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B*s(3 hydroxybutrl)cl vhenylsilane was vr epared by the reaction of di-
phenylsilane with acrolein dimethyl acetal followed by the addition of methyl-
lithium to the resulting dialdehyde. Peuvtion with phosphorous tribronmide
zave bis(3-bromobutyl)diphenylsilane, which was ccuverted by sodium nitrite
displecement and oxidative nitration to bi s(3,3-dinitrobutyl)diphenylsilane.
Depnenylation with bromine and hydrclysis gave cyclic bis(3,3-dinitrobutyl)-
polysiloxanes.

A practical s;ntketlc method for 2-fluoro-2-nitro-1, 3-propanediol wa
found to be the reaction of alkyl fluoronitrcmalcrates with formaldehyde and
base. The monotosylate, ditosylate, mornotriflate and ditriflate of this diol
were prepared. The monotosylate reacted with base to zgive 2, 6-difluoro-T-
hydroxy-2,6-dinitro-4-oxa-l-Leptyl tosylate. 1Ihe reaction of the monctriflate
with base zave 3-fluoro-3-nitrocxetane. Th= monotosylate, the ditriflate and
the ditosylate reacted with sodium azide to zive the correspondin: alkyl azides
vhich reacted with propiolic acid to zive the corresponding triazoles. The
monotosylate and lithium bromide gave 3-bromo-2-fluorc-2-nitro-l-propencl. 2-
Fluoro-3-nitrooxetane underwvent addition of triflic acid and of hydrochloric
acid. The oxetane was poljymerized with phosphorous pentafluoride to give a
polymer stable to 290° (DTA). The reaction of 2,2-dinitro-1,3-oropaneaiol
with triflic anhydride gave the corresponding; monotriflate and ditrillate.
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44 INTRODUCTION
Research under Contract NOOO14-T1-C-O1l76 has been conducted during the

period 1 December 1970 to 31 December 1977. This is the Final Report under

the above contract, and the work will be continued under Contract NOOO1L-T78-

C-0147. The work performed through 30 November 1976 has been detziled in

the following Annual Summary Reports:
Fluorochem Report ONR-1-1, January 1972, AD No. 736249
Fluorochem Report ONR-1-2, January 1973, AD No. 754778
Fluorodhem Report ONR-1-3, January 1974k, AD No. 773942
Fluorochem Report ONR-1-4, January 1975, AD No. AOCE6LE8
Fluorochem Report ONR-1-5, January 1976, AD No. A019807
Fluorcochem Report ONR-1-6, January 1977, AD No. A035349

The objective of this program is to develop new synthetic metheds for

classes of compounds with potential utility in high energy propellants and

explosives. Under this program dichlorine heptoxide was developed as & prec-
tical perchlorylating reagent, and its reactions with alcohols, amines, ethers,
ketones and olefins were studied. The chemistry of alkyl triflates was stu-
died, and their utility for the etherification of nitroalcohols was demonstra-
ted. The first alkyl perbromate was synthesized. Synthetic methods for nitro |
and fluorodinitro substituted silicon compounds were developed. The first
oxetane with a nitro group or the ring was synthesized and polymerized.

The following Jjournal publications resulted from this contract:

C.D. Beard, K. Baum and V. Grakauskas, "Synthesis of Some Novel Tri-

fluoromethanesulfonates and Their Reactions with Alcohols", J. Org. Chem.,

38, 3673 (1973).




V. Grakauskas "Fluoremmoniua Trifluoromethanesulfonate”, J. Inors. Nucl.
Chem., 35, 3035 (1973).

K. Baum and C.D. Beard, "Reactions of Dichlorine Heptoxide with Alco-
hols", J. Am. Chem. Soc., 96, 3233 (1974).

C.D. Beard and K. Baum, "Reactions of Dichlorine Heptoxide with Amines”,
J. Am. Chem. Soc., 96, 3237 (1974).

e.D. Béard and K. Baum, "Reactions of Silver Perchlorate and of Silver
é Triflate with Alkyl Iodides. .Solvent Inhibition of Isomerization”, J. Org.
: Cnem., 39, 3875 (197%).

K. Baum and C.D. Beard, "Reactions of Dichlorine Heptoxide and of Acyl
Perchlorates with Ethers", J. Org. Chem., 40, 81 (1975).

K. Baum, C.D. Beard and V. Grakauskas "Preparation of an Alkyl Perbro-
mate", J. Am. Chem. Soc., 97, 267 (1975).

K. Baum and C.D. Beard, "Reactions of Dichlorine Heptoxide and of Hypo-
halites with Alkyl Iodides", J. Org. Chem., 40, 2536 (1975).

K. Baum, "Reactions of Dichlorine Heptoxide with Olefins", J. Org. Chem.,

k1, 1663 (1976).

The following manuscripts have been submitted for publication:
i K. Baum, D.A. Lerdal and J.S. Horn, "Synthesis of Organosilanes and
| Polysiloxanes with Nitro and Fluoro Substituents".
F D.A. lerdal and K. Baum, "Synthesis of Bis(3,3-dinitrobutyl)cyclopoly-
siloxane".

This report covers technical details of the work performed during the
period 1 December 1976 to 31 December 1977. During this period, work conti-
nued in the area of nitrosilicon chemistry. Work was initiated in the area

of synthesis and polymerization of nitrooxctanes.

o
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IT. DISCUSSION

A. Nitrosilicone Chemistry

In the two preceding reports, methods were developed for the in-
troduction of fluorodinitroalkyl groups intc simple silanes,l and these me-
thods were applied to the preparation of polysiloxanes with the use of phenyl
groups to protect reactive silicon sites.2 This work, with some subsequent
refinements in yields and procedures, comprises Appendix A of this report, a
Journal manuscript. The routé adapted to the preparation of polysiloxanes
involves the preparation of haloalkyl diphenylsilanes, displacement of halo-
gen to give the nitro compound, oxidative nitration and fluorination to give
fhe fluorodinitro compound, and replacement of the phenyl group by hydrolyza-
ble halides on silicon.

Work was undertaken to develop an analogous route to polysiloxanes
containing internal gem-dinitro groups. This work is detailed in Appendix B.
The reaction of bis(3-bromobutyl)diphenylsilane with sodium nitrite zave bis-
(3-nitrobutyl)diphenylsilane, which underwent oxidative nitration to give bis-
(3,3-dinitrobutyl)diphenylsilane. Bromination and hydrolysis gave the desired
polysiloxane. The product was a stable high-melting solid with an averagze
molecular weiznt of 1210; the material melted with decomposition at 2&0-250°C.

: NaNO
(06H5)231(CH20}{2CHBrCH3)2 --_2, (C6H5)231 [cngcuacn(woa)cngjz

N NO
OH Br, G
gN03 - N, |n

N HQAc
Nah02

w




Further work was carried out with the cobjective of éreparing high mole-
cular weight polysiloxanes. The dephenylation of bis(3-fluoro-3,3-dinitropropyl)-
diphenylsilane was simplified by using acetic acid as the solvent for bromi-
nation. Quenching the reaction with water gave a mixture of bis(3-fluoro-3, 3-
dinitropropyl)silanediol and the corresponding disiloxane. These compounds
were soluble in methylene chloride. The addition of a trace of pyridine or
triethylamine to this mixture resulted in silanol condensation to give inso-
luble cyclic polysiloxanes with an average molecular weight intermediate

between calculated values for trimer and tetramer.

Br H.O
e 2
(csus)asi lE:Hz Ci, CF (N0, )%2 O A T
HOAc

(Ho)231 [:c;izcxecr(moe )%; Ec(moe)ecaecﬁzlg:lsi-o?i Eﬂzcdac:?(xvog)%[e

OH OH
'csﬂsn e
IR -031(cH2cri2<l:F)2
CH C1 |
2 2 NO, |n

A more satisfactory route to the silanediol was found to be the reac-
tion of the polysiloxane with potassium hydroxide in agqueous methanol. The
material dissolved, and neutralization with aqueous sodium dihydrogen phos-
phate gave essentially a quantitative yield of the silanediol. This compound

E wvas identified spectrally and by its reaction products with chlorotrimethyl-

silane and triethylamine. The only product detected from this reaction in

ether after 0.5 hr at ambient temperature was trimethylsiloxybis(3-fluoro-




3,3-dinitropropyl)silanol. However, after a 16 hr reaction period, this
silanol was converted to a mixture of its disiloxane and its trimethylsilyl

derivative, both of which were isolated and analyzed.

- NO O,
{ e koH H' I
s'i(cnzcdzizp)a _ — (Ho)QSi(azECH_gL'F)Z
NO NO
|8 ) > n o
NO,
(C!{3)3SiCl S
Et3N 1 |
OH NO,
0.5 hr
- NO
& V2 e
5i0|.5i 1,CF CH,).Si0Si(CE,CH,CF).| O
[((}13)3 1O.|2 ;L(CHZCHE\i o + \? 3)3 i .1( e )C 1
NO, Lo No,

Attempts were made to transform the cyclic bis(2-fluoro-2,2-dinitropropyl)-
polysiloxanes into linear high molecular weight polymers witn acidic or basic
catalysts. The results are shown in Table 1. No significant increases in
molecular weight were observed. Difficulties were encountered previously2
in pqumerizing methyl(3-fluoro-3, 3-dinitropropyl)siloxane oligomers and the
presence of a second bulky and electron-withdrawing fluorodinitropropyl sroup
does not facilitate polymerization.

The bis(3-fluoro-3,3-dinitropropyl) oligomer did not give the corres-
ponding difluorosilane when it was treated with HF under the same conditions
that were successfully applied to the methyl(2-fluoro-2,2-dinitropropyl)poly-

siloxanes.
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Table 1. Attempted Polymerization of Cyclic Olizomers
Starting
Material
Run M Solvent Temperature Catalyst Time v
1 1040 - 215° - 10 min 1030
2 1040 - 230° - 2 min 800
3 1040 Toluene 110°  CsOH 2hr 1530
4 1040 DMF 1309 Et3N 15 min 1010
5 1040 DMF 25° BAH 72 hr 915
6 1040 DMF 150° BAH 15 min 762
7 10k0 DIF 80° CsOH 2 hr 900
8 835 = 200° CsOH - charred
9 1250 EtOH 25° KOH 10 min 91C
10 1250 EtOH 25 to 200° KOH 10 =min at 200° €70
: 1 1250 - 200°  H.S0, 30 mn 1224
ﬁ 12 1250 EtOAc e Pyridine 30 min 1070
13 1250 HOAc 118° - 1 hr 1110
* i 1250 CeligNO, 9%° BAH 1hr 800
3
b Substantial decomposition occurred
, Benzyltrimethylammonium hydroxide




An approach that is used frequently to prepare silicones from monomers
with bulky substituents is to copolymerize them with unhindered monomers.3
The flexibility thus introduced counteracts the tendency toward ring forma-
tion. Because the ease with which bis(3-fluoro-3,3-dinitropropyl)silanediol
reacted with chlorotrimethylsilane, difunctional comonorers were examined.
The reaction of dichlorodimethylsilane with this diol was studied under a va-
riety of conditions. Products with molecular weights of 1000 to 1250 were
generally obtained using the solvents, methylene chloride, toluene, or di-
methyl formamide, without base to remove liberated HCl, or with triethylamine
or pyridine. Higher molecular weight products were obtained with ether and
triethylamine. In this solvent, higher molecular weight products become in-
soluble, and gummy resins with a molecular weight of 3500 were isolated in
20% yield. The use of methyltrichlorosilane instead of dichlorodimethylsilane
under these conditions gave a brittle polymer with a molecular weizht of 3160.
Diethoxydimethylsilane did not react with the silanediol.
Bis(dimethylamino)dimethylsilane is a recently reported reagenth for
producing high molecular weight polymers from aromatic silanols. It has the

advantage of producing volatile dimethylamine as the only byproduct:

; 9 (|:H3 ?H3
BO-?i @ SliOH # (cn3)2N-slw(cx3)2 —_— 1
cx3 cn3 CHy
[ e 3 43 1
051 @ Si—0S1 & (cng)gm
| | | y

3 CH3 n
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Molecular weights, however, of products of this reagent and bis(2-fluore-2,2-

dinitropropyl)silanediol were similar to those cbtained using dichlorcdimethyl-

silane and triethylamine. The basic reaction ccnditions resulting from the
liberated amine resulted in darkening and apparent decomposition of the pro-

duct. Fractional precipitation of the product obtained in refluxinz tcluene

consisted of 50% with a molecular weight of 980 and 50% with a mclecular weight

of 1720.
Another dimethylsilyl monomer has recently been reported that liberates
only neutral fragments. Bis(ureido)dimethylsilanes have been used to prepare

5

polymers from monomers with silanol groups attached to phthalocyanine” and to
carborane backbones.6 We obtained the reagent by the reported method5 and
reacted it with bis(3-fluoro-3,3-dinitropropyl)silanediol in a mixture of
chlorobenzene and ether. Fractional precipitation of the product gave a 43%
yield of material with a molecular weight of L4LO. The product was an almost

colorless tacky resin. The decomposition that was evident with the dimethyl-

aminosilane was thus avoided.

NO 0
j = / i
|
(HO)QSi(CHECHe;JF)2 + | N-C-?l- Si(CH3)2 —_—
NO, \ Pn/2
e :
031(m3)20?1(m2cr12c|:?)2 + N-C-NHPh
NO, |
3
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B. Chemistry of 2-Flucro-¢-nitropropanediol

Fluorine is known to inhibit anion formation on dinitromethane deriva-
tives,7 and this "fluorine effect" has enabled the synthesis of useful alkyl-
ation products of 2-fluoro-2,2-dinitroethanol under alkaline conditions.
Other 2,2-dinitroalcohols are deformylated in the presence of base to give
nitronate salts. Even less tendency toward deformylation would be expected
for 2-fluoro-2-nitropropanediol. The chemistry of this potentially low cost
difunctional nitro compound has been little investigated.

This diol was first prepared by the fluorination of the salt of 2,2-di-

methyl-5-nitro-1,3-dioxane suspended in carbon tetrachloride.8

0
7N

CH c(CH,) CH clcH, ).,
e T B L
NaO,N=C O By Wk D ———> HOCH,, CFNO,, CH . CH
2 2
: N ccy, N et i

CH, 3
Subsequently, the synthesis of this diol was reported by the direct fluorina-
tion of the sodium salt of 2-nitro-1, 3-propanediol in aqueous or methanolic
solution.9 A slow rate of fluorination was used, however, and an exception-
ally dilute (1:50) fluorine-nitrogen mixture wes used.

In our hands, the direct aqueous fluorination of salts of 2-nitro-1, 3-
propanediol did not prove to be a convenient preparative method. Attempts
to increase the rate of fluorine input, or its concentration to more practi-
cal levels resulted in immediate localized firing at the sparger.

Consequently, a more readily fluorinated nitronate salt was utilized,

with the objective of converting the product to the desired diol. Diethyl

T ———




——, e Bt e

-
. . . - . .10
fluoronitromalonate was obtained conveniently by the previously reported

fluorination of diethyl nitromzlonate, obtained, in turn, by the nitration

of diethyl malonate. The reaction of diethyl fluoronitromalonate with aqueous

formaldehyde containin; sodium hydroxide resulted in simulteneous ester nydro-
lysis, decarboxylation of the resulting acid, and formylation. The desired

2-fluoro-2-nitro-1, 3-propanediol was isolated in 46% yield. The same yield

E was obtained with paraformaldehyde and potassium hydroxide, with methanol as
the solvent.
NO

; ENO3 |2

; { 1
E Coi5 00, OC5H  ————> CHs00H0C

o O 2 2 0

- NO NO

7 j < G0 - E

: - CJH OCCFOOCQH ——> HOCH,CFCHE CH
3 NaHCO = 5 1] it 5 HO 2

; 3 0 0 2

] NaOH

Dimethyl fluoronitromalonate was also used to prepare 2-fluoro-zZ-nitro-
] 1,3-propanediol, and similar yields were obtained with agueous formaldehyde
and potassium hydroxide. With methanol, paraformaldehyde and sodium hydroxide,
however, yields varied from O to 93%. Thus, although an unknown impurity may
be responsible for yield fluctuations and more work is required, hish yields
are attainable.

A potentially useful reaction of 2-fluoro-2-nitro-1,3-propanediol is
its cyclization to the correspondinz oxetane. Nitrooxetanes are virtually
unknown. Thus, & trace byproduct of the reaction of tris(hydroxymethyl)nitro-
nethane with PClS was reported to be 3-chloromethyl-3-nitrooxetane with little
evidence.ll The Ter Meer reaction of 3,3-bis(chloromethyl)oxetane gave 3, 3-

bis(nitromethyl)oxetane in 35 yield.l?

10




Simple oxetanes are gencrally obtained by cyclizing monotosylates of

13

1,3-diols with base. Whereas other 2-nitro-1,3-diols would present diffi-

culties because of deformylation under these conditions, this problem would

not be expected with 2-fluoro-2-nitro-1, 3-propanediol.

The tosylation of 2-fluoro-2-nitro-1,3-propanediol proceeded normally.
When p-toluenesulionyl chloride was treated with a molar excess of the diol
and pyridine, “o minimize ditosylate formation, in refluxing chloroform, a
78% yield of monotosylate and a 10% yield of ditosylate were obtained. The
excess diol was recovered by extraction. When an excess of p-toluenesulfonyl
chloride was used in pyridine a 67% yield of the ditosylate was isolated.

CH3-/{_} 80201

HOCH,,CF (N0, ) CB,OR o > m3.@soeoca2w(1v02)ca20n

,/ \ v ~
_ m3©-soaoc3205‘(1w2)cz{20302-@-m3

The cyclization of the monotosylate to the oxetane was attempted with

potassium hydroxide in aqueous dioxane. The reaction was complete in 5 min
at room temperature and gave an almost quantitative yield of a product identi-
fied as 2,6-difluoro-T7-hydroxy-2,6-dinitro-4k-oxa-1l-heptyl tosylate. The same
product was obtained using potassium carbonate as the tase. A possible mech-
anism for this reaction involves the desired cyclization to the oxetane. If
the oxetane is exceptionally labile to nucleophilic rinz opening it could

react at a rate faster than the cyclization with the remaining monotosylate.

NO,

\ No, No,, No,,
CH,- C-F [ g - | '

\ o

L= 1+ HOG,CAI080,</_*)-CHy ———>  HOCH,CQ,0CH, CCH,080, 47 \\-Cilg
0 —CH ?

2 F - Sl

11
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A more reactive leaving group, triflate, was examined with the expecta-
tion of increasing tue rate of the cyclization. The addition of 2-fluoro-3-
hydroxy-2-nitropropyl triflate to the oxetane should take place at a rate si-
milar to that of the tosylate, so the oxetane might survive. This monotri-
flate was obtained in 525 yield from 2-fluoro-2-nitropropanediol with theore-
tical amounts of triflic anhydride and pyridine, but the yield was increased
to 6T% by a 3-stage reaction with diol in excess. The correspondinj ditri-

flate was obtained in 75% yield using the appropriate stoichiometry.

1:02 (CF,50,),0 ?02 TOQ
i i o
HOCH, CCH, Ot —————->Pyr CF 350,0CH CCL,0Hf — CF 550,0CH, 0,050, CF
F F F

Indeed, 3-fluoro-3-nitrooxetane was cbtained from the monotriflate with
a variety of basic reagents. Thus, potassium hydroxide in water or aqueocus
dioxane gave the oxetane in about 50% yield with a reaction time of less than
15 min. Triethylamine in chloroform gave similar yields, btut 20 hrs was re-
quired. The use of DBU (l,S-diazabic;clo-[?.h.é]undec-s-ene) as the base in
methylene chloride gave a 62% yield of the oxetane in a 15 min reaction peri-
od. Pyridine, however, failed to give the oxetane but, instead underwent N-
alkylation by the triflate, on the basis of NMR evidence. The oxetane is a

colorless liquid with a boiling point of 31° (1.5 rm).

Ko NG,
| e base e
CF3S0,0CH,CAl, 08— ?12c|--F
0---CH2
!
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The availability of the oxetane offered the opportunity to prove or
disprove the proposed mechanism for the dimerization of the above monotosy-
late. Thus, equimolar amounts of the monotosylate and the oxetane were treated
with potassium hydroxide in agueous dioxane. The tosylate was converted rap-
idly to its dimer while the oxetane was unchanged. Thus, the oxetane was not
an 1ntermedia§e in the dimerization.

A comparison of the reactivity of the monotosylate with related con-
pounds was made. The dimerization of the monotosylate with KOH in agueous

dioxane was not affected by the addition of 2-fluoro-2-nitropropanediol, al-

though the reactivities of the hydroxyl groups of the two compounds would be

expected to be similar.

: 10, Ko, o, rl:o2
| 3@-soaocr{ CCE,0H + HOCH,CCH Ok —%—a HOCH,, CCH, 00K, CCH, Of
; F F F
N02 0, -
-@-so oct,, CCH ,0CH,,CCH, OB i
F

Other displacement reactions of the tosylate and triflates of 2-fluoro-

2-nitropropanediol were examined briefly. Both the monotosylate and ditosylate

reacted with sodium azide in dimethyl sulfoxide at 65° to give the correspond-
ing azido derivatives. These were identified as the corresponding triazoles
{ obtained by the cycloaddition of propiolic acid. The direction of this addi-

tion was not established.
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Naliy |
HOCH ccn 080, /) Cii; Shrutiac 2 HOGH,, CGii
2 o 23
NO Na
HC=CCOH 12 ¢4 N
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F CX
CO,H
LO NO
€ Nalis e
<(::>so OCH CCH 030 <::>AX3 s By 2cca N,
N NO, N
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HC=CCO,H N N_cu CCH -\: N
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%

fc ¥ cfc

The monotosylate was also reacted with lithium bromide in dimethyl
sulfoxide at 65° to give 3-bromo-2-fluoro-2-nitro-l-zropenol. An attempted
reaction with potassium fluoride, however, was unsuccessful. Atterpts to
react the ditosylate with potassium cyanide or with sodium methoxide also
were unsuccessful. The ditriflate reacted with sodium azide in dimethyl
sulfoxide to give the diazide quantitatively at room temperature.

An investigation of the reactivity of 3-fluoro-3-nitrooxetane was also
undertaken. The compound did not react with potassium hydroxide and 2-fluoro-
2-nitropropanediol in aqueous dioxane. The oxetane was not affected by boron
trifluoride etherate in chloroform, or by methanolic solutions of sulfuric or

triflic acids. However, the reaction of 3-fluoro-3-nitrooxetane in methylene
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chloride with triflic acid gave 2-fluoro-3-hydroxy-2-nitropropyl trifluoro-
methanesulfonate. The oxetane also reacted with concentrated hydrochloric acid

to give 3-chloro-2-fluoro-2-nitro-l-propanol.

NO
1 2 No,
cnch |
[a
(l)__ ci‘n + CF3SO3H —_ CF3.JO2OSH2’CG{20H
2 , F
NO
v 2 NO,
CHZCF !
i + HCl —— CLCH,CCH,CH
2
o-m2 %‘

The polymeriza;ion of 3-fluoro-3-nitrooxetane was accomplished in
methylene chloride solution with the use of phosphorous pentafluoride as ca-
talyst. The product is a crystalline polymer soluble in dimethyl formamide
and in dimethyl sulfoxide. Its molecular weight is 2500, determined by va-
por osmometry in dimethyl formamide. The polymer is a diol on the basis of
MR hydroxyl area. DTA showed a melting point (endotherm) of 234° and onset

of decomposition at 290°C. The density of the meteriel is 1.5885.
Work was initiated with the objective of preparing the analogous dinitro
compounds. The reaction of 2,2-dinitro-1,3-propanedicl with triflic anhydride

gave the corresponding mono- and ditriflate:

NO, N02 NO

) @ (CF350,),,0 l =
«Q 3 Q 3
HOCE12(:CHZOH -————->Pyr CF30020€H2$CH20H + 0“3002001{23011205020?3
No, N, NO,
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III. EXPERIMENTAL

Bis(2-fluoro-2,2-dinitropropyl)silanediol. A mixture of 0.50 g (1.45

mnol) of bis(2-fluoro 2,2-dinitropropyl)polysiloxanes, 2.9 ml of 1¥ potassium
hydroxide and 5 ml of methanol was stirred for 10 min. The resulting solu-
tion was added to a mixture of 15 ml of ether, 5 ml of 1M sodiwa dihydrogen
phosphate, and 25 ml of water. The agueous phase was extracted with three

15 ml portions of ether, and the combined ether solutions were washed with

15 ml of water and with 12 ml of saturated sodium chloride solution. The
solvent was removed and the residue was dried under vacuum for 30 min to give
0.51 g (97%) of bis(2-fluoro-2,2-dinitropropylsilanediol: NMR (23013)5 3.6
(s, 2 H, OH), 2.9 (m, 4 H, CH,CF), and 0.8 (a, 4 K. CH S!).

Reaction of bis(2-fluoro-2,2-dinitropropyl)silanediol with chlorotri-

methylsilane. The above diol (0.51 5, 1.40 mmol) in 5 ml of ether was added
with stirring to a solution of 0.96 g (8.85 mmol) of chlorotrimethylsilane
and 0.87 g (8.6 mmol) of triethylamine in 30 ml of ether. After 30 min 20 ml
of water was added. The ether layer was dried and stripped of solvent. The
residue was found on the basis of NMR to contain only trimethylsiloxybis(3-
fluoro-3,3-dinitropropyl)silanol: NMR (CDCl3)<52.8 (m, 4 H, CHQCF) 2.75 (vr.s,
1 H, OH), 0.83 (m, 4 H, CHZSi) 0.30 (s, 9 H, CH3). This silanol was dissolved
in 10 ml of ether and was added to C.3 g (2.9 mmol) chlorotrimethylsilane and
0.29 g (2.9 mmol) of triethylemine in 20 ml of ether. The mixture was stirred
for 16 hrs and was then washed with water. After the ether was stripped, the
residue was extracted with Skelly F, in which it was partially scluble.

Column chromatography (silica gel, CCl, + 5% CHQCLQ)of the material
soluble in Skelly F yielded 0.26 g (35%) of bis(trimethylsiloxy)bis-(3-fluore-

3,3-dinitropropyl)silane, a colorless oil: NMR (CCh*)52.80 (m, & H, CH,CF),

0.80 (m, & H, CE,5i) and 0.30 (s, 18 E, (cn3)331); IR (film) 297C, 1590, 1320,
16




1260, 1070. 850, 805 and T€O .

Anal. Caled for € H (N,0yoSisF,: C, 28.34; H, 5.15. N, 11.02. Found:
¢, 30.12; H, 5.27; H., 10.88.

Chromatography (silica gel, CHEClg) of the material insoluble in Skelly
F yielded 0.34% g (55%) of trimetkhylsiloxy bis(3-fluoro-3,3-dinitropropyl)di-
siloxane, mp 132-3°: MR (CD013)52.80 (m, 8 H, CH,CF), 0.80 (m, &H, cx~:251)
and 0.30 (s,'18 H, (CH3)3Si);.IR (KBr) 2970, 1590, 1320, 1260, 1220, 1070,
850, 810 and T60 o .

Anal. Caled for CygHs) NgOjS4)F): C, 25.28; H, 4.00; N, 13.16. Found:
¢, 25.58; H, 4.02; N, 13.2L.

Bis(3-fluoro-3,3-dinitropropyl)polysiloxane. Bromine, 3.2 g, (20 mmol)

was added to 2.5 g (5.16 mmol) of bis-(3-fluoro-3,3-dinitropropyl)diphenyl-
silane in 20 ml of acetic acid. After the solution was refluxed for 45 min,
an additional 0.5 g of bromine and 10 ml of water were added. The mixture
vas heated to 100° for 10 min and was allowed to stand at ambient temperature
overnight. The mixture was added to 100 ml of water and was extracted with
methylene chloride. One drop of triethylamine was added. Filtration gave

1.52 g (85%) of bis-(3-fluoro-3,3-dinitropropyl)polysiloxane (MW = 1250).

Reaction of Bis(N-pyrrolidino-N'-phenylureido)dimethylsilane with Bis-

(2-fluoro-2Lg;dinitropropy;)silanediol. A flame dried 50 ml flask fitted with

a magnetic stirrer and septum adaptor was charged with a solution of 7.8 mmol
of bis(ﬂ-pyrrolidino-N'-phenylureido)dimethylsilane in 10 ml of chlorobenzene,
and the solution was cooled to 0°. A solution of 2.80 g (7.7 mmol) of bis(2-
fluoro-2,2-dinitropropyl)silanediol in 10 ml of ether was added dropwise by
syringe with stirring at 0°. The mixture was stirred at ambient temperature

for 1 hr. Solvent was removed under vacuum, and 30 ml of chloroform was ad-

17
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ded. The chloroform layer was decanted from insoluble material. Tae chloro-
form was removed and the residue was washed with ether and chloroform was ad-
ded. The resulting insoluble material was combined with the original chloro-
form-insoluble material. The material was dissolved in methylene chloride

and precipitated with chloroform to give, after vacuum drying, 1.38 z (43%) of
polymer with a molecular weight of 4,kk0. The material was a tacky pale yellow
resin with a.ratio of dimethylsilyl to fluorodinitropropylsilyl units of 0.90
(NMR).

2-Fluoro-2-nitro-1, 3-provanediol. A. A suspension of 89.2 g (0.40 mole

of diethyl fluoronitromalonate in 80 ml (1.0 mole) of 37% agueous formeldehyde
was cooled in an ice-bath to 2°C. A solution of 66.0 g (1.60 mole) of sodium
hydroxide in 400 ml of water was then added dropwise with vigorous stirring

over 100 minutes, below 109C. After the reaction mixture was stirred overnizht
£n an ice-bath, it was filtered and the filtrate was extracted with ethyl ace-
tate (3 x 1000 ml). The ethyl acetate solution was dried over sodium sulfate
and distilled (0.17 mn/170° bath) to zive 25.5 g (45.9%) of 2-fluoro-2-nitro-1,3-
propanediol: mp 86-87°¢; 1HNMR (acetone-Dg) 3.90 (a, J=6 Hz, 2 H, -CH2-), k.20

19

(t, J= 6 Hz, 2 H, -CHy-), 4.80 (t, J= 6 Hz, 2 H, -0H); “FMMR (acetone-Dg) b

145.6 (quintet, J= 16 Hz). IR(CHaclz) 3620 (-OH), 1575, 1335 (-N0,), 10ko cmfl
(C-F).
B. To a suspension of 24.5 g (0.11 mol) diethyl fluoronitro-
malonate and 8.8 g (0.275 mol) of paraformaldehyde in 110 ml of me-
thanol, at -9°C, was added 7.28 (0.11 mol) of potassium hydroxide in
55 ml of methanol dropwise over 27 minutes. After 45 minutes, the

reaction temperature was raised to °. M precipitate remained

after 1 hr, The reaction mixture was diluted with 330 ml of water and

18




the pH was adjusted to 5 with concentrated hydrochloric acid. The reaction
nixture was saturated with sodium chloride and extracted with ethyl acetate
(3 x 275 ml). The ethyl acetate solution was dried and stripped. Toluene
was twice added and removed in vacuo to leave 12.3 g of semisolid residue.

Vacuunm distillation gave 6.99 g (45.7%) of 2-fluoro-2-nitro-1,3-propanediol.

2-Fluoro-3-hydroxy-2-nitro-1l-propyl v-Toluenesulfonate. To a refluxing
solution of 2;78 3 (0.020 mol)of 2-fluoro-2-nitro-1,3-propanediol and 1.6 ml
(0.020 mol) of pyridine in 28 ml of chlorofornm was added dropwise over 2-1/2
hours a solution of 1.91 g (0.010 mol) of p-toluenesulfonyl chloride in 28 ml
of chloroform. Refluxing was continued for 3 hours and then the reaction mix-
ture was stirred at room temperature for 15 hours. As TLC indicated that some
p-toluenesulfonyl chloride remained, the reaction mixture was refluxed an addi-
tional 2 hours. The chloroform solution was washed with 10 ml of water, with
two 10 ml portions of 1.0 M HCl, and then with 10 ml of water, and was dried
over sodium sulfate. Removal of the chloroform gave 2.6 g of a white solid,
which was recrystallized from 26 ml of methylene chloride and 30 ml of Skelly F
to give 1.6 g of 2-fluoro-3-hydroxy-2-nitro-l-propyl p-toluenesulfonate. A
second recrystallization zave an analytical sample: mp 88-89°; lHNER (CDCl3)
$2.50 (s, 3 H, m3), 2.90 (broad s, 1 H, -OH), 4.00 (4, J= 16 Hz, 2 H, -CH,-OH),
k.52 (e, J= 16 Hz, 2 H, -CH,-OTs); 7.40 (m, 5 E, Ph) 19me (CDC].3) ¢ 138.8
(quintet, J= 16 Hz). IR (CHZC]Q) 3620 (-OH), 1585 (1\102), 1380, 1195, 1180
(-080,<Q)-CHg), 1020 ew ™t (c-F).

Anal. Calcd for CyoH,oFNSOg: C, 40.96; H, 4.12; N, 4.78. Fourd: C, 40.77;
H, 4.11; N, b4.57.

The mother liquor from the above crystallization was chromatographed
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(silica gel, CHoClo-EtCAc) to sive an additional 0.68 g of monotosylate, for
8 combined yield of 2.28 g (77.8%), and 0.44 ; (10.0%) of the corresponding
ditosylate.

The water extract and the first acid extract wvere combined and extracted
with ethyl acetate (3 x 20 ml). The solution was cried over sodiﬁm sulfate,
and ethyl acetate was removed to give 1.3 g of 2-fluoro-2-nitro-1, 3-propenediol.

: &
2-Fluoro-2-nitro-1, 3-propylene Di-p-toluenesulfonate. To a solution of

1.12 g (8.0 mmol) of 2-fluoro-2-nitro-1,3-propanediol in 20 ml of pyridine was
added dropwise over 15 minutes with stirring 6.10 5 (32.0 mmol) of p-toluene-
sulfonyl chloride in 20 ml pyridine. After 17 hours, the reaction mixture was
poured into 240 ml of ice water. The resulting solid precipitate was filtered
and washed with water and with Skelly F. The combined filtrate and water wash
was extracted with methylene chloride (2 x 50 ml), and the methylene chloride
extract was then washed with cold 50% aqueous hydrochloric acid (2 x 50 ml)
and with 50 ml of water. The methylene chloride was dried and in vecuo to zive
0.3 g of a syrup. The above solid and the syrup were combined and recrystallized
from 40 ml of ethanol to give 2.05 g of ditosylate. The mother liquor was
stripped and the residue was crystallized from 8 ml ethanol to give an addi-
tional 0.35 g for a combined yield of 2.40 g (67.1%) of 2-fluoro-2-nitro-1,3-
propylene Di-p-toluenesulfcnate. An analytical sample was recrystallized from
ethanol: mp 90-91°; Yinw (CD013)52.h3 (s, € H, CH), k.47 (4, J= 16 Hz, L H,
-CHy-), T.43 (n, 10 H, Ph); 19FNMR (00013) ¢ 136.8 (quintet J= 16 Ez).

Anal. Calcd for C17H18FN5203: ¢, u5.63; H, h.06; R, 3.13. Found: €,
ks.64; H, 4.17; N, 3.17.

2,6-Difluoro-7-hydroxy-2,6-dinitro-b-oxa-1-heptyl p-Toluenesulfonate. To
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a solution of 0.147 g (0.50 mmol) 2-fluoro-3-hydroxy-2-nitro-l-oronyl tosylste
in 0.75 ml of dioxane and 0.20 ml of HQO was added 0.55 ml of al.0 M KCH solu-
tion. After the mixture was stirred at room temperature for 1 hour, 3.5 ml of
water was added and the product was extracted with ethyl acetate (2 x 5 rl),
and dried over sodiuwm sulfate. Removal of ethyl acetate in vacuo gzave 0.101 g
(97.6% crude yield) of a product which contzined only trace impurities. Puri-
fication was'effectcd by an analytical sample prepared by TLC (h:lC32012-EtCAc),
followed by crystallization from methylene chloride~Skelly F: mp 89-90°; lHHxR
(CDCl3):52.h3 (s, 3 H, CH3), 4,03 (4, J= 16 Hz, T H, 3 x CH,;-0H), 4.43 (g, J-
16 Hz, 2 H, CE,-OTs) 7.40 (m, 5 H, Ph); enm (acetone) ¢ 140.6 (vroad s, 1 F),
142.2 (broad s, 1 F). IR(CHecle) 3625 (-0H), 1580 (-“02), 1380, 1195, 1180
(-o-sog_@_ (), 1030 en™t (C-F).

Anal. Caled for C13H16F2Né809: C, 37.68; H, 3.89; N, 6.76. Found: C,
38.79; H, L4.18; N, 6.90.

3-Azido-2-flucro-2-nitro-l-provanol. A solution of 0.293 3 (1.0 zmol) of

sodium azide in 3 ml of dimethyl sulfoxide was heated in a 55-60°C bath for 66
hrs. The rcaction mixture was cooled, diluted with 18 ml of water, and ex-
tracted with methylene chloride (3 x 10 m1). The nethylene chloride solution
was washed with water (2 x 10 ml) and dried over sodium sulfate. Removal of
the nethylene chloride left 0.110 g of a yellow o0il, which was found by NM

to contain some monotosylate and some DMSO, as well as 3-azido-2-fluoro-2-nitro-
l-propanol: 1}1:11\'3 (CDC13)S3.90 (4, J= 16 Hz, 2 H,-CH,OH), 4.00 (4, J= 16 Hz,

2 H, -CHa-N3) (the two doublets overlap and apveared as a pseudoquartet);

Yrer (cpc1,) ¢ 137.0 (quintet, J= 16 Hz). IR (cpc1y) 2150 (-N,), 1565,

-1
1360 em (-Ii()?_).
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The crude azide (0.110 ) and .050 7 (0.7 mmol) propiolic acid were dis-
solved in 0.6 ml chloroform. After standing at room temperature for Sk hours, the
resulting solid wes filtered and washed with chloroform to give 0.054 g of 1-
(2-fluoro-3-hydroxy-2-nitro-propyl)-k-(or 5-)-carboxy-1,2,3-triazole. After
several days an additional 0.023 g deposited from the chloroform solution for
a combined yield of 0.077 g. Recrystallization of a portion from acetonitrile-
carbon tetrachloride gave an analytical sample: mp 175-177°; IHNMR (acetone-D6)
$4.23 (m, J= 16 Hz, CH,OH) 5.53 (m, J= 16 Hz, CH,-N-), 7.27 (broad s, 1 §,
COoH), 8.33 (s, 1 H, triazole), 19FNMR (acetone-D6) 1)139.2 (quintet, J= 16 Hz).

Anal. Caled for C6H7FNL05: C, 30.78; H, 3.01; N, 23.93. Found: C, 31.30;
H, 2.91; N, 2L.75.

3-Bromo-2-fluoro-2-nitro-1l-propanol. A solution of 0.293 g (1.0 mmol) of

2-fluoro-3-hydroxy-2-nitro-1-propyl tosylate and 0.261 g (3.0 mmol) of lithium
bromide (dried overnight at 140°C) in 3.0 ml of dimethyl sulfoxide was stirred
in a 65°C bath for 5 days. No starting material was detected by lgFNMR after
2 days. The reaction mixture was cooled, diluted with 27 ml of water and ex-
tracted with methylene chloride (3 x 15 m1). The methylene chloride solution
was washed with water (5 x 25 ml) and dried over sodium sulfate. Removal of
methylene chloride in vacuo save 0.048 g (23.7%) of essentially pure 3-bromo-
2-fluoro-2-nitro-l-propanol as a brown syrup: lHNMR (CDCl3)<§2.63 (broad s,
1H, -OH), 4.03 (m, 4 H, -CH5-); 19FNMR (DMs0) ¢ 134.2 (quintet, J= 16 Hz).

1, 3-Diazido-2-fluoro-2-nitropropane. A. A solution of 0.4L47 g (1.0 mmol)

of 2-fluoro-2-nitro-1,3-propylene ditosylate and 0.200 g (3.0 mmol) of sodiua
azide in 5 ml of dimethyl sulfoxide was heated in a 65° bath for 20 hours. The

reaction mixture was cooled, diluted with 45 ml of water and then was extracted
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with methylene chloride (3 x 20 ml). The methylene chloride solution was
washed witn water (5 x 30 ml) and then was dried over sodium sulfate. Removal
of methylene chloride in vacuo gave 0.184% 5 (97.4% yield) of 1,3-diazido-2-
fluoro-2-nitropropane (no impurities in leMR) as a yellow oil: lHNHR (CDC13)
$3.87 (4, J= 16 Hz); 19Frm (CDCl3) 4) 133.8 (guintet, J= 16 Hz). IR (CDC1

2150 (-N3), 1580, 1320 (-NOp) en’t.

3)

The azi&e (0.184% g) and 0.159 3z (2.27 mmol) of prcpiolic acid were dis-
solved in 1.0 ml of chloroform. After standing st room temperature for 5k
hours, the resulting solid was filtered and washed with chlorcform to give
0.234 g of 1,3-bis [}-(h-(or 5-)—carboxy-l,z,3-triazolo{]-2-fluoro-2-nitropro-
pane. An analytical sample was crystallized from acetonitrile-carbon tetra-

1 -
chloride: mp 163-170°; ~ENMR (acetone-D6)c)5.77 (m, 4 H, -CH2-), 7.73 (s, 2 B,

l 2
COEH), 8.57 (s, 2 H, triazole); 9FNMR (acetone-Ds) @ 134.0 (quintet, J= 16 Ez).

Anal. Calcd for 09H8FN706: C, 32.84; H, 2.45; N, 29.78. Found: C, 31.8%4;
H, 2.65; N, 29.21.

B. A solution of 0.407 g (1.0 mmol) of 2-fluoro-2-nitro-1,3-propylene
ditriflate and 0.225 g (3.3 mmol) of sodium azide in 5.5 wnl of dimethyl sulf-
oxide was stirred at room temperature for 22 hrs, diluted with 50 ml of water,
and then extracted with methylene chloride (3 x 17 ml). The methylene chloride
solution was washed with water (5 x 25 ml) and dried over sodium sulfate. Re-
moval of the methylene chloride in vacuo gave 0.195 g (100%) of a brown liquid,
which was shown by lHNMR to contain only 1,3-diazido-2-fluorc-2-nitropropane

and trace impurities.

. 2-Fluoro-3-hydroxy-2-nitro-l-propyl Triflate. To a solution of 17.4 gz

(0.124 mol) of 2-fluoro-2-nitro-1,3-propanediol and 6.0 ml (0.C74 mol) of pyri-

-




dine in 210 ml of ether, was added 10.9 ml (0.065 mol) of triflic anhydride
in 210 ml of ether dropwise over 25 minutes. The reaction temperature was
kept below 26°C. After 16 hrs of stirring, the resulting precipitate was fil-
tered and washed with ether (2 x 40 ml). Removal in vacuo of the ether gave
26.2 g of a white solid, which was partitioned between 300 ml of methylene
chloride and 60 ml of water. The methylene chloride layer was separated,
washed with 30 ml water, dried over sodium sulfate, and applied to a 125 3z
silica gel column (methylene chloride). Elution with 500 ml of methylene
chloride gave 2.216 g (8.9%) of ditriflate, and further elution with 500 ml
of 9:1 methylene chloride-ethyl Acetate cave 13.26 g (78.9%) of the monotri-
flaté.> An analytical sample was recrystallized from methylene chloride -
Skelly F at -10° to give a colorless hygroscopic solid: mp 29-300; lHNMR
(cncl3)a’2.65 (broad s, 1 H, -OH), k.10 (q, J= 14 Hz, 2 H, CH,OH), 5.07 (m,
J= 14 Hz, 2 H, 0{20-802015‘3); 191«‘1%1& (CDCl3) 4> 72.0 (s, 3 F, CF3), 139.4 (quin-
tet, J= 14 Hz, 1 F, 02N-C-F); IR (cm2012) 3625 (-OH), 1580, 1350 (-Noa), 1420,
1220, 1140, 900 (-0S0,CF3), 1000 em (C-F).

Anal. Calcd for qhH5FhN306: G, 17.22; B, 1.86; N, 5.17. Found: C, 17.88;

B, 1.75; N, 5.31.

The combined water washes were extracted with ethyl acetate (3 x 100 ml).

The product was dried by twice adding toluene and removing in vacuo, leaving
8.70 g of recovered 2-fluoro-2-nitro-1,3-propanediol.

2-Fluoro-2-nitro-1, 3-propylene Ditriflate. To a solution of 5.8 g (0.02

mol) of triflic anhydride in 10 ml of chloroform was added, dropwise over 20
minutes, & solution of 1.39 g (0.010 mol) of 2-fluoro-2-nitro-1,3-propanediol

and 1.8 ml (0.022 mol) of pyridine in 10 ml of chloroform. Water bath cooling
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was used. After 3 hrs, the crloroform sclution was washed with ice-water

(2 x 10 ml), dried over sodium sulfate, and stripped in vacuo to give 3.2 g
of a solid residue. The residue was applied to a 64 g silica gel column (me-
thylene chloride), and eluted with methylene chloride. The first 300 ml con-
tained 2.80 g (75.5%) of 2-fluoro-2-nitro-1,3-propylene ditriflate. An ana-
lytical sample was recrystallized from methylene chloride-Skelly F: mp 57-58°
C; lHNMR (CD013y5uu93 (a, J= 14 Hz); 19FNMR (CDCl3) ¢ 71.8 (s, 6 F, cF3L
136.7 (quintet, J= 14 Hz, 2 F, 02N-C-F). IR (CHaclz) 1595, 1320 (-Noe), 1420,
1220, 1140, 900 (0S0,CF;), 10005 o Ken.

Anal. Caled for C HhF7NS208: C, 14.90; H, 1.00; N, 3.47. Found: C,

p
15.30; B, 0.9); B, 3.61.

3-Fluoro-3-nitrooxetane. A. To a solution of 0.271 g (1.00 mol) of 2-

fluoro-3-hydroxy-2-nitro-l-propyl triflate in 26 ml of water was added 1.00 ml
of 1.0 ﬁ KOH. After 1 hr, the reaction mixture was extracted with methylene
chloride (2 x 10 ml). The solution was dried over sodium sulfate, and the
methylene chloride was cdistilled off to leave an orange liquid residue. Pre-
parative GLC (8 £t x 0.375 in. column of 12% QF-1 on Chromosorb W, 100°C) gave
0.017 g (14.0%) of 3-fluoro-3-nitrooxetane: lHNMR (CDCl3)5l+.97 (sextet);

19
FNMR (cnc13) ¢ 127.7 (quintet, J= 14 Hz); IR (CHyCH,) 1575, 1345 (-NOp),

- 2k,
1000 (C-F) e ny > 181

Anal. Calcd for C HhFNO3: C, 29.76; H, 3.33; N, 11.58. Fourd: C, 30.13;

3
H, 3.35; N, 12.07.

B. To a solution of 5.42 g (0.020 mol) of 2-fluoro-3-hydroxy-2-nitro-
1-propyl triflate in 36 ml of methylene chloride was added a solution of

3.1 mb (0.0207 mol) of 1,5-diazabicyclo(5.4.0) undec-5-ene (DBU) in 18 ml
!

e



methylene chloride dropwise over 12 min (below Eho). The reaction mixture was
stirred for 75 minutes. Chromatography on a 30 g silica gel column and elution
with methylene chloride gave 2 g of crude oxetane. Vacuum distillation geve
1.486 g (61.4%) of 3-fluoro-2-nitrooxetane: bp 31° (1.5 mm). The use of the
silica gel column for removal of the DBU triflic acid salt was employed as the
salt was not extracted from methylene chloride by water.

Reaction of 2-Fluoro-3-hydroxy-2-nitro-l-propyl Triflate with Pyridine. To

solution of 0.068 g(0.25 mmol) of 2-fluoro-3-hydroxy-2-nitro-l-propyl triflate

in 0.70 ml of CDCl

3
1l
9FNMR indicated the almost complete replacement of the quintet at 139.6 ppm

vas added kO 1 (0.50 mmol) of pyridine. After 24 hrs

and doublet at 73.2 pom of the monotriflate. After 4 days the disappearance

1 -
of the monotriflate was complete: HNMR (CDCl,)3d4.05 (broad d, 2 H, CE,-OH-);

3
4.78 (broad s) and 5.42 (broad d) (3 H, CHp-N- and -OH); lgFNMR (cnc13) 1) 7.4
(s), 136.4 (quintet, J= 16 Hz).

3-Chloro-2-fluoro-2-nitro-1-provanol. To 0.062 g (0.5 mmol) of 3-fluoro-
3-nitrooxetane was added 0.5 ml of concentrated hydrochloric acid. After 6 min
19FNMR indicated no oxetane remained. After 140 min, the reaction mixture was
diluted with 4.5 ml of water, neutralized with potassium, hydroxide, and ex-
tracted with methylene chloride (3 x 5 ml). After the solution was dried over
sodium sulfate, the methylene chloride was removed in vacuo to give 0.037 g
(48.8%) of essentially pure 3-chloro-2-fluoro-2-nitro.1l-propanol as a brown
liquid: Mom (cnc13)52.h7 (broad s, 1 H, -OH); 4.12 (m, 4 H, CHy); 19FNMR
(cpe1s) ? 136.8 (quintet, J= 16 Hz).

-Reaction of 2,2-Dinitro-1,3-propanediol with Triflic Anhydride. To a

a solution of 1.66 g (0.010 mol) of 2,2-dinitro-1,3-vropanediol and 0.81 ml

a




(0.010 mol) of pyridine in 15 ml of ether, was aided 1.70 ml (0.010 mole)
of triflic anhydride in 15 ml of ether dropwise over 9 minutes at 12-180.

The. reaction mixture was stirred at room temperature for 2 hrs. The result- ;

ing precipitate was then filtered and washed with ether. Removal of the ether
in vacuo gave 3.0 g of a yellow liquid, which was taken up in 20 ml of methyl-

ene chloride. The solution was dried over sodium sulfate and stripped of sol-

o

vent. Chromatography (60 g silica gel), on elution with 100 ml of C52012

and 50 ml of 95:5 CH,Cl,-EtOAc gave 0.607 g (14.0%) of 2,2-dinitro-1,3-propylene
ditriflate: mp 51-52°; b (CD013)5 5.26 (s); 1R (CDC13) q; 72.0 (s); IR
(CH2012) 1590, 1305 (-N02), 1425, 1220, 1140, 930 (-0502CF3), 1000 cm'l (c-F).
Elution with 9:1 CH,Cl,-EtOAc gave 1.395 g (46.8%) of 2,2-dinitro-3-hydroxy-
l-propyl triflate: mp 42-43°C; lHNI-IR (CD013)6 2.76 (broed s, 1 H, -OE); k4.52

(s, 2 H, cae-o-n); 5.21 (s, 2 H, -cﬂz-o-soacps); l9FNMR (CDCl3) 4>72.u (s);

IR ((}12012) 3620 (-0H), 1585, 1320, (-NO,), 1k20, 1220, 1140, 840 (-osoacF3),

995 cm™ ! (C-F).
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Appendix A

Synthesis of Organosilanes and Polysiloxanes with Nitro and Fluoro
Substituents!

Kurt Baum,* Duane A. Lerdal, and Jerold S. Horn
Fluorochem, Inc., Azusa, Califarnia 91702

Received May 24, 1977

Nitrite ion displacement of (3-bromopropy!)trimethylsilane, (4-bromobutyDtrimethylsilane, and (3-bromob-
utytrimethyisilane gave the correspending nitro compcunds, which on oxidative nitration pave the gem-dinitro
compounds. Fluorination of salts of (3,2-dinitropropylitrimethylsilane and 14,4-dinitrobutyiitrimethvlsilane with
elemental fluorine or perchlory! fluoride gave (3-fluoro-3,3-dinitropropylitrimethylsilane and (4-fluoro-4.4-dini-
trobutyl)trimethylsilane. Trimethylsilvimethyl triflate and 2-fluoro-2,2-dinitroethanocl gave trimethylsilvimethyl
2-fluoro-2,2-dinitroethyl ether. Nitrite displacement. oxidative nitration. and fluorination converted (3-bramopro-
pyl)methyldiphenylsilane to (3-fluoro-3.3-dinitropropylimethyldiph~nylsilane, and dephenvlation with bromine
gave (3-fluoro-3,3-dinitropropylimethyldibromosilane, which was hydrolyzed to give polysiloxanes. The latter
reacted with hydrofluoric acid to give (3-fluoro-3.3-dinitropropyl)methyldifluorosiiane. which with sodium meth-
oxide and aqueous acid gave the corresponding difluorodisiloxane. Bis(3-bromopropylidiphenylsilane was convert-
ed to bis(3-fluoro-3,3-dinitropropyl)diphenylsilane. Stepwise dephenylation with bromine and hydrolysis gave the

cyclic trisiloxane.

Although the chemistry of organosilicon compounds has
"been studied extensively,? few examples of this class of com-

pounds with nitro substituents are known. The hvdrosilyla-
tions of 3-nitropropene, 4,4,4-trinitrobutene, and 4.4-dini-
trobutene with trichlorosilane and methyvldichlorosilane have
been reported,?* and patent literature describes N2O5 addi-
tion to allylsilanes® and silver nitrite displacement of (3-io-
dopropyl)triethoxysilane. ¢ The most commonly used methods
of forming carbon-silicon bonds. the reaction of Grignard
reagents and similar organometallics with silicon halides and
the reaction of elemental silicon with aikyl halides at high
temperatures, are not compatible with nitro substituents.

The present study involved the synthesis of gem-dinitro-
and fluorodinitrosilanes and polysiloxanes by the stepwise
introduction of nitro and fluorine moities. Polysiloxanes are
usually obtained by the hydralysis of silicon-halogen bonds,
and these bonds are not stable to displacement, nitration, and
fluorination reaction conditions. A hvdrolytically stable silicon
blocking group is therefore needed.

Convenient starting materials for the synthesis of simple
nitrosilanes are (3-bromopropybhirimethylsilane,” (4-bro-
mobutyl)trimethylsilane,® and (3-bromobutyl)trimethvisil-
ane.® Kornblum? has reported that the reaction of alkyl bro-
mides with sodium nitrite in dimethyl sulfoxide gives ni-
troalkanes, with alkyl nitrites as byproducts. These trimeth-
ylsilyl compounds underwent this displacement reaction
normally.

NaN:
(CH3)3Si(CHy).Br M—£ (CH,)3Si(CH,), NO,

+ (CH3)5Si(CH2),ONO
n=34

(CHa)gleHch_)CHBI‘CH'l
— (CH3):SiCH,CH2CH(NO,)CH,
- + (CH3)3SiCH,CH,CH(ONO)CHy

The oxidative nitration reaction'® was applied to (3-nitro-
propyl)trimethylsilane, (4-nitrobutyl)trimethylsilane, and
(3-nitrobutylitrimethylsilanetoprepare(3,3-dinitropropyl)-
trimethylsilane, (4,4-dinitrobutyl)trimethylsilane, and
(3,3-dinitrobutyl)trimethylsilane, respectively. Yields were
57-T2%.
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(CH3);3Si(CHj),CH,NO,

AgNO3
—

NaNO;, OH
n=23

(CH3);SiCH,CH,CH(NO,)CHj
- (CH:):)S\CHQCHzC(NO:)QCHq

The direct fluorination of terminal gem-dinitro compounds
in aqueous alkaline solution was reported previously to give
fluorodinitro compounds.!! This reaction with (3.3-dini-
tropropyl)trimethylsilane, using the theoretical amount of
base, gave (3-fluoro-3,3-dinitropropyl)trimethylsilane in 31%
yield. In the fluorination of (4,4-dinitrobutvl)trimethylsilane,
after fluorine uptake ceased, additional base and fluorine were
added; a 61% yield of (4-fluoro-4.4-dinitrobutyl)trimethvlsi-
lane was obtained. A difficulty in these reactions was that
dilute solutions were used because of low solubility of the ni-
tronate salts in water, and acid was formed by competing
fluorination of water. Another fluorination reacent that has
been used with dinitro compounds, perchloryl fluoride,!? al-
lows the use of a broader range of solvents. This reagent was
used to fluorinate the potassium salt of (3,3-dinitropropyl)-
trimethylsilane in equal parts of water, methanol, and di-
methylformamide. The fluorodinitro compound was obtained
in 85% yield.

(CH3)3Si(CH;),CH(NOy); — (CH3)3Si(CH;),CF(NO,),
n=23

A fluorodinitroalkylsilane with an ether linkage was ob-
tained by the alkylation of 2-fluoro-2.2-dinitroethanol. Alkyl
triflates are sufficiently reactive to alkylate this alcohol in
methylene chloride in the presence of a mild heterogeneous
base such as potassium carbonate.!3 Under these conditions,
trimethylsilylmethyl triflate and 2-fluoro-2.2-dinitroethanol
gave trimethylsilylmethyl 2-fluoro-2.2-dinitroethyl ether. This
triflate was prepared by the reaction of trifluoromethan-
esulfonic anhydride with (hydroxymethyl)trimethylsilane,
obtained by the published procedure.!4

! (CH3)3Si(CH,),CH(NQ3)2

e — T '”_L-:-‘ !_:":1 " - - >




(CH;3)3SiCH,0H + (CF3S0,):0 — (CH3);SiCH,0S0,CF3

(CH,)3SiCH,080,CF; + FC(NO,).CH,OH

!
e (CH,),SiCH,0CH,CF(NO,)
K2COs

Polysiloxanes are generally prepared by the hydrolysis of
dialkyldihalosilanes, and if flucrodinitro-substituted polysi-
loxanes are to be synthesized by the above methods the sili-
con-halogen bonds must be generated after the nitro and
fluorine groups are introduced. Silicon halides, as well as sil-
icon acetates, silicon methoxides, and similar derivatives,
would not survive the hydrolytic reaction conditions.? How-
ever, carbon-silicon bonds can be cleaved by bromine, and the
cleavage of phenyl-silicon bonds in this way is particularly
facile.!® Therefore, the approach was taken to build up fluo-
rodinitro groups starting with dialkyldiphenylsilanes con-
taining reactive sites on the alkyl chains.

One such starting material is (3-bromopropyl)methyldi-
phenylsilane. This compound was obtained initially by the
bromination of the hydroboration product of allylmethyldi-
phenylsilane, prepared. in turn, {rom allylmagnesium bromide
and methylchloradipheny! silane.

CHz=CHCH;MgBr + (C¢Hj5).SiCH,Cl

NeBH{ Br2

—» —> CHjy(C¢H;).SiCH,CH.CH,Br
BF3 NaOCH3

A more convenient route to this bromide was based on the
hydrosilylation of allyl acetate with methyldiphenylsilane with
chloroplatinic acid! as catalyst to give a 49 vield of (3-
hydroxypropyl)methyldiphenylsilane after hydrolysis. A
molar excess of allyl acetate was required. The use of ally-
loxytrimethylsilane instead of the acetate gave a 71'% yield of
the alcohol with only a 10% excess of olefin. The use of tris-

(triphenylphosphine)rhodium chloride! as the catalyst in-
stead of chloroplatinic acid increased the yield to 98%. This
alcohol was converted to the toluenesulfonate in 62% yield
with toluenesulfonyl chloride and pyridine in methylene
chloride. The toluenesulfonate was converted to the bromide
with lithium or sodium bromide in dimethyl sulfoxide. The
yield of this displacement was essentially quantitative on the
basis of NMR analysis, and for preparative purposes it was
not necessary to isolate the bromide; the subsequent step was
carried out with the same solvent.

CH;(CGH5)gSlH i CH;=CHCHzOSI(CH1)3
=% CH3(C5H5)ZSiCH2CHgCHzOSi(CHa)g

H*
;’: CH;(C¢H5).SiCH,CH,CH,0H

TeC1
—_— CH:(CGH‘r.)zSiCHgCHzCHzOSOzCsl‘hCHrp
Pyr, CHzClz C

NaB:
—> CHy(CeHs);SiCH,CH,CH,Br
MezSO

The displacement of the bromide!® with sodium nitri te in
dimethyl sulfoxide gave the nitro compound, as well as the

corresponding nitrite and alcohol. The nitro compound was -

separated from the other ;roducts by extracting the mixture
with potassium hydroxide, and the isolated yield was 50%.
Oxidative nitration of (3-nitropropyl)methyldiphenylsilane
gave (3,3-dinitropropyl)methyldiphenylsilane in 70% yield,
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an undistillable oil characterized by NMR. Salts of this
gem-dinitro compound had low solubility in water, and at-
tempted fluorinations in this medium with elemental flucrine
were unsuccessful. Fluorination with perchloryl {luoride in
methanol, however, gave a 79% yield of (3-fluoro-3,3-dini-
tropropyl)methyldiphenylsilane. Heating this fluorinated
compound with bromine then gave (3-fluoro-3,3-dinitropro-
pylmethyldibromosilane in 76% vield. The dibromide was too
labile hydrolytically for elemental analysis but was identified
spectrally and by its hydrolysis product.

CH3(C5H5)QSiCH2CHgCH23X
NaNO; -
e CH;;(CGHs)QSICH:CHg CH2N02
Me2SO L

AgNOs 2
—— CHa(Cng,)leCHzCHzCH(NOz)z
NaNOz, OH™

FClO3
e CH;(Csns)zsiCHzCHgCF(NOQ)z
CH30H

B
— CH;Br,SiCH;CH,CF(NO,),

The hydrolysis of this dibromide gave cyclic polysiloxanes,
with the number of units depending on the hydrolysis condi-
tions. Thus, treating the dibromide in ether solution with ice
gave the tetramer on the basis of vapor osmometric molecular
weight. The same molecular weight was obtained when a
sample of the neat dibromide was hydrolyzed by atmospheric
moisture. On the other hand, when a methylene chloride so-
lution was hydrolyzed, a molecular weight corresponding to
the trimer was obtained.

The polysiloxane reacted with hydrofluoric acid in aqueous
ethanol to give an 80% vield of (3-fluoro-3.3-dinitropropyl)-
methyldifluorosilane. The dibromide also gave the difiuoride,
probably via an in situ hvdrolysis. The difluoride reacted with
sodium methoxide to give a compound assigned on the basis -
of NMR spectrza te be (3-fluoro-3,3-dinitropropylimethyi-
methoxyfluorosilane. A pure sample of this compound was not
isolated. Advantage was taken of the relative stability of flu-
orine-silicon bonds toward acids.!® Treating the crude
methoxyfluoride with aqueous acid gave 1,3-bis(3-fluoro-
3,3-dinitropropyl)1,3-dimethyl-1,3-difluorodisiloxane, iso-
lated readily by distillation.

[cnficmcnzcr‘mog:] B, CH,SiF.CH.CHCF(NO,),

n

NaOCH,

CH SiF(OCH;)CH.CH,CF(NO.)X

3 CH,
%’ FQ(NO,).CH.CH,Si —-O——?iC H.CH,CF(NO,)
F F

The synthesis of bis(3-fluoro-3,3-dinitropropyl)polysilox-
anes was also undertaken with the use of phenyl as a blocking
group. The starting,material for this work was prepared ini-
tially using a rearrangement of haloalkoxysilyl ethers to hy-
droxyalkylsilanes us reported by Speier.?0 Bis(3-chloropro-
poxy)diphenylsilane was prepared by the reaction of dichlo-




rodiphenylsilane and 3-chloropropanol with ammonia in
benzene. This product reacted with sodium and chlorotri-
methylsilane in refluxing toluene to give bis(3-trimethylsil-
yloxypropyl)diphenylsilane. Hydrolysis with acid gave
bis(3-hydroxypropyl)diphenylsilane.

(C¢Hs).SiCl; + CICH-CH,CH,0H
NH,
—> (C¢H3s)2Si(OCH,CH.CH,C),
CeHg

Na, Toluene
o=l (CeHs)gSi(CHQCHgCH;{OSi(CH:))a)z
(CH3)3SiCl

H*
—> (CgHj5)2Si(CH,CH,CH,0H),
EtOH

Another route to a difunctional starting material involved
hydroboration. Borane in tetrahydrofuran was added to di-
allyldiphenylsilane, and the resulting borane was brominated
to give bis(3-bromopropyl)diphenylsilane in 24% overall
yield.

(CeHs)2Si(CH,CH=CHy); ——5 (CgHs)2Si(CH,CH,CH,B),

B
—3 (CeHs)sSi(CH,CH:CH:Br),

A reaction scheme analogous to that used to prepare the
(2-fluoro-2,2-dinitropropyl)methylsilane derivatives provided
a more practical route to the preparation of bis(2-fiuoro-
2,2-dinitropropyl)silicon compounds. Thus, the hvdrosilyla-
tion of allyloxytrimethylsilane with diphenylsilane catalyzed
by tris(triphenylphosphine)rhodium chloride gave, after
hydrolysis, a 68% yield of bis(3-hydroxypropyl)diphenylsilane.
Lower yields resulted from the use of allyl acetate as the olefin
or chloroplatinic acid as the catalyst. The alcohol was con-
verted to the p-toluenesulfonate which, in turn, was treated
with sodium bromide in dimethyl sulfoxide to give the di-
bromide in 84% overall yield. The dimethyl sulfoxide solution
could be used in the nitrite reaction without workup. The
dibromide was also prepared from the alcohol with phos-
phorus tribromide in 67% recrystallized yield.

(CgH5),SiH, + CH,=CHCH,0Si(CH;);3
— (C¢H5)2Si[CH,CH,CH20Si(CHj)s),

H
—;‘? (CeHs)2Si(CH,CH,CH,0H),

— PBuo & H,),Si(CH,CH,CH,Br),
1. TsC\, Pyr, CH:Cl,
2NaBr, Me,SO

The reaction of bis(3-bromopropyl)diphenylsilane in di-
methyl sulfoxide with sodium nitrite gave bis(3-nitropro-
pyl)diphenylsilane in 34% vield. Oxidative nitration of this
compound gave bis(3,3-dinitropropyl)diphenylsilane in 38%
yield. Fluorination of the potassium salt of this compound was
carried out in a mixture of water, methanol, and dimethyl-
formamide with perchloryl fluoride as the fluorinating agent.
An 85% yield of bis(3-fluoro-3,3-dinitropropyl)diphenylsilane
was obtained.
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(CGH:,)gSI(CH_:CH_-CHgBI’)z
NaNO2
—> (CgH5),Si(CH,CH,CH,NO,),
MezSO

AgNO;
—

NaNOz, O~
(CeHis)2Si[CH.CH,CH(NO)a]

FCIO;3
o (CsH:,)_-SIlCHgCHgCF(NO:)g]z

This diphenylsilane could not be dephenylated completely
with bromine under the conditions that were used with (3-
fluoro-3,3-dinitropropyl)methyldiphenylsilane; the reaction
ceased when approximately half of the phenyl groups were
cleaved. However, when water was added after this initial
reaction was completed, bromine consumption resumed. A
white solid, mp 207-209 °C, was isolated in 67% yield and was
identified by molecular weight and analysis as the cyclic
trisiloxane. Apparently, the second fluorodinitropropyl group
inhibits the dephenylation to the extent that only one phenyl
group is removed. The accelerating effect of water on the de-
phenylation is rationalized on the basis of the hydrolysis of
the initially formed phenylbromosilane. The resulting silanol
or its dimer is dephenylated more readily than the bromosil-
ane.

(CH)STCHCHOF(NO)L > CH.SIBICH.CH.CFNO)T
= CHSIOH)CHCHANO).L
L]

—» BrSi(OH{CH,CH,CF(NO,).L
(CH,CH.CF(NO.),

S O,Sx\o

sol |
(FG(NO.LCH.CH _.ESivSi(CHICH;CFO\'O A%

Fxperimental Section

NMR and (R spectra vere recorded with a Varian T-€0 spec-
trometer and a Perkin-Elmer 700 spectrometer, respectively. Mo-
lecular weights were determined with a Mechrolab 301A vapor os-
mometer. A Varian 920 gas chromatograph with a 12 ft X 43 in alu-
minum column packed with 12% QF-1 on 60-80 mesh Chromosorb
W was used for GLC separations. Previously described safety pre-
cautions for fluorodinitro compounds!!!* were observed.

(3-Nitropropyl)trimethylsilane. A solution of 10 g (0.145 mol)
of sodium nitrite and 11.3 g (0.055 mol) of (3-bromopropyl)trimeth-
ylsilane® in 120 mL of dimethyl sulfoxide was stirred for 3 h at ambient
temperature. Water (500 mL) was added, and the product was ex-
tracted with three 50-mL portions of carbon tetrachloride. The NMR
spectrum showed (3-nitropropylitrimethylsilane (69% yield), (3-
nitritopropyl)trimethylsilane (25%), and starting material and the
alcohol (5% combined). Distillation gave 2.2 g (9.5%) of (3-nitrito-
propyl)trimethylsilane, bp 43-50 °C (16 mm), and 5.9 g (60"%) of 95%
pure (3-nitropropyl)trime:hylsilane, bp 62-64 °C (1 mm). An ana-
lytical sample was isolated by GLC: NMR (CClg) §4.20 (t,J = 7 Hz,
2 H, CH,NO,), 1.87 (m, 2 H, CH,CH.Si), 0.50 {m. 2 H, CH.Si), 0.0 (s,
9 H, (CH3),S); IR (CCLy) 2970, 1545, 1430, 1350, 1250 ecm=1, Anal.
Calcd for Cﬁ”]g,NOgSill C,44.69; H,9.38; N, 8.68. Found: C, 44.74; H,
9.38; N, 8.67.
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The nitrosation?! of (3-hydroxypropyl)trimethylsilane provided
an independent synthesis of (3-nitrotopropyl)trimethvisilane: NMR
(CCl) 4.50 (t,2H, CH,ONO), 1.7 (m, 2 H, CH.CH.Si), 0.5 (m, 2 H,
CH.Si), 0.0 (s, 9 H (CHy),Si); IR (film) 1645, 1605, 1260, 850, 800
cm~L

(4-Nitrobutyl)trimethylsilane. A solution of 1.9 g (0.028 mol)
of sodium nitrite and 2.92 g (0.014 mol) of (4-bromobutyljtrimeth-
ylsilane® in 30 mL of dimethyl sulfoxide was stirred for 3 h at ambient
temperature. Water (30 mL) was added, and the product was ex-
tracted with three 15-mL portions of carbon tetrachleride. The carbon
tetrachioride solution was washed with 10 mL of water and was dried
over magnesium sulfate. Distillation gave 1.1 g (45%) of (4-nitrob-
utyl)trimethylsilane, bp 54-56 °C (0.9 mm). An anlyvtical sample was
isolated by GLC: NMR (CCly) §4.27 (t,J = THz, 2H, CH,NO1), 2.02
(q,J = 7THz,2H, CH,CH,NO»), 1.4 (m, 2 H, CH,CH-Si). 0.50 (m, 2
H, CH.Si), 0.0 (s, 9 H, (CHj3);Si); IR (CCly) 2960, 1545, 1435, 1385,
1255 cm~!. Anal. Caled for C;H;NO-Si: C, 47.96; H, 9.77; N, 7.99.
Found: C, 47.95; H, 9.70; N, 8.11.

(3-Nitrobutyl)trimethylsilane. A solution of 4.3 g (0.020 mol)
of 3-bromobutyl)trimethylsilane and 4.1 g (0.06 mol) of sedium nitrite
in 50 mL of dimethyl sulfoxide was stirred at ambient temperature
for 3 h. The solution was diluted with 200 mL of water, and the
product was extracted with three 25-mL portions of carbon tetra-
chloride. The NMR spectrum of the solution indicated a 35% vield
of (3-nitrobutyl)trimethylsilane, a 25% yield of (3-nitritobutyl)tri-
methylsilane, and 12 unreacted bromide. Distillation gave 1.0 g of
a mixture of nitrite and bromide, bp 56-62 °C (10 mm), and 2.0 g of
80% pure (3-nitrobutylitrimethyisilane (45% vield), bp 58~60 °C (1
mm). Redistillation gave 95% pure product (NMR), and an analytical
sample was isolated bv GLC: NMR (CCl,) & 4.30 (sextet, 1 H,
CHNO,), 1.75 (m, 2 H, CH.CH Si), 1.42 (d, 3 H, CH,CHNOQ,), 0.4 (¢,
2 H, CH,Si)2 0.0 (s, 9 H, (CH,).Si); IR (film) 2970, 1545, 1260, 865,
845 cm™'. Anal. Caled for C;H-NO.Si: C, 47.96; H, 9.77; N, 7.99.
Found: C, 48.09; H, 9.66; N, 7.68.

The nitrite was identified by hydrolysis with acetic acid in methanol
to give the alcohol, which was 1solated by preparative GLC: NMR
(CCLy) 5 3.48 (sextet, 1 H, CHOH). 2.9 (broad s, 1 H, OH), 1.3 (m, 2H,
CH,Si), 1.05 (d, 3 H, CH.CHOH), 0.40 tm. 2 H. CH.Si),0.0(s,9 H
{CH,),Si); IR 3350 (OH), 2950, 1250, 860, 850, 840 cm ™1

The alcohol was reconverted by a standard procedure?®! to the ni-
trite with identical spectra: NMR (CCl) 4 5.30 (sextet. 1 H, CHONO),
1.7 (m, 2 H, Cil,CH.Si), 1.40 (d. J = 7T Hz, 3 H. CH ,CH), 0.55 (m, 2
H, CH,Si), 0.0 (s. 9 H. (CH.):Si); IR tfilm) 2970, 1640, 1600, 1260, 880,
850, 800 cm™~!. The 1640-, 1600-, and 800-cm~! peaks are assigned=*
to ONO.

(3,3-Dinitropropyl)trimethylsilane. A solution of 5.6 g (0.035
mol) of (3-nitropropylitrimethylsilane, 2.58 g (0.039 mol) of potassium
hydroxide, and 2.7 g (0.039 mol) of sodiwm nitrite in 25 mL of water
and 25 mL of methanol was added quickly to a well-stirred mixture
of 13.3 g (0.078 mal) of silver nitrate in 25 mL of water and 50 mL of
ether. The mixture was stirred for 2 h at room temperature, and 25
mL of saturated sodium chloride was added. The silver deposits were
filtered off, and the cther layer was separated, dried, and distilled to
give 5.7 g (71%) of 9r% pure (3,3-dinitropropylitrimethylsilane, bp
70-72 °C (0.2 mm). An analytical sumple was obtained by GLC: NMR
(CCL) 8588 (t,J = T Hz, 1 H,CH(NO,),), 2.38 (m, 2 H, CI1.CH.Si),

0.55 (m, 2 H, CH_Si), 0.08 (s, 9 H, (CH,).Si); IR (CCl,) 2970, 1570,
1335, and 1260 cm~". Anal. Calced for C;H,N,0,Si: C, 34.94; H, 6.84;
N, 13.58. Found: C, 35.28; H, 6.90; N, 13.47.
(4.4-Dinitrobutyl)trimcthylsilane. A mixture of 0.6 g (0.015 mol)
of sodium hydroxide, 2.62 g (0.015 mol) of (4-nitrobutvl)trimeth-
ylsilane, and 6 mL of water was stirred at 0 °C until a solution was
formed. The solution was cooled to room temperature, and 1.1 g (0.015
rol) of sodium nitrite was added. The resuiting solution was added
quickly to a well-stirred, ice-covled mixture of 5.1 g (0.030 mol) of
silver nitrate, 12 ml, of water, 12 mL of ether, and 2 drops of 1 N so-
dium hydroxide. The mixture was stirred at room temperature for
2 h and filtered, and the precipitate was washed with ether. The ether
layer of the filtrate, combined with the washings, was dried over
magnesium sulfate and distilled to give 1.9 g (57%) of (4,4-dinitro-
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butyl)trimethylsilane, a colorless oil, bp 71-74 °C (2 mm). An ana-
lytical sample was isolated by GLC: NMR (CCly) 6 5.97 (t,J = 7 Hz,
1 H, CH(NO,),), 243 (q, J = Hz. 2 H, CH,CH), 1.47 (m, 2 H,
CH,CHSI), 0.57 (m, 2 H, CH.Si), 0.0 (s. 9 H, (CH .S IR (CCLj
2970, 1570, 1330, 1250 em~*. Anal. Caled for C;H,, N.SiO,: C, 38.17;
H, 7.32; N, 12.72. Found: C, 38.38; H, 7.32; N, 12.66.

(3,3-Dinitrobutyl)trimethylsilane. A mixture of 5.95 g (0.34 mol)
of (3-nitrobutyl)trimethylsilane, 3 g of potassium hydroxide, 30 mL
of water, and 30 mL of methanol was heated with stirring at 65 °C
until a homogeneous solution was formed. Sodium nitrite (3.0 g, 0.043
mol) was added, and the solution, at room temperature. was added
rapidly with stirring to a mixture of 100 mL of ether and 15 g (0.058
mol) of silver nitrate in 50 mL of water. The mixture was stirred 1.5
h, and 50 mL of saturated aqueous sodium chloride was added. The
silver deposits were filtered off, and the ether layer was separated,
dried, and distilled to give 5.38 g (72%) of (3,3-dinitrobutylitrimeth-
ylsilane: bp 77-79 °C (0.1 mm); NMR (CCly) 4 2.34 (m. 2 H, (NO>)-
2CCH3), 2.02 (s, 3 H, (NO.).CCHx, 0.40 (m, 2 H, CH.Si), 0.05 (s. 9 H.
(CH3)4Si); IR (CCly) 2970, 1565, 1330, 1260, 1195 cm ™. Anal. Caled
for C-H,sN20,Si: C, 38.16; H, 7.32; N, 12.72. Found: C, 37.95: H, 7.19;
N, 11.71.

(3-Fluoro-3,3-dinitropropyl)trimethylsilane. A solution of 1.6
g (0.0078 mol) of (3.3-dinitropropylitrimethylsiliane and 0.44 g (0.0078
mol) of potassium hvdroxide in 250 mL of water was fluorinated‘! at
0 °C until the solution became colorless. The product was extracted
with three 20-mL portions of ether, dried, and distiiled to give 0.9 g
(31% yield) of 60% pure (3-fluoro-3,3-dinitropropylitrimethylsilane,
by 66-71 °C (0.5 mm). An analytical sample was obtained bv GLC:
proton NMR (CCL) 4 2.57 (m, 2 H, CH.CF), 0.50 (m, 2 H, CH..Si), 0.08
(s, 9 H, (CH3)1Si); fluorine NMR ¢ 106.0 (hroad t); IR (CCly) 2970,
1590, 1320, 1260, 1190 cm™!. Anal. Caled for CsH;sN.O,SiF: C, 32.13;
H, 5.84; N, 12.49. Found: C, 32.34; H, 5.62; N, 12.43.

A solution of 5.13 g (0.025 mol) of (3.3-dinitropropyl)trimethylsilane
and 2.0 g (0.03 mol) of potassium hydroxide in a mixture of 30 mL of
water, 30 mL of methanol, and 30 mL of dimethylformamide was
fluorinated with perchloryl fluoride!? at ambient temperature until
the gas was no longer absorbed by the solution. The solution was di-
luted with water, and the product was exiracted with carbon tetra-
chloride and distilled to give 4.8 g (85%) of (3-fluoro-3.3-dinitropro-
pyDtrimethylsilane, bp 68-71 °C (0.5 mm).

(4-Fluoro-4,4-dinitrobutyl)trimethylsilane. A solution of 1.45°
g (0.0066 mol) of (4,4-dinitrobuty!)trimethylsilane and 0.5 g (0.0076
mol) of potassium hydroxide in 250 mL of water was fluorinated at
0 °C until the solution became colorless. An additional 0.4 g (0.006
mol) of potassium hydroxide was added. and fluorination was con-
tinued until the solution again became colorless. The product was
extracted with three 20-mL portions of ether, dried over magnesium
sulfate, and distilled to give 1.05 g (61%) of 904, pure (4-fluoro-4.4-
dinitrobutyl)trimethvlsilane. An analytical sample was obtained by
GLC: proton NMR(CClg) 6 2.67(d of 5, Jyyp = 19, Sy = T Hz. 2 H,
CH.CF), 1.44 (m, 2 H, CH.CH.Si), 0.53 (m, 2 H, CH.Si1), 0.0 (s, 9 H.
(CH,).Si); fluorine NMR (CCly) ¢ 102.8 (broad t, (NO.).CF); IR
(CCly) 2970, 1590, 1350, 1255 cm™!. Anal. Caled for C-H,-N.OSiF:
C, 35.28; H, 6.34; N, 11.76. Found: C, 35.24: H., 6.30: N, 11.64.

Trimethylsilylmethyl Trifluoromethanesulfonate. A solution
of 4.5 g (0.0435 mol) of (hydroxymethyi)trimethylsilane'* and 3.43
g (0.0435 mol) of pyridine in 30 mL of methvlene chloride was added
with stirring over a 45-min period to a solution of 12.2 g (0.043 mol)
of trifluoromethanesuifonic anhydride in 30 mL of methylene chlo-
ride. After 15 min the solution was poured over ice. The methviene
chloride solution was dried over sodium sulfate and distilied to give
7.0 g (68%) of trimethvlsilyimethyl triflate, bp 49-51 °C (9 mm). An
analytical sample was isolated by GLC: proton NMR (CCly) 6 4.07 (s,
2 H, CH.Si), 0.08 (s, 9 H, (CH ;) Si); luorine NMR ¢ 74.3 (s): IR (film)
1410, 1210, 1150, 960, 870 cm~'. Anal. Calcd for C,H,;0,F . SiS: C,
25.40; H, 4.69. Found: C, 25.23; H, 4.66.

Trimethylsilylmethyl 2-Fluoro-2,2-dinitrocthyl Ether. Po-
tassium carbonate (6 ) was added to a solution of 3.5 g (0.0148 moi)
of trimethylsilvimethy! trifluoromethane sulfonate and 2.3 g of 2-
fluoro-2,2-dinitroethanol in 5 ml of methylene chloride, and the




mixture was stirred for 16 h. This suspension was added with stirring
to a mixture of 30 mL of ice water and 30 ml. of carbon tetrachloride.
The carbon tetrachloride layer wus wished with 10 mbL of water, dried
over magnesium sulfate, and distilled to give 1.56 g (45%) of tri-
methylsilylmethyl 2-fluoro-2,2-dinitroethyl cther, bp 52 °C (0.35 mm).
An analytical sample was prepared hy GLC: proton NMR (CCl,) 8
4.35(d, 2 H,J = 18 Hz, CH.CF), 3.23 (s, 2 H, CH.Si), 0.02 (s, 9 H,
(CH,),Si); fluoride NMR (CCly) ¢ 110.25 (broad v); IR (film) 2975,
2925, 1600, 1320, 1250, 1125, 870, 860 cm~'. Anal. Caled for
CeH,13N20:SiF: C, 29.99; H, 5.45; N, 11.66. Found: C, 30.22; H, 5.33;
N, 11.75.

Allylmethyldiphenylsilane. A solution of 1452 g (12 mol) of allyl
bromide in 2.5 L of absolute ether was added dropwise with stirring,
over a period of 3.5 h, to a suspension of 389 g {16 mol) of magnesium
turnings in 2.5 L of absolute ether. An efficient reflux condenser was
used, equipped with a drving tube. Excess magnesium was removed
by filtration, and 1862 g (8 mol) of chloromethyldiphenyisilane was
added dropwise over a 1 h period. The soiution was refluxed for 1 h
and was allowed to stand overnight at room temperature. A solution
of 642 g (12 mol) of ammonium chloride in 2 L. of water and then 3 L
of water were added slowly, using a reflux condenser to control the
exotherm. The aqueous layer was separated and extracted with three
1-L portions of ether. The combined ether solutions were dried over
magnesium sulfate and distilled to give 1397 g (73%) of allylmethyl-
diphenylsilane: bp 93 °C (0.1 mm); NMR (neat) 8 0.0 (s. 3 H, CH,Si),
1.5(d,J = 7 Hz, 2 H, C=C—CH.Si), 4.3 (m, 2 H, CH,=C), 5.3 (m,
1 H, C=CHCH,Si), 6.6-6.9 (m, 10 H, CsH:); IR (film) 1640, 1440,
1270, 1170, 1130 cm~!. Anal. Calcd for C,sH2;0,Si: C, 80.67; H, 7.56.
Found: C, 80.45; H, 7.56.

(3-Bromopropyl)methyldiphenylsilane from Allylmethyldi-
phenylsilane. A solution (150 mL) of 29.6 g (208.3 mol) of boron
trifluoride etherate in dry tetrahydrofuran was added over a 1 h pe-
riod, with stirring, to 350 mL of a tetrahydrofuran solution of 119 g
(0.50 mol) of allylmethyldiphenylsilane and 5.94 g (0.156 mol) of so-
dium borohydride. The mixture was heated at reflux for 2.5 h, and
then 10 mL of methanol was added. Then, 27.3 mL (0.50 mol) of
bromine and sodium methoxide solution (from 14.4 g, 0.625 mol of
sodium and 300 mL of methanol) were added simultaneously at such
a rate as to maintain a yellow color in the mixture. The temperature
was kept at 25-30 °C by means of an ice bath. The mixture was agi-
tated with 250 mL of 50% potassium carbonate and 250 mL of cyclo-
hexane until the strong yellow color faded. The layers were separated.
and the aqueous layer was extracted with three 100 mL portions of
cyclohexane. The combined organic layers were washed with three
. 300-mL portions of water and 150 mL of saturated sodium chloride,
" dried over potassium carbonate, and distilled to give 79 g (49.5%) of

(3-bromopropyl)methyidiphenylsilane: bp 176-210 °C (0.3 mm);
NMR (CDCl3) 50.5 (s, 3 H, CH.Si), 1.1 (m. 2 H, CH-Si), 1.8 (m. 2 H,
CH,CH;Si),3.2 (t,J = 7 Hz, 2 H, BrCH,). 7.2 (m, 10 H, C;H5). Anal.
Calcd for Ci6H,9BrSi: C, 60.19; H. 5.96. Found: C, 60.36; H, 6.01.

(3-Hydroxypropyl)methyldiphenylsilane. Allyloxytrimeth-
ylsilane> (1162 g, 8.94 mol) was added dropwise to a mixture of 1539
g (7.77 mol) of methyldiphenylsilane and 80 mg of tris(triphenyl-
phosphine)rhodium chloride at 130 °C over a 3 h period. The solution
was added dropwise with stirring, over a 1.5 h period, to a solution of
3 L of methanol and 800 mL of 1 N hydrochloric acid. The mixture
was stirred overnight, and an equal volume of water was added. The
aqueous solution was extracted with 3 L of methylene chloride. The
combined methylene chloride solution was washed with water and
saturated salt solution and was dried with sodium sulfate. The solvent
was removed by distillation to give 1950 g (98%) of (3-hydroxypro-
pylmethyldiphenylsilane: bp 130-140 °C (0.03 to 0.07 mm); NMR
(CDCI,) 8 0.48 (s, 3 H, CH4),.0.95 (m, 2 H, CH.Si), 1.4 (m, 2 H,
CCH.C),2.0(s,1 H,0H),3.12(t,J =6 Hz,2 H.CH,0),7.0 (s, 10 H,
ﬁ;ﬂ,r,). Anal. Calcd for CyH,Si0: C, 74.95; H, 7.86. Found: C, 74.80;

, 8.07.

(3-p-Toluencsulfonatopropvl)methvidiphenylsilane. Tolu-
enesulfonyl chloride (1597 g, 8.38 mol) and then 766 mL (9.53 mol)
of pyridine were added to a solution of 1950 s (7.62 mol) of crude
(3-hydroxypropyl)methyldiphenylsilane in 1950 mL of methylene
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chloride at 4 °C. The mixture was stirred overnight and was poured
into water. The methylene chloride laver was separated, and the
aqueous layer was extracted once with methyviene chioride. The
combined methyviene chloride solution was washed with water, with
1 N hydrochloric acid. and with saturated salt solution and wus then
dried with sodium sulfate. Most of the solvent was removed by dis-
tillation. The product was crystaliized from 1200 mL of ethy! ether
and 1200 mL of Skelly F to give 1925 g (62%) of (3-p-toluenesulio-
natopropylmethvldiphenyisilane: mp 62-69 °C: NMR (CDCl4) 6 7.3
(dofd.4 H, CC;H,Si-p), 7.2 (broad s, 10 H, CcH+), 3.85 (1. J = 6.5,
2H,CH»0),2.40(s,3H.CH C.}.), 1.6 im,2H.CH.CH.Si), 1.0 (m,
2 H, CH.Si), 0.50 (s, 3 H, CH Si). Anal. Caled for Co3H.0,8:8: C,
67.28; H, 6.38. Found: C, 67.44; H, 6.48.

(3-Bromopropyl)methyvldiphenyisilane from Toluenesulfo-
nate. A solution of 3.5 g (0.04 mol) of lithium bromide and 5.95 g
(0.0146 mol) of (3-propylimethvldiphenvlsilene p-toluenesulfonate
in 25 mL of dimethyl sulfoxide was stirred at ambient temperature
for 3 h. Water (10 mL) was added, and the product was extracted with
three 10-mL, portions of carbon tetrachloride. The combined orgzanic
layers were washed with 10 mL of water, dried, and stripped of suivent.

The residue consisted of 4.2 g (Y(rv) pure (3-bromopropylimethyld-
iphenylsilane.

(3-Nitropropyl)methyldiphenylsilane. The addition of 99.6 g
(1.26 mol) of sodium nitrite to & solution of 101 g (0.317 mol) of (3-
bromopropyl)methyldiphenylsilane in 500 mL of dimethyl sulfoxide
resulted in a temperature rise to 30 °C over a 40 min period. The
mixture was added to 2.5 L of water, and the product was extracted
with four 300-mL portions of carbon tetrachloride. The carbon tet-
rachloride solution was washed with three 600-mL portions of water
and 300 mL of saturated sodium chloride, and the solvent was re-
moved. The NMR spectrum of the residue showed a 52% vield of the
nitro compound (6 4.2), a 20 yield of the nitrite (6 4.4), and a 15%
yield of the alcohol and/or bromide (5 3.3).

The mixture was stirred for 1 h with 80 mL of 5 N potassium hy-
droxide, and 320 mL of water was added. The mixture was extracted
with two 100-mL portions of ether. The aqueous solution was acidified
to pH 6 with acetic acid. and the product was extracted with four
100-mL portions of methylene chloride. The methylene chloride so-
lution was dried over magnegium sulfate and evaporated to give 45.4
g (50%) of (3-nitropropyl)methyldiphenylsilane. An anzlytical sample
was obtained by molecular distillation: bp 152 °C (0.22 mm): NMR
(CDCly) 6 0.3 (s, 2 H, CH;S1), 1.2 (m, 2 H, CH_Si), 2.1 \m, 2 H,
CH,CH.Si),4.2(t,J = THz, 2H,CH:NO,), 7.3 (m, 10 H, C.H:); IR
(film) 1550, 1435, 1395, 1260, 1190, 1165, 1125 cm~*. Anal. Calcd for
Ci6H19NO,Si: C, 67.37; H, 6.67; N, 4.91. Found: C, 67.57;: H, 6.62; N,
4.64

(3,3-Dinitropropyl)methyldiphenylsilane. A mixture of 68.4 g
(0.24 mol) of (3-nitropropyl)methyldiphenylsilane and 533 mL of 5 N
potassium hydroxide was stirred for 1 h. The resulting sclution was
diluted with 212 mL of water, and 22.9 g (0.29 mol) of sodium nitrite
in 200 mL of water was added. The solution was cooled with un ice
bath, and a cold solution of 90 g (0.53 mol) of silver nitrate in 400 mL
of water and 800 mL of cold ether were added rapidiy with efficient
stirring. The mixture was stirred for 30 min at 0 °C and for %) min at
room temperature. Saturated sodium chloride solution (100 mL) was
then added, and after 15 min the mixture was filtered and (he pre-
cipitate was washed with water and ether. The combined filtrate and
washings were acidified to pH 6 with acetic acid. and the lavers were
separated. The aqueous laver was extracted with ether, and the
combined ether solutions were washed with water and saturated so-
dium chloride solution and dried over magnesium sulfate. The ether
was removed, and NMR analysis of the residue, 64 g, showed a 70%
yield of (3.3-dinitropropyl)methyidiphenvisilane and $% starting
material: NMR (CDCl,) 6 0.7 (s, 3 H, CH.Si). 1.3 (m, 2 H,CH_Si), 2.6
(m, 2 H, CH,CH.Si), 6.0 (t, J = 7 Hz, 1 H, CH), 7.4 (m, 10 H,
CeHs).

(3-Fluoro-3,3-dinitropropylimethyldiphenylisilane. The above
crude product containing 53.5 g (0.162 mol) of (3.3-dinitropropyl)-
methyldiphenylsilane was dissolved in a solution of 0.217 mol of po-
tassiura hydroxide in 9¢0 mL of methanol. The solution was placed




Y e

in a 2-L flask equipped with a glass dip tube for introducing perchloryl
fluoride, a thermometer, a magnetic stirrer, and an ice bath. The flask
was vented to the fume-hood atmosphere by means of a mineral oil
bubbler, ard another bubibler as well as an inverted vacuum trap (to
prevent suck back) were placed between the dip tube and a perchioryl
fluoride cylinder. Perchloryl fluoride was passed into the solution at
10 °C until it was no longer absorbed (2 h). Then, 1000 mL of water
was added, and the solution was stirred 1 h at room temperature. An
additional 1500 mL of water was added, and the mixture was made
basic (pH 12) with potassium hydroxide. The product was extracted
with four 400-mlL. portions of methviene chloride. The methvlene
chloride solution was washed with three 1000-mL portions of water,
dried, and stripped of solvent. The residue, 58.5 g, was chromato-
graphed on a 750 g column of dry silica gel, using carbon tetrachloride
(30 L) for elution, to give 44.5 g (T9%) of (3-fluoro-3,3-dinitropro-
yl)mtthvldiphen\hilane proton NMR (CDCl,) 4 0.6 (s, 3 H, CH Si),
1.1 (m, 2 H, CH.Si), 2.7 (m, 2 H, NO.CCH.), 7.2 (m, 10 H, C;Hs);
fluorine NMR (CDCly) ¢ 104.4 (t. J = 22 Hz); IR (film) 1590, 1440,
1370, 1330, 1270, 1200, 1120 em~L Anal. Caled for C, H,-N.O,FSi:
C,55.17; H, 4.85; N, 8.04. Found: C. 55.02: H, 5.12: N. 8.09,

(3-Fluoro-3,3-dinitropropylymethyvldibromosilane. A mixture
of 12.5 mL (0.230 mol) of bromine and 20.0 g (0.0574 mol) of (3-flu-
oro-3,3-dinitropropylimethyldiphenylsilane was heated at 100 °C for
2 h under nitrogen. The product was evacuated at 23 mm at room
temperature for 90 min. Distillation gave phenyl bromide, bp 60 °C
(0.15 mm), 1 0.5-g intermediate fraction, and 15.8 g (78'%) of (3-flu-
oro-3,3-dinitropropylimethyvldibromosilane, a colorless liquid: bp 68
*C (0.14 mm); proton NMR (CDCl4) 6 1.1 s, 3 H. CH Si), 1.4 (m, 2
H, CH.Si), 2.9 (m, 2 H, CH .Si); fluorine NMR (CDCly) ¢ 103.5 (¢, J
= 17 Hz). The material was too hygroscopic for commercial micro-
analysis.

(3-Fluoro-3,3-dinitropropyl)methylpolysiloxane. A solution
of 14.2 g (0.0401 mol) of (3-fluoro-3.3-dinitropropvlimethyldibro-
mosilane in 50 mL of ether was poured onto 75 g of crushed ice, and
the mixture was stirred for 30 min, The ether luver was washed with
two 50-mL portions of water and 50 mL of saturated sodium chloride
solution. The solution was dried over magnesium sulfate, and the
solvent was remaved. ‘The residue was dried for 3 h at %0 °C (0.07 mm)
togive 7.7 g (91.4'%) of an oily prnducl proton NMR(CDCLy) 8 0.2 (s,
3 H,CH.Si), 0.7 (m, 2 H, CH.Si), 2.7 (m, 2 H, CH.CH.Si); fluorine
NMR (CDCL) ¢ 1041 (1, = 17 lln TR (film) 3600, 3450, 2000, 2650,
1600, 1440, 1380, 1330, 1250, 1210, 1190, 1080 em™~'. Anal. Caled for
C4H;N.FO.Si: C, 22.86; H, 3.33; N, 13.33. Found: C, 22.98; H, 3.55;
N, 13.41: mol wt, 834.

The use of methylene chioride as the hydrolysis solvent gave a
similar product with mol wt 562.

(3-Fluoro-3,3-dinitropropyl)methyldifluorosilane. (3-Flu-
oro-3,3- dinitropmp)l)melh\lpol\silomne (13.5 g, 64.3 mmol of mo-
nomer) was dissolved in 50 mL of ethanol, 25 mL of 48% hydrogen
fluoride, and 15 mL of water. The mixture was agitated for 24 h and
then diluted with water. The product was extracted with methvlene
chloride, and the methylene chloride solution was washed with water
and saturated salt solution and dried over sodium sulfate. The solvent
was evaporated, and the residue was distilled to give 12 g (80%) of
(3-fluoro-3,3-dinitropropyhmethyldifiuorosilane: bp 67 °C (3 mm);
NMR (CDCl) 6 0.4 (t.J = 6 Hz. 3 H, CH.Si), 0.9 (m, 2 H, CH.Si), 2.9
(m, 2 H, CH,CF(NO,);; fluorine NMR (CDCl4) ¢ 104.5 (t,J = 16 Hz,
1F,F(NO,),C, 132.3 (sextet,J = 6 Hz, 2 F, SiF.): IR (film) 1600, 1435,
1370, 1325, 1275, 1220, 1190, 1065. 1025, 930, 910, 870, 860, 830, 805
cm~). Anal. Caled for C,H-F:N.Q,Si: C, 20.69; H, 3.02; H, 12.07.
Found: C, 20.67; H, 2.88; N, 12.52.

A mixture of 33 g (0.0932 mol) of (3-fluoro-3.3-dinitropropyl)-
methyldlbromosnlane and 15.7 g (0.373 mol) of sodium fluoride was
dissolved in 100 mL of ethanol, 25 mL of 4&% hydrogen fluoride. and
15 mL of water with agitation. After 3 davs, the mixture was poured
into water and extracted twice with methylene chloride. The organic
solution was washed with water and saturated salt solution and dried
over sodium sulfate. The solvent was evaporated, and the residue was
distilled to give 17.8 g (82%) of (3-fluoro-3,3-dinitropropyl)methyl-
difluorosilane.
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Reaction of (3-fluoro-3.3-dinitropropyl)methyldifluorosilane
with Sodium Methoxide. A soiution of 5.4 g (0.1 mol) of sodium
methoxide in 30 mL of drv methano! was added dropwise to 23 2 ¢ (0.1
mol) of (3-fluoro-3.3-dinitropropylimethyvidifluoresilane with ice bath
cooling. After 0.5 h, the methanol was evaporated and the resid 1e was
distilied at 79-85 °C (3 mm) to give a mixture of starting meierial
(20%), dimer (18%), and product (62%). The vield of (3-fluore-3.3-
dinitropropyl)methylmethoxyfluorosilane was 139 g (537%) by
quantitative NMR: NMR (CDC!-) 5 0.3 (d,J = 6 Hz, 3H, CH-Si), 0.8
(m, 2 H, CH,Si), 2.8 (m. 2 H, CH.C(NO.),F), 3.5 (s, 3 H. CH ,08i);
fluorine NMR (CDCl5) ¢ 104.7 (t,J = 16 Hz, 1 F, CF(NQ,)-F), 138.1
(sextet, J = 6 Hz, 1 F, FSi): IR (film) 1600, 1440. 13753, 1330, 1275,
1215, 1195, 1100, 1065, 1030. 915, 850, 835, 835. 810 cm L.

1,3-Bis(3-fMluoro-3,3-dinitropropyl)-1,3-dimethyvl- 1.3 difluo-
rodisiloxane. A solution containing 1.25 g (5.12 mmol) of (3-fluoro-
3,3-dinitropropylimethvimethoxyvfluorosiiane in 25 mL of methanol,
5 mL of water, and 1 mL of concentrated sulfuric acid wes stirred for
20 h. The solution was poured into water. and the product was ex-
tracted with methvlene chloride, washed with water and saturated
salt solution, and dried over sodium sulfate. The sclvent was evapo-
rated, and the residue was distilled to give 0.7 g (62%) of 1,3-bis(3-
fluoro-3,3-dinitropropyl)-1.3-dimethyl-1.3-difluorodisiloxane: bp 158
°C (0.2 mm); NMR (neat) 0.3 (d,J =6 Hz.6 H,CH.S1).0.9tm, 4 H,
CH,Si), 2.9 (m, 4 H. CH.CF): fluorine NMR (neat) 6 05.5 1t.J = 20
Hz, 2 F, FC(NOy)), 152.0 {sextet,J = 6 Hz, 2 F, FSi): IR (film) 1590,
1435, 1365, 1320, 1235, 1100, 1025, 970, 910, 875, £55, 820, 800, 780
cm™!, Anal. Caled for CiH4F(N{OsSia: C, 21.72; H, 3.17; N, 12.67.
Found: C, 21.88; H, 3.05; N, 13.50.

Bis(3-chloropropoxy)diphenylsilane. Anhvdrous ammonia was
passed through a stirred solution of 81.6 g of 93% pure dichloro di-
phenyl silane (0.30 mol) and 56.7 g (0.60 mol) of 3-chloropropanol in
600 mL of dry benzene at 5 °C until it was no longer ab<orbed. The
solution was filtered and distilled to give 93.5 g (84.5%) of bi<(3-
chloropropoxy)diphenylsilane: bp 176-179 °C (0.21 mm}; NMR
(CDCly) 6 1.95 (quintet.J = 6 Hz, 4 H. CH.CH,CH,), 3.35 (t.J = 6
Hz, 4 H, CH,08Si), 3.8 (t.J = 6 Hz. 4 H, CICH,). 7-7.7 (m, 10 H, C:H:).
Anal. Calcd for Cp.H;:Oqusz , 58.54; H.5.96. Found: C.58.19; H,
5.90.

Bis(3-hydroxypropyl)diphenylsilane from Bis(3-chloropro-
poxy)diphenylsilane. A round-hottom flask containing 175 mL of
dry toluene and 22.2 g (0.964 mol) of sodium was fitted with a stirrer.
a thermometer. a reflux condenser. and a dropping funnel containing
103 g (0.963 mol) of chlorotrimethvisilane. The toluene was refluxed.
and sufficient chlorotrimethylsilane was added to lower the bailing
point to 101 °C. Bis(3-chlorapropoxyidiphenylsilane (20.6 g, 0.2185
mol) was mixed with the remaining chiorotrimethylsilane. and the
mixture was added dropwise into the flask with vigorous stirring over
a 30 min period. The solution was filtered and, the solvent was re-
moved under reduced pressure. The residue was dissolved in 150 mL
of absolute ethanol, and 30 mL of 5% hvdrochloric acid was added
slowly with cooling. The mixture was stirred for 1 h, and the ethanol
and water were then removed under vacuum. The product was washed
with 100 mL of saturated potassium carbonate and distilled to give
33.5 g (51%) of bis(3-hydroxvpropyhidiphenvisilane: bp 178-185 °C
{0.07 mm); mp 83-84 °C, NMR (CDC14) 6 0.7-1.7 tm, 8 H, CH .CH .Si),
2.58 (s,2 H,OH), 3.2(t,J = 6 Hz, 4 H, OCH.). 6.9 (m, 10 H, C. H:):
IR (film) 3300, 3050, 2900, 1410, 1190, 1120 cm~!. Anal. Calcd for
CixH2;0.8i: C, 72.00; H. 8.00. Found: C, 71.68; H. 8.26.

Bis(3-bromopropylldiphenylsilane from Diallyldiphenylsi-
lane. A solution of borane in tetrahvdrofuran (3502 ml., 0.96 M) was
added dropwise with stitring under nitrogen to a solution of 13.2 ¢
(0.05 mol) of diallyldiphenvisiline in 100 mL of dry tetrahvdrofuran
at 0 °C. The solution was stirred for 30 min at 0 °C and for 30 min at
20 °C. Then 1 mL of methanol was added to destroy excess borane.
Bromine (5.4 mL, 0.101 mol) and sodium methoxide solution (from
2.53 g, 0.110 mo!, of sedium and 30 mL of methanol) were added si-
multaneously at a rate such that the reaction mixture reriained yel-
low. The reaction temporature was maintained at 23-30 °C by means
of a water bath. Cyclohexane (100 mL) was added. and the solution
was extracted with 1{0 mL of 5% potassium carbonate. The aqueous
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layer was extracted with three 50 pl. portions of cvelohexane. The
combined organic layers were washed with two 100 mL portions of
water and 100 mL of saturated <odium chloride and dried over an-
hydrous potassium carbonate. Distillation gave 5.1 g (24'%) of bis(3-
bromopropyljdiphenylsilane, bp 1532 °C (0.06 mm), spectrally iden-
tical to the compound characterized below. This material was handled
as an oil; seed crystals were not available. ’

Bis(3-hydroxypropyl)diphenylsilane by Hydrosilylation. A
mixture of 1500 g (7.33 mol) of 90w diphenylsilane, 0.1 g of tris(tri-
phenylphosphine)rhodium chloride, and 200 g of allvloxyvtrimeth-
ylsilane was heated to 100 °C. Heating was stopped and the temper-
ature rose to 120 °C. Additional allyoxvtrimethylsilane, a total of 2500
g (21.6 mol), was added at a rate sufficient to maintain reflux. This
solution was added to a solution of 15 mL of concentrated HCI and
600 mL of water in 3 L of methanol. After 24 h, the product was ex-
tracted with methylene chloride. Crystallization from methylene
chloride and Skelly F yielded 1500 g (68%) of bis(3-hydroxypropyl)-
diphenylsilane. .

Bis(3-bromopropyl)diphenylsilane from PBr;. Bis(3-hvdrox-
ypropyl)diphenylsilane (1490 g, 4.96 mol) was added to a solution of
1043 g (3.86 mol) of phosphorous tribromide in 3 L of ether, which was
maintained at room temperature by a water bath. The mixture was
stirred for 72 h and then was added to ice. The product was extracted
with water, dried, stripped of solvent. and extracted into Skelly F,
giving 1683 g of semicrystalline, 90% pure bis(3-bromopropyl)di-
phenylsilane. Recrystallization from ethanol gave 1400 g (67%) of
bis(3-bromopropyl)diphenylsilane: mp 4849 °C: NMR (CDCl,) § 1.2
(m, 4 H, CH.Si), 1.8 (m, 4 H, CHH.CH.Si), 3.25 (t, J = 6 Hz, 4 H,
BrCHb>), 7.15 (m, 10 H, C;H;). Anal. Calcd for CysH22Br;Si: C, 50.72;
H, 5.20. Found: C, 50.74; H, 5.17.

Bis(3-p-toluenesulfonatopropyl)diphenylsilane. Pyridine (11.3
g, 0.14 mol) and 25 g (0.13 mol) of p-toluenesulfonyl chloride were
added to a solution of 15 g (0.050 mol) of bis(3-hydroxypropyl)diph-
enylsilane in 50 mL of methylene chloride at 0 °C. After a 20 h reaction
period at room temperature, the mixture was washed successivelv with
water, 1 N hydrochloric acid, water, and saturated sodium bicar-
bonate. The solution was dried over magnesium sulfate, and the sol-
vent was removed to give 31.6 g (35% yield) of 85% pure bis(3-p-to-
luenesulfonatopropyl)diphenylsilane, an oil. An analytical sample
was isolated by column chromatography onsilica gel using methylene
chloride as the elution solvent: NMR (CDCly) 6 7.4 (d of d, 8 H, -
CsHi-(p)), 7.2 (m, 10 H, CsH:), 3.97 (t, 4 H, CH,0), 2.47 (s, 6 H, -
CeHiCHj-p), 1.7 (m, 4 H, CH.CH.Si), 1.0 (m, 4 H, CH.Si). Anal.
Calcd for C3;H3606S:Si: C, 63.28; H, 5.96. Found: C, 63.20; H, 6.29.

Bis(3-bromopropyl)diphenylsilane from p-Toluenesulfonate.
A solution of 19.8 g (0.0325 mol) of bis(3-p-toluenesulfonatoprop-
yl)diphenylsilane and 10 g (0.115 mol) of lithium bromide in 60 mL
of dimethyl sulfoxide was stirred for 4 h. Water (150 mL) was then
added, and the product was extracted with three 40 mL portions of
carbon tetrachloride. The carhon tetrachloride solution was washed
with 30 mL of water, dried, and stripped of solvent to give 11.3 g (74%
yield) of 90% pure (by NMR) bis(3-bromopropyl)diphenylsilane.
Identical results were obtained using sodium bromide instead of
lithium bromide.

A solution of 1200 g (6.2 mo!) of p-toluenesulfonyl chloride and 480
g (6.1 mol) of pyridine in 1600 mL of methvlene chloride was added,
with stirring and ice bath cooling. to 900 g (3.0 mol) of bis(2-hydrox-
ypropylidiphenylsilane in 1600 mL of methvlene chloride. An addi-
tional 40 g (0.5 mol) of pyridine was added 1 h after this addition was
completed. The mixture was stirred for 2 h at room temperature and
was then washed with four 400 ml. portions of water, dried over
magnesium sulfate, and stripped of <olvent. ‘The re<idue was added
to 825 g (8 mal) of sodium bromide and 2000 ml, of dimethyl sulfoxide,
and the mixture was sticred for 94 h. Water (4000 ml,) was added, and
the aqueaus laver was extracted with two 250-mL portions of carbon
tetrachloride. The combined organic layers were washed with 1000
mlL of water and dried over sodium sultate. Skelly F (5 1) was added,
and the precipitated material was dried under viacuum to give 1135
g of 95% pure (NMR) bis(3-bromopropyldiphenylsilone (84%
yield).
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Bis(3-nitropropyl)diphenylsilane. A solution of 530 ¢ (7.7 mal)
of sodium nitrate and 723 g (1.7 mol) of bist2-bromopropylidiphen-
ylsilane in 6 L of dimethyl sulfoxide was stirred for 1.5 h and then was
diluted with 12 L, of water. The praduct was extracted with three [ikn)
mL portions of carbon tetrachlonide, washed with 1000 mL of water,
dried over sodium sulfate. and stripped of solvent. Crystadiization and
recrystallization from carbon tetrachloride and Skelly F gave 203 g
(33%) of bis(3-nitropropyhidiphenyisilane, white crvstals: mp
84.5-85.5 °C; NMR (CDCL) 6 7.3 (s, 10 H, C.H-), 4.3 (¢, 4 H,
CH,;NO)). 2.0 (m, 4 H, CH,CH.Si), 1.1 (m, 4 H, CH.S0); IR (CCly)
1540, 1430, 1380, 1120, 710 cm~ !, Anal. Caled for C,H..0,N Si: C,
60.31; H, 6.19; N, 7.81. Found: C, 60.15; H. 6.04; N, 7.62.

Bis(3,3-dinitropropyl)diphenylsilane. Bis(3-nitropropyildi-
phenylsilane (73 g, 0.204 mol) was added with stirring to 23 g (0.5 mol)
of potassium hydroxide in 50 mL of water and 250 mL of methanol.
When solution was complete. 200 mL water and 34.5 g (0.5 mol) of
sodium nitrite were added. This solution was quickly added to an ice
bath cooled mixture of 170 g of silver nitrate (1 mol) in 200 mL water
and 500 mL of ether. After the mixture was stirred at room temper-
ature for 2 h, 200 mL of saturated sodium chloride sofution was added.
The silver precipitate was filtered, and the solution was made slightly
acidic with acetic acid. The ether laver was separated. washed, dried,
and stripped. The product was crystallized frum ethviene chioride
and Skelly F, giving 34.5 g (38" vield) of bis(3,3-dinitrapropyiidi-
phenylsilane: mp 96-97 °C; NMR (CDCl4) 6 7.40 (3, 10 H, C, H-), 6.01
(t,J = 7 Hz, 2 H, CH(NO»),), 2.4 (m, 4 H, CH,CH-Si), 1.2 (m, 4 H,
CH,Si); IR (CHCly) 1570. 1330, 1120 cm~!. Anal. Caled for
C1sH20N(O4Si: C, 48.21; H, 4.50; N, 12.49. Found: C, 48.32; H, 4.59;
N, 12.29.

Bis(3-fluoro-3,3-dinitropropyl)diphenylsilane. Perchlorvi
fluoride was bubbled into a vigorously stirred solution of 40 g of
bis(3,3-dinitropropylidiphenylsilane (0.009 mol) and 13.2 g of po-
tassium hydroxide (0.2 mol) in 150 mL water, 200 mL methanol, and
200 mL of dimethyl formamide at room temperature. When gas up-
take stopped, water was slowly added and the product precipitated
out. Filtration yielded 42 g of a light tan solid. Recrystallization gave
36.6 g (85% yield) of white crystalline product: mp 85-86 °C: proton
NMR (CDCl3) 6 7.35 (s. 10 H, C¢H-), 2.63 (m. 4 H, CH.CH-Si), 1.17
(m, 4 H, CH.Si); fluorine NMR (CDCla) ¢ 105.7 (Jyr = 15 H2): IR
(KBr) 1590, 1430, 1320, 1260, 1200, 1100, 700 cm~!. Anal. Calcd for
C18H1s0:NF2Si: C, 44.63; H, 3.75; N, 11.57. Found: C, 44.84; H, 3.85;
N, 11.39.

1,1,3,3,5,5-Hexakis(3-fluoro-3,3-dinitropropyl)cyvclotrisilox-
ane. A solution of 10 g (0.021 mol) of bis(3-fluore-3,3-dinitropropyl)-
diphenylsilane in 25 mL of methylene chloride and 25 mL of acetic
acid was stirred with 10 g (0.0625 mol) of bromine for 3 davs. Water
(10 mL) was added, and the reaction mixture was stirred for 24 h. The
solution was washed with water, and the solvent was removed. The
product was redissolved in methylene chloride, and 2 g of bromine
was added. Crystals slowly formed and after 4 days. 4.8 g (67% vield)
of 1,1,3,3,5.5-hexakis(3-fluoro-3.3-dinitropropylicyclotrisiloxane was
isolated by filtration. The product was recrystallized from ethyl ac-
etate and Skelly F to give white crystals: mp 207-209 °C; proton NMR
(acetone-de) 6 3.14 (m, 4 H, CH,CF), 1.20 (m, 4 H. CH.Si); fluorine
NMR (acetone-d¢) ¢ 106.0: IR (KBr) 1590, 1320, 1270, 1210, 1030
cm™!, Anal. Caled for CcHsN,OqF,Si: C, 20.83; H, 2.33; N, 16.19.
Found: C, 21.00; H, 2.36: N. 16.17; mol wt (vapor phase osmometer/
EtOAc), 1010 £ 5% (trimer = 1038).

Registry No.—Sodium nitrite, 7632-00-0; (3-bromopropyl)tri-
methylsilane, 10545-34-3; (3-nitropropylitrimethylsilane, 64033-533-8:
(3-hydroxypropvhitrimethylsilane, 2917-47-7; (4-bromobutyl)tri-
methylsilane, 18379-55-0; (4-nitrobutviitrimethvlsilane, 64033-56-9:
(3-bromobutylitrimethylsilane, 18379-54.9: (3-nitrobutvljtrimeth-
ylsilane, 64035-57-0; (3-hydroxybutylitrimethylsilune, 18387-24-1;
(3-nitrotobutylitrimethvisilane, 64035-58-1; (3.3-dimtropropylitri-
methylsilane, 64035-39-2; (4.4-dinitrobutylitrimethyisiiane,
64035-60-5; (3.3-dinitrobutylitrimethvlsilane, 64035-61-6; (3-flu-
oro-3,3-dinitropropviitrimethylsilane, 64035.62-7: (4-tluoro-4.4-
dinitrobutyl)trimethylsilane. 64035-63-8: (hydroxymethyi)trimeth-




ylsilane, 3219-63-4; trimethylsilvimethyltriflate, 64035-64-9; 2-flu-
oro-2,2-dinitroethanol, 1706G3-75-7; trimethylsilylmethyl 2-fluoro-
2,2-dinitroethyl ether. 6403

5-0; allyl bromide, 106-95-6; chloro-
methyldiphenylsilane, 144-7

4-6; allylmethyidiphenyisilane, 17922
43-9; (3-bromopropylymethyldiphenylsilane, 64035-66-1; alivioxy-
trimethylsilane, 18146-00-4; (3-hvdroxypropylimethyldiphenylsilane,
64035-67-2; toluenesulfonyl chloride, 98-59-9; (3-p-toluenesulfona-
topropyl)methyldiphenylsilane, 64035-68-3; (3-nitropropvl)meth-
yldiphenylsilane, 64035-69-4; (3.3-dinitropropyl)methyldiphenylsi-
lane, 64035-70-7; (3-fluoro-3.3-dinitropropylimethvidiphenylsilane,
64035-71-8;  (3-fluoro-3.3-dinitropropvl)methyldibromosilane,
64035-72-9;  (3-fluoro-3,3-dinitropropylymethyldifluorosilane,
64035-73-0; (3-fluoro-3.3-dinitropropylmethyimethoxvfluorosilane,
64035-74-1; 1,3-bis(3-fluoroe-3.3-dinitropropyl)-1.3-dimethyl-1,3-
difluorodisiloxane, 64035-75-2; dichlorodiphenylsilane, §0-10-4; 3-
chloropropanol, 627-30-5; bis(3-chloropropoxy)diphenylsilane,
63802-05-2; bis(3-hydroxyvpropyliciphenyisilane, 34364-72-2; dial-
lyldiphenylsilane, 10519-85-7; diphenvlsilahe, 775-12-2; bis(3-bro-
mopropyl)diphenylsilane, 64035-76-3; bis(3-p-toluenesulfonato-
propyl)diphenylsilane, 64035-77-4; bis(3-nitropropyl)diphenyl-
silane, 64035-78-5; bis(3.,3-dinitropropylidiphenylsilane, 64035-
79-6; bis(3-fluoro-3.3-dinitropropylidiphenvlisilane, 64035-80-9;
1,1,3,3,5,5-hexakis(3-fluoro-3,3-dinitropropyljcyciotrisiloxane,
64035-81-0; (CF3S0,).,0, 358-23-6.
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Appendix B

Synthesis of Bi°-(3,3—dinitrobutyl)cyclopolysiloxanesl

Duane A. lerdal and Kurt Baum*
Contribution from Fluorochem, Inc.
Azusa, California 91702
We have reported“ the synthesis of (3-fluoro-3,3-dinitropropyl)methyl-
polysiloxanes and of bis(3-fluoro-3,3-dinitropropyl)polysiloxanes by the
stepwise introduction of nitro groups and fluorines with displacement reac-
tions, oxidative nitrations and fluorinations. Phenyl groups were used as
silicon blocking groups, and were removed by bromination at the end of the
reaction sequence.
NaN02 :
(Celig )81 (CHpCHpCHBr)p ————> (Cgll5)oS1(CHp CiipCHaN02)
AgNO3 FClO3
__>(C6H5)281 CH, CH, CH(NO, ) —H(C6H5)231 aiem{am'(xoe)a]z
NaNOo
OH~

Br2 H20
BEI TSR S -O?i IE!IZCH2@‘(N02)2]2 cyclic polysiloxanes

The synthesis of an analogous series of compounds with internal gem-di-
nitro groups was undertaken in the present work. The starting material was
obtained by & sequence of reactions beginning with the hydrosilylation of
acrolein dimethyl acetal with diphenylsilane. The hydrosilylation of acro-
lein, as well as¢x,(3-unsaturated ketones and esters, with triethylsilane has
been reported to take place by 1,hk-addition, yieldinz enol silyl ethers.3’h
However, acrolein acetal and triethylsilane in the presence of chloroplatinic

acid gave, after hydrolysis, 3-(triethylsilyl)propionaldehyde.3

For the addition of diphenylsilane to allyl compounds,2 tris(triphenylphos-




phine)rhodiun chloride5 was found to be a more effective Eatalyst than chloro-
platinic acid. Under these conditions, the adduct of acrolein dimethyl acetal
and diphenylsilane was obtained, and aqueous hydrolysis converted it to bis-
(3-oxopropyl)diphenylsilane. This aldehyde underwent such rapid self-conden-
sation that it could not be analyzed. However, it reacted with methyllithium

in ether to give bis(3-hydroxybutyl)diphenylsilane, a crystalline solid.

(CgHg)oSily + CHy=CHCE(OCH3), ——> (CgHg)oS1 [CHECH2GH(OCH3);}2

H;0 { CH3L1 g :

——> (CgHs)pS1(CH,CHpCHO)p  ———3 (CgHg)p51(CHy CHp CHORCES )

The reaction of this alcohol with phosphorous tribromide in ether zave
the corresponding dibromide. Bis(3-bromobutyl)diphenylsilane underwent dis-
placement with sodium nitrite in dimethyl sulfoxide to yield bis(3-nitrobutyl)-
diphenylsilane. Oxidative nitration6 of the salt of this nitro compound with
sodium nitrite and silver nitrate, in a mixed solvent consisting of water, me-

thanol and ether, gave bis(3,3-dinitrobutyl)diphenylsilane.

PBr
NaNO, OH~
(cénb ) 5S4 | CHy CH, CH(NO,y ) G4 ——~—> (c6h5 )2S4 [cnzmzc(noz)zai >
DMSO glog
NaNo2

Dephenylation with bromine was similar to that of the analogous fluoro-
dinitropropyl compound.2 Only one phenyl group was removed readily in an
inert solvent, but hydrolysis of the resulting bromosilane to the silanol fa-
cilitated removal of the second phenyl. A convenient one pot procedure uti-

lized glacial acetic acid as the solvent for the initial bromination, with
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water added to complete the bromination and hydrolysis. A cyclic polysiloxane

with a molecular weight between trimer and tetramer was obtained, which melted

at 240-250° (dec.).

Experimental Section

NMR and IR spectra were recorded with a Varian T-60 spectrometer znd a
Perkin-Elmer 700 spectrometer, respectively. Molecular weights were deter-
mined with a Mechrolab 301A vapor osmometer.

Bis(3-hydroxybutyl)divhenylsilane. A solution of 18.4 g (0.1 mol) of

diphenylsilane, 22 g (0.215 mol) of acrolein dimethyl acetal and 0.0l g of
tris(triphenylphosphine)rhodium chloride in 25 ml of benzene was refluxed for
4 hours. An additional 0.01 g of catalyst was added and the solution was re-
fluxed for 2 hours. The solvent was stripped under vacuum and the residue
was added to a mixture of 100 ml of water, 20 ml of ethanol, 0.5 ml of con-
centrated hydrochloric acid and 0.2 g of potessium iodide. Ethanol and me-
thanol were distilled off slowly until the head temperature reached 80°. The
mixture was cooled and the product was extracted with three 50 ml portions of
ether, dried and stripped of solvent. The aldehyde, which polymerized on
standing, was dissolved immediately in 50 ml of ether and the solution was
added dropwise to 150 mi of 1.5 M methyllithium in ether. The mixture was
refluxed for 15 min, cooled and acidified with 10% hydrochloric acid. The
ether layer was separated, washed with 50 ml of water, dried and stripped.
Bis(3-hydroxybutyl)diphenylsilane (27%, mp 91-2°) was isolated by crystalli-
zation from carbon tetrachloride and Skelly F. IR (KBr) 3300, 2900-3000,

1h3o,41120 and 705 emt: MR (CDCl3)S7.hO (broad s, 10 H, Celis) 3.72 (sex-
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tet, 2 H, CHOH), 2.17 (s, 2 K, OH) and 1.0-1.8 (m, 14 H, CH;CHORGH,CH,):
Anal. Caled for CpgHpg0pSi: C, 73.12; H, 8.59. Found: C, 73.19;
B 8.73.

Bis(3-bromobutyl)diphenylsilane. A solution of 9.0 g (0.0275 mol) of

bis(3-hydroxylbutyl)diphenylsilane and 8.6 g (0.032 mol) of phosphorous tri-
bromide in 30 ml of ether was stirred at ambient temperature for 90 hrs. The
solution was added to 100 ml of ice-water and the product was extracted with
three 30 ml portions of carbon tetrachloride. The combined organic layers
were washed with water, dried and stripped of solvent. The product was puri-
fied by column chromatography (silica gel and carbon tetrachloride) followed
by crystallizetion from Skelly F, to give 6.5 g (48%) bis(3-bromopropyl)di-
phenylsilane, mp 61-2°: IR (film) 2900-3000, 1k25, 1225, 1190, 1120, 7:O and
710, nmr (CDCl3)67.5 (broad s, 10 H, CgHs), 4.2 (sextet, 2 H, CHBr), 2.0
(m, 4 H, CH,CH,Si) 1.85 (4, J= THz, 6 H, 053) and 1.4 (m, 4 H, CHySi).

Anal. Caled for CooHpgSiBrp: C, 52.87; H, 5.77. Found: C, 52.88; H,
5.TT.

Bis(3-nitrobutyl)diphenylsilane. A solution of 6.0 g (13.0 mmol) of

bis(3-bromobutyl)diphenylsilane and 12.0 g (174 mazol) of scdium nitrite in

30 ml of dimethyl sulfoxide was stirred for 3 hrs at 259C. The solution was
added to 250 ml of water and was extracted with three 25 ml portions of car-
bon tetrachloride. The combined organic layers were washed with water, dried
and stripped of solvent. Column chromatography and crystallization from car-
bon tetrachloride and Skelly F, yielded 1.5 5 (29%) of bis(3-nitrobutyl)di-
phenylsilane, mp 84-5°: IR (KBr) 2900, 1530, 1430, 1320, 1180, 1110 and 700

em™l; nur (CDC13)6 7.3 (brosd s, 10 E CGgHg), 4.5 (sextet, 2 K, CHNO,), 1.k

'
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(o, & B, CHyQL,51), 1.5 (4, J= THz, 6 &, CH3) end 1.1 (m, ¥ H, CH,S1).

Anal. Caled for CppliogN,0)5i: Cc, 62.15: H, 6.78; N, 7.25. Found: C,

61.93; H, 6.58; N, 7.39.

Bis(3,3-dinitrobutyl)diphenylsilane. Bis(3-nitrobutyl)diphenylsilane

(1.2 g, 3.1 mmol) was dissolved, with stirring at 70°, in a mixture of 5 ml
of methanol, 13 ml of water and 6.2 mmol of potassium hydroxide. The solu-
tion was cooled to room temperature and 2.2 g (6.2 rmol) of sodium nitrite
was added. The resulting solution was added quickly to a vigorously stirred
mixture of 2.2 g (13 mmol) of silver nitrate, 15 ml of water and 20 ml of
ether. After 5 min an additional 25 ml of ether was added and the mixture
was stirred for 2 hrs. Saturated sodium chloride (10 ml) was added and the
mixture was filtered. The precipitate was washed with ether, and the com-
bined ether layers were dried and solvent was evaporated. Column chromatogra-
bhy (silica gel, methylene chloride) and crystallization (carbon tetrachlo-
ride, Skelly F) gave 0.90 g (61%) of bis(3,3-dinitrobutyl)diphenylsilane, mp
70-1°: IR (film) 3,000, 2900, 1550, 1420, 1380, 1320, 1190, 1110, 1020, 845,
785 and 700 cm'l,- nar (CDCl3) 7.37 (broad s, 10 H, CgHs), 2.4 (m, 4 E, CH,-
CHy81), 2.07 (s, 6 H, CHg) and 1.1 (m, b H, CHpSi).

Anal. Caled for CpopyM,0gSi: C, 50.41; H, 5.09; N, 11.76. Found: C,
$0.T1; B, 5.15; N, 11.96,

Bis(3,3-dinitrobutyl)cyclopolysiloxanes. A solution of 3.0 g (6.3 mmol)

of bis(3,3-dinitrobutyl)diphenylsilane and 1 ml (18 rmol) of bromine in 20 ml
of glacial acetic acid was refluxed [or 30 min. Water (100 ml) was added and
the mixture was refluxed for 10 min. The solution was cooled to room tempe-

rature and 20 ml of methylene chloride was added. A fine white precipitate

L1




was filtered and the methylene chloride layer dried, and one drop of triethyl-
amine was added. After 24 hrs, additional precipitate was isolated by filtra-
tion to give a total of 1.5 g (70%) of a mixture of cyclic bis(3,3-dinitrobu-
tyl)polysiloxanes, mp (dec) 240-250°: IR (KBr) 2900, 1545, 1320, 1200, 1090
and 1010 cm'l,- nar (D3CCOCD3)52.7 (m, b H, CH,H,Si), 2.20 (s, 6 H, CH3) and
1.0 (m, 4 H, Cﬂasi); molecular weizht (vapor phase osmometer, 2-butanone),
1210 ¥ 5% (trimer = 1014, tetramer = 1352).

Anal. Calcd for CgHy,N,0gSi: C, 28.ko; B, L.17; N, 16.56. Found: C,
28.06; H, 4.03; N, 16.21.
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