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Five new compounds were obtained from the reaction of Re2(CO)9(MeCN) with EtO2-
CNdCdS in a hexane solution at reflux (68 °C). These were identified as Re(CO)4[s-trans-
µ-C,S-EtO2CNdCS]Re(CO)5 (2, 7% yield), Re(CO)4[µ-C,S,N-EtO2CNdCS]Re(CO)4 (3, 40%
yield), Re(CO)4[µ-C,N,S2-(EtO2C)2NCdNCS2]Re(CO)4 (4, 17% yield), Re(CO)4[µ-C,N,S2-
(EtO2C)2NCdNCS2]Re(CO)3(NCMe) (5, 5% yield), and trace Re(CO)4[µ-C,N,S2-(EtO2C)(H)-
NCdNCS2]Re(CO)4 (6). All five products have been characterized crystallographically.
Compounds 2 and 3 can be described as dimetalated thioimidate complexes formed by the
insertion of one EtO2CNdCdS molecule into the Re-Re bond of 1. Compounds 4 and 5
contain a (EtO2C)2NCdNCS2 ligand that was formed by the insertion and rearrangement
of two isothiocyanate molecules in the Re-Re bond of 1. Compound 6 is similar to 5 but
contains a bridging (EtO2C)(H)NCdNCS2 ligand instead. The reaction of Re(CO)4(PMe2-
Ph)Re(CO)4(NCMe) with EtO2CNdCdS yielded two isomeric products, trans-Re(CO)4(PMe2-
Ph)[µ-(EtO2C)NdCN(CO2Et)CS2]Re(CO)4 (8) and cis-Re(CO)4(PMe2Ph)[µ-EtO2C)NdCN(CO2-
Et)CS2]Re(CO)4 (9), plus a small amount of the dimetalated thioimidate compound
Re2(CO)8(PPhMe2)(µ-EtO2CNCS) (10). Compounds 8 and 9 contain a bridging (EtO2C)Nd
CN(CO2Et)CS2 ligand that was also formed by the coupling and rearrangement of two
isothiocyanate molecules. This ligand is considered to be an intermediate en route to the
(EtO2C)2NCdNCS2 ligand as found in 4, since 8 and 9 can be transformed into the complex
Re(CO)4[µ-C,N,S2-(EtO2C)2NCdNCS2]Re(CO)3(PMe2Ph) (11), a phosphine derivative of 4.
A small amount of the complex Re(CO)3(PPhMe2)(µ-S2CdNCO2Et)Re(CO)3(PPhMe2) (12) was
also formed from 8 and 9. Compound 12 contains a dithiocarbimato ligand in a novel
tetradentate bridging coordination mode. A mechanism for the formation of the (EtO2C)2-
NCdNCS2 ligand is presented and discussed.

Introduction

Recently, we have shown that carboxylate-substituted
alkynes undergo facile insertion into the metal-metal
bonds of activated dimanganese and dirhenium com-
plexes to yield dimetalated olefin complexes.1 A strong
tendency for coordination of a carbonyl oxygen atom of
a carboxylate group was observed (e.g., eq 1).2

Organic isothiocyanates are useful reagents in organic
synthesis,3 but the organometallic chemistry of these
molecules in polynuclear metal complexes has not yet
been well studied.4-6 In one case the reaction of EtO2-
CNdCdS with Rh2Cl2(µ-CO)(dpm)2 is proposed to yield

the product Rh2Cl2(µ-CO)(µ-EtO2CNCS)(dpm)2, contain-
ing a C,S-coordinated bridging isothiocyanate ligand:6

We have now found that EtO2CNdCdS undergoes a
facile insertion into the rhenium-rhenium bond in Re2-
(CO)9(NCMe) (1) to yield dimetalated thioimidate com-
plexes [e.g., Re(CO)4[s-trans-µ-C,S-EtO2CNdCS]Re-
(CO)5 (2)].7 We have also observed products formed by
a new coupling/rearrangement process involving two
isothiocyanate molecules:

Details of this study are reported here.

X Abstract published in Advance ACS Abstracts, August 1, 1996.
(1) Adams, R. D. Chem. Soc. Rev. 1994, 335.
(2) Adams, R. D.; Chen, L. Organometallics 1994, 13, 1264.
(3) (a) Mukerjee, A. K.; Ashare, R. Chem. Rev. 1991, 91, 1. (b)

Esmail, R.; Kurzer, F. Synthesis 1975, 301.
(4) Werner, H. Coord. Chem. Rev. 1982, 43, 165.
(5) Adams, R. D.; Chen, L.; Wu, W. Organometallics 1993, 12, 3812.
(6) Gibson, J. A. E.; Cowie, M. Organometallics 1984, 3, 984. (7) Adams, R. D.; Huang, M. Chem. Ber. 1996, 129, 485.

(1)

3644 Organometallics 1996, 15, 3644-3652

S0276-7333(95)00675-3 CCC: $12.00 © 1996 American Chemical Society

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 A

ug
us

t 2
0,

 1
99

6 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
95

06
75

o



Experimental Section

Unless specified otherwise, all reactions were carried out
under an atmosphere of nitrogen. All solvents were ap-
propriately dried and degassed prior to use. Ethoxycarbonyl
isothiocyanate (98%) and dimethylphenylphosphine were pur-
chased from Aldrich. TLC separations were performed in air
by using silica gel (60 Å, F254) on plates (Whatman, 0.25 mm).
IR spectra were recorded on a Nicolet 5DXB FT-IR spectro-
photometer. 1H NMR spectra were taken at 400 MHz on a
Bruker AM-400 spectrometer. Elemental analyses were per-
formed by Desert Analytics (Tucson, AZ). Mass spectra were
carried out on a VG Model 70SQ mass spectrometer (direct
inlet, electron impact ionization). Re2(CO)9(MeCN) (1) was
prepared by the literature method.8
Reaction of 1 with EtO2CNCS. (a) A 20.0-mg amount

(0.030 mmol) of Re2(CO)9(MeCN) and a 10.6-µL amount (0.09
mmol) of EtO2CNdCdS were dissolved in 40 mL of hexane.
The solution was heated to reflux for 1 h and 50 min. After
the solvent was removed in vacuo, the residue was separated
by TLC using a 9/2 hexane/CH2Cl2 solvent mixture. This
yielded, in order of elution, 0.4 mg of Re2(CO)10, 8.8 mg of
colorless Re(CO)4[µ-C,S,N-EtO2CNdCS]Re(CO)4 (3) in 40%
yield, 1.5 mg of Re(CO)4[s-trans-µ-C,S-EtO2CNdCS]Re(CO)5
(2) in 7% yield, 0.5 mg of unreacted 1, 4.3 mg of red orange
Re(CO)4[µ-C,N,S2-(EtO2C)2NCdNCS2]Re(CO)4 (4) in 17% yield,
1.3 mg of red Re(CO)4[µ-C,N,S2-(EtO2C)2NCdNCS2]Re(CO)3-
(NCMe) (5) in 5% yield, and trace amount of yellow Re(CO)4-
[µ-C,N,S2-(EtO2C)(H)NCdNCS2]Re(CO)4 (6). Spectral data for
2: IR (νCO in hexane, cm-1) 2139(w), 2097(w), 2076(w), 2037-
(vs), 2034(vs), 1995(vs), 1991(vs), 1953(s), 1524(w, br); 1H NMR
(δ in CDCl3, ppm) 4.36 (q, 3JH-H ) 7.1 Hz, 2H, OCH2Me), 1.36
(t, 3JH-H ) 7.1 Hz, 3H, CH3). Anal. Calcd (Found): C, 20.66
(20.79); H, 0.67 (0.57); N, 1.85 (1.85). Spectral data for 3: IR
(νCO in hexane, cm-1) 2099(m), 2011(vs), 1993(s), 1964(s), 1957-
(s), 1554(w, br); 1H NMR (δ in CDCl3, ppm) 4.34 (q, 3JH-H )
7.2 Hz, 2H, OCH2Me), 1.40 (t, 3JH-H ) 7.1 Hz, 3H, CH3). Anal.
Calcd (Found): C, 19.81 (19.70); H, 0.69 (0.89); N, 1.92 (1.91).
Spectral data for 4: IR (νCO in hexane, cm-1) 2104(m), 2028-
(s), 2016(s), 1998(s), 1969(s), 1964(s), 1956(sh, w), 1780(w, br);
1H NMR (δ in CDCl3, ppm) 4.40 (q, 3JH-H ) 7.1 Hz, 4H, OCH2-
Me), 1.37 (t, 3JH-H ) 7.1 Hz, 6H, CH3). Anal. Calcd (Found):
C, 22.38 (22.24); H, 1.17 (1.00); N, 3.26 (3.19). Spectral data
for 5: IR (νCO in hexane, cm-1) 2102(w), 2036(s), 2019(m), 2009-
(s), 1964(s), 1941(s), 1936(sh), 1927(m), 1780(w, br); 1H NMR
(δ in CDCl3, ppm) 4.37 (q, 3JH-H ) 7.1 Hz, 4H, OCH2Me), 2.34
(s, 3H, Me), 1.36 (t, 3JH-H ) 7.1 Hz, 6H, CH3). Anal. Calcd
(Found): C, 23.42 (23.33); H, 1.50 (1.70); N, 4.82 (4.48).
Spectral data for 6: IR (νCO in hexane, cm-1) 2102(m), 2020-
(vs), 2013(sh), 2000(s), 1976(m), 1949(m), 1779(w, br); 1H NMR
(δ in CDCl3, ppm) 8.32 (s, br, 1H, NH), 4.41 (q, 3JH-H ) 7.2
Hz, 2H, OCH2Me), 1.41 (t, 3JH-H ) 7.2 Hz, 3H, CH3); MS
parent ion m/e ) 786 and ions corresponding to the loss of
each of the eight carbonyl ligands.
(b) A 20.0-mg amount (0.030 mmol) of Re2(CO)9(MeCN) and

a 106.0-µL amount (0.90 mmol) of EtO2CNCS were dissolved
in 40 mL of hexane. The solution was heated to reflux for 1 h
and 50 min. After the solvent was removed in vacuo, the
residue was separated by TLC using a 9/2 hexane/CH2Cl2
solvent mixture. This yielded, in order of elution, 0.3 mg of
Re2(CO)10, 0.6 mg of 3 in 3% yield, 0.1 mg of 2, 8.0 mg of 4 in
31% yield, and 1.2 mg of 5 in 5% yield.
Conversion of 2 to 3. A 10.0-mg amount (0.013 mmol) of

2 was dissolved in 15 mL of hexane. The solution was heated
to reflux for 2 h. After the solvent was removed in vacuo, the
residue was separated by TLC using a 4/1 hexane/CH2Cl2
solvent mixture. This yielded, in order of elution, 7.8 mg of
colorless 3 in 81% yield and 1.8 mg of unreacted starting
material.
Attempted Reaction of 2 with EtO2CNCS. A 10.0-mg

amount (0.013 mmol) of 2 and a 32.0-µL amount (0.28 mmol)

of EtO2CNCS were dissolved in 20 mL of hexane. The solution
was heated to 50 °C for 21 h. After the solvent was removed
in vacuo, the residue was separated by TLC using a 3/1
hexane/CH2Cl2 solvent mixture. This yielded, in order of
elution, 6.4 mg of 3 and 2.6 mg of unreacted 2.
Attempted Reaction of 3 with EtO2CNCS. A 11.0-mg

amount (0.015 mmol) of 3 and a 25.0-µL amount (0.21 mmol)
of EtO2CNCS were dissolved in 25 mL of hexane. The solution
was heated to reflux for 24 h. After the solvent was removed
in vacuo, the residue was separated by TLC using a 3/1
hexane/CH2Cl2 solvent mixture. 3 (7.6 mg) was recovered plus
several products all in trace amounts.
Conversion of 4 to 5. A 20.0-mg amount (0.023 mmol) of

4 and a 12.5-µL amount (0.23 mmol) of MeCN were dissolved
in 25 mL of hexane, and the solution was then heated to reflux
for 4 h. After cooling and removal of the solvent in vacuo, the
residue was separated by TLC using a 2/1 hexane/CH2Cl2
solvent mixture. This yielded, in order of elution, 2.7 mg of
starting material and 16.4 mg of 5 in 80% yield.
Carbonylation of Compound 3. A 100.0-mg amount

(0.020 mmol) of 3 was dissolved in 5 mL of CH2Cl2 and placed
in a Parr high-pressure reaction vessel. The vessel was
pressurized with 1100 psi of CO, and the solution was stirred
at 25 °C for 35 h. After venting, the solvent was removed in
vacuo and the residue was separated by TLC using a 4/1
hexane/CH2Cl2 solvent mixture. This yielded, in order of
elution, 30.2 mg of starting material and 70.7 mg of colorless
Re(CO)5[µ-C,S,N-(EtO2C)NdCS]Re(CO)4 (7) in 68% yield. Spec-
tral data for 7: IR (νCO in hexane, cm-1) 2143(w), 2101(w),
2076(w), 2038(vs), 2006(s), 1999(s), 1989(s), 1952(s), 1701(w,
br); 1H NMR (δ in CDCl3, ppm) 4.16 (q, 3JH-H ) 7.1 Hz, 2H,
OCH2Me), 1.34 (t, 3JH-H ) 7.1 Hz, 3H, CH3). Anal. Calcd
(Found): C, 20.66 (20.73); H, 0.67 (0.60); N, 1.85 (1.77).
Decarbonylation of 7. A 10.0-mg amount (0.013 mmol)

of 7 was dissolved in 15 mL of hexane. The solution was
heated to reflux for 30 min. IR spectra indicated that all of
the starting material was converted to compound 3. After the
solvent was removed in vacuo, the residue was separated by
TLC using a 4/1 hexane/CH2Cl2 solvent mixture. This yielded
9.1 mg of colorless 3 in 95% yield.
Attempted Reaction of 7 with EtO2CNCS. A 10.0-mg

amount (0.013 mmol) of 7 and a 1.9-µL amount (0.016 mmol)
of EtO2CNCS were dissolved in 15 mL of hexane. The solution
was heated to reflux for 30 min. After the solvent was
removed, the residue was separated by TLC using a 4/1
hexane/CH2Cl2 solvent mixture. This yielded 9.0 mg of 3 in
94% yield.
Reaction of Re2(CO)8(PPhMe2)(NCMe) with EtO2-

CNCS. Re2(CO)8(PPhMe2)(NCMe) was prepared in situ by the
reaction of Re2(CO)9(PPhMe2) with Me3NO in the presence of
NCMe by the procedure used by Coville.9 A 250-mL three-
neck flask containing a 150.0-mg amount (0.20 mmol) of
Re2(CO)9(PPhMe2) and a 17.5-mg amount (0.23 mmol) of Me3-
NO in 100 mL of MeCN was stirred at 25 °C for 30 min. The
solvent was removed under vacuum, and 200 mL of hexane
was introduced into the flask. A 71.0-µL amount (0.59 mmol)
of newly distilled EtO2CNCS was then added via syringe, and
the mixture was stirred at 25 °C for 8 h. The solvent was
removed via rotary evaporation, and the residue was separated
by TLC using a 1/4 hexane/CH2Cl2 solvent mixture. This
yielded, in order of elution, 6.5 mg of pale yellow Re2(CO)8-
(PPhMe2)(µ-EtO2CNCS) (10) in 4% yield, 62.3 mg of orange
cis-Re2(CO)8(PPhMe2)(EtO2CNCS)2 (9) in 32% yield, and 71.3
mg of orange trans-Re2(CO)8(PPhMe2)(EtO2CNCS)2 (8) in 36%
yield. Spectral data for 8: IR (νCO in CH2Cl2, cm-1) 2098(m),
2045(w), 2003(vs), 1992(vs), 1948(s), 1768(w, br), 1705(w, br),
1582(w, br); 1H NMR (δ in CDCl3, ppm) 7.49 (m, 5H, C6H5),
4.44 (q, 3JH-H ) 7.2 Hz, 2H, OCH2Me), 4.22 (q, 3JH-H ) 7.2
Hz, 2H, OCH2Me), 2.02 (d, 3JP-H ) 9.0 Hz, 6H, P(CH3)2), 1.38

(8) Koelle, U. J. Organomet. Chem. 1978, 155, 53.
(9) Ingram, W. L.; Coville, N. J. J. Organomet. Chem. 1992, 423,

51.
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(t, 3JH-H ) 7.2 Hz, 3H, CH3), 1.31 (t, 3JH-H ) 7.2 Hz, 3H, CH3).
Anal. Calcd (Found): C, 28.91 (29.14); H, 2.12 (1.86); N, 2.79
(2.79). Spectral data for 9: IR (νCO in CH2Cl2, cm-1) 2107(m),
2099(m), 2021(sh), 2007(vs), 1965(sh), 1951(s), 1770(w, br),
1710(w, br), 1584(w, br); 1H NMR (δ in CDCl3, ppm) 7.47 (m,
5H, C6H5), 4.43 (q, 3JH-H ) 7.2 Hz, 2H, OCH2Me), 4.22 (q, 3JH-H

) 7.2 Hz, 2H, OCH2Me), 2.02 (d, 3JP-H ) 9.0 Hz, 6H, P(CH3)2),
1.38 (t, 3JH-H ) 7.2 Hz, 3H, CH3), 1.31 (t, 3JH-H ) 7.2 Hz, 3H,
CH3). Anal. Calcd (Found): C, 28.91 (28.87); H, 2.12 (2.06);
N, 2.79 (2.71). Spectral data for 10: IR (νCO in hexane, cm-1)
2100(m), 2089(m), 2029(w), 2020(sh), 2016(m), 1995(s), 1985-
(s), 1949(s), 1516(w, br); 1H NMR (δ in CDCl3, ppm) 7.48 (m,
5H, C6H5), 4.41 (q, 3JH-H ) 7.2 Hz, 2H, OCH2Me), 2.02 (d, 3JP-H

) 8.9 Hz, 6H, P(CH3)2), 1.34 (t, 3JH-H ) 7.1 Hz, 3H, CH3); MS
parent ionm/e ) 867 (for 187Re) and ions corresponding to the
loss of each of the eight carbonyl ligands.
Pyrolysis of 9. A 50.0-mg amount (0.050 mmol) of 9 was

dissolved in 80 mL of heptane and heated to reflux for 2 h.
After the solvent was removed via rotary evaporation, the
residue was separated by TLC using a 1/1 hexane/CH2Cl2
solvent mixture to yield, in order of elution, 4.0 mg of yellow
Re(CO)3(PPhMe2)(µ-S2CNCO2Et)Re(CO)3(PPhMe2) (12) in 8%
yield, 25.1 mg of dark red Re(CO)4[µ-C,N,S2-(EtO2C)2-
NCdNCS2]Re(CO)3(PMe2Ph) (11) in 52% yield, 0.8 mg of 4,
and 1.9 mg of unreacted 9. Spectral data for 11: IR (νCO in
hexane, cm-1) 2104(w), 2032(s), 2022(s), 2014(s), 2008(s), 1964-
(s), 1961(s), 1946(s), 1925(m), 1919(m), 1779(w, br); 1H NMR
(δ in CDCl3, ppm) 7.44 (m, 5H, C6H5), 4.42 (br, 2H, OCH2Me),
4.28 (q, br, 3JH-H ) 7.2 Hz, 2H, OCH2Me), 1.80 (d, 3JP-H ) 9.3
Hz, 3H, PCH3), 1.74 (d, 3JP-H ) 9.3 Hz, 3H, PCH3), 1.33 (t,
3JH-H ) 7.1 Hz, 6H, CH3). Anal. Calcd (Found): C, 28.51
(28.73); H, 2.19 (2.08); N, 2.89 (2.86). Spectral data for 12:
IR (νCO in hexane, cm-1) 2032(m), 2021(s), 1941(s), 1926(m),
1912(vs), 1591(w, br); 1H NMR (δ in CDCl3, ppm) 7.38 (m, 10H,
C6H5), 3.29 (dq, 3JH-H ) 7.2 Hz, 1H, OCHHMe), 2.96 (dq, 3JH-H

) 7.2 Hz, 1H, OCHHMe), 1.92 (d, 3JP-H ) 8.4 Hz, 3H, PCH3),
1.89 (d, 3JP-H ) 8.4 Hz, 3H, PCH3), 1.82 (d, 3JP-H ) 8.4 Hz,
3H, PCH3), 1.80 (d, 3JP-H ) 8.4 Hz, 3H, PCH3), 0.98 (t, 3JH-H

) 7.2 Hz, 3H, CH3). Anal. Calcd (Found): C, 31.87 (31.89);
H, 2.78 (2.73); N, 1.43 (1.48).
Crystallographic Analyses. Crystals of 2 suitable for

X-ray diffraction analysis were obtained by slow evaporation
of solvent from a solution in a 2/1 hexane/CH2Cl2 solvent
mixture at 25 °C. Crystals of 3, 5, 7, and 8 were obtained
similarly from a solution in a 1/1 hexane/CH2Cl2 solvent
mixture. Crystals of 4, 9, and 11 were each obtained by slow
evaporation of solvent from solutions in diethyl ether at -14
°C. Crystals of 6 suitable for X-ray diffraction analysis were
obtained by slow evaporation of solvent from a solution in
benzene solvent at room temperature. Crystals of 12 were
obtained by slow evaporation of solvent from solutions in
hexane at room temperature. The crystals used in intensity
measurements were mounted in thin-walled glass capillaries.
Diffraction measurements were made on a Rigaku AFC6S fully
automated four-circle diffractometer using graphite-monochro-
mated Mo KR radiation. The unit cells were determined and
refined from 15 randomly selected reflections obtained by using
the AFC6S automatic search, center, index, and least-squares
routines. Crystal data, data collection parameters, and results
of these analyses are listed in Table 1. All data processing
was performed on a Digital Equipment Corp. VAXstation 3520
computer or an SGI Indigo2 computer by using the TEXSAN
structure-solving program libraries obtained from the Molec-
ular Structure Corp. (The Woodlands, TX). Neutral atom
scattering factors were calculated by the standard procedures.10a
Anomalous dispersion corrections were applied to all non-
hydrogen atoms.10b Lorentz polarization (Lp) and absorption
corrections were applied in each analysis. Full-matrix least-
squares refinements minimized the function ∑hklw(|Fo|- |Fc|)2,

(10) (a) International Tables for X-ray Crystallography; Kynoch
Press: Birmingham, England, 1975; Vol. IV, Table 2.2B, pp 99-101.
(b) Reference 10a, Table 2.3.1, pp 149-150.

T
ab

le
1.

C
ry
st
al
lo
gr
ap

h
ic

D
at
a
fo
r
C
om

p
ou

n
d
s
2-

8,
9,
11
,a

n
d
12

a

2
3

4
5

6
7

8
9

11
12

fo
rm

u
la

R
e 2
S
O
11
-

N
C
13
H

5

R
e 2
S
O
10
-

N
C
12
H

5

R
e 2
S
2O

12
-

N
2C

16
H

10

R
e 2
S
2O

11
-

N
3C

17
H

13

R
e 2
S
2O

10
-

N
2C

13
H

6

R
e 2
S
O
11
-

N
C
13
H

5

R
e 2
S
2P
O
12
-

N
2C

24
H

21

R
e 2
S
2P
O
12
-

N
2C

24
H

21

R
e 2
S
2P
O
11
-

N
2C

23
H

21

R
e 2
S
2P

2O
8-

N
C
26
H

27
fo
rm

u
la
w
ei
gh
t

75
5.
66

72
7.
65

85
8.
80

87
1.
84

78
6.
73

75
5.
66

99
6.
94

99
6.
94

96
8.
93

97
9.
98

cr
ys
ta
ls
ys
te
m

tr
ic
li
n
ic

tr
ic
li
n
ic

tr
ic
li
n
ic

m
on
oc
li
n
ic

m
on
oc
li
n
ic

m
on
oc
li
n
ic

tr
ic
li
n
ic

m
on
oc
li
n
ic

tr
ic
li
n
ic

m
on
oc
li
n
ic

la
tt
ic
e
pa
ra
m
et
er
s

a
(Å
)

10
.4
76
(2
)

10
.1
32
(2
)

10
.7
03
(3
)

9.
18
1(
1)

6.
45
2(
1)

6.
82
0(
1)

12
.8
05
(2
)

12
.5
46
(2
)

11
.7
96
(2
)

11
.0
82
(2
)

b
(Å
)

14
.3
86
(2
)

10
.4
17
(2
)

12
.3
65
(4
)

17
.0
66
(2
)

16
.7
84
(4
)

23
.5
50
(4
)

13
.4
99
(2
)

11
.0
10
(2
)

14
.0
84
(2
)

21
.4
50
(3
)

c
(Å
)

6.
86
5(
1)

9.
99
4(
1)

10
.2
71
(3
)

16
.3
84
(2
)

19
.0
07
(2
)

25
.0
91
(4
)

10
.5
30
(2
)

24
.3
12
(5
)

10
.3
65
(2
)

13
.8
61
(2
)

R
(d
eg
)

91
.6
8(
1)

98
.0
6(
1)

10
8.
46
(2
)

90
.0

90
.0

90
.0

98
.4
6(
1)

90
.0

91
.1
8(
1)

â
(d
eg
)

92
.1
9(
1)

94
.3
8(
1)

10
9.
44
(2
)

97
.7
3(
1)

90
.7
9(
1)

93
.9
4(
1)

92
.7
2(
1)

99
.5
5(
1)

11
3.
21
(1
)

94
.7
8(
1)

γ
(d
eg
)

10
9.
30
(1
)

62
.0
3(
1)

89
.8
4(
3)

90
.0

90
.0

90
.0

65
.5
7(
1)

90
.0

10
2.
40

V
(Å

3 )
97
4.
7(
2)

92
2.
4(
3)

12
07
.8
(6
)

25
43
.8
(5
)

20
57
.8
(5
)

40
20
.4
(9
)

16
38
.9
(5
)

33
11
.6
(8
)

15
35
.1
(5
)

32
83
.2
(7
)

sp
ac
e
gr
ou
p

P
1h
(N
o.
2)

P
1h
(N
o.
2)

P
1h
(N
o.
2)

P
2 1
/n
(N
o.
14
)

P
2 1
/n
(N
o.
14
)

P
2 1
/n
(N
o.
14
)

P
1h
(N
o.
2)

P
2 1
/c
(N
o.
14
)

P
1h
(N
o.
2)

P
2 1
/c
(N
o.
14
)

Z
2

2
2

4
4

8
2

4
2

4
F c
al
cd
(g
/c
m

3 )
2.
57

2.
62

2.
36

2.
28

2.
54

2.
50

2.
02

2.
00

2.
10

1.
98

µ
(M

o
K

R
)
(c
m

-
1 )

12
5.
75

13
2.
80

10
2.
52

97
.3
5

12
0.
14

12
1.
96

76
.1
7

75
.4

81
.2
7

76
.4
0

te
m
pe
ra
tu
re

(°
C
)

20
20

20
20

20
20

20
20

20
20

2θ
m
ax
(d
eg
)

45
45

47
44

43
43

47
40

44
44

n
o.
ob
s.
(I

>
3σ
)

22
52

20
87

28
25

20
43

18
20

31
94

41
45

25
41

32
51

31
71

go
od
n
es
s
of
fi
t

2.
40

2.
99

2.
15

1.
33

2.
05

2.
05

2.
44

3.
42

1.
82

1.
68

re
si
du
al
s
R
;R

w
0.
02
7;
0.
03
4

0.
03
5;
0.
04
2

0.
03
4;
0.
03
6

0.
02
4;
0.
02
4

0.
03
0;
0.
02
1

0.
04
4;
0.
04
2

0.
03
4;
0.
04
0

0.
05
3;
0.
06
3

0.
02
4;
0.
02
7

0.
02
8;
0.
02
9

ab
s.
co
r.

em
pi
ri
ca
l

em
pi
ri
ca
l

em
pi
ri
ca
l

em
pi
ri
ca
l

em
pi
ri
ca
l

em
pi
ri
ca
l

em
pi
ri
ca
l

D
IF
A
B
S

em
pi
ri
ca
l

em
pi
ri
ca
l

la
rg
es
t
pe
ak

in
fi
n
al

di
ff
.m

ap
(e
/Å

3 )
1.
54

1.
42

1.
06

0.
46

0.
90

1.
93

1.
09

1.
17

0.
74

0.
72

a
R

)
∑
h
kl
(|
F
ob
s|

-
|F

ca
lc

|/
∑
h
kl
|F

ob
s|;

R
w

)
[∑

h
kl
w
(|F

ob
s|

-
|F

ca
lc
|2 )
/∑

h
kl
w
F
ob
s2
]1
/2
,
w

)
1/

σ2
(F

ob
s)
;
G
O
F

)
[∑

h
kl
(w
(|F

ob
s|

-
|F

ca
lc
|)2
)/
(n

da
ta

-
n
va
ri
)]
1/
2 .

3646 Organometallics, Vol. 15, No. 17, 1996 Adams and Huang

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 A

ug
us

t 2
0,

 1
99

6 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
95

06
75

o



where w ) 1/σ(F)2, σ(F) ) σ(Fo
2)/2Fo, and σ(Fo

2) ) [σ(Iraw)2+-
(0.02Inet)2]1/2/Lp.
Compounds 2, 3, 4, 8, and 11 crystallized in the triclinic

crystal system. The space group P1h was assumed and
confirmed in each case by the successful solution and refine-
ment of the structures. The structures were solved by a
combination of direct methods (MITHRIL) and difference
Fourier syntheses. All non-hydrogen atoms were refined with
anisotropic thermal parameters. The positions of the hydrogen
atoms on the ligands were calculated by assuming idealized
geometries with all C-H distances at 0.95 Å. Their contribu-
tions were added to the structure factor calculations, but their
positions were not refined.
Compounds 5, 6, 7, 9, and 12 crystallized in the monoclinic

crystal system. On the basis of the patterns of systematic
absences observed during the collection of data, the space
group P21/n was established for compounds 5, 6, and 12 and
P21/c for 7 and 9. The structures were solved by a combination
of direct methods (MITHRIL) and difference Fourier syntheses.
All non-hydrogen atoms were refined with anisotropic thermal
parameters. The positions of the hydrogen atoms on the
ligands were calculated by assuming idealized geometries with
all C-H distances at 0.95 Å. Except for the amino hydrogen
atom H(2) in the structure of compound 6, which was located
and refined, the contributions of the hydrogen atoms were
added to the structure factor calculations without refinement.

Results

Five new compounds were obtained from the reaction
of Re2(CO)9(MeCN) with EtO2CNdCdS in a hexane
solution at reflux (68 °C). These were identified as Re-
(CO)4[s-trans-µ-C,S-EtO2CNdCS]Re(CO)5 (2, 7% yield),
Re(CO)4[µ-C,S,N-EtO2CNdCS]Re(CO)4 (3, 40% yield),
Re(CO)4[µ-C,N,S2-(EtO2C)2NCdNCS2]Re(CO)4 (4, 17%
yield), Re(CO)4[µ-C,N,S2-(EtO2C)2NCdNCS2]Re(CO)3-
(NCMe) (5, 5% yield), and Re(CO)4[µ-C,N,S2-(EtO2C)-
(H)NCdNCS2]Re(CO)4 (6, trace). All five products have
been characterized by a combination of IR, 1H NMR,
and elemental and single-crystal X-ray diffraction analy-
ses.
An ORTEP diagram of the molecular structure of

compound 2 is shown in Figure 1. The complex can be
viewed as a dirhenium thioimidate formed by the
displacement of the NCMe ligand in 1 and the insertion
of the isothiocyanate molecule into the rhenium-

rhenium bond. One rhenium atom is bonded to the
carbon atom of the isothiocyanate ligand and the other
is bonded to the sulfur atom, Re(1)-C(1) ) 2.146(9) Å
and Re(2)-S ) 2.497(3) Å. The Re-S distance is very
similar to the S-Re(CO)5 bond length [2.492(4) vs 2.490-
(4) Å] observed for the structurally related compound
Re(CO)4[µ-S2CNC(N(H)CO2Et)S]Re(CO)5 (13), which we
obtained recently from the reaction of 1 with N-(ethoxy-
carbonyl)-5-amino-1,2,4-dithiazole-3-thione.11 There is
a trans conformation at the C-S bond in 2. The C-S
bond length is slightly shorter than a C-S single bond
(1.80 Å), C(1)-S ) 1.720(9) Å. The oxygen atom of the
carbonyl group of the isothiocyanate is coordinated to
the rhenium atom Re(1), Re(1)-O(1) ) 2.148(6) Å, while
the nitrogen atom is uncoordinated, Re(2)‚‚‚N ) 3.423-
(7) Å. There is considerable multiple bond character
across the C-N-C grouping, C(1)-N ) 1.33(1) Å and
C(2)-N ) 1.35(1) Å (CdN double bonds are typically
1.30 Å in length, while C-N single bonds are about 1.47
Å).12

An ORTEP diagram of the molecular structure of
compound 3 is shown in Figure 2. The complex is a
simple decarbonylation product of 2. A CO ligand was
eliminated from the Re(CO)5 group in 2 and a bond was
then formed between the rhenium atom and the nitro-
gen atom of the isothiocyanate ligand. The rhenium to
nitrogen distance is then reduced from 3.423(7) Å in 2
to Re(2)-N ) 2.172(9) Å in 3. The rhenium-oxygen
and rhenium-carbon bond distances to the isothiocy-
anate ligand are similar to those in 2, Re(1)-O(1) )
2.178(8) Å, Re(1)-C(1) ) 2.13(1) Å; however, the rhe-
nium-sulfur distance is a little longer, Re(2)-S ) 2.534-
(3) Å, and the carbon-sulfur distance, C(1)-S ) 1.69(1)
Å, is a little shorter.

(11) Adams, R. D.; Huang, M. Organometallics 1996, 15, 2125.
(12) Sandorfy, C. In The Chemistry of the Carbon-Nitrogen Double

Bond; Patai, S., Ed.; Interscience: New York, 1970; Chapter 1.

Figure 1. ORTEP diagram of Re(CO)4[s-trans-µ-C,S-EtO2-
CNdCS]Re(CO)5 (2) showing 50% probability thermal
ellipsoids. Selected interatomic distances (Å) and angles
(deg): Re(1)-O(1) ) 2.148(6), Re(1)-C(1) ) 2.146(9), Re-
(2)-S ) 2.497(3), Re(2)‚‚‚N ) 3.423(7), C(1)-S ) 1.720(9),
C(1)-N ) 1.33(1), C(2)-N ) 1.35(1); N-C(1)-S ) 118.8-
(7), Re(2)-S-C(1) ) 109.9(3), Re(1)-C(1)-S ) 123.0(5),
Re(1)-C(1)-N ) 118.2(6).

Figure 2. ORTEP diagram of Re(CO)4[µ-C,S,N-EtO2-
CNdCS]Re(CO)4 (3) showing 50% probability thermal
ellipsoids. Selected interatomic distances (Å) and angles
(deg): Re(1)-O(1) ) 2.178(8), Re(1)-C(1) ) 2.13(1), Re-
(2)-S ) 2.534(3), Re(2)-N ) 2.172(9), C(1)-S ) 1.69(1),
C(1)-N ) 1.38(2), C(2)-N ) 1.37(2); N-C(1)-S ) 109.0-
(8), Re(2)-S-C(1) ) 82.5(4), Re(1)-C(1)-S ) 137.3(7), Re-
(1)-C(1)-N ) 113.(8).
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Compound 3 was obtained independently from 2 in
81% yield simply by heating a solution of 2 in hexane
to reflux for 2 h. Interestingly, the addition of CO to 3
at 1100 psi at 25 °C did not result in the regeneration
of 2, but instead resulted in the formation of a new
compound Re(CO)5[µ-C,S,N-(EtO2C)NdCS]Re(CO)4 (7)
in 68% yield. The molecular structure of 7 was also
established crystallographically. Compound 7 crystal-
lizes with two independent molecules in the asymmetric
crystal unit. Both molecules are structurally similar,
and an ORTEP diagram of one of these is shown in
Figure 3. Compound 7 is an isomer of 2. The principal
difference is that the Re(CO)5 group is attached to the
carbon atom of the isothiocyanate in 7 rather than the
sulfur atom in 2. The rhenium-carbon distance is
slightly longer than that in 2, Re(1)-C(1) ) 2.17(2) Å
[2.19(2) Å], and the rhenium-sulfur distance is slightly
shorter, Re(2)-S(1) ) 2.472(7) Å [2.484(7) Å]. In both
cases this may be due to chelation effects, with bond
shortening occurring in the presence of chelation. The
rhenium-nitrogen, carbon-sulfur, and carbon-nitro-
gen distances are not significantly different: Re(2)-N(1)
) 2.20(1) Å [2.19(1) Å], C(1)-S(1) ) 1.71(2) Å [1.71(2)
Å], C(1)-N(1) ) 1.34(3) Å [1.32(3) Å], and C(2)-N(1) )
1.40(2) Å [1.41(2) Å]. The transformation of 3 to 7 is
fairly easy to explain: it involves simply the displace-
ment of the coordinated oxygen atom of the carbonyl
group in 3 and the addition of CO to that site. When
heated to 68 °C in hexane solvent, compound 7 loses
CO and is transformed back into 3 in high yield.
An ORTEP diagram of the molecular structure of

compound 4 is shown in Figure 4. This complex
contains a (EtO2C)2NCdNCS2 ligand inserted between
two Re(CO)4 groups. One Re(CO)4 group is chelated by
an N-C-S group to form a four-membered ring, Re-
(2)-S(1) ) 2.516(3) Å, Re(2)-N(1) ) 2.201(8) Å, C(1)-
S(1) ) 1.68(1) Å, and C(1)-N(1) ) 1.43(1) Å, while the
other is chelated by a C-N-C-S group to form a five-
membered ring, Re(1)-S(2) ) 2.472(3) Å, Re(1)-C(2)
) 2.13(1) Å, C(1)-S(2) ) 1.67(1) Å, and C(2)-N(1) )

1.28(1) Å. Both rings have the C(1)-N(1) bond in
common. The bonding in 4 could be represented by any
of the resonance structures: 4a,b or the zwitterion 4c.
The carbon C(2) could be viewed as a carbene center
(4a form), but on the basis of observed bond distances
the 4c structure seems to be the best representation.

The planarity of the nitrogen atom N(2) can be at-
tributed to π-interactions of the lone pair of electrons
on that nitrogen atom with the two carboxylate groups;
the C(2)-N(2) bond is single [1.47(1) Å]. However, the
plane of the amino group is twisted 75.6° from the plane
of the NCdNCS2 group. This is probably a result of
steric interactions with the proximate CO ligands
C(12)-O(12) and C(23)-O(23) on the metal atoms.
The composition of the (EtO2C)2NCdNCS2 ligand is

equivalent of two formula units of EtO2CNdCdS.
However, considerable rearrangement was required to
produce the final result. In particular, the nitrogen
atom N(2) contains two CO2Et groups, N(1) has no CO2-
Et groups, and carbon C(1) contains two sulfur atoms.
Interestingly, however 4 was not obtained when solu-
tions of 2 or 3 were allowed to react with a second
equivalent of EtO2CNdCdS. The mechanism of the
formation of the (EtO2C)2NCdNCS2 ligand will be
described in the following.
Compounds 5 and 6 are closely related to 4. ORTEP

diagrams of the molecular structures of these two
products are shown in Figures 5 and 6, respectively.
Compound 5 differs from 4 by the presence of a NCMe
ligand coordinated to rhenium atom Re(2) in the place
of a carbonyl ligand. Interestingly, compound 5 is
readily obtained from 4 in 80% yield by reaction with
NCMe in a hexane solution at reflux for 4 h. There are

Figure 3. ORTEP diagram of Re(CO)5[µ-C,S,N-
(EtO2C)NdCS]Re(CO)4 (7) showing 50% probability ther-
mal ellipsoids. Selected interatomic distances (Å) and
angles (deg): Re(1a)-C(1a) ) 2.17(2), Re(1b)-C(1b) ) 2.19-
(2), Re(2a)-S(1a) ) 2.472(7), Re(2b)-S(1b) ) 2.484(7), Re-
(2a)-N(1a) ) 2.20(1), Re(2b)-N(1b) ) 2.19(1), C(1a)-S(1a)
) 1.71(2), C(1b)-S(1b) ) 1.71(2), C(1a)-N(1a) ) 1.34(3),
C(1b)-N(1b) ) 1.32(3), C(2a)-N(1a) ) 1.40(2), C(2b)-
N(1b) ) 1.41(2); N(1a)-C(1a)-S(1a) ) 106(1), N(1b)-
C(1b)-S(1b) ) 107(2), Re(2a)-S(1a)-C(1a) ) 85.0(8),
Re(2b)-S(1b)-C(1b) ) 83.6(8), Re(1a)-C(1a)-S(1a) ) 119-
(1), Re(1b)-C(1b)-S(1b) ) 118(1), Re(1a)-C(1a)-N(1a) )
135(1), Re(1b)-C(1b)-N(1b) ) 134(1).

Figure 4. ORTEP diagram of Re(CO)4[µ-C,N,S2-(EtO2C)2-
NCdNCS2]Re(CO)4 (4) showing 50% probability thermal
ellipsoids. Selected interatomic distances (Å) and angles
(deg): Re(1)-S(2) ) 2.472(3), Re(1)-C(2) ) 2.13(1), Re-
(2)-S(1) ) 2.516(3), Re(2)-N(1) ) 2.201(8), C(1)-S(1) )
1.68(1), C(1)-S(2) ) 1.67(1), C(1)-N(1) ) 1.43(1), C(2)-
N(1) ) 1.28(1), C(2)-N(2) ) 1.47(1); S(1)-C(1)-S(2) )
128.5(7), N(1)-C(1)-S(1) ) 109.9(7), N(1)-C(1)-S(2) )
121.6(8), Re(2)-N(1)-C(2) ) 140.7(8), Re(1)-C(2)-N(2) )
124.7(6).
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no significant differences between any of the corre-
sponding bond distances in 4 and 5.
Compound 6 is a trace product. The only difference

between 4 and 6 is that 6 has only one CO2Et group
bonded to the nitrogen atom N(2). This change has
resulted in some changes in the bond distance param-
eters in bonds proximate to N(2). In particular, the
distances Re(1)-C(2) ) 2.19(1) Å and C(2)-N(1) ) 1.32-
(1) Å have increased significantly in length, while the
C(2)-N(2) distance of 1.37(1) Å is significantly shorter
than that in 4 and 5. This can be explained by a release
of π-electron density from the nitrogen atom into the
C(2)-N(1) bond when one of the carboxylate groups in
4 is replaced by the hydrogen atom. This leads to an
increase in the C(2)-N(2) bond order and in turn a
decrease in the bond order of other bonds involving C(2),
as indicated by the larger bond distances to this atom.

This also leads to a significant rotation of the N(H)CO2-
Et relative to the NCdNCS2 plane. The dihedral angle
between these two planes is reduced to 18.4° in this
case. The hydrogen atom H(2) on the nitrogen atom
N(2) was located and refined in the structural analysis.
It exhibits a characteristic deshielded and broad reso-
nance in the 1H NMR spectrum (δ 8.32).
To try to obtain further information about the char-

acter of these reactions, we have investigated the
reaction of the phosphine derivative of 1, Re(CO)4(PMe2-
Ph)Re(CO)4(NCMe), with EtO2CNdCdS. Two isomeric
products, trans-Re(CO)4(PMe2Ph)[µ-(EtO2C)NdCN(CO2-
Et)CS2]Re(CO)4 (8) and cis-Re(CO)4(PMe2Ph)[µ-(EtO2C)-
NdCN(CO2Et)CS2]Re(CO)4 (9), were obtained in 36%
and 32% yields, respectively, plus a small amount of the
compound Re2(CO)8(PPhMe2)(µ-EtO2CNCS) (10) in 4%
yield. Compounds 8 and 9were characterized by single-
crystal X-ray diffraction analysis. ORTEP diagrams of
the molecular structures of these two products are
shown in Figures 7 and 8, respectively. Both com-
pounds contain Re(CO)4(PMe2Ph) and Re(CO)4 groups
linked by a (EtO2C)NdCN(CO2Et)CS2 ligand. In both
cases, one sulfur atom is terminally coordinated to the
Re(CO)4(PMe2Ph) in a manner similar to that observed
in 2 and 13. The Re-S distances are similar in all four
cases, with Re(1)-S(1) ) 2.466(2) Å in 8 and Re(1)-
S(1) ) 2.478(5) Å in 9. The Re(CO)4 group is chelated
by a group of four atoms C-N-C-S to form a five-
membered metallacycle similar to that found in com-
pounds 4-6. The major difference between compounds
8 and 9 and compounds 4-6 is that both nitrogen atoms
in 8 and 9 contain one CO2Et group, whereas in 4-6
the coordinated nitrogen atom has none and the unco-
ordinated nitrogen atom has two CO2Et groups. The
C(2)-N(2) bonds in 8 and 9 are double, C(2)-N(2) )
1.30(1) and 1.27(2) Å, respectively, and are significantly

Figure 5. ORTEP diagram of Re(CO)4[µ-C,N,S2-(EtO2C)2-
NCdNCS2]Re(CO)3(NCMe) (5) showing 50% probability
thermal ellipsoids. Selected interatomic distances (Å) and
angles (deg): Re(1)-S(2) ) 2.473(3), Re(1)-C(2) ) 2.14-
(1), Re(2)-S(1) ) 2.508(3), Re(2)-N(1) ) 2.195(7), C(1)-
S(1) ) 1.69(1), C(1)-S(2) ) 1.68(1), C(1)-N(1) ) 1.39(1),
C(2)-N(1) ) 1.30(1), C(2)-N(2) ) 1.46(1); S(1)-C(1)-S(2)
) 127.3(6), N(1)-C(1)-S(1) ) 110.0(7), N(1)-C(1)-S(2) )
122.7(7), Re(2)-N(1)-C(2) ) 139.2(7), Re(1)-C(2)-N(2) )
124.4(7).

Figure 6. ORTEP diagram of Re(CO)4[µ-C,N,S2-(EtO2C)-
(H)NCdNCS2]Re(CO)4 (6) showing 50% probability ther-
mal ellipsoids. Selected interatomic distances (Å) and
angles (deg): Re(1)-S(2) ) 2.473(3), Re(1)-C(2) ) 2.19-
(1), Re(2)-S(1) ) 2.500(3), Re(2)-N(1) ) 2.225(9), C(1)-
S(1) ) 1.70(1), C(1)-S(2) ) 1.68(1), C(1)-N(1) ) 1.40(1),
C(2)-N(1) ) 1.32(1), C(2)-N(2) ) 1.37(1); S(1)-C(1)-S(2)
) 125.2(7), N(1)-C(1)-S(1) ) 110.4(9), N(1)-C(1)-S(2) )
124.4(9), Re(2)-N(1)-C(2) ) 140.6(9), Re(1)-C(2)-N(2) )
130(1).

Figure 7. ORTEP diagram of trans-Re(CO)4[µ-C,N,S2-
(EtO2C)NdCN(CO2Et)CS2]Re(CO)5 (8) showing 50% prob-
ability thermal ellipsoids. Selected itneratomic distances
(Å) and angles (deg): Re(1)-S(1) ) 2.466(2), Re(1)-C(2)
) 2.16(1), Re(2)-S(2) ) 2.493(2), N(1)-C(1) ) 1.36(1), Re-
(2)-P ) 2.411(2), N(1)-C(2) ) 1.46(1), S(1)-C(1) ) 1.69-
(1), S(2)-C(1) ) 1.709(8), N(2)-C(2) ) 1.30(1); S(1)-Re(1)-
C(2) ) 79.8(2); S(1)-C(1)-N(1) ) 119.8(6), S(2)-Re(2)-P
) 174.88(7), S(2)-C(1)-N(1) ) 115.7(6), Re(1)-S(1)-C(1)
) 101.2(3), Re(1)-C(2)-N(1) ) 116.8(6), Re(2)-S(2)-C(1)
) 114.1(3), Re(1)-C(2)-N(2) ) 133.9(6), N(1)-C(2)-N(2)
) 109.0(8), C(1)-N(1)-C(2) ) 121.5(7), C(1)-N(1)-C(3) )
120.6(7), C(2)-N(1)-C(3) ) 117.1(7), C(2)-N(2)-C(4) )
120.3(8), S(1)-C(1)-S(2) ) 124.5(5).
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shorter than those in 4, 5, and even 6, while C(2)-N(1)
is double in 4-6 [1.28(1) Å in 4] and significantly shorter
than those in 8 and 9, which are single, C(2)-N(1) )
1.46(1) and 1.45(2) Å, respectively. The principal dif-
ference between 8 and 9 is the position of the phosphine
ligand relative to the sulfur atom. In 8 it is trans to
the Re-S bond, while in 9 it is cis. The Re-P bond
distance in 8 is much shorter than that in 9, Re(2)-P
) 2.411(2) Å vs Re(2)-P ) 2.471(6) Å, probably due to
a steric effect in 9.
When heated to 97 °C in heptane solution, compound

9 was transformed into two new compounds: Re(CO)4-
[µ-C,N,S2-(EtO2C)2NCdNCS2]Re(CO)3(PMe2Ph) (11) in
52% yield and Re(CO)3(PPhMe2)(µ-S2CdNCO2Et)Re-
(CO)3(PPhMe2) (12) in 8% yield. Both compounds were
characterized crystallographically. An ORTEP drawing
of the molecular structure of 11 is shown in Figure 9.
Compound 11 is simply a phosphine derivative of 4. The
phosphine is coordinated to the rhenium atom that is
chelated by the nitrogen and sulfur atoms of the
(EtO2C)2NCdNCS2 ligand, Re(2), in a site that is cis to
both the nitrogen and sulfur atoms. There are no
significant differences between the interatomic bond
distances and angles within the (EtO2C)2NCdNCS2
ligand in 4 and 11. Structurally, the carboxylate groups
on the nitrogen atom N(2) are inequivalent. Spectro-
scopically, however, only one methyl resonance is ob-
served in the 1H NMR spectrum (δ 1.33). We attribute
this to the existence of a dynamical exchange process
involving a rotation of the N(CO2Et)2 grouping about
the C(2)-N(2) single bond, which averages these reso-
nances on the NMR time scale.
An ORTEP drawing of the molecular structure of 12

is shown in Figure 10. Compound 12 is a new member
of this family of compounds. It contains a dithiocarbi-
mato ligand S2CdNCO2Et in a novel tetradentate
bridging coordination mode between two Re(CO)3(PMe2-
Ph) groups. The nitrogen atom and one of the sulfur
atoms are chelated to one rhenium atom to form a four-

membered ring, and the carbonyl oxygen of the car-
boxylate group and the other sulfur atom are chelate
to the other sulfur atom to form a six-membered ring:
Re(1)-S(1) ) 2.476(2) Å, Re(1)-O(1) ) 2.165(5) Å, Re-
(2)-S(2) ) 2.522(2) Å, Re(2)-N ) 2.210(6) Å. The
C(1)-N and C(2)-N bonds are equal in length, 1.36(1)
and 1.37(1) Å, within error, indicating the delocalization
of C-N π-bonding over both C-N bonds.

There are not many examples of complexes containing
dithiocarbimato ligands. One was structurally charac-

Figure 8. ORTEP diagram of cis-Re(CO)4[µ-C,N,S2-
(EtO2C)NdCN(CO2Et)CS2]Re(CO)4(PMe2Ph) (9) showing
50% probability thermal ellipsoids. Selected interatomic
distances (Å) and angles (deg): Re(1)-S(1) ) 2.478(5), Re-
(1)-C(2) ) 2.16(2), Re(2)-S(2) ) 2.499(5), N(1)-C(1) )
1.36(2), Re(2)-P ) 2.471(6), N(1)-C(2) ) 1.45(2), S(1)-
C(1) ) 1.69(2), S(2)-C(1) ) 1.69(2), N(2)-C(2) ) 1.27(2);
S(1)-Re(1)-C(2) ) 79.6(5); S(1)-C(1)-N(1) ) 118(1), S(2)-
Re(2)-P ) 83.4(2), S(2)-C(1)-N(1) ) 117(1), Re(1)-S(1)-
C(1) ) 101.6(6), Re(1)-C(2)-N(1) ) 115(1), Re(2)-S(2)-
C(1) ) 115.8(6), Re(1)-C(2)-N(2) ) 136(1), N(1)-C(2)-
N(2) ) 109(2), C(1)-N(1)-C(2) ) 124(1), C(1)-N(1)-C(3)
) 119(2), C(2)-N(1)-C(3) ) 116(2), C(2)-N(2)-C(4) ) 122-
(2), S(1)-C(1)-S(2) ) 125(1).

Figure 9. ORTEP diagram of Re(CO)4[µ-C,N,S2-(EtO2C)2-
NCdNCS2]Re(CO)3(PMe2Ph) (11) showing 50% probability
thermal ellipsoids. Selected interatomic distances (Å) and
angles (deg): Re(1)-S(1) ) 2.474(2), Re(1)-C(2) ) 2.141-
(6), Re(2)-S(2) ) 2.528(2), Re(2)-N(1) ) 2.207(5), C(1)-
S(1) ) 1.697(7), C(1)-S(2) ) 1.677(7), C(1)-N(1) ) 1.421(7),
C(2)-N(1) ) 1.290(8), C(2)-N(2) ) 1.476(7); S(1)-C(1)-
S(2) ) 127.6(4), N(1)-C(1)-S(1) ) 121.1(5), N(1)-C(1)-
S(2) ) 111.3(5), Re(2)-N(1)-C(2) ) 141.2(4), Re(1)-C(2)-
N(2) ) 123.7(4).

Figure 10. ORTEP diagram of Re(CO)3(PPhMe2)(µ-S2-
CNCO2Et)Re(CO)3(PPhMe2) (12) showing 50% probability
thermal ellipsoids. Selected interatomic distances (Å) and
angles (deg): Re(1)-S(1) ) 2.476(2), Re(1)-O(1) ) 2.165-
(5), Re(2)-S(2) ) 2.522(2), Re(2)-N ) 2.210(6), C(1)-S(1)
) 1.686(8), C(1)-S(2) ) 1.715(8), C(1)-N ) 1.36(1), C(2)-N
) 1.37(1); S(1)-C(1)-S(2) ) 119.5(5), N-C(1)-S(1) )
131.4(6), N(1)-C(1)-S(2) ) 109.1(6), Re(2)-N-C(2) )
130.0(5).
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terized in the complex Pd(S2CdNCO2Et)(PPh3)2 (14).13
In 14 the dithiocarbimato ligand is chelated to the
palladium atom through the two sulfur atoms. The
nitrogen atom is uncoordinated, and the CdN double
bond is much shorter in length [1.282(5) Å].

Discussion

The reactions of 1 and Re(CO)4(PMe2Ph)Re(CO)4-
(NCMe) with EtO2CNdCdS can be understood within
the framework of two competing reaction pathways. The
existence of two independent product-forming pathways
is implied by the observation that neither 2 nor 3 reacts
with EtO2CNdCdS under the original reaction condi-
tions to yield 4-6.
The first pathway involves the interaction of 1 equiv

of the dirhenium complex with 1 equiv of EtO2CNdCdS
(see Scheme 1). One could imagine an intermediate A
containing a terminally coordinated sulfur-bound isothio-
cyanate ligand, but compound 2 is the first isolable
product, and this is a result of an insertion of the
isothiocyanate into the rhenium-rhenium bond. Fol-
lowing the insertion the sulfur atom is bonded to the
Re(CO)5 grouping and the carbon atom is bonded to the
Re(CO)4 group. Both atoms can be viewed formally as
one-electron donors. In this case, however, the Re(CO)4
group needs two additional electrons to meet its 18-
electron requirement. This requirement is met through
the coordination of the carbonyl oxygen atom of the CO2-
Et group. When heated, CO is eliminated from the Re-
(CO)5 group and the nitrogen atom becomes coordinated
to yield 3. Interestingly, when CO is added to 3, it
occurs by displacement of the carbonyl oxygen atom to
yield 7 rather than reverting back to 2.
The second reaction pathway involves the interaction

of 1 equiv of the dirhenium complex with 2 equiv of
EtO2CNdCdS. The coupling of the two isothiocyanate
molecules must occur before the insertion step, perhaps
at the stage of the intermediate A. This is not unrea-
sonable since there is already evidence to indicate that
carboxylate-substituted isothiocyanates can couple spon-
taneously in the absence of metal atoms in a manner
analogous to the self-coupling of ketenes (e.g., eq 2).14

We believe that a similar coupling process could
explain the formation of compounds 8 and 9 and,
subsequently, compounds 4-6. Coupling of a free
isothiocyanate to the isothiocyanate ligand in compound
A could lead to a species such as B containing a four-
membered C-N-C-S ring (see Scheme 2). One might
envisage coordination of the sulfur atom in the four-
membered ring to the second rhenium atom with a
concomitant cleavage of the metal-metal bond. Open-
ing of the ring followed by bond rotation and closure by
the formation of a rhenium-carbon bond would lead to
the metallacyclic complexes 8 or 9.
Subsequent decarbonylation of 8 or 9 would allow the

ring nitrogen to coordinate to the 16-electron rhenium
center and also activate the attached ester carbonyl
group toward nucleophilic attack by the neighboring
nitrogen atom (Scheme 3). Fragmentation of the result-
ant four-membered ring intermediate would lead to 11.
A similar process could be imagined for the formation
of 4 from a fully carbonylated homolog of 8. Moreover,
the minor product 6 could also arise during this process.
If the four-membered ring were to eliminate ethoxide
(as in transesterifications), the resulting N(CO2Et)CO2H
moiety could readily lose CO2 to yield 6. Not only does
this sequence of transformations provide strong support
for the B to 4 transformation but it also establishes the
chronology of some of the particular steps.
It is relevant to contrast the rearrangements that we

have observed with those of Cowie and co-workers, who
have shown that EtO2CNdCdS molecules undergo
coupling by a sequence of reactions with the complex
Rh2Cl2(µ-CO)(dpm)2.6 In this case, one EtO2CNdCdS
becomes coordinated to the metal atoms as a bridging
ligand in the complex Rh2Cl2(µ-CO)(µ-EtO2CNCS)-
(dpm)2 (15). The second isothiocyanate is then coupled
to the first via an initial coordination and formation of
a carbon-nitrogen bond (Scheme 4). Via a sequence of
rearrangements similar to that described above, the
carboxylato group on the bridging isothiocyanate ligand
is then shifted to the second nitrogen atom to yield the
product Rh2Cl2(µ-CO)[µ-(EtO2C)2NCdSNCS](dpm)2 (16).
This coupled ligand is quite different from those ob-
served in our study.
Compound 5 is derived from 4 by reaction with the

NCMe that was introduced into the reaction mixture
via compound 1. The 4 to 5 transformation was
confirmed independently. The formation of 12 from 8
and 9 is a side reaction and could occur by cleavage of

(13) Ahmed, J.; Itoh, K.; Matsuda, I.; Ueda, F.; Ishii, Y.; Ibers, J. A.
Inorg. Chem. 1977, 16, 620.

(14) (a) Goerdeler, J. Q. Rep. Sulfur Chem. 1970, 5, 169. (b) Ho, C.
H. Diplomarbeit, Bonn, 1969.

Scheme 1

(2)
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the C-N bond in the five-membered metallacyclic ring
with elimination of the (EtO2C)NC grouping and the
substitution of one CO ligand by a PMe2Ph ligand. The
(EtO2C)NC group may be expelled in the form of an
isocyanide, but this isocyanide, which would have been
present only in very small amounts, was not detected
in this reaction.
Our results demonstrate that the insertion of small

molecules into the Re-Re bond of dirhenium carbonyl
complexes is more general than we originally observed1
and can lead to a variety of new metalated ligand
complexes that can be transformed still further. The
reactions of other dinuclear metal complexes with M-M
single bonds can be anticipated to proceed similarly.
Also, it seems likely that dimetalated thioimidate
complexes should be susceptible to reaction with other

small molecules and lead to other new ligands and new
organic molecules.
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