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Abstract-The title compounds were prepared by the reaction of the cationic complex 
[M(CO),(P-P)]+[BF,]- with the appropriate nucleophiles leading to fat-M(CO),(P-P)Z 
[M = Mn, Re ; P-P = dppe, dppp ; Z = C(O)OMe, C(O)OEf C(O)NHPr”, NCO] 
complexes. The X-ray structures of fat-Mn(CO),(dppp)C(O)OEt and fac-Mn(C0)3 
(dppe)NCO are also reported. 

Nucleophilic attack on carbon monoxide coor- 
dinated to transition metals leads to functional 
groups sigma-bonded to the metal. The resulting 
compounds are similar in some respects to species 
that are postulated intermediates in the catalytic 
reactions of carbon monoxide.2 Such reactions with 
manganese and rhenium carbonyls are particularly 
useful because many of the resulting complexes are 
unreactive and accordingly relatively easy to 
characterize and study. Thus, the formyl complexes 
M,(CO),(CHO)- and M(CO),~(OPh),],CHO 
(M = Mn, Re) were obtained from the neutral3 and 
cationic complexes M2(CO)lo and [M(CO), 

VV’h),),l+> respectively, when these were treated 
with borohydride. Similarly, reactions of [Re(CO)d+ 
with sodium azide, [Mn(CO),(PPh,)]+ with am- 
monia and truns-[M(CO),(PPh,),]+ with sodium 
alkoxides gave M(CO),NC0,5 ci.s-Mn(C0)4(PPh3) 
C(0)NH26 and mer,trans-M(CO)3(PPh3)2C(0) 
OR,7 respectively. However, reactions of nucleo- 
philes with manganese and rhenium carbonyl 
cationic complexes, [M(CO),(P-P)][BF,], where 
P-P are chelated phosphines, have not been 
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studied extensively’ and such reactions constitute 
the basis of the present study. 

RESULTS AND DISCUSSION 

Equation (1) shows the general reaction used to 
prepare the compounds of interest : 

MCO),(P-P)][BF,I +Nu- - 

1 

fat-M(CO),(P-P)Z (1) 

2 

1 M P-P Nu- 

a Mn dppe OEt 
b Mn dppp OEt 
c Re dppe OEt 
d Re dppp OMe 
b Mn dppp (H,NPf) 
a Mn dppe N3 

b Mn dppp N3 
c Re dppe N3 

[P-P is Ph 2P(CH 2),PPh2 : 

2 z 

a C(O)OEt 
b C(O)OEt 
c C(O)OEt 
d C(O)OMe 
e C(O)NHPf 
f NC0 
g NC0 
h NC0 

n = 2 for dppe ; n = 3 for dppp). 

In these reactions attack of the nucleophile occurs 
regioselectively on one of the two equivalent COs 
cis to the chelated bis(diphenylphosphino)alkane 
ligand, leading exclusively to facial isomers. 

2055 



2056 S. K. MANDAL et al. 

Alkoxycarbonyl complexes 

When the nucleophile in eq. (1) is sodium alkox- 
ide, the corresponding alkoxycarbonyl complexes 
2ad are formed in 85-96% yield. The IR spectra 
of 2a-d exhibit three strong v(m) vibrations 
characteristic of facial geometry.’ These complexes 
show one v(C=O) as a medium intensity band in 
the region 1606-1598 cm-‘. The v(M) 
vibrations in most simple organic aldehydes, acids 
and esters are observed at much higher frequen- 
cies. lo The carboxylate carbonyl resonances in the 
13C NMR spectra of 2a-d are observed at relatively 
low fields (6 218-197) compared to organic car- 
bony1 compounds. The low v(C=O) vibrations in 
the IR spectra and lower field chemical shifts in the 
13C NMR spectra of 2ad may be attributed to 
significant contributions from their carbene res- 
onance forms : 

89-90% yield. The reactions may proceed through 
the following sequence : ’ * 

Ho 
M-C - 

‘OR 

Alkoxycarbonyl complexes containing the phos- 
phorus atoms in five-membered rings (la and 2c) 
decompose in benzene solution and are less reactive 
than the alkoxycarbonyl complexes containing the 
phosphorus atoms in six-membered rings (lb and 
Id). The identity of the decomposition product of 
la is not known ; however, lc cleanly converts to 
a bridging carbonato dimer, [Re(CO),(dppe)]&- 
03C), whose full characterization will be reported 
elsewhere. All the alkoxycarbonyl complexes slowly 
ionize in CH2C12 to give the corresponding cationic 
complexes. 

Carbamoyl complex 

Treatment of the cationic complex lb with n- 
C3H,NH2 [eq. (l)] readily affords the carbamoyl 
complexfac-Mn(CO)3(dppp)C(0)NHCJH7 (2e) in 
87% yield. The IR spectrum shows three strong 
v(w) vibrations characteristic of facial geometry 
and a medium intensity v(C==O) at 1549 cm- ‘. The 
NH proton in the ‘H NMR spectrum is observed 
as a triplet. The carbamoyl carbon resonance in the 
13C NMR spectrum is observed as a triplet at 6 
213.3 in the same region as those of 2a-d. Rather 
surprisingly, the amide linkage in 2e ionizes in 
CH2C12 to the corresponding cation. Analogous 
ionization has been observed for a related complex, 
Re(~5-C5H5)(CO)(N,)C(0)NH2.1’ 

Isocyanato complexes 

Reactions of the cationic complexes la-c with 
sodium azide give the isocyanato complexes 2f-b in 

[M-CmO]+ L [MeNQd -N2z-- Y-N-C-0 
8 

Unlike a similar reaction of the molybdenum com- 
plex [Mo(~5-C5Me5)(CO)3(PPh3)][BF,],‘3 no azido 
complexes, M-N3, are formed. The IR spectra of 
2f-b exhibit the three strong v(C+O) vibrations 
associated with facial geometry as well as one strong 
v(NC0) in the expected range 2242-2233 cm- ‘. I3914 
The isocyanato carbon resonances in the i3C NMR 
spectra of 2f and 2b occur at 6 128.6 and 127.7, 
respectively, consistent with the N-C-O linkage 
rather than the possible alternate O-N-C 
linkage. I4 The complex 2f reacts with HBr, HOTS 
and formic acid affording the bromo, tosylate and 
formate complexes, respectively [eq. (2)]. 

Mn(CO),(dppe)NCO + HX --+ 

2f 

MWO) 3(dppe)X (2) 
3 

3a X = Br 
3b X = OTs 
3c X = OC(O)H 

These results are consistent with those reported for 
the reaction of the nitrosyl cationic rhenium iso- 
cyanato complex, [Re(L)(NO)(CO)(NCO)]+ (L = 
1,4,7-triazacyclononane), with HBr, HOTf and 
formic acid which also gave the bromo, triflate 
and formate complexes, respectively. l5 The com- 
plexes 3a16 and 3b” synthesized by alternate routes 
have been characterized previously. The IR spec- 
trum of 3c exhibits three strong v(C&) vibrations 
characteristic for facial geometry and one strong 
v(C=O) at 1613 cm-‘. The ‘Hand 13C NMR spec- 
tra show the formate proton resonance at 6 8.35 
and carbon resonance at 6 167.6, respectively. 

X-ray structure of fat-Mn(CO),(dppp)C(O)OEt 

(2h) 

A thermal ellipsoid plot of 2b is shown in Fig. 1. 
The atoms connected to the manganese atom define 
a distorted octahedral geometry. The equatorial 
plane of the octahedron is occupied by two carbon 
monoxide ligands and the two phosphorus atoms 
of the chelating dppp ligand. One of the axial sites 
is filled by a third carbon monoxide ligand. The 
ethoxy-carbonyl group -C(O)OEt has been built 
into the remaining axial position. Some selected 
bond distances and angles of 2b have been compiled 
in Table 1. The Mn-P distances of 2.346(l) and 
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Fig. 1. Perspective drawing of the molecule fat-Mn(CO),(dppp)C(O)OEt (2b). 

2.340(l) A are nearly equivalent. The cor- 
responding tram Mn-CO distances of 1.808(2) 
and 1.805(3) 8, in the equatorial plane are nearly 
equal, but the axial Mn-CO distance of 1.814(2) 
w is slightly longer. For comparison, the cor- 
responding Mn-P, tram Mn-CO and axial 
Mn-CO distances in the related fat- 
[Mn(CO),(dppp)C(OH)CH,][OTf] are 2.356(l), 
2.357(l), 1.796(5), 1.805(6) and 1.852(4) A, respec- 
tively. I8 The longer Mn-P and axial Mn-CO 
bonds in the cationic hydroxycarbene are attributed 
in part to a decrease in n-back-bonding to the 
diphosphine and to the axial CO as a result of the 
cationic nature of the complex and the strong rc- 
acceptor ability of the hydroxycarbene (vs ethoxy- 
carbonyl) ligand. The Mn-C (carboxylate) dis- 
tance of 2.059(2) A in 2b and Mn-C (carbene) 
distance of 1.968(4) A in the hydroxycarbene are 
consistent and reflective of the inability of the 
ethoxycarbonyl ligand to compete effectively for 
metal &c-electron density. The Mn-C (car- 
boxylate) bond in 2b exhibits essentially minimal 
multiple-bond character, and compares favourably 
with the single bond distances of 2.05(l) and 2.06(l) 
A in cis-Mn(CO),(Ph,)C(O)OMe’ 9 and 2.062(7) A 
in Mn(CO),[P(OPh),]C(0)CH,.4” The bond dis- 
tances and angles in the ethoxycarbonyl ligand are 
unexceptional and the ethoxycarbonyl is in the 
expected conformation, i.e. with the sterically more 

demanding ethoxy group oriented over the 
Mn(CO), equatorial plane rather than over the 
Mn(dppp) unit. 

X-ray structure of fat-Mn(CO),(dppe)NCO (2f) 

The molecular structure of 2f is shown in Fig. 
2 and like 2b, also possesses a facial octahedral 
coordination geometry about the metal atom. The 
dppe is in the equatorial plane and one of the axial 
sites is occupied by the isocyanato ligand. To our 
knowledge, this is the first example of a complete 
crystallographic analysis of a low-valent man- 
ganese(1) isocyanato complex. Some selected bond 
distances and angles of 2f are shown in Table 2. 
The Mn(C0) and Mn(dppe) distances and angles 
are normal. The most interesting feature of 2f is the 
bound isocyanato ligand. The Mn-N, N-C and 
C-O distances are 1.993(6), 1.129(9) and 1.217( 10) 
A, respectively. These distances may be compared 
to 2.051(5), 1.157(8) and 1.203(8) A in the man- 
ganese(II) compound [Mn,(tren),(NCO)d[BPh4],,20 
and 1.934(3), 1.171(5), 1.193(5)/1.918(3), 1.164(5) 
and 1.223(5) A observed in the manganese(W) 
complex Mn(TPP)(NC0)2.21 The NC0 ligands in 
all three of these compounds are linear with 
N-C-O angles of 178.9(g), 178.8(7) and 176.5(4)/ 
176.3(5)O for 2f, [Mn2(tren)2(NCO)2][BPh4] and 
Mn(TPP)(NC0)2, respectively. It is interesting to 



2058 Table 1. Selected bond distances (A) and angles (“) for fuc-Mn(CO), 

(dppp)C(WEt (2b) 

Mn-P( 1) 2.346( 1) 
Mn-P(2) 2.340(l) 

Bond distances 

P(2)--c(28) 
WI--W) 

1.830(2) 
1.131(3) 

Mn-Cii) 
Mn-C(2) 
Mn-C(3) 
Mn-C(4) 

P(l&c(7) 
P(lk--WO) 
WW(l6) 
P(2)-C(9) 
P(2)--c(22) 

1.808(2) o(2)-ci2 j 
1.805(3) 0(3)--c(3) 
1.8 14(2) 0(4)--c(4) 
2.059(2) 0(5)-C(4) 
1.844(2) 0(5)--c(5) 
1.836(2) C(5)-C(6) 

.145(3) 

.152(3) 

.212(3) 

.371(3) 

.449(3) 

.492(5) 
1.840(2) C(7)-C(8) 1.531(3) 
1.838(2) C(8)---C(9) 1.530(4) 
1.844(2) 

P( I)-Mn-P(2) 
P(l)-Mn-C(1) 
P(2)--Mn-C(l) 
P( l)-Mn-C(2) 
P(2)-Mn-C(2) 
C( I)--Mn-C(2) 
P( l)-Mn-C(3) 
P(2)-Mn-C(3) 
C(l)--Mn-C(3) 
C(2)-Mn-C(3) 
P( l)--Mn-C(4) 
P(2)--Mn-C(4) 
C( 1 )-Mn-C(4) 
C(2)-Mn-C(4) 
C(3)--Mn-C(4) 
Mn-P( 1)-C(7) 
Mn-P( l)-C( 10) 

C(7)-P(l)--C(10) 
Mn-P(l)--C(16) 

Bond angles 

91.4(l) C(7)_P(l>-C(16) 
175.5(l) C(lO)-P(l)-C(16) 
86.1(l) Mn-P(2)-C(9) 
94.9( 1) Mn-P(2)-C(22) 

171.9(l) C(9)-P(2bC(22) 
87.3(l) Mn-P(2)-C(28) 
93.5(l) C(9)-P(2W(28) 
96.4( 1) C(22>--P(2)--c(28) 
90.5( 1) C(4)--0(5)--c(5) 
88.4(l) Mn-C(l)-O(1) 
86.6( 1) Mn-C(2)--0(2) 
88.4( 1) Mn-C(3)-O(3) 
89.6( 1) Mn-C(4)--0(4) 
86.7(l) Mn-C(4)--0(5) 

175.1(l) 0(4W(4)--0(5) 
118.0(l) 0(5)--c(5)-‘.?6) 
116.7(l) P(l)-C(7>--c(8) 
101.9(l) C(7)_C(8>-c(9) 
114.4( 1) P(2)-C(9)_C(8) 

101.3(l) 
102.1(l) 
117.4( 1) 
115.5(l) 
99.6( 1) 

114.1(l) 
105.5(l) 
102.8(l) 
118.3(2) 
177.5(2) 
173.4(2) 
173.0(2) 
130.5(2) 
111.2(l) 
118.4(2) 
106.2(2) 
115.5(l) 
113.5(2) 
116.0(2) 

Cl161 

Fig. 2. Perspective drawing of the molecule Sac-Mn(CO),(dppe)NCO (2f). 



Synthesis of&-M(CO),(P-P)Z 

Table 2. Selected bond distances (A) and angles (“) for fat-Mn(CO), 

(dppe)NCO (20 
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Bond distances 

Mn-P( 1) 2.341(2) P(2)-C(6) 
Mn-P(2) 2.329(2) P(2~xl9) 
Mn-N( 1) 1.993(6) P(2w(25) 
Mn-C( 1) 1.797(7) wF--C(1) 
Mn-C(2) 1.802(8) 0(2)--c(2) 
Mn-C(3) 1.808(7) 0(3)-C(3) 
P(l)--C(5) 1.816(7) 0(4)--c(4) 
P(l)_C(7) 1.840(8) N(lFC(4) 
PU>--c(l3) 1.822(8) C(5tC(6) 

Bond angles 

P( l)-Mn-P(2) 84.4( 1) C(5)-P( 1 )-C(7) 
P(l)--Mn-N(1) 89.5(2) Mn-P(l)--C(13) 

1.847(7) 
1.823(7) 
1.829(7) 
1.150(9) 
1.152(10) 
1.147(9) 
1.217(10) 
1.129(9) 
1.535(10) 

105.4(4) 
119.6(3) 

P(2)-Mn-N( 1) 
P(l)-Mn-C(l) 
P(2)-Mn-C( 1) 
N(I)--Mn-C(l) 
P( I)-Mn-C(2) 
P(2)--Mn-C(2) 
N( l)-Mn-C(2) 
C(l)---Mn-C(2) 
P( I)-Mn-C(3) 
P(2)-Mn-C(3) 
N(l)--Mn-C(3) 
C(l)--Mn-C(3) 
C(2)-Mn-C(3) 
Mn-P(l)--C(S) 
Mn-P(l)-C(7) 

86.3(2) 
87.7(3) 
9 1.0(2) 

176.3(3) 
174.6(2) 
91.8(2) 
94.1(3) 
88.5(3) 
93.5(3) 

174.5(2) 
88.6(3) 
94.0(3) 
90.6(4) 

106.2(3) 
117.0(2) 

C(5)-P(lFC(l3) 
C(7)-P(lFC(l3) 
Mn-P(2)-C(6) 
Mn-P(2)-C( 19) 

C(6)-P(2)-C( 19) 
Mn-P(2)-C(25) 

C(6)-P(2W(25) 
C(l9>-P(2W(25) 
Mn-N( 1)-C(4) 

Mn-C(l)--O(l) 
Mn--C(2W(2) 

Mn-C(3W(3) 
0(4)_C(4FN(l) 
P( 1 )-C(5)---C(6) 
P(2>--c(6)-C(5) 

103.6(3) 
103.4(4) 
106.9(2) 
121.4(2) 
105.0(3) 
115.8(2) 
106.1(3) 
100.3(5) 
175.5(6) 
176.8(7) 
176.0(6) 
177.2(7) 
178.9(8) 
108.9(5) 
107.3(5) 

note that the NC0 ligand in 2f is linearly bound 
rather than markedly bent as in the latter two com- 
pounds, e.g. the Mn-N-C angle in 2f is 175.5(6)” 
vs 158.3(5) and 136.5(3)/133.1(3) for the latter two 
complexes. All of these structural features of the 
Mn-NC0 unit in 2f suggest that there is a sig- 
nificant contribution of the resonance form B to the 
observed bonding of the isocyanato ligand : 

:&C=@ 
.s 

-:NE C-Q: 

A B 

Although it is difficult to distinguish NC0 from 
OCN ligation by X-ray only, the fact that the N-C 
distance is much shorter than the C-O distance, 
as well as the 13C NMR data mentioned earlier, are 
consistent with the NC0 sequence. This problem 
has been addressed previously. I4 

EXPERIMENTAL 

General 

All reactions were carried out under an atmo- 
sphere of argon. Solvents were muified bv standard 

methods. The IR spectra were recorded on a 
Perkin-Elmer 1600 Series FT-IR instrument. 
NMR spectra were recorded on a Bruker AC 250 
(250.133 MHz, ‘H ; 62.896 MHz, 13C) spectrometer. 
Melting points were recorded on a Mel-Temp 
apparatus and are uncorrected. Microanalyses 
were performed by Galbraith Laboratories, Inc. 

Starting materials 

Mn,(CO), ,,, Re*(CO) , o, 1,2-bis(diphenylphos- 
phino)ethane (dppe) and 1,3-bis(diphenylphos- 
phino)propane (dppp) were purchased from com- 
mercial sources (either Pressure or Strem Chemical 
Co.). HBr (48% aqueous solution), p-toluene- 
sulphonic acid monohydrate and NaN, were pur- 
chased from Aldrich. Fac-Mn(CO),(P-P)Br’6 and 
fat-Re(CO),(dppe)Br*’ were prepared according 
to literature procedures. 

Preparation of fat-Re(CO),(dppp)Br 

Re(CO)gBr23 (1.0 g, 2.462 mmol) and dppp 
(1 .015 g, 2.460 mmol) were mixed with benzene (100 
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Table 3. Crystallographic data for fac-Mn(CO)3(dppp)C(0)OEt (2b) and fac- 

Mn(CGMdppe)NCG (2f) 

Compound 2b 2f 

Formula CjjH3,MnGsP2 
fw 624.52 
Space group PT (No. 2) 

a (A) 9.974( 1) 

b (A) 11.215(l) 

c (A) 14.171(2) 

c? (“) 80.258(g) 
::: 0 77.532(8) 81.041(g) 

v (A’) 1513.6(3) 
z 2 
&. (g cm- ‘) 1.37 
p (cm- ‘) 5.60 
Temperature (K) 294 
Radiation (A, A) MO-K, (0.71073) 
hkl limits f12, f14, +18 
Refls collected 7264 
Independent refls 6981 
Ri,t 0.0271 

Data/parm 13.6 
R 0.0332 
R, 0.0468 

Cx0H,,MnNG4P2 
579.43 
Pbca (No. 61) 
21.921(3) 
16.756(3) 
15.056(2) 

5530(l) 
8 
1.39 
6.06 
294 
MO-K, (0.71073) 
+28, +21, +19 
7016 
6371 
- 

8.8 
0.0879 
0.0719 

polarization effects but not for absorption or ex- 
tinction. The structure was solved by heavy-atom 
methods. The minimum and maximum features 
on the final difference map were -0.45 and 0.53 e 
Ae3, respectively. 

1. 

2. 

3. 

4. 

5. 
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