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It was shown that l-R-2-benzyl-o-carboranes (R = Me, i-Pr, Ph, PhCH 2) and other 
derivatives of o-carborane containing an ArCH 2 group in positions 1 and 2 are 
readily metallized by n-butyllithium, forming the corresponding benzyllithium 
derivatives, which react with electrophilic reagents like the usual organolithium 
compounds, permitting the synthesis of various C-substituted l-o-carboranes. 
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It was shown earlier that replacement of a hydrogen atom in the CH 3 group of toluene 
by a l-methyl-2-o-carboranyl group leads to a substantial increase in the acidity of the 
benzyl hydrogen atoms: l-methyl-2-benzyl-o-carborane pK 19.5, toluene pK 35 (according to 
the MSED scale) [i]. Under the action of n-butyllithium on l-methyl-2-benzyl-o-carborane 
(i) in THF solution, l-methyl-2-1ithium-benzyl-o-carborane was readily formed; its reaction 
with CO 2 led to (i-methyl-o-carboranyl)phenylacetic acid. In this workwe made a further 
study of the metallization of l-R-2-benzyl-o-carboranes to use this reaction for synthetic 
purposes. It was found on the example of compound i, l-isopropyl-2-benzyl-o-carborane (2), 
and l-phenyl-2-benzyl-o-carborane (3) that l-R-2-benzyl-o-carboranes are readily metallized 
by n-butyllithium in ether-hexane and ether-benzene solutions at 20°C, forming the corres- 
ponding l-R-2-benzyllithium-o-carboranes. 

RC--C--CH2Ph + n-BuLi et.~o+c,It~ RC--C--CHLiPh 
\ .  / 200 \ / 

BloHio BloHlo 
( l - -a)  (4 -6)  

R = Me(l ,4) ,  *-Pr(2,5), Ph(3,6). 

1,2-Dibenzyl-o-carborane (7) is metallized under these conditions to form 1,2-di(lithium- 
benzyl)-o-carborane (8): 

PhCH2--C--C--CH2Ph "- 2n-BuL[ EI~O+C,H, PhCIt--C--C--CHPh 
\ / 20 ° [ \ /  j 

BloHlo Li BmHlo Li 
(7) (8) 

Such benzyl derivatives of o-carborane as 1,2-benzo-4,5-carboranyl-cyclohexane (9) and 
bis-l,4-(l-isopropyl-o-carboranylmethyl)benzene (i0) also form dilithium derivatives (ii) and 
(12), respectively, under the action of butyllithium: 

27~-BuLi H ~ Li 
H2C CH2 > 

\ /  \ /  
BioHxo BxoHlo 
(9) ( l i )  
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i_Pr_C_C_C H2_,,/-~,_CHz_C_C_Pr 4 2n-BuLi 

BloHm BloHlo 
(lO) 

i-Pr--C--C--CH--/~ --CH--C--C--Pr-i 
\ /  f ~ I \ /  
B1oHlo Li Li BloHlo 

02) 

The lithium derivatives 4-6 obtained possess low solubility in ether-hexane and ether- 
benzene mixtures and are isolated from the solution in the form of a yellow liquid layer. 
The dilithium derivatives 8, 9, and 12 are isolated in the form of a red layer. The low 
solubility of lithium derivatives 4-6, 8, 9 and 12 and the color are evidence of a substan- 
tial degree of polarity of the C-Li bond in these compounds. The reactions of the lithium 
derivative 5 with C02, CH20, PhCHO, allyl bromide, and Ph2PCI proceed similarly to the usual 
reactions of organolithium compounds according to the scheme: 

CHaOH COOH 
t t 

~-Pr--C--C--CHPh i-Pr--C--C--CHPh 
\/ \ /  
BmH~o r,,CH~O CO~. f BmHlo 

(t3) " \ , \  //" (1~) 
5 

\ PhCHO CaH~Br///" I Ph~PCl \ 

/ \ 

i-Pr--C--C--CHPI~ :-Pr--C-C--CHPh 
\ /  ' \ /  I 
mH~o (2It2CH=CHa BloHm PPh2 

(i5) (16) 

HO--CII--Ph 
1 

i-Pr--C--C--CH--Ph 
\i 
131oI11o 

(J7) 

The reaction of lithium derivatives (4) and (6) with CO 2 and CH20 yielded the corres- 
ponding acids (18) and (19) and carbinols 20 and 21: 

COOH 

I~C--C--CHPh < 
\/ 
BmHj0 
(t8, 19) 

l / = M e ( l S ,  20), Ph(19,21). 

CH20H 
CHoO HC--C--CHLiPh ~ RC--C--CHPh \ /  

1oHio bloH1o 
(4, 6) (20, 2t) 

The action of CO 2 on dilithium derivative 8 gives a dicarboxylic acid 22: 

COOH COOE[ 

8 + C02 ~ PhCH--C--C--£HPh 
\ /  
B~oHlo 
(22) 

Under the action of butyllithium on the l-benzyl-o-carborane 18, metallization occurs 
at the Cll-carborane and CH2-benzyl groups, forming the dilithitml derivative 24, which, when 
treated with CO 2, gives the dicarboxylic acid 25: 

COO H 

PhCH2--C--CH 2~-BuLi> PhCH--C--CLi CO~.~ 1 PhCH--C--C--COOH 

BIoH,o IJi BIoHIo Bv)HIo 
(23) (24) (25) 

COOH COOH 

12 + COz ---+ (i-Pr)--C--C--CH--xx/~//--CH--C--C--(Pr-i) 
\/ ~ \/ 
B~oHto B~oH~o 

(26) 
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TABLE i. Characteristics of the Compounds Obtained 

Yield, % Mp, °C Compound 

13 82 72-73 

14 85 208-209 

15 79 9 t -92  

16 83 245 - 246 

17 94 t36-137 

18 81 193-194 

19 88 219-220 

20 82 92-93 

21 90 99-100 

22 78 199-200 

* F o u n d / C a l c u l a t e d  P ,  %: 6 . 3 9 / ' 6 . 7 3 .  

Empirical 
formula 

C~3H2¢B~oO 

CtzH24BIoO2 

CI~H2sBto 

C2~H3~BIoP * 

C~tt3oBloO 

CiiH_~0B~00~ 

Cl~H~2BioOz 

CIiH22B~oO 

C~sH2~B~oO 

C,~H_~B~oO~ 

Found . , ,  % 
Calculated 

c B tt 

8.73 35.08 
35.27 

7.43 33.82 
33.7,3 

8.95 34.20 
34.2t 

7.00 23.04 
23.~9 

7.80 28.22 
-28.29 

6.80 36.!)5 
37.0 t 

6.:~0 30.34 
30.53 

7.8J ;38.51 
38.87 

6.98 32.03 
3138 

6.09 26.77 
26.20 

TABLE 2. PMR Spectra of the Compounds Obtained 

Compound PMR spectrtLm, 6 ~ ppm (J, Hz) 

13 

15 

1 6 "  

17 

25 

t.22 d (3H, CtI3, 7=7),  t,29 d (3H, CH:,, 7=7), 2.95m 
(2H, CH), 3.64 m (2H, CHz), 4.09 (OH) 
t.23 d (3H, CH~, 7=7),  t.28 d (3H, CHz. 1=7). t.74 m 
(CH2), 2.78 m (2H, CH). 4.78 d ( c i s - I f  from=CH2, ]=6) .  
4.97 d (trans-H from =CH2, 7=13), 5.35m (=CH). 7.03 
(Pb) 

0.82 d (3H, CHa, J=7) ,  t . i4 d (3H,CHa, 7=7), 3.04 m 
(IH, CH(CH:0~ ), 5.04d (tH. CH-Ph),  6.94-7.6tm (tSH. 
Ph) 
1.06 d (3H, CHa, /=7 ) ,  1.33 d (3H, CH3, ]=7) ,  2.79m 
(ill,  Ctt(CH3)z), 3.59 (tH, OH), 4.96 d (IH, CHPh, 
]=4.3), 7.33 m t0H, Ph), 4.96 q (fH, CHPbOH. / = 5 )  
:3.74 s (ill ,  CH), 7.8 m (Ph) 

*6~P 31.02 ppm. 

The structures of the compounds were confirmed by the data of PMR spectroscopy. 

Acids 14 and 19, when reduced by LiAIH4, smoothly formed the carbinols 13 and 21, respec- 
tively. Thus, the use of metallization by n-butyllithium of l-R-2-benzyl-o-carboranes and 
other o-carborane derivatives bonded in the i- and 2-positions to Ar-CH 2 groups permits the 
synthesis of various C-substituted o-carboranes. 

EXPERIMENTAL 

The course of the reaction was monitored on Silufol plates. The PMR spectra were re- 
corded on a Bruker WP-200SY instrument in acetone-d6 solution. The chemical shifts of iH are 
cited relative to TMS. 

Metallization of l-R-2-Benzyl-o-caboranes by n-C~HsLi. To a solution of 0.01 mole of 
l-R-2-benzyl-o-carborane in 15-20 ml of abs. ether, 0.01 mole of n-C4H�Li in hexane or benzene 
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was added with mixing in an atmosphere of argon at 20°C. A yellow color appeared immediately, 
and two layers were formed. After the addition of n-C4HgLi, the mixture was mixed for 0.5 h 
at 20°C and then for i0 min while boiling. 

The carboxylation of l-R-2-benzyllithium-o-carboranes was performed in the usual way by 
pouring the reaction mixture into solid CO 2 in abs. ether. The reactions with CH20, PhCHO, 
allyl bromide, and Ph2PCI were carried out according to the usual procedures by adding the 
reagent to the reaction mixture at 20°C, following by heating. The yield of the compounds 
obtained, melting points, and data of elementary analysis are presented in Table I, and the 
data of the PMR spectra in Table 2. 

Reduction of l-R-2-[CH(COOH)Ph]-o-Carboranes by LiAIH, to l-R-27[CH(CH2OH).Ph]-o-carbo- 
ranes. A solution of 5 mmoles of l-R-2-[CH(COOH)Ph]-o-carborane in ether was added to 5 
mmoles of LiAIH4 in abs. ether with mixing, and the mixture was mixed with heating for 30 min. 
The excess LiAIH4 was decomposed with methanol with cooling, then 10% HCI was added. The 
ether layer was removed, washed with HCi, with a dilute KOH solution, with water, and dried 
with Na2SO 4. The solvent was distilled off, and the residue was recrystallized from a 
benzene-hexane mixture. 

Metallization of l-Benzyl-o-carborane (23) and bis-l,4-(l-Isopropyl-o-ca[boranylmethyl) 
benzene (i0). To a solution of 0.01 mole of compound 23 in 20 ml of abs. ether or compound 
10 in 20 ml of abs. THF, 0.02 mole of n-C4HgLi in benzene was added with mixing in an atmos- 
phere of argon at 20°C. A red color appeared immediately, and two layers were formed. After 
the addition of n-C4HgLi the mixture was mixed for 0.5 h at 20°C and then for 20 min at the boil- 
ing point. Carboxylation of dilithiumderivatives 24 and 12 was performed by pouring the reac- 
tion mixture into solid CO= in abs. ether. Yield 2.5 g (78%) of the acid 25, mp 152-153°C 
(benzene-heptane). Found: C 41.27; H 5.68; B 34.05%. C11HlsB100~. Calculated: C 40.97; H 
5.58; B 33.56%. From compound i0 4.5 g (80%) of the acid (26) was obtained, mp 254-256QC 
(with decomp.). Found: C 42.80; H 7.54; B 38.07%. C20H42B2004. Calculated: C 42.68; H 7.47; 
B 38.45%. PMR spectrum (acetone-d 6, 6, ppm): 1.24 d (7), (CH3), 1.28 d (7) (CH3), 2.03 m 
(CH), 3.64 s (OH), 7.72 s (Ph). 
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