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suInnlary 

The crystal structure of Cr(CO),(SCMe,) has been determined by three- 
drmensronal single crystal X-ray analysis The compound crystalhzes m the mono 
clunc space group PZl/a wrth (I = 10 468(S), b = 11 879(5), c = 9 575(6) a and 
B = 108 14(g)” Least squares refinement of 1435 reflections resulted m a final 
conventional crystallographic discrepancy factor of R = 0 075 The coordmatron 
around the chrommm atom IS essentially octahedral, the Cr-C distance opposite 
the Me&S group 1s sigrnfirantly shorter, 1 835(12) A, than the remammg Cr-C 
distances (averagmg 1 S98(2) A) The C=S drstance :s 1 618(8) A while the 
Cr-S-C angle 1s 120 8( 4)“) and the chrommm atom deviates from the plane 
described by the MezCS morety by only 0 2 A 

Introductron 

Few metal complexes of thloketones have been reported since most thlo- 
ketones are unstable and polymenze rapidly Recently Gmgench and Angelic1 
[ 131, as reported in the previous article, have succeeded m preparing com- 
plexes of the type M(CO)S(S=CR2) in which the thioketone was stabilized by 
coordmatron to ‘the metal atom, where M = Cr, MO, or W, and R = Me, Et or Ph_ 
In order to more accurately characterize the coordmatron of a throketone to a 
metal, we decided to carry out a single crystal X-ray mvestlgatron of Cr(CO)S- 
(S= ChIe2) 

Experimental 

Crystal data CrS05CsH6, mol wt 266 19, monoclmrc P21/a, (I = 10 468(8). 
b = 11 879(5), c = 9 575(6) a, 0 = 108 14(g)“, V = 1131 50 A”, pc = 1 562 g 
-- 

* Prepared for the U S Energ\ Research and De%eIopment Admxustratmn under Conuact No 

xi-7405-+x$32 
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cmo3, 2 = 4, MO-& (A = 0.70954 A), ,Q = 12.38 cm-’ 
Crystals were obtamed from R J. Angehcr and R.G W Gmgerich and a nearly 

spherrcal crystal of diameter 0.2 mm was wedged mto a Lmdeman glass cap&r-y 
and mounted on a four-circle diffractometer. k&al u-oscillation photographs 
were taken and these verified that the crystal was mdeed smgle Fourteen reflec- 
trons were selected from these photographs and then approxrmate positions were 
input mto our automatic mdexmg program fl] The reduced cell and reduced 
cel.I scalars that resulted mdrcated monochmc symmetry Subsequent w- 
oscrllatlon Polarord photographs taken around each of the three cell axes in 
rum venfred the 2/m Laue symmetry as well as the reciprocal lattrce spacmgs 
predicted by the program 

Accurate unit cell parameters and then standard deviations were obtained 
by a least squares frt to the 120 values of eleven independent h:gh angle reflec- 
tions measured on a prevrously aligned four-crrcle diffractometer. 

Collectron and redrrctron of X-ray mtensrty data Data were collected at 
room temperature usmg an automated four-czrcle diffractometer designed 
and bruit m the Armes Lanoratory and prevrously described by Rohrbaugh and 
Jacobson [ 21 The diffractometer 1s interfaced to a PDP-15 computed m a real- 
trme mode and 1s eqmpped with a scmtlilatron counter Graphite reflected- 
beam monochromated MO-K, radratron (h = 0 70954 A) was used for data 
collectron Wrthm a sphere of 20 S 50” (sm B/X = 0 595 A-’ ), all data m the hkl 
and hkioctants were measured using an w-stepscan technique 

As a general check on crystal and electromc stabrhty, the mtensrtres of three 
standard reflections were remeasured every 75 reflectrons These standard 
reflections were not observed to vary to any slgmfrcant degree durmg the entire 
perrod of data collectron in all 2224 reflectrons were recorded m this manner 
Examination of the data revealed tbc followmg systematic absences h01 when 
h = 21~~1 and O/ZO when f: = 2n+l These absences umquely determine the space 
group as P211a 

The mtensrty data xvere corrected for Lorentz and polarrzatron effects, but 
absorption correctrons \\eere not deemed necessary, the maximum and mmrmum 
transmlssron factors were 0 906 and 0 862, respectrvely. The estimated vanance 
m each mtenslty was calculated by 

0; = c, -I- zc, + (0.03 Cr)f + (0 03 Ca)’ 

where CT and C, represent the total and background counts, respectively, and 
the factor 0 03 represents an estrmate of non-statlstrcal errors The estimated 
devratrons in the structure factors were calculated by the fuute drfference 
method [S] After correction, 1435 reflectrons wrth I, > 30(1,) were retamed 
for use m the structure solutron and refinement Durmg the later stages of the 
investrgatlon rt was drscovered that SLX large reflectrons suffered from secondary 
extmctron effects These effects mere corrected via the approximation 1: = 
I,/( 1 f gI=) where an average value for g, 1 9315 X lo-‘, was determmed using 
the ten largest lo’s 

Sol&on and refinement 

The positron of the chrommm atom was obtamed from an analysrs of a 
sharpened three-drmensronal Patterson functron. All other non-hydrogen atoms 
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were found by successive structure factor [4] and electron den&y map calcula- 
tlons [ 5 1. Analysis of an electron density difference map also revealed some 
small residual election density near the carbon. Methyl hydrogen atoms were 
therefore added such as to complete the tetrahedron around the carbon and best 
fit the residual electron density. The C-H distances were set equal to 1 0 A, 
and all ~otrop~c thermal parameters for hydrogen were fixed at 4 0 A* 

Refinement of the posltlonal and amsotroplc thermal parameters of all non- 
hydrogen atoms by a full-matnx least-squares procedure mimmlzmg the function 
Cw(l F,! - IF,lj* , where w = l/o’(F), yielded a final crystallographic discrepancy 
factor, R = ZIIF,I - IF,II/CIF,I, of 0 075. The final welghted discrepancy 
factor, R, = {Cw(lF,I - IFc1)2/cwIFo1*}“2, was 0.11 

Descrlptlon of the structure and dlscusslon 

A computer-generated perspective drawmg [ 63 of Cr( CO)s( SCMe,) IS shown 
m Fig 1, and the more Important bond dkances and angles ae aven in Tables 1 
and 2, respectively X 

The coordmatlon around the chromium 1s basically octahedral, the C--C& 
angles rangmg from 8S 5(3) to 90 g(3)” The sulfur atom however 1s slightly 
dsplaced horn the octahedral posltlon, forming S-CIYC angles of 85 3(3), 
87.8(3), 94.6(3) and 95.8(4)” \%lth C(2), C(l), C(4) and C(3), respectively 
(Table 3) This dlstortlon appears to be due to a ster~c effect arIsing from repuls- 
Ion between the C(8) methyl group and the adJacent carbonyl groups, the 
shortest contacts being 3 357 and 3 581 a (Table 2) 

hg 1 Acomputer-generatedPerspeC~vedrawlngofCr(C0)5(SCMe2) excluding the hyarogen atoms 

* The table ofstructure factorshasbeen depoutedasKAPS Document No 2987 (Spages) Order 

from ASIWNAPS c/o hlxrofiche Pubhcations, P 0 Box 3513, Grand Central Station. New York. 
N Y .10017 A copy may be secrued by clhng the document nunber remlttmg $5 for photo- 
copkes or S 3 for muxoflche Advance payment IS requrred Mahe checks payable to Mxroflche 
PJbhcations 
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TABLEla 

F:NAL ATOMIC POSITIONALPARA~IETERS (representedm fraci~onQ~mtce~coordmates) 

Atom x Y z 

cr 
s 
C(1) 
O(l) 
C(2) 
O(2) 
C(3) 
O(3) 
C(4) 
O(4) 
C(5) 
O(5) 
C(6) 
C(T) 
C(8) 
H(li) 

H(27) 
H(37) 
HC-18) 
H(58j 
H(66) 

029605(13j 

01753(2j 
01303(9j 
00337<ij 
02981(8> 

03012(7) 
04706(10) 
05753(7j 
0 2997(S) 
02988(8j 
03821(1Oj 
04331(9j 
02247(9j 
01516(13j 
03385<12j 
01191 

02128 
00720 
03Oi7 
03836 
04068 

011028<9j 
00848(2) 
01160(6j 
01181<5) 

-00485(7) 

-01456(5j 
01026(7j 
00957(6j 
02706(7) 
0 3662(6) 
00343(1Oj 
D1233(6j 
01431(6) 
01162(9j 
02217<10) 
01867 

00750 
00665 

03005 
02086 
02063 

01764903; 
03455(2) 
00245(9j 

--00737<7j 
01661(8, 

01579(7) 
0 318i<lO) 
04002c9j 
01891<9j 
01941~8) 
00343<1oj 

--uO553(9) 
0 5061<8j 
061--X6(12) 
0 5605(11j 
06+80 

07002 
05652 

05437 
06689 
05079 

TA3LElb 

Atom 4tolnlc temperature factors x 107’ 

P11 P22 P33 Pl? Pl3 &3 

Cr 
S 

C(1) 
O(1) 
C(2) 
O(2) 
C(3) 
O(3) 

a-0 
O(4) 
C(5j 

O(5) 
C<6j 
C(7) 

C(6) 
H(13) 
H(27j 
H(Z7) 

H(48j 
H(5Sj 
H(68) 

122(2) 
137(3) 

15(l) 
152(S) 
13aj 
2 3uj 
14(l) 
124(a) 

I Xl) 
3 10) 
19(l) 
2 3(l) 
13<lj 
1 S<"j 
1 5~2) 
400 
400 
400 
400 
403 
4oa 

066(l) 
087(2j 
0 82(6j 
135(7) 
085(i) 
Oii(5) 
091(i) 
1 ?l<Sj 

0 8X7) 
08X6) 
0 92(i) 
l/7(8) 
0 80(6j 
107<9j 

13(l) 

118(2) 
130(3j 

14(l) 
1 S(l) 
14<1j 
24(l) 
18(l) 
2 6(l) 
151(l) 
26(l) 
16(l) 
2 2(l) 
1 a<1j 
19(2j 
l?(2) 

-0 02(l) 
-0 10<2) 
oox7j 

-009(6j 
0 OX?) 
0 0X6) 

-004<7) 
009<6j 

0 02(f) 
-0 19U) 
003(8j 
018(7j 
018Uj 

-012<10) 

-0 3(l) 

024(l) 
033(2j 
033(9j 

-004(8j 
0 5i<sj 
Oi<lj 

03(l) 
OOO(9j 

034(93 
0 60) 
06(l) 

1 l<lj 
031(9j 
07(l) 
0 20) 

004(l) 
--O14(2) 
006(7) 
017(6j 
005(6j 
OOO(6j 
003(i) 
017(a) 

-OO8(7) 
-006(6) 
031<7j 
038(7) 
0 02(6) 

-016(9) 

--02<1j 
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TABLE 2 

cr-s 
Cl--al) 
cl-wa 
Q-C(3) 
CM<41 
cr--c<5) 

C<lFO(l) 
C(2)-O(2) 
C<3+0<3) 
C(4P-w4) 
C(5)_0<5) 

2377<4) 
1901<8) 
1889(8) 
1896(S) 
190X8) 
1835<12) 

1147(10) 

1156(X1) 
113201) 
1 146(1X) 
1153(16) 

1618<8) 
1497(17) 
1477<14) 
3 58405) 
3 809(15) 
3357<17) 
3 621(17) 

3314 

3359 
3 516 
3 519 
3 270 
3831 
33i7 
3 314 

The Cr-C distance trans to the Me,CS group IS slgrufrcantly shorter. 1 835(12) 
4, than the remammg CIYC &stances (averagmg 1 898( 8) a ) Such a shortening 
has been observed m other metal carbonyl complexes when a CO group IS tra~zs 
to a poorly 7r-bonding hgand and can be attributed to a resultant Increase m the 
sr-bondmg of the CO 

The Cr-C equatorial drstances compare quite well wrth those previously re- 
ported, namely. 1 90 A n-r (MeSCN)Cr(CO)S [7], 1 88.4 m (C,H,),PCr(C0)5 [S], 
and 1 903 A m Me,PSCr(CO), [ 9 ] 

The C-O distances are all essentially equal to within three standard devratrons, 
averagmg 1 146 A The C= S distance 1 618(8) A, 1s srgmfrcantly shorter than 
the 1 71 8, distance found m ethylene thlourea [lo] and throacetamrde [ll], 
but longer than the 1 561 a distance m HNCS 1121 

Least-squares planes and deviations from these planes are grven n-r Table 4 As 
can be seen from thus table, the Me&S group shows no slgmfrcant devratron from 
planarity and the chrommm atom also essentrally lies m thus plane Thus would 
be m accord with a model which assumes sp’ hybrldlzatron at the sulfur and mter 
action between the suIfur and the chrommm vra a lone pan m one of these 
hybnds The Cr-S-C(G) angle of 120 8(4)” is also m excellent agreement with 

T4BLE3 

SELECTEDANGLES(DEG) 

S-CR-CCl) 87 8(3) C(6)-S-0 120 8(4) 
S-Cr-C(2) 853(3) C:7F-C(6+C<8) 114 7(S) 
S-a-C(3) 958(-U 

S-cl-C<4) 946(3) 
s-Cr--c(5) Ii3 9x2) 

0(1)--c(1)_-cr 175 5(10) C(i)_Cd<21 906(3) 

0<2)--C(2)_Cr 178 O<lO) C(l)--cr-C<4) 901(3) 
0<3)--C<3)_cr 177 5(10) C(2PCr--C(3) 88 7<3) 

0(4)_C(4t--Cr 178 7(S) C(2)-CrC(4) 909(3) 
0~5~(5&-& 1794(13) 
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TABLE 4 

EQUATIGNS OF LEAST SQUARES PLANES AND INTERPLANAR ANGLES 

PIanr I flttmg <cr-cw-c<2t-c~3)-c(4)) 
07090X+ 002899 Y-070671Z- 

0 77433 = 0 

Atom I3lstance from plane 

<A) 

cr -0 0390 

C(l) 0 0224 

C(2) --o 0031 

C(3) 0 0225 
C(4) -0 0027 

Plant II fittmg (cx-s-c(3Fc(4k-c(5)) 
0 067599 Xi -0 02144 1 -+ 0 73659 2 - 
a 87378 = 0 

Aiom D~starnx from plane 

<A) 

cr 0 0339 
s -0 0351 

C(2) 00256 
C<4) 0 0219 

C(5) -fJ 0463 

P?anr. III fittlrlg (cr-s-c(1)-c(3+c(5)~ 
-0 04078 x + 0 99424 Y - 0 09909 % - 

131559 = 0 

Aton DMance from plane 

(.u 

cr 0 0408 
S -0 0361 

C(l) 0 0234 
C(3) 0 0202 

C(5) -a 0483 

Plane IV httmg (S-C<6)--c~V-CW3)) 
0 53567 X - 0 76966 Y + 0 34737 7 - 
0 74726 = 0 

Atom Distance from plane 

<A> 

S 0 0015 
C(6) -0 0046 
C(7) 0 0014 
C(6) 0 0016 
cr 0 1908 

Plane v flttmg (cr--s-c(2)--c(4)) 
0 65649 X - 0 02119 Y + 0 75403 2 - 
287810 = 0 

Atom Distance from pIant? 

(-3.) 

cr 0 0074 
S -Q 0001 
C(2) -0 0036 
C(4) -0 0036 

Plane Plane Angle <deg ) 

I II 87 51 
I III 85 98 
I IV 83 63 
I v 86 02 
I? III 88 61 
II IV 50 61 
III IV 4117 

FE 2 U~F ceII stereograph of Cr(CG)s(Sc~feZ) 
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such a model In addition, this plane approximately bisects the angle between 
the planes formed by S, Cr, C(Z), C(4), C(5) and S, Cr, C(l), C(3), C(5), m- 
dlcatmg rotation about the Cr-S bond to mmunze repulsive effects. 

Unit cell packmg IS &&rated m Fig. 2 and no abnormally short contacts are 
present, the shortest mtermolecular distance bemg 3 270 A between O(1) <and 
C(5) m adjacent molecules 
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