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I .  P r e p a r a t i o n  of S t a r t ing  M a t e r i a l s  fo r  B inde r  A d d i t i o n  Studies~~

Since  the beg i n n i n g  of the c o n t r a c t  ex tens ion  y’ear two ex-

p los ions  res’..i ].ting in some p rope r ty  damage and  no pers onnel  i n j u r y

have occur red .  Bo th of these exp losions took place when we attemp ted

to prepare bisCacetoxymethy-l)carborane(I) from B
10

H
14 and 2-butyne-

l,L~_dioldiac etate utili zing the method reported in Inorganic

Syn theses , Vol. XI , p. 19.

B
10

H
1~ 

1- 2Et~~S -‘~ B10
H
12

(Et
2

S)
2 + H2

0 0 0 0
- II UCM COCH C~~CCH OCCH CH COCH C-CC H OCCH3 2 2 3 3 2~~~ a 2 3

~0/
B 10 H 10

(I)

T- a first of these explosions occurre d when volatiles were being

rezoved in -:acuo on a rotary evapora tor after the reaction was

conpleted. Gentle heat (~~5~~O ) was being applied. The second ex-

plosion occ urred after the vola tile s w ere re mo ved and metha nol was

be ing added in very sma ll por t ions to kill off  reactive by—p roducts

in the preparation . The methanol was being adde d through a con-

dei~ser coluz i to the reaction products in 2-3 ml. portions. Vig-

or~ us refluxing occurred on each addition and as this reflux sub-

s id ed so m ew ha t , an additional 2-3 ml. of methanol would be added.

After a total of approximately 25 m.. of methanol had been added ,

t:~e reactic~ suddenly begin to violently heat up and the explosion

occurred.

• A1thoug~i we have performed this reaction several times in the

pas t with no problems using the same procedure and personnel , our
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last two attempts have been unsuccessful. After a careful analysis

of the probable cause of these explosions we found that in both in-

stance s we were us ing decaborane obtained from Redstone Arsenal

in June , 1977. We were told by the Reds tone Arse nal peop le  that

the de caborane we re ceived had been s tored in a magazin e for a long

time and the purity was unknown . We attemp ted to purify the de-

caborane by subl ima tion and by recrystallization from hexane. We

fe el , however , that the exp lo sions resu l ted f rom some impur i ties

that were not removed by these conventional purification routes.

The identity of the main impurities in the decaborane is unknown .

We are in fo rming  ~Reds tone Arsenal of the potential hazard of this

very old decaborane.

II. Synthesis and Characterization of n-hexylcarboranes Capable of

Addi tion to C=C in Polybutadienes1 
~~~~

During this report period we have synthesized the n-hexyl~ ar-

borane derivatives I-Ill.

(nhexylC-C 4 Hg n-hexylC-C-SH nhexylC-C-Si(CH
3
)
2H

B
10

H10)2 B
10

M
10

(I) (II) (III)

These have been synthesized by the following routes:

B10P.12E (CH3)2S32 s 1-octyne + nhexylcarborane + 2(CH3)2S + H2

nhexylc-CH + C~ H9
Li -. nhexy1C-~~-Li s C4H1~

B10 H10

I ~
.
~~lS.~_

( CH
3
)
2
H

j,
H~Cl 2. Et20 ~~~~~~~~~~~~~~~~~

nhexylC-C-SH fn-hexylC-C \ Hg nhexylC-CSi (CH
3)2HI ~oI j 2  ~of

B10 H 10 810 H 10/
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Compounds ( I)  and ( I I )  are so l i ds  hi ghly soluble - in most organic

solvents. Compound (lIT) is a high boiling liquid.

The infrared spectrum of (II) shows the characteristic ab-

sorption due to the S-H stretching vibration at 2570cm 1. The

parent ion is observed in the nass spectrum . The proton nmr shows

the characteristic absorption s of the hexyl side chain in the

1-2 ppm range .

The infrared spectrum of (IV) shows the characteristic ab-

sorption due to the Si-H vibration at 224Ocm~~~. The proton nmr

of the Si-H proton occurs as a septet.

III. Attachment of Carboranes to Polybutadiene Binders

The attachment of the carborane derivatives to hydroxy-

terminated polybutadiene (R’45-E has been studied . The addition

was tarried out by mixing the carborane and polybutadiene neat and

heating to 900C for 3 hours or by mix ing  the carborane and poly-

butadiene in methylene chloride , evaporating the solven t and heating

at 90
0
C for about 3 hours . After the addition was complete the

result ing polymer was extracted with boiling methylene chloride .

It is of interest that no catalyst was needed for any of the addi-

tions with SN , Si-H , or carboranyl-Hg derivatives . Optimum addition

of Si-H in particular might require catalyst and this point will be

studied further. Treatment of the addition product of the mercury

derivatives with NC). in diethyletlier cleaved the Hg mercury bond

according to the following equation : -

B10 H
10

/0 !I
Hg - C -C-nhex y l

4CH 2 CH t! HCH 2
.4. + NC) . !i2......~, .

~
CH 21H CH 2 CH 2;)_

10 H 10 B 10 1110

_ _ _ _ _ _ _



Table I lists the results of the addition . Examination of the

table reveals that , under the conditions used to fix the carborane

additive to the binder , mu ch higher levels of incorporation of the

SH moieties were observed. It should be pointed out that op tim um

conditions for the addition have not been studied . This is under

stud y at the present time .

Clearly some improvement in the binder properties are ob-

served with monofunctional carboranes. These cannot cross link

polymer chains and therefore one would expect the polymer phys ica l

propert ies to be different from the cross-linked case .

It is perhaps a bit disappointing that the propert ies of the

polymers containing n-hexylderivative s were not significantly

d i f f e r e n t  than tho se of the co r respond ing  meth yl derivatives.
\~/ .

IV .  M e c h a nI sm  of Carborane Pr ep a r at i on

Recent l y we have devised a route to ortho-carboranes which by

passes decaborane . However , this route still goes through the

key in t erm ediate , B10
H
12t (CH3

)
2

S] 2. A r~ w material cost analysis

of our process indicate s that B
10H12t (CH3

)
2

S]
2 would cost $27.91

/lb. This process is summarized in the following shceme .

NaBH 4 + Et~~N
+I ~~~~~~~~~~~ Et 1~NBH~ 1~~~~~(Et 11 N)

2B10
H
10 exchange~~ 

L12B10H10

(98% yield ) (95% yield) (98% yield)

L1
2
B
10

H10 ( CH
3)2S 

~ B
10

H19 [ ( C H
3
)
2

S]
2 

-

(8 5% y i e l d )

I 

— - -~~~~~
-
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TABLE I

I N C O R P O R A T I O N  OF CARBORANE A D D I T I V E S INTO H Y D R O X Y - T E R M I N A T E D  PO LYBUT A-
DIENE BINDER (A )

CARBORANE POLYME R STATE % , INCORPORATION ~~~

HSC-C-SH ORANGE -YELLOW , HARD 97%
1 10 SOLID —

B
10

H10

CH
3
C-C-SH YELLOW , HARD 95%

( o f  SOLID
B
10

H
10

N - HE X Y L - C - C - S H  HARD YEL LOW 93%
~t 0’ SOLID

CH
3
C-C-.SjH(CH

3
)
2 LIGHT YELLOW , 514 %

\o~ GUM
B10H10

( CH
3
)
2S1(H)?_CSIH (CH3

)
2 LIGHT YELLO W , 52%

• t o )  SOLID
B10H 10

CM
N-HEXYL-C-C-Sj-H LIGHT YELLOW 55%

\.ol CM
3 GUM

B 10H10

( CH
3
C-C-)2 Hg TAN , SOLID 35%

{oj
B
10

H
10

(N-HEXYL)C-C-) Hg YELLOW-BROWN , 25%

0 GUM
B10H10

(A) Mixed in CH
2C12 or neat , heated to 90°C for 3 hrs .

(B) Based on polymer product of 1:1 adduct , carborane to
( CH

2
CH=CHCH ) unit.
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It is important to note that this process utilize s “75% of the

starting boron in the final produ ct. However, conversion of B
10

H12
[ ( C H

3
)
2

S]
2 
to n~ hexylcarborane can only be accomp l ishe d in y ie lds

of “140%. Thus the raw materialcostof hexylcarborane per poun d is

$111.12. This is a slight improvement over the raw materials cost

of n-hexylcarborane from the toxic B
10

H
114 as reported by the U.S.

Army Missile Command Propulsion Lab at Redstone Arsenal. The ir cost

was $115/lb.

Since the new contract year we have continued to look at the

kinetics of carborane formation with a goal of improving the yi e ld

of n-hexylcarborane from B10
H12E (CH3)2SJ 2. Our earlier kinetic

studies reported during the last contract year suggested that the

reac t io n proc eeds via d i s s o c i a t i o n  of B
10

H12 [ ( C H
3
)
2

S]
2 to the mono-

ligand adduct according to the following ineachanism:

( 1 ) B
10

H
12

[ ( C H
3)2

S]
2~~~~ 

B
10

H
12

E (C}~3
)
2

S] + ( CH
3
)
2
S

(2 )  B
10

H
12E (CH3

)
2
S) + octyne~~~~~B~ 0

H12 [ ( C H
3
)
2
S][octyne]

( 3 ) B
10H12

[ ( C H
3)2

S][octyne] + nhexylcarborane + (CH3
)
2S + H

2

Our first approach in the new contract year has been to try

and understand more about steps 1 £ 2.

Another intermediate utilize d in carborane synthesis has been

B
10

H
12

( CH
3

CN) 2. The Lewis bases (CH 3
)
2S and CH

3CN have very -

different prop erties and yet yields of ortho—carborane utilizing

either adduct are about the same . We have studied the equilibrium —

of the following reaction :

B
10

H
12f(CH 3

)
2S3 2 + CH 3CN~~~~ 810H12 ( C H

3
CN)

2 + 2 ( CH
3
)
2S

?c~su 1ts of this study are summarizcd in Table II.

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE II

Equilibrium Constants as a Function of Temperature for the

Exchange of (CH
3
)
2S by CH

3CN .¶ Temp , O~( K

302.11 2.214X10 2

303.03 2.29XlO 2

307.69 2.l1r8X10 2

3114.146 2.79X10 2

321.514 3.l6XlO 2

322.58 3.3lXlO 2

From this data MI for the reaction may be calculated and was

‘found to be + 2.6 kcals/mole . This suggests that the adduct

B10H 12 (CH 3C N ) 2 is less stable than the corre sponding B
10

H12E (CH3)2$)2.

Since dissociat ion is the  f i r s t  step in f o r m a t i o n  of or thocarborane,

i t’ s somewhat  s u r p r i s i n g  t h a t  y i e ld s  wi th B1Ø H ( CH 3CN ) 2

~~e no better than those of B.10
H12((CH 3)25]2. However , B10

H12
( CH 3C N ) 2 is much  less soluble than  the su l f i d e  and th is  may wel l

compl ica te  the overall  p rocess .

We are continuing to look at other bases and have begun a

stud y to determine AH4 for the convers ions of B10H12L2 to ortho-

carboranes where L is a variety of bases. It sbovld be noted that

our earlier kinetic studies showe d much better yields of carborane

when ~ H 4 fo r  the  r e a c t i o n  was  hig h.

C 

~~~~~~~~~~~~~~


