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with C H C ~ O & -  = 228 a t  420 mp. The error limits of 
the constant were derived from the individual mea- 
surements by means of propagations of error calcu- 
lations, taking into account the standard deviations 
of volume, time, and absorbance measurements. As 
the best value K = (1.24 * 0.14) X l o4  (for equal 
concentrations of the reactants) can be taken. ,4t 
420 mp the molar absorptivity is 1040 i. 40 cm-l ilf-'. 

Absorption Spectrum.-The spectrum recorded us- 
ing the flow device is a superposition of the spectra of 
the different ionic species existing in solution. After 
correction for HCr04- the absorption spectrum given 
in Figure 3 was found for the intermediate. The 
reaction is faster in an excess of thiosulfate, and i t  
shows an induction period with chromate in excess. 
The measurements were, therefore, carried out in a 
slight excess of chromate, in order to avoid an ap- 
preciable decay of the chromatothiosulfate during the 
flow from the mixing chamber to the light path in the 
cell. The calculations were made for the time of 
mixing. The absorption curve shows a maximum a t  
390 mp with emax 1400 cm-' M-l. 
found also in a high excess of HS203-. 

This value 

I 

was 

Figure 3.-.4bsorption spectra of some Cr(Y1) compounds. 

Absorption curves for HCrOc ,  Cr03C1-, CrS072-, 
and CrP073- as determined by us are included in 
Figure 3. In  every case they are in good agreement with 
published spectra for these  specie^.^-^ 

Discussion 
The band a t  390 mp can be ascribed to a charge-trans- 

fer transition, as can the 350 mp band for HCrOr-.lo 
,4 number of other species having a Cr-0-R group 
(e.g., where R is PO8, SO3, or COCH,") also have an 
absorption maximum near 350 mp. The chloro- 
chromate i ~ n ~ . ~  has a maximum slightly shifted toward 
longer wavelengths. 

The nature of the R group apparently does not affect 

(6) G. P. Haight, I). C. Richardson, and K. H. Cohurn, Inoi,g. Chew&., 3, 

( i )  F. Holloway, J .  A i n  C h i n .  Soc., 74, 224 (19.52). 
(8) 0. Lukkari, Sz~o?ncn Kemislilehli, 36B (5 -6 ) ,  91 (1962); 38B (8-G), 121 

(1965). 
(9) A I .  Cohen and F. H. Westheimer, J .  A m .  Chcvz. Soc., 74, 4387 (3952). 
(10) A. Carrington and 11. C .  I<. Symons, J .  Chevt. Soc., 889 (1960). 
(11) U. Klining and A I .  C. I<. Symons, ibid., 3204 (1961). 

1777 (1964). 

the position of the charge-transfer band, but the ex- 
change of the oxygen atom with a chlorine atom of 
low electronegativity shifts the absorption band to 
lower frequencies. The even more pronounced shift 
in the case of the chromatothiosulfate is consistent with 
the assumption that the sulfur atom acts as a bridge 
rather than an oxygen atom, and therefore the probable 
formula of the intermediate is -0&rSS03-. The 
formation of this ion can be assumed to take place by 
the displacement of OH- in the HCr04- ion by the 
sulfur of the HS203- ligand. 
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The formation of alkali metal derivatives of the 
borazines, e.g., LiN3(CH3)2B3(CH3)3, was first reported 
by Wagner and Bradford.' However, attempts to 
methylate B-methyl- and B-phenylborazines a t  the 
nitrogen positions with alkali metal-ammonia solu- 
tions or with alkali metal amides led to addition prod- 
ucts rather than to the expected alkali metal dcriv- 
atives2 The alkali metals react with solutions of 
aromatic hydrocarbons such as biphenyl in tetrahydro- 
furan and other ethers to form solutions of radical 
anions (eq 1) which can also be used as metalating 

CeHjC6Hj + Na + CsHbC6Ho.- + Xa+ (1) 

agents3 Thus, i t  might reasonably be expected that 
these solutions could be used to prepare alkali metal 
borazine derivatives. 

Experimental Section 
Blue-green solutions of sodium biphenylide in anhydrous tetra- 

hydrofuran or ethylene glycol dinietliyl ether were prepared 
according to the procedure of Scott, Walker, and Hansley;' 
aliquots of these solutions mere hydrolyzed and titrated with 
standard acid before use. 

B-Trimetliylborazine and B-trimethyl-S-methylbordzine were 
prepared from the copyrolysis of (CH3)3BSH3 and (CH3)3BSH2- 
CHs and were isolated by conventional methods.' B-Triphenyl- 
borazine was obtained by the reaction of plienyltnagnesiurn 
bromide with B-trichloroborazinr.~ I'entacarbonylmanganese 

(I)  R. I. Wagnei- and J. 1. Bradford, Inoug. Chem., 1, 93 (1962). 
(2) R. 11. Cotnpton, H .  Kohl,  and J. J. Laxowski, ibid., 6, 2265 (1967). 
( 3 )  E l)eBoer, A ~ S U T L .  Ovga?ronaetal. Chcm., 2, 115 (1964). 
(4) hT. D. Scott, J .  F. Walker, and V. L. Hansley, J .  A m .  Chein. Soc.. 68, 

( 5 )  W I). English and A. L. McCIosky, U.  S. Patent 3,000,1)37 (1D39), 
3442 (1036). 

Chew&. Abslr . .  66, l4T9h (1962). 
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bromide was prepared by the reaction of Mnn(C0)lo with bro- 
mine.G The other reagents were the purest products commer- 
cially available; the boiling points and/or melting points of 
these reagents corresponded to the accepted literature values 
and the substances were not further purified. 

The reactions were conducted in conventional ground-glass 
equipment under an inert atmosphere. Solutions of air-sensitive 
compounds were transferred with a syringe through rubber sep- 
tums. Air-sensitive solids were manipulated in a drybox, the 
atmosphere of which was equilibrated with the liquid sodium- 
potassium eutectic mixture. Vapor phase chromatography was 
conducted with an Aerograph Autoprep using 30y0 Carbowax 
20M on an acid-washed 30-60 Chrom W support. 

Reactions of (CH3)3B3N3(CHa)H2 with Na+(CleHlo). -.-To a 
solution of (CH3)3B3N3(CHs)H2 (0.791 g, 5.82 mmol) in 7 5  ml of 
tetrahydrofuran in a nitrogen-filled flask was added dropwise 
with stirring 10 ml of 0.54 M Na+(CnHCo).- (5.4 mmol). Ini- 
tially the reaction mixture possessed a yellaw metallic appear- 
ance, but it became red-orange before the addition of t h e  Na+- 
(C12Hlo). - solution was complete. Methyl iodide (0.36 ml, 5.9 
mmol) was then added to the reaction mixture and the color 
immediately discharged leaving a yellow-brown turbid solution. 
The reaction mixture was stirred overnight and filtered to remove 
the sodium iodide. Vapor-phase chromatography of the liquid 
which remained after removal of the solvent from the filtrate 
showed it  to consist of ( C H ~ ) ~ B ~ N ~ ( C H ~ ) H Z  and (CH3)3B3N3- 
(CH3)2H in the ratio of 1.6: 1, corresponding to a 38% conversion 
of the original borazine. The retention times for the two peaks 
assigned to (CH3)3B3N3(CH3)H2 and ( C H ~ ) ~ B ~ N ~ ( C H ~ ) Z H  were 
identical with those of authentic samples of the individual com- 
pounds. The mixture of the borazines was fractionally distilled 
at  atmospheric pressure to give a pure sample of (CH3)sBsNz- 
(CH3)*H, bp 185-190° (lit.1 187-188'); this fraction exhibited 
an infrared spectrum identical with that of an authentic sample 
as well as with that reported in the literature.' 

Reaction of (C6H5)3B3N3H3 with Na +(CIzH1,). -.-To a solution 
of (CeH5)3B3N3H3 (2.30 g, 7.77 mmol) in 100 rnl of dry ethylene 
glycol dimethyl ether under nitrogen was added dropwise with 
stirring 15.0 ml of 0.54 M sodium biphenylide (8.1 mmol). Each 
drop of the reagent was decolorized as it mixed with the borazine 
solution which gradually acquired a red-orange color. The 
addition of methyl iodide (0.50 ml, 8.2 mmol) to the reaction 
mixture caused immediate precipitation of sodium iodide. The 
reaction mixture was then allowed to reflux for 2 hr, cooled, and 
filtered twice. The solvent was removed in NUCUD from the fil- 
trate and the residue was extracted with petroleum ether (bp 
9O-10Oo) to remove unreacted biphenyl; the remaining solid was 
(CeH6)3B3N3H3; mp 177.5-179'; lit.5 179-182'. No N-methyl- 
ated borazine derivatives were detected among the products. 

Reactions of Solutions of NaC(CleHl0). - Containing Methyl- 
borazines.-The reactions between tetrahydrofuran solutions 
of the alkali metal derivatives of the B-methylated borazines 
and compounds containing active halogen atoms such as Mn- 
(CO)sBr, (ceH~,)~SnCl, and (CaH6)2PC1 were investigated as 
possible routes to the formation of N-substituted borazines. The 
details of the reaction with (CeH5)3SnC1 are given as illustrative 
of the conditions employed and the results obtained. 

B-Trimethyl-N-methylborazine (1.711 g,  17.57 mmol) and 
42 ml of 0.23 M Na+(ClzHlo).- (9.2 mmol) were allowed to react 
in 50 ml of anhydrous tetrahydrofuran. To the resulting red 
solution was added 3.853 g (10 mmol) of ( C G H ~ ) ~ S ~ C ~ .  The red 
color immediately discharged with the formation of a fine pre- 
cipitate of NaCl which could not be completely removed by fil- 
tration. The filtrate was fractionally distilled in UUCUO to yield 
1.156 g of the starting borazine, identified by its gas chromato- 
graphic retention time and infrared spectrum. The solid residue 
from the distillation was washed with petroleum ether (bp 60- 
70") to remove biphenyl and recrystallized from benzene to give 
2.24 g of (C&)&nz; mp 226-228.5'; lit.G 228-232'. The infra- 

(6) H. C. Kaufmann, "Handbook of Organometallic Chemisti-y," D. 
VSP Nostrand Co., Inc., Princeton, N. J.,  1961, p 45. 

red spectrum of this product was identical with that of an auth- 
entic sample of (CsH5)eSnZ. 

Similar results were obtained when Mn(C0)sBr and (C6Hj)2PC1 
were added to solutions containing B-methylborazine anions 
generated from the reaction of the corresponding borazine with a 
solution of sodium naphthalenide. Thus, Mn(CO)jCl and 
(CeH&PCl were converted in high yield to Mnz(CO)lo and 
(CsHs)aPz,' respectively. 

Exploratory qualitative esr experiments were conducted in an 
attempt to establish the presence of radicals in the NaCllHlo 
solutions containing borazines. The esr spectrum (Varian epr 
Model V-450%) of the blue-green solution of Sa+(C12Hlo).- in 
tetrahydrofuran exhibited the nine-line structure (total line 
width of 24 G) predicted and found by DeBoer and Weissman.8 
If these solutions were allowed to stand for long periods of time, 
they turned yellow but gave the same esr spectra as the blue- 
green solutions. However, on exposure to air the blue-green 
solutions turned orange-red and no longer gave an esr signal 

A solution of B-trimethyl-N-methylborazine in tetrahydrofuran 
did not react with a potassium mirror. Addition O F  biphenyl to 
the mixture caused the immediate development of a color and the 
solution gave a weak esr spectrum that was essentially the same 
as that for Na+(CleHlo). -; the signal rapidly decreased in inten- 
sity. B-Triphenylborazine in tetrahydrofuran rapidly reacted 
with a potassium mirror to give a red solution possessing a spec- 
trum consisting of a single line 26 G wide which could not be re- 
solved further. The addition of biphenyl t o  this solution did not 
affect the esr spectrum. 

Discussion 
The addition of B-methyl- or B-phenyl-substituted 

borazines to solutions of Na+(ClzHlc).- in tetrahydro- 
furan causes the characteristic blue-green color of the 
latter to change to red; gas liberation does not occur 
in the course of these reactions. In  the case of R-  
triphenylborazine, reaction with Na+ ( C12Hlo). - ap- 
parently results in electron transfer to form a borazine 
radical anion (eq 2 ) ,  as was observed in the reaction 

( C B H ~ ) ~ B ~ N &  + CizHio. - I_ (CeH5MhN3Hr- + CuHic (2) 

of this borazine with metal-ammonia solutions2 and 
in the reversible one-electron polarographic reduction 
of B-phenyl-substituted borazines. This borazine 
radical anion can also be obtained directly from the 
reaction of B-triphenylborazine with an alkali metal 
in tetrahydrofuran as indicated by the esr data. The 
failure to form N-methylated derivatives of B-tri- 
phenylborazine from the reaction of methyl iodide with 
reaction mixtures containing (C6Hj)3B3NaH3.- indicates 
that the latter does not lose hydrogen readily to form 
the expected anion (eq 3) .  The absence of hydrogen 

( C E H ~ ) ~ B ~ N ~ H ~ . -  + (CeHn)sB3NaH2- + 0.5H2 ( 3 )  

from the products does not necessarily support this 
argument since reduction of biphenyl would be ex- 
pectedl0 to occur under the conditions of the experi- 
ment (vide infra). However, the formation of NaI 
and the recovery of B-triphenylborazine from the 
reactions of solutions containing (C6Hs)3B3N3H3.- with 
methyl iodide are consistent with this interpretation. 

In contrast with B-triphenylborazine, B-methyl- 
substituted borazines undergo slightly more complex 

(7) W. Kuchen and H. Buchwald, Chenz. Bey . ,  91, 2871 (1958). 
(8) E. DeBoer and S. I. Weissman, J .  A m .  Chem. SOC., 80, 4549 (1958). 
(9) D. F. Shriver, D. E. Smith,  and P. Smith, ib id . ,  86, 5153 (1964). 
(10) D. E. Paul, D. Lipkin, and S. I. Weissman, $bid., 78, 116 (1056). 
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reactions with solutions of Na+(C12Hlo).-. The meth- 
ylation of (CH3)8B3N3(CH3)H2 in the presence of 
Na+(CpLHlo).- indicates that  an alkali metal borazine 
derivative has been formed. The absence of hydrogen 
evolution in the reaction of the B-methylborazine with 
Na+(ClzHlo).- suggests that  the biphenylide ion acts 
as a base removing a proton from the borazine to give 
an anion (eq 4) which can be subsequently alkylated 

C12Hio.- f (CH3IaBoSdCH3IH2 + 
Ci2Hii. + (CHa)aBaNdCHa)H- (4)  

( 5 )  

(eq 5 ) .  The red color of the solution is attributed to 
the presence of a carbanion formed by the reaclion of 
the biphenyl radical, formed according to eq 4, with 
excess Na+(C12Hlo) * - (eq 6) .lo The equilibria rep- 

Ci2Hii. + CuHio.- CuHii- + CuHio (6) 

resented by eq 4 and G must be reversible in the 
presence of substances that  are easily reduced, as 
indicated by the isolation of coupled products when 
either Mn(CO)J3r, (C6H5)~SnC1, or (C6H5)2PC1 was 
added to solutions of Na+(Cv2Hlo).- containing B- 
methylborazines. The isolation of Mn2(CO)lo, ((26- 

Hj)6Sn2, and ( C G & ) ~ P ~ ,  respectively, indicates that  
reduction occurs (eq 7) rather than the expected re- 

( M X  = Mn( CO)5Br, (CeH&SnCI, ( CBH&PCI) 

action of the borazine anion with halo compounds 
( c f .  eq 5 ) .  The data presented here suggest that  i t  is 
unlikely that a B-methylborazine radical anion is 
formed in these systems and are consistent with the 
fact that  borazines of this type do not give a polaro- 
graphic reduction wave, in contrast with the B- 
phenylborazines. 

(CH3)3BoNa(CHa)H- + C H J  (CHa)sB3Ss(CHs)J-I + I-. 

2CizHlo.- + 2MX +2Ci?Hio + M M  + 2X-’ (7) 

Acknowledgments.-We gratefully acknowledge the 
financial assistance of the Robert A. Welch Foundation 
and the National Science Foundation; R.  D. C. thanks 
the Monsanto Chemical Co. for a fellowship. 

CONTRIBUTIOS FROM THE DEPARTMENT O F  CHEMISTRY, 
USIVERSITh DE MONTR~AL,  MONTREAL, CANADA 

Low-Frequency Infrared Spectral Studies on 
Triphenylphosphine, -arsine, and -stibine 
Derivatives of Iron and Molybdenum 
Carbonyl Complexes 

BY SURJIT SINGH, P. P. SISGH, A S D  ROLAND RIVEST 

Received October 2, 1967 

Monosubstituted derivatives of iron carbonyl, Fe- 
(CO)4.L, are expected1 to have four possible configu- 
rations based on the positionof L in trigonal-bipyramidal 

(1) F. A. Cotton and R. V Parish, J .  Chem. Soc., 1440 (1960). 

and rectangular-pyramidal structures of iron penta- 
carbonyl, Fe(CO)j. Cotton and Parish made an 
attempt to study the configuration of monotriphenyl- 
phosphine iron tetracarbonyl, Fe(CO)4(C6H5)3P. On 
the basis of the number of carbonyl stretching vi. 
brations observed for this monosubstituted iron 
carbonyl complex, they were able to conclude that 
Fe(CO)4.L species are very probably trigonal bi- 
pyramidal and the model with the L in an axial position 
(C3>.) is strongly favored. An attempt has been madr 
to establish the structure of Fe(C0)d.L derivatives by 
analyzing the 700-200-cm-’ region. Triphenylphos- 
phine, -arsine, and -stibine have been used as the sub- 
stituting ligands (L) . The structural configurations 
for the Mo(CO)5*L and the Fe(CO)3.2L types of 
complexes are well established.l,* As an extension to  
the above studies, infrared spectra of Mo(CO)~ .L  and 
Fe(CO)3.2L complexes using triphenylphosphine. 
-arsine, and -stibine ligands (L) have been recorded in 
the low-frequency region for a discussion of the metal- 
ligand (31-L) vibrations in the substituted iron and 
molybdenum carbonyl complexes, 

Experimental Section 
Iron and molybdenum carbonyls were purchased from Alfa 

Inorganics, Inc., and were used as such for preparing complexes. 
Reagent grade tetrahydrofuran from Fisher Chemicals was re- 
fluxed over lithium aluminum hydride arid distilled. The middle 
fraction of the distillate was used as solvent. Triphenylphos- 
phine (LP), -arsine (LA), and -stibine (LS) were obtained from 
K & K Laboratories and were dried under vacuum before use. 
All of the compounds were handled in a drybox flushed with nitro- 
gen, and the reactions were carried out under a nitrogen atmo- 
sphere. The iron and molybdenum carbonyl complexes were 
prepared by the methods described in the literature,3s4 and their 
compositions were confirmed by their melting points and ele- 
mental analyses. The infrared spectra of the complexes and the 
ligands were taken in the form of Nujol mulls supported on cesium 
iodide disks. A Perkin-Elmer 621 double-beam infrared spec- 
trophotometer was used for recording the spectra. 

Results and Discussion 
The infrared spectral data of substituted iron and 

molybdenum carbonyl complexes have been sum- 
marized in Table I. The selection rules for stretching 
and deformation modes of vibration for possible con- 
figurations of the substituted metal carbonyls as 
derived by standard group theoretical methods2a5 have 
been given in Table 11. The C-M-C bending vibrations 
occur at frequencies below the range we have studied 
and therefore have not been considered in Table 11. 
Lowfrequency infrared spectra of the ligands LP, LA, 
and LS are well assigned6 and can be nicely distinguished 
from the rest of the spectra. 

Four possible structures have been proposedl for 
the Fe(CO)d. L complexes derived from the trigonal- 
bipyramidal (TBP) and the rectangular-pyramidal 
(RP) configurations of iron pentacarbonylFe, (CO)5. 

(2) R. J. H. Clark, Record Chem. Progv. (Kresge-Hooker Sci. Lib.), 26, 269 
(1965)n 

(3) A. F. Clifford and A. K. Mukherjee, Inovg. Chem., 2, 151 (1903). 
(4) T. A. Manuel, Aduax. Organometal. Chem., S,  204 (1965). 
( 5 )  F. A. Cotton, “Chemical Applications of Group Theory,” Interscience 

(6) D. H. Brown, A. Mohammad, and D. W. A. Sharp, .Fpeclrochiii?. Actrr, 
Publishers, Inc., New York, N. Y . ,  1964, p 245. 

21, 669 (1965). 


