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Abstract 

The new crystalline complexes [CfiCO)s{M(NR,)J] [NR, = NCMe,(CH,),CMe, and M = Ge (1) or Sn (2)l and cis- 
[Cr(CO),(Sn(NR’,),),] (R’ = SiMe,) (3) are reported. Compounds 1 and 2 were prepared from [Cr(COsXTHF)] and M(NR,),, 
while treatment of [Cr(CO),_,(NCMe),,] [a ca. 12: 6: 1 mixture of n = 1, 2 cc&), and 3, respectively] with an excess of Sn(NR’,), 
yielded a 2 : 1 mixture of [Cr(CO),(Sn(NF$,),]] and the less pentane-soluble 3. Compounds l-3 have been fully characterized. In 
crystalline 3, having I((Cr-Sn)) 2.557(l) A and I[Cr-C(trans to Sn)] shorter than Z[Cr-C(ci.s to Sn)], there is significant departure 
from octahedral coordination around Cr [Sn-Cr-Sn’ 101.37(3Y’]; the N-Sn-N’ bond angles [av. 105.0(2Y are essentially identical 
to that in crystalline Sn(NR;),, although I((Sn-N)) in 3 is slightly shorter than in the free ligand. 

1. Introduction 

The majority of papers in this series have dealt with 
monomeric bivalent Group 14 metal complexes MX,, 
where M = Ge, Sn or Pb and X- is a bulky monohapto 
C-, N-, 0-, or S-centred ligand. These V-shaped MX, 
molecules have both a low-lying HOMO (the stereo- 
chemically active M-centred lone pair) and LUMO 
(the pr orbital); hence they show a wide range of 
reactivity [l]. 

There have been four reviews dealing explicitly with 
transition metal (M’) complexes based on MX, [l-4]. 
In our 1990 survey [2] we identified seven types of 
reaction between MX, and a transition metal complex, 
leading to compounds having one or more of the 
following bonds: M’-MX,. M’&-MX,)M’, M’- 
MX,X’, L,M’-M, M’-X, MYHXMX, - H+), or 
M’(HNX, - H+]X’]; additionally, MX, may act as a 
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dechlorinating reagent towards L,M’-Cl. Earlier parts 
of this series devoted to this topic were concerned 
with: (i) [M’(CO),(MR,)] [M’ = Cr or MO, R = 
CH(SiMe,),], truns-[M’(CO),(MR,),l (M’ = Cr, MO, 
or WI, and [Mo(q-C,H,XCO),(SnR,X)] (X = H or 
Me) [5]; (ii) M’ complexes having M(NR’,), (R’ = 
SiMe,) as ligand [61; (iii> [Pb{MoCp(CO),],Ll [Cp = v- 
C,H,, T-CsMe,, or +,H&iMe,),-1,3; L is absent 
or L = II-IF] 171; and (iv) [Fe(rl-C,H,XCO),(MR,XIl 
(M = Sn or Pb; X = H, F, Cl, Br, I, or,OMe) [8]. 

This paper is concerned with the complexes 
[Cr(CO),{M(NR,),}] [M = Ge (1) or Sn (2) and NR, 

= NCMe,(CH,),CMe,] and cis-[Cr(CO),{Sn(NR’,)321 
(R’ = SiMe,) (3). Bis(2,2,6,6-tetramethylpiperidinato)- 
germanium and -tin were described in part 14 [9]; their 
crystal structures have been determined (Ge [lo] and 
Sn 191). 

Initially an objective was to attempt to obtain 16- 
electron carbonylchromium(0) complexes, such as 
[Cr(CO),L,l or [Cr(COI,L,l [L = M(NR,),l. 

Complexes of SC, Cr’, MO’, W”, Rh’, Ir’, Pd’, and 
Pt” have been reported in which Sn(NR’,), (R’ = 
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SiMea) behaves as a ligand; X-ray data are available on 
five of them; c/s-[RhCI(PPh3)2{Sn(NR'2)2}], [M'{Sn- 
(NR'2)z} 3] ( M ' =  Pd or Pt), and [(M'(CO){/.t-Sn- 
(NR'2)2}) 3] [2]. The only octahedral bis(stannylene)- 
metal complexes to have previously been obtained in- 
variably has the trans configuration: [M'(CO)4{Sn- 
(NR~)2} 2] ( M ' =  Mo or W) [6] and [M'(CO)a(MR2) 2] 
[M' = Cr, Mo, or W; R = CH(SiMe3) 2] [5,11]. 

2. Experimental details 

2.1. Materials and procedures 
All manipulations were carried out under argon by 

use of a high vacuum manifold and conventional 
Schlenk techniques. Solvents were dried and distilled 
over sodium/benzophenone (C6H6, Et2 O, or THF) or 
N a / K  alloy (C5H12) prior to use. NMR spectra were 
recorded on a JEOL PFT 100 (1 and 2) or a Bruker 
AC 250SY (3) instrument, and IR spectra on a 
Perkin-Elmer 1710 FT spectrometer, and mass spectra 
were obtained with an AEI MS30 instrument. The 
amides M[lqCMez(CH2)3CMe2] z (M = Ge or Sn) [9,10] 
and Sn[N(SiMe3)2] z [12], and [NEt4][Cr(CO)5I] [13] 
were prepared by literature procedures. 

2.2. Preparation of [Cr(CO)5{Ge[NC~,Ie2(CH2) 3- 
CMe21211 (1) 

Silver tetrafluoroborate (0.30 g, 1.5 mmol) was added 
to tetraethylammonium pentacarbonyl(iodo)chromate- 
(0) (0.68 g, 1.5 mmol) in tetrahydrofuran (15 cm3). The 
mixture was stirred for 3 days at ambient temperature 
and was then filtered. The orange filtrate was evapo- 
rated almost to dryness at 25°(2/0.1 Torr. Diethyl ether 
(30 cm 3) was added to the residue, followed by 
bis(2,2,6,6-tetramethylpiperidinato)germanium(II) (0.53 
g, 1.5 mmol). The mixture was stirred for ca. 16 h. 
Volatiles were removed at 25°C/10 -1 Torr and pen- 
tane (ca. 15 cm 3) was added to the residue. Filtration 
y/elded an orange filtrate, which when cooled to - 78*C 
gave orange crystals of the title complex 1 (0.30 g, 
38%), m.p. 136-139°C. Anal. Found: C, 49.9; H, 6.32, 
C23H36CrGeN205 calc.: C, 50.7; H, 6.61%. 

2.3. Preparation of [Cr(CO)s{Sn[NCMe2(CH2)3- 
CMe2]2}] (2) 

Bis(2,2,6,6-tetramethylpiperidinato)tin(II) (1.08 g, 
2.7 mmol) was added to a solution of [Cr(CO)5(THF)] 
(2.7 mmol) in diethyl ether (30 cm3), prepared in situ 
in a similar fashion from [NEt4][Cr(CO)~I] (1.22 g) and 
Ag[BF 4] (0.53 g). Volatiles were removed at 25°C/10-1 
Torr and pentane (10 cm 3) was added to the residue. 
When the orange filtrate was cooled to - 78°C orange 
crystals of the title complex 2 (0.27 g, 15%) were 
obtained; decomp. > 70°C. Anal. Found: C, 46.6; H, 

5.77; N, 4.63. C23H36CrN205Sn calc.: C, 46.7; H, 6.09; 
N, 4.73%. 

2. 4. Preparation of cis-[Cr(CO)4{Sn[N(SiMe j) 2 ]2 } 2 ] (3) 
Attempted synthesis of [Cr(CO)3(NCMe) 3] by the 

procedure described in [14], involving heating of 
[Cr(CO)6] with an excess of acetonitrile for 40 h yielded 
a white, pyrophoric solid, identified from its IR and 1H 
NMR spectral and mass spectrometric data as a mix- 
ture of [Cr(CO)5(NCMe)], c/s-[Cr(CO)4(NCMe)2], and 
[Cr(CO)a(NCMe)3] in a ratio of ca. 12:6:1 (from 
integration of the 1H NMR signals characteristic of 
each complex) and [Cr(CO)6]. A solution of this mix- 
ture (0.50 g, 1.93 mmol) and bis[bis(trimethylsilyl- 
amido)]tin(II) (2.54 g, 5.79 mmol) in n-hexane (10 cm 3) 
was prepared at 25°C. The orange colour of the tin 
amide persisted for ca. 2 h (although darkening began 
after ca. 20 rain) but then gradually gave way to a deep 
red; the solution was set aside for 48 h. Removal of the 
volatiles at 25°C/10 -2 Torr yielded a red oil, which 
upon crystallization from a concentrated diethyl ether 
solution at -18°C, afforded red crystals which were 
recrystallized from n-pentane at -18°C to yield the 
title compound 3. Anal. Found: C, 31.0; H, 6.56; N, 
5.05. C2sH72CrN404SisSn 2 calc.: C, 32.2; H, 6.96; N, 
6.37%. Solution IR and 1H NMR spectroscopic data 
on the red solution prior to removal of the volatiles 
showed that it was a mixture of [Cr(CO)5{Sn(NR'2)2}] 
and c/s-[Cr(CO)4{Sn(NR'2)2} 2] (3) in the ratio of 2 : 1. 

2.5. X-Ray structure determination for cis- 
[Cr(CO4{Sn[N(SiMe3)2]2}] (3) 

Data were collected, using a crystal sealed in a 
capillary under argon, on an Enraf-Nonius CAD4 
diffractometer in the 0-20 mode with A0 = (0.8 + 0.35 
tan 0) ° and a maximum scan time of 1 min. A total of 
5634 unique reflections was measured for 2 < O < 22 ° 
and + h + k + l ,  and 4601 reflections with IF  21> 
3cr(F 2) were used in the refinement where or(F 2) = 
{o.2(1) + (0.04i)2}1/2/Lp. There was no crystal decay. 
A correction (max 1.15, min 0.83) for absorption was 
applied using DIFAaS [15] after isotropic refinement. 

The structure was solved by using the heavy atom 
routines of Sr~ELXS-86 [16] and non-hydrogen atoms 
were refined with anisotropic thermal parameters by 
full-matrix least-squares using programs from the En- 
raf-Nonius SDP-PLUS package. Hydrogen atoms were 
held at calculated positions with Ui~ o = 1.3 Ueq for the 
parent atom. Final parameters were R = 0.035, R ' =  
0.047, S = 1.5, 424 variables. Z w ( I F  o I - I Fc I) 2 mini- 
mized, w = 1/or2(F)~ (A/Or)ma x = 0.03 and  (Ap)max,mi n 
= +0.72, -0 .54 e A -3. Tables of H atom positions, 
thermal parameters, and structure factors are available 
from one of the authors (P.B.H.). 
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Fig. 1. 

as did [M’(CO),{M(CHR’&,l (M’ = Cr and M = Ge, 
or M’ = Cr or MO and M = Sn) [5]; but none of these 
complexes has been authenticated by X-ray. The pre- 

TABLE 1. Selected intramolecular distances (A) with estimated 
standard deviations in parentheses, for ci.s-[Cr(CO),(Sn[N(Si- 

Me3L&l (3) 

SnWCr 2.566(l) 
Sn(l)-N(2) 2.057(5) 
Sn(2)-N(3) 2.039(5) 
Cr-C(l) 1.891(7) 
Cr-C(3) 1.843(6) 
Si(l)-N(1) 1.752(5) 
Si(Z)-N(1) 1.742(5) 
Si(3)-N(2) 1.737(5) 
Si(4)-N(2) 1.748(5) 
Si(5)-N(3) 1.750(6) 
Si(6)-N(3) 1.753(6) 

Si(7)-N(4) 

Si(8)-N(4) 

oW-c(1) 

0(3)-c(3) 
S&)-N(l) 
Sn(2)-Cr 
Sn(2)-N(4) 

Cr-C(2) 
Cr-C(4) 

0(2)-c(2) 
0(4)-C(4) 

1.741(5) 

1.735(5) 
1.131(8) 
1.162(7) 
2.041(4) 
2.549(l) 
2.069(5) 

1.872(6) 
1.852(7) 
1.43(8) 
1.157(8) 

TABLE 2. Selected intramolecular angles (“1, with estimated stan- 
dard deviations in parentheses, for c~-[Cr(CO),{Sn[N(SiMe,),12)21 

0) 

Cr-Sn(l)-N(1) 
N(l)-S&)-N(2) 
Cr-Sn(2)-N(4) 
Sn(lbCr-Sn(2) 
SnW-Cr-C(2) 
SnW-Cr-C(4) 
Sn(2)-Cr-C(2) 
Sn(2)-Cr-C(4) 
C(l)-Cr-C(3) 
C(2)-Cr-C(3) 
C(3)-Cr-C(4) 
Sn(l)-N(l)-Si(2) 
Sn(l)-N(2)-Si(3) 
Si(3)-N(2)-Si(4) 
Sn(2bN(3)-Si(6) 
Sn(2)-N(4)-Si(7) 
Si(7)-N(4)-Si(8) 
Cr-C(2)-O(2) 
Cr-C(4)-O(4) 

131.9(l) 
104.8(2) 
121.4(l) 
101.37(3) 

91.0(2) 

87.6(2) 
86.6(2) 

171.1(2) 
92.4(3) 
89.8(3) 
85.5(3) 

118.6(3) 
121.9(3) 
120.0(3) 
118.4(3) 
121.6(2) 
120.0(3) 
178.1(5) 
176.4(5) 

Cr-S&)-N(2) 
Cr-Sn(2)-N(3) 
N(3)-Sn(2)-N(4) 
SnW-Cr-C(l) 
Sn(l)- Cr-C(3) 
Sn(2)-Cr-C(l) 
Sn(2)-Cr-C(3) 

C(l)-Cr-C(2) 
CWCr-C(4) 
C(2)-Cr-C(4) 
SdlbN(l)-SW 
SW-NW-Si(2) 
SnWN(2)-Si(4) 
Sn(2bN(3)-Si(5) 
Si(5)-N(3)-Si(6) 
Sn(2)-N(4)-Si(8) 
Cr-C(l)-00) 
Cr-C(3)-O(3) 

122.6(l) 

132.1(l) 
105.2(2) 

87.0(2) 
173.1(2) 
91.8(2) 

85.5(2) 
177x3) 
89.1(3) 
92.9(3) 

121.4(2) 
119.9(3) 
116.0(3) 
122.0(3) 
119.6(3) 
116.4(2) 
177.1(6) 
177.9(6) 

sumption that the rrun.s isomer is preferred appeared 
to be reasonable on steric grounds. In the case of the 
related Cr, MO, or W carbene complexes such as 4, 
both cis and truns isomers are firmly established, the 
cis being converted to trans photochemically, whereas 
the reverse process occurs on heating 1181. Indeed, 

TABLE 3. Fractional atomic coordinates (X 104) and equivalent 
isotropic thermal parameters (AZ X 103) for cis-[Cr(CO),(Sn[N(Si- 

Me3),12121 (3) 

Atom x Y Z u a =I 

SnW 1686.2(2) 232.2(4) 2131.4(2) 

Sn(2) 
Cr 
Si(1) 
Si(2) 
Si(3) 

Si(4) 
Si(5) 
Si(6) 
Si(7) 
Si(8) 

O(l) 

O(2) 
O(3) 
O(4) 
N(l) 
N(2) 
N(3) 

N(4) 
C(l) 
C(2) 
C(3) 
c(4) 

c(5) 
c(6) 

C(7) 
C(8) 
C(9) 
c(10) 

c(11) 
C(12) 
C(13) 
C(14) 
c(15) 
c(16) 
c(17) 
c(18) 
cx19) 

Ct20) 
CW 
CC221 
C(23) 
c(24) 
c(25) 
c(26) 
c(27) 
c(28) 

3117.6(2) 
2157.3(4) 
1086.8(7) 
1497.3(g) 
1810.0(9) 

743.8(8) 

3685.1(g) 
4102.2(g) 
3460.2(g) 
3865.8(8) 

2109(2) 
2208(2) 
2568(2) 
1102(2) 
1411(2) 
1398(2) 
3657(2) 
3546(2) 
2140(2) 

2186(2) 
2416(2) 

1500(2) 
888(3) 

1502(3) 

470(3) 
2123(3) 

943(4) 

1560(4) 
1713(4) 
1701(4) 

2511(3) 
695(3) 

340(3) 
430(4) 

3403(4) 
3317(3) 
4383(4) 

4713(3) 
3788(3) 
4292(4) 
2919(3) 
3294(4) 
4073(3) 
3417(3) 
4095(3) 

4450(3) 

- 197.6(4) 
-330.4(g) 

-2013.5(17) 
- 200.1(17) 
2999.7(17) 
2074.1(19) 
1978.9(19) 
1278.2(20) 

- 2342.4(18) 

- 2315.4(17) 
2158(4) 

- 2794(4) 
- 1031(5) 

- 618(5) 
- 715(4) 

1846W 
1080(4) 

- 1638(4) 
1231(6) 

- 1855(5) 
- 744(6) 

- 506(6) 
- 2207(7) 

- 3253(6) 
- 2086(8) 

601(7) 

748(g) 
- 1360(7) 

4171(6) 

3600(6) 
2585(7) 
2424(9) 

7748) 
3239(g) 
3407(7) 
141M8) 
2136(9) 

414(g) 
888(8) 

2813(8) 
- 1677(7) 
- 3878(7) 
- 226x9) 
- 3295(7) 
- 1246(7) 
-3128(g) 

3260.4(2) 
3474x(5) 
1261.6(11) 
262.9(10) 

1796.5(11) 

2015.6(12) 
4266.1(14) 
2788.7(14) 
2180.0(11) 
3888.7(11) 

3909(3) 
2997(3) 

5107(2) 
4017(3) 
1177(2) 
1883(3) 
3458(3) 
3070(3) 
3740(3) 
3166(3) 
4477(3) 

3784(3) 
2247(4) 

1090(4) 
56ti5) 
318(4) 

- 145(5) 
- 45 l(4) 

2490(5) 
791(4) 

2007W 

3049(5) 
1792(6) 
1395(6) 
4022(6) 

50434) 
4746(6) 

3039(6) 
1804(5) 

2700(6) 
1505(4) 

2264(5) 
1704(4) 
4321(4) 
4657(4) 
3686(5) 

37.20) 
38.6(l) 

37.00) 

550) 
580) 

630) 
670) 
750) 
760) 
590) 
58(l) 
72(3) 
70(3) 

77(3) 
86(3) 
43(2) 
46(3) 
53(3) 
47(3) 
47(3) 
45(3) 

50(3) 
52(3) 
72(4) 
7ti4) 
88(5) 
79(5) 

102(6) 

98(5) 

87(5) 
91t51 
81(5) 

113(6) 

109(6) 
113(6) 

lOti 
87(5) 

128(7) 

104(6) 
90(5) 

128(7) 
67(4) 

loo(6) 
103(6) 

85(5) 
86x5) 
98(5) 

a U,, is defined as one-third of the trace of the orthogonalized qj 
tensor. 



XL. Ellis et al. / Subvalent Group 14 metal compounds. XV 99 

cis-[cr(co),(LxL’)1 complexes are generally thermody- Plastics Division and Dr. P.J.V. Jones for CASE sup- 
namically preferred to the tram isomers. port for S.A.H. 

3.3. The crystal structure of cis[Cr(CO),{Sn[N- 
(SiMe,),12},l (3) 
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