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THE SYNTHESIS OF CARBORANE-OXETANE MONOMERS
AND THEIR POLYMERIZATION

Introduction and Background

--Modern rocket propellants, gun propellants, and explosives are an adapta-
rion of the basic concept of a formulation consisting of a solid oxidizer and
fuel held in a polymeric matrix. ro aid in the processibility, energy and
ballistic performance, other components are often added (plasticizers and burn
tate additives). Over the past decade, as mission objectives increased, the
formulation chemist has been forced to consider higher performance require-
ments. This was initially met by increased solids loadings, but it was soon
found that there were limits to this approach.

Next came a thrust to synthesize oxidizers vith higher performance
potential, a field of research that is continuing, but as expected, these new
ingredients tend to lead to higher vulnerability to unscheduled detonation.
One other approach was to consider replacing the nonenergetic polymeric binder
with a polymer that could contribute energy to the formulation. If one
considers that 8 to 20% of a given formulation contains a polymer that does
not contribute any energy, oxidizer, or fuel value to the formulation, then
instant and significant performance increases can be expected. Nitrocellulose
has been used as a "binder", but extreme vulnerability to catastrophic initia-
tion is unacceptable in today's propellants.
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In 1978, we embarked on a research effort to synthesize energetic
polymeric binders specifically designed for propellant applications. Our
approach has always been to synthesize energetic monomers, then by suitable
polymerization techniques, obtain energetic polymers. Within a short period'
of time, we decided to concentrate on the cyclic ether, oxetane, class of
monomers that could be synthesized relatively easily. indergo controlled
polymerization, and produce a polvether that .ould be expected to exhibit
'7,1perior mechanical properties. The concept of preparing, with azide endant
functionality, an energetic polyether glycol was liter demonstrated.' During
this time, " modified cationic polymerization technique was developef', which
allowed the synthesis of polymers to predetermined molecular weight and
functionality, and the concept of energetic polyoxetanes was prese tgd.A

t _

Further dotk has now resulted in nitrate ester, nitramine polymers ' ,

copolymers , --and recently nitro, cubane and carborane polymers. The latter
is the subject of this paper.

Discussion and Resuits

"Toron or boron compounds have been used as a burning rate modifier and as
a metal fuel source in solid propellant motors. Migration of these chemicals
in the propellant grain is a continuous and serious problem. We proposed that
a urethane curable polyether glycol with a ca:boranyl functionality would solve
migration problems. Oxetane-carboranes-tFigibre 1) would be good candidates as
monomers for these carboranyl pendant polymers. These monomers could be homo-
polymerized or co-polymerized with other oxetanes for specific properties.
This paper describes the synthesis, characterization, and polymerization of
oxetane-carborane monomers.

R-C-C-XCH2

CH,
B 0 H

Figure 1

Synthesis Approaches

We have identified three general approaches to the synthesis of a
carborane-oxetane molecule. One general method was to start with a carborane
cage with an alkyl chain substituted such that an oxetane ring could be formed
by subsequent reaction. Scheme I shows one such example of this approach,
cyclization of dihydroxyalkylcarborane. However, as Searles reported , , V
oxetanes are produced by a variety of methods, but most are quite limited in
scope. We decided that this approach held the least chance of success.

Scheme I

R CH OH R CH,\/ 2/ / ,. • .
H-C-C-Z-C H-C C-Z-C 0

\CH 2  i - .H
B1 0 H1 0  BoH1 o .1 0 H103t
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A second approach was to react an alkyne-oxetane with decaborane,
Scheme II. Applying this approach to the simplest case, 3-propynyloxymethyl-
3-methyloxetane, gave no product. At this time it is thought that decaborane
is a strong enough Lewis acid that it is capable of catalyzing the polymeriza-
tion of the oxetane.

Scheme II

0 B,0 H1

R-Ca-X-CH. -R-C: ,-X-CH.
- CHCN ,_i

CH, B CH3
B,-H 1

A third approach was to combine a preformed carborane with a preformed
oxetane ring, Scheme III. This could be done in a variety of ways. We have
proposed three methods for this scheme: using a Grignard reagent, using an
organolithium reagent, or using the Williamson-Ether synthesis. Most of our
york so far has been with the Williamson-Ether synthesis.

Scheme III

R-C--C-R-Y * X-CH. I R-C--C-R-CH2

CH 3  CH,
B1 0 H B 10 H10

Williamson-Ether Synthesis

0 ur first approach was to react an alkyl sodium alcoholate derivative of
carborane with an oxetane, Scheme IV.

Scheme IV

RC-C-(CH 2)X -ONa - - RC C-(CH) -O-CH 2

+ YCH2  B10 Hl0 CHI
CH 31

B.H, 2 3c

R X Y R X
la H T 2a f 3a H Y

b CH3  3 b Tos b CHI

c Br
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One report" of the preparation of ethers from la used interphase catalyst
conditions. Using these conditions with 2c gave no indication that 3a was
formed in any but trace amounts. Also, no significant amount of product was
detected when la was reacted with 2a-c using nonpolar aprotic solvent (dioxane
or THF) or using polar aprotic solvents (DMF or HMPA). Lengthoning the alkyl
chain (X = 2 or 3) did not significantly modify the strong inductive (-I)
effect of the carborane ring. These reactions merely degraded the carborane
ring. Nucleophilic reactants of sufficiently high basicity will degrade the
carborane -1,-, initially formiiig the UJ)-l,z-oicarbaundecaboranei "

Next we looked at the reverse Williamson-Ether reaction, which is the
reaction of the sodium salt of 3-hydroxymethyl-3-methyloxetan3e with a
carborane. Scheme V.

Scheme V

RC--C(CH)--Y NaO-CH, ---RC-C-C(CR -0-CR
\90 C\Q CH,
B.H, B1 H ,11)

4 5 6

X Y R X R
4a 1 Br R 6a 7 R
b 1 Tos H b 3 CH3
c 2 Tos H
d 2 Br H
e 3 Tos CH3
f 3 Br CH3
g 3 Cl CH3

This scheme has the advantage that the leaving group is not on the
oxetane. Oxetane is a neopentyl type system which is typically resistant to
nucleophilic substitution. A disadvantage to this method would be base-
induced elimination when X = 2 or greater.

The reaction of 5 with 4a using dioxane or hexamethylphosphoramide (HMPA)
as solvent gave no desired et-er. With mild heat, only degraded products which
are water soluble were obtained. This is consistent with the literature 2

'
1

that reports 1-halomethylcarboranes are extremely inert to nucleophilic
replacement reaction. Reaction of ethyl carboranes, 4c and 4d, also gave
little or no product. The major product was 1-vinylcarborane. A small amount
of crude 6a was isolated when the ethylbromocarborane, 4d, was reacted with 5
in DMF.

Finally, the reaction of 5 with 4e in HMPA afforded 6b as a minor product;
the elimination product 7 was the major product. Table 1 shows the effect of
solvent on the reaction of 5 with 4e (at 5-101C for 60 min). In the less nolar
solvent, THF, the reaction was very slow and then stopped after several hours.
Adding HMPA increased the rate but did not seem to change the molar ratio of
coupling product to elimination r'-oduct. DMF gave similar results. This
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increased reaction could be due to increased qtability of the reaction inter-
mediate in the dipolar-aprotic solvents or because 5 is more soluble in these
solvents.

The effect of different leaving groups on the carborane is shown in
Table 2. The bromopropylcarborane (4f) gave about the same molar ratio of
coupling to elimination product as the tosyl derivative (4e); however, a
different elimination product, 8, is produced along with s-ome 7. These results
are similar using DMF as the solvent with 8 being the major by-product. The
chloropropylcarborane (4 ) gave very little coupling, and the major elimination
b'-product was again 7.

TABLE 1. EFFECT OF CHANGINC SOLVENT ON REACTION
OF METHYL-TOSYLPROPYLCARBORANE AND HMMO
(5-101C/60 min)

Percent Yield Mole Percent

Starting Material 7
Solvent Remaining Coupling Elimination

HMPA 0 90 10
HMPA/THF 1 60 40

(17/100)
HMPA/THF 20 55 45

(10/100)
THF 90 50 50
DMF 20 65 35

TABLE 2. EFFECT OF CHANGING LEAVING GROUP
ON METHYL-PROPYLCARBORANE
(5-10'C/60 min)

Solvent is HMPA/THF (10/100)

Yield Mole Percent
Percent Elimination

Leaving Starting Material 7 8
Group Remaining Coupling Cyclopropyl Propenyl

OTs (4e) 20 45 55 0
Br (4f) 2 40 7 53
Cl (4) 60 10 85 5

CH2
CH, -C C-C CH CH3 -C-CCH=CH-CH, CH -C-CH,-CH=CH

\o/ ~CHo \0/

B 0H1 BiH B 10 H10
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The structures of the elimination products 7 and 8 are quite surprising.
An expected structure would be 9, which would result trom an El carbanion

mechanism described by Bunnett ' , Eq. 1.

H H

C- -B - -. -C-C- .BH -----.. C=C X (Eq. 1)
L ' I / \

X H

The strong inductive (-I) effect of the carborane ring must stabilize the
shitt or the carbanion next to the ring. This type of allyl isomerization was
reported by Zakharkin, et al. Is He found that 1-allylcarborane (10) would
completely isomerize to t-ans-l-propenylcarborane (11) with (CH3)3COK in
(CH,),COH. Eq. 2.

(CH3 )3COK

CH,-C C-CH-CH=CH2  CH -C-C-CH=CH-CH3  (Eq. 2)

/ (CH) 3CO H  /
B 10 H 10 BoH10

10 11

The mechanism for the formation of the cyclopropyl elimination product is
unclear, but it is likely that the acidic proton next to the carborane nucleus
is removed first and the resulting anion displaced the tosylate.

Preparation of Oxetanes and Carboranes

3-Hydroxymethyl-3-methyloxetane (HMMO) was the starting oxetane used in
this work. Our procedure has been described previously. 1 6 The tosyl deriva-
tive was prepared by the addition of p-toluenesulfonyl chloride to HMMO using
pyridine as solvent and acid scavenger. 3-Bromomethyl-3-methyloxetane was
prepared in high yield by the action of lithium bromide on TMMO in DMF.I The
reaction of sodium iodide with 3-chloromethyl-3-methyloxetane (CMMO) in DMF
gave 3-iodomethyl-3-methyloxetane.9 CMMO was prepared from HMMO using tri-
phenylphosphine and carbon tetrachloride.8 The alkyne-oxetane, 3-propynloxy-
methyl-3-methyl?xetane was prepared from the sodium salt of HMMO and propargyl
bromide in DMF.

Carborane 1 - 2
0 and 1-methylcarborane were used to make most of the

carboranes used in this work. Exceptions were la which was made from
propargylalcohol and decarborane and 4a which was made from propargylbromide
and decaborane. 1 2 Also, the starting material for hydroxyethylcarborane
(15) was the acetylated 3-butyn-l-ol (13). Although the literature report

2 2

used an acid hydrolysis to give 15 from 14, reduction of 14 with lithium
aluminum hydride gave 15 in better yields, Eq. 4.
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HC-C-Cl B:OH
HC 7-CH.CHOH - HCaC-CHCH.OAc

Et 3N-Et 2 0 CH3CN

13

(Eq. )

r LiA1H4
H-C -C-CHCHOAc -t*O o HC-C-CHCH.OH

B1 H,3  B H_~

14 15

Preparation of l-methyl-2(propanol)carborane. ic, has been reported.!" '2'
A more convenient method proved to be the reaction of lithium methyl carborane,
16, 'with oxetane (Eq. 5).

(H-C-CLi --------- CH 3 -C--C--(CH 2 )3OH (Eq. 5)

B I I H I I B 1 o H 1 0

16 1c

The tosylates of the carboranyl alcohols were prepared using toluene-
sulfonylchloride in methylene chloride with pyridine or triethylamine as base.
In the synthesis of 4e, l-(3-chloropropyl)-2-methylcarborane was isolated as a
side product. The si-e reaction was minimized by using an excess of triethyl-
amine and cold reaction conditions. It is assumed that this chlorination side
reaction accompanied all tosylation reactions although the unknown side pro-
ducts that were seen were never characterized.

Synthesis of bromoethylcarborane (4d) from l-bromo-3-butyne has been
reported. However, we prepared 4d from the tosylate (4c) and lithium bromide
in DMF. The simplest preparation ol-l-(3-bromopropyl)-2--ethylcarborane (4f)
was from the alcohol (ic) using hydrobromic-sulfuric acid. Triphenylphosphine/
bromine in chl?roform also gave high yields, but isolation was more difficult.
The literature procedure for preparing 4f reacts the alcohol with phospho-
roustribromide, but using PBr 3 in toluene gave a crude product which was only
50% 4f. Triphenylphosphine in carbon tetrachloride gave the chlorocarborane g
from the alcohol lc.

Preparation of Carborane/Oxetane Polymers

The model monomer 1,2-Dicarbadodecaborane(12)-l-methvl-213-{(3-methvl-3-
oxetanyl)methoxy)propyll, [Carbox], was subjecteO to conditions that induce
cationic initiation of other oxetane monomers. Our more recent work on the
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initiator formed by prereacting bis-cumylchloride with silver antimony hexa-
fluoride was found to readily polymerize carbox in a controlled manner.
)uantities of polymer have been produced and are being subjected to exhaustive
analysis. Initial results indicate that the carboranyl group is thermally
stable even above the depolymerization temperature of the polymer and should
Lesult in fulfilling the objectives of our program.

Conclusions

We have demonstrated that a polypther prepolymer can be synthesized that
contains a carboranyl (boron cage) pendant group attached to each monomer
repeating unit. The polymer is readily prepared by the cationic initiation of
an oxetane monomer with a carborane functionality in the 3 position.

A model monomer was successfully synthesized by the Williamson-Ether
synthesis of suitably substituted carborane coupled with an oxetane. Alternate
methods (general) have and will continue to be investigated.

The authors wish to acknowledge the Office of Naval Research, through
contracts O14-86-C-0164 and NOOOt1-85-K-0772 for supporting this work.
The helpfui suggestions and encouragement of Dr. R. S. Miller, ONR Scientific
Officer, is gratefully appreciated.

Experimental

I -Ethanol-1,2-dicarbadodecaborane(12) (ib)

A 3-liter, 3-necked, round-bottom flask equipped with a mechanical cone-
driven stirrer, nitrogen gas inlet, and reflux condenser was charged with
LiAIH (14 gm, 0.366 mol) and 500 ml anhydrous ethyl ether. The flask was
coole to Ca. 4'C in an ice-water bath. To this mixture the l-ethanol-1,2-
dicarbadodecaborane(12)acetate (85 gm, 0.366 niol) in 500 ml of anhydrous ethyl
ether was added dropwise via a pressure-equalizing addition funnel. The gray
mixture was left to stir overnight, approximately 12 hours, at room tempera-
tore. The excess LiAlH 4 was destroyed with dropwise addition of water-methanol
(50-50) in a cold ice bath. When the excess LiA1H 4 was fully destroyed, the
mixture turned from milky yellow to white. HCl was carefully added until the
solution turned clear. The two layers were separated and the aqueous layer
extracted two times with ether. The combined ethereal layers were then
extracted with 500 ml of water and dried over MgSO 4. Rotary evaporation of
the ether gave a yellow syrup. High purity product was obtained via allembic
distillation at 120*C under approximately 0.02 mm Hg.

l-Ethanol-1,2-dicarbadodecaborane(12)acetate (13)

A 3-liter, 3-necked. round-bottom flask, equipped with a water-cooled
reflux condenser, nitrogen gas inlet, and a mechanical cone-driven stirrer,
was charged with freshly sublimed decaborane (125 gm, I mol) and 1.0 liter
distilled benzene. When the decaborane was dissolved, distilled CH CN (100
ml, 1.5 mol) was added under N2 . The reaction solution was heated at gentle
reflux with stirring for 1.5 hours. Solid formation is evident, indicating
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B,,H,,(CH CN) formation. Distilled butynacetate (130 gm, 1.2 mol,, contain-
ing 'a small amount of phenothiazine or hydroquinone, was added to the
reaction' solution via a pressure-equilizing addition funnel over 2 hours and
refluxed for 16 hours.

The reaction flask was allowed to cool to room temperature and the workup
was done in air. The reaction solution was added to a separatory funnel
containing 700 ml iced 10% aqueous KOH and 500 ml pentane. The organic layer
was washed twice with 500 ml 10% KOH. The combined aqueous layer was washed
with 10% KOH and then with distilled water until the pH of the aqueous layer
was neutral. The organic layer was dried over MgSO 4 and evaporated with the
help of a rotary evaporator. The remaining solvent is evacuated using a pump
to give a yellow syrup. The crude product was used as is in the reduction
step to give the alcohol. Fhe carboranylethylacetate could be purified by
recrystallization from heptane. The product collected in this fashion weighed
i20 gm, 50%.

3-Butvn-l-ol Acetate (12)

A 3-liter, 3-necked, round-bottom flask equipped with a water reflux
condenser, nitrogen gas inlet, and a mechanical cone-driven stirrer was
charged under dry N; with one liter anhydrous ethyl ether, 100 gm (1.42 mol)
3-butyn-l-ol and triethylamine (300 ml, 2.1 mol). The reaction solution .as
stirred and chilled to about 4'C in an ice-water bath. Acetyl chloride
(120 gm, 1.7 mol) was added dropwise ,nder N, via a pressure-equilizing
addition tunnel to the chilled reaction solution. Solid formation was
evident. The reaction solution was stirred for 16 hours with concomitant slow
-warming to room temperature. Stirri-g was stopped and the workup was carried
out in air. The mixture was washed wice with 10% Aqueous KOH. The combined
aqueous layer was back-extracted with 400 ml ether. The combined organic
layers were then dashed with distilled water until the water layer was pH
neutral. Dilute HCI may be added if necessary. The organic layer -wa i'c
over MgSO4 and filtered through a Buchner funnel. The volume of the organic
layer was reduced to a minimum in a rotary evaporator using a water aspirator
and then under a vacuum pump. Purification was accomplished via allembic
distillation at high vacuum, approximately 0.02 mm Hg, and room temperature.

1-Propanol-2-methyl-l,2-dicarbadodecaborane(12) (Ic)

l-Methyl-l,2-dicarbadodecaborane (12) (41 gm, 0.25 mol) and 250 ml of
distilled ethyl ether were placed in a 1000 ml oven dried Slenck line round-
bottom flask equipped with a reflux condenser, nitrogen gas inlet, and a
magnetic bar. A mechanical stirrer produces better results. The solution was
cooled in an ice bath for about half an hour before butillithium (128 ml,
0.25 mol, 1.5 M) was introduced dropwise via a cannula. The solution turned
cloudy as the lithiomethylcarborane precipitated out of solution. The mixture
was stirred at room temperature overnight.

The mixture was cooled again in an ice bath and trimethylene oxide
(16.7 ml, 0.25 mol) introduced dropwise via cannulation. The cloudy mixture
turned clear yellow. The reaction mixture was stirred for two hours at room
temperature and refluxed for two more hours. The thick yellow sludge that was
formed was cooled in ice again and dilute HCI added until the sludge was in
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solution. The ethereal layer was recovered in a separatorv funnel, washed

three times with distilled water, and dried over magnesium sulfate. Evapora
tion of the etheral layer gave a brownish solid. The product was recrystal-
lized from hexanes. High purity material can be obtained from three
recrystallizations to give 34 gm (63%) product.

3-lodometh 1-3-methyloxetane (2a)

To a mixture of 231 gm (0.88 mol) of 3-(p-toluenesulfonyloxv)methvl-,
methyloxetane and 1200 ml of dimethylformamide was slowly added 200 gm
(1.-33 mol) of sodium iodide. The reaction mixture was heated to 60'C r
3( min and then cooled to room temperature. The reaction was quenched -with
one liter of water and this mixture vas extracted twice with 2nn ml of
methylene chloride. The organic layer was washed twice with dilute sodium
thiosulfate and once with water. The organic layer was dried over magnesium
sulfate and then the solvent was removed in vacuo. Distillation of the crude
product gave 143 gm (80% yield) distilling at 7J'C and 9mm.

3-(p-Toluenesulfonyloxymethyl)-3-methyloxetane (2t)

A solution of 612 gm (f mol) of 3-hydroxymethyl-3-methyloxetane in 800 ml
pyridine, in a 5 liter, three-neck flask, was cooled to -10C. With vigorous
stiting, 1364 gm (7 mol) of p-toluenesulfonyl chloride in 700 ml of pyridine
was added slowly. The rate of addition was maintained so that the contents of
the flask were kept below -5*C. Upon complete addition, the solution tempera-
ture was held at -5*C for 30 min, then allowed to come to room temperature and
held there at leaot 2 hr. The contents of the flask were then quenched by
pouring into 10 liters of ice water while the ice water bath was stirring
igorously. The resultant solid was filtered off, washed four times with ice

water, and dried in the air. The required product was obtained in 88% yield
--d 98% purity.

3-Bro-omethyl-3-methyloxetane (2c)

Into a 3-liter, 3-neck flask, equipped with a stirttr, reflux condenser,
and thermometer, were placed 688 gm (2.69 mol) of 3-(p-toluenesulfoxyl)-
methyl-3-methyloxetane and 700 ml of DMF. To the mixture was slowly added
257 gm (2.96 mol) of lithium bromide, and the mixture was stirred one hour at
781C. The reaction mixture was filtered to remove precipitated lithium
tosylate and then diluted with one liter of water. After extracting twice
with 500 ml of methylene chloride, the aqueous layer was diluted with 500 ml

of water and extracted twice more with 300 ml of methylene chloride. The
organic layers were combined and dried over magnesium sulfate. The solvent
was removed in vacuo and the crude product distilled. The yield of monomer
distilling at 5T CP nd 2 mm was 379 gm (85% yield).

I-Methanol-l,2-dicarbadodecaboraia(12), p toluenesulonate (4b)

Tc a solution of 3.48 gm (0.02 mol) of l-methanol-l,2-dicarbadodecaborane.
4.19 gm (0.022 mol) of p-toluenesulfonyl chloride, and 40 ml of methylene
chloride cooled to 5*C with an ice bath, was added a solution of 1.94 gm
(0.022 mol) of pyridine over 15 minutes. The ice bath was removed and the
reaction was allowed to warm to room temperature. After 5 hr the reaction was
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poured into 100 ml o cold water to which 2 m] of concentrated hydrochloric
acid had hen added. The methylene chloride layer was separated and washed w'Ith
water and then 50% saturated sodium bicarbonate. The methylene chloride layer
was dried over magnesium sulfate and solvent removed in vacuo to give 6.7 gm
- ::tude product as a colorless oil. This crude product contained product and
r,,rh -, t ring materials by GC analysis.

IhIp rude prnduct was passed through an alumina column with ethyl acetate
,ind then fractionated through a silica gel column with hexanes-chlorofotm
(7' 51)) to give 1.4 gm of white semisolid. Recrystallization from 25 ml of
"vclohexane gave 1.0 gm (15% yield) of a white solid, m.p. 112-113"C. Analycis
i o1,1 ated for C, H ,B, ,0 S was C. 35.56; H. 6.14. Found: C, 36.81; H. 6 ...
"JMR and FT-IR spectra agree with this structure.

F-thanol-1.2-dicarbadodecaborane(12), p-toluenesulfonate (4c)

A <nlution of 1.88 gm (0.010 mol) of 1-ethanol-l,2-dicarbadodecaborane.
.. ' gm (,.,!l nol) of p-toluenesulfonylchloride. 2.22 gm (0.022 mol) of
triethylamine, and .45 ml of methylene chloride was stirred for 12 hours at
50v'. Another 1.11 gm (0.011 mol) of triethylamine was added and the reaction
stirred another 4.5 hours. The reaction was extracted once with 50 ml of
water. once with 50 ml of 1 N hydrochloric a-cid. and once with 50 ml of
saturated sodium chloride. The organic layer was dried over magnesium sulfate
and then the solvent was removed in vacuo to give 3.3 gm of a white semi-solid.
The crude product was recrystallized from 40 ml cyclohexane to give 2.54 gm
(Xo v'eld) of white solid, m.p. 108-110'C. Analysis calculated for
( .H .. .. S was C, 38.58: H. 6.48: B, 31.57; S, 9.36. Found: C, 38.48;
H 6 ;,.B 31.57; S, 9.36. NMR and FT-IR spectra agree with this structure.

SMethyl- 2-propanol.l,2-dicarbadodecaborane(12), p-toluenesulfonate (4e)

A solution of !f.69 gm (0.0495 mol) of l,-dicarbadodecaborane-(12)-1-
merhvl-2-propanol. and 100 ml of methylene chloride was cooled to 5oC and then
8.76 gm (0.0866 mol) of triethylamine and 10.34 gm (0.0544 mol) of p-toluene-
qilfonyl chlcride were added. The reaction temperature rose to 9'C before
cooling again to 51C. After 6 hr at 5'C another 2.19 gm (0.0217 mol) of
triethylamine was added and the reaction stirred another 3 hr. The reaction
was quenched with 100 ml of water. The organic layer was washed with 100 ml
of I N hydrochloric acid and then 100 ml of saturated sodium chloride, and
then dried over magnesium sulfate. The drying agent wis removed, the solvent
evaporated in vacuo to give 18.84 gm of a white solid. Recrysta.iization from
250 ml of cy-clohexane gave 12.6 gm of product, m.p. 105-106 *C. Partial
evaporation gave a second crop of 1.5 gm. Both crops were pure by thin layer
chromatography (silica gel:methylene chloride). Analysis calculated for

H B o S is C, 42.14; H, 7.07; B, 29.18; S, 8.65. Found: C, 42.04; H,
8B. 26.56; S, 8.91. NMR and FT-IR spectra agree with this structure.

l-(2-Bromoethyl)-1,2-dicarbadodecaborane( 12) (4d)

To a solution of 18.0 gm (0.05 mol) of 1-ethanol-l.2-dicarbadodecaborane-
(12)-p-toluenesulfonate and 65 ml of dimethylformamide was slowly added 6.5 gm
(0.075 mol) of lithium bromide and then the reaction was heated at 80*C for
3 hours. The reaction was diluted with water and extracted several times with
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hexanes. The combined hexanes layers -.ere then washed three times with water,
dried over magnesium sulfate, and then the solvent was removed by evaporation
to give I1 gm (86% yield) of crude product. The crude solid was passed through
a silica column, eluting with hexanes chloroform (7 3). A sample for elemental
analysis was obtained by sublimation, q.p. 111-112'c. Analysis calculated for
C H,, B.,Br was C, 19.13; H, 6.02; B. 4j.(.4; Br, 31.81. Found: C, 19.24; H,
.; g. 42.68: Br. 31.82. The NMR and FT-IR confirmed this structure.

i- ,-Bromopropyl)-2-methyl-l,2-dicarbadodecaborane (4f)

M.erhod A

A mixture of 4.32 gm (0.02 mol) of V-propanol-2-methyl-l,2-dicarbadode-
aborane, 34.4 gm (47%, 0.2 mol) of hydrobromic acid, and 4.0 gm (0.04 mol) of

concentrated sulfuric acid was heated to 125%C. The reaction temperature was
7aintained between 125 and 130'C allowing water and some hydrobromic acid to
distill as more hydrobromic acid was added. After 3 hours, GC analysis showed
only a trace of starting material remaining. 'weight of distillate was 13.3 gm
and weight of acid added was 5.0 gm. The reaction was cooled and the crude
product was collected by filtration, washed with water, and air dried to give
.Q1 gm of solid. The crude " uct was recrystallized from ethanol-water

and v~uum dried to give 4.57 6 (81% yield) of white solid, m.p. 47-48'C
(!it. is 46-47*C).

Method B

Into a 500-ml, 3-neck flask, fitted with a thermometer and nitrogen inlet
ribe, were placed 9.5 gm (0.036 mol) of triphenylphosphine, 6.0 gm (0.028 mol)
of 1.2-dicarbadodecaborane(12)-l-methyl-2-propanol, and 50 ml DMF. Then.
5.8 gm (0.036 mol) of Br2 , diluted in 40 ml DMF was slowly added to the flask
while the reaction was kept below 50'C. After one hour stirring, the DMF
solution was extr2-ted with hexanes. The hexanes layer was then washed three
times with water and dried over magnesium sulfate. The solvent was then
removed by evaporation, leaving a crystalline crude product, which was
recrystallized from EtOH-H 20 to give a pure product, m.p. 48-491C. Analysis
calculated for C H ,B ,Br was C, 25.81; H, 6.86; B, 38.72; Br. 28.62. Found:
C, 26.38; H, 6.91;', 8.55; Br, 28.88. A second crop was obtained by reducing
the volume of the filtrate. Combined yield was 5.2 gm (67%).

I Methyl-2-(3-chloropropyl)-1,2-dicarbadodecaborane (4g)

Azeotropically dry 50 ml of carbon tetrachloride by heating to boiling
for 10 minutes, and then cool to room temperature. Triphenylphosphine (4.0 gm,
0.0184 mol) and 1-propanol-2-methyl-i,2-dicarbadodecaborane(12) (4.8 gm,
0.0181 mol) vas added and the reaction was heated cautiously to 65'C. After
no vigorous exotherm occurred, the reaction was heated to 80*C and kept at
80'C for five hours. The cooled reaction was filtered and the solvent was
removed by evaporation. The crude product was passed through a silica gel
column, eluting with methylene chloride/hexaes (1/1 vol/vol). Recrystalliza-
tion from ethanol gave 2.5 gm (66% yield) of white solid, m.p. 58-591C.
Analysis calculated for C, H B Cl was C. 30.70; H. 8.16; B, 46.05; Cl, 15.10.
Found: C, 30.96; H, 8.38; h, 'v.12: Cl, 14.86. The NMR and FT-IR spectra
confirm this structure.

-12-



1.2-Dicarbadodecaborane(12)-l-methyl-2-[3-f(3-methyl-
3-oxetanyl)methoxy)propyl]

To a solution of 0.56 gm (0.005 mol) of 3-hvdroxymethyl-3-methyloxetane
and 25 ml of hexamethylphosphoramide was added over 10 min 0.24 gm of sodium
hydride (60% in mineral oil, 0.006 mol). After stirring 30 min. 1.78 gm
(0.005 mol) of 1,2-dicarbadodecaborane(12)-l-methyl-2-propanol, p-toluene-
sulfonate. das added in one portion. and the reaction temperature rose to
35'C. After 20 min all solids dissolved giving a dark orange solution. The
reaction was stirred anc'er 40 min.

A qolution of the crude reaction mixture and 50 ml of ether was
extracted twice with 50 ml of water and dried over magnesium sulfate. The
ether was removed in vacuo to give 1.0 gm of light brown oil containing two
components by thin-Tayer analysis. These components were separated by column
chromatography (silica gel:hexane/CH,Cl.). The more polar component (9.33 gm)
was the title compound and could not'be induced to crystallize because of a
small contamination with mineral oil. A sample isolated from another reaction
melted at 43-45'C. The NMR and FT-IR spectra agreed with this structure.
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