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Reaction of oxalyl chloride with l-BloHgS(CHJ)z-, BIZHIIS( CH3)8-, and 2-BloHgN( CH3)3- gave, respectively, 1,6-( CH3)zS- 
BioHsCO, ( CH~)~NBIZHIOCO, and 2,4- and 2,7(8)-( C H ~ ) ~ S B I O H ~ C O .  Resolution of the 2,$( 8)- isomer of ( C H ~ ) ~ X B ~ O H & O  
was achieved, and the (+) isomer converted t o  ( $)2,7-BloHs[K( CH3)8]2, which confirms the assigned stereochemistry. 
Reaction of 1,6-( CH~)ZSBIOH~CO with nitrous acid gave the trisubstituted derivative 1-( CH~)zSBloH~-6-COOH-10-Nz, 
which was converted to  1-( CH3)2SB10H7-6-NHz-lO-i\;z, ( CH~)ZSB~~H~-~-COOH-~O-~\'C,H,, and related derivatives. The 
significance of the high stereospecificity exhibited by oxalyl chloride is discussed. 

A recent report3 has described the preparation of 
B12HlO(C0)2 and 1, 10-BloHs(C0)2 by reaction of carbon 
monoxide with HzBlzHlz .xH20 and 1,10-Bd&(Nz)2, 
respectively. The broad chemistry found for these 
carbonyls emphasized the need to investigate the prep- 
aration and chemistry of monocarbonyl derivatives of 
polyhedral boranes. 

Results 
(CH~)~NB~0H8C0.-Oxalyl chloride reacted with 

~ - B ~ O H ~ N ( C H ~ ) ~ - ~  in acetonitrile solution a t  room tem- 
perature to give (CH3)3NB10H8C0 (1) in high yield (up 
to 87%) as a colorless sublimable solid (eq. 1). Under 
these conditions, the reaction was complete within 10 

( C H ~ ) ~ N B I O H ~ C O  + CO + HCl f C1- (1) 
1 

min. as evidenced by cessation of carbon monoxide 
evolution. Chemically, the carbonyl group of 1 ap- 
pears to be similar to those of 1,10-BloHs(C0)2 and BIZ- 
Hlo(CO)2. Treatment of 1 with hydroxylamine-0- 
sulfonic acid3a5 gave (CH3)3NB10H8NH3 which was 
methylated4 to give BloHs[N(CH3)3]2 (2) (eq. 2 ) .  Com- 
parison of the X-ray powder pattern of 2 with those of 

BioH, [S( CH3)312 (2)  
2 

2,4- and 2,7(8)-BloH8[N(CH3)3]p4 showed that 2 was in- 
deed a mixture of these isomers. A quantitative esti- 
mate of the isomeric composition of the carbonyl de- 
rivative l was obtained by gas chromatography which 
showed 34% 2,4- and 66% 2,7(8)-(CH3)8NB10HBC0 in a 
sample representing an S775 yield preparation. The 

(1) Par t  XXIII :  W. H.  Knoth, W. R. Hertler, and E. L. hluetterties, 
l?Loi.g. Chenz., 4, 280 (1965). 

(2) (a) A portion of this work was reported in preliminary form: W. R. 
Hertler, J .  A m .  Chenz. SOC., 86, 2949 (1964). (b) Systematic names for 
BioHio2 - and B~2H122- are decahydrodecaborate(2 - )  and dodecahpdrodo- 
decaborate(2 - ) ,  respectively. 

(3) W. H. Knoth, J. C. Sauer, H. C. Miller, and E. L. Muetterties. i b i d . ,  
86, 115 (1964). 

(4) W. R. Hertler and M. S. Raasch, ibid., 86, 3661 (1964). 
(5) This reaction has recently been applied to  organic carboxylic acids by 

G. B. Bachman and J. E. Goldmacher J .  Ovg. Chem.,  29. 2576 (1064). 

composition of the product did not change significantly 
in runs where lower yields were obtained. 

Resolution of 2,7 (8)-( CH3) 3NBloH8C0 .-Treatment 
of an aqueous solution of H30(CH3)3NB10H8COOH with 
a solution of brucine in dilute hydrochloric acid gave 
a precipitate of the brucine salt of (CH3)3T\TBl&CO- 
OH-. Extraction of the crude salt with warm ethanol 
removed the relatively soluble brucine salt of 2,4- 
(CH3)3NBloH&OOH-, leaving a reasonably pure dias- 
tereomeric mixture of brucine salts of 2,7- and 2,8- 
(CH3)3~B10H8COOH-. Fractional crystallization of 
the diastereomeric mixture from ethanol-acetonitrile 
gave crystals which could be decomposed to (+)2,7- 
(or 2,8-) (CH3)3NB10HsCO which after sublimation had 
[Q]D + 2 2 O .  Decomposition of the brucine salt ob- 
tained from the mother liquors gave (-)a,% (or 2,7-) 
( C H ~ ) ~ N B ~ O H ~ C O  with [Q]D - 14'. Gas chromatog- 
raphy of (+)2,7- (or 2,8-) (CH3)3NB10H8C0 showed it to 
be free of 2,4- isomer and confirmed the assignment of 
peaks in the gas chromatogram of crude 1. (+)2,7- (or 
2,8-) (CH3)3NBloHsC0 ([Q]D 22') was converted as 
shown in eq. 2 t o  (+)2,7- (or 2 , s - )  BloHs[N(CH3)3]2 with 
[a]D +13'. The configurational relationship of ($)1 
and ( + ) 2  is supported by the optical rotatory disper- 
sion data which were described earlier. 

(CH3)3NB12H1~CO.---Reaction of B12HllN(CH3)3' 
with oxalyl chloride in refluxing acetonitrile proceeded 
slowly to give (CH3)3NB12H10CO (3) in low yield. In 
order to determine the stereochemistry of the product 
a sample of 3 was converted to BlZHlo[N(CH3)3]2 (4) 
as shown in eq. 3. Thin-layer chromatography of 4 on 
silica gel showed the presence of 1,12- and lj7-,  but no 

BIIHIO[S( CH3)dla (3 )  
4 

1,2-B12H10[K(CH3)3]2.4 Thus, 3 must be a mixture of 
1,7- and 1,12- isomers. 

(CH3)2SBloH8C0.-Oxalyl chloride reacted with Cs- 
[1-B10H9S(CH3)2]1,7 in refluxing acetonitrile to give 1,6- 
(CH3)2SBluH8C0 (5) in good yield. The stereochemi- 

(6) H. C. hliller, N. E. Miller, and E. L. Muetterties, J .  A m  Cizem. So(., 

(7) W. H. Knoth, H. C. Miller, 13. C. England, G. W. Parshall, J. C. 
86, 3885 (1963). 

Sauer, and E. L Muetterties, ibid. ,  84, 1056 (1962). 
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Figure l.-Bil n.m.r. spectrum of 1,6-(CH3)2SBloH&O in acetone 
( J  in c.P.s.). 

cal assignment is based on the conversion of 5 to 1,6- 
( C H ~ ) ~ S B ~ O H S N H ~  (6) with hydroxylamine-0-sulfonic 
acid (eq. 4). The 6 obtained from this reaction is iden- 

(4) 

tical with ~ , ~ - ( C H ~ ) Z S B ~ O H ~ N H ~  prepared earlier by 
two other methods4 Recent correlations have con- 
firmed the 1,6- assignment for 6.' The assignment of 
the carbonyl group to an equatorial boron atom is cor- 
roborated by the Bl1 n.m.r. spectrum (Figure 1) which 
is discussed in the Experimental section. 

Treatment of aqueous 5 with tetramethylammonium 
chloride gave (CH&N [~,~-(CH~)ZSBIOHSCOOH] which, 
in agreement with the assigned structure, is soluble in 
dilute aqueous sodium hydroxide, but insoluble in dilute 
acid. 

Addition of 5 to  alkaline hydrogen peroxide led to  a 
vigorous reaction and formation of 1,6-(CH3)2SB~~H~- 
OH- which was isolated as the tetramethylammonium 
salt (7). The stereochemical assignment for 7 is based 
on the assumption that no stereochemical change occurs 
in the conversion of the carbonyl group to a hydroxyl 
group. Recent studies have shown that while thermal 
rearrangements of substituted derivatives of BloHlo2- 
do occur, they are high-energy processes not likely to be 
encountered under the usual reaction conditions.* Of 
particular significance is the fact that  7 is identical with 
the (CH3)4N [ (CH3)2SBloH,OH] prepared by other meth- 
ods.' This confirms the equatorial assignment for the 
hydroxyl group in the latter material' and, hence, in 2- 
B10H~OH2-J7~9 which has been correlated with 7. 
(CH~)ZSBIOH$OOH.N~.-T~~~~~~~~ of aqueous 

(CH3)2SBloH&O with nitrous acid (eq. 5) gave a 
yellow precipitate which on reduction with zinc and hy- 

1. HON0,HzO 
~ , ~ - ( C H ~ ) Z S B I O H ~ C O  + ~ - 

5 2. Zn-HC1 

(CHO)ZSBIOH~COOH.N~ (5)  
8 

(8) W. R. Hertler, W. H. Knoth,  and E. L. Muetterties, J .  A m .  Chem. 

(9) W. H. Knoth, J. C. Sauer, D. C. England, W. R.  Hertler, and E. L. 
SOC., 86, 5434 (1964). 

Muetterties, ibid., 86, 3973 (1964). 

drochloric acid gave (CH3)zSBloH7COOH. Nz (8). 
Since nitrous acid has already been shown to attack 
BloHlo2- and its derivativesl?s preferentially a t  the api- 
cal positions, it  is presumed that  the diazonium group 
in 8 is located on the apex adjacent to the carboxyl 
group ( i e . ,  1,6,10- stereochemistry). The powerful 
electron-donating ability of the polyhedron in spite of 
the presence of two cationic substituents is attested by 
the pK, of 8, which is 8.0 in 50% aqueous ethanol (for 
benzoic acid pK, = 5.65). Esterification of 8 was 
readily accomplished with ethanolic hydrogen chloride, 
which gave 1-(CH~)~SB~oH7-6-C00C2Hs-10-Nz (9) in 
quantitative yield. 

Replacement of the diazonium group of 8 occurred in 
refluxing pyridine to give the pyridinium zwitterion 10 
(see eq. 6). The corresponding ethyl ester 11 was pre- 
pared from 9 and refluxing pyridine. It is assumed that  
the stereochemistry of 8 is retained in 9, 10, and 11. 

1- (CH3)~SB&-6-COOH-lO-N2 - C-H N 

50 % 8 

( C H ~ ) ~ S B ~ O H ~ C O O H ~ N ~  (6) 

10 
CsH N 

( C H ~ ) ~ S B I O H ~ C O O C Z H ~ " ~  A 
9 

(CH,),SBLOH,COOC,H,N 3 
11 

1 - ( C H ~ ) ~ S B ~ O H ~ - ~ - N H ~ -  10-Nz.-Replacemen t of the 
carboxyl group of 8 with an amino group was accom- 
plished as shown in eq. 7 by conversion to an acyl 
chloride and thence to an isocyanate which was hy- 
drolyzed to ( C H ~ ) Z S B ~ ~ H ~ N H ~ *  Nz (12). A salt (13) of 

(COC1)z 
1-( CH~)~SBIOH~-~-COOH-~O-NZ ( C H ~ ) ~ S B ~ O H ~ C O C ~ . N ~  

,-\ 

I NaNs 
8 

1 .  HCl (0 
1-( C H ~ ) Z S B ~ O H ~ - ~ - N H Z - ~ O - N Z  --A (CHi)zSBioHiNCO.K;p 

12 2. NaOH 4 HzBizCliz 

[( C H ~ ) & B ~ O H ~ N H ~ .  N21aB12C112 
13 

the amine 12 was prepared with HZB12C112.l0 The 
amine salt 13 was also obtained by treatment of 8 
with hydroxylamine-0-sulfonic acid3 followed by B12- 
C1122- (eq. 8) or by treatment of 8 with hydrazoic acid 
and B12C11zZ- (eq. 9). 

NHzOSOsH 

BlzCliz2- 
1-( CH~)~SB~OH~-~-COOH-~O-N~ -+ 

NaNa 

HzBi2CIiz 
1-( CHa)zSBleH7-6-COOH-lO-N2 __f 

8 
[( C H ~ ) Z S B ~ O H ~ N H ~ . N Z ]  aBd3iz (9) 

13 

Discussion 
The reaction of oxalyl chloride with substituted de- 

rivatives of BloHlo2- and B12H122- is best understood as 
an electrophilic substitution on the polyhedral borane 

(10) W. H. Knoth,  H. C. Miller, J. C. Saurr, J. H. Balthis, Y .  T. Chia, and 
E. L. Muetterties, Inovg. Chem.,  3 ,  159 (1964). 
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anion since a boron-carbon bond rather than a boron- 
oxygen bond is formed. It is difficult to conceive of a 
carbon atom of oxalyl chloride being involved in a 
nucleophilic attack on a boron atom. The greater re- 
activity of 2-Bl0HgN(CH3)3- than BlzHllN(CH3)3- to- 
ward oxalyl chloride is consistent with the assumption 
of an electrophilic substitution process since, in general, 
derivatives of BloHlo2- have been observed to be more 
reactive toward electrophilic reagents than are the 
corresponding derivatives of Bl2HlZ2-. It seeins reason- 
able to assume that the initial product of the reaction 
between oxalyl chloride and 2-Bl0H9N(CH3)3- is an 
a-ketoacyl chloride which then decomposes rapidly to 
the observed borane carbonyl, carbon monoxide, and 
chloride ion (eq. 1). 

The stereochemical results of this reaction are of 
special significance. In its reactions with 1-BloHg- 
S(CH3),- and 2-BloHgN(CH3)3-, oxalyl chloride exhibits 
a high selectivity for equatorial positions. KO apical 
carbonylation was detected in either (CH3)2SBloH&O 
( 5 )  or (CH3)3NBloH8C0 (1)) and because of the high 
yield in the latter case we can assign a minimum value 
of 6.7 to the ratio of equatorial/apical substitution. 
LCAO-MO calculations for BloHlo2- 11,12 have placed 
greater electron density a t  the apical positions than a t  
the equatorial positions in the ground state, and this re- 
sult led to the predi~t ion '~ that electrophilic substitu- 
tion of BloHlo2- and l-BloHgX2- should occur prefer- 
entially a t  the apex. Although several examples of 
apical electrophilic substitution on BloHlo2- have been 
reported, 1,3,7,8 there have also been instances where 
electrophilic substitution reactions have led to pre- 
dominantly equatorial products. 3,9,14 In  the reaction 
of oxalyl chloride with 2-BloHgN (CH3)3-, our results 
show a greater than statistical preference for equatorial 
substitution. If ground-state electron density is really 
a factor in producing apical substitution in, for in- 
stance, the reaction of nitrous acid with 1- 
B ~ O H ~ S ( C H ~ ) ~ - , ~  and ~ - B ~ o H ~ N ( C H ~ ) ~ - , ~  the question 
immediately arises as to why the reaction of oxalyl 
chloride with 1-B10H9S(CH3)2- and 2-B10HgN(CH3)3- 
produces exclusively equatorial substitution. This 
question cannot be answered at  present since position 
of substitution must be intimately related to mechanism 
of substitution (or more precisely to structures of 
transition states in substitution reactions), and no de- 
tailed mechanistic studies for any electrophilic substitu- 
tion reaction of BloHlo2- or its derivatives have been re- 
ported, The differences in stereochemical behavior of 
nitrous acid and oxalyl chloride may reflect the opera- 
tion of two grossly different mechanisms of substitu- 
tion, or, alternatively, the mechanisms may be similar 
and the stereochemical results may arise from factors 
such as solvent, temperature, and steric effects. Fur- 
ther studies are clearly necessary to provide a basis for 
rationalization of stereochemical consequences of elec- 

(11) R. Ho5mann and W. K. Lipscomb, J .  Chenz. Phys . ,  36, 2179 (1962). 
(12) R. Ho5mann and W. N. Lipscomb, ibid., 37, 2872 (1962). 
(13) R. Hoffmann and W. N. Lipscomb, ibid., 37, 520 (1962). 
(14) W. K.  Hertler, In0i.g. Chent.,  3 ,  1196 (1964). 

trophilic substitution reactions on BloHlo2- and its de- 
rivatives. The information which is now available, 
however, does not seem to support a general correlation 
of position of substitution with ground-state electron 
density. 

Another interesting feature of the reaction of oxalyl 
chloride with substituted derivatives of BloHlo2- and 
B12H122- is the fact that no substitution occurred at  
positions adjacent to the substituted boron atoms. 
Specifically, no 1,2- ( C H ~ ) ~ N B ~ Z H ~ O C O ,  1,2- (CH3)2SBlo- 
HBCO, or 2,3-, 2,1-, or 2,6(9)-(CH3)3NB10HBC0 was 
formed. This contrasts with the reaction of hydroxyl- 
amine-0-sulfonic acid with substituted derivatives of 
B12H1Z2- and BloHlo2- in which minor amounts of vici- 
nally substituted products were obtained, and the 
reaction of dimethyl sulfoxide with 2-B10H9N(CH3)3- 
in which a small amount of 1,2-(CH3)2SBloH8N(CH3)3 
was formed.' Apparently oxalyl chloride shows a 
higher degree of sensitivity to steric and/or electronic 
effects of the substituents than does hydroxylamine-0- 
sulfonic acid or dimethyl sulfoxide. 

The stereochemical assignments for 2,7(8)-BloH8 [N- 
(CH3)2CH2C1]214 and 2,7(S)-BloHs [N(CH3)3]24 (based on 
Bll n.m.r. spectral data) have been confirmed by the res- 
olution of 2,7(8)-(CHB)3NB1~H8C0 followed by conver- 
sion to optically active 2,7(8)-BloH8 [N(CH3)3]2. The 
only stereochemistry possible for an optically active 
BloH8 [N(CH3)3]2 is 2,7(8)- or 2,6(9)-. 2,7(8)- stereo- 
chemistry seems more reasonable than 2,6(9)- stereo- 
chemistry on both steric and electronic grounds, espe- 
cially in the case of BloH8 [N(CH3)2CHzC1]2.14 

A limited comparison of the electronic effects of the 
formally neutral acid (CH~)&B~OH~COOH. Nz (8) with 
those of other neutral polyhedral systems, l-methyl-2- 
carboranylcarboxylic acid (14) and neo-l-methyl-car- 
boranylcarboxylic acid ( 15)15 can be made by comparing 
acid strengths. The pK, of 8 is 8.00, while the pK, 
values of 14 and 15 are 2.74 and 3.14, respectively.15 

Thus, a t  least with respect to substituents on the cage 
carbon atoms, the carborane and neocarborane poly- 
hedra are electron withdrawing relative to a benzene 
ring while the Blo cage of 8 is electron donating in spite 
of the presence of two formally positive substituents. 
We presume that the electron donation is by an induc- 
tive mechanism. 

It is also interesting to compare the electronic spectra 
of 1-(CH3)2SBloH~-6-NH2-10-Nz ( ~ ~ ~ 5  25,000) and 1 , l O -  
( C H ~ ) Z S B ~ O H ~ N Z ~  ( ~ ~ ~ 2  20,600). The very small spec- 
tral differences in the two compounds argue against im- 
portant conjugative effects between adjacent apical and 
equatorial positions of the polyhedron in the electroni- 
cally excited state. 

(15) D. Grafstein and J. Dvorak, ibid., 2, 1128 (1963). 
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Experimental16 
(CH3)3NBloHsC0.-A mixture of 14.4 g. (0.0575 mole) of 

( CH3)4N[2-BloHeN( CH3)3], 1 1. of anhydrous acetonitrile, and 
20 ml. of oxalyl chloride was stirred a t  room temperature for 30 
min. Gas evolution occurred during the first 10 min., and the 
initially dark amber color became somewhat lighter. The solu- 
tion was evaporated under reduced pressure and the residue 
was dissolved in water and passed through an acid ion-exchange 
resin. The effluent was evaporated to dryness under reduced 
pressure, and the residue was sublimed a t  140" (0.5 mm.) to 
give 8.3 g. (71%) of colorless (CH&NB~OHSCO, m.p. 175-178". 
Recrystallization from benzene-cyclohexane raised the m.p . to 
184-185'. Anal. Calcd. for (CH&NBloHsCO: C, 23.6; 
H, 8.45; B, 53.3; N, 6.90; mol. wt., 203. Found: C, 23.9; 
H ,  8.44; B, 53.4; N,6.9; mol. wt.,201. 

The infrared spectrum of the product (Nujol) shows absorp- 
tion a t  2500 (B-H str.), 2130 (-CEO), and 1470 em.-' ((CHS)I- 
N-). The ultraviolet spectrum of the product in methylene 
chloride shows end absorption with a shoulder a t  -320 mw 
( e  540). Gas chromatography on Apiezon (programmed tem- 
perature) of a sample of sublimed (but not recrystallized) (CH3)3- 
NBloHsCO from a run in which the yield of product was 87% 
showed only two peaks, corresponding to 66% 2,7(8)-( CH3)3- 
NBloH&O (retention time 24.5 min.) and 34% 2,4-(CH3)3- 
NBlaHsCO (retention time 26.6 min.). Runs in which the over- 
all yield of ( CH3)3NBloHsCO varied to as low as 71% showed no 
significant deviation from the 2 : 1 ratio of 2,7(8)-:2,4- isomer as 
determined by gas chromatography. 

The Bl1 n.m.r. spectrum of (CH~)~NB~OHSCO in acetone shows 
a multiplet a t  11, 18, and 21.3 p.p.m. which probably represents 
two unsubstituted apical boron atoms and one N( CH3)3-~ub~ti-  
tuted equatorial boron atom. A larger multiplet a t  39.5, 46.2, 
and 52.4 p.p.m. would then represent seven equatorial boron 
atoms, one of which is CEO-substituted and is probably located 
beneath the high-field tail. 

BloHs[N( CH3)3]2 from ( CH~)BNBIOHSCO.-TO a solution of 500 
mg. (2.46 mmoles) of (CH~)~NB~OHSCO in water was added 600 
mg. of hydroxylamine-0-sulfonic acid with concomitant evolu- 
tion of carbon dioxide. The gum which separated was methyl- 
ated by refluxing in a mixture of 8 ml. of water and 1 ml. of 10% 
sodium hydroxide solution while making ten additions of 0.8 ml. 
of 10% aqueous sodium hydroxide and 0.1 ml. of dimethyl 
sulfate a t  8-min. intervals. Finally 2 ml. of loyo sodium hy- 
droxide was added, and refluxing was continued for 15 min. 
On cooling, 580 mg. of B ~ o H ~ [ N ( C H ~ ) ~ ] ~  was obtained. Thin- 
layer chromatography of the crude product on silica gel showed 
that it consisted of 2,4- and 2,7(8)-BloH~[N(CH3)3]2.* Re- 
crystallization from acetone-ethanol gave crystals, the X-ray 
powder pattern of which showed the presence of 2,4- and 2,7(8)- 

Resolution of 2,7(8)-( CH3)3NBl~HsC0.-A solution of 9 g. 
of (CH3)3NBl0HsCO (mixture of 2,4- and 2,7(8)- isomers) in 
water was treated with a solution of 24 g. of brucine in dilute 
aqueous hydrochloric acid, and the precipitate was collected by 
filtration. The gummy solid was recrystallized from a small 
volume of ethanol, and the resulting solid was extracted with hot 
ethanol (to remove the last of the 2,4- isomeric salt). The re- 
maining solid was recrystallized twice from ethanol containing 
a little acetonitrile to give 6.2 g. of crystals. This product was 
dissolved in aqueous acetonitrile and passed through an acid- 
exchange column, and the effluent was evaporated to dryness 
in zlacuo. The residue was sublimed a t  0.5 mm. to give 1.59 
g. of crystalline ($)2,7- (or 2,8-) (CH~)~NBIOHSCO, [ a l z 8 ~  
$22' (1.8 g./lOO ml. in acetone), m.p. 207-208.5' (cor.). The 
extent of resolution has not been determined. 

The mother liquor from the recrystallization of the salt of the 
(+) isomer was evaporated, and the residue converted as above 

BioHs [N(CH3)312. 

(16) Melting points are corrected unless otherwise indicated. B*1 n.m.r. 
spectra were determined a t  19.25 Mc. with methyl borate as external stand- 
ard. Decoupling experiments were performed with an N M R  Specialties 
Model SD6O spin decoupler. 

to 1.59 g. of crystals of (-)2,8- (or 2,7-) (CH3)3NBl0HsCO, 
[(Y]~*D -14' (2.4 g./100 ml. in acetone), m.p. 195-196.5" (cor.). 

The ethanol extract of the crude brucine salt was evaporated, 
and the residue was converted as described above to 730 mg. of 
2,4-(CHs)aNBloHsCO (contaminated with a little 2,7(8)- isomer). 
A 210". sample of this 2,4-(CH3)3NB10HsCO was converted 
as described above to 2,4-BloHs[N(CH3)312, [ a I Z 5 ~  O ' ,  (2 g./ 
100 ml. in DMF). A second crop of product contained some 
2,7(8)- isomer. 

Heating a sample of ( +)2,7- (or 2,8-) (CH~)~NBIOHSCO 
a t  200' for 5 min. caused no decrease in optical rotatory power. 

(+)2,7- (or 2,8-) BIoH~[N(CH~)~]~ . -TO an aqueous solution 
of 200 mg. of (+)2,7- (or 2,8-) (CH3)3NBloHsCO ( [ a ] ~  $22') 
was added 400 mg. of hydroxylamine-0-sulfonic acid. The re- 
sulting precipitate was collected by filtration. The filter cake 
was transferred to 30 ml. of refluxing water and treated three 
times with 5 ml. of 10% aqueous sodium hydroxide and 0.6 
ml. of dimethyl sulfate. The resulting precipitate was col- 
lected by filtration to give 215 mg. of solid. Recrystallization 
from acetone-ethanol gave 150 mg. of (+)2,7- (or 2,8-) BIO- 
HS[N(CH&]~, [ a ] 2 5 ~  $13" (1.9 g./100 ml. in acetonitrile). 
The infrared spectrum and X-ray powder pattern of the product 
are identical with those of authentic ~,~(~)-BIoH~[N(CH~)~]~.~ 

( CH3)3NB1~H1~C0.-A mixture of 10 g. of ( CH3)& [B12Hll- 
N ( C H Z ) ~ ] , ~  700 ml. of acetonitrile, and 7 ml. of oxalyl chloride was 
refluxed for 2 hr. and then evaporated under reduced pressure. 
The residue was extracted with hot water, leaving 4.1 g. of un- 
changed (CH3)dN [B12H11N( CH3)3]. The aqueous extract was 
passed through an acid-exchange column, and the effluent was 
treated with "Darco" and evaporated to a yellow solid which 
was sublimed a t  220' (0.5 nim.) giving 715 mg. of white crystals 
of (CH3)aNBlzHloCO. Recrystallization from benzene contain- 
ing a small amount of acetonitrile gave crystals of m.p. 249- 
250.5'. And.  Calcd. for B12H19CdNO: C, 21.1; H ,  8.44; B, 
57.2; N, 6.17. Found: C, 21.5; H, 8.88; B, 55.4, 56.4; 
N, 6.34,6 35. 

The infrared spectrum of the product showed absorption a t  
2500(B-H)and2180cm.-1(C=O). 

Stereochemistry of Reaction of Oxalyl Chloride with BI2Hll- 
N(CH3)3-.-A mixture of 10 g. of (CH3)4N [BlnHllN(CH3)3], 
700 ml. of acetonitrile, and 10 ml. of oxalyl chloride was refluxed 
for 2 hr. and evaporated in vacuo. The residue was extracted 
with hot water, and the extract was passed through an acid ion- 
exchange column. The effluent was treated with "Darco" 
and concentrated in vacuo to about 75 ml. The resulting solu- 
tion was treated with 15 g. of hydroxylamine-0-sulfonic acid 
(with warming), and the resulting precipitate collected by filtra- 
tion to give 2.76 g. of ( C H ~ ) ~ N B ~ ~ H I O N H ~ ;  840 mg. of the prod- 
uct was converted by the procedure described in the preceding 
experiment to 880 mg. (88%) of B12Hlo[N( CH3)3]2. Thin-layer 
chromatography on silica gel showed the presence of 1,7- and 
1,12-Bl~Hlo[N(CH3)3]. No 1,2- isomer was observed. 
1,6-(CH3)2SBloH8COOH-.-A mixture of 5 g. of Cs[l-Blo- 

H$3(CH3)2] 10 ml. of oxalyl chloride, and 500 ml. of acetonitrile 
was refluxed for 45 min. and evaporated under reduced pressure. 
The residue was treated with hot water and filtered. Addition 
of tetramethylammonium chloride to the filtrate gave 1.65 g. 
of tan (CH~)~N[~,~-(CH~)~SB~OH~COOH]. Recrystallization 
from water gave 1.37 g., m.p. 251-253'. A portion of this ma- 
terial was dissolved in water and passed through an acid-exchange 
column. The effluent was boiled with "Darco, filtered," and 
treated with tetramethylammonium chloride. The resulting 
precipitate was recrystallized from water, giving white plates of 
(CH~)~N[~,B-(CH~)~SBIOHBCOOH], m.p. 264-265". Anal. 
Calcd. for B I O H ~ ~ C ~ ~ N O Z :  C, 28.3; H ,  9.15; B, 36.4; S, 10.8. 
Found: C,28.7; H, 9.35; B, 36.9; S, 10.8. 

The infrared spectrum of the product showed absorption a t  
1615 cm.-l consistent with a COOH function. 

1,6-(CH3)2SB1oHeCO.-A mixture of 5 g. of Cs[l-B10HgS- 
(CH3)2], 500 ml. of acetonitrile, and 10 ml. of oxalyl chloride was 
refluxed under nitrogen for 45 min. and then evaporated under 
reduced pressure. The residue was dissolved in hot water and 
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passed through an acid-exchange column. The effluent was 
evaporated to dryness and sublimed a t  140' (0.5 mm.), giving 
2.5 g .  of 1,6-(CH3)2SBloH&O as a white solid. Two recrystal- 
lizations from cyclohexane-benzene gave plates with m.p. 
108-109". Anal. Calcd. for BloHj4CaSO: C, 17.5; H ,  6.84; 
B, 52.4; S, 15.4; mol. wt., 227. Found: C, 17.7; H,  6.57; 
B, 52.6; S, 15.3, 15.5; mol. wt., 208, 216. The infrared spec- 
trum of the product showed absorption a t  2500 (split, B-H) 
and2140 cm.-l(C-O). 

The BI1 n.m.r. spectrum of 1,6-(CH3)2SB~oH&0 (Figure 1) 
shows a doublet a t  6.7 p.p.m. ( J  = 181 c.P.s.) which can be as- 
signed to an unsubstituted apical boron atom. This doublet 
collapses on irradiating a t  60 MC. A single peak a t  11.4 p.p.m. 
can be assigned to  an apical boron atom with a (CH3)zS substit- 
uent. This peak is coincident with the high-field half of the 
6.7 p.p.m. doublet. A large unsymmetrical doublet a t  44.4 
p.p.ni. ( J  = 108 c.P.s.) represents seven unsubstituted equatorial 
boron atoms. This doublet can be decoupled to give a single 
peak. A small peak a t  57.9 p.p.m. represents the equatorial 
boron atom substituted i.r-ith a C=O group. This peak is un- 
affected by irradiation at 60 Mc. The occurrence of the apical 
doublet at 6.7 p.p.m. rather than the more common 14-18 
p.p.m. range for BloHlo2- derivatives can be attributed to the 
fact that  this apical boron atom is adjacent to the C-0-substi- 
tuted equatorial boron atom (i.e., 1,6- rather than 1,2- stereo- 
chemistry). 

1 ,6 - (CH3)~SB1~H~NH~ from (CH3)2SBioHsCO.--A solution of 
150 mg. of 1,6-(CH3)2SBloH&O in water was treated w-ith ex- 
cess hydroxylamine-0-sulfonic acid with warming until carbon 
dioxide evolution ceased. The resulting precipitate was col- 
lected by filtration to give 125 mg. of 1,6-(CH3)2SBloH8NH3. 
Recrystallization from water gave 105 mg. of long needles, m.p. 
282-283'. Both the infrared spectrum and the X-ray powder 
pattern of the product were identical with those of the 1,6- 
( C H ~ ) ~ S B I O H S N H ~  prepared earlier.4 

1,6-( CH3)2SBloHsOH- from 1 ,6-(CH3)2SBloHsC0.-( CHI)?- 
SBloH&O (100 mg.) was added to  a cold solution of 307, hy- 
drogen peroxide and sodium hydroxide causing vigorous evo- 
lution of gas. Addition of tetramethylammonium chloride gave 
100 mg. of white solid. Recrystallization from water gave plates 
of ( CH~)~N[~,G-(CH~)ZSBIOHOH] which was found to  be iden- 
tical with respect to infrared spectrum and X-ray powder pattern 
with (CH3)4ri[(CH3)2SBl~H80H] prepared by other methods.' 

mole) was stirred in 500 ml. of acetonitrile, and oxalyl chloride 
(7 ml., 0.082 mole) mas added. The mixture was stirred a t  
ambient temperature for 15 min. and then a t  reflux temperature 
for 45 min. I t  was cooled to room temperature, 15 ml. of mater 
was added cautiously, and the solution was evaporated to dry- 
ness in a stream of air. The residue was dissolved in 5% aque- 
ous sodium hydroxide, and the solution was passed through an 
ion-exchange column containing excess I R  120(H) resin. Xn- 
other preparation identical with this was made, and the acidic 
solutions were combined, treated with decolorizing carbon a t  
the boiling point, and then adjusted in volume to 2 1. The solu- 
tion was chilled in an ice-uater bath and sodium nitrite (80 g., 
1.16 moles) mas added followed by the slow addition, with 
stirring, of 40 ml. (0.5 mole) of 12 M hydrochloric acid. A 
brown solid separated. (Caution: This solid is explosive arid 
exceedingly sensitive when dry. It should not be handled in a 
dry state.) This solid was filtered, mashed with water, and 
left damp. It was extracted with three 100-ml. portions of 
glyme resulting in complete dissolution. Zinc dust (40 g., 
0.6 g.-atom) and 30 ml. (0.36 mole) of 12 M hydrochloric 
acid were added to the combined extracts, and the dark brown 
mixture was stirred until the liquid phase was almost colorless. 
The  mixture was filtered, and the filtrate was slowly diluted 
with 1.5 1. of water to precipitate 18 g .  of crude (CH~)ZSBIOHY 
COOH . N2 containing a small amount of ( C H ~ ) ~ S B I O H & ~ .  
This mixture was separated by extraction with 140 ml. of 4'% 
sodium hydroxide. Acidification of the filtered extracts pre- 
cipitated 17 g .  (5370 yield) of (CH3)2SBloHiCOOH.N2. This 

Analogous effects were reported earlier.4 

(CH~)~SB~~H;COOH.N~.-CS[~-BIOH~S(CH~)%]~ (20 g., 0.064 

was further purified by dissolution in a mixture of 200 ml. of 
glyme and 25 ml. of water, followed by filtration and slow dilu- 
tion of the filtrate with 500 ml. of water to reprecipitate 12 g. of 
(CH3)2SBlaH7COOH* K2. Five grams of this was recrystallized 
from a solution of 60 ml. of ethanol and 40 ml. of water to ob- 
tain 2.7 g. of analytically pure crystalline material (dec. pt .  
191-192'). It is necessary that all traces of hydrogen chloride 
be removed from the product before recrystallization from alco- 
holic media or substantial esterification occurs. Anal. Calcd. 
for (CH$),SBloH;COOH.K2: C, 14.4; H ,  5.6; B, 43.2; N, 11.2; 
S, 12.8; neut. equiv., 250; mol. wt., 250. Found: C, 14.4; 
H ,  6.0; B, 43.7; S, 11.4; S, 12.9; neut. equiv., 249; mol. 
wt., 245 (cryoscopic in dimethyl sulfoxide). Ultraviolet X ~ ~ ~ " "  
251 mp ( e  23,200); pK, = 8.00 (50% aqueous alcohol). The 
infrared spectrum of (CH3)2SBl~H,COOH. iV2 in a Nujol mull has 
absorption bands a t  2520, 2475 (s, doublet B-H), 2260 (s, 
NEN), and 1660 (s, C=O) cm.-', as well as absorptions a t  1282 
(s), 1170 (m), 1130 (w) ,  1100 (w), 1040 (m) ,  995 (m) ,  970 (w), 
995(s), 705(s), and685(w)cni.-'. 

(CH3),SB1~H;C00C2H5. N2.-*4 solution of ( CH3)2SBloH;C- 
OOH.N? (7.5 g., 30 mmoles) in 75 ml. of alcohol and 5 ml. of 
12 AI hydrochloric acid was boiled for 5 min. and allowed to 
cool. (CH~)~SBIOH;COOC~H~.  ?;2 (3.8 g., 45%) separated as a 
crystalline solid (m.p. 125'). Partial concentration of the 
mother liquors gave a second crop of crystals (1.6 g., 18%) iden- 
tical by infrared analysis with the first crop. Anal. Calcd. 
for (CH3)2SB1eH7COOC2H6.K2: C, 21.6; H, 6.5; B,  38.9; 
N,  10.1. Found: C, 21.5; H, 7.0; B, 39.1; N, 10.2. Ultra- 
violet Xz:cr 250 mp ( e  23,200), 392 inp ( E  25.6). The infrared 
spectrum in a potassium bromide wafer includes bands a t  2530 
(s, B-H), 2280 (s, N=K), 1680 (s, C=O), 1210 (s), 1105 (m), 
1040 (s), 1010 (m) ,  and 960 (m) cm.-I. 

In  smaller scale runs, the esterification was accomplished in 
quantitative yield by dissolving ( CH~)~SBIOH~COOH.  NZ in 
alcoholic hydrochloric acid as above and then evaporating the 
solution to dryness in an open dish on a steam bath. The resi- 
due vas a quantitative yield of the desired ester in crystalline 
form, identified by infrared analysis. No esterification occurs in 
the absence of hydrochloric acid. 

(CH3)2SBloH7COOH. NC5H6.-A solution of ( CH3)2SB10H7- 
COOH. IVZ (2 g., 8 mmoles) in 50 nil. of pyridine was refluxed for 
5 hr. The solution was mixed with 200 ml. of water to obtain 
a clear solution. T h e  addition of 75 ml. of 12 216 hydrochloric 
acid precipitated 1.2 g. (50%) of ( CK~)~SBIOH~COOH.  NCsHs 
as a golden brown solid. The analytical sample (m.p. 269- 
270") was obtained as a cream-colored crystalline solid by re- 
crystallization from aqueous glyme. Anal.  Calcd. for (CH3)2- 

Found: C, 32.0; H, 6.6; B, 35.6; S,  4.6. Ultraviolet X:f<3c" 
309 mp ( e  8100), 235 nip ( e  9000), A::;" llnoH 298 rnp ( e  7300). 

(CH3)aSBioH7COOC2Hs. NCbHj.-A solution of ( CH3)2SBloH?- 
COOC2H6. 9 2  ( 3  g . ,  18 mmoles) in 100 ml. of pyridine was re- 
fluxed for 22 hr. during which time 430 ml. of gas (97%) was 
evolved. The resulting solution was poured into 1200 ml. of 
water to precipitate 2 g. (34%) of (CH3)2SBloHiCOOCzHs. 
SC6H6. This was recrystallized from 75 ml. of 50y0 aqueous 
alcohol (1.2 g. recovery), m.p. 207-209". A n d .  Calcd. for 

IT, 4.2. Found: C, 36.2; H ,  7.6; B,  32.9; N, 4.2. Ultraviolet 
X ~ ~ ~ C s 3 1 0 m p ( ~ 8 1 5 0 ) , 2 3 5 m p ( e 7 3 0 0 ) .  

(CH3)2SBioHiNH2* N,. (A).-A mixture of hydroxylamine- 
0-sulfonic acid (10 g., 89 mmoles), ( C H ~ ) Z S B I O H ~ ~ O O H .  & 
(3.0 g., 12 mmoles) and 200 ml. of 50y0 aqueous ethanol was re- 
fluxed for 3 hr. It was then concentrated to about 75 ml. in a 
stream of air and excess hydrated H2B12C112 was added. [(CH3)2- 
SBloH;XH3 8 S Z + ] ~ B I ~ C ~ ~ ~ * -  precipitated and was recrystallized 
from aqueous acetonitrile (1.6 g., 137, yield). The product was 
initially an oil but crystallized slowly. It was dried a t  80" 
under vacuum. This salt darkened a t  239" but did not melt 
to 400". Anal. Calcd. for [ (CH~)~SBIOH;NH~'  N~+]~BI&LZ~-:  
C, 4.8; H ,  3.2; B, 34.5; S, 8.4; C1, 42.6. Found: C, 4.5; 

SBioH7COOH.NCbHs: C, 31.9; H ,  6.3; B,  35.9; N, 4.6. 

( C H ~ ) & B I O H ~ C O O C ~ H ~ . N C ~ H ~ :  C, 36.5; H, 6.9; R ,  32.8; 
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H,  3.4; B, 33.9; E, 7.7; C1, 42.7. Ultraviolet Xz:cN 247 
mp ( e  53,500). 

(B).-Oxalyl chloride (4 ml., 41 mmoles) was added to a mix- 
ture of (CH~)ZSBW,H~COOH.N~ (5 g., 20 mmoles) and 60 ml. of 
acetonitrile. The mixture was refluxed 7 hr., cooled, and sodium 
azide (2 g., 62 mmoles) was added. The mixture was stirred 
overnight, during which time 800 ml. of gas (32.8 mmoles) was 
evolved. The solution was stirred into 700 ml. of water to pre- 
cipitate 5.2 g. of a dark brown solid. Infrared analysis sug- 
gested this was ( C H ~ ) ~ S B ~ O H ~ N C O * N ~ ,  but i t  was not ob- 
tained in analytically pure form. Glyme (50 ml.) and 4.2 g. 
of the crude isocyanate were mixed with 10 ml. of 12 M hydro- 
chloric acid. Virtually all the solid dissolved and remained in 
solution during the addition of two more 10-ml. portions of 12 
iM hydrochloric acid. During the additions the dark solution 

became hot and gas was evolved. It was concentrated to 30 
ml. on a steam bath, 45 ml. of water was added, and the solu- 
tion was filtered through “Celite” filter aid. Mixing an aliquot 
with hydrated H2BI2Cllz precipitated [( CHd)&B1oH,NHA. 
I \Z+]PB~ZCI~~ ,  identical by infrared analysis with that prepared 
above. The major part of the solution was made alkaline with 
sodium hydroxide. ( CH3)$B1oH7NHz. Nz precipitated and was 
recrystallized from water, dec. pt. 105-107’. Anal. Calcd. 
for (CH&SBIOH~NHZ.NZ: C, 10.8; H ,  6.8; B, 48.9; K, 19.0, 
Found: C, 11.5; H ,  7.0; B, 48.9; X, 18.2. Ultraviolet Xz:cu 
255 mp (E 25,000). 

(C).-Sodium azide was added to a solution of (CH8)zSBlo- 
H7COOH. NZ in concentrated aqueouS HzBlzC112. Gassing en- 
sued and [( CH&SBloH7NH3. N~+]zB&11~~-, identified by in- 
frared analysis, separated. 
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Decacarbonyldimanganese and pentacarbonylmethylmanganese have been found to catalyze the carbonylation of primary 
aliphatic amines almost exclusively to 1,3-dialkylureas. Aniline 
reacts very slowly giving 1,3-diphenylurea in low yield. The formation of 1,3-dialkylureas is accompanied by the evolution 
of hydrogen, so that little or no gas absorption was observed during the reaction. A mechanism of reaction is proposed 
involving the attack of the amine on an alkylformamide group bonded to the manganese. A simplified procedure for the 
preparation of decacarbonyldimanganese is also described. 

Ammonia and di-n-butylamine virtually do not react. 

Introduction 
Kinetic data concerning the reaction of pentacar- 

bonylalkylmanganese compounds with nucleophilic 
reagents have been previoilsly reported1P2 in the case of 
L = carbon monoxide. 

RMn( CO)S -I- L + RCOMn( CO)4L (1) 

Kinetic studies of the reaction of CH3COMn(CO)5 with 
phosphorus- and nitrogen-containing ligands 

CH3COMn(CO)s 4- L + CO f CH3COMn( C0)dL (2) 

are now being completed aqd the results will be reported 
later. 

The present paper reports some catalytic reactions 
in which primary aliphatic amines can be converted into 
disubstituted ureas by the use of decacarbonyldiman- 
ganese and pentacarbonylmethylmanganese as catalytic 
precursors. This study was originated by the obser- 
vation of some anomalies found during the kinetic in- 
vestigation of reaction 2 with L = amines. Catalytic 
carbonylations of primary, secondary, and tertiary 
amines are known to occur in the presence of group VI11 
metal carbonyls or of metal halides capable of being 
transformed to metal carbonyls in the reaction condi- 
tions. 3-g Alkylformamides are usually obtained in the 

(1) F. Calderazzo and F. A. Cotton, Inovg. Chem., 1, 30 (1962). 
(2) F. Calderazzo and F. A. Cotton, Abstracts of Papers, International 

Conference on Coordination Chemistry, Stockholm, June 25-29, 1962, 
Paper No. 6H7. 

(3) H. W. Sternherg, I. Wender, R. A. Friedel, and M. Orchin, J .  A m .  
Chem. Soc., 75, 3148 (1953). 

(4) H. Zrzikalla and E. Woldan, German Patent 863,800 (Jan. 19, 1953). 
( 5 )  Y. Y. Aliev, I. B. Romanova, and L. K. Freidlin, Uz. Khim. Zh., 6, 

54 (1961); Chem. Abslr.,  til, 8413 (1962). 

course of these reactions, although dialkylureas are also 
reported5 to be formed when large amounts of nickel 
iodide are employed. Aniline appears to be unique in 
giving almost exclusively d i p h e n y l ~ r e a . ~ ? ~  Finally, 
diphenylurea was the main by-product during the re- 
action of aniline, carbon monoxide, and olefins to give 
anilides using COZ{CO)~ as catalyst.’O 

The catalytic properties of decacarbonyldimanganese 
and related compounds in the carbonylation reactions 
of amines do not appear to have been investigated. I t  
has now been found that Mnz(CO)lo and CH3Mn(C0)5 
catalyze the reaction. Moreover, manganese seems 
to differ from the above-mentioned metals since pri- 
mary aliphatic amines react giving almost exclusively 
dialkylureas and secondary aliphatic amines are vir- 
tually unreacted. Other interesting features of the 
manganese system will be discussed later in the text. 

Experimental 
Materials.-Tetrahydrofuran and diisopropyl ether were 

dried over sodium, distilled over LiAlH4, and stored under ni- 
trogen. %-Butylamine and cyclohexylamine were dried over 
KOH pellets and fractionated. Aniline was distilled and stored 
under nitrogen. Di- and tri-n-butylamine were fractionated 
under reduced pressure. Anhydrous manganese( 11) acetate 
was prepared by drying the commercially available hydrate 
product over PzOa a t  room temperature for several days under 
high vacuum. 
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