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pounds a t  110' or in a few cases a t  a slightly higher tem- 
perature, the water and ammonia are lost. A few of the 
nickel(I1) complexes after drying are diamagnetic 
which is consistent with a square-planar arrangement of 
the two bidentate ligands. 

The 4-Br and 4-NO2 chelates of nickel(I1) were each 
prepared by two methods. (Table I shows that after 
being dried a t  l l O o ,  they are of the same stoichiometry.) 
Table IV shows that drying a t  110' yields a diamag- 
netic or paramagnetic complex depending on the 
method of synthesis. We are investigatihg this inter- 
esting phenomenon which will be the subject of a future 
publication. 

In  no case where an electron-rich group in the ortho 
position is present (F, C1, etc.) were diamagnetic com- 
pounds obtained. The nickel(I1) compounds with 
halide in the 2 position contained little or no water or 
ammonia of coordination. This is consistent with the 
steric effect of the ortho substituent reported pre- 
viously.2r3 It is tempting to suggest that these groups 
occupy the fifth and sixth coordination sites yielding 
tetragonally distorted octahedral coordination as sug- 
gested by Zacharias, et aL9 However, the ortho-sub- 
stituent coordination does not explain the anomalous 
moments for the 2-Br and the 2-1 derivatives. Prelim- 
inary results show that both compounds obey the Curie- 
Weiss law from 295 to 120°K. Hence the possibility of 
the tetragonal field being such that several states can be 

(9) P. S Zacharias, B Behera, and A. Chakravorty, J .  Amer.  Chem. Soc , 
90, 7363 (1968). 
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thermally populated, i e . ,  'A e 3B in D4h microsym- 
metry as found for some nickel complexes,'O can be 
eliminated. Likewise the ortho-substituted coordina- 
tion does not explain the paramagnetic results obtained 
with the compounds which do not contaih an electron- 
rich group in the 2 position. 

I t  seems probable that with the ortho-substituted 
derivatives, as well as the others listed in Table IV 
(after drying), the paramagnetism is due to either 
tetrahedral structures or pseudooctahedral coordina- 
tion through intermolecular association in the crystal 
1attice.ll As the latter seems unlikely with the ortho- 
substituted complexes, we tentatively suggest that, in 
the absence of solvent, the compounds listed in Table 
IV are either tetrahedral or square planar. With the 
2-Br and 2-1 compounds we suggest that the solid con- 
tains both structures.12 

Electronic spectra are of little help in distinguishing 
the various structural possibilities because strong 
charge-transfer bands obscure the d-d bands, which 
would be of limited value anyway due to the rather low 
real symmetry of the compounds reported here. 

A complete investigation of the temperature depen- 
dency of the magnetic susceptibilities reported above is 
in progress. 

(IO) G A Melson and D H Busch, zbtd , 86, 4830 (1964), S L Holt, 
R J Bouchard, and R L Carlin, rbtd , 86, 519 (1964). 

(11) E K Barefield, D H Busch, and S. iU Nelson, Quad Rev , Chem 
Soc , 2 B ,  457 (1968) 

(12) B T. Kilbourn, H M Powell, and J. A C Darbyshire, PYOC Chem. 
Soc ,London, 207 (1963). 
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Reactions of borohydride ion with CsH5Fe(CO)(CNCH3)z+, C5H6Mo(C0)2(CNCH3)zf, and CaH4CH3Mn(NO)(CNCH3)2+ 
occur with addition of BH units across the two C=N bonds in the coordinated isocyanide ligands. With borohydride ion 
and CaHaFe(CNCH3)3+ addition of BH units to the three isocyanide ligands occurs. Reaction of CsH5Fe(CO)(CHNCHa)z- 
BHz and CaH4CH3Mn(NO)(CHNCH3)zBH2 with (CsHi,)sC+BF4- leads to substitution by fluorine of the two terminal boron 
hydride protons in these complexes, giving C~H~F~(CO)(CHNCH~)ZBFZ and C5HaCHsMn( NO)(CHNCH3)2BFt, respectively. 
All products were characterized by analyses, mass spectra, and nmr ('H and llB) and infrared spectra. 

Reduction of cationic transition metal organometallic 
complexes with borohydride ion is most often accom- 
panied by hydride transfer to the metal or to one of 
the ligand groups. The a-hydrocarbon ligands are 
particularly well known to add hydride ion in these 
reactions. Among the earliest work in this area is 
the reduction of the cobalticinium and rhodicinium 
ions to give the uncharged cyclopentadienylcyclo- 
pentadienemetal complexes' and the reduction of cyclo- 
heptatrienylchromium tricarbonyl cation to cyclo- 
heptatrienechromium tricarbonyl. More recently a- 

(1) M. L H. Green, I, Pratt ,  and G Wilkinson, J Chem. Soc , 3759 
(1959). 

(2) J D. Munro and P. L. Pauson, $bid., 3475 (1961). 

arene ligands have been shown to add a hydride ion 
to give cyclohexadienylmetal complexes, 3, and r-olefin- 
metal complexes have been converted to u-alkylmetal 
complexes with b~rohydride.~ Although in the initial 
cobalticinium and rhodicinium work1 i t  was suggested 
that the hydride ion became attached to the ring 
in the endo position, there now seems to be ample 
evidence, including finally an X-ray crystallographic 
study,6 that this is incorrect; substitution occurs in 
the exo position only. The same stereochemistry is 

(3) G. Winkhaus, L Pratt ,  and G Wilkinson, zbrd , 3807 (1961) 
(4) M L H Green, L Pratt ,  and G Wilkinson, + b i d ,  989 (1960) 
(5) M L H Green and P L I Nagy, J OYganometal Chem , 1, 58 (1963) 
(6 )  P H Bird and M R Churchill, Chem Commun , 777 (1967). 
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TABLE I 
INFRARED SPECTRAL DATA (CM-1) 

Compound vco uh’ 0 VC=N 

C5HjFe( CO)(CHNCH3)zBHz5 1950 s . . .  1555 s 

CjHaFe( CHNCH3)3BHa . . .  . . .  1525 s 

CaH;Mo( CO)2( CH?SCH3)2BHzb 1955 s, . . .  1565 s 
1866 s 

CsH4CH3Mn( NO)( CHNCH3)2BHza . . .  1687 s 1549 m, 

CjHsFe( CO)( CHNCH3)2BFza 1965 s . . .  1545 s 
1523 w 

C5H4CH3Mn( NO)( CHNCH3)zBFP 1700 s 1551 m, 
1520 w 

CsH4CH~Mn(NO)(CNCH3)2fPF6- a . . .  1873 s 2219 s 

Nujol or Fluorolube mulls. 
( V C = N )  

b CHC13 solutions, KBr cells. 

-0ther- --7 

2930 mw, 2300 w, 1405 w, 1350 m, 
1155 w, 1005 w, 870 vw, 815 w, 
590 w, 550 m 

2420 m, 2380 w, 1480 s, 1410 s, 1330 s ,  
1140 m,1105w,1070w,1000m, 
810 m, 800 m, 750 w, 695 m, 490 m 

3250 m, 3000 w,  2950 m,  2370 m, 
2330 m, 1456 m, 1435 m, 1405 m, 
1340 s ,  1180 w, 1140 s ,  1005 m, 
960 w, 880 w,  800 m, 600 w, 570 m, 
530 s ,  510 m, 470 m 

2910 w, 2388 w, 1342 m, 1193 w, 
1147 w, 1040 w,  820 w 

3120mw, 1440 m,1420 s ,  1355 s ,  1150 
m, 1110 m, 1065 s, 1035 s ,  1020 s, 
940 w, 930 w, 910 w, 850 m, 840 m, 
760 w, 650 w, 590 m, 550 s 

2950 w, 1465 w, 1415 w,  1350 w, 1143 w, 
1105 w, 1020 m, 915 w,  883 w, 822 w, 
720 w 

m, 830 s (YPF) 
3120w, 1480 w, 1447 w,1410 m, 1383 

TABLE I1 
lH AND llB NMR DATA 

Compound Proton spectra,a chem shift, r (intens) 

CaHjFe( CO)(CHNCH$)*BHP CjH5, 5 . 2  (5) ;  CHS, 6 . 7  (6) ;  CH, -1.1 (2)  
C5H5Fe( CHiXCH3)3BHC CjHa, 5 .2  (5);  CH3, 6 . 7  (9);  CH, - 2 . 0  (3) 
CaHoMo( CO)Z(CHNCHI)~BHZ~ CjHs, 4 . 4  (5); CHS, 6 .60  (6); CH, -1 .3  (2)  
CjH4CH3Mn( NO)( CHNCH3)zBHzC CoHaCH3, 5.13 (4) (split), 8 .08 (3);  

CH3, 6 .60  (6); CH, -0.91 (2)  
CjHjFe(CO)!CHXCH3)zBFtc CsHj, 5 .2  (5) ;  CH3, 6 . 6  (6); CH, -1.7 (2) 
C6H4CH3Un( NO)( C H N C H ~ ) Z B F ~ ~  CjHaCH3, 5 16 (4) (split), 8 18 (3) ;  

CH3, 6.67 (6);  CH. -1 .2  (2) 
C.,HaCH3Mn(NO)(CNCH3)2+PF~- CjHaCHE, 5.12 (4), 8 58 (3); CH3, 6 85 (6) 

a TMS internal standard; all peaks singlets except as noted. Vs. BF3. O(CZH~)Z  external standard. 

LIB spectra,b 6 (JBH or JBF) 

$ 5 . 9  (96 Hz, triplet) 
+2 .6  (107 Hz, doublet) 

$2 .9  (68 Hz, triplet) 

-0 .7  (31 Hz, triplet) 
- 1 . 6  (33 Hz, triplet) 

. . .  
CDCl3 solution. Acetone-&. 

seen in reactions of cationic complexes with alkyl- 
and aryllithium  reagent^.^ 

Three other types of reactions have been observed 
in borohydride reactions with cationic organometallic 
complexes, though there exist only very limited ex- 
amples of each. In 1961, Davison, Green, and Wilkin- 
son reported reactions of borohydride ion with CSHjFe- 
(CO)3+ to give C6H6Fe(C0)2H,8 a reaction proceeding 
with displacement of carbonyl by hydride. A similar 
reaction is observed with CsHjM(C0)4+ (hf = Mo, W).’ 
Several reductions to dinuclear species, includihg the re- 
duction of C6H6Mn(C0)2NO+ and [ (C~HI)~P]&O(CO)~+ 
to [CjH5Mn(CO)NO]n9 and [ ( C ~ H ~ ) ~ P C O ( C Q ) ~ ] ~ , ~ ~  
respectively, are known. It is possible to postulate 
their formation by way of an unstable metal-hydride 
intermediate. Still more recently, the interesting re- 
duction of a coordinated carbonyl ligand to a a-methyl 
group was observed in our group.7 

Observed in borohydride reductions of uncharged 
organometallic halides such as (C6Hs)2TiC12 is another 
type of reaction product, in which the borohydride 
unit is linked to the metal through one or more hy- 
drogen bridging units.“ 

We have been involved in extensive studies on cat- 
(7)  P. M. Treichel and R.  L. Shubkin, I n o r g .  Chem., 6, 1328 (1967). 
(8) A,  Davison, M. L. H. Green, and G. Wilkinson, J .  Chem. Soc., 3172 

(1961). 
(9) R. B. King and M. B. Bisnette, J .  Amev.  Chem. SOL., 86, 2527 (1963). 
(10) J. A .  McCleverty, A. Davison, and G. Wilkinson, J .  Ckem. SOL.,  

(11) H. Noth and R .  Hartwimmer, Chem. Be?., 93, 2238 (1960). 
3890 (1965). 

ionic metal isocyanides and in the course of our work 
have run borohydride reactions with a number of 
these species. In contrast to the observations with 
analogous carbonyl complexes, a general reaction in- 
volving incorporation of the BHI into the complex 
was found to occur. In this reaction we postulate 
BH addition to the carbon-nitrogen multiple bond 
of two or three cis isocyanides.12 The full study of 
preparation and characterization of these complexes 
is reported in this paper. 

Experimental Section 
Elemental analyses were performed by Galbraith Laboratories, 

Inc., Knoxville, Tenn., and by Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y .  Molecular weights were obtained 
from the mass spectra, run on an AEI MS-902. Infrared spectra 
were recorded on a Beckman Model IR-10 double-beam grating 
spectrophotometer. The lH nmr were recorded on Varian 
A-60 and T-60 spectrometers. The 1lB nmr were recorded on a 
Varian HA-100 spectrometer, a t  32.1 MHz. These data are 
given in Tables I afid 11. 

Chromatographic separations were made on Fisher aluminum 
oxide. Tetrahydrofuran was dried by distillation from lithium 
aluminum hydride. Acetonitrile was dried by refluxing over 
calcium hydride, distillation onto PaOlo, and distillation from 
PaOlo onto molecular sieves. These solvents were deaerated by 
purging with nitrogen as a further precaution. The preparation 
and handling of methyl isocyanide (caz&n! toxic) is described 
in ref 13. The complexes CsHsFe(CO)(CNCHa)z+PFe- and 
CoH6Mo(C0)~(Ci\jCH3)zfPF~- were obtained by metathetical 

(12) Preliminary communication: P.  M. Treichel and J. P. Stenson, 

(13) R. E.  Schuster, J. E.  Scott, and J. Casanova, Ovg. Syn. ,  46, 75  (1968). 
Chenr. Conamun., 423 (1969). 
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reactions in aqueous solution from the iodide salts which have 
been reported previously by Coff ey,I4 and the complex CaHsFe- 
(CNCH3)3+PF6- was obtained in like manner from the known 
chloride salt.i5 These PF6- salts were easily crystallized from 
acetone-water. The complex CsHaMn(NO)(CO)z+PFs- was 
prepared by the method of King.I6 Other starting materials 
were commercial samples. 

As routine procedure all manipulations were carried out under 
nitrogen. 

Reaction of C5H5Fe(CO)(CNCH8)~+PF6- with NaBH4.-A 
mixture of 12 g (32 mmol) of CaHsFe(CO)(cNCHa)z+PFa- and 
3.6 g (96 mmol) of NaBH4 was stirred a t  0" in tetrahydrofuran 
(50 ml) for 2 hr. A dark yellow-brown solution resulted. The 
solvent was evaporated and the residue was extracted with 
benzene, After being reduced in volume, this solution was 
chromatographed on an alumina column prepared with benzene. 
Development of the column by elution with benzene produced 
four bands: one yellow-orange and three red-violet in order of 
increasing retention time. 

Band 1 eluted with benzene to give a yellow solution. Evapora- 
tion of solvent gave yellow crystals, C5HsFe(CO)(CHNCHa)zBH2 
(3.6 g, 50%), mp 123-124'. Anal. Calcd for CloHlsONzBFe: 
C, 48.75; H ,  6.10; N, 11.40; B, 4.47; Fe, 22.78; mol wt 246. 
Found: C,49.36; H ,  5.90; N,  11.24; B,4.44; Fe, 22.58; mol 
wt 246 from mass spectrum. 

Band 2 eluted with benzene to  give a red solution. Evapora- 
tion of solvent gave red-violet crystals identified by an infrared 
spectrum as [CaHaFe(C0)2]2 (trace amounts). The third and 
fourth bands also gave small amounts of red solids of apparent 
low stability. The infrared spectra of these complexes suggest 
that they are (GHsFe)2(CO)a(CNCHa) and ( C ~ H ~ F ~ ) Z ( C O ) Z -  
(CNCH3)2; analysis later confirmed the identity of the former. 
Further supporting this contention is the synthesis of these com- 
plexes in the direct reaction of [CsHaFe(CO)2]2 and methyl iso- 
cyanide.'? We will describe their full characterization a t  a later 
time. 

Reaction of C5HsMo(CO)2(CNCH3)2+PF6- with NaBH4.-A 
mixture of 6.0 g (13.5 mmol) of CaHaMo(CO)z(CNCH3)ziPFe- 
and 1.5 g (40.5 mmol) of NaBH4 was stirred at 0' in 50 ml of 
tetrahydrofuran for 24 hr, giving a dark yellow-brown solution. 
Work-up, involving chromatography on alumina, gave yellow 
crystalline CsHsMo(CO)z(CHNCHs)zBH2 (0.8 g, 1970)~  mp 
132-134' dec. Anal. Calcd for CIIHIENZBMOOZ: C, 42.0; 
H ,  4.78; N, 8.92; B, 3.50; mol wt 314. Found: C, 41.99; 
H,  4.81; N, 8.53; B, 3.70; mol wt 314 from mass spectrum. 

Reaction of C5HaFe(CNCH3)3+PF6- with NaBH4.-A mixture 
of 5.0 g (12.8 mmol) of CsH5Fe(CNCH3)3+PFa- and 1.4 g (38.6 
mmol) of NaBH4 in 50 ml of tetrahydrofuran was stirred a t  room 
temperature for 48 hr, giving a dark yellow-brown solution. 
The work-up, similar to those described above, gave only one 
isolable compound, CsHaFe(CHNCHa)sBH, as yellow crystals 
(0.7 g, 2l%),  mp 151-155'. Anal. Calcd for C I I H I ~ F ~ N ~ B :  
C, 51.00; H,  6.95; N, 16.20; B, 4.25; Fe, 21.60; mol wt 259. 
Found: C, 51.66; H, 7.28; N, 16.11; B,4.08; Fe,20.97; mol 
wt 259 from mass spectrum. 

Attempted Reaction of CsHaFe(CO)2CNCH3+PF6- and NaBH4. 
-A sample of C ~ H ~ F ~ ( C O ) Z C N C H ~ + P F B -  (6.0 g, 16.5 mmol) 
and NaBH4 (1.88 g, 49.5 mmol) was stirred in 250 ml of tetra- 
hydrofuran a t  0' for 8 hr. The solvent was evaporated, and 
the residue was dissolved in a minimum of benzene and filtered. 
The filtrate was chromatographed on alumina; benzene caused 
three bands to elute. The first band was yellow. On evaporation 
i t  yielded 0.16 g of CaH&Fe(CO)(CHNCHa)BH2, 4.0% yield, 
identified by its infrared spectrum and melting point. The 
second band (red) was the major one; on evaporation it gave 1.40 
g of [C5HaFe(C0)2]2, %yo yield, identified by its infrared spec- 
trum. The third band off the column gave 0.28 g of a red solid. 
This was identified as (CsHsFe)2(CO)a(CNCHa) (4.570 yield). 

Preparation of C5H4CH3Mn(NO) (CNCH3)ziPF6-.-Solid C5H4- 
CH3Mn(NO)(C0)2+PF6- (15.0 g, 41 mmol) was dissolved in 
300 ml of acetone, and to  this was added 5.1 g (124 mmol) of 
methyl isocyanide. Gas evolution occurred immediately. The 
reaction mixture was refluxed for 2 hr. The resulting deep red 
solution was filtered and 250 ml (95y0) of ethanol was added. 

(14) C. E. Coffey, J .  Inovg .  Nucl .  Chem., 25, 179 (1963). 
(15) K.  K. Joshi, P. L. Pauson, and W. L. Stubbs, J. OvganometaL Chem., 

(16) R. B. King and M. B. Bisnette, Inorg.  Chem., 8, 791 (1964). 
(17) P. M. Treichel, J. J. Benedict, R. W. Hess, and J. P. Stenson, Chem. 

1, 51 (1963). 

Commun., 1627 (1970). 
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The volume of the solution was reduced by evaporation a t  water 
aspirator pressure until a red crystalline solid just began to  
deposit. Further crystallization was accomplished a t  - 20'. 
The red crystals were filtered cold and washed with ethyl ether. 
The yield of C6H4CH3Mn(NO)(CNCHa)2+PF~- was 14.3 g 
(89y0). The product could be recrystallized from acetone- 
ether; mp 159-160". Anal. Calcd for C I O H I ~ N ~ O M ~ P F B :  C, 
30.70; H,  3.35; N, 10.75. Found: C, 30.83; H ,  3.43; N,  
10.62. 

Reaction of T-CH~C~H~M~(NO)(CNCH~)Z+'PFE.- with NaBH4. 
-A 5.0-g (13-mmol) sample of C5H4CHsMn(NO)(CNCHa)2+- 
PF6- was added to 250 ml of tetrahydrofuran a t  0". To this was 
added 0.80 g (21 mmol) of NaBH4. The suspension was stirred 
for 0.5 hr a t  0' and an additional 1.5 hr at 25'. The solvent was 
removed from the resulting purple solution. The dark solid was 
extracted with benzene (25 ml) and chromatographed on alumina 
using benzene as the eluent. A single purple band eluted. 
Evaporation of the benzene gave 1.8 g (53y0) of a purple crystal- 
line air-stable material, CaH4CH3Mn(NO)(CHNCH3)2BH2, mp 
108' dec. Anal. Calcd for CloH17N30BMn: C, 46.01; H ,  
6.57; N, 16.11; mol wt 261. Found: C, 45.60; H ,  6.39; N, 
15.84; mol wt 261 from mass spectrum. 

Reaction of CsHsFe(CO)(CHNCH~)2BH2 and (C~HE)XC+BFC. 
-A mixture of 0.5 g (2 mmol) of CsHaFe(CO)(CHNCH&BHz 
and 0.74 g (2.2 mmol) of ( C E . H ~ ) ~ C + B F ~ -  was stirred a t  room 
temperature in -40 ml of anhydrous acetonitrile for 24 hr. 
The acetonitrile was evaporated and the residue was extracted 
with hexane. Evaporation of the hexane gave triphenylmethane, 
as a white crystalline solid. The yellow, hexane-insoluble part 
of the residue was purified by chromatography on an alumina 
column prepared with benzene. Elution of the yellow band with 
benzene gave a yellow solution. Evaporation of the solvent gave 
yellow crystals, C~H~F~(CO)(CHNCHI)ZBFZ (0.22 g, 39%), mp 
165-167' dec. Anal. Calcd for CloH13N2F2BFeO: C, 42.60; 
H ,  4.61; N, 9.94; Fe, 19.85; mol wt 282. Found: C, 42.85; 
H ,  4.72; N, 9.89; Fe, 19.92; mol wt 282 from mass spectrum. 

Reaction of CsH4CH3Mn(NO)(CHNCH3)2BH2 and (C6H6)3- 
C+BFa-.-A 0.70-g sample (2.7 mmol) of CaH&HaMn(NO)- 
(CHNCH3)2BH$ was added to 50 ml of dry acetonitrile. To this 
was added 1.0 g (3.0 mmol) of ( C ~ H G ) ~ C + B F ~ -  and the mixture 
was stirred a t  25" for 3 hr. The reaction mixture was filtered 
and the solvent was evaporated. The residue was extracted with 
a 1 : 1 benzene-chloroform mixture. Chromatography of the 
resulting purple solution on alumina with benzene gave a light 
yellow material identified as (CeH5)3CH. Further elution with 
chloroform gave a purple band which upon evaporation of the 
solvent gave 0.32 g (40%) of air-stable, purple, crystalline CsH4- 
CHaMn(NO)(CHNCHa)zBFz, mp 140" dec. Anal. Calcd for 
CloHlaN30MnBF2: C, 40.43; H ,  5.09; N, 14.16; mol wt 297. 
Found: C, 40.17; H, 4.89; N, 14.02; mol wt 297 from mass 
spectrum. 

The reaction of C5HsFe(CHNCH3)sBH and (CsHa)3C+BFa- 
under similar conditions gave no reaction and recovery of start- 
ing material. 

Discussion 
The reaction of ChH6Fe(CO) (CNCH&+ and BH4- 

leads primarily to one product, c~HbFe(C0) (CHNCH& 
BHz, in good yield. In addition, small amounts of 
[C5H5Fe(CO)z]z and two isocyanide-substituted de- 
rivatives of this, (C~H~F~)Z(CO)~(CNCH~)~~~ l* and 
probably (C~H~F~)Z(CO)Z(CNCH~)Z ,  were also observed 
though in small quantities. Cyclopentadienyliron di- 
carbonyl dimer is known to occur regularly in many 
reactions of cyclopentadienyliron carbonyls and is not 
unexpected here; its synthesis suggests a facile car- 
bonyl-isocyanide ligand exchange in the reaction sys- 
tem. The small amounts of isocyanide-substituted 
dimers may arise from direct reduction of the cationic 
complex, followed by ligand exchange, or by substitu- 
tion of [ C ~ H ~ F ~ ( C O ) ~ ] Z  by small amounts of free iso- 
cyanide which no doubt are present in the reaction 

(18) A compound analogous to this was prepared on borohydride reduction 
of CsHsPe(C0) (CNC6Hs)I; an  X-ray crystallographic study of this showed 
that the isocyanide was found in a bridging position: K. K. Joshi, 0. S. 
Mills, P. L. Pauson, B. W. Shaw, and W. H .  Stubbs, Chem. Commun., 181 
(1965). 
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system because of decomposition. In any event the 
relatively small amount of these dinuclear species, 
which in total yield does not exceed several per cent, 
is a striking feature of this reaction. It means that 
the primary pathway of the reaction is not one analo- 
gous to that seen in the analogous carbonyl systems 
involving ligand displacement to give a metal hydride, 
which would subsequently give dimer formation. The 
second general reaction type previously observed for 
hydride reactions is the addition to a ir-hydrocarbon 
group; this reaction appears not to have occurred 
here either. 

It is interesting that the reaction of CjHaFe(C0)2- 
(CKCH3)+ and borohydride appears to be a typical 
reaction ; the main products are [CsHcFe(C0)2]2 and 
(CjHbFe)z(C0)3(CNCH3), both of which could arise 
from unstable intermediate hydride formation or form 
direct reduction. A very small amount of C5HsFe- 
(CO) (CHNCH3)2BH2 does arise; its occurrence sup- 
ports our earlier contention that ligand exchange or 
substitution is probably occurring in the starting ma- 
terial since the origin of this material is virtually 
certain to be CsHeFe(CO) (Cr\jCH3)2+. 

The primary product in the CSHsFe(C0) (CNCH3)2+- 
borohydride reaction was a yellow crystalline solid, 
obtained in over 50 yo yield. It is a covalent substance, 
being readily soluble in petroleum solvents and sub- 
liming in vacuo a t  a low temperature. I ts  composition 
was determined by elementary analyses and by its 
mass spectrum which showed a parent peak a t  m / e  
246, correct for the formulation of a 1:l adduct of 
cation and anion, CjHbFe(C0) (CHNCH3)zBHz. 

That this reaction was a general one was established 
by the isolation of analogous compounds CsHsMo (C0)z- 
(CHNCH3) *B H2 and C5H4CH3Mn (KO) (CHNCH3) zBHz 
from reactions of borohydride ion with CsHsMo(C0)2- 
(CNCH3)2+ and CjH4CH31\/In(NO) ( C N C H ~ ) Z + ~  respec- 
tively. Parenthetically we note that the compound 
C5H4CH3Mn(NO) (CXCH3)*+ had not previously been 
reported. It is easily synthesized in a direct reaction 
of C6H4CH3Mn(C0)2N0 f with excess methyl isocya- 
nide in refluxing acetone. Substitution reactions of 
C6H4CH3Mn(CO)zNO+ with various ligands (pri- 
marily phosphorus donor ligands) have been studied 
earlierl9-z1 and it  has been shown that replacement 
of both carbonyls is possible. 

Infrared and nmr spectra for these three compounds 
support a tentative structural assignment. In the in- 
frared spectra of all three compounds, V ~ , H  absorptions 
were noted. The VC..N absorption around 2200 cm-', 
associated with terminal isocyanide ligands, was lacking, 
but for each compound a strong new absorption a t  
approximately 1500 cm-l was seen. This absorption 
was ascribed to v C = ~ .  The other characteristic ab- 
sorptions such as vco in CcH5Fe(CO) (CHNCH3)zBHz 
and in CjHsM~(C0)2(CHNCH3)2BHz and V N O  in 
CsH4CH3Mn(NO) (CHNCH3)2BH2 were seen as ex- 
pected. In the proton nmr spectra, resonances were 
observed for the protons in the cyclopentadienyl or 
methylcyclopentadienyl groups. In addition there 
was a singlet absorption from two equivalent methyl 
groups (intensity 6) and a very low field resonance 
a t  about 7 -1.0 (intensity 2). The resonance as- 

(15) T. A.  James and J. A.  McCleverty, J .  Chem. Soc., 850 (1970). 
(20) H. Brunncr, A72ge.w. C h e m ,  81, 385 (1Q69). 
(21) I<. B. King, 1720).9. Chenz., 8, 2374 (1569). 

sociated with the two remaining protons was not ob- 
served, but there is compelling evidence that these 
protons are present in a BH2 group within the molecule, 
since absorptions for V B H  are evident in the infrared 
spectrum and since the llB spectrum shows the 1 : 2 : 1 
triplet pattern, expected for coupling to two spin l/z 
nuclei. Presumably the resonance is broad and of 
low intensity, so that i t  could not be observed. It 
is appropriate to note that in tris(pyrazoly1borate) 
anionsjZ2 and presumably in metal complexes of this 
ligand,23 the hydrogen of the BH group is also not 
observed in the nmr spectra owing to the broadness 
and multiplicity of this resonance. 

Several structures can be proposed for the ligand 
system in these complexes; three of the most likely 
alternatives are given in Figure 1. Our preference is 

I b  I C  i a  

F e \  H 

c .  H.C/ \ /,cyH 
' I '  

C H s /  N, 
, N / ~ - - c H ~  

;"C H 3 

I 1  

Figure 1.-Possible structures of CoH~Fe(CO)(CHNCH~)2BH~ 
and CaHeFe(CHSCH3)3BH. 

strongly in favor of the first of these structures (la)> 
but this choice is basically intuitive since the available 
data could be rationalized for each. The formation 
of a complex having structure Ia can be envisioned 
to follow from a straightforward addition of two Bb+- 
HS- units to the multiple C=N bonds in cis C-NCH3 
groups. The hydridic hydrogen would then end up 
on the carbon atom of the isocyanide; presumably 
this atom, like the carbon atom in metal carbonyls,24 
bears partial positive character. Nucleophilic attack 
at both carbonyls7 and at isocyanides2j has been ob- 
served in the past. 

Assuming this structure, we can describe the bonding 
in terms of two canonical forms of major importance, 
which involve ligand bonding to the metal by a u- 
bonded group and an ylide (carbene) group, viz.  

where fe = CjHjFe(CO). The localized canonical struc- 
(22) S. Trofimenko, J .  Arne,. Chem. Soc., 89, 3170 (1967). 
( 2 3 )  S. Trofimenko, ibid. ,  91, 588 (1969). 
(24) K. G. Caulton and R.  F. Fenske, Ino;,g. Chem., 7, 1273 (1968). 
(25) P. hl. Treichel and J ,  P. Stenson, i b i d . ,  8, 2663 (1969). 
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ture allows one to see the EAN rule agreement for this 
compound. A delocalized structure is necessary to be 
in accord with the nmr equivalence of N-CH3 and C-H 
protons. 

The second structure, Ib, is a challenging one to 
refute. In  order to accomplish the formation of this 
compound, rearrangement of the isocyanide ligand 
group would have to occur; i t  is difficult to  see how 
this would occur mechanistically. A second disad- 
vantage for this structure is that  the only reasonable 
canonical structure requires that the complex be highly 
polar; i.e. 

H 
\N=C’ 

H3C 

fe +J >BEz 
)N=C 

H3C \H 

Nevertheless this structure would provide the ob- 
served nmr equivalence of CH3 and CH groups. The 
third possible structure, IC, can be thought of as analo- 
gous to that of the compound formed on hydrazine 
reduction of Pt(CNCH3)b2+. 26,27 It does require BH 
addition to the coordinated isocyanide group in the 
opposite direction and does give a structure less satis- 
factory on steric grounds. 

Interestingly, the reaction which may be the closest 
precedent to this type of addition reaction was ob- 
served by us several years ago. The reaction of 
C5H5M [ (C6H&P]+ and sodium borohydride gave 
CSH5M (CO)z [ (C6H5)3P]CH3.7 The product forma- 
tion] involving reduction of a carbonyl to a methyl 
group, probably occurred by BH addition to the CEO 
of the coordinated carbonyl. In that work the reaction 
proceeded further however and no isolable intermediate 
was identified. This perhaps is a reflection of the 
higher stability of the boron-nitrogen heterocycles vs.  
the yet unknown analogous boron-oxygen complex. 

An analogous reaction, in that it involves BH addition 
to coordinated isocyanide groups, occurs between C ~ H S  
Fe(CNCH3)3+ and BHd- giving CjHbFe(CHNCH3)3- 
BH. The yellow covalent product exhibits no terminal 
vCeN in the infrared, and in addition the proton 
nmr spectrum contains three resonances of relative 
intensities 5:9:3. The single proton not observed in 
this spectrum is ascribed to a hydrogen remaining 
bonded to the boron, and as in the earlier examples, 
the multiplicity and anticipated broadness of this reso- 
nance has obscured its presence. There is a v g ~  ab- 
sorption in the infrared spectrum of this compound 
and the llB spectrum occurs as a doublet, as expected. 
Structure Ib  seems most appropriate for this complex. 
The spectroscopic data seem clearly to rule out an 
alternative structure in which addition to only two 
isocyanide ligands has occurred, to give a complex 

(26 )  A. Burke, A. L. Balch, and J. H. Enemark, J Amev.  Chem. SOC., 92, 

(27) G. Rouschias and B. L. Shaw, Chem. Commun., 183 (1970). 
2556 (1970). 

like Ia  with isocyanide substituted for terminal car- 
bonyl. The proton nrnr spectrum suggests that  a 
delocalized structure would be most appropriate, to 
explain the singlet CH3 and C H  resonances a t  r 6.7 
and -2.0. One of several canonical forms is 

H ,CHB 

\C=NY 
H’ \CH3 

In the structures proposed for these borohydride 
addition products, the BH2 (or BH) groups would 
not be a part of the partially delocalized ring system 
of necessity, as the boron atom is four-coordinate and 
thus coordinately saturated. This fact, in turn, sug- 
gested that a t  least for the monocyclic compounds 
such as C5H5Fe(CO) (CHNCH3)2BH2, abstraction of a 
hydride ion might be possible giving a ring system 
fully delocalized over all six atoms. In an attempt 
a t  such a reaction, this iron complex and the common 
hydride abstracting agent (C6H&CfBF4- led unex- 
pectedly to C5HhFe(CO) (CHNCH3)2BF2, in which ex- 
change of fluorine for hydrogen in the BH2 group 
had been accomplished. The same reaction with CjHq- 
CH3Mn(NO) (CHNCH3)zBHz gave the complex CBHI- 
CH3Mn(NO)(CHNCH3)zBF2. Both iron and man- 
ganese complexes had properties substantially similar 
to their BH? analogs, except for those spectroscopic 
properties associated with BF2 and BH2 groups. In 
both reactions triphenylmethane was an isolated prod- 
uct. This suggests that  perhaps the route to these 
new complexes may in fact be via the expected cationic 
intermediate but that this in turn is a sufficiently 
strong fluoride acceptor to abstract F- from the 
counterion BFd-. 

A possible alternate route to these compounds, in- 
volving exchange of BH2 by BF2 (from BF4-), can 
be discounted since the products are not formed from 
starting material and NaBF4 under the same condi- 
tions. Indirectly] this hypothesis is also supported 
by the failure to accomplish this reaction with C5HjFe- 
(CHNCH&BH which presumably would not readily 
lose a hydride ion since the tricyclic geometry of the 
ligand plus metal would force boron to remain in a 
trigonal geometry and would prevent any substantial 
delocalization of electrons to  boron. 
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