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A new tetradentate ligand, tris(o-methylthiophenyl)phosphine, P(o-C~HISCH~)S (TSP, I), forms a series of crystalline, in- 
tensely-colored, trigonal-bipyramidal nickel(I1) complexes containing the species [Ni(TSP)X] + (X  = I, Br, C1, or S C S )  or 
[Ni(TSP)L] 2c ( L  = thiourea, triphenylphosphine, or methyldiphenylphosphine) The two lowest energy electronic ab- 
sorption bands in the visible and ultraviolet spectra have been assigned to the two 'A1 -+ 'E( D)  transitions. Under similar 
conditions, the analogous arsine compound, tris(o-methylthiophenyl)arsine, XS(O-COH~SCHS)~ (TSA), did not react with 
nickel(I1) salts. 

Introduction 
Kecently several definitive five-coordinate nickel(I1) 

complexes have been obtained using polydentate ligands 
containing phosphorus(II1) or arsenic(II1) donor atoms. 
Dyer, Hartley, and Venanzi2 prepared two series of 
trigonal-bipyramidal complexes with the ligands tris(o- 
diphenylarsinopheny1)arsine (QAS) and tris (o-diphenyl- 
phosphinopheny1)phosphine (QP) . Since the elec- 
tronic absorption spectra of the nickel (11) complexes 
are very similar to the spectrum of [Pt(QAS)I][B- 
(C6Hj)q], n-hich exhibits a trigonal-bipyramidal struc- 
ture,3 the same structure has been assigned to the 
nickel (11) complexes. Venanzib proposed that the 
trigonal symmetry of the rigid aryl ligands QAS and QP 
imposed the same symmetry upon the metal ion in the 
d8 complexes. Ho:vever, Benner, Hatfield, and Meek 
have demmstrated that the flexible aliphatic ligands 
P [CHZCH2CH2As(CH3)2]3 (TAP)4 and As [CH2CH2- 
C H Z A S ( C H ~ ) Z ] ~ ~  also form trigonal-bipyramidal com- 
plexes with nickel(I1). In fact, an X-ray investigation 
has shown that the structure of [Ni(TAP)CN]+ is a 
very symmetrical trigonal bipyramid around the Ni(I1) 
ion6 X-Ray analysis showed that [h'i(tas)Br2] (where 
tas = CH~SS[CH~CH~CH~AS(CH~)~]~ is five-coordi- 
nate in the solid,7 and Harris, Nyholm, and Phillipss 
have reported that nickel(I1) complexes with o-bis(di- 
methylarsino) benzene are five-coordinate in solution. 

It is interesting to note that five-coordinate complexes 
of d8 transition metal ions usually contain ligand atoms 
capable of extensive T bonding. Since thioethers 
generally form less stable complexes than the corre- 
sponding phosphines and lo  we prepared the 
tetradentate ligands tris(o-methylthiopheny1)phosphine 

(1) The authors gratefully acknowledge that this research was supported 
by a grant (DA-ARO-D-31-124-G500) fi-om the U. S. Army Research Office 
(Durham). 

(2) G. Dyer, J. G. Har-tley, and L. M. Venanzi ,  J.  CAP^. S O C . ,  1293 (1966). 
(3) G. A. RIair, H. A I .  Powell, and L. PI. Venanzi, PVOC. Chenz. SOC., 170 

(1961). 
( 4 )  G. S. Benner, 11'. E. Hatfield, and D. W. Meek, I i z o V g .  Chem., 3 ,  1544 

(1964). 
(6) G. S. Benner and D. Lt', Meek, unpublished data ,  1965, 
( 6 )  L. B. Dahl ,  personal communication, 1965. 
(7) G. A. LIair, H. RI .  Powell, and D. E. Henn, P O C .  Chem. SOL.,  415 

(8) C. R I .  Harris, R .  S. Syho lm,  and D. J. Phillips, J .  Chem. SOL.,  4379 
(1960). 

(9) S. C. Li and R. A. hIanning, J .  A m .  Chem. SOC., 77,  5225 (1955). 
(IO) K. Kahmann, H. Sigel, and H. Erlenmeyer, H e h .  Chim.  A d a ,  47,  

(1960). 

1754 (1964). 

(TSP, I) and tris(o-methy1thiophenyl)arsine (TSA) to 
determine if T bonding in the sulfur-metal bonds would 
be sufficient to promote formation of trigonal-bipyrami- 
dal complexes analogous to those obtained with the QAS 
and QP ligands. The coordinating properties of the 
ligands TSP and TSA with several different transi- 

[ P I P  SCH3J, 

TSP, I 

tion metals are being investigated. This paper re- 
ports the results obtained with nickel(I1). 

Experimental 
Synthesis of Tris(o-methylthiopheny1)phosphine.-Reaction 

of o-mercaptoaniline with sodiuni and iodomethane, as dcscribed 
by Livingstone," gave o-aminothioanisole in 87'5 yield. This 
compound was converted to o-bromothioanisole in 577* yield by 
the method of Brand and Stallman.12 A solution of o-bromothio- 
anisole (77 9.) in ether (400 ml.) was treated with an equimolar 
quantity of n-butyllithium in hexane (250 mi. of a 1.5 A- solution) 
during 2 hr. a t  0" under a nitrogen atmosphere. X slight excess 
over the theoretical quantity of phosphorus trichloride (22 g. 
in 250 ml. of ether) was added during 3 hr. ,  and then the reac- 
tion mixture was hydrolyzed with 250 ml. of 0.2 N hydrochloric 
acid. The white precipitate was washed thoroughly with water, 
ethanol, and ether (yield 45 g., 89y0). The compound was re- 
crystallized from 1-butanol. 

Synthesis of Tris(u-niethylthiopheny1)arsine.-The above 
procedure was used, except that  arsenic trichloride was sub- 
stituted for phosphorus trichloride in the final stage (yield 87%).  

Preparation of the Complexesi3: [Ni(TSP)X] (Clod)  (X = 
I, Br, C1, NCS).-The ligand (1 9.) in hot 1-butanol (50 ml.) vias 
added to  a mixture of the appropriate nickel salti4 (1 g.) 
and nickel perchlorate hexahydrate, Xi( C104)a. 6H20, (1 9.) in 
hot 1-butanol (50 rnl.). h very intense blue color developed 
immediately. When the mixture was boiled for a few minutes, 
crystals separated; these  ere collected on a sintered glass funnel 
after the mixture had cooled to  50-60' (yields 92, 92, 88, 81c0, 
respectively). The complexes were recrystallized by dissolving 

(11) S. E. Livingstone, J .  Chenz. SOC., 437 (1956). 
(12) K. Brand and 0. Stallman, Chem. B e y . ,  54, 1578 (1921). 
(13) In  all cases except where mole quantities are specified, a slight t o  

considerable excess of nickel salts may be used. Usually 0.0026 mole (1 g,)  
of ligand was used for each preparation with approximately 0.005 mole 
(10070 excess) of nickel(1I) compounds. 

(14) Xickel iodide and nickel thiocyanate were used a s  concentrated 
ethanolic solutions (approximately 1 d C  prepared by mixing ethanolic nickel 
nitrate and sodium iodide o r  thiocyanate and filtering off the sodium nitrate. 
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the appropriate compound in dichloromethane (25-50 ml.), 
adding 1-butanol (50 ml.), and concentrating the solution to 50 
ml . 

[Ni(TSP),] (ClO&.-Hot 295 1-butanol solutions of the ligand 
and Ni( C10&. 6H20 were mixed; a brown complex crystallized 
after a few minutes (yield 88'%). 

[Ni(TSP)L] (C104)2 (L = P( CBHj)3, P( C,H,),CH,) .-Nickel per- 
chlorate hexahydrate (2  g.) and the appropriate tertiary phos- 
phine (1 g.) in hot 1-butanol (50 ml.) were added to the ligand 
(1 g.) in hot 1-butanol (50 ml.). The purple complexes (yields 
65 and i4yO) were recrystallized by dissolving in dichloromethane 
(100 ml.) containing 0.5 g. of the appropriate tertiary phosphine 
to repress dissociation, adding 1-butanol (70 ml.), and concen- 
centrating the solution to 80 ml. 

[Ni( TSP)( tu)] (ClO&.-This complex was prepared by the 
above procedure, but using thiourea (0.5 g.) instead of the ter- 
tiary phosphine. The black, crystalline complex (yield 82%) 
was insoluble in dichloromethane, but soluble in acetone to give a 
deep blue solution. 

[Ni(TSP)(etu)z](ClO&.-A solution of the ligand (1 g.) and 
ethylenethiourea (0.75 9.) in warm (85') 1-butanol (100 ml.) was 
added to a cool (35") solution of Ni(C10&.6Hz0 (1.5 9.) in 100 
ml. of 1-butanol. A blue solution formed immediately and 
subsequently a red precipitate formed. When the mixture had 
cooled to 40°, the red crystals were collected, washed with warm 
(70')  1-butanol, and dried (yield 63%). The compound was 
recrystallized by dissolving in warm acetone (150 mi.), adding 
chlorobenzene (150 ml.), and concentrating the solution t o  150 
ml. at 35" under reduced pressure. 

[ Ni( TSP)( C6Hj)2PCHzCHaP( C&)2] (C104)~ .-A hot 1-butanol 
solution of 1 g. of Ni(C10&.6H20 was added to 95 ml. of a hot 
1-butanol solution containing 1 g. of TSP and 1 g. of (C6Hb)z- 
PCH2CH%P( C6Hj)s. An olive-brown, microcrystalline precipi- 
tate was isolated from the mixture (yield 84%). 

[Ni(TSP)Br2] .-Nickel bromide trihydrate, h'iBr2.3Hz0 (0.9 
g., 0.0033 mole) in acetone (60 ml.) was added slowly to a re- 
fluxing solution of the ligand (1.2 g., 0.0030 mole) in acetone (150 
ml.), After refluxing for 1 hr., the mixture was cooled and the 
green crystals were collected (yield 65%). 

[Ni(TSP)BrI2 [NiBrd] .-Hot solutions of nickel bromide tri- 
hydrate (3 g., 0.010 mole) in ethanol (10 ml.) and the ligand 
(1.2 g., 0.003 mole) in 150 ml. of acetone were mixed. Dark 
blue crystals separated from the solution after a few minutes 
(yield SOOj,). 

Analyses.-The compounds were dried by heating a t  56" and 1 
mm. pressure for 24 hr. before analysis. Arsenic and phosphorus 
were determined by colorimetric methods described elsewhere,% 
and nitrogen analyses were obtained using a Coleman Model 29 
analyzer. Carbon, hydrogen, sulfur, and halogen microanalyses 
were performed by Galbraith Laboratories, Inc., Knoxville, 
Tenn. 

Spectra .-Infrared spectra were obtained with a Perkin-Elmer 
Model 337 grating spectrophotometer using Nujol mulls between 
KBr plates. Visible and ultraviolet spectra of the complexes 
in solution were taken with a Cary Model 14 recording spectro- 
photometer using a set of matched 1-cm. quartz cells. The 
spectra of the complexes in the solid state were obtained with 
the same instrument by use of Nujol mulls supported on filter 
paper.ls 

Magnetic Measurements.-Magnetic moments were deter- 
mined by the Gouy method a t  room temperature using Hg- 
[Co(NCS)4] as the standard. The observed values were cor- 
rected for the diamagnetism of the ligands.'B 

Conductance Measurements.-The measurements were per- 
formed with an Industrial Instruments Model RC-16B conduc- 
tivity bridge on approximately M nitromethane solutions. 

(15) R. H. Lee, E. Griswold, and J. Kleinberg, Inorg. Chem.,  8, 1278 
(1964). 

(16) N. Figgis and J. Lewis, "Modern Coordination Chemistry," J. 
Lewis and R. G. Wilkins, Ed., Interscience Publishers, Inc., New York, 
N. Y . ,  1960, p. 403. 
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Discussion 
The properties and analytical data for the nickel(I1) 

complexes of tris(o-1nethylthiopheny1)phosphine are 
listed in Table I. The corresponding arsenic ligand 
tris(o-methylthiopheny1)arsine shows no reaction with 
nickel salts, whereas the phosphorus ligand gives im- 
mediate intensely colorful reactions. The same differ- 
ence in behavior toward nickel(I1) is noted with tri- 
phenylarsine and triphenylphosphine. Triphenylarsine 
does not react, whereas triphenylphosphine gives dis- 
torted tetrahedral complexes, e.g., [Ni (P(C8H6) 3)2Br2]. l7 

However, some polpdentate arsenic chelating ligands 
form relatively stable complexes with nickel(I1) . 2 , 7 , 8  

The coniplexes [h-i(TSP)X](ClOd), where X = I, 
Br, C1, or NCS, are all diamagnetic and 1:l electro- 
lytes in nitromethane. The extremely intense ( e  > lo3 
for the lowest energy electronic absorption band) green 
to blue colors of the complexes indicate that the struc- 
tures do not possess a center of symmetry. That all 
four donor atoms of the tetradentate ligand are co- 
ordinated and that the compounds have trigonal- 
bipyramidal structures is indicated by the visible and 
ultraviolet solution spectra, which clearly show two 
ligand-field bands with shapes, energy positions, and 
intensities characteristic of this structure. 2,4,18 Since 
the spectra of the solid complexes exhibit the same band 
contours and A,,, as are obtained in solution, the trig- 
onal-bipyramidal structure is preserved also in the 
solid state. 

An attempt to prepare [Ni(TSP)Br]Br by adding 
nickel bromide to  the ligand in acetone gave a green 
compound, probably a distorted tetrahedral [Ni(TSP)- 
Br2] with two sulfur atoms of the tetradentate ligand 
uncoordinated. I ts  magnetic moment is 3.2 B.M., and 
its solid spectrum (showing a broad absorption maxi- 
mum a t  11,100 cm.-' with a marked shoulder at 14,600 
cm.-I) resembles that of [Ni(P(C6Hj)3)2Br2], The lat- 
ter complex exhibits reflectance maxima a t  10,700 and 
16,900 In nitromethane, the [Ni(TSP)Bra] 
complex gives an intense blue solution, presumably 
due to a bromide dissociation and subsequent formation 
of the five-coordinate [Ni(TSP)Br]+ species. Excess 
nickel bromide in acetone causes precipitation of the 
[Ni(TSP)Br]? [NiBr4] complex, the solid spectrum of 
m.hich shows a low-energy band a t  17050 cm.-I, char- 
acteristic of the tetrahedral [NiBr4I2- ion,20 as well as a 
more intense band a t  15,150 cm.-', due to the trigonal- 
bipyramidal [Ni(TSP)Br]+ ion. These results are to  
be contrasted with those obtained with the aryl tetra- 
arsine ligand, QAS, where the five-coordinate [Ni- 
(QAS)Br ]Br was readily obtained with no tendency 
for the free bromide ion to coordinate even in the solid 
state, and where a tetrabromonickelate(I1) derivative 
was not obtained even in the presence of a large excess 
of nickel bromide. 

(17) L. M. Venanzi, J. Chem. Soc., 719 (1958). 
(18) G. Dyer and L. A t .  Venanzi, ibid., 2771 (1965). 
(19) F. A. Cotton, 0. D. Faut ,  and D. M. L. Goodgame, J .  Am. Chein. 

Soc., 83, 344 (1961). 
(20) D.  R1. L. Goodgame, M. Goodgame, and  F. A.  Cotton, i b i d . ,  83, 4161 

(1961). 

1 ( A ]  4 -  c o o r d i n o t z ,  18) 5 -  c o o r d i n o l e ,  [ C )  6 - c O o r d i r o l e ,  ~ 

a c l a h e d r o l  s q u a r e  p l a n a r  l r l g o n o l  , 
b i p y i a m i d o l .  or d i s l o r t e d  o c l o h e d r o l  o r  t e l r a h e d r o '  L ~~~~ 

Figure l.--\:arious possible structures for the [Ni(TSP)2]2+ ion. 

I 7~ I ' ' I 
- 

Figure 2.-Solid state electronic spectra of the nickel( 11)- 
tris( o-methylthiopheny1)phosphine complexes. 

The QAS ligand also gave complexes with nickel 
nitrate or perchlorate containing one coordinated 
nitrato or perchlorato group. In contrast, tris(o- 
methylthiopheny1)phosphine gives no complex with 
nickel nitrate, whereas the sparingly soluble diamag- 
netic [Ni(TSP)2] (C104)~ complex crystallizes rapidly 
from nickel perchlorate solutions. It is highly improb- 
able that all eight potential donor atoms in this com- 
pound are coordinated to nickel. Several possible 
structures are represented in Figure 1. The diamag- 
netic character of the compound eliminates cubic, tetra- 
hedral, or regular octahedral stereochemistries. The 
solid (Figure 2C) and solution spectra (Table I) show 
bands a t  14,200, 21,500, and 26,300 cm.-l. These 
energies might result from a distorted octahedral ar- 
rangement of ligand atoms, with a strong and direc- 
tional ligand field produced by the two phosphorus 
atoms. The bands are broader than usual, perhaps in- 
dicating the considerable distortion from a regular 
octahedral structure which must exist in a d8 dia- 
magnetic complex For comparison, the solid spectrum 
of a square-planar complex, [Ni( (CsHj)2PCH2CH2P- 
(C6Hb)2)2](C104)2, is shown in Figure 2A, the lowest 
energy band occurs a t  28,500 cm.-I, about twice the 
energy of the first band of INi(TSP)2](C104)2. If the 
compound had a trigonal-bipyramidal structure as in 
Figure 1B, the solid spectrum should closely resemble 
that of [Ni(TSP) (P(CoHJ3) ](Clod)*. However, the 
spectrum of the latter (Figure 2B) is quite different 
A distorted octahedral structure is therefore assigned 
to the compound. As iurther evidence, the complex 
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{ Ni [CsHjP(o-CaH4SCH3)2]~~ (C104)2 was prepared.21 
The absorption spectrum of the solid compound is 
similar to  that of [Ni(TSP)2](C104)2. 

Five-coordinate complexes of the type [Ni(TSP)L]- 
(C10&, where L is a neutral ligand such a triphenyl- 
phosphine, methyldiphenylphosphine, or thiourea, were 
obtained from the reaction between nickel perchlorate 
and TSP in the presence of excess of the ligand L. At- 
tempts to prepare the corresponding triphenylarsine, 
dibenzyl sulfide, pyridine, and triphenylphosphine oxide 
complexes gave only [Ni(TSP)2](C104)2. When ethyl- 
enethiourea was used, a red diamagnetic complex 
[Ni(TSP) ( e tu )~ ]  (C1OJ2 crystallized from the intense 
blue solution. The red complex dissolves in various 
solvents to give a blue solution, indicating formation 
of the trigonal-bipyramidal [Ni(TSP) (etu) 1 2 +  species, 
but it always crystallizes from the solution in the red 
form with two coordinated ethylenethiourea molecules. 
The spectrum of the solid, with three broad bands (Fig- 
ure 2D), is similar to that  of [Ni(TSP)z](C104)2 (Figure 
2C), indicative of a six-coordinate structure in the solid 
state. However, the spectrum of the blue solution is 
typical of a trigonal-bipyramidal complex. 

By the use of the bidentate phosphine ligand (c6&) 2- 

PCHzCHzP(CsH6)z, the diamagnetic compound [Ni- 
(TSP) ((C6Hj)2PCH~CH2P(C,H,)2) ](C104)z was ob- 
tained. The spectrum of the solid compound (Figure 
2E) indicates a distorted octahedral structure for this 
complex also, ;.e., all the donor atoms of the tetra- 
dentate and bidentate ligands appear to be coordi- 
nated. 

The above complexes are obtained readily in a very 
pure state. Most are destroyed when warmed with 
water or methanol, and some with ethanol, but all ap- 
pear to  be stable in 1-butanol. The complexes which 
are 1 : 1 electrolytes are very soluble in dichlorometh- 
ane, whereas the 2 : 1 electrolytes are only sparingly 
soluble. 

The infrared spectrum of the thiocyanato complex 
shows a very strong band a t  2090 cm.-l (C=N stretch) 
and a medium band a t  858 cm.-l, confirming coordi- 
nation through the nitrogen a tomz2  The N-H stretch- 
ing frequencies and the C=S band in the spectrum of 
the thiourea complex confirm that coordination occurs 
through s u l f ~ r . ~ ~ ~ ~ ~  All of the perchlorate complexes 
showed intense infrared bands a t  1100 (broad) and 625 
cm.-’ (sharp). Neither of these bands was split, in- 
dicating that perchlorato coordination did not occur in 
the solid ~ t a t e . ~ ~ ~ ~ ~  

The trigonal-bipyramidal complexes [Ni(TSP)X]- 
C104 or [Ni(TSP)L](C104)2 exhibit characteristic elec- 
tronic absorption spectra. Two bands, which are as- 
signed as ligand field bands, move to higher energy in 
the order: X or L = I < Br < C1- NCS < etu < tu < 

(21) The  authors wish to thank M. Workman for supplying a sample of 

(22) J. Lewis, R. S. Nyholm, and P. W. Smith, J. Chem. SOL., 4590 (1961). 
(23) A. Yamaguchi, P. B. Penland, S Mizushima, T. L. Lane, C. Curran, 

(24) R W. Olliff, J .  Chem. SOL., 2036 (1965). 
(25) A. E. Wickenden and R. A. Krause, Inoug. Chem , 4, 404 (1965). 
(26) S. F. Pavkovic and D. W. Meek, ib id . ,  4, 1091 (1965). 

t he  tridentate ligand, CsHsP(o-C6HaSCHs)*. 

and J V. Quagliano, J .  Am. Chem. S o c ,  80, 527 (19581. 

5000-1 

E n e r g y  20,O00cm-’ 10,000cm~~ 

Figure 3.-Electronic absorption spectra of two trigonal-bipy- 
ramidal nickel( 11) complexes in dichloromethane solution. 

Figure 4.-d-Orbital energy-level splittings in trigonal-bipyrarni- 
dal complexes. 

P(C6Hs)s < P(C~H&CHS. This is exactly the behavior 
expected from the spectrochemical series. The simi- 
larity of the spectra of corresponding TSP and QAS 
complexes is illustrated in Figure 3. As with the QAS 
complexes,2~18~27 the bands are assigned to the two lAl + 

‘E(D) transitions, which correspond to  electronic 
transitions from the two e levels to the a1 level (Figure 
4A). Thus, the energies of the two bands permit the d- 
orbital energy-level splittings in the complexes to be 
compared directly (Figure 4B). The relative energies 
happen to coincide remarkably well with those calcu- 
lated by Basolo and PearsonZ8 using a crystal field 
model for a d1 system. 

The lower-energy band in each spectrum is Gaussian 
in shape, indicating that the nickel ion is surrounded 
by a symmetrical trigonal field. (Deviation from Csv 
symmetry would resolve the degeneracy of the dXZ+ 
and d,, orbitals, which lie in the equatorial plane, and 
would result in a broad non-Gaussian band in the vis- 
ible spectrum). The intensity of the lower-energy band 
varies only slightly (e  915-2470) with a change of the 
ligand in the fifth (axial) position. The intensity of 

(27) C. K. J#rgensen, “Inorganic Complexes,” Academic Press Inc., New 

(28) F. Basolo and R. G. Pealson, “Mechanism of Inorganic Reactions,” 
York, N. Y., 1963, pp. 164, 165. 

John Wiley and Sons, Inc., New York, N. Y. ,  1958, p. 55. 
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this band (due to transitions between the d,,-,,, d,, 
orbitals and the d,, orbital) may reflect the extent of 
metal-to-ligand 7~ back bonding between the dn2+, 
d,, orbitals of the metal and the empty d orbitals of the 
sulfur. If this is so, the x-bonding character of the 
Xi-S bond appears to remain approximately con- 
stant throughout this series and to be substantially 
less than that of the Ni-As bond in the corresponding 
QAS comp exes (Figure 3). 

The intensity of the higher-energy band varies rather 
systematically whenever the fifth ligand is C1, Br, I ,  
XCS, etu, and t u  ( E  250-1015), but it is considerably 
greater whenever L = P(C&)3 or P(C&)&& 
( E  -12,000). The data suggest that the higher-energy 
band may be sensitive to the x-bonding nature of the 
two ligands in the apical positions of the trigonal bi- 
pyramid. Further studies are in progress to test these 
observations. 

CONTRIBUTIOX FROM THE MCPHERSOS A S D  EVANS CHEMICAL LABORATORIES, 
THE OHIO STATE UNIVERSITY, COLVMBVS, OHIO 43210 

Thiocyanatocarbonyl Complexes of Manganese(1)I 

BY MICHAEL F. FXROSA2 AND ASDREW Vi70JCICKI 

Received Jdarch 30, I965 

A series of thiocpanatocarbonyl complexes of manganese( I )  was prepared by reaction of thiocyanatopentacarbonylman- 
ganese( I )  with neutral ligands L, where L is an amine, phosphine, arsine, or stibine, and/or by metathesis involving analogous 
chloro or bromo complexes and potassium thiocyanate. The infrared spectra suggest that  the tetracarbonyls, Mn( C0)rL- 
(SCS),  are sulfur-bonded in the solid phase and chloroform solutions, whereas the tians and cis tricarbonyls, Mn( CO)& 
(CNS), are nitrogen-bonded, the apparent exceptions being cis-Lln( CO)a[hs( CsHj)3]2SCN and cis-Mn( CO)s[Sb(C6Hs)3]2SCI\;. 
A possible explanation of these modes of manganese-thiocyanate attachment is offered in terms of Mn=C=O T bonding. 
Some unusual spectral features of the nitrogen-bonded c is  tricarbonyls are also presented and interpreted on the basis of the 
proposed bonding hypothesis It is suggested that steric factors play a major role in stabilizing manganese-sulfur linkage in 
the cis tricarbonyls containing triphenylarsine and -stibine. Finally, metal-thiocyanate bonding in six-coordinate manganese- 
( I )  carbonyls is compared with that in four-coordinate palladium( 11) complexes. 

Introduction 
Recently, we have reported the synthesis of thio- 

cyanatopentacarbonylmanganese (I), which represents 
the first simple thiocyanato metal carbonyl. In- 
frared spectral studies on this complex suggested that 
equilibria between the linkage isomers are established 
in several solvents and that the S- and N-bonded 
species prevail in the solid phase and acetonitrile, 
respectively. Because of a facile interconversion of 
the two linkage forms of hTn(CO),CNS,* it was of in- 
terest to  investigate the effect of partial replacement 
of the carbonyl groups by various neutral ligands on 
the mode of manganese-thiocyanate attachment in 
the resultant derivatives. 

That the nature of other ligands in a complex can 
strikingly influence the bonding of a coordinated thio- 
cyanate has been clearly demonstrated for palladium- 
(11) and platinum(I1) square-planar compounds by 
Turco and Pede6  and, more recently, by Burmeister 
and Basolo.6 The latter authors suggest that  a deli- 

(1) Presented in par t  a t  the  147th National Meeting of t h e  American 
Chemical Society, Philadelphia, Pa., April 5-10, 1964, and a t  t h e  Eighth 
International Conference on Coordination Chemistry, Vienna, Austria, 
Sept. 7-11, 1964. 

( 2 )  Based on the  Ph.D. thesis submitted b y  M. F. F. t o  T h e  Ohio S ta te  
University, Aug. 1964. 

(3) M. F. Farona and A. Wojcicki, Inovg. Chem..  4, 857 (1965). 
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cate balance of both electronic and steric factors is 
responsible for the observed variations in the mode of 
metal-thiocyanate attachment. 

Unlike the four-coordinate complexes above, “octa- 
hedral” thiocyanato compounds have not yet been 
systematically studied with respect to the bonding. 
This may be due, a t  least in part, to a greater stereo- 
chemical complexity of six-coordinate compounds. 
Indeed, a thorough study of metal-thiocyanate bonding 
requires synthesis of a number of representative com- 
plexes and a complete knowledge of their st,ructures. 
Such information is frequently riot available. 

The above difficulty could be conceivably avoided 
in the investigation of thiocyanatomanganese(1) car- 
bonyl complexes. By analogy with the halogeno- 
pentacarbonyls, Mn(CO)aCNS is expected to  undergo 
substitution reactions with a variety of neutral7 and 
negatively-charged8 ligands. For Mn(C0)aX (X = 
C1, Br, I ) ,  these reactions are generally highly stereo- 
specific, and the structures of the products can be 
often elucidated by infrared spectroscopy. There- 
fore, derivatives of hln(CO),CNS offer a systematic 
approach to the study of various effects that  the nature 
and position of different ligands in the complex exert 
on the mode of manganese-thiocyanate attachment. 
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