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A procedure is reported for the conversion of tert-butyldimethylsilyl chloride and clos0-1,2-C~B~&~ (1) to 
the corresponding silylcarborane derivative 2 in 99% yield. Compound 2 served as a valuable synthon to other 
monosubstituted carboranyl derivatives. Lithiation and reaction at the carborane 2-vertex with a variety of mono- 
and difunctional electrophiles under mild conditione formed the corresponding silylated products. Subsequent 
deprotection with tetrabutylammonium fluoride produced the corresponding monosubstituted carborane derivatives 
in high yield. 

Introduction 
The selective synthesis of monosubstituted icosahedral 

1,2-C2B10H12 carborane derivatives is currently of great 
synthetic importance. Especially noteworthy are their use 
in the cytotoxic boron-neutron capture reaction, loB (n, 
a) 'Li, as the basis of a binary method for cancer therapy 
(BNCT),2a and the recent discovery of radiometalla- 
carborane reagents suitable for radiomedical application 
as immunoconjugates.2" Unfortunately, many of the 
complex organic structurea desired are not always possible 
to attain via known synthetic routes to mono-C-Substi- 
tuted 1,2-C2B10H12 

The most generally useful preparation of o-carborane 
derivatives utilizes the reaction of a terminal alkyne and 
a solution of BlJ312(ligand)2 species such as Bl,,H12[(Cz- 
H5)zS]p4*5 The limited number of easily available alkyne 
derivatives makes this route only marginally useful. The 
second method of preparation requires the monolithiation 
of 1,2-C2B1&I12 at carbon followed by the use of the re- 
sulting monolithiocarborane as a nucleophile. Preparation 
of 1-Li-1,2-C2Bl&Ill is complicated by an equilibrium that 
exists between the monolithiocarborane, the dilithio- 
carborane, and the unsubstituted carborane which usually 
leads to product mixtures? 

Earlier work with carborane derivatives in the areas of 
BNCT and radioimmunoconjugates often employed 
methyl and/or phenyl C-substituted blocking ~ ~ o u P s . ~ ~ ~  
Unfortunately, the resultant compounds frequently pos- 
sessed steric and electronic properties which were delet- 
erious to those actually required for these applications. 

In earlier studies we have shown the tert-butyldi- 
methylsilyl (TBDMS) moiety to be an effective protecting 
group for a single carbon vertex of 1,2-C2BloH12.8 In the 
present paper we discuss these syntheses and extend our 
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study to include other carborane derivatives. 

Results and Discussion 
The syntheais of bridged carboranes (e.g., 4) was central 

to our development of radiometallacarborane reagents. We 
had originally hoped to prepare these species via metala- 
tion followed by electrophilic attack at the metalated 
carborane carbon atom. Reaction of 1.0 molar equiv of 1 
with 1.0 equiv of n-BuLi in a 2:l C8He/Eh0 solution es- 
tablished the equilibrium (Scheme I). Subsequent ad- 
dition of a solution of 0.5 equiv of a,d-dibromo-o-xylene 
afforded only the exocyclic ring derivative (Scheme II).g 
A second route we developed to 4 utilized (hydroxy- 
methy1)carborane as the starting material.'O Even though 
4 was obtained, the low overall yield (4%) and lengthy 
synthesis (8 steps from decaborane) highlighted the need 
for a versatile carborane protecting group. 

Our interest in silyl protecting groups stemmed from the 
ease with which C-substituted silyl carboranes could be 
synthesized and from the already developed methodology 
of silyl protecting groups in other areas of organic chem- 
istry." Protecting groups initially investigated included 
trimethylsilyl and thiophenyl moieties. The corresponding 
monosubstituted o-carborane derivatives were prepared, 
albeit as mixtures of mono- and disubstituted produds as 
well as starting material which were difficult to separate. 
Both moieties were found to be displaced in the subse- 
quent lithiation step which led only to the exocyclic 
product.' An attempt to synthesize the mono-tert-bu- 
tyldiphenylsilyl o-carborane derivative proved to be futile, 
presumably due to steric constraints. We then turned our 
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Table I. Protected and &protected closo-lf-C2BloH12 Derivatives 
depro- depro- 

protected protected tected teCted 
product product product product 

substrate (RX) (RTBDMS) yield, 70 (RH) yield, ?& 

n-C,HgBr 

3 

5 

Br(CH2)3Br 7 

8 

BrCH2CH=CH2 9 

BrCH&H2CH<H2 10 

11 I2 
attention to the tert-butyldimethylsilyl (TBDMS) group. 
Corey had earlier demonstrated the TBDMS moiety to be 
an outstanding protecting group for alcohols.12 

Reaction of 1 with 1.1 equiv of n-BuLi at  0 "C in a 2:l 
C,&/EkO solution established the equilibrium shown in 
Scheme I. The lithiated component of this equilibrium 
then reacted with 1 equiv of tert-butyldimethylsilyl chlo- 
ride at 35 "C to produce 2 in 99% yield. Under high 
vacuum, unreacted starting material sublimed at  70 "C 

(12) Corey, E. J.; Venkateswarlu, A. J. Am. Chem. SOC. 1972,94,6190. 

80 

61 
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while the pure product distilled at 120 "C. Compound 2 
was characterized by a combination of 'H, llB, and 13C 
NMR, IR, and mass spectroscopy. The 'H NMR spectnun 
of 2 exhibits two sharp upfield resonances associated with 
the Si-substituted alkyl groups, a broad downfield carbo- 
rane C-H resonance, and broad B-H resonances consistent 
for carborane cages. The llB NMR spectrum exhibits six 
resonances in a 1:1:2:2:2:2 ratio and the IR contains a 
characteristic band a t  2585 em-' consistent with the B-H 
stretching mode. Addition of 0.5 molar equiv of a,a'-di- 
bromo-o-xylene to the lithio derivative of 2, formed by the 
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Scheme IV" 
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(i) (a) n-BuLi, (b) ClC(O)OCH,; (ii) LiAlH.. 

addition of n-BuLi at 0 "C in 2:l C6H6/Et@, afforded 3 
in 74% yield (Scheme 111). Deprotection of 3 with n- 
Bu4N+F in THF (-76 "C to 0 "C) for 20 min yielded 4 
(71% overall), which was characterized both spectroscop- 
ically and by an X-ray diffraction study.13 

From Table I it can be seen that the lithio derivative 
of 2 reacts in good yield with a variety of mono- and di- 
functional electrophiles under mild conditions to form the 
corresponding silylated products. As expected, these si- 
lylated species do not exhibit a carborane c-H resonance 
in their 'H NMR spectra and they show a downfield shift 
for the carborane carbon resonances in the 13C NMR 
spectrum consistent with disubstituted o-carborane de- 
rivatives. Subsequent desilylation produces the desired 
C-substituted and C-bridged carborane derivatives, in high 
yields. Spectra obtained with previously reported carbo- 
ranes14 were in agreement with published data and the new 
compounds were characterized via NMR, IR, and mass 
spectroscopy. 

The synthesis of alkylene-linked carboranes such as 15 
is virtually impossible using earlier methods. This diffi- 
culty may be attributed to the lithiocarborane equilibrium 
(Schemes I and 11) whereby undesired exocyclic side 
products predominate. The silylcarborane reagent 2 made 
it possible to synthesize such species. To 2.2 equiv of 2 
was added 2.3 equiv of n-BuLi at 0 OC in 2:l C6H6/Et.@. 
A solution of l,&dibromopropane (1.0 equiv) was then 
reacted with lithio 2 to produce 7 in 61% yield. Subse- 
quent deprotection of 7 with n-Bu4N+F in THF (-76 "C 
to 0 "C) for 20 min afforded 15 in 88% yield. 

C-Alkenyl-o-carboranes containing terminal vinyl groups 
have been generally prepared by the reaction of BloH12- 
(ligand)2 species with the corresponding alkenyl- 
a~etylenes.~J~ This appears to be the preferred method 
although alkenylcarboranes have also been obtained by the 
action of alkenyl halides on C-metalla~arboranes'~ or 
carboranyl Grignards.4 We here report the synthesis of 
alkenylcarboranes 17 and 18 using a simplified procedure. 
Addition of the appropriate bromoalkene to a solution of 
lithio 2 afforded 9 and 10. Subsequent deprotection of 
these derivatives with n-Bu4N+F in THF gave 17 and 18 
in 56% and 51% overall yields, respectively. 

Alcohol derivatives of o-carborane cannot be prepared 
directly from acetylenic alcohols and BlJ-I12(ligand)2 com- 
pounds since the borane cage is degraded by hydroxyl 
groups. The normal route to carboranyl alcohols involves 
the esterification of the corresponding acetylenic alcohol. 
The resulting ester is then allowed to react with a bis- 
ligand decaborane compound and the resulting carboranyl 
ester is then converted to the alcohol by trans- 
esterification,16 lithium aluminum hydride reduction,15 or 
by hydro ly~ i s .~*~J~J~  We were able to synthesize (hydrox- 
ymethyl)carborane1° (20) in two steps from 2 in 66% 
overall yield (Scheme IV). Methyl chloroformate reacts 
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with lithio-2 to form the methyl ester 12, which when 
reacted with LiAIH, in THF affords 20. To our knowledge 
there is no precedent for LiAlH4 cleavage of TBDMS 
moieties.12 An attempt to deprotect 12 with n-Bu4N+F 
to give the methyl ester of o-carborane carboxylic acid 
yielded only o-carborane. 

Lithiation of 1,7'C2B1&2 (21) followed by reaction with 
tert-butyldimethylsilyl chloride is not selective and yields 
both mono- and disilylated products. Under high vacuum, 
unreacted starting material easily sublimed at 60 "C while 
the product distilled at 90 "C to afford 22 as a clear liquid 
in only 40% yield. The adjacent carbon atoms in 1,2- 
C2B10H12 provide a steric requirement unfavorable for 
disilylation. On the other hand, the carbon atoms lie 
further from each other in 1,7-C2B1J312, thereby yielding 
a mixture of silylation products. Reaction of methyl iodide 
with the monolithio derivative of 22 gave 23 in 90% yield. 
Subsequent deprotection with TBAF afforded 1-CH3-1,7- 
C2BlJI11" (24) in 57% yield. 
As shown above the TBDMS group presents the proper 

balance of steric requirements which allow the selective 
monosilylation of 1 and retention of the C-Si bond in 2 
during subsequent reactions. Even though additional 
metalation by alkali metal reagents is possible, the 
TBDMS moiety in 2 provides efficient steric protection 
from attack by an additional tert-butyldimethylsilyl 
chloride molecule. 

Conclusions 
The utility of the monosilyl-protected carborane 2 is 

illustrated in the development of functionalized precursors 
of bridged metallacarborane systems employed for the 
complexation of radiometal ions (Venus Flytrap Clusters) 
and their subsequent conjugation to monoclonal antibo- 
dies.2M The monoprotected carborane is also employed 
as a precursor in the synthesis of compounds required for 
boron neutron capture studies. The generality of the new 
synthon described here coupled with the high yields ob- 
tained offers a valuable tool for organic transformations 
on carborane cages. The TBDMS protecting group makes 
monosubstituted carborane derivatives quite accessible and 
supplants classical routes to these derivatives. Conse- 
quently, the ability to easily form both previously reported 
and new carborane compounds will open the door to new 
chemical, biological, and medicinal applications of the 
carboranes. 

Experimental Section 
General Considerations. Syntheses are described wing a 

simplified nomenclature system.l8 Standard glovebox, Schlenk, 
and vacuum-line techniques were employed for all manipulation 
of air- and moisture-sensitive compounds. Reaction solvents were 
reagent grade and were distilled from appropriate drying agents 
under nitrogen before we. Tetrahydrofuran and diethyl ether 
were distilled from sodium benzophenone ketyl; benzene was 
distilled from potassium benzophenone ketyl. Deuteriated sol- 
vents were obtained from Cambridge Isotope Laboratories. 
tert-Butyldimethylsilyl chloride and n-butyllithium (2.5 M so- 
lution in hexanes) (Aldrich) were used as received. 

Physical Measurements. Proton ('H Nh4R) and carbon ('9c 
NMR) spectra were obtained on a Bruker AF 200 spectropho- 
tometer at  200.133 and 50.324 MHz, respectively. Boron ("B 
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1,2-dicarba-closo-dodecaborane and 1,7-dicarba-closo-dodecaborane de- 
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NMR) spectra were obtained at 160.46 MHz on a Bruker AM 500 
spectrometer. Chemical shih for 'H and '% NMR spectra.were 
referenced to SiMe, (0.00 ppm) and measured with respect to 
residual protons in deuterated solvents. Chemical shift values 
for llB spectra were referenced relative to external BF3.0Et, (0.00 
ppm). Coupling constants (J) are given in hertz. Resonances 
observed upfield of the references were assigned negative chemical 
shift values in all cases. Infrared spectra were obtained as Nujol 
mulls and were recorded on a Beckman FT-1100 instrument. 
Electron impact mass spectra were obtained on an AFJ Ltd. Model 
MS-902 sector filled doublefocusing spectrometer, and xenon FAB 
mass spectra were obtained on an AEI Ltd. Model MS-9 spec- 
trometer. 

Silyl-o -carborane 2. To a solution of 1,2-dicarba-closo-d0- 
decaborane (1) (85.0 g, 589 mmol) in a dry benzene/diethyl ether 
(21) mixture (500 mL) at 0 OC was added a 2.5 M solution of 
n-BuLi in hexane (247 mL, 619 mmol) dropwise with stking. The 
mixture was allowed to stir for 30 min while being warmed to 
ambient temperature. The solution was cooled to 0 OC and 
tert-butyldimethylsilyl chloride (97.7 g, 647.9 mmol) in a benz- 
ene/diethyl ether (21) mixture (150 mL) was added dropwise but 
rapidly. The solution was refluxed overnight and then quenched 
with 250 mL of water and transferred to a separatory funnel and 
diluted with 500 mL of diethyl ether. The layers were separated 
and the aqueous layer was extracted with additional EhO (2 X 
300 mL). The combined extracts were then dried over anhydrous 
MgS04 and concentrated in vacuo. Sublimation at 80 OC (1 X 

mmHg) removed unreacted 1,2-dicarba-closo-doddecabo- 
rane(l2). The product 2 distilled at 120 "C in 99% yield (150 
g, 581 mmol): mp 54-56 "C. IR (Nujol, cm-'): 2920,2585,1415, 
1365,1265,1175,1130,1073,1030,1000,930,863,837,820,800, 
774, 721. 'H NMR ((CD3)zCO): 4.26 ( 8 , l  H), 1.05 ( ~ , 9  H), 0.30 
( ~ , 9  H). 13C NMR ((CDJZCO): 67.2, 62.1, 27.1, 19.7, -4.6. "B 
NMR (acetone): 0.24 (d, 1 B), -1.87 (d, 1 B), -7.05 (d, 2 B), -10.48 
(d, 2 B), -11.79 (d, 2 B), -12.66 (d, 2 B). High resolution MS 
(FAB): m/z calcd for CJ-Ias"Blai 258.2758, found 258.4924. Anal. 
Calcd for C&&& C, 37.17; H, 10.14; B, 41.82; Si, 10.87. Found 
C, 37.15; H, 10.14; B, 41.82; Si, 10.65. 
a,"-o-Bis(sily1-o-crborany1)-o-xylene 3. To a solution of 

2 (77.6 g, 300 mmol) in a dry benzene/diethyl ether (21) mixture 
(400 mL) at 0 OC was added a 2.5 M solution of n-BuLi in hexane 
(132 mL, 313 mmol) dropwise with stirring. The mixture was 
allowed to stir for 30 min while being warmed to ambient tem- 
perature. The solution was cooled to 0 OC and a solution of 
a,d-dibromo-o-xylene (43.6 g, 165 mmol) in a benzene/diethyl 
ether (2:l) mixture (100 mL) was added dropwise with stirring. 
After refluxing overnight the solution was quenched with 200 mL 
of water, transferred to a separatory funnel, and diluted with 200 
mL of diethyl ether. The layers were separated and the aqueous 
layer was extracted with additional EhO (2 X 200 mL). The 
combined filtrates were then dried over anhydrous MgSO, and 
concentrated in vacuo. The crude white solids were washed with 
petroleum ether and the nonsoluble solids 3 collected in 74% yield 
(68.7 g, 111 mmol): mp 220-222 OC. IR (Nujol, cm-'): 2922,2564, 

4 H), 3.72 (a, 4 H), 1.21 (a, 18 H), 0.57 (a, 12 H). 13C NMR 

llB NMR (acetone): 0.96 (d, 2 B), -3.60 (d, 2 B), -7.91 (d, 4 B), 
-8.85 (d, 4 B), -9.46 (d, 4 B), -10.56 (d, 4 B). MS (EI): m/z calcd 
for C24H68.11B20Si2 619.12, found 619.60. Anal. Calcd for 
CUH&&3i2: C, 46.56; H, 9.44, B, 34.93; Si, 9.07. Found C, 46.38; 
H, 9.28; B, 34.93; Si, 9.00. 
apt-Di-o-carboranyl-o-xylene (4). A solution of 3 (63.6 g, 

103 mmol) in dry THF (500 mL) was cooled to -76 OC and a 1.0 
M solution of tetrabutylammonium fluoride in THF (216 mL, 
216 mmol) was added dropwise with stirring. The mixture was 
allowed to stir for 30 min while b e i i  warmed to room temperature 
and then 300 mL of water was added. The solution was diluted 
with 400 mL of diethyl ether and transferred to a separatory 
funnel. The layers were separated and the aqueous layer was 
extracted with additional EhO (2 x 300 mL). The combined 
extracts were dried over anhydrous MgSO, and concentrated in 
vacuo. Chromatography on silica (33% diethyl ether/hexane) 
afforded 4 as a white solid in 97% yield (39.0 g, 99.8 mmol): mp 
185-186 O C .  IR (Nujol, cm-'): 3040,2920,2570,1113,1096,1063, 
1017, 935, 765, 725. 'H NMR ((CD,),CO): 7.28 (m, 4 H), 4.51 

1255, 1205, 1077, 830, 819, 767. 'H NMR ((CD3)zCO): 7.36 (8,  

((CD3)2CO): 135.0, 133.4, 128.9, 82.0, 74.9,41.0, 27.9, 21.1, -2.3. 
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( ~ , 2  H), 3.74 ( ~ , 4  H). '3C NMR ((CD3)zCO): 134.9, 133.0,129.2, 
75.8,62.4,40.7. IIB NMR (acetone): -2.09 (d, 2 B), -5.10 (d, 2 
B), -9.03 (d, 4 B), -11.10 (d, 10 B), -12.24 (d, 2 B). MS (EI): m/z 
calcd for C12H3011B20 390.59, found 390.36. Anal. Calcd for 

B, 55.08. 
1-(Silyl-o-carborany1)butane 5. To a solution of 2 (1.52 g, 

5.88 mmol) in a dry benzene/diethyl ether (21) mixture (40 mL) 
at 0 OC was added a 2.5 M solution of n-BuLi in hexane (2.59 mL, 
6.47 mmol) dropwise with stirring. The mixture was allowed to 
stir for 30 min while behg warmed to ambient temperature. The 
solution was cooled to 0 OC and 1-bromobutane (0.70 mL, 6.52 
mmol) was added dropwise with stirring. After refluxing for 4 
h, the solution was quenched with 10 mL of water, transferred 
to a separatory funnel, and diluted with 50 mL of diethyl ether. 
The layers were separated and the aqueous layer was extracted 
with additional EhO (2 X 50 mL). The combined filtrates were 
then dried over anhydrous MgSO, and concentrated in vacuo to 
give white solid 5 in 80% yield (1.5 g, 4.8 mmol): mp 34-36 OC. 
IR (Nujol, cm-'): 2925, 2581, 1260, 1075, 820. 'H NMR 
((CD3)&O): 2.29 (t, 2 H, J = 8.4), 1.54 (m, 2 H), 1.33 (m, 2 H), 
1.10 (a, 9 H), 0.91 (t, 3 H, J = 7.2), 0.38 (a, 6 H). 13C NMR 

NMR (acetone): -0.17 (d, 1 B), 4.37 (d, 1 B), -7.71 (d, 2 B), -10.52 
(d, 6 B). MS @I): m/z calcd for C1zH9411Bl&3i - CH3 299.57, found 
299. 
a-(Silyl-o-carborany1)toluene 6. To a solution of 2 (2.4 g, 

9.3 "01) in a dry benzene/diethyl ether (2:l) mixture (50 mL) 
at 0 "C was added a 2.5 M solution of n-BuLi in hexane (4.1 mL, 
10.2 mmol) dropwise with stirring. The mixture was allowed to 
stir for 30 min while being warmed to ambient temperature. The 
solution was cooled to 0 OC and benzyl bromide (1.2 mL, 10.2 
mmol) was added dropwise with stirring. After refluxing for 3 
h, the solution was quenched with 20 mL of water, transferred 
to a separatory funnel, and diluted with 50 mL of diethyl ether. 
The layers were separated and the aqueous layer was extracted 
with additional EBO (2 X 50 mL). The combined filtrates were 
then dried over anhydrous MgSO, and concentrated in vacuo. 
The white solids were recrystallized from petroleum ether to give 
6 in 61% yield (2.0 g, 5.7 mmol): mp 94-97 "C. IR (Nujol, cm-'): 
2929, 2574,1257, 1029, 1013, 1003, 990,931,841, 815, 797. 'H 
NMR ((CD3)&0): 7.30 (m, 5 H), 3.61 (a, 2 H), 1.19 (a, 9 H), 0.51 

82.7, 76.3,43.9, 28.0, 21.0, -2.1. "B NMR (acetone): 0.68 (d, 1 
B), -3.45 (d, 1 B), -7.16 (d, 2 B), -9.49 (d, 6 B). MS (EI): m/z  
calcd for C15H321'B1,$i 348.62, found 348. 

1,3-Bis(silyl-o -carboranyl)propane 7. To a solution of 2 
(8.0 g, 30.9 mmol) in a dry benzene/diethyl ether (21) mixture 
(100 mL) at 0 "C was added a 2.5 M solution of n-BuLi in hexane 
(13.6 mL, 34.0 mmol) dropwise with stirring. The mixture was 
allowed to stir for 30 min while being warmed to ambient tem- 
perature. The solution was cooled to 0 "C and 1,3-dibromopropane 
(1.7 mL, 17.0 mmol) was added dropwise with stirring. After 
refluxing for 5 h, the solution was quenched with 30 mL of water, 
transferred to a separatory funnel, and diluted with 100 mL of 
diethyl ether. The layers were separated and the aqueous layer 
was extracted with additional Et20 (2 x 200 mL). The combined 
fltratea were then dried over anhydrous MgS04 and concentrated 
in vacuo. The white solids were washed with petroleum ether 
and the nonsoluble solids 7 collected in 61% yield (5.2 g, 9.4 
mmol); mp 195-196 "C. IR (Nujol, cm-'): 2928,2583,1259,1087, 
840, 820. 'H NMR (CDC13): 2.13 (m, 4 H), 1.78 (m, 2 H), 1.05 
(a, 18 H), 0.31 (a, 12 H). 13C NMR (CDC13): 80.2,76.1, 36.8,30.5, 
27.5,20.4, -2.4. llB NMR (chloroform): -0.09 (d, 2 B), -4.21 (d, 
2 B), -7.83 (d, 4 B), -10.77 (d, 12 B). MS (EI): m/z calcd for 
Cl&,"BzoSiz 557.05, found 557. Anal. Calcd for Cl9HSBBzoSi2: 
C, 40.97; H, 10.13; B, 38.82; Si, 10.08. Found: C, 40.78; H, 9.86; 
B, 39.00; Si, 9.89. 
2-Benzyl-1,3-bis(silyl-o-carboranyl)propane 8. To a so- 

lution of 2 (49.0 g, 190 mmol) in a dry benzene/diethyl ether (21) - 
mixture (400 mL) at 0 OC was added a 2.5 M solution of n-BuLi 
in hexane (100 mL, 199 mmol) dropwise with stirring. The 
mixture was allowed to stir for 30 min while being warmed to 
ambient temperature. The solution was cooled to 0 "C and a 
solution of 2-benzyl-1,3-bis(p-toluenesulfonyloxy)propanem (45.0 
g, 94.8 "01) in a benzene/diethyl ether (21) mixture (200 mL) 

C12Hdm: C, 36.90, H, 7.74; B, 55.36. Found C, 36.87; H, 7.65; 

((CD&O): 82.8, 77.3,38.2, 32.9, 27.9, 22.8, 20.8, 14.0, -2.3. "B 

(8,6 H). "C NMR ((CD3)zCO): 136.8, 130.7, 129.2, 128.9, 128.6, 
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was added dropwise with stirring. After refluxing overnight, the 
solution was quenched with 200 mL of water, transferred to a 
separatory funnel, and diluted with 200 mL of diethyl ether. The 
layers were separated and the aqueous layer was extracted with 
additional -0 (2 X 200 mL). The combined filtrates were then 
dried over anhydrous MgS04 and concentrated in vacuo. The 
crude white solids were washed with petroleum ether and the 
nonsoluble solids 8 collected in 56% yield (34.4 g, 53.2 m o l ) :  
mp 172-174 "C. IR (Nujol, cm-l): 3070,2950,2559,1417,1395, 
1260,1089,1072,1005,838,818,795,737,702. 'H NMR (CDCls): 
7.26 (m, 5 H), 2.71 (d, 2 H, J = 5.7), 2.24 (ddd, 4 H, J'= 48.3, 
J"= 17.2, J"'= 4.0),2.32 (m, 1 H), 1.05 (8,  18 H), 0.25 (s ,6  HI, 
0.20 ( ~ , 6  H). "C NMR (CDC13): 137.9, 129.0, 127.4,80.4, 76.0, 
41.3,41.0,40.5,27.7,20.5, -2.2, -2.4. "B NMR (chloroform): 0.58 
(d, 2 B), -3.51 (d, 2 B), -7.76 (d, 4 B), -10.38 (d, 12 B). MS (EI): 
m/z calcd for C.&#B&i2, 647.18, found 647. Anal. Calcd for 
CzsHSpB&i2: C, 48.25; H, 9.65; B, 33.41. Found C, 48.25; H, 
9.44; B, 33.18. 
3-(Silyl-o-carboranyl)-l-propene 9. To a solution of 2 (4.0 

g, 15.5 mmol) in a dry benzene/diethyl ether (21) mixture (50 
mL) at 0 OC was added a 2.5 M solution of n-BuLi in hexane (6.8 
mL, 17.0 mmol) dropwise with st-. The mixture was allowed 
to stir for 30 min while being warmed to ambient temperature. 
The solution was cooled to 0 O C  and allyl bromide (1.5 mL, 17.0 
mmol) was added dropwise with stirring. After refluxing over- 
night, the solution was quenched with 30 mL of water, transferred 
to a separatory funnel, and diluted with 100 mL of diethyl ether. 
The layers were separated and the aqueous layer was extracted 
with additional EGO (2 X 100 mL). The combined filtrate were 
then dried over anhydrous MgS04 and concentrated in vacuo to 
give 9 in 79% yield (3.7 g, 12.2 mmol): mp 43-45 "C. IR (Nujol, 
cm-'): 3083,2924,2600,1949,1862,1643,1466,1417,1394,1363, 
1293,1263, 1167,1126,1070,1031,987,931,825,792,725. 'H 
NMR ((CD,),CO): 5.78 (m, 1 H), 5.10 (m, 2 H), 3.05 (d, 2 H, J 

119.6,81.2,76.3,42.1,27.9,20.9, -2.2. "B NMR (acetone): 0.72 

m/z calcd for C11H3011Bl,$3i - C4Hg 241.44, found 241. 
4-(Silyl-o-carboranyl)-l-butene 10. To a solution of 2 (1.6 

g, 6.2 mmol) in a dry benzene/diethyl ether (21) mixture (35 mL) 
at 0 OC was added a 2.5 M solution of n-BuLi in hexane (2.7 mL, 
6.8 mmol) dropwise with stirring. The mixture was allowed to 
stir for 30 min while being warmed to ambient temperature. The 
solution was cooled to 0 OC and 4-bromo-1-butene (0.7 mL, 6.8 
mmol) was added dropwise with stirring. After refluxing over- 
night, the solution was quenched with 20 mL of water transferred 
to a separatory funnel and diluted with 100 mL of diethyl ether. 
The layers were separated and the aqueous layer was extracted 
with additional EGO (2 x 100 mL). The combined filtrates were 
then dried over anhydrous MgSO, and concentrated in vacuo to 
give 10 in 81% yield based on recovered 2 (1.3 g, 4.0 mol) :  mp 
50-52 OC. IR (Nujol, cm-'): 2906,2582,1643,1255,1075,1029, 
993, 926, 730, 838, 818, 795. 'H NMR ((CD3),CO): 5.77 (m, 1 
H), 5.05 (m, 2 H), 2.35 (m, 4 H), 1.10 (e, 9 H), 0.39 (s ,6  H). 13C 

-2.2. llB NMR (acetone): 1.65 (d, 1 B), -2.45 (d, 1 B), -5.75 (d, 
2 B), -8.66 (d, 6 B). MS (EI): m/z calcd for C12H3211B1,$i - C4H, 
255.47, found 254. 
3-(Silyl-o-carboranyl)-l-propanolll. To a solution of 2 (2.7 

g, 10.6 "01) in a dty benzene/diethyl ether (2:l) mixture (40 
mL) at 0 OC was added a 2.5 M solution of n-BuLi in hexane (4.7 
mL, 11.7 mmol) dropwise with stirring. The mixture was allowed 
to stir for 30 min while being warmed to ambient temperature. 
The solution was cooled to 0 OC and trimethylene oxide (0.8 mL, 
12.7 mmol) was added dropwise with stirring. After refluxing 
overnight, the solution was quenched with 20 mL of water 
transferred to a separatory funnel and diluted with 100 mL of 
diethyl ether. The layers were separated and the aqueous layer 
was extracted with additional EhO (2 x 100 mL). The combined 
fltratea were then dried over anhydrous MgS04 and concentrated 
in vacuo to give 11 in 84% yield (2.8 g, 8.9 "01): mp 81-83 OC. 
IR (Nujol, cm-'1: 3356,2916,2506,1309,1257,1167,1049,954, 

2 H, J = 5.71, 2.43 (m, 2 HI, 1.73 (m, 2 H), 1.09 (s,9 H), 0.38 (8, 

-2.3. llB NMR (acetone): 1.64 (d, 1 B), -2.55 (d, 1 B), -5.83 (d, 

= 7.0), 1.12 (e, 9 H), 0.41 ( ~ , 6  H). "C NMR ((CD&CO): 133.8, 

(d, 2 B), -3.50 (d, 2 B), -6.97 (d, 4 B), -9.75 (d, 2 B). MS (EI): 

NMR ((CD3)pCO): 136.2, 116.6,82.0, 77.4,37.5, 34.6,27.9,20.9, 

928,903,820, 730. 'H NMR ((CD&CO): 3.89 (8, 1 H), 3.55 (t, 

6 H). '3C NMR ((CDs)&O): 82.9,77.5,61.0,35.6,34.0,28.0,20.8, 

Gomer and Hawthorne 

2 B), -8.57 (d, 6 B). MS (EI): m/z calcd for CllH9211B1,$3i - C 4 b  
259.46, found 258. 

Silyl-o -carboranecarboxylic Acid Methyl Ester 12. To 
a solution of 2 (0.93 g, 3.61 "01) in a dry benzene/diethyl ether 
(21) mixture (35 mL) at 0 "C was added a 2.5 M solution of 
n-BuLi in hexane (1.59 mL, 3.97 mmol) dropwise with stirring. 
The mixture was allowed to stir for 30 min while being warmed 
to ambient temperature. The solution was cooled to 0 OC and 
methyl chloroformate (0.31 mL, 3.97 m o l )  was added dropwise 
with dining. After refluxing overnight, the solution was quenched 
with 20 mL of water transferred to a separatory funnel and diluted 
with 50 mL of diethyl ether. The layers were separated and the 
aqueous layer was extracted with additional EGO (2 X 50 mL). 
The combined filtrates were then dried over anhydrous MgS04 
and concentrated in vacuo to give a white solid (12) in 93% yield 
(1.1 g, 3.5 mmol): mp 67-70 OC. IR (Nujol, cm-'1: 2901, 2578, 
1755,1266,1071,1028,963,840,792. 'H NMR ((CD&CO): 3.87 
( ~ , 3  H), 1.06 ( ~ , 9  H), 0.29 ( ~ , 6  H). '3C NMR ((CD3)pCO): 161.2, 
76.8,75.5,55.9,27.4, 20.8, -3.8. "B NMR (acetone): 0.80 (d, 1 
B), -0.98 (d, 1 B), -7.15 (d, 2 B), -9.56 (d, 4 B), -10.76 (d, 2 B). 
MS (EI): m/z calcd for Cl$€zs11Blo02Si - C4H9 259.21, found 
259.41. 

1-o-Carboranylbutane (13). A solution of 5 (1.48 g, 4.70 
mmol) in dry THF (30 mL) was cooled to -76 OC and a 1.0 M 
solution of tetrabutylammonium fluoride in THF (5.65 mL, 5.65 
"01) was added dropwise with stirring. The mixture was allowed 
to stir for 30 min while being warmed to room temperature upon 
which 20 mL water was added. The solution was diluted with 
50 mL of diethyl ether and transferred to a separatory funnel. 
The layers were separated and the aqueous layer was extracted 
with additional EGO (2 X 50 mL). The combined extracts were 
dried over anhydrous MgS04 and concentrated in vacuo to give 
13 as a clear oil in 90% yield (0.84 g, 4.19 mmol): mp oil. 
Spectroecopic data were in agreement with literature.1s*21 IR 
(Nujol, cm"'): 2951,2572,1128,1115,1066,1020,723. 'H NMR 
((CD,),CO): 4.53 (s, 1 H), 2.32 (t, 2 H), 1.48 (m, 2 H), 1.28 (m, 

22.6,13.8. "B NMR (acetone): -2.90 (d, 1 B), -6.14 (d, 1 B), -9.63 

mo-Carboranyltoluene (14). A solution of 6 (1.0 g, 2.5 mmol) 
in dry THF (25 mL) was cooled to -76 OC and a 1.0 M solution 
of tetrabutylammonium fluoride in THF' (5.1 mL, 5.1 mmol) was 
added dropwise with stirring. The mixture was allowed to stir 
for 30 min while being warmed to room temperature, and then 
10 mL of water was added. The solution was diluted with 50 mL 
of diethyl ether and transferred to a separatory funnel. The layers 
were separated and the aqueous layer was extracted with addi- 
tional QO (2 X 50 mL). The combined extracts were dried over 
anhydrous MgS04 and concentrated in vacuo to give 14 as a white 
solid in 70% yield (0.4 g, 1.8 mmol): mp 55-57 OC. Spectroscopic 
data were in agreement with literature.p IR (Nujol, cm-'): 2918, 
2571,1322, 1105, 1078, 1060,1019,759, 726 (s), 701. 'H NMR 
((CDd2C0): 7.31 (m,5 H),4.34 (s,lH),3.64 (8, 2 H). '3C NMR 

(acetone): -2.58 (d, 1 B), -5.74 (d, 1 B), -9.33 (d, 2 B), -11.09 
(d, 2 B), -12.00 (d, 2 B), -12.82 (d, 2 B). High-resolution MS 
(FAB): m/z calcd for CgHIJIBlo 234.3538, found 234.2391. 

l&Di-o-carboranylpropane (15). A solution of 7 (2.5 g, 4.5 
mmol) in dry THF (100 mL) was cooled to -76 OC and a 1.0 M 
solution of tetrabutylammonium fluoride in THF (9.2 mL, 9.2 
m o l )  was added dropwise with stirring. The mixture was allowed 
to stir for 30 min while being warmed to room temperature, and 
then 20 mL of water was added. The solution was diluted with 
100 mL of diethyl ether and transferred to a separatory funnel. 
The layers were separated and the aqueous layer was extracted 
with additional EGO (2 X 100 mL). The combined extracts were 
dried over anhydrous MgS04 and concentrated in vacuo. The 

2 H), 0.88 (t, 3 H). 13C NMR ((CDJ2CO): 76.9,63.0,37.9,31.9, 

(d, 2 B), -11.45 (d, 2 B), -11.91 (d, 2 B), -13.11 (d, 2 B). 

((CDJ2CO): 135.9,130.7,129.4,128.8,76.4,62.1,43.8. "B NMR 

(19) Zakharkin, L. I.; Stanko, V. I.; Brattaev, V. A.; Chapovekii, Yu. 
A.; Klimova, A. I.; Okhlobystin, 0. Yu.; Ponomarenko, A. A. Dokl. Akad. 
Nauk SSSR 1964,156,1119. 

(20) Gomez, F. A. Ph.D. Thesis, University of California, Loe Angeles, 
1991. 

(21) Zakharkin, L. I.; Ponomarenko, A. A.; Okhlobyetin, 0. Yu. Izv. 
Akad. Nauk SSSR, Ser. Khim. 1964,2210. 

(22) Stanko, V. I,; Klimova, A. I. Zh. Obshch. Khim. 1965, 35, 753. 
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-2.45 (d, 1 B), -5.74 (d, 1 B), -9.21 (d, 2 B), -11.07 (d, 4 B), -12.63 
(d, 2 B). 

o-Carboranylmethanol (20). To a solution of 12 (113 mg, 
0.36 mmol) in dry THF (30 mL) at  0 "C was added a 1.0 M 
solution of lithium aluminum hydride (0.50 mL, 0.50 mmol) 
dropwise with stirring. The solution remained at 40 OC for 2 h, 
was quenched with 3 mL of water, and was transferred to a 
separatory funnel and diluted with 20 mL of diethyl ether. The 
layers were separated and the aqueous layer was extracted with 
additional EhO (2 X 20 mL). The combined extracts were then 
dried over anhydrous MgSO, and concentrated in vacuo to give 
20 as a white solid in 71 % yield (44 mg, 0.25 "01): mp 229-230 
"C. Spectroscopic data were in agreement with l i t e ra t~re .~  IR 
(Nujol, cm-'): 3391, 2924, 2615, 1119, 1039, 723. 'H NMR 

((CD3)&O): 77.9,65.1,60.0. "B NMR (acetone): -3.14 (d, 1 B), 

(d, 2 B). 
Attempted Synthesis of o -Carboranecarboxylic Acid 

Methyl Ester. A solution of 12 (0.9 g, 2.8 mmol) in dry tetra- 
hydrofuran (30 mL) was cooled to -76 OC and a 1.0 M solution 
of tetrabutylammonium fluoride in THF (3.1 mL, 3.1 "01) was 
added dropwise with stirring. The mixture was allowed to stir 
for 30 min while being warmed to room temperature, and then 
5 mL of water was added. The solution was diluted with diethyl 
ether (50 mL) and transferred to a separatory funnel. The layers 
were separated and the aqueous layer was extracted with addi- 
tional EhO (2 x 50 mL). The combined extracts were dried over 
anhydrous MgS04 and concentrated in vacuo. The residue was 
determined by proton and carbon NMR to be 1,2-C2B1$€12. 

Silyl-m -carborane 22. To a solution of l,7-dicarbadodeca- 
borane (21) (25.0 g, 173.5 mmol) in a dry benzene/diethyl ether 
(21) mixture (300 mL) at 0 OC was added a 2.5 M solution of 
n-BuLi in hexane (76.3 mL, 190.8 "01) dropwise with stirring. 
The mixture was allowed to stir for 30 min while being warmed 
to ambient temperature. The solution was cooled to 0 "C and 
tert-butyldimethylsilyl chloride (27.5 g, 182.1 mmol) in a benz- 
ene/diethyl ether (21) mixture (100 mL) was added dropwise but 
rapidly. The solution was refluxed overnight, quenched with 100 
mL of water, transferred to a separatory funnel, and diluted with 
200 mL of diethyl ether. The layers were separated and the 
aqueous layer was extracted with additional EhO (3 X 200 mL). 
The combined extracts were then dried over anhydrous MgS04 
and concentrated in vacuo. Sublimation at 60 "C (1 X 10-3 "Hg) 
removed unreacted 1,7-dicarbadodecaborane(l2). The product 
22 distilled at  90 OC in 40% yield (17.8 g, 68.7 "01): mp liquid. 
IR (Nujol, cm-'): 2938,2596,1467,1411, 1394,1365,1256,1135, 
1087,1050,1007,986,931,872,837,826,803,787,730. 'H NMR 

((CD&ZO): 65.6,59.2,27.1,19.6, -3.9. IIB NMR (acetone): -3.85 
(d, 2 B), -8.97 (d, 2 B), -10.96 (d, 4 B), -14.51 (d, 2 B). High- 
resolution MS (EI): m/z calcd for C8H2611Bl$i - C4H0, 201.3761, 
found 202.1984. 

(Silyl-m -carboranyl)methane 23. To a solution of 22 (1.6 
g, 6.2 "01) in a dry benzene/diethyl ether (21) mixture (50 mL) 
at 0 "C was added a 2.5 M solution of n-BuLi in hexane (2.7 mL, 
6.9 mmol) dropwise with stirring. The mixture was allowed to 
stir for 30 min while being warmed to ambient temperature. The 
solution was cooled to 0 OC and methyl iodide (0.4 mL, 6.6 "01) 
was added dropwise with stirring. After refluxing overnight, the 
solution was quenched with 20 mL of water, transferred to a 
separatory funnel, and diluted with 50 mL of diethyl ether. The 
layers were separated and the aqueous layer was extracted with 
additional Et20 (2 X 50 mL). The combined filtrates were then 
dried over anhydrous MgS04 and concentrated in vacuo to give 
white solid 23 in 90% yield (1.5 g, 5.6 "01): mp 41-43 OC. IR 
(Nujol, cm-I): 2918,2597,1391,1254,1191,1069,1005,931,823, 
731,674. 'H NMR ((CD,)&O): 1.75 (~,3 H), 1.02 (d, 9 H), 0.18 
(8, 6 H). 13C NMR ((CD3)ZCO): 74.2, 66.0, 27.2, 25.0, 19.7, -3.8. 
"B NMR (acetone): 4 3 2  (d, 1 B), -8.14 (d, 3 B), -8.71 (d, 2 B), 
-10.51 (d, 2 B), -11.97 (d, 2 B). 

m-Carboranylmethane (24). A solution of 23 (1.5 g, 5.5 
mmol) in dry THF (50 mL) was cooled to -76 "C and a 1.0 M 
solution of tetrabutylammonium fluoride in THF (5.8 mL, 5.8 
"01) was added dropwise with stirring. The mixture was allowed 
to stir for 30 min while being warmed to room temperature, and 

((CD3)zCO): 5.45 (t, 1 H), 4.58 (9, 1 H), 4.09 (8,  2 H). "C NMR 

-5.46 (d, 1 B), -9.42 (d, 2 B), -11.60 (d, 2 B), -12.87 (d, 2 B), -13.11 

((CD3)zCO): 3.62 (~,l H), 1.01 (8,  9 H), 0.18 (8,9 H). 13C NMR 

white solids were washed with petroleum ether and the nonsoluble 
solids 15 collected in 88% yield (1.3 g, 4.0 "01): mp >285 OC. 
IR (Nujol, cm-'): 2916, 2579, 1126, 1016, 1O00, 723. 'H NMR 
((CD&CO): 4.62 (8, 2 H), 2.37 (m, 4 H, J = 8.41, 1.75 (m, 2 H). 
I3C NMR ((CD&CO): 76.0,62.9,36.8,29.5. "B NMR (acetone): 

(d, 4 B), -12.59 (d, 4 B). MS (EX): m/z calcd for C7Hll1b 328.52, 
found 329. Anal. Calcd for C7H&,5 C, 25.59; H, 8.59; B, 65.82. 
Found: C, 25.81; H, 8.39; B, 65.51. 

2-Benzyl-1,3-di-o -carboranylpropane (16). A solution of 
8 (33.8 g, 52.2 mmol) dry THF (300 mL) was cooled to -76 OC 
and a 1.0 M solution of tetrabutylammonium fluoride in THF 
(110 mL, 110 mmol) was added dropwise with stirring. The 
mixture was allowed to stir for 30 min while being warmed to room 
temperature, and then 300 mL of water was added. The solution 
was diluted with 400 mL of diethyl ether and transferred to a 
separatory funnel. The layers were separated and the aqueous 
layer was extracted with additional EhO (2 X 300 mL). The 
combined extracts were dried over anhydrous MgSO,, concen- 
trated in vacuo, and washed with petroleum ether to afford 16 
as a white solid in 87% yield (19.1 g, 45.6 mmol): mp 208-211 
"C. IR (Nujol, cm-'): 3060,2950,2605,1310,1081,722. 'H NMR 
((CD3)&O): 7.30 (m, 5 H), 4.55 (8,  2 H), 2.73 (d, 2 H , J  = 6.9), 
2.43 (dd, 4 H, J = 9.7), 2.24 (m, 1 H). '% NMR ((CDJ2CO): 139.0, 
129.7,129.3,127.4,75.6,64.4,41.7,40.5,40.2. "B NMR (acetone): 

(d, 4 B). MS (EI): m/z calcd for C14H3411Bzo, 418.65, found 418.50. 
3-0-Carboranyl-1-propene (17). A solution of 9 (3.2 g, 10.7 

mmol) in dry THF (35 mL) was cooled to -76 OC and a 1.0 M 
solution of tetrabutylammonium fluoride in THF (11.8 mL, 11.8 
"01) was added dropwise with stirring. The mixture was allowed 
to stir for 30 min while being warmed to room temperature, and 
then 20 mL of water was added. The solution was diluted with 
100 mL of diethyl ether and transferred to a separatory funnel. 
The layers were separated and the aqueous layer was extracted 
with additional EhO (2 X 100 mL). The combined extracts were 
dried over anhydrous MgS04 and concentrated in vacuo to give 
17 as a white solid in 71% yield (1.4 g, 7.5 "01): mp oil. 
Spectroscopic data were in agreement with literature.15 IR (neat, 
cm-'): 2960,2584,1862,1640,1460,1435,1304,1209,1113,1067, 
928,725. 'H NMR ((CD,),CO): 5.78 (m, 1 H), 5.20 (8, 1 H), 4.50 

75.3, 62.2, 41.9. "B NMR (acetone): -3.68 (d, 1 B), -10.27 (d, 

4-o-Carboranyl-1-butene (18). A solution of 10 (1.4 g, 4.3 
mmol) in dry THF (35 mL) was cooled to -76 OC and a 1.0 M 
solution of tetrabutylammonium fluoride in THF (4.3 mL, 4.3 
"01) was added dropwise with stirring. The mixture was allowed 
to stir for 30 min while being warmed to room temperature, and 
then 20 mL of water was added. The solution was diluted with 
100 mL of diethyl ether and transferred to a separatory funnel. 
The layers were separated and the aqueous layer was extracted 
with additional EhO (2 X 100 mL). The combined extracts were 
dried over anhydrous MgS04 and concentrated in vacuo to give 
18 as a white solid in 63% yield (0.5 g, 2.7 mmol): mp oil. 
Spectroscopic data were in agreement with literature! IR (neat, 
cm-'1: 3068,2931,2589, 1643, 1450,1121,1070,1018,923,725. 
'H NMR ((CD,),CO): 5.75 (m, 1 H), 5.04 (m, 2 H), 4.61 (8,  1 H), 
2.42 (m, 2 H), 2.25 (m, 2 H). 13C NMR ((CD3)&0): 136.4, 116.5, 
76.3,63.1, 37.3, 33.7. "B NMR (acetone): -2.40 (d, 1 B), -5.50 

3-o-Carboranyl-1-propanol (19). A solution of 11 (2.5 g, 7.9 
mmol) in dry THF (70 mL) was cooled to -76 "C and a 1.0 M 
solution of tetrabutylammonium fluoride in THF (7.9 mL, 7.9 
"01) was added dropwise with stirring. The mixture was allowed 
to stir for 30 min while being warmed to room temperature, and 
then 20 mL of water was added. The solution was diluted with 
100 mL of diethyl ether and transferred to a separatory funnel. 
The layers were separated and the aqueous layer was extracted 
with additional Et20 (2 X 100 mL). The combined extracts were 
dried over anhydrous MgS04 and concentrated in vacuo to give 
19 as a white solid in 95% yield (1.5 g, 7.5 mmol): mp oil. 
Spectroscopic data were in agreement with literature? IR (Nujol, 
cm-'): 3322,2929,2597,1640,1450,1368,1250,1121,1039,944, 

(t, 2 H, J = 5.9), 2.38 (m, 2 H), 1.67 (m, 2 H). "B NMR (acetone): 

-2.42 (d, 2 B), -5.56 (d, 2 B), -9.21 (d, 4 B), -11.05 (d, 4 B), -11.44 

-2.24 (d, 2 B), -5.10 (d, 2 B), -9.07 (d, 4 B), -11.24 (d, 8 B), -12.48 

(8, 1 H), 3.07 (d, 2 H, J =  7.3). '3C NMR ((CDJzCO): 132.8,120.5, 

7 B), -12.95 (d, 2 B), -14.31 (d, 2 B). 

(d, 1 B), -9.08 (d, 2 B), -10.96 (d, 4 B), -12.51 (d, 2 B). 

836, 723. 'H NMR ((CD3)zCO): 4.44 (8,  1 H), 4.07 (8, 1 H), 3.49 
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then 7 mL of water WBR added. The solution was diluted with 
30 mL of diethyl ether and transferred to a separatory funnel. 
The layers were separated and the aqueous layer was extracted 
with additional EhO (2 X 100 mL). The combined extracta were 
dried over anhydrous MgSO, and concentrated in vacuo. The 
residue was sublimed at  70 OC (1 X mmHg) to give 24 as a 
white solid in 57% yield (0.5 g, 3.1 mmol): mp 195-198 OC. 
Spect"pic data were in agreement with IR (Nujol, 
mi1): 2918,2600,1336,1252,1139,1055,1002,933,838,784,726. 

((CD3)&O): 71.6,56.9,26.2. llB NMR (acetone): -2.68 (d, 1 B), 
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A versatile regioepecific synthesis has been developed to prepare the six dimethyl- and trimethyl-substituted 
2-aminoimidazoquinoxaline (IQx) regioisomera 35,36,37,38,39, and 40 for complete and unambiguous char- 
acterization. The key reaction step in the synthetic sequence for these angular tricycles is a photo- 
dehydrohalogenative cyclization of suitably substituted pyrazinylimidazolylethylene intermediates derived from 
common pyrazine and fully functionalized imidazole precursors. The reaction sequence developed allows for 
versatility in the substitution pattern as well as total regioisomeric control for the synthesis of all possible methyl 
and polymethyl aualogues of 1% Comparieon of the physical pmpertiea among the isomeric di- and trimethyl-IQx's 
has established the value of unambiguous regiospecific synthesis for structural aseignmenta in this food mutagen 
series. 

Among the mutagens and potential carcinogens formed 
when protein-containing foods are cooked at high tem- 
peratures,1 the dimethyl- and trimethyl-2-aminoimidam 
[4,5flquinoxalines (the IQx's) are among the most potent.2 
The isolation from cooked food, assignment of structure, 
and synthesis have been reported for a number of these 
dimethyl- and trimethyl-2-amino-IQ~'s?~~,~ Most of the 
synthetic methods encounter regioisomer problems at one 

(1) (a) Vuolo, L. L.; Schuessler, G. J. Environ. Mutagen 1986, 7,577. 
(b) Hargraves, W. A.; Pariza, M. W. J.  Environ. Sci. Health 1984,62,1. 
(c) Hatch, F. T.; Felton, J. S.; Stuermer, D. H.; Bjeldanes, L. F. Chemical 
Mutagens, 9; deserres, F. J., Ed.; Plenum: New York, 19&t; Chapter 4, 
p 111. 
(2) (a) Hashimoto, Y.; Shudo, K.; Okamoto, T. Acc. Chem. Res. 1984, 

17,403. (b) Sugimura, T. Science 1986,233,312. 
(3) (a) Kaeai, H.; Y e " i ,  2; Shiomi, T.; Yokoyema, S.; Miyazawa, 

T.; Wakabayashi, K.; Nagao, M.; Sugimura, T.; Niehimura, S. Chem. Lett. 
1981,485. (b) Takahashi, M.; Wakabayashi, K.; Nagao, M.; Yamaizumi, 
2.; Sato, S.; Kinae, N.; Tomita, I.; Sugimura, T. Carcinogenesis 1986,6, 
1537. (c) Hayatsu, H.; Matsui, Y.; Ohara, Y.; Oh, T.; Hayatau, T. Gann 
1983,74,472. (d) Hargraves, W. A.; Pariza, M. W. Cancer Res. 1983,43, 
1467. (e) Kato, T.; Kikugawa, K.; Hayatsu, H. J. Agric. Food Chem. 1986, 
34, 810. (0 Kikugawa, K.; Kato, T. Mutation Res. 1987, 179, 5. (g) 
Becher, G.; Knize, M. G.; Nes, I. F.; Felton, J. S. Carcinogenesis 1988, 
9, 247. 
(4) (a) Negishi, C.; Wakabayashi, K.; Tsuda, M.; Sato, S.; Sugimura, 

T.; Sait6, H.; Maeda, M.; JQemtad, M. Mutation Res. 1984,140,55. (b) 
Jigemtad, U, Olsson, K.; Grivas, S.; Negishi, C.; Wakabayashi, K.; Tsuda, 
M.; Sato, S.; Sugimura, T. Mutation Res. 1984,126, 239. (c) Felton, J. 
S.; Knize, M. G.; Wood, C.; Wuebbles, B. J.; Healy, S. K.; Stuermer, D. 
H.; Bjeldanes, L. F.; Kimble, B. J.; Hatch, F. T. Carcinogenesis 1984,5, 
95. 
(5) (a) Kasai, H.; Shiomi, T.; Sugimura, T.; Nishimura, 5. Chem. Lett. 

1981,675. (b) Grivas, S.; Olsson, K. Act4 Chem. Scand. 1986, B39,31. 
(c) Grivas, S. Acta Chem. Scand. 1986, B40,404. 
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Scheme I. Synthetic Plan 
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or more stages or are restricted to a single substitution 
Furthermore, since the various cooked food 
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