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SUMMARY
The structures of the title compounds

cis-Cr{C(OEt)[ C(OH)CS(CH,) ,S]}(CO), (I) and

. | sy —— ] |
fac-Cr{ C(OEt)[ C(OEt)ES(CH,) ;5] ] (CNCMey) (CO) 5 (II) have been

determined from three dimensicnal X-ray data and confirm
that their formation can be rationalized in terms of path—'
ways involving respectively carbonyl insertion and double
carbonylation. Rgfinement of the structures converged to
final R-indices of 5.8 and 4.0% for respectively 1473 and

2650 independent reflections.

». . For part’I, see ref. 1.
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The crystals of I'are monoclinic, space group C2/c, with

2 = 8 in a unit cell of dimensions : a 20.19(2), b 7.22(1), -
c 22.10(2) R, 8 = 106.9(1)°. For II the crystal data are:
triclinic, space group Pl, cell constants a 12.329(9),

b 9.605(6), ¢ 9.637(6) &, a 105.6(1), 8 95.0(1), v 94.9(1°,
zZ = 2. Although part of chelating ring systems, the car-
bene carbon-donor atoms have similar bonding characteris—
tics to carbon donors in simpler alkoxycarbene complexes,
and have Cr-C bond lengths comparable to the chromium-

isonitrile linkage.

Introduction

We have recently [ 2,3] reported the synthesis of cis-[1,3~
dithian—2-ylidene (hydroxy)methyl (ethoxy)carbene-C,S] -
tetracarbonylchromium(0) (I) and fac-{[1,3-dithian-2-
vlidene (ethoxy)methyl (ethoxy) carbene-C,S] t—-butylisocyanidel
tricarbonylchromium(O) (XII), according to the following

reactions:

(i) rica(srYHr?

1,.2
Cricole (35) (E£,0)BF, ¢riC(OEL)[ C(OH)C(SRIRTIF(CO) , (1)
1.2 _
(for I, R'R® = (CH,),S)
. .3
2,1 _(i)2BuLi, R°NC_
CrS(CHRIRY G5y2(RE,018F,
gric(OE) C(OELIC(§RMIR?] 1 (CNRP) (cO) (2)
1
(for 11, RR? = (CH,) ;S, R> = CMej)

The compounds I and II represent the first examples of
complexes obtained according to the two new classes of
reactions which entail respgctivély so called'caxbényl e

insertion (reaction (1) prior to ‘a_lkylation) and “the: incor- :

poration of two molecules of carbon :n_onqx_ide 3 (feaéi:_j.oh;(i);




prior to alkylation). These synthetic routes can also be
used with other metal carbonyl complexes, other groups R1
and R?, other donor atoms than sulphur and, in the case of
reaction (2), with other Lewis bases than t-butyl

isocyanide [ 4]. As far as we know, the X-ray structure of
compound IY alsc represents the first example of a zerova-—

lent chromium complex containing the important isocyanide

.ligand.

Experimental

Well-shaped red and purple crystals of the compounds I

{Mol. wt. 368, mass spec.) and II (Mol. wt. 451, mass spec.)
respectively, were obtained from ether-pentane solution

(-30°%). -

Data Collection and structure determination

Crystal data: C,_ H 2Cr03s2 (I), M = 368.34. Monoclinic,

127y
a = 20.19(2), b = 7.22(1), ¢ = 22.10(2) 8, 8 = 1066.9(1);:
DC = 1.59, Dm = 1.57 g cmf3; 2 = 8. Space group C2/c(hkl;

h +k =2n; hol, 1 = 2n). &«(Mo~K ) = 10.6 cm '. 1473 inde-

pendent reflections with ¢ < 20°, 367 unobservable. Crystal

size = 0.1 x 0.15 x 0.2 mm.

C,gH,5CrONS, (IT), M = 451.52. Triclinic, a = 12.329(9),

b = 9.605(6), c = 9.637(6) R, a = 105.6(1), B = 95.0(1),

v = 94.9(1)% D_=1.38, D_ = 1.37 g cm 3, 2 = 2. Space
1

group PI (no systematic absences). u(Mo-K,) = 7.6 cm .
2650 independent reflections with 6 < 22°, 552 unobservable.

Crystal size = 0.1 x 0.1 x 0.2 mm.

The expetihe#tal conditions‘were the same for both crystals.
_Accurate cell dimensions were obtained by least-squares

gefiﬂeﬁept:§ffzsxggfieétiéhé measured on a diffractometer.
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Intensity data were collected on a Philips PW 1100 single

crystal diffractometer using graphite-monochromated Mo-K,

radiation. The w - 28 scanning technique was employed with

a scan width of 1.2% and a scan speed of 0.04%s™!. Back-

ground was counted for half the total scanning time on each
side of a reflection. Reflections were regarded as unocb-—

served with I < 20(I).

Both structures were determined by the heavy-atom method
and refined by full-matrix least—-squares, with anisotropic
thermal_parameters. The hydrogen atom positions could not
be located for (I) but in the case of (II) a2ll the hydrogen
atom positions were found in a difference map and subse-
quently refined with isotropic‘temperature factors. The
final conventional R-indices were 5.8 and 4.0% for the
compounds I and II respectively. For the Cr atom the
anomalous scattering factors of Cromer & Liberman [ 5] were
applied. BAll the calculations were performed with the XRAY
system of crystallographic computer programs [6]. Final
positional and thermal parameters are given in Tables 1, 2
and 3 and bond lengths and angles in Table 4. Lists of the
observed and calculated structufe factors are available
from the authors on request (G.J.K.)}. The values of the
thermal parameters of the hydrogen atoms for II varied be-
tween U = 6(1) and 12(1) 22. Details of least-square

planes and lines are given in Table 5.

Results and Discussion
The conformations of the two structures are illustrated by
the perspective drawings in Figs. 1 and 2. The numbering

systems are also shown.

(Continued on p. 256}
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TABLE 3

FINAL POSITIONAL PARAMETERS (x103) OF THE HYDROGEN
ATOMS IN COMPLEX IX

Atom x vy z

#(1) 1062 (4) 855(6) 363(6)
H(2) 1128(4) 999 (6) 336 (5)
H(3) 1125(5) 930(7) 86(7)
H(4) 1168 (4) 805(5) 172(5)
B(5) 1040 (4) 680 (5) -23(5)
H(6) 990 (4) 674(5) 130 (5)
B{7) 485 (4) 809 (5) =-117(5)
H(8) 485 (4) 674 (5) -27(5)
H(9) 315 (5) 777(6) -22(7)
E(10) 376 (4) 807 (5) 134 (6)
H(1l) 377(5) 931(7) 65(6)
H(12) 596 (5) 908 (6) 347(6)
H(13) 710(6) 912(8) - 429(7)
H(14) 577(6) 1139(7) 435(7)
H{(15) 702(4) 1170(6) 534 (6)
H(16) 603 (5) 1080(7) 579 (7)
H(17) 871 (4) 631 (5) 533(6)
H(18) 821 (5) 727(7) 441 (6)
H(19) 946 (5) 653(6) 392 (6)
H({20) 807(5) 287(6) 250(7)
H(21) 863(4) 358(5) 422(6)
H(22) 925(4) 393(6) 295 (6)
H(23} 692 (4} 460 (5) 477(6}
H(24) 653(5) 575(7) 385(7)
H(23) 643 (5) 389(6) 315(6)

In both complekes, which contain the group

———————
C(OEt)[C(OR)CS(CH2)3S] (R=H in I and R = Et in II)
functioning as a bidentate ligand with carbene-carbon and
sulphur donor atoms, the metal is in an approximate octa-
hedral enviromment of ligands. In complex I the other

co-o:dinatibn positions are occupied by carbonyl groups
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whereas compound II is a complex of the gggf(CO) ML, L2 3~
type where a carbonyl cis to the above mentioned chelate
riné, has been substituted by t-butyl isocyanide.

It follows from Table 5 that the co-ordinating atoms of the
chelate ring in both complexes, conform well to the best plane
througn themselves, the central metal atom and the two trans
carbonyl groups. Some displacement of the two cis carbon
donor atoms occurs from their ideal octahedral positions
which is also shown by the C(1)-Cr-C(14) angles of 173.5(I)
and 174.2°(1I). The most obvious distortion of the octa-
hedra occurs within the above mentioned plane with regard

to the position of the carbene-carbon atoms. This is illu-
strated for both complexes by the angles C(4)-Cr-S(i)

(T = 79.6, II = 80.1°), C(3)-Cr-C(4) (I = 101.7, II : 103.1°)

and C(2)-Cr-C(4) (I : 167.6, IT : 169.7°).

The chromium—C{carbene) distances of 2.004 and 2.025 R in
the two complexes, are comparable to the Cr-C{carbene) bond
lengths in Cr[C(OMe)Ph](CO)5 (2.04 S) [7] and cis-
Cr[C(OMe)Me]PPh3(C0)4 (2.00 R) [8]. Also in agreement with
these reported structure determinations, are the expected
single bond lengths for C{carbene)-C(5) (respectively

1.486 and 1.473 g for I and II) and the C(carbene)-oxygen
distances of 1.348 and 1.329 g,which are again cémparable
to the typical C(spz)—OR separation (1.36 R) in organic
esters which possesses. considerable double bond character.
In both complexes, C(5) and C(10) carbon atoms are disposed
"trans" around the C(carbene)-0 bord, in contrast to cis-
Cr[C(OHe)He]PPhB(C0)4_where the two CH3 groups are cis”
disposed [8] . The C(S)—C(S) bond lengths of ‘1.344 and
1.350 8 ‘are normal C(sz)-c(spz) double bond lengths.

'No significant double bond delocalization As - cognlsable in
(Contlnued on p- 260)
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TABLE 4

BOND LENGTHS AND ANGLES FOR THE TWO COMPLEXES I AND II

Bond lengths (&) I Ix
cr - c(1) 1.859 (13) 1.853(6)
cr - C(2) 1.891(16) 1.853(5)
Cr - C(3) 1.805(15) 1.822(5)
Ccr - C(14) . 1.817(13) 1.999(5)
cr - c(4) 2.004(12) 2.025(4)
cr - s(1) 2.384(4) 2.365(2)
c(1) - o(1) _ 1.177(15)° 1.158(8)
c(2) - o(2) 1.137(19) 1.170(6)
c(3) - 0(3) 1.189 (18) 1.178(6)
C(14) — 0(14) 1.187(17)

c(4) - 0(4) 1.348(16) 1.329(6)
0(4) - C(10) 1.492(18) 1.458(5)
c(10) - c(11) 1.491(25) 1.490 (8)
ct4) - c(5) 1.486 (18) 1.473(5)
c(5) - c(6) 1.344(19) 1.350(6)
C({5) - 0O(5) 1.376(15) 1.383(5)
S(1) - c(6) 1.771(12) 1.751(5)
S(1) -~ C(9) 1.838(12) 1.819 (6)
S(2) - c(e) 1.737(13) 1.737(4)
s(2) - c(n 1.846 (14) 1.818(7)
C(7) - c(8) 1.521(18) 1.506(9)
c(8) - c(9) - 1.560(19) 1.509(7)
0(5) - c(12) 1.429(8)
Cc{12) - C(13) 1.480(10)
Cc(14) - N 1.162(6)
N - C(15) 1.460(6)
C(15) - C(16) 1.528(7)
C(15) - c17) 1.509(9)
C(15) - c(18) 1.517(9)
Bond angles (degrees) I » . Ix
s(1)-cr-c(1) 91.0(5) 92.9(2)
S(1)}-Cr-c(2) : 88.0(4)" ©90.1(2)
S{1)-cr-c/3) 177.0(4) 177.3(5)
s{1)-cr-c(4) . 80.1(4) . 79.6(1)
S(1)-Cr-c(14) o 95.0(5) 88.7(1)
c()-cr-c(2)y . C o 92.7(6) '91.6(2) ”
c(1)-cr-c(3) - 86.5(6) .. - 87.5(3) . .

C(1)-Ccr-c(4) , 90.8(5) - - . 89.1(2)
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Bond angles (degrees) I 1T
C(1)-Cr-C(14) 173.5(7) . 174.2(2)
Cc(2)~-Cr-C(3) 90.4(6) 87.2(2)
C(2)-Cr-C(4) 167.6(5) 169.7(1)
C(2)-Cr-Cc(14) 906.0(6) 94.1(2)
C(3)-Cr-C(4) 101.7(6) 103.1(2)
C(3)-Cr-C(14) 87.5(6) 91.21(2)
C(4)-Cr-c(14} 87.9(5) 85.6(2)
Cr-C(1)-0(1) 176.4(13) 177.2(5)
Cr-Cc(2)-0(2) 177.8(13) 177.8(6)
Cr-C(3)-0(3) 176.3(11) 174.9(5)
Cr-C(14)-0(14) 175.0(13) -
Cr~-C(14)-N - 174.6(4)
Cr-C(4)-0(4) 133.4(9) 134.1(3)
Cr-C(4)-C(5) 121.9(9) 119.0(3)
Cr-$(1)-C(6) 101.5(5) 101.1(2)
Cr-S(1)-C(9) 112.4(5) 115.6(2)
0(4)-C(4)-C(5) 104.6(9) 106.8(3)
C(4)-0(4)-C(10) 119.9(10) 120.2(3)
0(4)-C(10)-C(11) 106.1(12) 107.4(4)
C(4)-Cc(5)-0(5) 120.5(11) 122.3(4)
Cc(4)-C(5)-C(6) 119.0(11}) 120.1(4)
0(5)-C(5)-C(6)} 120.5(11) 117.4(4)
C(5)-C(6)-S(1) 114.8(9) 113.6(3)
C(5)-C(6)-S(2) 125.2(10) 123.5(3)
S(1)-C(6)-S(2) 119.2(8) 121.9(3)
C(6)-S(2)-C(7) 100.9(6) 102.6(2)
S(2)-C(7)-C(8) 114.4(8) 116.9(5)
C(7)-Cc(8)-C(9) 113.3(12) 112.6(5)
c{8)-c{9)~-s(1) 109.5(9) 110.5(4)
C(9)-s(1)~cC(6) 100.3(5) 101.4(3)
C(5)-0(5)-C(12) - 116.4(4)
0(5)-c(12)-Cc{13) - 109.3(6)
C(14)-N-C(15) - 171.2(4)
N-C(15)-C(16) - 106.4{4)
N-C{15)-C{(17) - 108.5(4)
N-C(15})-C(18) - 107.6(4)
C(16)-C{15)-C(17) - 110.8(5)
c(16)-Cc(15)-C(18) . . . - 111.8(5)

c({17)-C(15)-C(18) - 115.6(6)
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the chelate ring. The 0(5) ... 0(5) separation betweén two
molecules of I (2.921 &), indicates so called "long” inter-

molecular hydrogen bonding [ 9] accross the twofold axis.

um-sulphur bond lengths of 2.384 and 2.365 &

mium-sulphur ! 1gths

The chro
respectively in I and II however, are significantly shorter
than the Cr-S distance (2.459 ) in Cr[ S(C,Hg)Ch,Ph] (CO)g

[ 1] . Nevertheless, this does not lead to any bond lengthning
of the trans-Cr-C linkages. On the contrary, in both com—

plexes I and IX, the shortest Cr-CO bond distances (1.805

TABLE 5

DISTANCES (8) FROM LEAST-SQUARES PLANES AND LINES

Plane I IX

cr* ~0.005 -0.004
s™ -0.044 0.002
c)”* 0.049 -0.001
c(3)* -0.047 0.003
cn” 0.046 -0.001
o(a) -0.005 -0.362
c(5) 0.270 0.434
0(5) 0.381 0.564
Cc(6) 0.397 0.620
s(2) 0.668 1.126
c(9) 1.393 1.269
Line I II

cz” , 0.070 0.065
cay” 0.035 0.034
ca)” 0.035 0.032
o(1) 0.166 0.149
o(14), N 0.206 0.176
c(15) . 0.582
angle® 1.1° 2.4°

* Atoms contributing to plane or line

¢ Angle between,line'and,normai‘tquiane.
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Fig. 1. Perspective view of the

cis—(;giC(OEt)[C(OH)Cg(CH2)3S]](CO)4

molecule, showing the numbering scheme adopted.

and 1.822 8) occur trans to the sulphur doror atoms.
Generally, it seems that no significant bonding changes in
the CrLle(CO)3 moiety result from the substitution of a

third carbonyl group by an isocyanide ligand.

The similarity of Cr-carbene (2.025 8 separation) and
Cr-C(isonitrile) bonding (1.599 ] separation) is also sub-

stantiated by the identical Cr-C distances of 1.853 &

r\ﬁ

Pig. 2. PeISPECtlve view of the

-vfac-Cr[C(OEt)( C(ogt)éS(ca §] 1 (CNCMeB) (co) 3

molecule, show;ng the numberlng scheme adopted-
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exhibited in complex II for the carbonyl ligands trans to
the C{carbene) and C(isocyanide) donor atoms. 1In contrast

to the comparable bond lengths of carbonyl and isocyanide
ligands in (s-CgH;)Mo(CO),I(CNPh) reported by Sim et al

[10], a comparison of the Cr-C{isocyanide) bond length in

IT (1.999 &) with the cis-Cr-C{carbonyl) bond lengths in I
(av. 1.838 &), indicates a markedly stronger metal-carbonyl
bond. The isocyanide ligand is described as linear al-
though deviations from linearity occur at both the co-
ordinating C(14) atom {(174.6°) and the N atom (171.20).

The distances calculated for the 1,3-dithian ring systems

(in chair conformations) are similar for the structures of

I and II and in approximate agreement with the values re-
ported previously by Cotton et al in (ézclo-1,3—C4H882)Fe(CO)4
{11}, except for the C(8) - C(9) bond lengths

which were now found significantly shorter, similar to the
C(7) - C(8) bond lengths and comparable to analogous

distances in other reiated heterocycles [12,13] . The

S—-C-S angles.in I and II are tfpical for sp2 hybridized

carbon atoms (respectively 11i9.2 and 121.9°).
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