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The methylidene complex [(q5-C5H5)Re(NO)(PPh3)( =CH2)]+ 
PF, or the Re=CD2 analog react with diazo compounds 
NzCHR [R = H, Si(CH3)3r COPh, COzCzH5] in CHzClz at 
-80°C to give alkene complexes [(q5-C,H,)Re(NO)(PPh3)(q2- 
H2C=CHR)]+ PF, or D,C=CHR analogs. The two Re=C ge- 
ometric isomers of benzylidene complex [ (q5-C,H5)Re- 
(NO)(PPh,)(=CHPh)]+ PF; and CH2Nz react to give opposite 
configurational diastereomers of styrene complex [ (q5- 
C,H,)Re(NO) (PPh3)(q2-H2C = CHPh)]+ PF;. Stereochemical 
features of these reactions are analyzed in detail, and are 

interpreted in terms of models involving (a) attack of the di- 
azo compound upon the Re=C face opposite to the bulky 
PPh3 ligand, (b) an antiperiplanar disposition of the Re=C 
and C-N, bonds-in the transition state, utilizing the diazo 
carbon face that minimizes interactions of the substituent (R) 
and cyclopentadienyl ligand, and (c) N, loss from the re- 
sulting intermediate [ (q5-C5Hs)Re(NO) (PPh3) (CHR’CHRN,)] + 

PFg via a conformer with antipenplanar P-Re-CHR’-C and 
Re-CHR‘-CHR-N linkages, with anchimeric assistance of 
the rhenium fragment d orbital HOMO from the backside. 

Numerous reactions of organometallic complexes and or- 
ganic diazo compounds, N,CRR’, have been investi- 
gated[’-61. Furthermore, transition metal catalyzed reac- 
tions of diazo compounds see wide use in organic syn- 
thesid3]. Many of these transformations are believed to in- 
volve intermediate carbene or alkylidene complexes, 
L,M =CRR’. Hence, reactions of alkylidene complexes and 
diazo compounds assume a special importance - especially 
in view of the diazo coupling products RR’C=CRR‘ that 
form as undesired byproducts under some catalytic con- 
ditions. 

Surprisingly, only a few reactions of alkylidene complexes 
or related species with diazo compounds appear to have 
been de~cribed[‘>~-~].  In an important early report, Casey 
found that additions of diazo compounds to tungsten 
Fischer carbene complexes gave free alkenes as shown in 
eq. (i) of Scheme 1L4]. These were proposed to involve attack 
of the nucleophilic diazo carbon atoms upon the electro- 
philic carbene carbon atoms, followed by fragmentation of 
the resulting zwitterions. With other substrates, the diazo 
carbon atoms can be incorporated into coordinated C=C 
units, as illustrated for a rhodium vinylidene complex in eq. 
(ii) of Scheme 1L6]. 

Accordingly, we set out to study reactions of diazo com- 
pounds with alkylidene complexes of the chiral rhenium 
fragment [(q5-C5Hs)Re(NO)(PPh3)]+ (I)[7-101. Our effort 
was also motivated by the potential for interesting reactions 
of diazo compounds with cumulene-bridged bimetallic 
complexes of the type [Re=(C)x=M]n+ that have recently 
become available“ l]. Furthermore, we have had an extensive 
interest in the anticipated alkene complex products, which 

R’ 
(CO)~W=C / R  + N~CHR - 

\OCH3 

Scheme 1. Representative reactions of carbene or alkylidene-type 
complexes and diazo compounds 
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exhibit a number of unusual binding proper tie^['^^'^]. Such 
routes would complement existing syntheses, which gener- 
ally involve pre-formed alkenes. 

Rhenium alkylidene complexes [(q5-CsH5)Re(NO)- 
(PPh,)(=CHR)]+ PF; are easily prepared by reactions of 
alkyl complexes (q5-C5Hs)Re(NO)(PPh3)(CH,R) with 
Ph3C+ PF;[7*81, as illustrated in Scheme 2.  The Re-C rot- 
amer I1 is the most reactive, and the hydride ion is abstrac- 
ted from a direction anti to the bulky PPh3 ligand. This 
gives an “sc” Re=C geometric with the idealized 
structure 111. The Re=C conformation allows a high degree 
of overlap between the CHR p acceptor orbital and the 
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IV 

rhenium fragment d orbital HOMO shown in I (Scheme 2). 
An analogous interaction, equivalent to anchimeric assis- 
tance, should stabilize the predecessor transition state. 

VI 

Scheme 2.  Formation and reactions of rhenium alkylidene complexes 

I II I 
CH&, -80 'C Ph3Cf PFs- 1 

10 "C to RT 

Upon warming to O-2O0C, I11 isomerizes to the more 
stable "ae" Re=C geometric isomer IV (Scheme 2). The 
basis for the divergent kinetic and thermodynamic selec- 
tivity has been analyzed previouslyrsdI. Reactions of I11 and 
IV with nucleophiles (Nu:- or Nu:) have been extensively 
studied[8,10a~hl. In each case, attack is highly diastereoselec- 
tive, occurring predominantly from a direction anfi to the 
bulky PPh3 ligand to give adducts V and VI, respectively. 
Thus, either diastereomer of the addition product can be 
accessed. All of the preceding features, as well as new ones 
that control other types of stereoselectivity, come into play 
in reactions with diazo compounds, as detailed in the narra- 
tive below. 

Results 
1. Reactions of Diazomethane and Methylidene Complexes 

The methylidene complex [(q5-C5H5)Re(NO)(PPh3)- 
(=CH2)]' PF; (1+ PF;) was generated in CHzC12 at 
-80°C from the methyl complex (q5-C5H5)Re(NO)- 
(PPh3)(CH,) (2)[15] and Ph3C+ PFg[7al. Then freshly pre- 
pared ethereal CH2N2 was added (Scheme 3)[16a1. Workup 
gave the previously characterized ethylene complex [($- 
C5H5)Re(NO)(PPh,)(q2-H2C=CH2)]+ PF; (3+ PFg)[7b1 in 

86% yield. Based upon structures of analogous monosubsti- 
tuted and disubstituted alkene complexes['2a,d~13] , com- 
pound 3+ PF; would be expected to adopt the Re-(C-C) 
conformation shown in VII (Scheme 3). This maximizes 
overlap of the C=C x* acceptor orbitals with the d orbital 
HOMO of the rhenium fragment I. 

Scheme 3.  Reactions of methylidene complex l+-d, PF; and CH2N, 

l tPF& 

J H ~  = 12.6 Hz 
VII 

3' PF; 

-95 "C to RT 

1'4 PFe- a&+-& PF; sc-3 '4  PF, 

-95 "C 88 12 
-40% 5644 
-20 "C 5446 LII 20°C 5050 

Regardless of Re-(C-C) conformation, the four -CH 
protons are inequivalent, and should give distinct 'H-NMR 
signals. Extensive studies of other alkene complexes of I 
have established that protons in position Hd (see VII) give 
larger JHp values (11-14 Hz) than those in positions H, 
(4-6 Hz), Hh (<2 Hz), or Ha (<2 H z ) [ ' ~ * ~ ~ ] .  Thus, JHp and 
J H H  values were determined by homonuclear decoupling 
(Experimental). One resonance (6 = 2.68) gave a large JHP 
value (12.6 Hz) and was assigned to Hd. An upfield reson- 
ance (6 = 2.02) showed a small JHp value (2.7 Hz) and was 
assigned to H,. Two resonances (6 = 3.62, 2.64) gave no 
detectable phosphorus coupling, and were assigned on the 
basis of JHH data and chemical shifts to Hh and Ha, respec- 
tively" 2c,el. 

We sought to probe the direction of CH2N2 attack. Thus, 
the deuteriomethylidene complex [(q5-C5H5)Re(NO)- 
(PPh3)(=CD2)]+ PFg (l+-d2 PF;) was isolated as pre- 
viously de~cribed[~",~l. A CD2C12 solution of l+-d2 and a 
[Dlo]ether solution of CH2N2 were combined in an NMR 
tube at -95°C. The tube was transferred to a -95°C NMR 
probe, and 'H spectra were recorded. The formation of 3+- 
d2 PF; was complete within the 7-min transfer period. Inte- 
gration of the -CH resonances showed a 88: 12 mixture of 
aclsc Re-(C-C) rotamer~[ '~* '~] ,  as illustrated in Scheme 3. 

When the probe was warmed to -4O"C, the aclsc ratio 
diminished to 56:44. At room temperature, a 50:50 mixture 
was present. When the sample was cooled again to -95°C 
the aclsc ratio remained 50:50. Thus, the equilibrium iso- 
tope effect is very close to unity. Workup gave 3+-d2 PF, 
in 95% yield. These data are consistent with preferential 
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CH2N2 attack from a direction anti to the PPh3 ligand, 
commensurate with the precedent in Scheme 2. However, 
one other interpretation remains viable, as analyzed in the 
discussion section. In any event, rotation about the 
Re-(C-C) axis is rapid, in accord with the barrier deter- 
mined by 13C NMR for unlabeled 3+ PF; earlier (AG* = 
16.4 kcallmol, CDCI2CDCl2, 369 K)[12a]. Hence, the 88: 12 
aclsc ratio represents a lower bound for the actual diastereo- 
selectivity. 

2. Reactions of Other Diazo Compounds and the Methylidene 
Complex 

Analogous reactions of monosubstituted diazo com- 
pounds, N2CHR, and methylidene complex 1+ PF; should 
give monosubstituted alkene complexes [(qS-C5H5)Re- 
(N0)(PPh3)(q2-H2C=CHR)]+ PF; (4+ PF;)[12a,b,d.131. 
These can exist as two configurational diastereomers, 
(RS,SR) and (RR,SS), which differ in the C=C enantioface 
bound to rhenium. The (RS,SR)I(RR,SS) diastereomers 
equilibrate at 90- 100°C in chlorinated solvents, and the 
former are much more stable (I& = 90:10 to >99:<1). 
Also, Re-(C-C) rotamers in which the larger =CHR ter- 
mini are anti to the bulky PPh3 ligands (sc) are greatly pre- 
ferred. This in turn generates steric interactions between the 
=CHR substituents and the cyclopentadienyl ligands in the 
(RR,SS) diastereomers, accounting for the lower stability. 

As summarized in Scheme 4, reactions of 1+ PF; and 
diazo compounds N2CHR [R = a, Si(CH&; b, COPh; c,  
CO2C2H5] gave the expected monosubstituted alkene com- 
plexes 4a-c+ PF;. With N,CHSi(CH&, a 95:5 mixture of 
(trimethylsily1)ethylene complex 4a+ PF; and ethylene 
complex 3+ PF; was obtained. The former was a 98:2 mix- 
ture of (RS,SR)I(RR,SS) diastereomers (VIIIa/IXa; Scheme 
4). The latter is known to arise from the independent ther- 
mal coupling of 1+ PFz~ '~] .  Chromatography gave 4a+ 
PF; in 52% yield as a 99: 1 (RS,SR)I(RR,SS) mixture. The 
IR and NMR ('H, 31P) spectra were identical with those of 
the previously reported tetrafluoroborate salt 4a+ BF,['2b]. 
A CHCI2CHCI2 solution of 4a+ PF; [(RS,SR)I(RR,SS) = 
98:2] was kept at 97°C for 6 h. A 31P-NMR spectrum 
showed a >99:< 1 (RS,SR)I(RR,SS) equilibrium ratio, 
identical with that obtained earlier for 4a+ BFq[lZbI. 

With N2CHCOPh, the new acrylophenone complex 4b+ 
PF; was isolated in 86% yield as a 77:23 mixture of 
(RS,SR)I(RR,SS) diastereomers (VlllblIXb; Scheme 4). 
Complex 4b+ PF; was characterized by microanalysis, and 
IR and NMR (lH, I3C, 31P) spectroscopy, as summarized 
in the experimental section. Spectroscopic properties closely 
matched those of other C=C ligated vinyl ketone complexes 
of I (e.g., methyl vinyl ketone, ethyl vinyl as 
more fully analyzed elsewhere['*]. A CHCI2CHCl2 solution 
of 4b+ PF; was kept at 97°C and monitored periodically 
by 31P NMR. After 135 h, a 96:4 (RS,SR)I(RR,SS) equilib- 
rium ratio had been achieved[lga1. 

With N2CHCO2C2HS, the new ethyl acrylate complex 
4c+ PFg was isolated in 77% yield and characterized anal- 
ogously to 4b+ PF;. Surprisingly, a 5:80:15 mixture of 
three isomers was obtained (CD2C12). An analogous 31P- 

Scheme 4. Reactions of methylidene complex 1+ PF; and monosub- 
stituted diazo compounds N2CHR 

ONH 8 PPh3 

It PF; 

N2CHR 
CHzCI, 
- 
-80 OC to RT 

97pc 

Vlll IX 
(RS,SR)-4+ PFg (RR. St9-4' PFB 

(RS,SR)I(RR, SS) 
N~CHCO~C~HS R RT 97 "C 

a. Si(CH3k, 982 >99:<1 
b, COPh 7723 96:4 

J c2H5gH H 

ON' H 'PPh3 ON' h'PPh3 ON' A'PPh, 
J H ~  = 10.8 HZ 

xc VlllC IXC 

ao(RS,SR)-4cC PF6- SG(RS,SR)-~C+ PFs- SG(RR,SS)-~C+ PFC 

RT 5:80: 15 (85: 15 RS,SRIRR,SS) 
97 "C 7:86:7 (93:7 RS,SRIRR,SS) 

NMR monitored reaction was complete within 7 min at 
-8O"C, and gave a 9:78:13 mixture of isomers. When this 
sample was warmed to room temperature, a 4:83:13 mix- 
ture was obtained. When a CHC12CHC12 solution of the 
5:80: 15 mixture was kept at 97"C, equilibration occurred 
over the course of 230 h to give a 7:86:7 

On the basis of NMR data, the three isomers were as- 
signed as ac-(RS,SR)-4c+ PF;, sc-(RS,SR)-4c+ PF;, and 
sc-(RR,SS)-4c+ PF; (Xc, VIIlc, IXc; Scheme 4), respec- 
tively. The first two are aclsc Re-(C-C) rotamers of the 
(RS,SR) diastereomer. Distinct rotamers have been pre- 
viously observed for 1,2-disubstituted alkene complexes of 
l[12c,e,'31, but not monosubstituted alkene complexes. As 
noted above, rotamers with the larger =CHR terminus syn 
to the bulky PPh3 ligand (ac) would be expected to be less 
stable. Accordingly, the =CHCO 'H-NMR signal of the 
minor species ac-(RS,SR)-4ct PF, gave a large fHp value 
(10.8 Hz), consistent with a proton in position d (see VTI; 
Scheme 3). 

Curiously, the NMR signals of uc-(RS,SR)-4c+ PF; and 
sc-(RS,SR)-4c+ PF; did not coalesce under the conditions 
assayed. For example, each rotamer showed broadened but 
distinct 31P resonances in CHCl2CHCI2 at 160°C. Further 
heating gave decomposition. This bounds AG*(433 K) for 
any process capable of intercoverting the rotamers as 221.4 
kcal/mol[201 - much higher than that for the H2C=CD2 
ligand in 3+-d2 PF;[211. The Re-(C-C) rotational barrier 
in the corresponding cis- I ,2-dichloroethylene complex has 
been similarly bound as 217.5 kcallmol (349 K)[lzcI. This 
suggests that higher barriers may be associated with elec- 
tron-withdrawing C=C substituents. However, we presently 
have no rationale as to why Re-(C-C) rotamers can be 
detected with (RS,SR)-4c+ PF;, but not with adducts of I 
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and other H2C=CHC(=O)X ligands (X = H, CH3, C2H5, 
Ph)[l31. 

Most spectroscopic properties of 4c+ PF; were similar 
to those of other H2C=CHC(=O)X complexes['3]. How- 
ever, the =CH2 13C-NMR signals of sc-(RS,SR)-4c+ PF; 
and sc-(RR,SS)-4c+ PF; (6 = 36.0, 37.8) were downfield of 
the =CHC(=O)X signals (6 = 34.9, 36.3). In the other 
complexes, an opposite shielding trend was observed (6 = 
34.7-36.9 and 38.5-44.2, re~pectively)['~]. The assignments 
in sc-(RS,SR)-4c+ PF; and sc-(RR,SS)-4c+ PF; were 
based upon the Jcp values (6.4-6.9 Hz) of the downfield 
resonances, which were characteristic of alkene carbon 
atoms syn to the PPh3 ligand['2.'3]. As a check, the 
=CH(C=O)X 'H resonance of sc-(RS,SR)-4cf PF; was 
irradiated. Accordingly, only the upfield C=C I3C reson- 
ance (6 = 34.9) was decoupled. 

3. Reactions of Diazo Compounds and Other Complexes 

The benzyl complex (q5-C5H5)Re(NO)(PPh3)(CH2Ph) (5) 
and Ph3C+ PF, were allowed to react in CH2C12 at -80°C 
to give the less stable sc Re=C geometric isomer of benzyl- 
idene complex [(q5-C5H5)Re(NO)(PPh3)(=CHPh)]+ PF; 
(sc-6+ PF;), as described above (Scheme 2)LSa1. Then 
CH2N2 was added as shown in path A of Scheme 5.  
Workup gave the previously characterized styrene complex 
[(q5-C5Hs)Re(NO)(PPh3)(q2-H2C=CHPh)]+ PF; (7+ PF;; 
61%) as a 92:8 mixture of (RS,SR)/(RR,SS) diastereomers. 
The more stable Re=C geometric isomer, ac-6+ PF; (ac/sc 
1 99: l), was similarly allowed to react (path B; Scheme 5). 
Workup gave 7+ PF; (33%) as a 6:94 (RS,SR)/(RR,SS) 
mixture. 

Scheme 5. Reactions of benzylidene complex 6+ PF; and diazo com- 
pounds 

NpCHC02C2Hs 

8' PFQ I 

PPh3 ON%- 
- 

'PPh3 
sc%+ PFs- a&+ PFQ 

(RS,SR)-7+ PFQ (RR,SS)-? PFs- 

The IR and NMR ('H, 31P) spectra of styrene complexes 
(RS,SR)-7+ PF; and (RR,SS)-7+ PF; were identical with 
those of authentic samples['2a]. Thus, CH2N2 addition is 
highly diastereoselective, transforming different geometric 
isomers of the reactant into different configurational dias- 
tereomers of the product. No attempts were made to opti- 
mize the isolated yields. However, reactions were spectro- 
scopically quantitative. 

Next, CDC12CDC12 solutions of the preceding samples 
of 7+ PF; were kept at 97"C, and 'H-NMR spectra were 
periodically recorded. After 3 1 h, the 6:94 (RS,SR)I(RR, 
SS) mixture had equilibrated to a 93:7 (RS,SR)I(RR,SS) 

There was no detectable change in the 92:8 
(RS,SR)I(RR,SS) mixture after 24 h. These equilibrium 
ratios are close to that previously reported for the tetra- 
fluoroborate 7+ BF, [(RS,SR)I(RR,SS) = 90: 10][12b,221. 

A similar reaction of benzylidene complex ~ c - 6 ~  PF; and 
the substituted diazo compound N2CHC02C2H5 gave the 
ethyl cinnamate complex [(q5-C5H5)Re(NO)(PPh3)(q2- 
PhHC=CHC02C2H5)]+ PF; (8+ PF;) as a mixture of sev- 
eral isomers (Scheme 5). In this case, the alkene ligand is 
1,2-disubstituted, which generates two stereocenters. The 
vNO- and vco-IR values, and 31P-NMR signal of the major 
isomer (6 = 4.8; 68%), were similar to those of ac-(RS,SR)- 
4c+ PF;. However, further purification attempts were un- 
successful. Additional data are given in the Experimental. 

Reactions of other rhenium complexes and diazo com- 
pounds were also briefly investigated. First, the substitu- 
tion-labile dichloromethane complex [(q5-C5H5)Re(NO)- 
(PPh3)(C1CH2Cl)]+ BF, was generated in an NMR tube 
from methyl complex 2 and HBF4 . OEt2 at -80°C[231. 
Then ethereal CH2N2 was added, and the sample was 
warmed as 31P-NMR spectra were recorded. These showed 
only the independent thermal decomposition of the di- 
chloromethane complex. Finally, benzaldehyde and formal- 
dehyde complexes of the formulae [(q5-C5H5)Re(NO)- 
(PPh3)(q2-0 =CHR)]+ BF;[241 were also treated with vari- 
ous diazo compounds. However, 31P-NMR spectra always 
showed a multitude of products. 

Discussion 
The above results show that alkene complexes of the rhe- 

nium fragment I are easily prepared from alkylidene com- 
plexes and diazo compounds. These transformations are 
highly diastereoselective, the mechanistic implications of 
which are analyzed below. As a prelude, note the logical 
progression in Schemes 3-5. In Scheme 3, the alkylidene 
and diazo carbon atoms are symmetrically substituted 
(=CH2). No new stereocenters are generated, but one con- 
formational diastereomer of the product is greatly favored 
kinetically. In Scheme 4, the diazo carbon atom is unsym- 
metrically substituted, whereas in Scheme 5 the alkylidene 
carbon atom is unsymmetrically substituted. These are con- 
verted into alkene-based stereocenters. In each case, one 
configurational diastereomer dominates. 

The reaction of deuteriomethylidene complex 1 +-d2 PF; 
and CH2N2 would be expected to first give the addition 
product [(qs-CsH5)Re(NO)(PPh3)(CD2CH2N2)]+ PF; ( l O +  
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PF;). Based upon the precedent in Scheme 2, CH2N2 at- 
tack should occur predominantly from a direction anti to 
the bulky PPh3 ligand to give the Re-C rotamer XI shown 
in Scheme 6. Two less stable rotamers, XI1 and XIII, are 
also possible[lobl. These could form from XI, or by attack 
of CH2N2 syn to the PPh3 ligand. 

Scheme 6. Possible mechanisms of reaction of l+-dz PF, and CHzNz 

OND 8 PPh3 

XI XI1 Xlll 

11 \ / /  

D 

ON 

XIV 
(favored) 

J 

ac-3'4 PFe- 
(major) 

xv 
(disfa wed) 

SC-~+-& PFB 
(minor) 

Regardless, subsequent N2 loss should be anchimerically 
assisted by the rhenium fragment HOMO. This would max- 
imize bonding in the transition state, lowering the energy. 
As shown in XIV and XV (Scheme 6), two variants are 
possible, both with antiperiplanar P-Re-CD2-CH2 and 
Re-CD2-CH2-N conformations. The former connects 
the most stable Re-C rotamer of 10+ PF;, XI, to the 
major Re-(CXC) rotamer of the product, ac-3+-d2 PF;. 
The latter requires eclipsing of the CH2N2 moiety and the 
PPh3 ligand. Thus, it should be higher in energy. Accord- 
ingly, it would give the minor Re-(C-C) rotamer of the 
product, sc-3+-d2 PF;. 

If the interconversion of Re-C rotamers XI, XII, and 
XIII is more rapid than N2 loss - the familiar Curtin-Ham- 
mett - the product ac/sc ratio will be a function of 
the relative energies of XIV and XV. In this situation, the 

Scheme 7. Possible mechanisms of reaction of lC PF, and NzCHR 

ONH 8 PPh3 

XVI 
(favorea) 

XVll 
(disfavored) 

t 

XVlll 
(major) 

xx 
t 

sc-(RS,SR)-4+ PFG 

XIX 
(minor) 

XXI 

t 

data have no bearing on the direction of CH2N2 attack. 
Alternatively, XI might convert (via XIV) to ac-3+-d2 PF; 
much more rapidly than Re-C bond rotation. Rotamers 
XI1 and XIII, or precursor species, could behave similarly. 
In this limit, the adsc ratio would reflect the direction of 
CH2N2 attack. Our present data do not distinguish these 
possibilities. However, CH2N2 must preferentially attack the 
benzylidene carbon atom of 6+ PF; anti to the PPh3 li- 
gand, as analyzed below. Hence, analogous selectivity is 
highly probable in Schemes 3 and 6. 

For the reactions of 1+ PF; and substituted diazo com- 
pounds N2CHR (Scheme 41, we presume that (1) attack 
occurs anti to the PPh3 ligand, and (2) N2 loss entails tran- 
sition states corresponding to XIV. The configurations of 
the alkene-based stereocenters of products 4+ PF; will then 
be determined by the face of the diazo carbon atom that 
participates in the initial carbon-carbon bond-forming 
step. As shown in Scheme 7, two diastereomeric intermedi- 
ates, XVIII and XIX, can result. The former leads, via tran- 
sition state XX, to the major products (RS,SR)-4+ PF;. 
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The latter leads, via transition state XXI, to the minor prod- 
ucts (RR,SS)-4+ PFZ. 

In structures XIX and XXI, steric interactions exist be- 
tween the diazo carbon substituent (R) and the medium- 
sized cyclopentadienyl ligand. These interactions, which are 
absent in XVIII and XX, are similar to those that destabil- 
ize the (RR,SS) diastereomers of the products 4+ PF;. 
Thus, XVIII and XX should be lower in energy. However, 
the (RS,SR)I(RR,SS) ratio will be controlled by the relative 
energies of the transition states preceding XVIII and XIX. 
By analogy to mechanisms proposed for additions of Wittig 
reagents to carbonyl antiperiplanar dispositions 
of the Re=C and C-N2 bonds would be likely, as shown 
in XVI and XVII. The latter would have destabilizing inter- 
actions between the diazo carbon substituent and cyclopen- 
tadienyl ligand similar to those in XIX and XXI. Hence, 
XVI should be the dominant pathway, in accord with the 
(RS,SR)f(RR,SS) ratios in Scheme 4 (98:2 to 77:23). As 
would be expected, the ratios roughly correlate with the 
sizes of the diazo substituents. 

We presume that the dominant pathways in Schemes 6 
and 7 will also apply to the reactions of benzylidene com- 
plexes 6+ PF; and CH2N2 (Scheme 5) .  Now, the configura- 
tions of the alkene-based stereocenters in the resulting styr- 
ene complexes 7+ PF; will be a function of the Re=C face 
that participates in the initial carbon-carbon bond-for- 
ming step. The formation of (RS,SR)-7+ PF; from sc-6+ 
PF;, and (RR,SS)-7+ PF, from ~ c - 6 ~  PF;, requires 
CH2N2 attack anti to the PPh3 ligand, as illustrated with 
transition states XXII and XXIII in Scheme 8. 

omers might arise by attack syn to the PPh3 ligand, as de- 
picted in Scheme 8, or by other pathways. Earlier studies 
have shown that the hydride and carbon nucleophiles add 
to sc-6+ PF; and ac-6+ PF; with diastereoselectivities 
similar to those in Scheme 5[8b1. 

Conclusion 

The data in Schemes 3-8, when taken together, provide 
a detailed picture of the stereochemical course of reactions 
of diazo compounds and alkylidene complexes of the rhe- 
nium fragment 1. Key features are illustrated in the sum- 
mary Scheme 9. These include (I)  attack of the diazo com- 
pound upon the Re=C face opposite to the bulky PPh3 
ligand, (2) an antiperiplanar disposition of the Re=C and 
C-N2 bonds in the transition state, (3) participation of the 
diazo carbon atom face that minimizes interactions of the 
substituent (R) and cyclopentadienyl ligand, and (4) N2 loss 
from an intermediate with antiperiplanar P-Re- 
CHR'-CHR and Re-CHR'-CHR-N conformations, 
with anchimeric assistance of the rhenium fragment d or- 
bital HOMO from the backside. 

Scheme 9. Summary of dominant pathway for reactions of alkylidene 
complexes and diazo compounds 

Scheme 8. Possible mechanisms of reaction of 6' PF, and CHzNz 

CH2N2 
(1) attack synto PPh3 

(2) Re-C rotation 
/mmorl 

t sc-5' PFs- t 

xxll xxlll 

1 CHzNz ,@), 
ac-5' PFC 

(1) attack synlo PPh3 atlack anbto PPh3 
(2) Re-C rotation ONph PPh3 @ 

Immo;l 

Interestingly, this model predicts that the less stable sty- 
rene complex Re-(C-L C) rotamers, uc-(RS,SR)-7+ PF, 
and ac-(RR,SS)-7+ PF;, should form initially. However, 
since it has not proved possible to detect Re-(C=C) rota- 
mers of either diastereomer by low-temperature NMR, this 
point cannot be tested. The minor styrene complex diastere- 

It should also be emphasized that the preceding trans- 
formations have preparative value. For example, an alkene 
ligand that might otherwise bind slowly to I or be difficult 
to synthesize can be assembled in the coordination sphere. 
Further, less stable diastereomers can be accessed directly, 
as established for (RR,SS)-7+ PF; in Scheme 5. Prep- 
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arations that utilize free alkenes always give chiefly the 
more stable d ia~tereorner [ '~~ '~I .  Extensions of the preceding 
chemistry are under active investigation, and will be re- 
ported in due course. 

We thank the DOE for support of this research, and Dr. Tung- 
Sheng Peng for assistance with the preparation of the manuscript. 

Experimental 
General: Experimental procedures and chemical sources were 

identical with those given earlier['2b%27]. Additional materials used 
were as follows: [Dlo]ether (Janssen), used as received; Ph3C+ 
PF; (Aldrich), recrystallized from CH2Clz/ether; CH3N- 
(NO)C(=NH)NHN02 (CH2N2 N2CHSi(CH3)3, 
N2CHC02C2H5, used as received from Aldrich. 

[ ( qs- C5H5) Re (NO) (PPh3) ($- H2C= CH2)]+ PF; (3+ PF;): A 
Schlenk flask was charged with (q5-C5Hs)Re(NO)(PPh3)(CH3) 
(2[151; 0.289 g, 0.518 mmol), CH2C12 (10 ml), and a stir bar and 
was cooled to -80°C (acetone/C02). Then Ph3C+ PF; (0.224 g, 
0.577 mmol) in CH2CI2 (5 ml) was added with stirring to generate 
[(qs-CSHs)Re(NO)(PPh3)(=CH2)]+ PF; (1+ PF;)[7al. After 5 min, 
ethereal CH2N2 (ca. 4.0 mmol)['6a] was added. The cold bath was 
allowed to gradually warm. After 4 h, a tan solid had formed. 
Ether (20 ml) was added to the mixture. The solid was collected by 
filtration, washed with ether (2 X 5 ml), and dried under oil-pump 
vacuum to give 3+ PF; (0.305 g, 0.444 mmol, 86%)[2sl. - NMR 
(CD2CI2): 'H (CHDC12 as ref.): 6 = 7.64-7.31 (m, 3 C6H5), 5.32 
(s, C~HS), 3.62 ( lH,  dd, JHH = 9.9, 8.7), 2.68 ( lH,  ddd, JHH = 9.9, 
8.7, J H p  = 12.6), 2.64 ( lH,  dd, J H H  = 10.2, 8.7), 2.02 ( lH,  ddd, 
J H H  = 10.2, 8.7, J H p  = 2.7)[291. 

[(q5-C5Hs)Re(NO) (PPh,) ($-H2C=CD2)]+ PF; (3+-d2 PF;): 
Complex l+-d2 PF; was isolated from the reaction of 2 - 4  (>98'% 
D by 'H NMR) and Ph3C+ PF; as described earlier[7a,bl. A 5-mm 
NMR tube was charged with 1 + d 2  PF; (0.045 g, 0.056 mmol), 
capped with a septum, and cooled to -95°C (toluene/N2). Then 
CD2CI2 (0.8 ml) was slowly added. The tube was shaken until all 
solid had dissolved. Then a [Dlo]ether CH2N2 solution (ca. 0.10 
mmol)['6a] was added. The reaction was monitored by 'H NMR 
(text; Scheme 3). The sample was added to ether (20 ml). A tan 
solid formed. The solvent was removed with a pipet, and the solid 
was washed with ether (2 X 3 ml) and dried under oil-pump vac- 
uum to give 3+-d2 PF; (0.043 g, 0.053 mmol, 95%, 50:50 ac/ 

[($-C5Hs)Re(NO) (PPh3)($-H2C=CHSi(CH3),)]+ P& (4a+ 
PF;): Complex 2 (0.163 g, 0.292 mmol), CHzClz (5 ml), Ph3C+ 
PF; (0.127 g, 0.327 mmol), and N2CHSi(CH3)3 (220 pl, 0.440 
mmol, 2 M in hexane) were combined in a procedure analogous to 
that given for 3+ PF;. A similar workup gave a 95:5 mixture of 
4a+ PF, [98:2 (RS,SR)/(RR,SS)] and 3+ PF; (0.161 g total), as 
asseyed by 31P and 'H NMR. Silica-gel chromatography [15 X 1.3 
cm; CH2C12/acetone (95:5 v/v)] gave pure 4a+ PF; [0.119 g, 0.151 
mmol, 52%; 99:l (RS,SR)/(RR,SS)], m.p. 218-223°C (dec.). - 
C&&6NOP&eSi (788.7): calcd. C 42.64, H 4.09; found C 42.77, 
H 4.05. - IR (thin film): 5 = 1716 cm-I (NO, vs). - NMR 
(CD2C12): (RS,SR)-4a+ PF;[271: 'H (CHDCI2 as ref.): 6 = 
7.63-7.38 (m, 3 C6HS), 5.76 (d, J H p  = 0.6, CSHS), 2.92 (ddd, 
JHH = 13.2, 14.4, J H p  = 1.5, =CHSi), 2.67 (ddd, J H H  = 2.7, 13.2, 

sc)['4.'73. 

J H p  = 7.7, =CHzHE), 2.47 (ddd, JHH = 2.7, 14.4, J H p  = 9.8, 
=CHzHE), 0.04 (s, 3 CH3); 31P{1H): 6 = 8.8 (s). (RR,SS)-4a+ 
PF;: 'H (CHDC12 as ref.): 6 = 7.63-7.38 (m. 3 C6H5), 5.79 (d, 
J H p =  0.6, CSHS), 3.19 (ddd, JHH = 3.3, 11.4, J H p =  15.0, 
=CH,H,), 1.90 (ddd, JHH = 11.4, 16.8, =CHSi), 1.55 (ddd, JHH = 

3.3, 16.8, JHp = 3.3, =CHzHE), 0.26 (s, 3 CH3); 31P(lH}: 6 = 
11.6 (s). 

[ (q5- C5H5) Re ( N O )  ( PPh3) ($-H2C= CHCOPh) ] + PF; (4b+ 
PF;): Complex 2 (0.447 g, 0.801 mmol), CH2C12 (5  ml), Ph3C+ 
PF; (0.344 g, 0.886 mmol), and N2CHCOPh (prepared from 
PhCOCl and CH2NZ[l6]; 0.320 g, 2.19 mmol) were combined in a 
procedure analogous to that given for 3+ PF;, A similar workup 
gave 4b+ PF; [OS65 g, 0.688 mmol, 86%; 77:23 (RS,SR)/(RR,SS)], 
m.p. 222-229°C (dec.). - C32H28F6N02P2Re (820.7): calcd. C 
46.83, H 3.44; found C 47.04, H 3.46. - IR (thin film): 5 = 1743 
cm-' (NO, vs), 1659 (CO, s). - NMR (CD2CI2): (RS,SR)-4b+ 
PF;[271: 'H (TMS as ref.): S = 8.15-7.38 (m, 4 C,H,), 5.82 (d, 
J H p  = 0.6, CSH& 5.47 (ddd, J H H  = 8.4, 10.5, J H p  = 2.1, =CHCO), 
3.28 (ddd, J H H =  4.7, 10.5, J H p =  11.5, =CHZHE), 2.09 (ddd, 
JHH = 4.7, 8.4, JHp = 6.4, =CHZHE); L3C{'H} (CD2C12 as ref.): 
6 = 193.8 (s, CO), 137.3 (s, CPh), 134.1 (s, CPh), 129.6 (s, CPh), 
128.2 (s, CPh), 133.6 (d, J c p  = 10.2, 0-PPh), 133.0 (d, J c p  = 2.7, 
p-PPh), 130.2 (d, J c p =  11.3, m-PPh), 98.4 (s, CSHS), 38.5 (s, 
=CHCO), 35.7 (d, Jcp = 6.6, =CH2)I3O]; 31P{1H): 6 = 12.3 (s). 
(RR,SS)-4b+ PF;: 'H (TMS as ref.): 6 = 8.15-7.38 (m, 3 C6H5), 
5.54 (d, JHP = 0.6, C5HS), 4.55 (ddd, JHH = 8.3, 12.6, J H p  = 1.4, 
=CHCO), 3.06 (ddd, JHH = 4.6, 8.3, J H p  = 14.4, =CHZHE), 2.63 
(ddd, JHH = 4.6, 12.6, J H p  = 4.6, =CHZHE); I3C{'H} (CD2C12 as 
ref.): 6 = 198.8 (s, CO), 137.0 (s, CPh), 134.7 (s, CPh), 130.4 (s, 

2.6, p-PPh), 130.0 (d, Jcp = 12.0, m-PPh), 99.8 (s, C5Hs), 39.8 (s, 
=CHCO), 36.9 (d, Jcp = 6.9, =CHz)[301; 31P{1H}: 6 = 11.1 (s). 

[(q5-C5H5) Re(NO)(PPh3)($-H2C=CHC02C2H5) ]+ PK (4c+ 
PF;): Complex 2 (0.216 g, 0.387 mmol), CH2C12 (3 ml), Ph3C+ 
PF, (0.167 g, 0.430 mmol), and N2CHC02C2H5 (200 yl, 1.91 
mmol) were combined in a procedure analogous to that given for 
3+ PF;. A similar workup gave 4c+ PF; [0.236 g, 0.299 mmol, 
77%; 5 : 80 : 15 ac-( RS,SR)/sc- (RS,SR)/sc-( RR,SS)][ 141, m.p. 
226-232°C (dec.). - Cz8Hz8F6N03P2Re (788.6): calcd. C 42.64, 
H 3.58; found C 42.76, H 3.51. - IR (thin film): 5 = 1747 cm-I 

'H (TMS as ref.): 6 = 7.64-7.36 (m, 3 C6Hs), 5.88 (s, CsHs), 4.34 
(m. =CHCO), 4.28-4.17 (m, OCHH'), 3.00 (ddd, JHH = 4.8, 10.8, 

=CHzH,), 1.29 (dd, JHH = 6.9, 6.9, CH3); I3C{lH} (CD2ClZ as 
ref.): 6 = 171.8 (s, CO), 133.6 (d, Jcp = 10.2, o-Ph), 133.0 (d, Jcp = 
2.6,p-Ph), 130.2 (d, Jcp = 11.7, m-Ph), 129.5 (d, Jcp = 60.3, i-Ph), 

=CHCO), 14.7 (s, CH3); 31P{'H}: 6 = 11.5 (s). sc-(RR,SS)-4c+ 
PF,: 'H (TMS as ref.): 6 = 7.64-7.36 (m, 3 C6Hs), 5.69 (s, C5Hs), 
4.37-4.30 (m, OCHH'), 3.64 (ddd, JHH = 8.7, 12.3, J H p  = 1.2, 

CPh), 128.7 (s, CPh), 133.5 (d, J c p  = 9.7, 0-PPh), 133.3 (d, Jcp = 

(NO, VS), 1710 (CO, s). - NMR (CD2C12): SC-(RS,SR)-~C+ PF;[271: 

J H p  10.8, =CHzHE), 2.03 (ddd, JHH = 4.8, 9.6, J H p  = 6.9, 

98.4 (s, C,H,), 61.7 (s, OCH,), 36.0 (d, Jcp = 6.4, =CH2), 34.9 (s, 

=CHCO), 2.84 (ddd, JHH = 5.1, 8.7, J H p  = 13.8, =CHZHE), 2.42 
(ddd, JHH = 5.1, 12.3, J H p  = 5.7, =CHZHE), 1.40 (dd, JHH = 7.2, 
7.2, CH3); 13C{1H) (CD2C12 as ref.): 6 = 175.8 (s, CO), 133.6 (d, 

m-Ph), 99.7 (s, C5H5), 62.4 (s, OCH2), 37.8 (d, Jcp = 6.9, =CH2), 
36.3 (s, =CHCO), 14.7 (s, CH3)I3Ol; "P{'H}: 6 = 10.6 (s). ac- 
(RS,SR)-4c+ PF;: 'H (TMS as ref.): 6 = 7.64-7.36 (m, 3 C6Hs), 

Jcp = 10.2, 0-Ph), 133.2 (d, Jcp = 2.6,p-Ph), 130.3 (d, J c p  11.2, 

5.91 (s, CsHs), 3.89 (dq, JHH = 7.2, 10.8, OCHH'), 3.82 (ddd, 
JHH = 2.7, 10.8, J H p  = 1.8, =CHzHE), 3.51 (dq, JHH = 7.2, 10.8, 
OCHH'), 3.20 (ddd, JHH = 9.0, 10.8, J H p  = 10.8, =CHCO), 0.94 
(dd, JHH = 7.2, 7.2, CH3)L3']; I3C{'H) (CD2C12 as ref.): 6 = 98.6 
(s, CsHs), 61.8 (s, OCHZ), 45.2 (d, Jcp = 5.8, =CHCO), 29.6 (s, 
=CHp), 13.8 (s, CH3); 31P{lH): 6 = 4.9 (s). 

[(q5-C5H5)Re(NO)(PPh3)($-H2C=CHPh) ]+ PF; (7+ PF;): 
- A) Benzyl complex (qS-C5Hs)Re(NO)(PPh3)(CHzPh) (9L8"1; 
0.198 g, 0.312 mmol), CH2C12 (15 ml), Ph3C+ PF; (0.133 g, 0.343 
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mmol), and ethereal CH2N2 (ca. 2.4 mmol) were combined in a 
procedure analogous to that given for 3+ PF,. A similar workup 
gave7+ PF; [0.151 g, 0.191 mmol, 61%, 92:8 (RS,SR)/(RR,SS)][281. 
- B) A Schlenk flask was charged with ac-[(q5-C5H5)Re(NO)- 
(PPh,)(=CHPh)]' PFZ (6' PFgfSaI; 0.094 g, 0.121 mmol), CH2Clz 
(10 ml), and a stir bar and was cooled to -80°C. Then ethereal 
CH2N2 (ca. 0.50 nimol) was added with stirring. The cold bath was 
allowed to gradually warm. After 10 h, the solution was added to 
ether (40 ml). The resulting yellow powder was collected by fil- 
tration, washed with ether (2 X 3 ml) and dried under oil-pump 
vacuum to give 7+ PF; [0.032 g, 0.040 mmol, 33%; 6:94 

Reaction of 6+ P& and N2CHC02C2H,: Complex 9 (0.198 g, 
0.312 mmol), CH2C12 (5 ml), Ph3C+ PF; (0.145 g, 0.374 mmol), 
and N2CHC02C2H5 (100 pl, 0.955 mmol) were combined in a pro- 
cedure analogous to that given for 3+ PF,. A similar workup gave 
[(q5-C5H5)Re(N0)(PPh3)(q2-PhHC=CHCO2C2H5)]+ PF; (8+ 
PF:; 0.203 g, 0.235 mmol, 75%) as a mixture of several diastereo- 
mers that could not be further purified. - IR (thin film): B = 1747 
cm-' (NO, vs), 1705 (CO, s). - NMR (CDzCI2): 'H (CHDC12 as 
ref.): F = 5.96 (d, JHp = 0.6, C5H5, major), 6.06 (d, JHp = 0.6, 

(RS,SR)/(RR,SS)][**]. 

C5H5), 5.91 (d, J H ~  = 0.9, C5H5), 5.82 (d, JHp = 0.6, C5H5); 
31P{1H}: 6 = 4.8 (68%), 3.4 (12%), 12.1 (ll'%), 17.8 (7%), 19.7 (2%). 
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