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ion2 and 1,3-&C&13 are shown in Figure 1. It can be 
clearly seen that the 1 , ~ - B , C ~ H I ~  structural framework 
is obtained if the two boron atoms removed during the 
oxidation are boron atoms 4 and 8. 
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Figure 1.-(A) Structure of the (3)-1,7-B~CzH12- ion. (B) 
Structure of 1,3-B7CzH13: 0, BH; 0 ,  carbon. 

Recently, Papetti, et a1.,3 developed a hot flow-tube 
method for accomplishing the rearrangement of 1,2- 
BloCzHlz to 1,7-BloC2H12. The ethanolic potassium hy- 
droxide degradation2 of ~ , ~ - B I o C Z H I Z  to yield (3)-1,7- 
BsCzH12- was reexamined, and i t  was found that the 
(3)-1,7-BgC2H12- ion could be prepared in 89% yield by 
heating an ethanolic potassium hydroxide solution of 1,- 
7-BloC2H12 for 40 hr a t  the reflux temperature. The 
oxidation of the (3)-1,7-B&zH12- ion is now the pre- 
ferred method of preparing 1,3-B7CzH13 in this labora- 
tory. 

Experimental Section 
1,7-Dicarba-closo-dodecaborane(l2) was prepared by the 

method of Papetti, et ~ l . ~  Methylene chloride was solvent grade 
and all other reagents were reagent grade and were used without 
further purification. 

All reactions were conducted under a nitrogen atmosphere and 
subsequent product work-up of the 1,3-B7CzH13 required a ni- 
trogeri atmosphere. 

Preparation of Potassium (3)-1,7-Dicarba-nido-dodecahydro- 
undecaborate( - l).-Into a 1-1. flask flushed with nitrogen was 
placed 50 g (0.89 mol) of potassium hydroxide dissolved in 500 ml 
of absolute ethanol. To this solution was added 50.0 g (0.345 
mol) of 1,7-B&Hlz and the resulting solution was heated under 
nitrogen for 40 hr a t  the reflux temperature. After cooling, suffi- 
cient water (ca. 600 ml) was added to precipitate the unreacted 
carborane which was extracted from the aqueous ethanolic solu- 
tion with four 150-ml portions of n-hexane. The n-hexane solu- 
tion was dried over anhydrous magnesium sulfate, filtered, and 
evaporated to dryness yielding 12.0 g (0.083 mol) of 1,7-B1o- 
C2H12. The aqueous ethanolic phase was evaporated to dryness 
and the residual solid was dissolved in 150 ml of methanol. To 
this methanol solution was added 90 g of powdered Dry Ice fol- 
lowed by 500 ml of ether with stirring. The precipitated KzC03 
was separated by filtration and thoroughly washed with ether; 
the solution was evaporated to an oil, to which an additional 500 
ml of ether was added, and the remaining KZCO~ was separated by 
filtration. The ether solution was evaporated to a low volume 
and the product was transferred to a DeanStark distillation 
apparatus. The residual ether, alcohol, and water were distilled 
using toluene as the carrier. The white crystalline product was 
separated by filtration and dried under high vacuum for several 

(2) M. F. Hawthorne, D. C. Young, P. M. Garrett,  D. A. Owen, S. G. 
Schwerin, F. N. Tebbe, and P. A. Wegner, J. Am. Chem. SOL, SO, 862 (1968). 

(3) S. Papetti, C. Obenland, and T. L. Heying, Ind. Eng. Chem., Prod. 
Res. Develop., 6,  334 (1966). 

hours yielding 40.0 g (0.232 mol) or 89% of the potassium salt 
based on the quantity of 1,7-BioCzH12 consumed. The product 
was identitied by its infrared and llB nmr spectra. 

Preparation of 1,3-Dicarba-nido-nonaborane( 13).-Into a 2-1. 
three-necked, round-bottom flask equipped with a mechanical 
stirrer, addition funnel, and NZ inlet was placed 20.0 g (0.116 mol) 
of (3)-1,7-KB&H12 dissolved in 100 ml of water. To this solu- 
tion was added 200 ml of methylene chloride and 200 ml of 2 N 
HzS04. The resulting mixture was flushed with nitrogen and 
maintained at  0'. A dichro&ate solution consisting of 35 g (0.118 
mol) of NazCrzO7.2H20 in 500 ml of 2 N &So4 was added drop- 
wise with rapid stirring. At once 
after complete addition, the two phases were separated and the 
aqueous phase was washed four times with 75-ml portions of 
methylene chloride. The combined methylene chloride extracts 
were washed once with water, dried over anhydrous magnesium 
sulfate, filtered, and evaporated on a mechanical pump to a low 
volume. The remain'ing solvent was removed under high vacuum 
on a sublimation apparatus, and the product was sublimed a t  
50' to a -80' cold fifiger. The yield was 10.1 g or 7676, and the 
product was identified by its infrared and llB nmr spectra. 
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The addition time was 2 hr. 
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The reaction of rr-C5HsMo(CO)3CH3 with triphenyl- 
phosphine in refluxing tetrahydrofuran or hexane 
affords mixtures of rr-C5H5Mo(CO) 2(P(C6H5)3 1COCH3 
and ~-C~H~MO(CO)~[P(C~H~)~]CH~. The a-methyl 
complex appears to arise via decarbonylation of the 
acetyl derivative. Similar investigations in other lab- 

carried out with a variety of phosphorus 
ligands, led to other acetyl complexes of the formula T -  

CbHbMo(CO)z(L) COCHp, but the decarbonylation reac- 
tions were not observed in these studies. This is ap- 
parently due to  the relatively mild conditions and/or 
short reaction times employed; in one instance5 the de- 
carbonylatian wasj purposely avoided. 

We have now investigated the course of the reactions 
of rr-C,HbMo(CO)3C8, with the donor ligands P(C6H5)3, 
P(OCeHb)a, P(n-C4H9)3, and P(OCH3)p via proton nmr 
spectroscopy. d e  find that the decarbonylation reac- 
tions 
T-C~H~MO(CO)~(L)COCH~ + T-C~HSMO(CO)~(L)CH! + CO - 

(1) K. W. Barnett and P. M TreicHOI, Inorg Chew , 6, 204 (1Bfi7) 
( 2 )  G. Capron-Cotigdy and K PoilBlanc, Compt. Keizd , 0266, 885 (IObh) 
(3) R. J. Mawby and C. A l<o*son, Abstracts, Third InternHtionHl 

Symposium on Organometallic Chemistry, Munich, Germany, Ai18 28- 
Sept 1, 1967, p 322. 

(4) I. S .  Butler, F. Basolo, and R. G. Pearson, I ~ O V E .  Chem., 6, 2074 
1967). 

( 5 )  P. J. Craig and M. Green, J. Chem. Soc , A ,  1978 (1968). 



TABLE I 
PROION NMK L)AI'A FOR T-C;H;MO(CO)~(L)R COYPLEXES~ 

L R CaHa L CH3 

P(C6135)3 COCHs 5.21 ( J P H  = 1 . 0 )  2 . 7  (M) 7.19 (S) 
P(C8Hs)a CHa 5.55 ( J F H  = 1 . 5 )  2 . 7  (M) 9.61 (D,  Jrtr 3.0)  

7.  80 (S) P(OCsH3)d COCHs 5.14 ( J P H  1 . 0 )  2 . 7  (M) 
~'(OCGHB)J CHa 5.40 ( J P H  1 . 5 )  2 . 7  (M) 9.73 (D, JPH = 3.0)  
P(OCH3)s COCHs 4.72 (JPH = 1 . 5 )  6 .38 (D,  JPH G 10) 7.53 (S) 

I'(n-C4H,)y COCHa 4.88 (JPH = 1 . 0 )  8 .5 ,  9 . 1  (M) 7.53 (S) 
P(OCH3)j CH3 4.88 (JPH = 1.5)  6 .45 (D,  JPH EZ 10) 9 .78 (D, Jpa = 3.0)  

P(n-GHo)a CHa 5 .03  (JPH = 1.5)  8 .5 ,  9 . 1  (M)  9.87 (D, JPH = 2.5)  
0 Deuterioacetonitrile solvent, Varian Associates -4-60 spectrometer, and 7 10 for tetramethylsilane. A11 CaH:, resonances appear as 

doublets. Otherwise, S = singlet, D = doublet, M = multiplet; coupling constants are in cycles per second. 

occur in each case, even when carbon monoxide is pre- 
vented from escaping the system. 

Typically the reactants ( I  : 1 molar ratio) and acc- 
tonitrile-da are charged under nitrogen to an nmr tube 
which is sealed immediately and warmed to GO". In- 
itial ligand and molybdenum complex concentrations 
are on the order of 0.25 M .  Regardless of the ligand 
employed, the characteristic'>j resonances of the K- 
C$H~MO(CO)~(L)COCH~ complexes appear within 30 
min (Table I). 

Resonances corresponding to the x-CjH$Io(C0j2- 
(L)CH3 species first appear after 6.5, '7.0, 12.0, and 4.0 
hr for the systems where L = P(CsHb)3, P(OC8Hj)3, 
P(OCH3)3, and P(n-C4H9)3, respectively. In all cases 
the decarbonylations proceed smoothly with the ratio 

decreasing with increasing time (Table 11). Only 
when L = P(C6Hb)a are significant quantities of 
K-C~H&IO(CO)~CH~ observed after 30 hr of contact 
time. The failure of this reaction to go to completion 
in a closed system was noted in an earlier kinetic study.4 

The data of Table I1 demonstrate that the decar- 
bonylation reactions are much slower than are the ini- 
tial ligand substitutions. The final data (Table 11) for 
L = P(C6HJ3 and P(nGHYj3 represent approximate 
steady-state concentrations as the relative proportions 
of products in these cases do not change significantly 
(=!=3'%) a t  '75-100 hr. Values a t  reaction times longer 
than 30 hr for the triphenyl and trimethyl phosphite 
systems are unreliable owing to apparent thermal de- 
composition of the complexes. This is not the case for 
the other ligand systems, in which the resonances re- 
main sharp indefinitely and no spurious peaks appear 
in the spectra. 

The stereochemical course of these decarbonylations 
also deserves comment. In complexes of the general 
I'orniula K - C ~ H J ~ ~ ( C O ) ~ ( L ) X  the carbonyl groups niay 
occupy relative cis or t u u m  positions 

[ K- CjH jMo (CO) 2 (L) CO CH3 ] / [ K- CbHbMo (CO j 2 (L) CH3 ] 

trans (? S 

Either isomer should afford two infrared-active CO 
stretching modes. Manning6 has shown from geometric 

( 6 )  A. I<. Manning, J .  Chew.  Sac., A ,  061 (19681, and references therein. 

TABLE I1 
DISTRIBUTION OF T - C ~ H ~ M O ( C O ) ~ C H ~ ,  

T - C ~ I ~ I : , M ~ ( C O ) ~ ( L ) C O C H ~ ,  and T - C G H ~ M ~ ( C O ) ~ ( L ) C I I ~  
COMPLEXES AS A FUNCTION O F   TIME^^^ 

z-CaH;hI o- 
z-CaHaMd- (CO)n(L)- z-CiHihIo- 

L g a n d  Time, hr (C0)CHn COCH, ICO)n(L)CH 

I'(C6H;)s 0 . 5  13 25 0 
2 .0  39 61 0 
6 . 5  32 50 18 

30.0 25 43 32 
I'(OCsH3);j 0.75 -40 -60 0 

1 . 0  -15 -85 0 
1 .25  <5 > 95 0 
2 . 5  0C 100 0 
4 . 5  0 100 0 
7 . 0  0 >95 <5 

30.0 0 85 15 
P(0CHa)a 0.67 -,40 -60 0 

1 . 0  -10 -90 0 
1 .25 0C 100 0 
6 . 0  0 100 0 

12.0 0 > 95 <5 
22.0 0 84 16 
47.0 0 57 43 

I'(n-CaHo)s 0.75 -50 -50 0 
1 . 0  -25 -75 0 
1.5 0C 100 0 
3 . 0  0 100 0 
4 . 0  0 >95 <5 

23 .0  0 87 13 
47 .0  0 76 24 

- -  

Based on relative areas of r-C:H:, resonances; the CI-I:! 
resonance areas are in qualitative agreement. Deuterioaceto- 
nitrile solvent; original T-C;H:,MO(CO)~CH~ and ligand concen- 
trations are 0.25 M. Although listed as absent, 2-3y0 K- 

CjHjMo(CO)aCH3 was observed in some of the spectra. 

considerations that trans stereochemistry should result 
in the lower frequency band being the more intense and 
vice versa for cis complexes. In addition, trans deriva- 
tives (L = a phosphine or phosphite) afford doublet cy- 
clopentadienyl resonances in their proton nmr spectra, 
while the corresponding resonances are unsplit in cis 
c o m p l e x e ~ . ~ ~ ~  In cases where both isomers of a given 
complex are produced, the chemical shifts of K - C ~ H ~  
protons ol' cis and f r a n s  isoiners (lifer by 0.1-0.2 ppin. 
The reasons for these differences in inultiplicity and 
chemical shift remain obscure. 

On the basis of both ir a i i d  n i t i t '  criteria, a11 of Llie 
acetyl derivatives X-CBH&IO(CO)~(L) COCHa have 
been assigned traits structures in ~ o l u t i o n . ~  These data 

(7) A. Bainbridge, P. J. Craig, and &I. Grecn, i b i d . ,  A ,  2715 (1YU8). 
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mere collected a t  30" and our current findings a t  60" 
are in accord with these assignments. An X-ray 
diffraction study revealed that T - C ~ H ~ M O ( C O ) ~  [P- 
(C&)3]COCH3 possesses trans stereochemistry in the 
solid state.* The methyl derivatives described here 
afford doublet C5H5 resonances (Table I) and two ter- 
minal CO bands (1935-1950 and 1845-1855 cm-l) of 
which the lower frequency absorption is the more in- 
tense. Thus the over-all transformations may be de- 
scribed by 

- co 
~Y~TZ.S-T-C~HBMO(CO)~(L)COCH~ ----f 

~YUTZ~-T-CSH~MO(CO)~(L)CH~ 

The detailed mechanism of these reactions must await 
further investigation, but certain features should be 
mentioned a t  present. The carbonyl group lost on de- 
carbonylation is probably not the acetyl CO, but rather 
a terminal ligand, as found in a~ylmanganese~ and -eo- 
balt'o carbonyl systems. Furthermore, we have found 
that a mixture of cis- and t r a n s - ~ - C ~ H ~ M o ( C O ) ~  [P- 
(OC6H5)a]CH3 (synthesized from T-C~H,MO(CO)~[P- 
(OC6H6)3]-Na+ and CH31") maintains a constant cis: 
trans ratio under our reaction conditions for up to 48 hr 
as shown by nmr. Thus the cis-methyl complex should 
have been observed if formed during decarbonylation. 
We have as yet been unable to rigorously exclude the 
possibility of cis-trans equilibration of the corres- 
ponding acetyl derivative T-C~H~MO(CO)Z [P(OCsH6)3]- 
COCH8 prior to decarbonylation owing to the unex- 
pectedly complex reaction of the anion a-CEHbMo( C0)Z- 
[P(OC6Hj)3]- with acetyl chloride. 

Craig and Green have recently reported the solid- 
state (140 ") decarbonylation of trans-s-C5H5Mo( C0)z- 
[P(C6H5)3]COCH2C6H5 to the corresponding r-benzyl 
complex, the latter of indeterminate stereochemistry. l2  

The relationship of this finding to our results is not 
clear a t  present. 

Experimental Section 
Materials.-The complex T-CSH:MO(CO)~CHB was prepared 

by the published method.13 Triphenylphosphine was used as 
received from Eastman Chemicals. Triphenyl phosphite, tri- 
methyl phosphite, and tributylphosphine were obtained from 
Eastman, Bryant, and M and T ,  respectively, and distilled under 
nitrogen prior to use. Acetonitrile-& was purchased from Dia- 
prep, inc., and used without further purification. 

General Procedure.-In the drybox (Vacuum Atmospheres 
Corp), 0.2 g of T - C ~ H ~ M O ( C O ) ~ C H ~  (0.77 mmol) and an equi- 
molar amount of the ligand were dissolved in acetonitrile-& 
(3.0 ml) and equal portions were charged to each of two nmr 
tubes. Tetramethylsilane was added as an internal marker and 
the tubes were capped immediately. The sample tubes were 
quickly brought out of the drybox and frozen immediately in 
liquid nitrogen. The tubes were then inserted into a standard 
vacuum line apparatus and sealed (while still frozen). The 
samples were allowed to warm slowly to room temperature and an 

initial nrnr spectrum was obtained (Varian Associates A-60 
spectrometer). Thereafter, the sample tubes were thermostated 
a t  60 =t 2' for the duration of the experiment. The spectra of 
the ~ - C ~ H S M O ( C ~ ) ~ C H ~ - ( C ~ H S ) ~ P  reaction mixtures were ob- 
tained a t  60' for reasons of solubility, but all other nrnr spectra 
were obtained at ambient temperatures. Samples of the T- 
CsH5Mo(CO)z(L)CH3 compounds for infrared analysis (Beckman 
IR-4, cyclohexane solution) were obtained by refluxing the cor- 
responding acetyl complex in acetonitrile (open system) for 
50-60 hr. The identities of the products were further verified by 
recording their nmr spectra. 
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As part of a continuing study of frequencies and force 
constants associated with the vibrational modes of 
metal atom  cluster^^^^ we present here an analysis of the 
low-frequency Raman spectrum of Ir4(CO) 12. This 
molecule contains a tetrahedral cluster of iridium atoms, 
with all carbonyl ligands bound terminally,4 as shown 
in Figure 1. In  a preliminary r e p ~ r t , ~  three intense 
Raman bands, a t  208, 164, and 105 cm-l, were iden- 
tified with the anticipated cluster modes, of symmetries 
AI, Tz, and E, respectively. The frequency ratios are 
not far from those predicted from a "simple cluster" 
model:3 

These frequencies have been corroborated by Abel, 
et al.,5 who found the 164-cm-1 band in the infrared as 
well, confirming its assignment to a Tz mode. Abel, 
et al., also reported higher frequency fundamentals for 
Ir4(CO)12 and discussed them briefly. Our spectra 
(Raman and infrared) are in good agreement with 
theirs. 

The representations of the T d  point group spanned by 
a complete set of internal coordinates are given in Table 
1. Below 250 cm-' nine Raman bands are expected, 
from vibrations primarly involving metal-metal 
stretching (three) and metal-carbon deformation (six). 

U A ~ :  ma: UE = 2 :  dg: 1. 
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