601 (e) (trimethylbenzoyl CO) cm-'; 'H NMR (CDZClp, 264 K) 6 
2.17 (e, 3 H,pCH& 1.75 (e,6 H, o-CHB) ppm; *'P('HJ NMR (CDZCb, 264 
K) 6 25.2 (d, = 6 Hz), 20.3 (d, %TP+ = 6 Hz) ppm. Anal. Calcd for 
CgeHJrOSp2: C, 57.49; H, 4.44. Found C, 57.56; H, 4.45. 

(13) Deutsch, P. P.; Eisenberg, R. Organometallics 1990, 9, 709. 
(14) (a) Mhgos, D. M. P. In Comprehemive Organometallic C k m -  

istry; Willrineon, G. Ed.; Pergamon: Oxford, U.K., 1982; Vol. 3, Chapter 
19. (b) Rosei, A. R.; Hoffmann, R. Znorg. Chem. 1976,14,366 and ref- 
erences therein. 
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Siunrnmy: The additkn reaction of trimethyl phosphite to 
the bkyclc complex cpco(~3-(s ,s ,~')sc(cN)=c(cN) 
SC'H,) (2) ~ ~ ~ 5 8 8  ring expension to give a six-memkd 

SC'H,) (3). The irradiation of 3 with a high-pressure Hg 

ordinatively unsaturated dithiolenes react with diazo 
compounds to give metallabicyclic 1:l adducts, in which 
alkylidene group do not insert into the metal-ulfur bond 

m e ~ ~ c y ~ :  C ~ C ~ ( P ( ~ M ~ ~ ) ( ~ ~ - ( S , C ' ~ C N ) = C ( C N ~  but bridge between the metal and Sulfur.' Although there 

-. . 

(1) (a) Sakurada, M.; Kajitani, M.; Dohki, K.; Akiyama, T.; Sugimori, 
A. J. Orgonomet. Chem. 1992,423,141. (b) Kajitani, M.; Sakurada, M.; 
Do&, K.; Suetaugu, T.; Akiyama, T.; Sugimori, A. J.  Chem. Soc., Chem. 
Commun. 1990,19. 

lamp causes elimination of the phosphite to regenerate 
2. 

Recently our research group has reported that the co- 
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Figure 1. Molecular structure of 2. Selectad bond lengths (A) 
and angles (deg) are gs follow: W ( l ) ,  1.963 (10); W ( 2 ) ,  2.182 
(3); cOS(l), 2.197 (3); C(l)S(2), 1.786 (10); S(2)-C(3), 1.760 (10); 
S(l)-C(2), 1.702 (9); C(2)4(3), 1.356 (12); S(1)-&4(2), 92.8 (1); 
S(2)-COC(l), 50.7 (3); C04(2)-C(l), 58.3 (3); coC(1)4(2) ,  71.0 
(3). 

has been growing interest recently in carbene insertions 
into metallacycles,2 examples of carbene-inserted metal- 
lacycles are rare. Now we report a new mode of carbene 
insertion reaction into a metallacycle and reversible ring 
expansion and contraction: the bicyclic methylene-added 
complex CpCo(&S,S,C?-SC(CN)=C(CN)SC'H2) (2) re- 
acta with trimethyl phosphite to give a ring-expanded 
metallacycle, CpCdP ( OMe),){s2-( S,C 9 -SC (CN)=C (CN) - 
SC'H2) (3), which undergoes photodissociation to regen- 
erate 2 (Scheme I). 

To a solution of bicyclic compound 2 (278 mg, 1.00 
mmol)' in methanol (100 cm-9 was added a solution of 
trimethyl phosphite (137 mg, 1.10 "01) in methanol (10 
~ m - ~ ) .  The mixture was stirred at  room temperature for 
3 h; during that time the color of the solution changed from 
red to brown. Filtration and recrystallization from 
methanol gave a 97% yield (389 mg, 0.967 "01) of 3 as 
brown ~rystals.~ Complex 3 was also prepared from the 

(2) (a) OConnor, J. M.; Woolard, Pu, S.; Chadha, R. K. J. Am. Chem. 
SOC. 1990, 112, 6731. (b) OConnor, J. M.; Uhrhammer, L. Pu, R.; 
Johnson, J. A. J. Am. Chem. SOC. 1989, 111, 1889. (c) Young, G. B.; 
Whiteside, G. M. J.  Am. Chem. SOC. 1978, 100, 6805. (d) Binger, P.; 
Doyle, M. J. J.  Organomet. Chem 1978, 262, 195. (e) Takahashi, S.; 
Suzuki, Y.; Sonogaehira, K.; Haghra, N. J. Chem. Soc., Chem. Commn.  
1976,839. (0 Takahashi, S.; Suzuki, Y.; Hagihara, N. Chem. Lett. 1974, 
1363. 

Figure 2. Molecular structure of 3. Selected bond lengths (A) 
and angles (deg) are aa follows: cOC(l), 2.011 (8); Co-S(l), 2.220 
(2); CO-P, 2.136 (2); C(l)-S(2), 1.789 (8); S(l)-C(2), 1.736 (7); 
S(2)-C(3), 1.744 (8); C(2)-C(3), 1.334 (11); C(l)-Co-S(l), 89.6 (2); 
C(l)-Co-P, 89.6 (2); S(l)-CO-P, 92.2 (1); M( l ) -S (2 ) ,  113.6 (4); 
W(l)-C(2) ,  108.3 (2); C(1)4(2)-C(3), 104.7 (4); S(l)-C(2)-C(3), 
130.7 (6); S ( 2 ) 4 ( 3 ) 4 ( 2 ) ,  129.3 (6). 

reaction of trimethyl phosphite-adduct 4 (51.0 mg, 0.131 
mmol)' with a 10-fold excess of diazomethane. This re- 
action yielded 10% 3 (5.3 mg, 0.013 "01) and 72% com- 
plex 2 (25.9 mg, 0.0932 mmol). Complex 3 was isolated 
as slightly air-sensitive microcrystals, and the structure was 
determined by X-ray diffraction. 

The structures of complexes 2 and 3 are shown in Fig- 
ures 1 and 2 together with selected bond lengths and an- 
g l e ~ . ~  The structure of 2 is similar to that of the related 
akylidene adduct.' The attack of trimethyl phosphite on 
the cobalt atom of complex 2 breaks the Co-S(2) bond to 
give the six-membered metallacycle, which forms a half- 
chair conformation. The central Co atom of complex 3 is 
at the top of a triangular pyramid, which consists of P, 
S( 1) , and C (1) , and is coordinatively saturate& the complex 
forms a three-legged piano-stool structure. The bond 

(3) Dec pt: 142-143 OC. Anal. Calcd for C u H l & J 2 0 ~ ~ C O :  C, 38.81; 

(41: 278 (16280), 384 nm (8820). IR (KBr): 2200 (e), 1466 (e), 1180 (w), 
1125 (m), 1010 (e), 806 (m), 780 (m), 760 (m), 540 (m), 600 (w) cm-'. 'H 
NMR (CDCls): b 1.74 (1 H, dd, JpH 8.43 Hz, CH&, 3.70 (9 H, d, JPH 

10.99 Hz, OMe), 4.71 (1 H, dd, JpH 5.86 Hz, CHI), 4.97 (5 H, e, C & ) .  
'BC NMR (CDCb): b 9.1 (Jm * 148.6 Hz, Jpc = 31.7 Hz, CHI), 53.8 (Jpc 
= 6.1 Hz, OCHd, 90.4 (Jpc = 2.4 Hz, C a d ,  115.9 (Jpc = 2.5 Hz, di- 
thiolene ring carbon), 116.5 (CN), 118.6 (CN), 123.3 (Jpc = 4.8 Hz, di- 
thiolene ring carbon). MS (EI, 70 eV) [M z (rehtive intensity)]: 278 [14, 
CpCo(CH2)S2CZ(CN)~1, 284 [72, C ~ C ~ S ~ & ~ J ) Z I ,  188 (29, CpCoSd, 124 
[loo, CpCo and P(OMe)& 

(4) Henderson, S. D.; Stephenson, T. A.; Wharton, E. J. J. Organomet. 
Chem. 1979,179,43. 

(5) X-ray diffraction data were collected using a Riaku AFC-6 auto- 
mated four-circle djffractometer, with Mo Ka radiation graphite mono- 
chromatized (A = 0.71073 A). Data for C o(qS-(S,S,C?-SC(CN)4- 
(CN)SC'H,} (2): MW = 278.23, triclinic; xa = 8.366 (2) A, b = 9.319 
(1) A, c = 7.564 (1) A, a = 94.43 (12)", @ = 109.23 (14)0, y 93.72 (18)"; 
V 552.6 As; Z 31 2; d d  = 1.62 g cm"; no. of reflections = 1588 (28 < 
60°, p o l  2 3 4 7 3 ) ;  R - 0.0647; R, = 0.0687. Data for CpCdP- 
(OMe)gH#-(S C?-SC(CN)==C(CN)SC'H } (3): MW = 402.30, monoclinic; 
ml/a; a 5 li.168 (3) A, b - 13.720 (4) 1, c - 9.376 (3) 4.6 = 90.20 (2)"; 
V = 1693.8 AS; Z = 4; dd = 1.678 g cm"; no. of reflections * 2467 (28 
< 5oo, IF,I 2 3473) ;  R = 0.0537; R, = 0.0711. The structure was solved 
by the heavy-atom method and refined by a block-diagonal leastequarea 
method. The weighting scale WBB w = l/(u'F). 

H, 4.01; N, 6.M. Found: C, 38.w H, 4.W; N, 6.93. W-Vie (CH2Cla) [& 
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length of C(2)-C(3) is 1.334 (11) A, which shows its dou- 
ble-bond character. The length of Co-P [2.136 (2) A] is 
much shorter than that of the trimethyl phosphitecobalt 
complex [~P(OMe) ,~~(S2CNC~,0) l  (BF3, [Co-P = 2.206 
and 2.244 A (average)l6 and is shorteat among those of the 
several trialkylphosphine-cobalt complexes (Co-P = 
2.138-2.292 A).' 

Complex 3 undergoes facile photodissociation under 
irradiation with a high-pressure mercury lamp in benzene 
to regenerate the ring-contracted complex 2. Complex 2 
is stable against irradiation under these conditions. This 
photodissociation occurs both under argon and in the 
presence of air; a 'H NMR study showed that the photo- 
reaction did not give methyl phosphate. This is different 
from the photodissociation of a phosphine adduct8 or a 
phosphite adduct via the elimination of the coordinated 
phosphine by singlet oxygen to give the phosphine oxide 
or the phosphate, respectively. 

(6) Mateui, H.; Eta, M.; Kaehiwabara, K.; Fujita, J. Preaentad at The 
41st Sympoeium on Coordination Chemistry of Japan, 2A06, Okayama, 
Japan, 1991; Abstract 2A06. 

(7) Orpen, A. G. organometallics 1990, 9, 1206. 
(8) Ha*o, H.; Kajitani, M.; Akiyama, T.; Sakaguchi, Y.; Nakamura, 

J.; Hayash, H.; Sugimori, A. Chem. Lett. 1990, 1089. 

Complex 2, thirefore, causes reversible ring expansion 
and contraction in the processes of reaction with phosphite 
and during photoirradiation, as shown in Scheme I. These 
ring conversions occur so as to keep the coordinative 
saturation of the central cobalt(II1) atoms and therefore 
80 as to keep the 18electron rule through the addition and 
dissociation. 

An investigation involving preparing related compounds 
of the six-membered metallacycles is in progress. 
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Summery: Et3NH+Co(CO),- contains a short N-H-Co 
contact, which provides the closest approach between 
the ankn and c a h .  Accuate struchral characterizatbn 
by neutron diffraction at 15 K shows the N-H-*Co inter- 
action to be linear with a long N-H bond length and a 
relatively short Co-*H separation (Co-H = 2.613 (2)A, 
N-H = 1.054 (1) A, N-H*-Co = 180.0'). This evidence 
is consistent with the presence of a three-center-four- 
electron hydrogen-bond-like N - H ~ o  interaction, though 
it does not rule out simple electrostatic attraction as the 
principal driving force behind association of the Et3NH+ 
and Co(CO),- ions. 

It has recently been proposed' that certain electron-rich 
transition-metal centers may be able to participate in in- 
teractions with hydrogen atoms to form three-center- 
fourelectron (-1 Z-H-M (2 = C, N) hydrogen bridges. 
Such interactions appear to be analogous to those of hy- 
drogen bonds involving main-group elements, Le., attrac- 
tive interactions involving both an orbital contribution (the 
3c4e interaction) and an electrostatic contribution. The 

unusual aspect of these interactions is that a transition- 
metal atom acts as the hydrogen bond acceptor. It has 
been previously noted that the characteristics of such 
Z-H--M interactions are as follow: (i) the bridging hy- 
drogen is reasonably protonic in nature (typically belonging 
to a N-H or X-C-H group, where X is an electron-with- 
drawing substituent), facilitating an electrostatic compo- 
nent to the interaction; (ii) the metal atom involved ia 
electron-rich with fiied d orbitals suitably oriented to 
facilitate the 3e4e interaction involving the hydrogen 
atom; (iii) the 'H NMR chemical shift of the bridging 
hydrogen atom is downfield of TMS and shifted downfield 
relative to the signal for the free ligand of which the hy- 
drogen atom in question is a part; (iv) intermolecular 2- 
H-M linkages have an approximately linear geometry. 
These characteristics are analogous to those of conven- 
tional hydrogen bonds but are unlike those of three-cen- 
ter-two-electron (3c-2e) interactions involving transition 
metals, such as agostis C-H-M bridges. Most examples 
of apparent 3c4e 2-H-M interactions previously cited' 
have involved square-planar da metal centers. Here we 

(1) Brammer, L.; Charnock, J. M.; Goggin, P. L.; Goodfellow, R. J.; 
Orpen, A. G.; Koetzle, T. F. J.  Chem. Soc., Dalton Trans. 1991, 1789. 

(2) (a) Brookhart, M.; Green, M. L. H. J. Orgonomet. Chem. 1988, ZSO, 
396. (b) Brookhart, M.; Green, M. L. H.; Wong, La-L. Pros. Znorg. Chom. 
1988,36,1. 
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