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The compound (NSCI), reacts with [MC12(PPh,),] (M = 0 s  or Ru) in tetrahydrofuran to give the 
thionitrosyl complexes [M(NS)CI,(PPh,),] [M = 0 s  (1) or Ru (2)]. Nitrosyl chloride or bromide 
converts (1 ) to the corresponding nitrosyl complex. Crystals of (1 ) are monoclinic, space group / 2 /a ,  
with a = 1 615.9(6), b = 943.7(5), c = 2 250.6(10) pm, f3 = 103.02(3)", and Z = 4. The structure was 
was refined to R = 0.042 for 2 076 diffractometer data. The osmium is octahedrally co-ordinated with 
the phosphines cis to the NS group; a crystallographic two-fold axis along the CI-0s-N-S bonds 
imposes linearity at nitrogen, with 0s-N 177.9(9), N-S 150.3(10), 0s-P 245.9(2), 0s-Cl(cis) 238.7(3), 
and 0s-Cl(trans) 239.9(3) pm. Complex (2) is apparently isostructural, with a = 1 613.5(15), 
b = 941.8(4), c = 2 249.3(15) pm, and B = 102.94(3)". 

Thionitros! 1 complexes of transition metals have been 
prepared by (a)  reactions of nitrido-complexes with sulphur,' 
sulphur halides,' or potassium thiocyanate,' (6 )  reactions of 
the compound (NSCl),, with transition-metal c~mplexes ,~  
( c )  extraction of fluoride from NSF by Lewis acids,' and 
( d )  reactions of INS]+ salts. lo  Infrared spectra suggest 6-8 

that linear, bent, and bridged thionitrosyl groups are all 
possible, but the two X-ray diffraction studies reported so 
far, [ C ~ ( T ~ ~ - C ~ H ~ ) ( C O ) ~ ~ S ) ]  and [MO(NS)(S~CNM~,)~]," 
found essentially linear M-N-S units. In this paper we 
report an improved synthesis and the crystal structure deter- 
mination of [Os(NS)C13(PPh3),] ( l ) ,  together with reactions of 
(1) with nitrosyl halides. We have also prepared [Ru(NS)- 
C13(PPh3)J (2) by an analogous reaction; although the 
crystals of ( 2 )  were too small for crystal structure determin- 
ation, it proved possible to determine the unit cell. 

Experimental 
All reactions were performed under nitrogen; solvents were 
dried, distilled, and deaerated just prior to use. The com- 
pounds [ O S C ~ ~ ( P P ~ , ) ~ ] , ' ~  NOCl," and NOBr l4 were prepared 
by literature methods. 1.r. spectra were recorded as KBr pellets 
on a Perkin-Elmer 51 1 spectrometer. 

Preparation of [Os(NS)CI3(PPh3),] (l).-A solution of 
(NSCI)' (0.17 g, 0.70 mmol) in tetrahydrofuran (thf) (20 cm3) 
was added dropwise to a stirred solKtion of [ O S C I ~ ( P P ~ ~ ) ~ ]  
(2.1 g, 2.0 mmol) in thf (100 cm') at room temperature, and 
the mixture stirred for a further 5 h. The resulting solution was 
evaporated under vacuum nearly to dryness and extracted with 
methylene chloride (30 cm3). On addition of hot methanol 
(50 cm3) to the methylene chloride solution, complex (1) 
separated out in the form of shiny green plates and yellowish 
orange needles. The solid product was filtered off, washed 

* Supplementary data aoailable (No. SUP 23836, 15 pp.):  structure 
factors, H-atom co-ordinates, anisotropic thermal parameters. See 
Instructions for Authors, J. Chem. SOC., Dalton Trans., 1984, Issue 
1, pp. xvii-xix. 
Non-S.I. unir employed: eV z 1.60 x J. 

with methanol, and then diethyl ether, and dried in racuo 
(yield 0.95 g, 559i). Recrystallisation from CH2C12-CH30H 
(1 . 2 )  converted the product entirely to the green form, m.p. > 
250 'C (Found: C, 49.6; H ,  3.6; Cl. 12.4; N, 1.7; S, 3.6. 
C36H30C13NOsP2S requires C, 49.7; H, 3.45; C1, 12.3; N, 1.6; 
s, 3.772). 

Preparation of [Ru(NS)Cl,(PPh,),] (2).--In an analogous 
preparation, (NSCI), (0.04 g, 0.17 mmol) in thf (20 cm3) was 
added to [RuC12(PPh3)J (0.48 g, 0.4 mmol) in thf (75 cm3) 
(yield 0.18 g, 46"~;). Orange-brown crystals of (2) (m.p. 192- 
194 'C) were obtained by recrystallisation from CH2C12- 
CH30H (1 : 3) (Found: C, 55.4; H, 4.0; C1, 13.4; N, 2.1; S, 
4.3. C36H30C13NP2RuS requires C, 55.5; H, 3.8; C1, 13.7; N, 
1.9; S, 4.10;). 

Reaction of (1) with NOC1.-A saturated solution of 
NOCl in CH2CI2 (20 cm') was added dropwise to a stirred 
solution of (1) (0.2 g, 0.2 mmol) in CHZCl2 (20 cm3) and the 
mixture refluxed for 30 min. The volume was reduced to 
10 cm3 under reduced pressure, hot methanol (30 cm3) added, 
and the resulting precipitate filtered off, washed with methanol 
and then diethyl ether, and dried in racuo (Found: C ,  50.9; H, 
3.6; N, 1.6. C36H30C13N00sPz requires C, 50.8; H ,  3.5; N, 
1.65%). 1.r.: \'(NO) at 1 848 cm-'. 

Reaction of(1) wirh N0Br.-A small amount (5 cm3) of an 
approximately 2 mol dm-' solution of NOBr In CH2C12 was 
added to (1) (0.2 g, 0.26 mmol) in CH2C12 (20 cm'), and the 
product isolated as in the NOCl experiment (Found: C, 48.3; 
H, 3.4; N, 1.6. C36H30BrC12N00sP2 requires C, 48.3; H, 
3 .35;  N, 1.55%). 1.r. : v(N0) at 1 845 cm-'. 

CrJ'StUl Data for (I).-C~~H,OCI~NOSP,S, .$I 867.2, 
monoclinic, space group 12/a, a = 1615.9(6), b -- 943.7(5), 
c = 2 250.6(10) pm, j3 = 103.02(3)", U = 3.344 nm', Z = 4, 
D, = 1.722 Mg m-3, F(000) = 1 704, h(Mo-K,) = 71.069 pm, 
p(Mo-K,) = 4.24 mm-', crystal dimensions 0.4 1 0.2 1' 0.08 
mm. Conventional setting: C2/c, a = 2 457.2(1 I) ,  b = 
943.7(5), c = 2 250.6(10) pm, j3 = 140.15(3)'. 

3 457 Reflections were measured by a profile-fitting pro- 
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Figure. The m o 1 ec u I e 
atoms labelled 

of 

0 -  
[Os(NS)C1,(PPh3j2] ( I  ), with 509; probability thermal ellipsoids for the non-hydrogen atoms, and the unique 

Table 1. Atomic parameters ( x  lo') with estimated standard 
deviations in  parentheses for [Os(NS)CI,(PPh,),] ( I  ) 

Atom Y 1' 

2 500 
2 500 
2 500 
1 387(1) 
2 500 
3 627( 1 ) 
3 451(5) 
4 075(6) 
3 978(7) 
3 267(6) 
2 656(6) 
2 740(6) 
3 828(4) 
3 532(6) 
3 616(7) 
4 002(7) 
4 294(6) 
4 213(5) 
4 674(5) 

5 535(6) 
6 244(6) 
6 192(6) 
5 413(6) 

4 ?41(6) 

1 620(1) 
- 265( 10) 

- 1 858(4) 
1 607(2) 
4 162(3) 
1 678(2) 
2 685(9) 
2 651(12) 
3 416(12) 
4 217(11) 
4 255(10) 
3 496(8) 
- 131(8j 
- 650( 10) 

-2 085(11) 
- 2  968(11) 
-2  494(11) 
- 1 071(10) 

2 341(9) 
3 703(10) 
4 309( 10) 
3 553(10) 
2 201(12) 
1 595(10) 

0 
0 
0 

541(1) 
0 

939( 1 ) 
1 594(4) 
2 128(4) 
2 633(5) 
2 61 1(4) 
2 095(4j 
1 57?(4) 
1 203(4) 
1693(4) 
1 847(6) 
1 528(6) 
1020(5) 

8 69( 4) 
8 84( 4) 
694( 5 )  
71 l(5)  
904( 5 ) 

1 096(6) 
1089(5) 

cedure l5 on a Stoe-Siemens four-circle diffractometer in the 
range 7 < 28 < 45'. After Lorentz, polarisation, and semi- 
empirical absorption corrections, equivalent data were merged 
to yield 2 076 unique reflections with F > 30(F) which were 
used for all calculations, performed with the SHELXTL 
system of programs (written by G. M. S.). The structure was 
solved by Patterson and Fourier methods, and refined with 
complex neutral-atom scattering factors, riding hydrogen 
atoms [C-H = 96 pm with H on the external C-C-C bi- 
sectors, common U(H) refined to 0.075(9) Y lo* pm'], the 
remaining atoms anisotropic, and weights ~ 7 - l  = [ o ' ( F )  f 
0.0015 F21 to R' = 0.043 (R = 0.042). A final difference map 

showed no peaks e pm3. and an analysis of variance 
showed no systematic trends with : F ,  or sin 8. Final co- 
ordinates are given in Table 1 and bond lengths and angles in 
Table 2 .  The molecule of (1) is shown in the Figure. 

Crj*stal Data for (2).-C3,H3,Cl,~P,RuS, = 778.1, 
monoclinic. space group 12 a. a = 1 613.5(15). b = 941.8(4), 
c = 2 249.3(15) pm. /3 -- 102.94(3)^, L' = 3.331 nm3, 2 = 4, 
D, = 1.55 Mg m-,, F(0oO) = 1 576, p(Mo-K,) = 0.89 mm-', 
A(Mo-K,) = 71.069 pm. Conventional setting: C2 c, a = 
2 457.1(15), b = 941.5(4). c = 2 249.3(15) pm, fi = 140.21(3)'. 

Results and Discussion 
Complex [Os(NS)CI,(PPh,),] (1) had been prepared pre- 
viously only in much lower yield by the reaction of (NSCI), 
with Oscl, in the presence of PPh3. The mixture of the green 
and yellowish orange isomers (or crystalline forms) of ( l j  
shows strong i.r. bands at 1310 and 1290 cm-' which are 
assigned to v(NS). After recrystallisation, the band at  1290 
cm-' disappeared and the other became stronger. The N-S 
ligand in ( I )  may be replaced by N-0 by the action of 
nitrosyl halides; the products, [OS(NO)XCI,(PP~,)~] (X = C1 
or Br), exhibit \*(NO) bands typical of 0s"-N-0 systerns.l6 

After the structure determination had been completed, i t  
was noticed that both (1) and ( 2 )  were almost certainly iso- 
structural with [Ru(NO)CI,(PPh,),] [space group 12/a with 
a = 1 587.7(3), b = 954.0(2), c = 2 232.6(4) pm, and =- 

102.79(1)' IT], and therefore the calculations were repeated 
with the unconventional / 2 'a  setting employed for the 
ruthenium nitrosyl complex. This space group requires that a 
crystallographic two-fold axis passes through the octahedral 
complex, i.e. that the Cl-M-N-S (or Cl-M-N-0; M = 0 s  
or Ru) unit is linear, and that the triphenylphosphine ligands 
are cis to N-S (or N-0). 

Molecular-orbital comparisons ''*19 of NS and NO indicate 
that the 7 0  donor orbital of NS is antibonding in nature and 
ca. 3.8 eV higher in energy than the 50 donor orbital of NO. 
On the other hand the 3n acceptor orbital of NS lies ca. 1.1 eV 
lower than the 2rt acceptor orbital of NO. This suggests that 
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Table 2. Bond distances (pm) and angles (") with estimated standard 
deviations in parentheses for [Os(NS)CI,(PPh,),] (1) 

0s-N 177.9(9) 
Os-ClC! 239.9(3) 

N-S 
P C ( 2  1 ) 
C( 1 I)-C( 12) 
C( 12)-C(l3) 
C(14)-C(15) 
C(2 I 1-C( 22) 
C(22)-C(23) 
C(24)-C(25) 
C(31)-C(32) 
C( 32)-C( 3 3) 
C( 34)-C(3 5) 

150.3( 10) 
181.3(8) 
138.4( I 1 ) 
138.4( 16) 
1 34.4(12) 
138.6( 13) 
139.7(14) 
1 4O.6( 1 8 ) 
136.6( 13) 
139.8(14) 
135.6( 15) 

N-0s-CM I ) 89.7( I ) 
C1( 1 )-Os-CI( 2) 90.3( I )  
CI( 1 )-0s-P 93.4( 1 ) 
P O s - P '  177.4( 1 ) 

0s-N-S 
0 s - P C (  2 I 1 
0 s - P C ( 3  1 1 
C(21 ) -PC(3  1 )  
P C ( I  I)-C(16) 
C(1 l)-C(l2)-C(13) 
C(l3)-C(14)-C(15) 
C( 1 1 )-C( 16 1-C( 1 5)  
P C (  2 1 )-C( 26 ) 
C(2 1 )-C(22)-C(23) 
c(23 kC(241-a 25) 
C(21 )-C(26)-C(25) 
P C ( 3  1 )-C(36, 
C(31)-C(32)-C(33) 
C( 3 3 )-C( 34 )-C( 3 5 )  
C(31 )-C(36)-C(35) 

180.0( I ) 
107.7(2) 
117.7(3) 
104. I(4) 
123.1(6) 
120.3(9) 
119.5(10) 
119.9(8) 
119.3(7) 
120.5(10) 
1 2 1 .3( 1 0) 
120.8(9) 
123.2(7) 
120.8(8) 
119.7(9) 
120.9(9) 

0s-Cl(1) 238.7(3) 
0s-P 245.9(2) 

PC(11) 
P C ( 3 1 )  
C(1 wC(16)  
C( I 3)-C( 14) 
C( 15)-C( 16) 
C(21 )-C(26) 
C(23 )-C(24) 
C(25)-C(26) 
C(3 I )-C(36) 
C( 3 3 )-C( 34) 
C( 3 5 )-C(36) 

183.0(9) 
183.5(8) 
I 37.q 1 2) 
136.7(15) 
140.2(13) 
1 39.7( 13) 
134.2( 17) 
138.4(14) 
137.3( 12) 
133.7(13) 
138.0( 14) 

N-0s-CI(2) 180.0 
N-0s-P 91.3( 1) 
Cl(2)-Os-P 88.7( 1 ) 
C1( 1 )-0s-Cl( 1 ') 179.4( 1 ) 
POs-CI( 1') 86.6( I ) 

0 s - P C (  1 I ) 
C( 1 1 ) -PC(2  1 ) 
C(l l ) -PC(31)  
P C (  1 1 )-C( 12) 
C( 12)-C( 1 1 )-C( 16) 
C( 12)-C( 13)-C( 14) 
C( 14)-C( 1 5)-C( 16) 
PC(21)-C(22) 
C(22)-C(21 )-C(26) 
C(22)-C(23)-C( 24) 
C(24)-C(25)-C( 26) 
P C ( 3  1)-C( 32) 
C(32)-C(3 l)-C(36) 
C( 32)-c(33 )-C(34) 
C( 34)-C( 3 5 )-C( 3 6) 

1 I9.0(2) 
105.9(4) 
100.9(4) 
1 18.2(7) 
1 18.6(8) 
120.6(9) 
121.0(9) 
121.7(6) 
1 18.7(8) 
120.0( 12) 
118.6(10) 
118.7(6) 
1 17.7(8) 
I20.4(9) 
120.5(9) 

A prime denores atoms generated by the molecular two-fold sym- 
metrq axis. 

the NS Iigand should be a better (3 donor but a worse TC 
acceptor than NO, and that complexed NS should be more 
positively charged than complexed NO. This is consistent 
with the stretching frequencies [v(NS) in ( I )  is 106 cm-' higher 
than the \slue in the free molecule,** whereas \(NO) in the 
corresponding NO complex is 40 cm-' lower than in gaseous 
NO], and distances to the other ligands ;the trans-C1 is 1.3 
pm further from 0 s  than the cis-C1 in ( l ) ,  but the trans-CI is 
4.1 pm nearer to R u  than the cis-C1 in [Ru(NO)Cl,(PPh,),] '';. 
I t  is less clear why the N-S distances in thionitrosyl complexes, 
after the necessarjr correction for libration, are significantly 

longer than in the NS molecule2' (149.5 pm, cf. 150.3 (un- 
corrected) or 153.4 pm (corrected assuming a riding model) in 
(l), 155.1 (uncorrected) or 157.2 pm (corrected) in [Cr- 
(q'-C5H,)(CO)z(NS)],5 and 159.2 p.p.m. (uncorrected) in 
[Mo(NS)(S,CNMe,),] 'I}. The longer NS bond and lower 
v(NS) (1 180 cm-') in the Cr complex can  however be attributed 
to greater 51 back-donation from Cr, which has a formal 
oxidation state 2 units lower than 0 s  in (I). 
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