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Abstract 

The reaction of C,Me,(CO),Re(HWCHs) (3) with Ph,C+PF; led to an unusual rearrangement and the formation of the 
Ir-ally1 complex C,Me,(CO),Re[~3-Ph,CCYPhJCHCH3]+PF6- (4). This transformation involves addition of trityl to the rJ’-ally1 
system, a migration resulting in attachment of methyl and hydrogen to the same carbon, and a phenyl migration. 

1. Introduction 

We recently developed a new synthesis of q3-pro- 
pargyl complexes by hydride abstraction from rhenium 
alkyne complexes [l]. Reaction of the 2-butyne com- 
plex C,Me,(CO),Re(CI-I,C=CCH,) (1) with (C&H,), 
C”PF; led to the clean formation of the q3-propargyl 
complex C,Me,(CO),Re(r13-CH2~CH3)+PF~ (2) in 
87% yield. Here we report that attempted extension of 
this synthetic method to terminal alkyne complex failed 
to produce an q3-propargyl complex. Instead, reaction 
of C,Me,(CO),Re(HC=CCH,) (3) with Ph,C+PF; led 
to the unexpected formation of an q3-ally1 complex 
incorporating the elements of the Ph3Cf cation. 
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The reaction of C,Me.&CO),Re(THF) [21 with a 
five-fold excess of propyne in THF at room tempera- 
ture for 12 h gave a 75% yield of C,Me,(CO),Re 
(HGCCH,) (3) which was isolated as a yellow solid. 

Attempted hydride abstraction from rhenium 
propyne complex 3 failed to produce the expected 
v3-propargyl complex C,Me,(CO),Re(q3-CH, 
C=CH)+PF;. When the reaction of rhenium propyne 
complex C,Me,(CO),Re(HC=CCH,) (3) with Ph,C+ 
PF; in CD&l, was followed by ‘H NMR, clean 
transformation to a single new product was observed. 
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The observation of a quartet (J = 5.7 Hz) at 6 4.20 
suggested that the acetylenic proton had migrated to 
the carbon bearing the methyl group. 

Ph,C*PP; 

=zT 

H-CS%Xi, 

3 

In a preparative reaction, a mixture of 3 and 
Ph,C+PF; in CH,Cl, was stirred for 2 h at room 
temperature. The color of the solution turned from 
yellow to dark brown. The solution was concentrated 
and Et,0 was added to give a pale brown precipitate 
of C,Me,(CO),Re[n3-Ph,CC(Ph)CHCH,l+PF; (4). 
The formation of this q3-ally1 complex requires addi- 
tion of the CPh, group to the complexed propyne, a 
phenyl migration, and a migration resulting in attach- 
ment of the methyl and hydrogen to the same carbon. 

Since the structure of this rearrangement product 
could not be ascertained by spectroscopy, we under- 
took a single crystal X-ray diffraction study. Bright 
yellow single crystals of 4 were obtained by dissolution 
in acetone and layering with Et,0 at room tempera- 
ture. In the solid-state structure of C,Me,(CO),Re[.r13- 
Ph,CC(Ph)CHCH3]+PF; (41, the ally1 unit is end0 
relative to the Cp* ligand and the methyl group is syn 
to the Ph group on the central carbon of the ally1 
ligand (Fig. 1, Tables 1 and 2). The Re carbon distance 
to the diphenyl-substituted ally1 carbon 2.413(12) A is 
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Fig. 1. Structure of C,Mes(CO),Re[n3-Ph2CC(Ph)CHCH3J+ PF[ 

(4). 

somewhat longer than the distances to the two other 
ally1 carbons 2.27501) A and 2.254(12) A. 

A plausible mechanism for the formation of q3-ally1 
complex 4 is shown in Scheme 1. The first step involves 
electrophilic addition of Ph3C+ to the less crowded 
terminus of the complexed propyne of 3 to give the 
q*-vinyl intermediate A. (The failure of Ph,C+ to 
attack complexed 2-butyne of 1 may be due to steric 
effects.) The regiochemistry of this addition places the 
electron-donating methyl substituent on the more elec- 
tron-deficient carbon of the T*-vinyl ligand. Many well 
characterized T*-vinyl complexes have been reported 
[3]. Green [41 has reported that protonation of the 
bis-alkyne complex C,H,(Br)Mo(CH,CXCH,), pro- 
duces the v*-vinyl complex C,H,(Br)Mo[q*-C(CH,j= 

TABLE 2. Crystallographic data for CsMes(CO),Re[q3- 
CH3CHC(Ph)CPh2]+ PF,- (4) 

Formula 
Formula weight 

a, A 

b, A 
0 

c, A 

v, Ii3 
Z 

Space group 
T, “C 

CwH,F,O,PRe 
805.8 

9.41 l(2) 

14.964(3) 

21.622(4) 

3044(l) 
4 

p212121 

22 

&A 0.71073 (MO Km) 

&ald7 g cm-3 1.758 
p, mm-’ 4.162 
scan mode 0 
28 limits (deg) 3.5-50.0 
No. independent data [ 1 F 1 > 3o(F)1 3505 
No. parameters refined 398 

R,(F) 4.98 
R,(F) 6.45 

3 

1,2 H shift 

Scheme 1. 

Ph Ph 

TABLE 1. Selected bond lengths (A) and angles (“1 for 4 

Re-Cp 1.968 
Re-C(1) 2.413(12) 
Re-C(2) 2.275(U) 
Re-C(3) 2.254(12) 

CWc(2) 

c(2bCf3) 
c(l)-C(31) 
cxlbc(41) 

‘.X2)-c(51) 
c(3)-c(4) 
Re-C(5) 

1.45306) 
1.441(15) 
1.534(17) 

1.52607) 
1.482(16) 
1.476(17) 
1.94ofll) 

C(5)-o(5) 
Re-C(6) 

C(6)-o(6) 

1.150(14) 

1.901(15) 
1.179(18) 

Cp-Re-C(1) 122.6 
Cp-Re-C(2) 145.0 
Cp-Re-C(3) 117.8 
Cp-Re-C(5) 116.9 
Cp-Re-C(6) 111.9 
C(5)-Re-C(6) 82.2(6) 
C(SbRe-C(1) 86.3(4) 
C(5)-Re-C(2) 92.5(4) 

C(5)-Re-c(3) 
C(6)-Re-c(l) 
C(6)-Re-c(2) 
C(6)-Re-c(3) 
Re-CX5)-0(5) 
Re-C(6)-O(6) 
C(l)-Re-C(2) 
C(l)-Re-C(3) 

x25.3(4) 
123.4(5) 
89.4(5) 
78.9(5) 

171.7(9) 
171.7(12) 
36.0(4) 
63.9(4) 

c(lKC+c(3) 
c(2)-c(lbc(31) 
C(2)-CWC(41) 
Re-C(l)-C(31) 
Re-C(l)-CX41) 
Re-C(l)-C(2) 

c(31b-cW-Cf41) 
C(lbCX2)-C(51) 

117.4(10) 
120.000) 
120.1(10) 
117.1(8) 
118.5(8) 
66.86) 

109.2(9) 
123.7(10) 

Re-Cf2bC(51) 
Re-C(2bCfl) 
Re-C(2)-C(3) 
Re-C(3)-C(2) 
Re-C(3)-C(4) 

c(2bCt3Xf4) 
C(2)-Re-C(3) 

126.2(8) 
77.2(7) 
70.7(6) 
72.2(7) 

126.9(8) 
122.9(10) 
37.1(4) 
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CHCH,KCH,GCCHsj + BF; . The second step in the 
mechanism is a 1,2 hydrogen shift to produce the 
isomeric n*-vinyl intermediate B. While there are no 
reported 1,2 hydrogen shifts for v*-vinyl complexes, 1;2 
hydride shifts to the electron-deficient centers are well 
known. For example, the rearrangement of elec- 
trophilic carbene complexes to alkene complexes in- 
volves a 1,2 hydrogen shift to the electron-deficient 
carbene carbon [5]. (For an example of carbon migra- 
tion to a carbene carbon of a metal carbene complex 
see ref. 5(d).) The third step in the mechanism is a 1,2 
phenyl shift from the trityl carbon to the electron-defi- 
cient carbon of the n*-vinyl intermediate B to produce 
the q3-vinyl product 4. Again, carbon migrations in 
n*-vinyl complexes have not been reported, but phenyl 
migrations to electron-deficient carbon centers are very 
common in organic chemistry. 

The n*-vinyl intermediate B might also be accessed 
by Ph3C+ attack at the more substituted alkyne carbon 
of 3 ,followed by methyl migaration. However, the re- 
giochemistry of the initial addition seems unlikely for 
the reasons outlined above. Another possible mecha- 
nism would involve initial rearrangement of the alkyne 
complex to a vinylidene complex Re=C=CHCH, fol- 
lowed by Ph,C+ attack at the a-vinylidene carbon to 
generate n*-vinyl intermediate B. This mechanism is 
highly unlikely since electrophiles are known to attack 
the p-vinylidene carbon to produce carbyne complexes 
bl. 

2. Experimental details 

2.1. General 
‘H NMR spectra were obtained on a Bruker WP200 

spectrometer. 13C(lH} NMR spectra were obtained on 
a Bruker AM500 spectrometer (126 MHz). Infrared 
spectra were measured on a Mattson Polaris @I’) 
spectrometer. Mass spectra were determined on a 
KRATOS MS-80. 

Diethyl ether, [(CH,),CH],O, hexane, and THF 
were distilled from purple solutions of sodium and 
benzophenone immediately prior to use. Dichloro- 
methane and CD,Cl, were dried over P205 or CaH, 
and distilled prior to use. Air-sensitive materials were 
manipulated in an inert atmosphere glovebox or by 
standard Schlenk techniques. 

2.2. C,Me,(CO),Re(HC=CCH,) (3) 
Excess propyne (1.6 mmol) was vacuum transferred 

into a THF solution of C,Me,(CO),Re(THF) [2] (145 
mg, 0.322 mmol), and the reaction mixture was stirred 
at room temperature for 12 h in a closed system. 
Solvent and excess propyne were evaporated, and the 

residue was chromatographed (silica gel, 3 : 1 
hexane : Et,O) to give C,Me,(CO),Re(HCkCCH,) (3) 
(101 mg, 754) o as a yellow solid. ‘H NMR (CD,Cl,, 
200 MHz): 6 4.8 (q, J = 1.7 Hz, HC=C), 2.54 (d, J = 1.7 
Hz, zCCH,), 1.96 (s, C,Me,). 13C NMR (CD,Cl,, 126 
MHz): 6 209.4 (s, CO), 198.7 (s, CO), 99.8 (s, C,Me,), 
82.6 (s, HC=C), 59.9 (d, J= 157.3 Hz, HC=C), 10.9 (q, 
J= 128.6, =CCH,), 10.5 (q, J= 127.7 Hz, C,Me,). IR 
(Et,O): 1954 (s), 1873 (s) cm-‘. HRMS: Found: 
418.0940. C,,H,,O,Re calcd.: 418.0944. 

2.3. C,Me,(CO)zRe[q3-CH3CHC(Ph)CPhzI +PF,- (4) 
A mixture of C,Me,(CO),Re(HC=CCH,) (3) (30 

mg, 0.0718 mmol) and Ph,C+PF; (28 mg, 0.0718 mmol) 
was stirred in 10 ml of CH,Cl, at room temperature 
for 2 h. The color of the solution turned from yellow to 
dark brown. The solution was concentrated and Et20 
was added to give a pale brown precipitate. The precip 
itate was filtered and washed with Et 2O to give 
C,Me,(CO),Re(n3-Ph,CC(Ph)CHCH,]+PF; (4) (35 
mg, 61%) as a pale brown solid. ‘H NMR (acetone-d,, 
200 MHz) 6 7.7-6.8 (m, Ph), 4.20 (q, J= 5.7 Hz, CH), 
2.15 (d, J= 5.7 Hz, CHCH,), 2.05 (s, C,MeJ. 13C 
NMR (acetone-d,, 126 MHz): 6 197.5 (s, CO), 194.5 (s, 
CO), 145.1 (s, @so>, 135-127 (phenyl carbons), 108.0 (s, 
CH,CHCPh), 106.8 (s, C,Me,), 86.1 (s, CPh,), 59.8 (d, 
J = 159.7 Hz, CHCH,), 18.0 (q, J = 129.1 Hz, 
CHCH,), 9.5 (q, J= 130.1 Hz, C&e,). IR (CH,Cl,l: 
2036 (s), 1984 (ml cm-‘. Anal. Found: C, 49.60; H, 
4.35. C3,H,,02RePF, calcd: C, 50.68; H, 4.25%. 

2.4. X-ray crystal structure determination of C,Me, 
(CO), Re[q3-CH,CHC(Ph)CPh,] +PF,- (4) 

Crystals of C,Me,(CO),Re(q3-CH,CHC(Ph) 
CPh,]+PF; (4) suitable for an X-ray diffraction study 
were obtained by layering of ((CH,),CHl,O over a 
saturated acetone solution of 4. A bright yellow plate 
was mounted on the tip of a thin glass fiber and X-ray 
data were collected. No decomposition of the crystal 
was observed during data collection. Four molecules of 
4 crystallized in an orthorhombic unit Dcell with space 
group symmetry ?2,2,2,; a = 9.431(3) A, b = 14.966(7) 
A, c = 21.62(l) A, V= 3044(2) A3. The rhenium posi- 
tion of the crystallographically independent molecule 
of 4 was determined by direct methods and the other 
non-hydrogen atom positions were readily determined 
from successive Fourier difference maps. All of these 
non-hydrogen atoms were anisotropically refined; all 
hydrogen atoms were fixed at idealized positions and 
with isotropic thermal parameters fixed at U = 0.08 A*. 
An empirical absorption correction was applied to the 
data and the final difference map disclosed no unusual 
features. Tables giving full crystallographic details (for 
4) are available on request from the author. 
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