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NOTICES

When U.S. Government drawings, specifications, or other data are

used for any purpuse other than a definitely related Government pro-
curement operation, the Government thereby incurs no responsibility
nor any obligation whatsoever, and the fact that the Government may

have formulated, furnished, or ia any way supplied the said drawings, -
specifications, or other dats, is not to be regarded by implication or

otherwise, or in any manner licensing the holder or any other person ’
or corporation, or conveying any rights or permission to manufacture, .

use, or sell any patented invention that may in any way be rel:ted

thereto.
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“>New carborane burning rate catalysts designed for use in solid propellants, without
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branched unsaturation irto the side chain of bis-carborane derivatives has provided
carboranes which are cowpatible with RIPB binders. at high levels and also exhibit
a wide liquid range. <thus, undecylenyl-bis-(1-carboranylmethyl) ether was o
compatible with cured HTPB at the 50X level after storage for six weeks at 77°F.\
However, ‘NWC has reported plasticizer bleeding from test propellants cont:ainit-g '
5 and 8% of the undecylenyl derivative. ="
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The compound 3,7-dimethyl-2,6-octadienyl-bis-(l-carboranylmethyl); ether has
exhibited compatibility with cured HIPB at the 572 levelahut has not been
evaluated in propellant as yet. Both cf the unsaturated compounds have

remained liquid at -10°C for several weeks. Functionally substituted carboranes,
i.e., a diol and 2 monoisocyanate were also prepared but thgir utility as burning
rate catalysts is limited because of the relatively small unts of these
uterials vhich can be incorporated into the binder polyme gcha:ln.
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FOREWORD

This technical report, 'Carborane Burni~; Rate Catalysts™, was

preparea as partial fulfillment of the requirements of Ccatract No.
F04611-71-C-0066 for the Air Force Rocket Propulsion labcratory,

Director of Science and Technology, Air Porce Systems Commznd, Edwards,
C~lifornia.

The work reported was performed in the Propellant Develop-

ment Departwent, Advanced Propellants Section of the Aernjet Solid Pro-
pulsion Company, Sacramento, California. This report, designated

Aerojet Report No. 1840-26Sa-1, records the results of work done during
the interval 1 July 1971 to 30 September 1972,

The program is monitored
by Mr. Norman VanderHyde.

Acknowledgement is made to Mr. N. VanderHyde of AFRPL and Mr. J.

Braun and F. Pickett of NWC for their aid in selecting promising

structures of new carboraae burning rate catalysts. Acknowledgement is

also made to Mr. R. F. Putnam for the instrumental analyses performed on
the new compounds

This technical report has been reviewed and is approved.

CHARLES R. COOKE, chief
Solid Rocket Division
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GLOSSARY
AFRPL Air Force Rocket Propulsion Laboratory )
] LSPC Aerojet Solid Propulsicn Company S
; L { A Carborarnylmethyl ethyl sulfide g
% DMSO Dimethylsulfoxide g
i HMPA Hexamethylphosphoramide g
HIPB Eydroxy terminacied polybutadiene §
; dz Hertz g
!' z IPDI Isophoronediisocyznate %
| E IR, ir Infrared
= sp Theoretical specific impulse %
l, m Multiplet - g
NHC n-Hexyi carborane . é
] NMR, nmr Nuclear magnetic resonance ) g
: i NWC Naval Weapons Center §
| ; PPM Parts per million gl
R-45M Hydroxy terminated polybutadiene s
o s Singlet
o t Triplet

UFAP Ultrafine ammonium perchlorate
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This is the first interim technical report submitted in partial
fulfillm-nt of the requirements of Contract F04611~71-C-0066. The

N R G
r 4

technical portion of this report covers the period 1 July 1971 to
30 September 1972. Dr. L. J. Rosen is Technical Manager of the
program and Jrs. R. Fitzgerald and R. B. Steele are the Primcipal
Investigators. A summary of the carboranes prepared duriung this
reportiag period is included as Enclosure (1).

A3t

II. OBJECTIVE

The objective of the technical effert is to produce carborane
burniag rste catalysts which can be used in solid propellants without

the problems associated with current catalysts such as volatiiity and
hazard rensitivity.

RPL personnel have deviced a series of requirements for carborane

catalysts which would be acceptable for advanced prupellant aj'plication.

1. Wide Liquid Range. An ideal compound would have a liquid
range of from -65°F to 350°F if used as a plasticizer-

compourds may have a lesser liquid range.

fo~cured

2., Low Vapor Pressure. The compound must have low volatility at
temperatures up to 350°F if used as a plasticizer.

should have low volatility up to 200°F.

Co—-cured cumpounds

-

.y .
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3. High Boron Content. Compounds should have a boron content

comparable to or greate:i than that of NHC to assure a high catalytic
effectiveness.

4. Minimal Isp Loss. Ccmpounds should cause little or no
loss in {sp when substituted for other binder ingredients in an
aluminized composite formulation.

5. Processing Aid. If possible, the compound should act as
a processing aid to improve solids lvading capability. For this purpoce
a low viscosity compound is desired.

0. No detrimental Effects on Binder Properties. Mechanical
properties of propellant should not be adversely effected by the
inclusion of the additives.

7. Non-Migrating. Compounds should be designed so their
molecular structure precludes migration. This may be accomplished

by bulky molecules or by co-curing with propellant binder.

8. Molecular Structure Flexibility. If possible, the basic

molecule should be amenable to addition of various functionalities
such as NCO, OH or COOH.

9. Therma1 Stsbilicy. Compounds should not be subject to

thermal degrau.tion or Jecomposition at temperatures up to 350°F.

10. Chemically Stable. Compocunds should not undergo oxidative
degradation or chemical interaction with other propellant ingredients

at storage or use conditionms.
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11, Non-Hazardovs. Compounds should nof be inherently sensitive

nor should they sensitize propellants or propellant ingredients.

12, Miscible with Binder. Neat compounds should be miscible

with the binder(s) over a wide range of concentrations since the potential

requirement for high catalyst levels exists.

13. Efficient Production. The compounds should be amenable to

high yield production from safe, simple reactionms.

Bis-~(l-carbcranylmethyl) ether was selected at the inception of the

program as the baseline compound for the preparation of new catalysts.

Meta-bis~-(l-carboranylmethyl) ether and the pentaboranecarborane,
2,4-dicarba-closo~heptaborane, have been selected as new baseline compounds

for advanced carborane burning rate catalysts.

III. SUMMARY

The following is a summary of progress made during the 15 month
period 1 July 1971 to 30 September 1972.

A. COMPOUNDS SUBMIYTED FOR PROPELLANT EVALUATION

The following compounds were submitted to Naval Weapons

Center for propellant evaluation during the current reporting period.

Structure Quantity Delivered om
HG——CCH,O0CH_C——CH 150
o, 20, \O
B30t0 Bothe

Bis-(1-carboranyimethyl) ether
m.p. 343-345°C
66% Boron

TR M,
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Structure Quantity Delivered, gm

n-C,H, C——CCH,0CH,C———CH 50

5,010 B;ot10

n-Nonyl-bis~(1-carboranylmethyl) ether
m.p. 45-50°C

47% Boron
Cﬂz=CH (CHZ ) 8CH20-—CCEZOCHZC“——(>—/CH 50
B1oto B0th0
Undecylenyl-bis-(1~carboranylmethyl) ether
m.p. <-10°C
452 R~zon
M s
C..C=CH C=CHCH,,C——C OCH,,C 50
3C=CHCH,CH, 2\(3/‘:“2 z\anfn
10810 1010

3,7-Dimethyl-2,6-octadienyl-big{l1~carboranylmethyl) ether
n.p. <~10°C
46% Boron

HOCH,..CH,.C——CCH, OCH,,C——CCH CH 50
20, H,0CH, 2CH,
&/ O/
B,0t10 B;0tho

Bis-(2-hydruxyethyl~1-carboranylmethyl) ether
m.p. 125-127°C
56Z Boron

-
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. Structure Quantity Delivered, gm
CH.,C——CCH.,0CH.,C——CCH,)NCO 30
3 27772 2
\O/ Y
B0t Bj0¥10

2-Methyl-2'-isocyanomethyl-bis~
(1-carboranylmethyl) ether

m.p. 135.5 - 137.5°C

547 Boron

TR R AR e |

The carboranes evaluated were tested at NWC at the 5 and

8% level in an 86X solids, aluminized HTPB propellant containing C.5
micron UFAP,

1. n-Nonyl-bis-(l-carboranylmethyl) Ether

The n-nonyl-bis-carborane was found to pruvide higher burning
rates in the test propellant as compared with NHC at the same weight
percent. However, plasticizer bleeding was cbserved from the cured

propellant indicating HIPB-plasticizer incompatibility.

2. Undecylenyl-bis-(1-carboranylmethyl) Ether

The undecyleryl-bis-carborane also exuded from the cured
propellant when tested at the 5 and 82 level though to a lesser degree
thaa the n-nonyl derivative. However, binder studies have shown the
unsaturated bis-carborane to be soluble in liquid and cured HTPB
a’ 150°F at the 602 level. Burning rate data have not yet been
obtained with thLe urdecyleryl plasticizer.
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3. Bis*(z-B-Hydroxyethyl—l-carboranylmethgl) Ether .

The carboranediol was tested only in HTPB binder and
was found to be relatively insoluble (about 2%). The mate-ial vas

H not evaluated in propellant.

4, 3,7-Dimethyl-2,6-octadienyl-bis~(l-carboranylmethyl) Ether

The dimethyloctadienyl-bis-carbor»ne was found to be
most compatible with HTPB. The material is soluble at the 57% level

in cured and uncured HIPB at 77°F. Propellant data are not yet avail-~

hid

7

] able on this plasticizer.

5. Bis-{(l-carboranylmethyl) Ether and 2-Methyl-2'-isocyanomethyl-
bis-(i-carboranylmethyl) Ether

No propellant or other test data have been made

available as yet on the titled solid bis-carborane derivatives.

gt U e Y AN
! L

B. OTHER COMPOUNDS AND INTERMEDIATES

Numerous derivatives of bis-(l-carboranylmethyl) ether were
prepared which tentatively do not meet the requirements of wide liquid
range or HTPB compatibility. These compounds are listed in Figure 1
along with their melting points and solubilities in cured HTPB binder.

Candidate compounds are included for comparison.
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MELTING POINTS AND COMPATIBILITY IN HTPB OF
DERIVATIVES OF BIS-(1-CARBORANYLMETHYJL)ETHER

v ma———— S ———— 8

2

- Tt

&
5
Melting Solubility** in
4 Compound* Point, °C Cured HTPB, %
g E-2-H 343-345 -
= CH,-Z-H 280 -
o n—C6H1 3—Z—H N 50 -
= n-CgH, 5+ Z-H 45-50 20
n-CIOHZI-Z—H 23-30 30-40
n--CnH2 3—Z-—H <-10 40
n—Clzﬁzs—Z—H 25-30 >50
n—C13H2 7—Z—h 30-38 >50
n.CIAHZQ—Z_" 35-45 <50
(i3 CH3
CH3 CH (CH2)3CH0H2CH2*1.'d 66-70 <50
CFZ=CH(CH2)8CH2—Z—H <-10 >50
¢y
CH3C=CH (Cl-l2 )2C=CHCH2—Z-H <-10 >57
¢H CHs
‘H.C ~7—CH_¢ -—
(.H3(,H8H2 Z CH2 .,HCH3 >100
HOCHZCHZ-Z—CHZCH 20}{ 125-127 2.0
T
{CHCHZ)- (COOCHZCH2—Z-CHZCH290CCH3) 2 60 -
CHBCOOCHZCHZ* Z—CHZCHZOOCCH3 116 -
CH
cu3éu300cu,cn2—z—cnzcuzoocggZH3 104-108 -

* = - . '
Z «‘\-‘—o'—/-CCHZOCllzC -—o—;C
B;0t10 B0t

*k R-45M/IPDI-Plasticizer cured 72 hours at 140°F

=7- Figure 1
Page 1 of 2
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MELTING POINTS AND COMPATIBILITY IN HTPB OF -
DERIVATIVES OF BIS-(1~CARBORANYIMETHYL) ETHER (cont.)

7
g
3’ Melting Solubility** in K
E Compound* Point, °C Cured EIPB, %
=
g CH3- - ZCHZOH 188-190 -
% CH3—Z- CHZCOOH 196.5-197.5 -
4 CH ,~2~CH,COC3 129-129.5 -
£ CH ,~Z~CH,NCO 135.5-137.5 -
%
5
% = .
. Y4 —G—(S-/-CCE20CE2C—67:
; 10820 By0t0
-8- Figure 1 ;
Page 2 of 2 e
_ S
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1v. TECHNICAL DISCUSSION

G

A. PREPARATION OF PROPARGYL ETHER

Propargyl ether (I) is the starting material for the
preparation of bis-(l-carbora.ylmethyl) ether and while supplied by
the General Analine and Film Corporatiom during the 1960's, is no
longer commercially available. However, a process was developed
at ASPC for the producticn of the acetylenic ether which is simple
in design and utilizes commercially available starting materials.* The
process consists of treating propargyl alcohol with propargyl bromide
in the presence of aqueous sodium hydroxide.

NaOH

HCECCHZOH + BrCHZCECH _— BCECCHZOCEZCECH + NaBr

I

The reaction conditions were optimized with respect to alcohol/bromide
ratioc and reaction time at 77°F. The progress of the reaction was

followed by gas liquid phase chromatography. A summary of the experimental
results is given ia Figure 2. As shown, an alcohol/bromide ratio of

2.8/1 and a twenty-four hour reaction time provide propargyl ether

yields on the ordar of 90Z.

B. PREPARATION OF BASELINE CARBORANES

Bic-(1-carboranylmethyl) ether (II) and bis-(2-8-hydroxy-
ethyl-l-carboranylmethyl) ether /7II) were selected as the baseline
compounds from which the improuved carborane burning rate catalysts

were prepared. These compounds provided the nuclei for the preparation

- * This process is based on early research by French workers (Ref. 1).
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5 »f alkyl-, alkenyl- and ester piasticizers as well as functional

. carborares such as alcohols and isocyanates.

g

1. Bis-(l1-carboranylmethyl) Ether (II)

The bis-carborane, 11, is the bas21’ne compound from

which the burning rate catalysts were p.-epared. Compound II was synthesized

in 50-602 yields via the reactioun of 6,9-bis-(diethylsulfide)-decaborane

with propargyl ether in dioxane/toluene solvent (Ref. 2). The bis-
carborane~dioxane adduct

s I O

a. By, + 2 (CyHg),S ——> BiqHy, [(CyHs);SIp+ Hy
. b. 2 By, [(C,B)S], + HCECCH,0CH,C=CH 5
. nc—\—d-ccazocazc——o—ca +4 (CH),S + 28,
N NO.
B)of0 B;0810
11

vas isolated by £iltratioa and purified by recrystallization from dioxane.
The bis-carborane-dioxane adduct was then washed with excess n-hexane
to yield pure bis-(l-carboranylmethyl) ether as a white solid melting
at 343-345°C. Several pounds of II have been prepared at ASPC by
the previously described method. Approximately 150 grams of the

bis~carborane have been submitted for propellant evaluation.

OIS | W 0 i MG BN
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2. Bis-(2-g-hydroxyethyl-l-carboranylmethyl) Ether (III) '

The carbouranediol, III, was utilized as a starting -
material for a series - tential carboranediester plasticizers.
The diol, III, was pr _ared by treating the dilithium d=rivative of
I1 with ethylene oxide in eth-v solvent. After

iC CH..0 GC———Cli + 2 HO CH,G~——CCH,0OCH,,C—CCH_CH_.OH
Ll"—\o": 2032\9/ % /CH2 > Cﬂ2 2\0/ 2 2\0/ 272
B0t0 10810 0 Both0 B;0t10
I11

hydrolysis of the reaction mixture the ether solution of the diol was

separated and dried. Rewmoval of the ether solvent provided the diol,

III, as a white sclid melting at 125-127°C in 85Z yield. Further

purification of the material could be effected by recrystallization

from benzene but rigorous drying was required to remove the

iast traces of benzene from the purified material. Fifty grams of ) )
the cartiorane diol were delivered to NWC.

C.  PREPARATION OF NONFUNCTIONAL CARBORANES (PLASTICIZERS)

1. Alkyl Derivatives

a. n-Nonyl-bis-(1l-carboranylmethyl) Ether (IV)

The nonyl derivative IV was the first plasticizer
synthesized on this program. The boron content of IV 1s 472 and
comparable to that of n-hexylcarborane (47.5%). It was for this reason
that IV was selected for initial evaluation. The plasticizer was >
prepared via the reaction of n-nonyl dromide with the wmonolithium
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derivative of II in ether/dioxane solvent. The plasticizer, IV, w

2OCHéC\()/\’Ill > nv09H190<67CCH20CB

B0t10 B0t0 Byotl10

n—CgﬂlgBr + LiC--—c—)—-CCH

v

separated from unreacted II by treatment with n-hexane followed by

filtration. After removal of excess n-aonyl bromide under high

as

C———CH + LiBr

2N/

vacuum, the residue was purified by column chromatography (n-hexamne

solution of IV on silica gel) to yield IV as a colorless liquid.

The

B, oMo

compound remained liquid for several weeks at -10°C but a sample stored

at laboratory temperatures at NWC solidified. Later, the material also

crystallized at ASPC.

The experimental conditions were optimized with

respect to reaction temperature for 24 hour reaction time. The data,

summarized in Figure 3, show that elevating the reaction temperature

to 90°C provided the best yields of alkylcarborane IV.

Several aikyl-bis-{1-carboranylmethyl) ethers

were prepared by the previously described method. These compounds
are listed in Figure 4 along with their yields and melring points.

The data show that a melting point minimum appears to occur at the

undecyl-bis-carborane (C Interestingly, the symmetrical

).
diisobutyl-bis-carbomaelielted above 100°C while the n-octyl
derivative containing the same total number of substituent carbon
exhibited a melting point of about 50°C. These data emphasize
the importance of molecular symmetry with respect to liquid range,

i.e., symmetcical molecules must be avoided in order to produce

atoms
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7. ,
!
EFFECT OF REACTION TEMPERATURE ON THE YIELD OF n~NONYL-BIS- . ;
(1-CARBORANYLMETHYL) ETHER (IV) D
}
Reaction
Temperature, °C Yield of IV, %
18 hours at 40° 25
16 hours at 40°, 50
2 hours at 90°
14 hours at 40°, 55
4 hours at 90°
j
-14- Figure 3
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Compound*

H-Z-H

Cﬂ3—Z—R

n-C6813-Z-H

n—68H17~Z-H

n—Cgﬂlg—Z-H

n—CIOHZI-Z—H
n—011823-Z—H

n-CIZHZS-Z—H

n—Cl3H27-Z-H
n-014329-Z-H

CH CH

3 3

2
m

CH3CHCH2~Z—CH2CHCH

O/ 2

H
10 10

Aerojet Solid Propulsion
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Company

MELTING POINTS OF ALKYL DERIVATIVES OF

BIS~(1-CARBORANYLMETHYL) ETHER

| 1
CHZCH(CH2)3CHCH CH,-Z-H

=C—~—=—CCH,OCH,,C-———C~

2 \\S%/

1010

=15~

Melting
Point, °C

343-345
280
50
50
45-50
23-30
<-10
25-30
30-38
35-45

66-70

>100

Yield, %

Figure 4

59
40
45
40
50
45
40
38
30
25

35

90
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bis~carborane derivatives with low-melting points.

2 Alkenyl Derivatives

Alkenyl, or unsaturated, substituents, are most
erfzctive to date at reducing the melting point of bis-(l-carboranyl-
methyl) ether derivatives., Subsiiiucnts containing branching as well
as unsaturstion are particularly effective at increasing liquid range
and HTPB compatibility of bis—carboranes.

a. Undecylenyl-bis-(1-carboranylmethyl) Ether (V)
The ursaturated bLis-carborane V was prepared

from undecylenyl bromide and the monolithium derivative of II in
ether solvent

CH(CH.) .CH.Br + 1.iC————CCH_OCH.,C———CH > (H,=CH(CH, ) CH. G———CCH,OCH,C——CH +LiBr -’
2872 \\52/ ' 2772 \\gz// 2 2’8 \\gz// 2°72 \£)/
B0hi0 B10t10 Bothio B10th0
\']

After removal of unreacted bromide under high vacuum, the unsaturated
derivate V was purified by column chromatography (n-hexane solution

on silica gel) to yield a clear liquid melting below -10°C and
boiling above 250°C (0.1rm).

Considerable effort was expended in optimizing
tue experimental conditions required to produce tue best yields of V.

Various reaction conditions an? their effect on the yield of V ayre

summarized in Figure 5. The data show that a long reaction time in
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EFFECT OF REACTION CONDITIONS ON YIELD OF UNDECYLENYL-
BIS-(1-CARBORANYLMETHYL) E1HER

Carborane/Halide Solvent Base II‘E Rxn Temp,°C Z Yield

2/1 EtZOIDioxane BuLi 20 hr 60° 18 hr 10
90° 1 hr

1/1 ”tZOIDioxane Buli 4 days 50° 2 hr 10
95° 4 days

1/1 Dioxane NaH 20 hrs 100° S

1/3 Tioxane BuLi 3 days 100° 15

1/3 EtZOIDioxane BuLi 16 hrs 60° 20

/3 Et20/ DMSO* BuLi 16 bhrs 70° 25

1/2 Et20lbioxane/DHSO Buli 16 hrs 50° 10

1/3 Et20/ HMPAX* BuLi 16 hrs 60° 15

1/3 Et,0 BuLi 72 hrs 38° 44

—

* Dimethylsulfoxide
** Hexarathylphosphoramide

——— e sa, = w
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ether solvent at low temperature provides tae highest yield of undecylenyl-
tis-(1l-carboranylmerhyl) ether, V.

b. 3,7-Dimethyl-2,6—-octadienyl-bis-{1~carboranyl-
methyl) ether VI

The derivative, VI, was prepared in the usual

manner from geranyl chloride and the monolithium derivative of II.

cH 8

1 3 1 3
CH.,C=CHCH.,CH,,C=CHCH, C1 + Li OCH, C -

3 2O CrCHCH, c“'é;,‘mz cHy \0711
10810 B,0t10
Hy Hy
N M A ANy S S AN
B,0th0 By0t10
vI

After purification by column chromatography VI was obtalaed as a

clear 1jquid melting below -10°C and boiling above 150°C
(0.1mm).

The geranyl chloride starting material is not
commercially available but was obtained im our laboratory via the

resction of lithium chloride with geranyl tosylate. The tosylate was
derived from the lithium derivative of geraniol and p-toluenesulfonyl chloride.

CH cH

( (g Gl 1.Buli cH, @,
1) CH,C~CH C=CHCA,0H — ——> C=CHCH,, CH,, C=CHCH, 0Ts + LiCl
e T ™ o ClipC=CHCH,
) aly iy Qg

!
) YI!SG‘CHCH

2('&2C'm68201‘8 + LiCG1

> G3O-CHCH2€&20'CHGZCI + LiTs

-18~

~.
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- -t Sn

The geranyl chloride is obtaincd in approximately 602 overall yield
as a clear liquid boiiing at 65°C (0.5mm;.

¢. 4~Cyclopentadienyl-n-butyi-bis-(1-carboranylmethyl)
Ether (VIT)

é

'
Y SRS A BT

The cyclopentadenyl derivative VII is expected
to exhibit substantial resistance to migration in HIPB propellants

(a) by bonding to HIPB double bonds during a high temperature post

cure period, or (b) due to the enhanced association of the c¢yclopenta-
dienyl wciety with the HTPB vnsaturated structur2. The synthesis

TR

of VII consists of first preparing 4-bromo-n-butyl-bis-(l-carboranylimethyl)

ether and then treating this material with the lithium derivative of
cyclopentadiene

(1)  BrCR,CH,CH,CH, Br + uc‘\‘ﬁ/*’c“f%c\o /".q >
Byotio B;0%0

BrCH,CH,CH,CH,C OCH,C———CH

28, T, CH,y Y AN, .
%10%10 B;0%10
2 nrcnzcuzcuzcnzc\o/ oct ~7)—/cu + u—@ —_—
By0t10 B, o0
CH.. CH_, CH., C- ——CCH. OCK,,&——~-CH
2 2 70CE,
E)-enon, NO/ ¢ 2N/
8,010 B,0th0

Vil

Tne reaction sequernce has been completed tu the bromobutyi-bis-carborane,
reaction (1).
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3. Ester Plasticizers

3everal ester derivatives were prepaxed from the
carborane baseline diol III in anticipation of providing liquid carboran2
ester plasticizers. However, all of tLe carborace esters preparel were
relativejy high wmelting solids.

The general procedure for prepariug the carborane
esters was ro treat monofunctional acids with the baseline carborane-

diol II. in the presence of an acid catalyst.

2 RCOOH + BOC&ZCﬂz CCH,0CH,, C——CCH, CH, OH

‘}'\6' ANy

B,oi0 Bot0

T N A R A A ARV A T Py e

¥

RCOOCH, CH C~————CCH20C32G——23~CCHZCR200CR + 2 H,0

2™ 2
\2/

PN

1010 B10t10 .
The carborane esters prepared in this manner, as well as their welting
points and ylelds, are listed in Figure 6. As shown, the ester derivatives !

all exhibited melting points tco high for effective plasticizers.
D. PREPARATION OF MONOFUNCTIONAL CARBORANES

Several monofunctional derivatives of bis-{l-carboranyl-

wethyl) ether were prepared during the curreat reporting period.

These compounds vere all intermediates leading to the syathesis cf a
carborane isocyaaate.
E -20-
: N&Q % SE - )
o S 5 e BRI e
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% . CARBOPAME ESTER PLASTICIZERS*

. Melting
Compound Point, °C Yield, X
, ?3
cajcoocuzcaz-z-cuzcuzooccncazooomzcaz-z-cuzcxzooccu3 60 80 i
] i
C}ISCOOCHZCHZ-L-G'IZWZOOCCHZ 116 85
e T
i jCR00CE , CH,, -2 ~CH,, TR, OCCCHCH,, 104-108 87
* 7 = -C————CCH ¢——=0C-
o/ 22\0o/
B,0ti0 Byotlio
Figure 6

g
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1. 2-Methyl-2'-hydroxyethyl-bis-(l-carboranylmethyl)
Ether (VIII)

Methyi-bis—carborane was prepared from methyi iodide and
the monolithium derivative of II. The monocfunctional alcohol ViIi was
in turn prepared by treating lithio methyl-bis-carborane with ethylene
oxide.
a. CH,I + LiCG———=CCR,9CH,C —CH > ——-—C OCH C
i 3 o/ 2 2 \o/ \O/ O/
3 By0th0 B10%10 B,0t10 B50%0
b. CH G—————CCH OCH C——CLi + CH —CH —
2 2
\0/ \?/H N
By0t10 “10"10 0 .
CH,G———CCH, 0CH,, C———CCH, CH,,0H -
\Y/ \O/
B1ot10 31010

VIII

The alcohol VIII was obtained in approximatey 40X yield as a white
solid melting at 188-190°C.

The methyl derivative of II was selected for hydroxylation
since treatment of the monolithium derivative of unsubstituted II
with ethylene oxide resulted in the formation of the diol, bis-{(2-8-hydroxy-

ethyl-l-carboranylmethyl) ether, and unreacted II. Apparertly the

intermediate lithium derivative of the desired monofunctional alcohol -

rearranges to an intermediate which, in turn, reacts with a
second molecule of ethylene oxide. -

;
|

-22-
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GH,—CH, + LiG~-—CCH,0CH, C-——CH >
N/ \\g}/' \\53//
¢ 10'10 100
LiOCH CH..C——CCH OCH C—"—Cu —
22 ();;ﬁ \\53//
B,0%10 B0t0
1. CHe—gH

BOCH,,CH, C——CCx,,0CH,,C———CL1 —
272 \S)// 2772 \\gx/ 2. H20

B, oty Byot10
"“““zC“zc\é:>/9c“z°°“zC —CCH,,CH. OH
Byoti0 B,0t10

2, 2-Methyl-2'-carboxymethyl-bis-(1-cavboranylmethyl) Ether (IX)

The carborane carboxylic acid IX was obtained by chromic

acid oxidation of the previously described alcohol VIII.

H,S0

259,
CH ,G————CCH, 0CH, G———CCH,CH,0H + K,Cr.,0 > CH.G CH_0CH. G——CCH. COOH
3 2t 265,97 3 20CH, 2
\é)// \O/a O ] \\g) g
Byot10 8010 10t10 10110

IX

The carboxylie acid IX was purified by crystallization from chloroform
to give a 752 yield cf material melting at 196.5 - 197.5°C.

-23-
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3. 2-Methyl-2‘-acetylchloro-bis—-(1-carboranylmethyl)
Ether (X)

The acid chloride X was obtained by treating the
carboranecarboxylic acid, IX, with PCl5 in POCl3 solvent.

B L o e p——

POCL
CR3C o5 CCH 00N, C—=—CTH, Q00K + PCL 3, CH G5 CH,00H, G5 ~CCH, 0L + Hel
G/ RS A7
By0M10 8,010 B,oti0 10710
X

Removal of the solvent provided the desired carborane acid chloride X

in 80Z yield. Crystallization from pentane gave pure X melting at 129-129.5.

4, 2-Methyl-2'-isocyano-bis—-(l1-carboranylmethyl) Ether

(X1)

The carboranylisocyanate, XI, was prepared from the

acid chloride X by treatment with sodium azide. The carboranylisocyanate,

XI, was
N,
CH,G \67ccn ocuzc\o7ccuzmc1 + Nan, CH,C NG /cu ,0CH c—ccuznco
B1ot0 B1oto B10%10 By0%10

X1

obtained as a white solid melting at 135.5 - 137.5°C.

| -24-
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E. META-BIS-(1-CARBORANYIMETHYL) ETHERS

A EH R

it has been demonstrated tnat meta-carborane produces lower
melting derivatives as compared with ortho-carborane (Reference 3).
On this basis derivatives of meta-bis-(l-carboranylmethyl) ether, XiI,
should provide a series of carborane catalysts with wide liquid range.
For this reason the thermal isomerization of II to the corresponding

meta-derivative was attempted. Samples of II were

T *
s > FIB; gl oCHH,0CH,CB, o], (CH
X1I

i 214 at 370 and 409 °C for 18 hours. Methyl-meta-carborane was Zentatively

identified in the product indicating that the bis-carboranyl ether, II,

had been clzaved during the thernal process. Experimenis are now in

rrogress to determine the optimum isomerizatiocr temperature.

The meta compournd, XII, will be synthesized from the mono-
lithium derivative of meta-carborane and bis-chlorcmethyl ether in order
to provide pvre material for comparison with isumerization products.
had ——

2 nc‘zmnmcu + ClCHZOCIIzCl > Hcgloﬂ}. oocuzocazcnmnmcn

Xax

Derivatives of XIT should be low melting and thus provide rhe wide
liquid range desired for the new catalysts.

* Meta-carborane is designated as HCBIOBIOG! as opposed to HC—CH

\O,/
. for ortho-carborane. B10“10
-25-
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F.  PENTABORANECARBORANES

Attemprs were made to prepare carboranes based on pentaborane.
Significant cost savings could be realized from the production of Eg
carboranes as burning rate catalysts becauce of the availability and
relatively low cost of pentaborane as compared with decaborane.

Initial attempts at processing pentaborane were unsuccessful
because of the toxicity and pyrophoric nature of this material. More
recently the desired starting material for pentaboranecarboranes, 2,4-
dicarba-closo-heptaboraae (023537), was purchared from Chemical Svstems,
Inc. The availability of th= BS carborane will ernoimously accelerate
the production of useful burning rate catalysts bzsed on pentaborane.
Pentaborane carboranes tentatively selected for synthesis . re

shown below.

PENTABORANECARBORANES *

H(CZBSHS)CBZOCHz(CzBsﬂs)h

51Z Boroa
Cﬂ3(CzBSBS)C320CHz(CZBSHS)CR3

457 Boron
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‘. G. COMPATIBILITY STUDIES

. The compatibility of bis~-carborane plasticizers was
determined in HITPB binders and propellants. Binder compatibility
studies were performed at ASPC and propellant evaluations were

conducted at the Naval Weapons Center, China Lake, California.

1. Compatibility in HTPB Birnders

The compatibility of bis-carborane plasticizers in
cured R-45M was determined by mixing specified amounts of plasticizex !
with a stoichiometric blend of R-45M and IPD1.* The samples, 2 gram,
were degassed for 20 miautes at 77°F, warmed to approximately 150°F
in order to obtain a clear solution and then cured for 72 hours at i

. i30°F. It should be noted here that all plasticizers tested at the '
50Z level, except the dimethyloctadienyl derivative, VI, produced turbid

binder samples at room temperature. However, heating to 150°F provided

clear, homogeneous solutions in all cases tested. The dimethyloctadienyi
derivative, on the other hand, afforded clear liquid binder samples
at room temperature when mixed with HIPB/IPDI at the 57X levei.

a. Aikyl-bis—-carboranes

The compatibility data, summarized in Figure7,
show that the solubility of alkyl-bis—carboranes in cured H1PB
increases as the number of substituent carbon stoms is increased up to
C13. Interestingly, the clk derivative afforded a cloudy cured binder
sample indicating incompatibility of this material at the 50X level. TE

L2

e

*  Isophoronediisocyanate

-27- -0

‘-
R by T 2 - s \\' "\"“,ﬁ-&l 3. a,"':\? v - -
e 3 3 aEdhe & -
s Rl s 5 wa
5 L AT LR P AT TR e S ‘;{ - - B
ey = > z?\». Ee L A - R el Coerees T IS
-2y PR IR s 2o el SLIPEs &’}@k“;“ SR s A PR A
= * o 2D OO Ty 2 % T NS " S
: P < SRR R N i i i



Compound **

Aerojet Solid Propulsion Company

Report 184026-SA-1

COMPATIBILITY OF Bis-CARBORANE

DERIVATIVES IN

n-C.H

gthg-Z-H

n-CIO“ZI-Z°H

n-C,,H

1tg3-2-H

n-ClZHZS-Z-H

n-C]3H27-Z-H

n-C]4H29-Z-H

CHy  CHy

CHCH(CH, )5

CHCHZCHZ

CH2=CH(CH2)8CH2-Z-H

CH3

3

HOCHZCHZ

*  Equivalent amaunts of R-45M and IPDI/Plasticizer

CH3

CH é=cu(cu2)zé=cucu -Z-H

2

—Z-CEZCHZOH

-1-H

at 140°F.
Biotho Bio"o
o, X & ? 1 J
S :" o "
S T TN
SRS
e e Ry

CURED_HTPB*
Solubility i

R-45M, %

"~ 20

30-40

~ 40

> 50

> 50

< 50

2.0

cured 72 hours

Figure 7
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The branched dimethyloctyl derivative appeared
superior to the n~decyl derivative although neither material afforded

clear, cured binder samples,

b. Alkenyl~bis~-carboranes

“he introduction of unsaturatiovi iuto the substr.iient

side chains provided bis-carboianes with significantly improved compatibility
in HIPB hinders as compared with alkyl derivatives. As shown in

Figure 7, the undecylenyl and dimethyloctadienyl derivatives provided

clear, cured HTPB binders containing 60 and 57% plasticizer, respectively.

In contrast to these results, the saturated analogs, i.e., the undecyl

and dimethyloctyl derivatives were both incompatible in cured HIPB

at the 50%Z level,

It is importaant to note that tne undecylenyl-bis-
carborane, V, at the 50 a2nd 607 level, formed a turbid mixture with
R-45M/IPDI at 77°F which cleared at 140-150°F, 7he cured samples,
however, remained clear and no plasticizer sxudat!on was observed
at 150°F or on cooling to 77°F.

On the other hand, the dimethyloctadienyl-bis-
carborane, VI, at the 57% level formed a clear solution with R-45M/IPDI

at 77°F. The cured sample remained clear with no evidence of plasticizer
exudation.

c. Bis—(2-8-Hydroxyethyl-l-carboranylmethyl} Ether
The carborame diol, III, was tested by NWC

and found to be 22 soluble in R-45M. No further work was done with
this compound.
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2. Compatibility in HIPB Propeilants i

The n-nonyl- ané undecylewyl-bis-carboranes were L
evaluated 7 NWC Jor compatibility at tie 5 and 8Z level in 2n %6%
solids aluminized propellant zontiining A-4 coated 0.5 micron UFAP,
The propellaants containing the experimental plasticizers were mixed, cast
and cured for seven dzys at 14G°F. At the end of the cure cycle voth the %
n-nonyl- and vndecyieryl-bis-caxborare plasticized prcpellants (5
and 8X) exhibited plasticizer bleediug. [he dimethyloctadienyl

derivative has not yet been evaluated in the test propcllants.

It is of interest tha: the n-nonyl-bis-carborane was

reported to provide higher turning rates in the test propellants

¢
|
1
§ as compared with NHC at the same weight percent.
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v. SXPERIMENTAL SECTION
A.  DIPROPARGYL ETHER I

To « £ 1 rourd tottom £lask containing 1.5 7 of aqueous 0.8 X
sadium hyarexide solution was added 2ropwise a mixture of propargyl bromide,
720g (6.0 wo:2) und prapargyl alcoliol, 940g (16.3 mole}. Ducing this ad-
dition, the temperature of the reaction mixture was kept hatweer 21 and 30°C
through cooling with «n ice~water vath. The two phise reacticn mixture was

then stirred vigorously ( magnetic stirring bar) fur 24 hcurs. Tris

transformation, iuvolves formation of a nroduct which is immiscible

with, and less dense than watc¢r, from rea-tants which are parti:
goluable in, and whos< combined densitias are graater tnan that of water.

Consequently, the fnitial lowver organic layer rises to the top as the re-

action proceeds.

On completiun of the reaction the upper vrganic laver was sep-
zraced, washed successively with 22 sodfum chloride solutisn (3 x 590 ml),
5% sodiiw bicarbonate solutior (1 x 500 ml), 4X sodiuvm chloride solution
{1 x 500 ml) and dried (MgSOa).
atmospheric pressure yielding 490g (82X) of ligat yellow product: Bp 1.2-
123°¢/760 na (reportea bp 119-120°C Ref. 1).

The dry dipropargyl ether was distilled at

B.  Bi1S-(1--CARRORANYLMETHYL) ETHER Il

Into a 5 1, three-neck flask, under a positive nitrogen atmos-
phere, was added 500 z (4.1 mole) of decaborane, followed by 500 ml cf
ethyl sulfide, 250 ml of dry toluene and 250 ml of dry dioxame. This
solution was stirrad @ir d¢riven mechanical stirrer) at ambient temperature
for 24 hours while hydrogen was evolved and bis-{diethyi sulfide)-decaborane
was formed. The reaction mixture was then heated to 70°C and 193 g (2.05

mole) of dipropargyl was added at a rate necessary to maintain a contvol-

lable reflux. “.ring the addition, which required approximately 6 hours,
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V.B (cont.)

hydrogen is evolved rapidly. After the cddition was complete, the reaction
mixture was heated at strong reflux for 1 hour than ~tirred overnighkt with-
ovt further heating. On cuoling to -50°C (dry ice/methanol), a copious
nrecipitite, bis-(l-cartoranylmethyl) ether, formed. The product was
separatel by filtratiou and recrystallized from dioxane. This crop of
crysta‘s, reported to be the monodioxanate {Ref. 2), was recrystallized
again frem dioxane, washed wita hexane (4 x 5C0 ml) and dried in a vacuum
oven (50°C) for 18 hours yielding 400 g (59%) of white crystaliine bis-(3-
carhoranylmethyl) ether: mp 342-344°C (reported mp 342-34°.5°C Ref. 2);

i {¥Br) 2595 (B-H), 3356 (C-h) and :132 cm'-1 (CHZ-O); mar (acetone gﬁ),

6 5.92 (s, 4, Qﬂz),and 4.47 ppm (s(broad), 2, C-L).

C. BIS-(2-B-HYDROXYZThHYL~1~CARBORANYLMLTHYL) ETHER I1I

Bis- (1-carboranylmethyl) ether, 25 g (0.075 mole) in 209 ml of
anhydrous ethyl ether was tre:ted at 6°C with a herame sclnticn of butyl
lithium (V.15 mole butyl lithium) under a dry nitogen atmosphere. To the
resulting di-litnro-bis-(l-carboranylmethyl) ether was added 6.8 2 (9.20
mole) of ethylen:s oxide as a solution in 100 ml of diechyl ether. The
reactisn mixture was allowed to stir fovr 30 minutes, then treateda with a
10% hydrocnloric acid-ice water solution. The resulting two phase system
was separated and the organi: laver washed with saturated sodiwa <hloride
sctution (2 x 150 ml) sod dried (ugsok). On roncentration :9 dryuness a
#hite powder was obtained whici: cn recrystatlization from enzene gave 36 g
(85%) of bis-(2~g-aydrixvetbyl-l-carbocapylmethyl) ether: wp 125-127°C
{reporied mp 126-128 °C Tef. 2); nmr (2cecone 96) 6 2.48 (¢, 4, J = THz, C-ng),
2.97 {s(broaa). 2, C-H), 2. 2 (r, &4, J = 7Hz, CQQ-OH), and 4.26 ppm

(S, I‘ ] "_l_*_z‘o"(:ﬁz) -

-

D.  AL¥YL-B1S-{1-CARBORASYIMEThYL) FTHER

The following 1s a representative proredure Zor the synthesis

of a ser es of alkenyi am. z1leyl substituted carboranmes. A solution of

<32~
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V. (cont.)

5.0g (0.015 mole) of bis-(l-carioranylmethyl) ether in 60 wl of anhydrous
diethyl ether, under a nitrogen atmosphere, was cocled (ice-water bath)
then treated with butyl lithium (0.016 mole as a 15% solution in hexane)
while maintaining a temperature of between 10 and 20°C. The ethereal sol-

Hlaly
i AR,
R AR AR

ution was then allowed to equilibrate to ambient t. rature and 10.6 g
(0.046 mole) of undecylenyl bromide was added by syringe. The reaction
mixture was then boiled at gentle reflux (438°C) for 72 hours. Cn cooling,
50 ml of 5% hydrochloric acid was added and the organic layer from the
resulting two phase mixture was separated, washed with saturated sodium

chloride solution (3 x 100 ml) and dried (MgSOA). This mixture was con-
centrated 1, disilllation at reduced pressure to a brownish oily residue.

The resivue was dissolved in a minimum amount of hexane and eluted through

a silica gel column (25 x 600 mm} with hexane solveat. Concentraticn of

the eluent yielded 3.1g (43%) of clear liquid undecylenyl-bis-l-carboranyl-
methyl} ether V: mp <-10°C, bp >250°C/1 mm, ir(meat) 2550 (C-H on carborane),
2850 and 2930 (qu}, 1640 (C=C} and 1140 cn—l (C~G); nmr 5 1.0 to 2.2
(m{>rcad}, 18, (Cﬂz)g), 3.78 s, 2, CE-0), 3.81 (s, 2, CH, -0) and 5.0 to 5.28
ppm (m, 3, vinyld.

Lpnal. Calcd for 017346 20°¢ b, 44.5. Found: B, 43.7
The r.leviously described procedure wus employed for the prepai-
stion ct several alkyl-bis~carboranes. These coumpounds are listed in Figure §

alorg vith their yieids and melting points. The NMR and IR spectra of these
compounds were coasjsteat with their proposed structuves.

E.  1-CHLORG-3,7-DIMETHYL~2,6-OCTADIENE

*
»

A solation of 30.8g (0.2 mole) of 3,7-dimechyl-2,6-octadier-1-ol
in 90 ml of diethy: ether und 45 ml of hexamethylphusphoranide was treated 4t
Tod>a reaperature with one equivalent of dutyl lithium (as a 152 sclution in
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V.E (cont.)

hexane). To the resultinz mixture was added 40g (0.21 mole) of p-toluene—
X sulfonyl chloride followed by a solution of lithium chloride, 24g (0.57 mole),
in 100 ml of a 2:1 mixture of diethyl ether: hexamethylphosphoramide. To this *

~ bttt

solution, after standing overnight, was added 200 ml of water and the re- i
sulting two phase mixiure separated. The organic layer was washed with

saturdted sodium chloride solution (%4 x 700 ml), dried (HgSOA) and concen-

Ve

trated to a dark liquid residue by rotary evaporation. The residue, or
distillation at reduced pressure, gave 20g (582) of 1l-chloro-3,7-dimethyl-
2,6-octadiene: bp 63-66°C/0.5 mm (reported bp 64-65°C/0.05 mm, Ref. 4).

F. 3,7-DIMETHYL~2,6~-0CTADPIENYL-BIS~(1-CARBORANYLMETHYL) ETHER VI

To a cooled (ice-water bath) solution of 5.0g (0.015 mole) of

bius-(l-carboranylmechyl) ether in 50 ml of anhydrous diethyl ether was added
one equivalent of tutyi lithium (as a 152 solution iv hexans). After warming - §
to room temperature, the resulting solution was treated with 5.0 g (0.028 mole)

of l-chloro-3,7-dimethyl-2,6-octadierne and allowed to rtand overuight at .

room temperature. At this time, 50 ml of 52 hydrockloric acid was added

te the reaction mixture and the resulting two phase mixtuce separated.” The

ethereal phase was washed with satuirated sodiim chloride solution (3 x 50 ml),

dried (MgSOA) and concentrated by distillacion at reduced pressure. The
residue was discolved in a minimum amount of hexare and eluted through a
silica gel cclumn. Concentration of the combined eluents, by rotary evap-

v . B - ) oration, arforded 3.7g (52%) of 3,7-dimethyl-2,6-octadienyl-bis-(1~carboranyl-
. 7 methyl) ether: mp <-10°C ; iz 3080 {C-H carborame), 2930 (CHZ), 26C0 (BH),

*

1665, 1675 (C=C) and 1140 cm ~ {C~0); omr & 1.0 to 2.95 (m(broad), 6, qu),
Sl Chy

1.5% (s, 6, =€ "), 1.68 (s, 3, =C’
~CEy

Ch,~0~CH,) ané 4.5 to 5.25 ypm (m, 2, vinyl). -

), 3.84 and 3.86 (s overlaping

o Prn o
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V. {(cont.)
G. BIS-( TSOBUTYLZARBCRANYIMETHYL) ETHER

A solutZon of 3.3g (0.0l mole) bis-{l-carboranylmethyl) ether
in 25 ml of anhydrous ethyl etber, held beiween 5 and 10°C, was treated
with two equivalents of butyl lithium (as a 1>% solution in hexane). After g
stirring for 0.5 hour, isctutyl bromide, 6.8g (0.05 mole) was added to the

reaction mixture and the solution was heated to 50°C “or 18 hours.

reaction mixture was tlhen diluted with 25 ml of water and the phases
separated.

The

The organic layer was washed with saturated sodium-chloride
solution (3 x 25 ml), dried (MgSO4) and concentrated by distillation at
reduced pressure to white crystalline bis-(isobutylcarboranylmethyl) ether:

mp >100°C; the ir spectrum was comsistent with the assigned structure.

H. DIACETATE ESTFR OF BIS-2-B-HYDROXYETHYL-1-CARBORANYLMETHYL) ‘

ETHER

To 5 ml of acetic anhydride was added 1.0g (2.4 mole) of bis-2-

B8-hydroxyet!:yl-1-carboranylmethyl) ether. The reaction mixture was hoiled

at reflun for 24 hours then stripped of solvent by distillation at reduced
pressure.

The reeidual white solid, the diacetate ester of bis-2-8-hydroxy-
ethyl-l-carboranylmethyl) ether, had:

mp 116°C; ir (mujol) 2640 (BH),
176C (C=0), and 1140 cm L (c-0~C).

I. DIJSOBUTYRATE ESTER OF BIS~(2-8-HYDROXYETHYL-1-CARBORANYLMETHYL)

ETHER

A solution conteining 2.0g (4.8 msmole) of bis-(2-8-hydroxy-
ethyl-l-carboranylmethyl) ether, 4.0 ml of isobutyric acid and 0.6 ml of

sulfuric acid in 10 ml of toiuene was boiled at reflux in a Dean Stark

condenser foxr 24 houcrs. At this time the solution was cooled, washed with

et i
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V.I (cont.)

sodium bicarbonate solution (2 x 15 ml) and dried (K2C03). The solvent

was then removed by rotary evaporation affording white crystalline .
diisobutyrate ester of bis-(2-B-hydroxyethyl-l-carboranylmethyl) ether:

mp 104-108°C; ir 2620 (BH), 1740 (C=0) and 1140 cm > (C-0-C).

J. MIXED WSTER OF BIS- (2~8- HYDROXYETHYL-1-CARBORANYLMETHYL) ETHER

Methyl succinic anhydride, 0.114g (1.0 mmole) and bis- (2-8-
nydroxyethyl-1-carboranylmethyl) ether, 0.836g (2.0 mmole) were thoroughly
blended then heated at 100°C for 16 hours. Toluene, 5 ml, containing 0.3
ml of sulfuric acid was then added and the solution refluxed for 4 hours.
To the hot reaction mixture was added 5 ml of acetic anhydride. The
resulting solution was further heated for 16 hours. Following this
heating period, the reaction mixture was cooled, washed with sodium
bicarbonate (2 x 20 ml), dried (KZCOB) and concentrated by distillation
at reduced pressure to the white crystalline mixed ester: mp ~60°C;

the ir spectrum was consistent with the assigned structure.

K. METHYL-BIS-(1-CARBORANYLMETHYL) ETHER

To 16g (0.045 mole) of bis-(l-carberanylmethyl) ether in 150 ml
of anhydrous ether, held at 0°C under a nitrogen atmosphere, was added a
solution of butyl lithium (0.050 mole) in hexane. This addition was car-
ried out at a rate necessary to maircain a temperature between 10 and
20°C. The reaction mixture was allowed to warm to ambient temperature and
15g (0.1l mole) of methyl iodide was added dropwise. On completion of this
addition, the reaction mixture was stirred for one hour and then 100 ml of 10
hydrochloric acid was added. The organic phase, from the resulting two
phase mixture, was separated, washed with saturated sodium chloride (3 x 100 -
ml), dried (Hgsoa) and concentrated by rotary evaperaticn. The resulting
white powder was found to be composed of starting material, mono-methyl- -

carborane and di-methylcarborane in a ratio of approximately 1:2:1 (as

~-36-
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determined by nmr analysis). As purification of the desired product proved
. to present a certain amount of difficulty, it was decided that the reaction

mixture obtained would be used for fucure reaction steps. The physical
characteristics obtained on methyl-bis-(l-carboranylmethyl) ether are:

wp v 280°C; nmx § 1.95 (s, 3, c-cga), 4.05 (s, 2, Q§2—0), 4.10 (s, 2, C§2-0)
and 4.45 ppm (s(broad), 1, C-H ).

L. 2-METHYL-2'-HYDROXYETHYL~-BIS (1-CARBORANYLMFTHYL) ETHER VI1I

LA S TN AN PRE R e

To 70g (v 0.20 mole) of methyl-bis-( carbou.cnvimethyl) ether
(as the mixture obtained from the previous reactior) in 1-1 of anhydrous
diethyl ether was added butyl lithium (0.25 mole as a 15Z solution im hex-~
ane) while pajintaining a temperature between 10 and 20°C. The reaction
solution was then stirred for 30 minutes and 8.8g (0.20 mole) of ethylene
oxide, as a solution in 100 ml of anhydrous diethyl ether, was added dropwise.

After a further 30 min. stirring, the reaction mixture was quenched with

SR g en S S R

- 200 ml of water. The resulting two phase.mixture was separated and the
organic phase washed with saturated sodium chloride solution (3 x 200 ml) and
dried (MgSO&). The ethereal solution was then concentrated to a yellowish

RSy

powder via rotary evaporation. On recrystallization twice frcm benzene,

this powder afforded 32g of white crystalline 2-methyl-2'-hydroxyethyl-bis-

(l-carboranylmethyl) ether: mp 188-190°C; ir (KBr) 3350 (0-H), 2870 and 2940
-1 )

(C-H) and 1130 cm = (C-0); nmr 6 1.90 (s, 1, O-k). 2.28 (s, 3, ng)’ 2.80

(t, J=8hz, 2, Q§2~C), 4.25 (9(overlaping), 2, —CEQOH), 4.50 (s, 2, cazo) and
4,55 ppm (s, 2, CEQO).

M. 2-METHYL~2 ' ~CARBOXYMETHYL-B1S~ (1-CARBORANYLMETHYL) ETHER IX

In a typical preparation, 3.88g (0.01 mole) of 2-wethyl-2'-hydroxy-
ethyl-bis-(l-carboranylwethyl) ether was dissolved in 120 ml of aqueous (15%)

acetone (85%) solution and cooled in an ice-water bath. While stirring, 50 mi
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V.M (cont.)

of 0.40 N chromic anhydride in 98% sulfuric acid was added slowly, whiie
maintaining a temperature below 15°C. Stirring was continued for an
additional hous; then 700 ml of water was added and the solution stirred
overnight. The reaction mixture was then further diluted with water (200
ml) and extracted with diethyl ether (3 x 100 m1,. The product acid was
converted to its sodium salt via washing this ethereal solution with 5%
sodium bicarbonate solution (3 x 100 ml). Strangely, the scdium salt of
the product acid was insoluble in water and remained in the ether phase.
The product was then acidified through washing che ether phase with 202
hydrochloric acid solution. On stripping the ether, a white powder was
obtained which upon recrystallization from chloroform gave 3.0g (75%)
2-methyl-2'-carboxymethyl-bis-(l-carboranylmethyl) ether: mp 196.5-197.5°C;

neut equiv calc. 402, found 412; ir (nujol), 2620 (B-h), 1760 (C=0), and

1130 et (C-0). )

N. 2-METHYL-2'-ACETYLCHLORO-BIS-(1-CARBORANY{METHYL) ETHER X .

To a solution of phosphorus pentachloride 2.1lg (0.0l mole) in
8.5 ml of phosphorus oaychloride was added 2.0g (0.0050 mole) of 2-methyl-
2'-carboxymethyl-bis-(l-carboranylmethyl) ether. After boiling the reaction
mixture at gentle reflux for one hour, the excess phosphorus oxychloride was
removed by distillation at reduced pressure, The residue was dissolved in
200 =m1 of hexane, filtered, and allowed to crystallize by standing ~vernight
at -10°C. Product obtained from this solution was recrystallized from
hexane to give ?.0g (90%) of 2-methyl-2'-acetylchloro-bis-(l-carboranylmethyl)

ether: wmp 129-129.5°C; ir (nujol), 2600 (BH), 1800 (C=0), and 1130 cm I (C-0).

0. 2-METHYL~2"'-150CYANOMETHYL-BIS—(1-CARBORANYLMETHYL) ETHER XI

To 50 ml of dry benzene was added 2.0g (0.0948 mole) of 2-methyl-
2'-acetyichloro-bis—-(1-carboranylmethyl) ether and 4.0g (excess) of sodium
azide. The reaction mixture was boiled under reflux for 1 hour during which

time gas evolution was noted. On cooling to room temperature, the soluticn

T B o gy g
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was filtered :hrough filter aid and concentrated vy rotary evaporation to
give the white solid product: mp 133.5-137.5°C; ir (mujol), 2600 (B-H),
2290 (NCO), and 1130 cm ' (C-0); mmr § 1.98 (C-CHj), aud 4.44 to 4.48 ppm

(s overlapping, €, qu—o—qu and QQQ-NCO); neut equiv calc 399, found 408.

P. ATTEMPTED THERMAL ISOMERIZATION OF BIS-(1-CARBORANYLMETHYL) ETHER

A glass tube (2.5 x 20 cm}, contairing 5g of bis-(l-cartoranyl-
methyl) ether, was purged with nitrogen (3 cycle evacmation-nitrogen bleed),
evacuated and sealed. The sample was then heated at 400°C for 18 hours.

On cooling, the tube was broken and the product removed. This material was
dissolved in benzene and eluted through an alurina column (2.5 x 50 cm)

with hexanc. On concentration of the comtined «luents, a white powder was
obtained which completely melted at lesc than 20C°C. Sublimation cf this
material yiclded large white crystals whLich were temntatively identified as
methyl-meta-carborane: a sharp melting point was not obtained; nmr § 2.13

(s, CH,) and, 4.59 ppm (s brcwd, C-F): ir 3030 (C-H carborame), 2595 (BH). It
should be roted that uo ether absorptior was observed for this material, and
that the identical product was obtained when the reaction was cearriad out

at 370°C.

Q. COMPATIBILITY STUDIES

The folicwing is : representative procedure used for the eval-
vation ct ccmpatibilitie: of alkyl substitut:d-bis-(l-carboranylumetnyl)
ethers with HTP! bhind. - systems. A summary of these evaluations is Included

in the .[vllowing table.

A sample cf -45M (c¢quiv wt 1338) was mixed with & ziuachionetric

amount of isophoronediisocyanate {1P1 equiv wt 112). Eywal po-lions ov the

—-— A s — —— & -

SN TSR IR




* ¢ . .

“r P B
- N . S e e s ————— Ay~

Aerojet Solid Propulsion Company
Report 1840-265A-1
V.Q (cout.)
prepolymer and carborane plasticizer were then thoroughly blended and :
degassed st ambient temperature. When necess.' -, samples were further .
blended at 150°F in order to obtain homogeneli and cured for 72 hours
at 140°F. The compatibility data are summarized in Figure 7.
i
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vI. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

1. Bis-{l-carboranylmethyl) ether was found to be a
valuatle nucleus from which useful burning rate catalysts may be

derived.

2. Non functional derivatives of the bis-carborane were
most useful as burning rate catalysts because higi: concentrations of

these plasticizers can be used in golid :ropellants.

3. Unsaturated and branched~unsaturated substituents
were e{fective at iuncreasing the liquid range of the bis-carboran-
as well as providing derivatives with improved compatibility
in HTPB binders.

4. Functional Jderivatives of bis-(l-cayioranylmethyl)
ether, i.c., a diol and a monoisocyanate, were preparea but arz marginally

useful as burning rate catalysts because cf the limited amount of

material which can he incorporated into the polymer chain.

B.  RECOMMENDATIONS

1. The undecylenyl-bis~(1-carboranylmethyl) ether, V,
and 3,7-dimethyl~2,6-octadienyl-bis-(l~carboranylmethyl) ether, VI, shcald
be fully evaluated in R-45M propellants at several mix and cure

temperatures in order to determine the cvnditions for maximum plasticizer

retention.
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2. Work should continue on the preparation of new carborane
plasticizers such as the cyclopentadienyl-"is-carborzne, VII, which
likely will have optimum compatibility with HIPB systems. The sulfur
derivative, hexenyli:thionwthylene-bie~(l-carboranylmethyl) ether should also be
rrepared. This macerizl would be analogous to CMES with a bis-carborare

Structur:.

CH2=CK(CHZ)3Cﬁ28C82-€~*-~CCB OCH, (~——CH

NO/ AN
B0t Byaflyo

3. Plasticizers based on xz6ta-bis-(l-czrboranylmethyl)
ether, such as the dimethyloctadieny? derivative should be prepared
and evaluated. The mets-carboranc wil' likely exhibit a wider liquid range
than its ortho izomer.

i, Ha

|
CH30=CH332,RZC=ChCB2CBIOHlOCCHZOCHZCDIOHIOCH

4, Carboranes based on pentaborane vhould ba przpared
and evaluat~d, as pentaborane is move econumical {han decaborane.
Suggested compounis 2re the bis-pentacarborany: ether and its
dimethyl derivative.

¢ - ~ H
U(CZBSHB)CHZOCHZ(CZBSBS)H Cﬂ3(C3BS.S)CHZCCHz(bZBSHS)C a

-4F~
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