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I. nzrRoDuo’rIcN

Research under Contract N000114-71-C-0176 hes been conducted durIn~ the

perIod 1 December 1970 to 31 December 1977. This is the Final heport un der

the above contract , and the work will be continued w e r  Contract 1 00C1L14-78-
p

C-01147. The work performed through 30 Noveaber 1976 has been detailed In

the following Annual Sunrmsry Reports:

Fluorochem Report ONR-l-l, January 1972 , AD No. 736211.9

Fluorochein Report ONR-1-2 , January 1973, AD No . 7514778

Fluorodhem Report ONR-l-3, January 19714, AD No. 773911.2

Fluorochem Report ONR-l- 14, January 1975, AD No. A00611.68

Fluorochem Report ONR-l-5, January 1976, AD No. A019807

Fluorochem Report ONR-l-6 , January 1977, AD No. A0353149

The objective of this program Is to develop new synthetic methods for

classes of compound s with potential utility in high energy propella.nts and

explosives. Under this program dichlorine heptoxide was developed as a prac-

tical perchiorylating reagent , and its reactions with alcohols , ami nes , ethers ,

ketones and olefins were studied . The chemistry of’ alkyl triflates was stu-

died, and their utility for the etherification of nitroalcohols was deinonstra-.

ted. The first alkyl perbromate was synthesized. Synthetic methods for nitro

and fluorodinitro substituted silicon compounds were developed. The first

oxetane with a riltro group or the ring was synthesized and polymerized.

The following journal publications resulted from this contract :

C.D. Beard , K. Baum and V. Grakauskas, “Synthesis of Some Novel Tn-

fluoromethanesulfonates and Their Reactions with Alcohols ” , J. ~~~~~~~~ . Chem. ,

38, 3673 (1973).

1
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V. Grakauska s “FJ.uora r~monium Trif1uoro~ethanesuifonate ” , J .  Inor.~~ i wel.

Chem. , ~2.. 3035 (1973).

K. Baum and C.D. Beard, “Reactions of Dichlorine Heptoxide with Alco-

hols”, J. Am. Chem. Soc., 96, 3233 ( 19711.).

C.D. Beard and K. Baum, “Reactions of Dichlorine Heptoxide with Amines ”,

J. Am. Chem. Soc., 96, 3237 (19714).

C.D. Beard and K. Baum, “Reactions of Silver Perchiorate and of’ Silver

Triflate with Alkyl lodides. Solvent Inhibition of Isoinerization ” , J.

Chern. , 39, 3875 (19714).

K. Baum and C.D. Beard , “Reactions of Dlchlorine Heptoxide and of Acyl

Perchiorates with Ethers ” , J. 
~~
. ~~~~~~~~~~~~~~ 140, 81 (1975).

K. Baum, C.D. Beard and V. Grakauskas “Preparation of an Alkyl Perbro-

mate”, ~~~. Am. Chern . Soc., 97, 267 (1975).

K. Baum and C.D. Beard , “Reactions of Dichiorine Heptoxide and of’ Hypo-

halites with Alkyl lodides ” , J. 9~~. Chem., 14.0, 2536 (1975).
K. Baum, “Reactions of Dichlorine Heptoxide with Olefins”, J. ~~~~~~~~. Chern. ,

~I1, 1663 (1976).

The following manuscripts have been submitted for publication:

K. Baum, D.A. Lerdal and J.S. Born, “Synthesis of’ Organosilanes and

Polysiloxanes with Nltro and Fluoro Substituents”.

D.A. Lerdal and K. Baum, “Synthesis of Bis(3,3-dinitrobutyl)cyclopoly-

siloxane”.

This report covers technical details of the work performed durine 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 nitrooxetanes.

2
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II. DISCUSSION
p

A. Nitrosilicone Oherni s~~~y

In the two preceding reports , methods were developed for the in-

troduction of fluorodinitroalkyl groups into simple silanes,
1 
and these me-

I
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
V

journal manuscrIpt. The route 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

— 
the 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-brornobutyl)diphenylsilane with sodium nitrite gave bis-

(3-nitrobutyl)dipheny1~i1ane, which underwent oxidative nitration to give bis-

(3,3-dlnitrobutyl)alphenylsilane. Bromination and hydrolysis gave the desired

polysiloxane. The product was a stable high-melting solid with an average

molecular weight of 1210; the material melted with decomposition at 214.0_250°C.

NaNO
(C6H5)2

Si(C}~2CH2CHBrCH3)2 ~ (c6us )2si[cH2cH2cH(N o2 )dH~j :

A:N03 

(c6H5)2s1[cH2CH2C(No2)2cH3]2 ~~ ,

NaNO2 
H0~c

3

•,— 
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p

Further work was carried out with the objective of preparing Ligh mole-

cular weight polysiloxanes. The dephenylation of bis(3-fluoro-3,3-dinitropropyl)-

diphenylsilane was simplified by using acetic acid as the so1va~t for bromi-

nation. Quenching the reaction with water gave a mixture of bis(3-fluoro-3,3-

dinitropropyl)sIlanediol and the corresponding disiaoxane. These compounds

were soluble In niethylene chloride. The addition of a trace of pynidine or

triethylamine to this mixture resulted in silanol condensation to give inso-

luble cyclic polyslloxanes with an average molecular weight Intermediate

between calculated values for triiner and tetranier.

(c6B5)2s1 [~2~~2~~ (No2 )~~ :c~~ 
~~~~~~~~~~~

(uo)2si [c2dH2cF ( No2 )~~+ ftc(No2 )2 cH2 cH
2J2sI-osi

j~
H2 CH2cF(No2) 2]

OH OH
• C N N  r N0

21
~~ 

> I_ 0 Si(~~2~~2~ ’) 2II t  ‘ I
2 2  L ’  NO2Jn

A more satisfactory route to the silanediol was found to be the reac-

tion of the polysiloxane with potassium hydroxide in aqueous methanol. The

material dissolved, and neutralization with aqueous sodium dihydrogen phos-

phate gave essentially a quantitative yield of the silanediol. This compound

was Identified spectrally and by its reaction products with chlorotrimethyl-.

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

ether after 0.5 hr at ambient temperature was trimethylsiloxybis(3-f’luoro-

14.

— -  ____



3,3-dinitropropyl)silanol . Hcw~ver , after a 16 Lr r~action ~c:rio~i , tLis

silanol was converted to a mixture of its disiloxar4e and its trimethylsilyl

derivative , both of which were isolated and analyzed.
NO ~ NO2I KOB

1-osi(cH2cH2cF) 2 —3 — ) (HO)2 Si(CH2CH2 CF ) 2

L NO2 n NO
2

NO
(cH)siCl

“,‘ ~~ 
_

~~~
, (cH 3) 3siosi(aJ2~ I2cF)2 

i8 hrs
>

OH NO2
0.5 hr

NO NO2

+ r(~ 3) 3SiOsi(CE 2~ 2~ )6 1IO
NO2 NO2

Attempts were made to transform the cyclic bis(2-fluoro-2,2-dinitropropyi)-

polysiloxanes Into linear high molecular weight polymers with acidic or basic

catalysts. The results are shown in Table 1. No significant Increases in

molecular weight were observed. Difficulties were encountered previously2

in polyrnerlzing methyl(3-fluoro-3,3-dinitropropyl)siloxane oligotners and the

presence of a second bulky and electron-withdrawing fluorodinitropropyl group

does not facilitate polymerization.

The bis (3-fluoro-3,3-dlnitropropyl) oligomer did not give the corres-

ponding difluorosilane when it was treated with HF under the same conditions

that were successfully applied to the znethyl(2-fluoro-2,2-dinitropropyl)poly-

siloxanes.

5
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Table 1. Atte.aptc-d rol~ ::ier izut ion  c-b ’ :,‘ciIc ~li~ o:~ers

Starting
Material

Run MW Solvent Te:nperature Catalyst Tirie

1 10140 - 215° - 10 n.m 1030

2 1040 - 230° - 2 m1n 800

3 10140 Toluene 1100 CsOH 2 hr 1530*

14 10140 D~ ? j3Q0 Et3N 15 mm 1010

5 10140 DMF 25~ BkH~* 72 hr 915

6 10140 DMF 1500 BAlI 15 rai n 762

7 1040 DPIF 800 CsOH 2 hr 900

8 835 - 200° CsOH - charred

9 1250 EtOli 25~ KOH 10 raIn 91C

10 1250 EtCH 25 to 2000 KOH 10 ~‘J.n at; 200° 670

II 1250 - 2000 H2S04 30 rain 122 4~*

12 1250 EtOP~c 77° Pyridine 30 m m  1070

13 1250 HOAc 118° - 1 hr 1110

14 1250 C6H5N02 90° BAR 1 hr 800

* Substantial decomposition occurred

Benzyltriznethylanmmonium hydroxide

6
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An approach that is used frequently to prepare siUcones from n~r~o:r’~r~
p 3with bulky substituents is to copolymerize them with unhindered monomers.

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 co:-.ano~’crs 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 dl-

methyl formarnide , without base to remove liberated HC1, or with triethylaralne

or pyridine. Higher molecular weight products were obtained with ether and

• triethylarnine. 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’ mnethyltrichlorosilane instead of’ dichiorodimethylsilane

under these conditions gave a brittle polymer with a molecular weight of 3160.

Diethoxydimnethylsilane did not react with the silanediol.

Bis(dimethylamino)dirnethylsIlane Is a recently reported reagent
4 for

producing high molecular weight polymers from aromatic silanols. It has the

advantage of producing volatile dimethylaminie as the only byproduct :

• 
HO-SI SlOB + (cH 3)2N-s1N(~~3)

CH 
~
I
3

[OH3 
OH
3 

01131
• ~~~~ (~~~~~~ 3) ~i_o~lH +

[O H3 OH3 OH
3Jn

7

I
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Molecular weights , however , of P Ju~t~ of’ th i s rea:~ nt a~~ ~~~ ( 2_ f iu ~ rc .2 ,~~
_

dinltropropyl)silanediol were similar to those obtained using dichlorcdi~ othyl-

silane and triethylamine . The basic reaction conditions result ing from the

• liberated amine resulted in darkening and apparent decomposition of the pro-

duct . Fractional precipitation of the product obt.ained in refluxing tcluene

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

of’ 1720.

Another dimethylsilyl monome r has recently been reported that liberates

only neutral fragments. Bis(ureldo)dirnethylsilanes have been used to prepare

polymers from monomers with silanol groups attached to phthalocyanine5 and to

carborane backbones. 6 We obtained the reagent by the reported method 5 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 11.3%

yield of material with a molecular weight of’ 44140. The product was an almost

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

aminosilane was thus avoided.

NO 0

(Ho)2si(cu2cH2cF)2 + [~~~
,,
,

N~c_ N_ ) si(cH3)2
NO2 

- . P~/2

r ~
°21

+ (~~~
,
)-C-NuPh

8
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B. Jr;e:iistry of 2_F1u~:o-2-n trcpro~--~n~ Eol

Fluorine is known to inhibit  anion for ;~iation on dinitro.~othano deriva-

tives,7 and this “fluorine effect ” has enab1e~ the synthesis of useful alkyl-

ation products of 2-fluoro-2,2-dinitroethanol ux~ier alkaline conditions.

• Other 2,2-~iinitroa1coho1s are deforc’.yU.ted in the presence of base to ~ive

nitronate salts. Even less tendency toward deformy lation would be expected

for 2-fluoro-2-nitropropancdiol. The chemistry o±~ th is potentially low cost

difunetional nitro compound has been little investigated.

This dio]. was first prepared by the fluorination of the salt of 2,2-di-

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

0 0

• / \  / \
OFt2 c( cH.~)2 CR2 c( cH..~),,I F~ I

NaO2N=C 0 > NO2 CF 0 ) B0CH~ CFNO OH OH
\ / Cd 4 \ / CH

3
OH 2 2

CR2 CR2

Subsequently, the synthesis of this diol was reported by the direct f’luorina-

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 was used.

In our hands, the direct aqueous fluorination of salts of 2-nltro-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 rliol. Diethyl

9
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fluoronitromalom;ite was ottained convenicntl:~ by t~~ previo~ c i- - r~~orted
1°

fluorination of Jiethyl nitror~alonate, obtained, in turn, by the nitration

of’ diethyl malonate. The reaction of diethyl fluoronitronalonate with aqueous

formaldehyde containin~ sodium hydroxide resulted in simultaneous ester hydro-

lysis, decarboxylation of the resulting acid, and formylation. The desIred

2-f’luoro-2-nitro-l,3-propanediol was isolated in 146~ yield. The sanc yield

was obtained with paraformaldehydc and potassium hydroxide , with ~~t~ ano1 as

• the solvent. NO
HNO3C2H5

OCCH2COC2H5 OH Cl 
y C2H5

OCCHCOC2H5
0 0  2 2  0 0

NO2 NO2I C R C  I
-) C,,H 0CdFCOC~H~ 

_ 2 
> HOCIL.CFcE OH

c~~ 5 H  it ~ 2

NaOH

Dimethyl fluoronitromalonate was also used. to prepare 2-fluoro-2-nitro-

1, 3-propanediol , and similar yields were obtained with aqueous formaldehyde

and potassium hydroxide. With methanol, parafor~aldehyde and sodium hydroxide,

however, yields varied from 0 to 93~. Thus, although an unknown impurity my

be responsible for yield fluctuations and ~ore work is required, high yields

are attainable.

A potentially useful reaction of 2-fluoro-2-nltro-l,3-propanediol is

its cyclization to the corresponding oxetane. Nitrooxetanes are virtually

unknown. Thus, a trace byproduct of the reaction of tris(’nydroxy~ethyl)nitro-

methane with PC1~ was reported to be 3-chloromethyl-3-nitrooxetane with little

evidence.
11 

The Ter I~1~er reaction of 3,3-bis(ch.loromethyl)oxetanc gave 3,3-

bis(nitroraethyl)oxctanc In 3~ yield. 12

10
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Simple oxetanes arc gen~rally obtained by cycl iz ing  :~onotosy lates of

1,3-diols with base. 13 Whereas other 2-nitro-l ,3-diols would present diffi-

culties because of deformylation under these conditions, this problem would

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

The tosylation o± 2-fluoro-2-nltro-l,3-propanediol proceeded normally.

When p-toluenesu.lfonyl chloride was treated with a molar excess of’ the diol

and pyridine, to minimize ditosylate formation, in refluxlng chloroform, a

• 78% yield of monotosylate and a 10% yield of’ ditosylate were obtained. The

excess diol was recovered by extraction. ~dhen an excess of p-toluenesulfonyl

chloride was used in pyridine a 67% yield of the ditosylate was isolated.

Cl

HOcH2CF(N02 )0H20H ~~ CR
3..f~~

..SO20CR2
cF(N0

2
)CH2OH

Pyr

) dH
3—€~~-SO2OcH2CF(NO2) cH2OS02-~J~.-cH3

The cyclization of the monotosylate to the oxetane was attempted with

potassium hydroxide in aqueous dioxane. The reaction was complete in 5 mm

at room temperature and gave an almost quantitative yield of a product identi-

fied as 2,6-difluoro-7-hydroxy-2,6-dinitro-14-oxa-l-heptyl tosylate. The same

product was obtained using potassium carbonate as the base. A possIble mech-

anism for this reaction involves the desired cyclization to the oxetane. If’

the oxetane is exceptionally labile to nucleophilic rin: opening it could

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

NO2
NO2 NO2 NO

2OH -C-F I ott—
O— C H 2 

+ HOCR2CCII2OSO2_<~~~>-CH2 
? 

HOOHpCCR2OCH2CCR2OSO2.(~~>..
cIi
3

11

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ;__ T — 
• •



A more reactive leaving group, trif late, was examined with the expecta-

tion of increasing t~c rate of the cyclization. The addition of 2-f~uoro-3-

hydroxy_2-nitropro~yl trif late to the oxetane should take place at a rate si-

milar to that of the tooylate, so the oxetane might survive. This monotri-

flate was obtained in 5~~ yield from 2-fluoro-2-nitropropanediol with theore-

tical amounts of t r if l ic anhydride and pyridine , but the yield was increased

to 67% by a 3-stage reaction with diol in excess. The correspondin g ditri-

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

NO NO2 NO
2(cF so2)o I

• HOCH CCH OH 3 2 CF.~SO OOH,.~COH OH 
—

~~~ CF SO OCR~COH 030 CF• 2, 2 ~~~2 ~~~~~ 3 2  c-~~~2 2 3
F F F

Indeed, 3-fluoro-3-nitrooxetane was obtained from the monotriflate with

a variety of’ basic reagents. Thus, potassium hydroxide in water or aqueous

dioxane gave the oxetane in about 50% yield with a reaction time of less than
15 m m .  Triethylarnine in chloroform gavo similar yields, but 20 hrs was re-

quired. The use of DBU (l,5_d iazabic-.~clo_[5.4.O]undec_5_ene) as the base in

methylene chloride gave a 62% yield of the oxetane In a 15 rsin reaction peri-

od. Pyridine, however, failed to give the oxetane but, instead underwent N-

alkylation by the triflate, on the basIs of NM2~ evidence. The oxetane is a

colorless liquid with a boiling point of 310 (1.5 mm).
N02 base

dF3SO200H2COH2OH 
_ 

QI
2C- -F

0—.. CR2

12
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The availability of the oxetane offered the opyortun ity to prDve or

disprove the proposed mechanism for the dirnerization of the above mortotosy-

late. Thus, equimolar amounts of the monotosylate and the oxetane were treated

with potassium hydroxide in aqueous dioxane. The tosylate was converted rap-

idly to its dirtier while the oxetane was unchanged. Thus, the oxetane was not

an Intermediate 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 aqueous

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.

NO2 NO2 NO

OFt
3
-~~~~~-SO2OCR2 CCR2OH + HOCR2CCR

2
OH > HOCH2 CCR2OOH2COH2OH

NO2 NO2

SO2OCH2CcH2
OOH

2
CcH

2
OH

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 sulf’oxide at 650 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.

13
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• NO2 NO
i 2

110CR2?cM2OSO2 ~~~~~~~~~~~~ 
— ) HOCR

2
CdH

2
N

3

NO
HC~CCO~.H / N

> HOC}1 COil -N2~ 2

cO2H

NO2 NO2

~~~~~~~~~~~~~~~~~~~~~~~~~~ >

HCaCcO H N N-CH2CCR,~-N N
— 

2 
~ I I
C?C CtC

CO2H

The raonotosylate was also reacted with lithium bromide in dimethyl

sulfoxide at 65° to give 3-brorao-2-fluoro-2-nitro-l-prOpE.nOl. An attempted

reaction with potassium fluoride, however, was unsuccessful. Attempts 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-nitropropanedlol 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

114
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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
• i 2 NO2OH CF I

+ CF SOH— 3 CF SO OCH CCH OH
O OH ~ 3 3 2 2~ 2

F

NO
NO

2 + ~~ —i C1CH2CCH2OH1;’
The polymerization 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 formarnide

and in dimethyl sulfoxide. Its molecular weight is 2500, determined by va-

por osmornetry in dimethyl forrnamide. The polymer is a diol on the basis of

N~~ hydroxyl area. 1Y~A showed a melting point (endotherm ) of 2314° and onset

of decomposition at 290°C. The density of the material is 1.5885.

Work was initiated with the objective of Preparing the analogous dinitro

compounds. The reaction of 2,2-dinitro-l ,3-pro panediol with triflic anhydride

gave the corresponding mono- and ditriflate :

NO NO NO2 (cF3
so2)2o 

2 $ 2

Pyr ~ CF
3
3O2OCH

2~
CH
2

OH + CF
3
S020CH2

c~cH2
OS0

2
CF
3

NO2 NO2 NO2

15
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III. l:~~T~rAL

Bis(2-fluoro..2,2-dinitropropyl)silanediol. A mixture of 0.50 g (1.145

mmol) of bis(2-fluoro 2,2—dinitropropyl)polyslloxanes, 2.9 ml of 1M potassium

hydroxide and 5 ml of methanol was stirred for 10 cm . The resulting solu-

tion was added to a mixture ci’ 15 ml of ether , 5 ml of 1M sodium di~ ydrogen

phosphate, and 25 a]. of water. The aqueous phase was extracteg with tnree

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

15 ml. of’ water and with 12 cii of saturated sodium chloride solution. The

solvent was removed and the residue was dried under vacuum for 30 nJ.n to give

0.51 g (97% ) of bis(2-fluoro-2,2-dinitropropylsilanediol: ~~ (~‘DCl3)~~3.6

(s, 2 H, OH). 2.9 (a, 4 H, CH_CF). and 0.8 (.~. 14 H. CH2S.).

Reaction of bis(2-fluoro.-2,2-dinitro~roty1)si1anedio1 with chlorotri-

methylsilane. The above diol (0.51 ~~~, ]..L~Q mznol) in 5 ml of ether was added

with stirring to a solution of 0.96 ~ (8.85 u~o1) of chiorotrinethylsilane

and 0.87 g (8.6 amol) of triethylamlne in 30 ml of ether. After 30 rrt.in 20 ml

of water was added. The ether layer was dried and stripped of solvent. The

residue was found on the bas’s of NMR to contain only triciethylsiloxybis(3-

fluoro-3,3-dinitropropyl)silanol : ~i~R (CP013)~52.8 (a, 14 H. OH2 CF) 2.75 (br.s ,

1 H. OH), 0.83 (a, 14 H, eT2S1) 0.30 (s, 9 H, CR
3
). This silanol was dissolved

in 10 ml of ether and was added to C .3 g (2.9 mrnol) chlorotrirnethylsilane and

0.29 ~ (2.9 mmcl) of triethylarnine 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 soluble .

Column chromatography (silica gel , Cd 14 •:- ~% C~2Cl2) of the material

soluble In Skelly F yielded 0.26 g (35%) of bis(trlmethylsiloxy)bis- (3-fluoro-

3,3-dinitropropyl)silane, a colorless oil: I~C~ (CC14)~~2.8O (a , 4 H, CH2CF),

o.8o (rn , 14 H , cE2si) and 0.30 (s,  18 H, (diI3)~S~ ); IR (fIlm) 2970, 1590, 1320,

i6

-C
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1260, 1070. 850. 805 and ~Eo cm~~.

Anal. Calcd for C12H26N4010Si
3

F2 : C. 28.314; H, 5.15 N, 11.02. Found:

C , 30.12, H, 5.27; H .  io.88.

Chromatography (silica gel , CR2C1~ ) of - the material insoluble in Skelly

F yielded 0.34 g (55%) of trixaethylsiloxy bis(3-fluoro-3,3-dinitroprOpYl)di-

siloxane, mp 132-3°: ~~~~~ (CDC1
3
) ~2.80 (a, 8 II , 

~~2~~
’
~’ ~~~~~~~~~ (in, 8H, cE2si)

and 0.30 (s, 18 H, (cH3)3
5i); IR (KBr) 2970, 1590, 1320, 1260, 1220, 1070,

850, 810 and 760 crn~~.

Anal. daled for C18H34N8019S14F4: C, 25.28~ H, 4.00; N, 13.16. Found:

C, 25.58, H, 14.02; N, 13.214.

Bis(3_fluoro-3,3-dinitropropyl)polySiloXane. Bromine, 3.2 g, (20 inmol)

was added to 2.5 g (5.16 mmol) of bis_ (3-fluoro-3,3-dinitropropyl)dipheflyl-

silane in 20 in]. of’ acetic acid. After the solution was ref’luxed for 45 mm ,
an additional 0.5 g of bromine and 10 ml of water were added. The mixture

was heated to 1000 for 10 mm and ~as 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’ triethylarnine 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)diriethylsilane with His-

(2_fluoro_2,2-dinitropropy1)sI1~p~diol. A flame dried 50 ml flask fitted ‘with

a Tsacnetlc stirrer and sept um adaptor was charged with a solution of 7.8 nmiol

of bis(N_pyrrolidino-N’-phenylureido)dirnethylsilafle in 10 ml of chlorobenzene,

and the solution was cooled to 00. A solution of 2.80 g (7.7 ininol) of bis(2-

fluoro-2 ,2-dinitropropyl)sIlanedIol in 10 a]. of ether was added dropwise by

syringe with st irr ing at 00. 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 chlorofor~i layer was decanted ~ro~ insoluble ~aterial. T~~ chlo ro-

• 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 va-~uum drying, 1.38 (143~-) of

• polymer with a molecular weight of 14,144o. The material was a tacky pale yellow

resin with a ratio of dimethylsilyl to fluorodinitropropylsilyl units of 0.90

(Nt~~).

2-Fluoro-2-nitro-l,3-propanediol. A. A suspension of 89.2 g (0.140 mole

of diethyl fluoronitromalonate in 80 ml (i.o mole) of 37% aqueous formaldehyde

was cooled in an ice-bath to 2°C. A solution of 66.0 g (1.60 mole) of sodium

hydroxide in 1400 ml of water was then added dropwise with vigorous stirring

over 100 minutes, below 10°C. After the reaction mixture was stirred overnight

In an ice-bath, it was filtered and the filtrate was extracted with ethyl ace-

tate (3 x 1000 mi ). The ethyl acetate solution was dried over sodium sulfate

and distilled(O.17 mm/170° bath) to give 25.5 g (14~ .~~ ) of 2-fluoro-2-nitro-l,3-

propanediol: sip 86-87°C; 
1HNMR (acetone-D6) 3.90 (ci, J=6 Hz , 2 H, -cap-), 4.20

(t, J = 6 Hz, 2 H, -OH2-), 14.80 (t, J= 6 Hz, 2 H, -OH); 
19FI~~ (acetone-D6) ~)

145.6 (quintet, J= 16 Hz). IR(cH2C12) 3620 (-OH), 1575, 1335 (-NO2), 1040

(c-F).
B. To a suspension of 214.5 g (0.11 aol) diethyl fluoronitro-

malonate and 8.8 g (0.275 mol) of paraforraaldehyde in 110 ml of me-

thanol, at -9°C, was added 7.28 (0.11 aol) of potassium hydroxide in

55 in]. of methanol dropwise over 27 minutes. After 45 in.inutes, the

reaction temperature was raised to 00. No precipitate remained

after 1 hr. The reaction mixture was diluted with 330 in]. of water and

18
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the pH was adjust~ J to 5 ~ it ’:’i conet~nt rated hydrochloric acid. The re~.ction

mixture was saturated with sodium ch loride and extracted with ethyl acetate

(3 x 275 ml). The ethyl acetate solution was dried arid stripped. Toluene

was twice added and removed in vaeuo to leave 12.3 g of semisolid residue.

Vacuum distillation gave 6.99 g (45. 7% ) of 2-fluoro-2-nit.ro-l ,3-propanediol.

2-Fluoro-3-hyciroxy-2-nitro-1-propyl r-Toluenesulfonate. To a reflu.xirig

solution of 2.78 g (0. 020 m~~1)of 2-fluoro-2-nitro-l ,3-propanediol and 1.6 ml

(0.020 aol) of pyridine in 28 ml of chloroform was added dropwise over 2-1/2

hours a solution of 1.91 g (0.010 raol) of p-toluenesulfon~l 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 in]. of water, with

two 10 ml portions of 1.0 M HC1, 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 in]. of methylerie chloride and 30 ml of Skelly F

to give 1.6 g of 2-fluoro-3-hydroxy-2-nitro-1-propyl p-toluenesulfonate. A

second recrysta11iz~ tion gave an analytical sample: mp 88-89°; I~~ (cDCi3)

62.140 (s, 3 H, ~I
3
)~ 2.90 (broad s, 1 H, -cii ) , 14 .00 (a, J= 16 Hz, 2 H, -cH2-OH),

14.52 (d, J= 16 Hz, 2 H, -~~2-OTs); 7.40 (m , 5 H, Ph) 
19F~~ (~~ci3) ~ 138.

8

(quintet, J= 16 Hz) .  lB ( ci-i2c12 ) 3620 (-OH), 1585 (no2), 1380, 1195, 1180

(-OSO2-<~~~..CH3), 1020 cm’~ (C-F).

Anal. Caicci for C10H12FNSO6: C, 140.96; H, 4.12; N, 4.78. Found : C, 40.77;

H, 14. 1].; N, 14.57.

The mother liquor from the above crystallization was chro~~tographed

19
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(silica gel , c~~~~ tC~-c) to •:iv~ an addit~~ v~l o.E~ oc ‘ n . y k ~ ~~~, for

a combined yield of 2.28 g (77.3%), :~r~d O.1~4 (io .c~) of the c~ rrcs-~ ncing

ditosylate .

The water extract and the f irst  acid extract wero co:-~b~n~d and extracted

with ethyl acetate (3 x 20 ml). The solution was cried over sodIum su1~’ate,

and ethyl acetate was removed to give 1.3 g of 2-fluoro-2-nitro-1,3-propanediol.

2-Fluoro-2-nitro-1,3-~ ropy1ene Di-p-toluenesuifonate. To a solution of

1.12 g (8.o ma-nol) of 2-fluoro-2-nitro-l,3-propanediol in 20 ml of pyridine was

added dropwise over 15 minutes with stirring 6.10 g (32.0 inmol) of p-toluene-

sulfonyl chloride in 20 ml p~ridIne . After 17 hours, the reaction mixture was

poured into 2140 ml of ice water. The resulting solid precipitate was filtered

and washed with water and with Skelly F. ~he combined filtrate and water wash

was extracted with methylene chloride (2 x 50 ml), and the rnethylene 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 vacuo to give

0.3 g of a syrup. The above solid and the syrup were combined and recrystallizcd

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%) o±~ 2-fluoro-2-nitro-l,3-

prop~-1ene Di-p-toluenesulfonate. An analytical sample was recrystallized from

ethanol: mp 9O_910; ‘HN~~ (CDC13)c~2.143 (5 , 6 H) cH3), 14.47 (a, J= 16 Hz, 14 H,

-cn2-), 7.11.3 (a, 10 H, Ph); 19FN~~ (CDC13) ~ 136.8 (quintet J= 16 Hz).

Anal. Calcd for C17H18Fr~S2O3: C, 145.63; H, 14.06; N, 3.13. Found : C,

145.614; H, 4.17; N, 3.17.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p-Tolueneouifonate. To
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a solution of 0. 1147 g (0.50 mmol) 2_f1uoro-3-h~
,Jroxy-2-nitro-l-pro::yi to~:,’at.te

in 0.75 ml of dioxane and 0.20 ml of H20 was added 0.55 ml of al.0 ~1 hOL solu-

• tion. After the mixture was stIrred at room temperature for 1 hour, 3.5 sil of

water was added and the product was extracted with ethyl acetate (2 x 5 ~il),

and dried over sodium sulfate. Re~ova1 of ethyl acetate in vacuo gave 0.101 g

• (97.6% crude yield) of a product which contained only trace impurities. Puri-

fication was effected by an analytical sample prepared by TLC (k:lCH2C12_Et~Ac),

followed by cry~tailization from mnethylene chioride-Skelly F: rrrp 89-90°; 
1
H~ -~

• (CDC1
3
)t$ 2.43 (s, 3 H, CL

3
), 14.03 (d, J= 16 Hz, 7 H, 3 x C~i2;-0H), 14.143 (d, J-

16 Hz, 2 H, ~~2-0Ts) 7.40 (in, 5 H, Ph); 
19FW~fl~ (acetone) 4~ i14o.6 (broad s, 1 F),

142.2 (broad s, 1 F). IR(CII2Cl2) 3625 (-OH), 1580 (-NO 2), 1380, 1195, 1180

(_o_so
2..t~~~

.. cz: ,) ,  1030 cm
_i 

(c-F).

Anal. Calcd for C13H16F6N2
S0
9
: C, 37.68; H, 3.89; N, 6.76. Found : C,

38.79~ H, 14. 18; N, 6.90.

3-Azido-2-fluc.r-o-2-nitro-1-propanol. A solution of 0.293 g (1.0 mmol) of

sodium azide in 3 in]. of dimethyl sulfoxide was heated in a 55-60°C bath for 66

hrs. The reaction mixture was cooled, diluted with 18 ml of water, and ex-

tracted with methylene chloride (3 x 10 ml). The ricthylene chloride solution

was washed with water (2 x 10 ml) and dried over sodium sulfate. Removal of

the methylene chloride left 0. 110 g of a yellow oil , which was found by I;~-~

to contain so m e monotosylate and some D~~0, as well as 3-azido-2-fluoro-2-nitro-

1-propanol: IIr~~ (CDCl3)~~3.90 (a, J= 16 Hz, 2 H,-CH2OH), 4.00 (ci, J~ 16 Hz,

2 H, -cH2-N3) (the two doublets overlap and appeared as a pseudoquartet);
19FN~~ (CDC13) ct~ 137.0 (quintet, J= 16 Hz). lB (CDC13) 2150 (-N

3), 1565,

1360 cm~~ (-No2).
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The crud e azide (0. 110 g) and .050 g (0.7 nirnol) propiolic acid were dis-

solved in 0.6 in]. chloroform. After standing at room temperature for 54 hours , the

• resulting solid was filtered and washed with chloroform to give 0.0514 g of 1-

(2-fluoro-3-hydroxy-2-nitro-propyl)-14-(or 5-)-carboxy-l,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 tetrachioride gave an analytical sample: nip 175-177°; 
1
HN!~U~ (acetone-D6)

o’11.23 (in, J= 16 Hz, ~~~0H) 5.53 (m, J= 16 Hz, c~~-N-), 7.27 (broad s, 1 H,

co~u), 8.33 (s, 1 H, triazole), 19FN~’U~ (acetone-D6) ~ 139.2 (quintet, J= 16 Hz).

Anal. calcd for ~6H7FN~05: C, 30.78; H, 3.01; N, 23.93. Found : C, 31.30;

H, 2.91; N, 24.75.

3-Bromo-2-f1uoro-2-nitro-~~~rop~nol. A solution of 0.293 g (1.0 minol) of

2-fluoro-3-hydroxy-2-nitro-l-propyl tosylate and 0.261 g (3.0 mao].) of lithium

bromide (dried overnight at 1140°C) in 3.0 in]. of dimethyl sulfoxide was stirred

in a 65°C bath for 5 days . No starting rnterial was detected by 19FNMR after

2 days. The reaction mixture was cooled , diluted with 27 in]. of water and ex-

tracted with methylene chloride (3 x 15 ml). The niethylene chloride solution

was washed with water (5 x 25 ml) and dried over sodium sulfate. Removal of

uiethylene chloride in vacuo gave 0.0118 g (23.7% ) of essentially pure 3-broino-

2-fluoro-2-nitro .-l-2ropanol as a brown syrup : HN~~ (CDC13)S2.63 (broad s,

1 H, -011), 14.03 (m, ii. H, -CR2-); 
9FNMR ( D!.~ 0) l~) 1314.2 (quintet , J= 16 Hz) .

1,3-Diazido-2-fluoro-2-nitropropane. A. A solution of 0.14147 g (1.0 mmol)

of 2-fluoro-2-nitro-l , 3-propylene ditosylate and 0.200 g (3.0 riunol) of sodium

azide in 5 ml of dimethyl sulfoxide was heated in a 65° bath for 20 hours . The

reaction mixture was cooled , diluted with 145 ml of water and then was extracted

22
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with mnethylene chloride (3 x 20 ml). The methylene chloride solution v~~

washed with water (5 x 30 ml) and then was dried over sodium sulfate. Pem~i’.’~~

of methylene chloride in vacuo gave 0. 1814 g (97.14% yield ) of l,3-dlazido-2-

fluoro.-2-nitropropane (no impurities in 
1
~:N~~) as a yellow oil: 

1
EI~~ (CDC13)

$3.87 (d, J= 16 Hz); 
1
~FN~~ (CDC13) ~ 133.8 (quintet, 1= 16 Hz). lB (CJ013)

2150 (-N 3), 1580 , 1320 (-NO 2 ) cm~~.

The azide (0.i811. g) and 0.159 g (2.27 imimol) of prcpiolic acid were dis-

solved in 1.0 ml of chloroform. After standing at room temperature for 54

hours, the resulting solid was filtered and washed with chloroform to give

0.2314 g of l,3-bis [l_ ( 14_ (or 5~ )~ carboxy_l ,2,3_ triazo1o)~ _2_f1uoro~2_n i tropro_

pane. An analytical sample was crystallized from acetonitrile-carbon tetra-

chloride : mp 163-170°; 
1
EIf5~ (acetone-D6)c~5.77 (~ , ii- Ii, -CR2-), 7.73 (s , 2 H ,

CO2H),  8.57 (s , 2 H, triazole); 
19FN~~ (acetone-D6) ~ 1314.0 (quintet, J= 16 Hz).

Anal. Calcd for C
9
H3FN

7
06: C, 32.84 ; H, 2.145; N, 29.78. Found: C, 31.814;

H, 2.65; N, 29.21.

B. A solution of 0.407 g (i.o mmol) of 2-fluoro-2-nitro-l ,3-propyle ne

ditriflate and 0.225 g (3.3 mao].) of sodium azide in 5.5 ml of dimnethyl sulf-

oxide was stirred at room temperature for 22 hrs, diluted with 50 ml of water,

and then extracted with rnethylene chloride (3 x 17 ml). The mnethylene chloride

solution was washed with water (5 x 25 in].) and dried over sodium sulfate. Re-

moval of the methylene chloride in vacuo gave 0. 195 g (100%) of a brown liquid ,
1

which was shown by HN~~ to contain only l,3-dia zido-2-fluoro-2-- nitropropane

and trace impurities.

2-Fluoro-3-hydroxy-2-nitro-1-propyl_Triflate. To a solution of 17.11 g

(0.124 aol) of 2-fluoro-2-nitro-1,3-propanediol and 6.0 ml (0.074 aol) of pyri-

C.
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dine in 210 in] . of ’ ether , was added 10.9 ml (o .c6~ aol) 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 f 11-.

tered and washed with ether (2 x 140 ml). Removal in vacuo of the etr~er gave

26.2 g of a whi te solid , which was partitioned between 300 in.]. 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 g

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 a].

of 9:1 inethylene chloride-ethyl acetate gave 13.26 g (78.9% ) of the monotri-

f late. An analytical sample was recrystallized from methylene chloride -

Skelly F at -10° to give a colorless hygroscopic solid: mo 29-30°; H NI~

(CDC].
3
)ã2.65 (broad s, 1 H, -OH), 14.10 (ci, J= 14 Hz, 2 H, ~~~OH), 5.07 (ra,

111. Hz , 2 H, CH2O-SO2CF3
); 

19
FNMR (CDC1

3
) Il) 72.0 (s , 3 F, OF

3
), 139.14. (quin-

tet , J= 14 Hz , 1 F, 02N-C-F); IR (c112cl2) 3625 (-OH), 1580, 1350 ~~2~’ 
11420,

1220, ii4o, 900 (-oso2cF3), 1000 cni~~ (C-F).

Anal. Oalcd for C4H5
F4N50

6
: C, 17.22; H, 1.86; N, 5.17. Found: C, 17.82;

H, 1.75; N, 5.31.

The combined water washes were extracted with ethyl acetate (3 x 100 ir].).
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 ~.8 g (0.02

niol) of triflic anhydride in 10 ml of chloroform was added, dropwise over 20

minutes, a solution of 1.39 g (0.010 mol) of 2-fluoro-2-nitro-l ,3-p ropanediol

and 1.8 ml. (0.022 aol) of pyridine in 10 ml of chloroform. Water bath cooling

24
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was used. After 3 hrs , the cr~1oroform solution 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 614. g silica gel column ( rae-

thylene chloride), and eluted with inethylene chloride. The first 300 nil con-

tained 2.80 g (75 .5% ) of 2-fluoro-2-nitro-l,3-propylene ditriflate. An ana-

lytical sample was recrystallized from methylene chloride- Skelly F: nip 57-58°

C; 
1
HN1~U~ (cDcl3

) 5  14.93 (d , J= 111W Hz); 19FNMR (CDC1
3
) ~ 71.8 (s, 6 F,

136.7 (quintet, J= 14 Hz, 2 F, 02N-C-F). IR (cH2Cl
2) 1595, 1320 (-No2), 11420,

1220, 11140, 900 (oso2CF
3), 

10005 cni
1
~ (C-F).

Anal. ~~lcd for C
5
H4F7

NS208: C, 114.90; H, 1.00; N, 3.li-7. Found: C,

15.30 ; H , 0.91; N, 3.61.

3~~1uoro-3-nitrooxetane. A. To a solution of 0.271 g (1.00 inol) of 2-

fluoro-3-hydroxy-2-nitro-l-propyl triflate in 26 ml of’ water was added 1.00 ml

of 1.0 M KOH. After 1 hr , the reaction mixture was extracted with aethylene

chloride (2 x 10 ml). The solution was dried over sodium sulfate, and the

methylene chloride was distilled off to leave an orange liquid residue . Pre-

parative GLC (8 ft x 0.375 in. column of 12% QF-1 on Chroniosorb w, 100°c) gave

0.017 g (14.0%) of’ 3-fluoro-3-nitrooxetane : 1HNMR (cD~13)~~14.97 (sextet);
19

FN?4R (ODd
3
) (~ 127.7 (quintet , J .  111. Hz); lB (cH2CR2 ) 1575 , 13145 (-NO2 ),

~ 24 .5
1000 (C-F) cm n~ = 1.4281.

Anal. ~~1cd for C
3

H4FNO
3
: C, 29.76; H , 3.33; N, 11.58. Found : C, 30.13;

H, 3.35, N, 12.07.

B. To a solution of 5.142 g (0.020 inol) of 2-fluoro-3-hydroxy-2-nitro-

1-propyl trif].ate In 36 in]. of’ mnethylene chloride was added a solution of

3.1 ml (0.0207 mol ) of 1,5-dia zabicyclo(5.14.0) undec-5-ene ( DBU ) in 18 ml

C.
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methylene chloride dropwis~? over 12 mm (below 2140) . The reaction mixture was

• stirred for 75 minutes. Chromatography on a 30 g silica gel column and elut ion

with aethylene chloride gave 2 g of crude oxetane. Vacuum distillation gave

1.486 g (61.14%) of 3-fluoro-2-nitrooxetane : bp 31° (1.5 ian). The use of the

silica gel column for rem oval of the DBU triflic acid salt was employed as the

salt was not extracted from inethylene chloride by water.

Reaction of 2-F 1uoro-3-hydroxy~~-nitro-1-pro~~ l Trlflate with Pyr idine. To a

solution of 0.068 g(O.25 maiol) of 2-fluoro-3-hydroxy-2-nitro-l-propyl triflate

• in 0.70 in]. of’ ~)Cl3 was added 40,i]. (0.50 inmol) of pyridine. After 21i. hx.s

19F~~~ indicated the almost complete replacement of the quintet at 139.6 ppm

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

of the monotriflate was complete: 
1
HNMR (CDCl

3
).~ l4..O5 (broad d , 2 H , ~~~-OH-);

14.78 (broad s) and 5.142 (broad d) (3 H, CR2-N- and -OH); 
9FITh~ (CDC13) j) 77.4

(s), 136.4 (quintet, J= 16 Hz).

~-Chloro-2-f1uoro-2-nitro-l-~ro~anol. To 0.062 g (o.~ mao].) of 3-fluoro-

3-nitrooxetane was added 0.5 in]. of concentrated hydrochloric acid. After 6 mm

indicated no oxetane remained. After 114.0 mai n , the reaction mixture was

diluted with 14.5 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

(148.8%) of’ essentially pure 3-chloro-2-fluoro-2-nitro.1-propanol as a brown

liquid: ITh~ (cDCl3).~2.147 (broad s, 1 H, -OH); 14.12 (ni, 14 H, CR2); FITh~

(ODd].3) 1~ 
136.8 (quintet, J= 16 Hz).

- Reaction of 2,2-Dinltro-1,3-propanedlol with Triflic Anhydride. To a

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

F,
C.
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(0.010 aol) of pyridine in 15 ma]. of ether, was a ided 1.70 in]. (0.010 mole)

of triflic anhydride in 15 ml of ether dropwise over 9 minutes at 12-18°.

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 ; 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-

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

and 50 a]. of’ 95 :5 CE2C12-EtOAc gave 0.607 g (14.0%) of 2,2-dinitro-l, 3-propylene

ditriflate: isp 51-52°; 
1
HNi’~ (cDC13

)b 5.26 (s); 
19FN~~ (CDC13) ~

) 72.0 (s);  lB

(CR2
Cl
2) 1590, 1305 (-NO2), 11425, 1220, 11140, 930 (-OSO2CF3), 1000 cm~~ (C-F).

Elution with 9:1 CH2C].2-EtOA c gave 1.395 g (11.6.8%) of 2 ,2-dinitro-3-hydroxy-

1-propyl triflate: nip 142-.43°C; HN~~ (CDCl3)~S 2.76 (broad s, 1 H, -OH); 4 .52

(s , 2 H, dH2_O_H); 5.21 (s , 2 H, _CH
2-O-S02CF3); 

9FN~~ (ODd 3) ~j) 72. 14. ( s ) ;

lB (CR~C12 ) 3620 (-oH), 1585, 1320, (-No2), 11420, 1220, 11140, 8140 (-oso2cF3),

995 cmn 1 (C-F).
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Ap:’endix A

Synthesis of Organos ilanes and Po lysiloxanes with Nitro and Fluoro
Substituents ’

K urt Raum , Duane A. Lerda l . and J erold S. Horn

Fluorochern, Inc.. Azu sa. Califorrua 91702

Receitj ed May 24, 1977

Nitr ite ion displacement of (3 .br orn opropy l)trimethy lsilane . (4 .br omobuty l)tr im ethvI ~ihne , i~nd (~3 bromob-
utyl) trimethy lsdane gave the cnrr e~~ond irg nitro con~p .unds , which on oxidative mtratton ~ave the ~crn- dtn ,t ro
com pounds. Fluorination of salts of 3, din itrc,propy itrirne thy kil ane and 4 .4-di ni t r nhut v~ 1 in~ethvlc i ane with
elemental fluorine or perch lorv ! flu )r ide gave (3 -f1unr n- 3 ,3-din i t r nprop vh tr imeth ~lsibnc and (4 -fluoro- 4 .4-~ j nj .
trobutyl)trimethylstl ane . ‘Frimet hvI~ily tmethy l tr iflate ari d ?.fluoro -2 .2-dinitr osthanol gave tr im ethvb . i~vlrn eth y l
2-fluoro-2 .2 -dinitro ethy l ether. Ni t r i te  dkp !acement . oxida t ive nitrati on , and flu ,,r in ati r, n converted (3.br rrnn pr o-
pyl)methy ldip heny lsi !ane to (3 .fl u oro -3.3- d init rc p ro pv l) rn ethv ld iph . ’ny lsil ane . and deph eri via tion with bromine
gave (3-fluoro .3 ,3-di n itro p ro py lime t h y ld iht omosi(an e , wh ich was hydroly zed to give poir siloxanes. The latter
react ed with hydro fluor ic acid to give (3-f luoro -3. 3-d in itro prop ylt met hy ldi flu oros ibn e. which with sodium meth -
oxide and aqueous acid gave the corresponding difluoro disil oxane. Bis(3-t rom opr opylld i pheny lcilane was convert-
ed to bis(3.fiuoro .3 ,3.d ini tr opr opyl)di phenylsilane. Stepwise dep henylation w i - h  bromi ne and hydrol ysis gave the
cyclic trisiloxane.

Although the chemistry of organosilicon compounds has
‘been studied extensively,2 few examples of this class of corn- (CH3)3Si(CH 2)~CH,NO2
pounds with nitro substituent s are known. The hvdrosilyla- AgNOs
tions of 3-nitropropene, 4,4,4-trin itr obutene . and 4.4-dial- —

~~~ (CH~~ Si(CH 2)~ CH (NO~2)2
trobutene with trichiorosilane and methv ldichlorosilane have NaNOt. OH

been reported.3’4 and patent literature describes N~O5 addi- is 2,3
tion to allylsilanes5 and silver nitrite displacement of (3-j o- 

(CH3)3S1CH2CH2CH(N0 2)CH 3dopropyl)triethoaysilane. 6The most commonly used methods
of forming carbon—silicon bonds, the reaction of Gri gnard (C 3Sj CH2CH2C(N02)2C~~
reagents and similar organometallics with silicon halides and The direct fluorination of termina l gem -dinitro compounds
the reaction of elemental silicon with aiky l halides at high 

~~ aqueous alka line solution was reported pre viously to give
temperatures , are not compatible with n itro substituents . fluorod initr o compounds. ” This reaction with (3. 3 - din i -

The present study involved the synthesis of gem -d initro - tropropy lltr imethyls ilane . using the theor etica l amount of
and fluorodinitrosi lanes and polysiloxanes by the step wise base, gave (3-fluo r o.3 ,3-di nitr opr opv l)t rimethv lsil an e in 31%
introduction of nitro and fluorine molt ies. Pol~-siloxanes are yield. In the fluorination of (4 .4~dinitr oh utv l) trirn eth v lcilane,
usually obtained by the hydrolysis of silicon—halog en ~~~~~ after fluorine uptake ceased , additional base and fluorine were
and these bonds are not stable to displacement , nitration , and added; a 61% yield of (4-fluoro -4 .4-d ini t r obu tvl itrir nethv lsi-
fluor ination reaction conditions. A hvd r olvticall y stable silicon lane was obtained. A difficulty in these reacti ons was that
blocking group is therefore needed. dilute solutions were used because of low solubi lity of the ni-

Convenient sta rti ng materials for the synthesis of simple tronate salts in water , and acid was formed by competing
nitrosilanes are (3-br omop ro py lhrim ethy lsilane.~ (4-br o- fluorination of water. Another fluorination rea~ent that has
mobuty l)trimeth ylsilane ,8 and (3-br omohut yl)tr imethv lsil. been used with dinitro compounds , perch lory l fluoride , ’2 al.
sne. Kornb lum 9 has reported that the reaction of a lkv l bro - lows the use of a broader range of solvents. This reagent was
rnides with sodium nitrite in dimethyl sulfoxide gives ni- used to fluorinate the potassium salt of (3, 3-d initropropv ll-
troalkanes , with a lkyl nitrites as byproducts . These trimeth - tri niethy lsilane in equal parts of wate r , methano l , and di-
ylsilyl compounds underwent this displacement reaction rnethy lformnaxnide. The fluorodinitro compound was obtained
normally , in 85% yield.

N.N02
(CH3)3Si(CH a)~ Br —

~~ 
(CH .j 3Si(CH2)~N02 (CH 3)3Si(CH 2)~CH(N0 2)2 (CH 3)3Si(CH 2)~CF(N0 2)2

M.,SO
n 2,3+ (CH 3)3Si(CH 2)~0N0

3 4  A fluorodinitroa lkylsilane with an ether linkage was ob-
tained by the alkylation of 2-fluor o.-2 2-din it r oethan ol. Alkvl

(CH 3)3SICH 2CH 2CH BrCH 3 triflates are sufficiently reactive to a lkvl a te this alcohol in
— (CH3)aSiCH 2CH iCH (N02~CH i methy tene chloride in the pre sence of a mild heterogeneous

+ (CH3):;SiCH 2CH 2CH (ONO )CH 3 base such as potassium carbonate. 13 t inder the se conditions ,
t r imethy lsilylmethy l trif l a te arid 2-fluoro -2 2-din it roe t han ol

The oxidat ive nitration r eact ion 10 wa c app lied to (3- n itro - gave tri methyLsi lylr nethy l 2-fluoro-2.2-dinitroeth I ether. This
propy l)tr imethy lsilane , (4-n itr ohuty lltr im eth ykilane , and t r iflate was prepared by the reacti on of tri flu orom ethan-
(3.nit roh uty l’;t r imeth y kiln n et npre pa re ~3,3-d in it roprnp y l)- esulfonic anh ydride with (hydr oxymethy l) t rime t hy lsi la ri e,
tr imethy lsila nc . (4 ,4 . di ni t ro hi i t y l l t r i i n et hy lai la ne . and obtained by the published pr ocedure . ’4
(3.3-d initr obuty l) trime t hy lsilnn e. re spectivel y. Yields were
67—72%.
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(CH3)3SiCH2OH + (CF3SO2)20 —. (CH~)~SiCH2OSO2CF3 an undistil lab le oil characterized by NMR. Salts of this
gem -dinitro compound had low soluhilitv in wa ter ,  and at-(CH3)3S1CH2OSO2CF3 + FC (N02)2CH 2OH tempted fluorin ations in this medium with elemental fl~i~ r ine

CHICLS were unsuccessful. Fluorination with perchiuryl fluoride in
.
~~~~~~~ (CH3)3SiCH2OCU 2CF(N02)2 methanol, however, gave a 79~ yield of (3- fluuro -3 .3-d ini-K~CO3

Polysiloxanes are generally prepared by the hydroly sis of 
trop r opy flrn ethy ldiphenv lsilan e. Heating this fluori nated
compound with bromine then gave (3-fluoro -3 ,3-d in tt rop r o-dialkyldiha losilane s , and if fluor u dinitro-subs t itu t ed pol ysi- pyl)rn ethy ldibromosilane in Th~ yield. The dibr om ide was tooloxanes are to be synthesized by the above methods the sil i- labile hydro lytically for elemental analysis but y~ identifiedcon—halogen bonds must be generated after the nitro and spectrally and by its hydrolysis produ ct.fluorine groups are introduced. silicon halides , as well as sil-

icon acetates. silicon met hox ides , and similar derivatives , CH3(C6H 5)2S iCH 2CH 2CH 2Br
would not survive the hydrol yt ic reaction cond iti ons. 2 How- -

N NO2
ever , carbon—silicon bonds can be cleaved by br omine , an d the —s- CH 3(C6H,J3SiCH2CH 2 CH 2NO2
cleavage of pheny l—si licon bonds in this way is particularly Me2SO

fa cile.ts Therefore , the approach was taken to build up fluo- AgNOa
—

~~~ CH ,(C6H 5)2Sj CH 2CH2CH(N02)2rodinitro groups starting with dialkyld i pheny lsilanes con- N&NOL OH-
tam ing reactive sites on the alk yl chains.

One such starting material is (3.br omopr opy l~met hy ldi - —p- CH 3(C6H 5),SiCH 2CH 2CF (N02)2
pheny lsilane. This compound was obtained initially by the CR3011

bro inination of the hvdrohorati un product of all y lmethyldi- Bvs
phenylsilane , prepar ed, in turn. fro m ai~~lrnagnesium bromide —

~~~ CH 3Br ,SiCH 2CH 2CF ( N02) 2
and methy lch lor jli-pheny l silane.

The hydrolysis of this dibromide gave cyclic polvsiloxanes,
CH~~~CHCH 2M gB r + (CC H !IJ2 SiCH ,Cl with the number of units depending on the hydrolysis condi-

— CH .f=CHCH 2Si(C6H 5)2CH 3 tions. Thus , treating the dibromide in ether solution with ice
gave the tetramer on the basis of vapor osmom etric molecularN.8H4 Rr~—,- —a- CH :,(CG H S)2SiCH 2CH 2CH 2Br wei ght. The same molecular we ight was obtained w hen a

81’s NiOCH3 sample of the neat dibromide was hydrolyzed by atmospheric
A more convenient route to this bromide was based on the moisture. On the other hand , when a meth ylene chloride so-

hydrosil ylation of allyl acetate with meth yldi phenyLsi lane with lution was hydro lyzed , a molecular weight correspond ing to
chlorop latinic acid ’4~ as cata lyst to give a 49% y ield of (3. the tri r ner was obta ined.
hydro xypr opyl)methyld ip heny lsilnne after h ydrol ysis. A The polysiloxane reacted with hvdro fluoric acid in aqueous
molar excess of all y l acetate was required. The use of ally- ethanol to give an 80% yield of (3-fl u oro- 3 .3-d in it r oprop vl (-
lozytrimethyl silanc inst ead of the acetate gave a 71% yield of methyldifluorosilane. The dibromid e also gave the di iiuoride,
the alcohol with only a 10% excess of olefin. The use of tris- probably via an in situ hydrolysis. The difluor ide reacted with

sodium methoxide to give a compound assigned on the basis(tr ipheny lphosphine )rhodium chloride ’7 as the catalyst in- of NMR spect ra to he (3-flu or o-3 ,3-din itrop r op~limeth v i-stead of chlorop latini c acid increased the yield to 98%. This methoxyfluoros iI~me. A pure sample of th is compound was notalcohol was converted to the toluenesulfonate in 62% yield isolated. Advantage was taken of the relative sta bility of flu-
with to luenesulfonyl chloride and pyridine in methylen e orine—si licon bonds toward acids )9 Treating the crudechloride. The tolu enesu lfonate was converted to the bromide methox vfluoride with aqueous acid gave l.3-bis(3-fluoro -
with lithium or sodium bromide in dimethyl sulfoxide. The 3,3-d in itr op r opy l) l ,3-d imet hy l-1 ,3-di flu oro cj is iloxa n e , iso-yield of this displacement was essentially quantitativ e on the lated readily by distillation.
basis of NMR anal ysis , and for preparative purposes it was
not necessa ry to isolate the bromide; the subsequent step was
carried out with the came solvent.

CR3(C6H 5)2SiH + CH 2=CHCH2OS i(CH 3)3 [cHf~H~cH~cF(No~
] 

—* CH CH CH F~~ O~~

I’CH 3(C6H 5)2SiCH 2CH 2CH 2OSI (CH 3)3
- NacEH,,

—s- CH 3(C6H 5)2SiCH 2CH 2CH 2OH C1&,SIF OCH J >CH CH GF(NO).
H~O

—+‘ CH3(C6H 5)2SiCH 2CH2CH 2OSO 2C6H 4CH3-p
TsCI 

1H3 CH3
PIT. CH2C12 F(~NO) CM CH2SI —O—--SiCH (‘H CF~ “sO ~N.Br sip

—a- CH3(C5H 5)2SiCH 2CH ,CH,Br - I I -

M.~SO F F
The displacement of the bromide 18 with sodium nitri te in

dimethyl sulfox ide gave the ni t ro compound , as well as the The synthesis of bi st3 .flunro .3,3-dini troprop ~-I)po lvs ihox .
corresponding nitr i te  and alcohol. The nitro compound was anes was also undert aken wit h  the use of phenv l as a blocking
separat ed from the other , rodu cts by ex~r actin g the mixture group. The stn r t ing ,’ i t n t c r i a l  for this work was prepar ed m i -
with potassium hydroxide , and the isolated yield was 50% t inI ly usi ng a re a rrangement of hnloal ko xv si lv l  ethers to hy-
Ozid a tiv e nitr a ti on of (3 ni t rnp r - pv 1) m et hy ldi p h env l ’,i lan e dro xya lkvlsilunes as re po r te d liv Speie r . ’° His (3- ch lo r u pro -
gave (3 ,3-din itr opr opy l)methy ld ip h env ls ila n e in 70% yield , poz~’)d ip lieny IsiI a ne was prepare d by the reacti on of dich ln-
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rodiphenylsilane and 3-eh loropr opano l with ammonia in (C6H 5)~Si(CH 2CH 2CH 2Br )2
bcnz ene. This product reacted wi th  sodium and ch iorotri- NaNG2
methyl silane in r efhix i ii g tol uene to give bis (3• t r i in e th y l sil- a- (C6H 5) :Sm(CH 2CH 2CH 2NO 2)z
yloxyp r opy l)diphenv lsila ne. Hydrol ysis with acid gave Me~SO

- bis(3-hyd r oxypropy l~di phe ny lsilan e. N

(C6H5)2S1CI 2 + CICH2 CH 2CH 2OH e4.N02. 0P

(C6H 5)2SiI CH 2CH 2CH ( N02)212NH3
—a- (C6H5)2Si(OCH 2CH 2CH 2CL)2 Fcio3

—a- (C6H~,)~SijCH 2CH 2C F(NO 2)2)2
N.. Tokiene

—a- (C6H5)2Si( CH 2CH 2CH 2OSi (CH 3)3)2 This di pheny lsilane could not be dephenylated completely 
-

(CH3)3SiCI with bromine under the conditions that were used with (3-
14

—a- (C6H5)2Si(CH 2 CH 2CH 2OH) 2 fluoro-3 ,3- d ini t r op r opy l)nl ethv ldip h eny lsila ne . t he reaction
EtO H ceased when approximatel y half of the p henyl groups were

Another route to a difunctional starting material involved cleaved. However , when water was adde d after this initial
hydroboration. Borane in te t rahydrofuran was added to di- reaction was comp leted , br omine consumpti on r esumed. A
allyldiphenylsi lane , and the resulting borane was brominated white solid , rnp 207-209 °C , was isolated in 67% yield and was
to give bis(3-b r omop ro py l)di p heny lsilane in 24% overall identified by molecular wei ght and analysis as the cyclic
yield. trisi loxane. Apparently, the second fluorodin itroprop ~l gro up

BH3 inhibits the dephenylation to the extent that only one phenyl
(C6H5)2Si(CH 2CH ==CH 2)2 --—a- (C6H 5)2Si(CH 2CH2CH 2B)2 group is removed. The accelerating effect of water on the de-

pheny lation is rationalized on the basis of the hydrolysis of
B5~ the initially formed pheny lbromosi lane. The resulting silano l—a- (C6H5)2Si(CH 2CH2CH 2Br)2 or its dimer is dep heny lated more readily than the bromosil-

A reaction scheme analogous to that used to prepare the ane. .

(2-fluoro -2,2-dinit r opropy l)methv ls ilane derivatives provided
a more practical route to the preparation of bis(2-fluoro - (CsH~~S ECHZCHAW(NO A’)..1 ~~ ‘s- C5H~~~~{CH0CH.C F\N0~y.1~2,2-dinitropropy l)silicon compounds. Thus , the hydrosilyla-
tion of aflyloxytrimethylsilane with diphenylsilane catah ized 

~ B Si(OH)[CH CH~ NO~~1,
by tris(triphenylphosphine)rhodium chloride gave, after
hydrolysis, a 68% yield of bis(3-hvdruxypropyl)diphenylsilane. —

~~ BrSi(OH~CH~CH2CF(NO~~~Lowe r yields resulted from the use of allyl acetate as the otefln
or chiorop latinic acid as the catalyst. The alcohol was con- (CH 3CH~ 7F(NO~~
vetted to the p-to luenesu lfonate which , in turn , was treated 0..Si..,0
with sodium bromide in dime thyl sulfoxide to give the di- ..—_

~~bromide in 84% overall yield. The dimethyl sulfoxide solution (FXNO~ CH~CHi~SL~ySi1CH2CH2CF(NOi)a
could be used in the nitrite reaction without workup. The
dibrorn ide was also prepared from the alcoho l with phos- F ’tper iment al Sectionphorus tribromide in 67% recrystallized yield.

NMR and tlt spectra e ere recorded with • Var ian T-C0 spec-
(~ 6H5)2SiH 2 + CH 2 CH CH 2OSi (CH 3)3 

- t rometer an d a Per k in -F .l mer 700 spectrometer , respectivel y . Mo-
— (C6H5)2Si[CH 2CH 2CH2OS1(CH 3)312 lecular wei ghts were de t ermined with a M echro lab 301A vapor os-

momet er . A Varian 920 gas chr oma t ograph with a 12 ft X -
~~ in alu-1130 minum column packed with 12% QF.1 on 60—80 mesh Chr omosorb—a- (C6H 5)2Si(CH 2CH 2CH 2OH) 2 w was used for GLC separations. Previously described safety pr e.H cautions for fluorodinitr o compotinds °- ’2 were observed .

PBr3 ~~ ) (C 6H5)2Si(CH 2CH2CH 2Br)2 (3-Nitro pr opy l) i rime t hv hs ila ne . A solution of 10 g (0.145 mot h
of sodium nitrite and 11.3 g (0.055 mol) of (3-b rom opropv l)t r i m eth-

1. TsCL P ’r. CH2CI2 y)silane8 in 120 mL of dimethy l su lfox ide was stirred for 3 ha t  ambient2Z4.~ r, Me2SO temperature. Water ( 500 mL) was added , and the product ‘,sas cx-
- The reaction of bis(3-bromopropy l)dip heny lsilane in di- trscted with three 50-mL portions of carbon tetrachloride. The NMR
methyl sulfoxide with sodium nitrite gave bis(3-nit ropro - spectrum showed (3-nitropr opy lit rimeth ylsi lane (69% yield ), (3-

nit ri iopropy l) tr imet hy lsi la n e 23”o) , and starting material and thepyl)dipheny lsihane in 34% yield. Ox idative nitration of this alcohol (5% combined ). Distillation gave 2.2 g (9.5%) of (3 - ni t ri t o-
compound gave bis (3 , 3-dinitr opropy l) di ph eny lsilane in 38% prop yl)t r imeth yLsil an e. lip 48—SO 5C (16 mm). and 5.9 g U~tJ”~.) of 95%
yield. Fluorination of the pota ssium salt of this compound was pure (3-n it ropropy l)trime :hy ls ila ne , bp 62-64 °C (1 mm ) .  An ana-
carried out in a mixture of water , methanol, and dimeth yl- lytical sample was isolated by GLC: NMR (CC I 4) ~ 4.20 (t . J 7 Hz,
form amide with per chlory l fluoride as the flu orin a ting agent. 2 H , CH ~NO 2) , 1.87 Im. 2 H. CH~CH~Si) , 0.50 Im. 2 H , C1I:~ i) , 0.0 (a , -

An 85% yield of bi s(3-fhuor o-3 ,3-d ini t ropr opy l)dj phenylsj lane 9 H , (C H 3)1S0 ; lR (CC 1.,) ~~70, 1345, 143 0. 1380. 1250 crn ’. Anal.
Calcd for CeH ,5 NO 2Si: C, 44.69; H . 9.38; N , 8.68. Foun d: C. 44.74; H ,was obta ined. 9.38; N, 8.67.
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The nit r osat ion 2’ of (3- hydr oxyp ropy l)t rim et hylsi lane provided buty l) t r im eth yl sil ane , a colorless oil . bp 7 1—74 C (2 mrn~. A n ana-
an independent syi~thc~.is af (3 .nitr ou pr op v l ) t r im eLh vI .~lane: N MR lyt ical sample wa~ isol ited by CLC: N M R  (CCL) 6 5.97 U . J — 7 Hz .(CCl~) a 4.5O (t , 2 H.CH ONO ) . 1.7 m . 2 H . Ct1- CH - . Si) , O.5 ~m, 2 H . 1 H . CI l (NO ~~ ) , 2 .43 ( q. J ~ Hz. 2 H. CIl ..C H ) , 1.4 7 ~m . 2 H.
CH 2Si), 0.0 (a , 9 H (CH~,i~Si) ;  lit (f i lm ) 1645 , 1t05 , 12t~O, P 50 , 800 CIT 2CHSi) , 0.57 Im , 2 H . Cf { .-~ i . 0.0 (s. 9 H. ~CH ,) ~~ i I :  IR .CCL)
cm t . 2970, 1570 , 1330. l25O cm~~. Anal . Calcd forC7H . N Si()4: C, 3~ .1 7;

(4-Nit r ob uty l)tr ’im ethy lsilan e. A solution of 1.9 g (0.028 mol) H , 7.32; N , 12.72. Found ~ C , ~-~~3S: H. 7.3~; N. 1266.
of sodium nitrite and 2.92 g (0 .014 moo o f (4 -br omobu ~y l i t r imeth -  (33D iu it r obut) l ) t rj m eth ~ lsiIanc. A mixture  of 5.9’~ g (0.34 rnol)
ylsitane5 in 30 mL ofd imethv l sut foxide was stirred for 3 h at ambient of ( 3 -nit robu ty l ) t r ime thv ) s i lan e , 3 g of potassium hvd~~x~de , JO mL
temperature. ~Vat er (30 rnL ) was added . and the product was cx- ofwa te r , and 30 mL of met hano l was heated wit.h s t i r r i ng  at 65 °C
tzacted with three 15-mL portions o carbo n tet.rachlc ’ride. The carbon until a homogeneous solution was formed . S~,d iuni ni tr it e  ( - ~.0 g. 1)04 3
tetrachioride solution was washed with 10 mL ofwater and was dried mol) was added. and the sOluti on . at room ti~mp er ature.  ~ ~c added
over magnesium sulfate. Distillation gave 1.1 g (45%) of (4-ni trob - rapidly with s t i r r ing toa mixture  of 100 mL of ether and 15 g (0.4J~8
utyl)trime thy lsila ne . bp 54-56°C (0.9 mm). An anlvtical samp le was moth of silver nitrate in 50 mL of water. The mix ture  was st irred 1.5
~olated by GLC: NMR (CCL) 1 4.27 ft , J ~ 7Hz . 2 H . CH2 N O2) . 2.02 h , and 50 mL of saturated aqueous sodium chloride was added. The(q, J 7Hz . 2 H , CH~CH 2 NO~), 1.4 Irn . 2 H . CII 2CH Si . 0.50 (rn . 2 silver deposits were tittered off , an d the ether layer was separated .H , CH 2Si), 0.0 (s . 9 H. (CH*~S i ;  IR (CCL) 2960, 1545. 1435, 1385. dried , and distilled to eive 5.38 g (72~~) of (3 ,3-d~nitr ohut:.  I tr.meth-
1255 cm ’. Anal. Ca lcd for C~H 1~NO~Si: C, 47.96; H , 9.77; N, 7.99. ylsilane: bp 77—79°C (0.1 mm); N N I R  (CCLI I 234 Im. 2 H.(N O ~)-
Found : C, 47.95; H , 9.70; N.8.1l. 2CCH2), 2.02 (s , 3 H , (NO )-CC H ~. 0.4O l m. 2 H , CR-S i ) , O.OS Is. 9 H.(3-Nit r obuty l)tr imet hy lsila ne. A solution of 4.3 g (0.020 mol) (CH 3)3 Si); IR (CC L) 2970, 1565 . 1330, 1260. 1195 cm~~. Anal.  Caicd
of 3-bromobutyl(tr imethylsilane and 4.t g (0.06 mol) of sodium nitrite for C~H16N2O4Si: C, 38.16; H, 7.32; N , 12.72. Found: C, 37.9.~; H, 7.19;
in 50 mL of dimethy l sulfoxide was stirred at ambient temperature N, 11.71.
for 3 h. The solution was diluted with 200 niL of water , and the (3-Fluoro-3,3-d initropropy l)trim ethy ls ilane.A S( 1ution ofl .6
product was extracted with three 25-niL portions of carbon tetra- g (0.0078 moO of (3.3-dinitr opr opv lur imethv (si lane and 0.44 g (0.0078
chloride. The NMR spectrum of the solution indicated a SS’~s y ie ld mol) of potassium hydroxide in 250 niL of water was f1uorinated~ at
of (3-nitr obuty litrirneth~ (sila ne . a 2 5 .  yield of (3-n itr itubuty l) tr i -  0°C until  the solution became colorless. The product was extracted
methylsilane , and l2 ’u unreacted bromide. Distill ation gave 1.0 g of with three 20-mL portions of ether. dried , a nd distilled to cive 0.9 g
a mixture of nitrite and bromide , bp 56—62 °C (10 mm) . and 2.0 g of (31% yield) of 60% pure (3-fluoro-3 ,3-din itroprop ylnr imethv lsi iane .80% pure (3-n itrobu ty Otr im ethvl sil an e (-15% yield ) . bp 5&-60 °C( 1 by 66—71 °C (0.5 mm ) .  An analytica l sample was obtained by GLC:mm). Redisti llat ion gave 95,~u pure pr o duct (NMR , and an analytical proton NMR (CC I4) I 2.57 (m . 2 H . CH 2 CF ),O. 50 (in . 2 H . CH -Sil . (( US
sample was isolated by (‘.LC: N M R ( C d 4 )  1 4.3f .) (sextet , 1 H , (s, 9 H , (CH3) iSi); fluorine NMR ó 106.0 (5 road U: IR (CCL) 2970,
CHNOa) . 1.75 (in. 2 H . CII CH Si). 1.42 ( d, 3 H , C1l 1CHNO-~ , 0.4 It , 1590, 1320, 1260. 119Ocm ~~. Anal. Catcd forC ,~H 1~N~O4SiF: C, 32.13;
214. CH~Si)a 0.0 (s. 9 H . (CU LSI) : IR h u m )  2970, 1545. 1260. 865. H, £84; N, 12.49. Found: C, 32.31: H . 5.62: N. 12.43.
845 cm ’. Anal. Calcd for C~H 1~NO~Si: C. 47.96; H, 9.77 ; N , 7.99. A solutionof5 .13g(0.O25 mol) of(3.3.dinitropropy l~~ imethvlsilane
Found: C. 48.09. H , 9.66; N . 7.68. and 2.O g (0.03 mollof potassium hydroxide in a mixture of 30 mLofThe nitrite was identified by hydrolysis with acetic acid in methanol water , 30 niL of methanol , and 30 mL of dimet hv lfurmamide wasto give the alcohol , whi ch was s ilated by preparative GLC: NMR fluorinated with perehlorv i fluoride 2 at ambient temperature until(CCL) 3 3.48 (sextet . I H. CIIO H ( . 2.9 (broad a. I H. OH), 1.3 (in , 2H , the gas was no longer absorbed by the solution. The soluti on was di-
CH2Sil. 1.05 Id . 3 II . CII CIIOH . 0.40 Im. 2 H. C}1,Si) , 0.0 (s, 9 H luted with water , and the product . was extracted with carbon tetra-
(CHa):gSi); IR 3350 (OH) . 2950. 1250 . 860. 850. 840 cm~~- chloride and distilled to give 4.8 g 185%) of (3-fluoro-3.3-dinitropro-

The alcohol was rec onverted by a standard pro cedure ~’ to t he ni- pyfltrimeth ylsilane , bp 68—71 °C (0.5 mm) .
trite with identical spec tra: N MR (CC L ) 15.30 (sextet. I H . CHONO ) , (4-Fluoro-4 .4-d in it robu tyl) t rim et hy lsj lane . A solution of 1.451.7 (m . 2 H . Cil~CH .$u) . 1.40 Id. J 7 Hz . 3 H. CII CU) . 0.55 (in . 2 g (0.0066 mol) of (4 ,4 -d in i t robu tvt ) t r imethy l s i l ane and 0.5 g (0.0076
H. CH-~Si). 0.O (a. 9 H. ICH ) , Si(; ZR c f i lmi 2970. l t,.1O. 1&30. 1260. 880, mol) of potassium hydroxide in 250 ml of water was fluorin ated at850, 800 cm t . The 1640-, 1600 ., and 8o0-cm ’~ peaks are assugned ~ 0 °C until the solution became colorless. An additional 0.4 g (0.006
to ONO. - mol) of’ potassium hydroxide was added, and fluorinat ion was con-(3,3-Din itropropy l)t r imcthv lsilan c. A solution of 5.6 g (0.035 tinued until the solution again became colorless. The product wasmol) of (3- nit ru pr i ’py l( t r u m et hv lsil a n e. 2.58 g (0.039 moO of potas sium extracted with three 20-mL portions of ether , dried over mazne siumhydrox ide, and 2. 7 g ( ( ( .0:19 rnol ( of sodium ni t r i t e  in 25 ml of water sulfate , an d distilled to give 1.05 g (61 %) of 9) Y~. pure (4-fluor o-4 .4 -
and 25 ml of methanol was added qu ick ly to a ~ e!l.sti r r ed mixture  dini tr obuty l)trim cthvl e il a 1ie. An analytical samp le was obt ai ned by
of 13.3 g(O.O ?8 mol)of silver ni t rate  in 25 mLof water and SO mL of GLC: proton NMR (CC L) 1 2.67 Id of5 . J p~ = 19. J(IH = 7 H z . 2 H,
ether , The mixture was stirred for 2 h a t  room temperatu r e , and 25 CH 2CF). 1.44 (m , 2 H , CU-CU Si) , 0.53 (in . 2 H , CH -.Si) . 0 0(s.  9 H.
rnL of saturat ed sislium ch lorid e was added , The silver deposits were (CH 1) ;j Si) ; fluorine NM R (C CI 4) cb 102.8 (broad t, (NO -t- .CF ( ;  IRfiltered off , and the ether layer was separated , dried , and distil led to (CCL) 2970. 1590. 1350, 1255 cm Anal  Calcd for C~H -  N 2O 4SIF:
give 5.7 g (7 1% ) nf Jt5~ pure (:l .i .dini t r oprop y ll t r i n -ue thy lsi la n e .  1~P C, 35.28; H , 6.34; N, 11.76. F, ’und: C. 35.24~ H . 6.30: N, 11.64.
70—72 C (0.2 mm). An ,inalvtkal samp le was e,lu t a ined by GLC . NM I t Tr imethy lsilylmethyl Trifluoromc t h ancs ulfonate . A solution
(CCL) 6 5.88(t,J 7 H z , 1 H , CH(N O 2L), 2.38 (m . 2 11. CII 1CH 1Si). of 4.5 g (0.0435 mol t of (hy d r ux ym eL hv l(trim ethvls i lan e~ a nd :1.43
0.55 (m . 2 H , CH~Si), 0.08 (a , 9 H . (CH 1) : ,S i); ZR (CCI 4) 2970, 1570, g (0.0435 mol) of pyri dine in :10 mL of methv lene chloride wa~ added
1335. and 1260 cm~~. Ana l. Cak d for C,;H , 1 N 2O4Si: C , 34.94; H, 6.84; with stirring over a 45.min per iod to a solut ion of 12.2 g (0.04 ;) mull
N, 13.58. Found: C, 35.28: H . 6.90; N, 13.47. of tri fluoro meth snesuifonic a u ihy dr ide in 30 ml. of nu~th -,- len e chIn .

(4.1-1)io ilrobu tyl)tr imcthy lsita ne. A mix t ure  of 0.6 g (0.015 moth ride. After 15 mm the s ,, lu tuu ,n was poured over ice The meth . lene
of sodium hydroxide , 2.62 g (0.015 mol ) of (4 -ni tr ohutv bt rime t h - chloride solution was dried over sodium su lta t e  and distil led i i  give
ylai lane , and 6 ml. of water  was stirred at 80 °C unt i l  a su ’lut i , n was 7.Og (68%) of t r im e thvk i l y lm e th v l  t r i f l u t ~, lip 49-SI °C 9 mm ) .  An
form ed. The solution wa.s cooled to room temperatur e , and 1.1 g (0.015 analytica l samp le was isolate’d by ( LC: pr ot on NMR ( CC L II  407 I s ,
mol) of sodium nitrite was added. The resu lting soluti on was added 2 H, CH~Si), 0.1)8 (~ . 9 H. ((‘H I  Si); fluorine N M R ~~74.3 (sI : lR ( f i lm )
quickly to a well-stirred . ice-cooled mi Sture of 5.1 g (0.03(1 moO of 1410 , 1210, 1150, 9641, ~7() cm ’ . Anal . Calcd fo r CsH ui O ; F .1SiS: C,
silver nitrate , 12 ml. of water , 12 mL of e ther , and 2 dri ps of I N ~,. 25.40; H . 4.6 9. Found: C , 25 .2:); H. 4.66.
dium hydroxide. The uuu i s t l i r e  was stirred at room t u- rn ( ’cra tu re  lot Trim cthy bil) lme t hy l 2- l ’luoro-2 .2-dini tr oct hy l Ether. Po-
2h and filtered, and the precip it ate was wash ,-d with t ’ther. ’rhe et her tassium cuirbon utc (ii g (  wa’. added toa s, ’luLion of 3.Sg ((( .0145 tool)
lay er of the f i l t r ate , ci, rnh invd wi th  the washings. ~as dried over of tri met h y l ’ iitvl m et h~ l tr uflun rom et h auue sullo nui tt ’ and 2.3 g u,~ 2-
magnesium sul fate and dist i ll s-c ) to g ive 1.9 g ~5 7 s )  of (4 .4- dini tro-  fluoro ’2 .2~d u n i t r ,wth .uui , , l  in 5 r~ l. of nicthy lt ’iie chl,,r ide . and the
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- mixture wilt stirred fi,r 16 h. ‘l ’luis suspension was added with  stirring chlor ide at 4 °C. The — ixtu r e wa s stirred overnight and was poured
to a mixture of’ :to ml. of kt- wiuter  und to ml. of c;irl ,o n t c t r uu i h l ,r ,de. into water . The meth y l  r.e- h lur ide lay er wa~ ~‘-( a r a ts d, ~ ri d the
The car bon tc r a chli r usle Lis er w i ,  w i s h e d  with iu n i l .  < I  wate r, dried aqueous layer e-~~ c- xtr acte d once s it), m eth ~ a-ne div-r ide. Tie
over mag ui esiuum su l f i t e , a i d  il i s t ih I t - , I  to gise I ~C g (-t ~ ’~.( o( t n -  combined nis -t hv~ene chk r~- e  s., l~~tu - s. s~ ~~~~~~~ c d w : h  s~ :~~r . s~ ti -
methy lai ly lnie ’thy l 2 -flui ru .2 .2- d u nutr i ’ e L hy l eth er , lp 52 °(‘ ((( .75 n m) . I N h~ dr w -h ~~ r~c sc :d. and with  . i i ’  , r at  - - , ~t sn u t i ,ri a d  ~ ~ then

A n analytical samp le was prepared by CLC: prot on N M R  tCC l 4) I dried ~ it h w~d~uni su~iate . M - t  ~1 I r e  ~~l sen t  w~ s r c-m ss e d hv d~s-
4 3.5 (d 2 1-1 J =  I 8 H ~ ( 13 ( F i  3 ~. ( s  2 H  CH ~- t (  002 (~ ~~H t iIl.at ion 1)  i,r ,duct ssas~ ~ ~~li i~ed t r  rr 1 ’(’O mL .. f e t h ~ I e t h e r
(CH a)a Si) ; fluoride N MI t  (CCL) a 110.25 ib ro ad U; IR (f i l m) 2975 . and 1200 ml. of Sk el I v  F to e v e  l9~~ g i6.~’”) of 13-p -t  lt~~!,€- ~ulfo-
2925, 1600, 1320, 1250 , 1125. 870 , 860 cm ’. Anal. C ulcd for niutopr opvl(r .e t h v l d i p h e n Y H L i n e . mp t ~~-69 °C: ~sM R  (‘l)Cl ( I 7.3
C6H 1-1N 2O3SiF: C, 29.99; H , 5.45; N , 11.66. Found: C , 30.22; H , 533~ Id old , 4 H , CC ,, H 4SI .p ( .  7.2 ( l i n ac )  s, t O H , C~H 5) . 3.~ 5 i t.  J 65,
N, 11.75. 2 H C H ~Ot , 2 .4o is~3 H . CII C. . }l - ( , 1. 6 rn . 2 H . C I I  .C ’d ~~~~~ l O i n .

Ally lmethy ld iph enyk i lan e .  A solut ion of 1452 g ( 12 rno l) nfa l l y l  2 H. CH:Si). 0.50 I s , 3 H. CU S . Anal .  Caird fur C~~}i. , - O . SiS: C.
bromide-i n 2.5 L of absolute ether was added dropwise wi th  s t i r r ing ,  67.28; H , 6.38. 1 ,,t ind: C , 67.4 4 . H , 6.45.
over a period of3.5 h , to a susp.-nsu n ot~~~) g ( 2 6 ro il ) ~if magne si um (3- I I r om op ro psO r iu e thv I duph cn ~ lsila ne from Totu en esu lfo-
turnings in 2.5 1. of abs olut e ether. An efficient r e flu x conden ser was nate. A solution of :1.5 g ((( .04 mu l l  ot l i t h i u m  bru mide and ~~~ g
used , eq uipped with a dr y ing tube. Excess ma gn esium was removed (0.0146 mol) of (3-p ropv h ine thv ld ip henvls lane p- t o lu et .e .~u l fu n at e
by filtration , an d 1862 g (8 mul l  of chlor methy ldi phe nv ls i l ane  was in 25 ml. of d ime thyl  su lmo xi de was s t i r re d at ambien t  temper ature
added dropwise over a 1 h period. ‘I’he Solution was retluxed for 1 h for 3 ii. Water (10 mL) wa.s added, and the pokiuct was ext ra ~tad with
and was allowed to stand overnight at room temperature.  A solution three 10-mi. portion s of carb on t .-tr ach lorid e. The combin ed or ganic
of 642 g (12 mol) of ammonium chloride in 2 L of water  and then 3 L layers were was hed with itt ml .u if  water , drie d, and stripped uf ’.olsent .
of water were added slowly, using a ref lux condenser to control the The re sidue consisted of 4.2 g (91?s. ) pure (3- l i r omop rupv l)me th yld-
exotherm . The aqueous l a scr  was separated and extracted with t hree up hert y isu la ne.
1-L portion s of ether. The combined ether solutions were dried over (3-Nitro pr up yl)mc t h yt d ip hcn~’lsilanc. The addition of 99M g
magnesium sulfa te and distilled to give 1 397 e (73 %) of allylra ethy l- (1.26 mol) of s,,diurn ni t r i te  to t.. s iuti on of 101 g (O.J1 7 m ( l i  of (3-
diphenylsilane: bp 93°C (0.1 mm) ; NMR (neat ) 6 0.0 (s. 3 H . CH3Si), bromopropy l)meth y l di pheny lsula ne in 500 mL of dimet hvl  cul fu s ide
1.5 (d, J = 7 Hz , 2 H, C=~C—CU~Si). 4.3 (in, 2 H , CH 2 C), 5.3 (rn resulted in a temperature rise to 30 °C e ver a 40 ra in per iod . The
I H, C==CHCH 2Si), 6.6—6.9 (in , 10 H, C6H5); IR (f i lm) 1640, 1440, mixture was added to 2.5 L of water , an d the product was extracted
1270,1170, 1130 cm ’. Anal. Calcd for C18H24O2Si: C, 80.67; H, 7.56. with four 300-mL portions of’ carbon te trach ior ide.  The carbon tet-
Founds C, 80.45; H, 7.56. rachloride solution was washed with three 600.mL porti ons of water

(3-Bromopr opyflmethyid ipheny lsilane from All)’imethyldi- and 300 mL of saturated sodium chloride , an d the solvent was re-
phenylsilane. A solution (150 mLt of 29.6 g (208.3 mol) of boron moved. The NM R spectrum of the residue showed a 5_~. yiel d of the
trifluoride etherate in dry tetr ahvdrofuran was added oser a 1 h pe- nitro compound (6 4 .2) . a 2)Y~. yie ld of th e ni tr ite  (6 4.4) , an d a 1.’%
r’t.od, with stirring, to 350 mL of a te trahydrofuran solution of 119 g yield of the alcohol and/sir br omide (63 .3 ) .
(0.50 mol) olallvlrn ethv ld iph env ls i lane and 5.94 g (0.156 moth of s~ The mixture was stirred for I h with  $0 niL of 5 N potas sium by.
diuxn borohydr ide. The mixture was heated at reflux for 2.5 h . and drox mde , and 320 mL of water was added. The mixture  was extracted
then 10 mL of’ methanol was added. Then , 27.3 mnL (0.50 mol) of with two I0O .mL portions of ether. The aqueous solution wa.  a5idified
bromine and sodium rnethoxide solution (from 14.4 g, 0.625 mol of to pH 6 with acetic acid, and the product wi’s extra cted with four
sodium and 300 mL of methan ol( were added simultaneous ly at such 100-mL portions of methv lene chloride. The meth ’~ lene chi r i de so-
a rate as to mair.tain a yellow color in the mixture. The temperature lution was dried over magne,siu m sulfate and ecapurated to give 45.4
was kept at 25—30 °C by means of an ice bath. The mixture was agi- g (50%) of (3-ni tr opro pv l)me th vldi p hen vL ~i laxi e. An an. . lvt ica l s ..mp le
tated with 250 niL of 50% potassium carbonate and 250 mL of cyclo- was obtained by molecular distillation: bp I ~2 °C (0.22 mr . , : N~slR
hexane until the strongy ellow color faded. The layers were separated. (CDCl~) 10.3 (s. 2 H . CH . Si) , 1.2 (m . 2 H , CH~Sm) . 2.1 rn . 2 H.
and the aqueous layer was extracted with three 100 mL port ions of CH2CH~Si), 4.2 (t . J 7 Hz , 2 H. CH~NO2). 7.3 (m . 10 H . C. H c); lR
cyclohexane. The combined organic layers were washed with three (film) 1550, 1435, 1395. 1260. 1190. 1165. 1125 c m .  Anal. Cakd lot
300-mL portions of water and 150 mL of saturated sodium chloride , C16H 19NO 2Si: C. 67.37: H. 6.67; N. 4.91. Found: C, 67.57; H . 6.62; N.

- dried over potassium carbonate, and distilled to give 79 g t49.5%) of 4.64.
(3-brornopropyl )methyldiphenvlsilane: bp 176-210 °C (0.3 mm); (3,3-Dinitropropyl )methyld iph enylsiiane . A mixture  of 68.4 g
NMR (CDCI a) 10.5 (a . 3 H , CH Si), 1.1 (in. 2 H . CH’Si) . 1.S(m, 2 H. (0.24 mol) of (3-nitr opropvbmetbv ldiphenvls i~ane and 53 niL of 5 N
CH 2CH 2Si), 3.2 (t,J = 7 Hz. 2 H, BrCH 2). 7.2 (in, 10 H . C5115). Anal, potassium hy droxide was stirred for I h. The re~u lt inc  ~olu~ ion was
CaluI IorC16H 19BrSI : C, 60.19; H. 5.96. Found: C. 60.36; H , 6.01. diluted with 212 niLof water . and 22.9 g (0. 2~ rnol l of sodium nitr i t e

(3-Hydroxypropy l)methy ld iphen v ls i l an e .  Allyloxytrimeth- in 200 ml of water was added. The solution was cooled with ..n ice
ytsiIane~ (1162 g. 8.94 mol) was added dropwise to a mixture of 1539 bath, and a cold solution ru 90 g tO.53 molt of silver nitrate in 400 ml.,
g (7.77 moO of methyli~i phcnyls ilane and 80 mg of tri s(trip henvi- of water and 800 niL of cold ether were added rapid ly with e~i icipnt
pboaphine)rhodium chloride at 130 °C over a 3 h period . The solution stirring. The mixture was stirred for 30 mm at 0°C and for t~ miii at
was added dropwise with stirring, over a 1.5 h period , to a solution of room temperature. Saturated sodium chloride solut ion (100 ml.) was
3 L of methanol and 800 ml of 1 N hy drochloric acid. The mixture then added, and after 15 miii the rnis ture  was filtered and she pre.
was stirred overnight , and an equal volume of water was added. The cipitate was washed with water and ethsr . The cornt ,ined filtrate and
aqueous solution was extracted with 3 L of methy lene chloride. The washings were acidified to pH 6 w i th  a. .etic aci d, and the layer s were
combined methylene chloride solution was washed with water and separated. The aqueous layer was extracted with ether , and the
saturated salt solution and was dr ied with sodium sulfate The solvent combined ether solutions were washed wi th  water and saturated so-
was removed by distillation to give 1950 g (98%) of (3-hy dro xvpro- dium chloride solution and dried o~er magnesium sulfate. The ether
pyI)methyid i pheny lsila ne: hp 130—1 40 °C (0.03 to 0.07 mm) ;  NMR was removed , a nd NMR analysis of the u’~i dtue .  64 g. showed a 70%
(CDCI3) 6 0.48 Is. 3 H , C 1I :i) , .0.95 (in , 2 H . CH~Si) . 1.4 t in. 2 H. yield of’ (3.3-d ini tr opropyl )m eth ~ld ip h en vi ..i l an e an d ~~ o sta r t ing
CCH2C). 2.0 (s, I U. OH) ,3. 12 (t.J 6 H z , 2 H ,.CH :O) . 7.0(s , 10 H . mater ial, N M R (Ct)Cl ) 6 0.7 (s.3 H . CU , Si) .  1.3 (rn . 2 H.CH Si) . 2.6
CaHs). AnaL Calcd for CieH uSiO: C, 74.95; H, 7.86. Fuund : C, 74.80; (m , 2 H . CII 2CH 2Si), 6.0 It , J = 7 Hz. I H, CM) . 7.4 inn , 10 H.
H , 8.07. C61-15).

(3-p-To lu cnesulrona toproj ,y l)methvldiph cnylsilus n~, Tolu- (3-Fluoro-3,3-dunutropr opy l)methyld iph eny lsi lane .  The above
•nesutfonyl ch lor i d e ( IFu9 7 g. 8.38 ma)) and then 766 ml. (9 . 53 mul l crude product containing 53.5 g (0.162 mol t f 3 .3-diii i tr pru pv l( .
of pyri dune were added to a solu t i un c i  19S(( a (7.62 moO of crude methy l d iph env ls i l ane  w adissolved in a so lut ion of (t .217 mu) of pa-
(3-hydro xypr opyl)n ethy l d iph env l s i l an e  in 1950 ml. of methy lene tassium hydroxide in 9~d niL of methanol. The solution was placed
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inc 2-L flask equipped with a g l assdip tube foi introducing perch lnryl React ion of (3 - f l uo ro -3 .~t- d ini tropro p y I ) m eth v Idi f l uo r osi la n e
fluoride , a t her m ometer , a magnecic st irrer . and sit ice ii .it h. ‘l’he flas k w i t h  Sodium \ I e thoxide .  A soi u ~:ori of 5.4 g ( 0.1 rii il f ~~d i u m
was vented to the fume .hou ,d at rio sphere by m e a n s i T h  u n i r i s r a l  oil metho xide in 3 u m L o f d r y  m t t ~t” ..  i w a s a dde ddr -; ,~-. ss to ~ 2 ~bubbler , az.d another  b u h h l s r  i ,  w ell  .i.~ an i nv s ’r t t-d ‘, ~~~~~~ I ~d~) (t o mc’)) of ( 3 . f l u ~r - ~~:) . d , n i t r t r  ‘.1 me:lr v~- :ii ~~iu r .s~. rifl e .~ i r~ ce i a ’ h
pr event suck back ) were p l aes’d between the dip tube and a t*rcf iiur vl cs~ li ng. Afu~r 0 5 Ii . the r~st I . ~no l was evap ra - t i  d and t t e  rs -s ~ re a-s.c
fluor ide cvtind er . Per ch lory l f lu or i d e  wi t s p s ~ed into t he so lut ion at distilled at 79. S °C (3 mm , to i:I . - e a m i x t u r e  f st~,rt ~r~ m~ ,er ia l

,. 10 °C until it was no longer at ussurb e d (2 h ; . l ’h eii , 1000 ml. of w ater  (2C~. ( , diroe r ( 1~~~). an d pr o duct t t~3’A . Th~ y ield of (3-~’- ~. ‘ . .3. 3-
was added, an d th eso lu t iun wa ss t i r r cd  1 h at ro mt emp erature . An d in itropro pv !) r c~h Y ) m et h xvf1uc r -~ lane was 13.9 g (57%) 1v
additional 1501) niL of wat er was add ~d , and the m iuure ssas made quantit a tive NMR N MR (CL)Cl- I 6 0.3 I d . J = 6 Hz . 3 H . CM Si .

basic (pH 12 ) wi t h ~ r otassiu rn hydroxide. ‘l’he l~r~du ct was ext r a c te d (in , 2 H . Cil Si ) . 2.S urn . 2 H . C H C ~ NO) ..F) , 3.5 ~ . 3 1-I . CH (~~ i ;
with four 4()O.mt~ )tu r t i nS of m e thv i en t -  chlorid e. The m ’t h v i en e  flu c-:i ne N M R  (CDCI1 ) ~ . 104.7 t t , J 1i Hz , 1 F,CFiNO , ,~f~( . 13~ .1
chloride soluti on was washed with thrt- e l 000.mL p or i luns o water , ( sext et , J 6 Hz , I F, FSit : IR ( 11 m (  1600, 144 0. 1375 . is:;o. 127 5.
dried , and stri pped of s, ilvent . The rc~ i u ue , 5’~.5 g, was ch rumato - 1215. 1195. 11(0 . 1065. lii3O. ~I5 . ~~‘O . ~ -S5 , ~35. 610 cm 1.
graphed on a 751) g column of dr~- silica ge l . a u n t  carbon teir achloride 1,3-Ili s(3-fl uoro -3,3 -d initroprop yl) -I ,3 -d im ethyl _ 1 ,3_ d iflu o .
(30 L) for elution . to give 44.5 ~ (79’c.t at ( :i - t iuu ur o .3 . :t .d iru i t r opr o .  rodisi loxane . A solution conta in ing  1.25 g (5.12 mmo l)  i )  ‘j .fluoro-
pyl)methy ldiphe nyls ilane: proto n NM I ( ft IX’l; ( 6 ( 1.6 Is . 3 H, Cl) Sit , - 3,3-dinitropropy l)methv !methoxvfluoro siiane in 25 mL of r~~t hanoi ,
1.1 (in , 2 H , CftSO . 2.7 (m , 2 H , NO~CCH :t . 7.2 (m . 10 H , C,, Hc t ;  5 rnLof wate r , and I mL of concentrated sulfuric acid wa s st irr ed for
fluorine NMR (Ct. )C l .,) up 104.4 It . J 22 Hz ) ;  lit ( f i lm (  1590 , 14- tO , 20 h. The solution was poured into ~cater. and the product was ex-
1370, 1330, 1270 , 1200. 1120 cin~ 5 . Ana l. Cakd lot C 1 , H 17N ~O4FSi: tracted with methvlene chloride, was hed with water and saturated
C, 55.17; H, 4.88; N . 8.04. F uond: C. 55. 02: H , 5 . 12 . N . ~~ 9. saitso lution , an d dried over sod urn sti lfate. The solvent was

(3-F iuo ro-3 ,3- dini t r op r ognli m ct hv ldibr omos i ian e .  A mixture rated , a nd the residu e was d ict i l ! ed to ~ive 0.7 g (62% ) of 1.3.bis(3-
of 12.5 mL (0.230 m olt  of b romine  and iui .U g (0 .0574 r n u u l i  o f ( 3~ilu- fluoro-3,3 .din itr opropyl)- 1.S’dimethyl - 1 ,3 .d ifluv radj sj iuxane: bp 15S
oro-3.3 .d ini tr apro pv l (me thvl dip henv lsil ane ~~~ heated at 100 ~C fur °C (0.2 mm); N MR m eat)  6 0.3 u d .J 6 H z. 6 H , CH Si ) .  0.9 rn . 4 H.
2 h under nitrogen. The pro duct a.t~ evacuated at 25 ram at room CH aSfl. 2.9 (in , 4 H .CH ’CF) : f luu r ine NM R inp at )  ~~i) 5 . 5  i t , J 20
temperature for 90 miii . Di s t i l l a tu ,u n  gave phenv l tu r u mid e . bp fiO °C Hz , 2 F. FC(N0 2 )), 132.0 ~sextet , J = 6 Hz. 2 F , FSi : lit ~~~~ 1550 .
(0.15 mm), l0 . 5-g inter medi ate fracti on , an d I 5 . 5 g t 7 s s , i u , f ( 3 . f l u -  1435, 1365. 1320. 1235. ll00 . 1025. 970. 910. 875. 855. E~ O. ~ o. 780
oro-3,3 .d in itr eupr opv hme thv ( d ihr u musil .ine. a cuu lu ,r it -s . li quid: bp 68 cm ’. Anal. Cakd for CsH 1sF4N 4 O.~Si2 : C, 21.72: H . 3.17; N . 12.67.
°C (0.14 mm); prot on N M U  (C [)Cl ) 1 1.1 is . 3 H. (‘H Si) , 1.4 (m , 2 Found: C, 21.88: H . 3.05; N . 13.50.
H, CH Si). 2.9 (m , 2 H , Cli Si) ; f luorine NMI( (CDCI 5j o lu.t .5 (t .J flis(3-chlo ro prcupoxy)d iphenv lsij ane . Anhvdr ous ammonia was
• 17 Hz). The material was too hygruusc opic for commerci al micro- passed throug h a stirred solution i f  81.6 g of 93 ~ pure d :cnl uro di-
analysis. phenyl si lane (0.31) mol ) and 56.7 g (0.60 mo l) of 3-chlor pr i pano l in

(3-Fluoro-3,.1-duni t ropropy l )m ethvtpo iss i l ox ane .  A solution 600 mL of dry benren e at 5 °C unt i l  it ~ as no longer  a b~cr :  ~a The
of 14.2 g (0.0401 mu , l)  of (3 ’fluor iu-3 .3 . d i uu i t r uup r uu pv l ( m e ih v ld ih ro -  solution was filtered and dist i l led to g ive 93.5 g IS-I 5%) of hi ’(3 .
mosilane in 50 niL ot ether  was poured i ,nt iu 75 g u i  crushs’d Ice , and chloroprup oxy)diphenvlsi lane: bp 176— 179 °C (0.21 mint :  NMR
the mixture was stirred for 30 m m .  The ether  layer wits washed with (CDCI 1) 6 1.95 (quintet.  J 6 Hz , 4 H. CH~CII 2CH~). 355 I : .  J 6
two 50-nn L portion s of water and 50 ml. of sa tura t ed  au w l i um chl oride Hz, 4 H , CH ~O Si). 3.8(t.J = 6 Hz. 4 H, CICH 2) . 7—7 .7 rn , 10 H. C5H~).
solution. The aol u t i ,u n wits dried ,uver muug n es i t i n i  su lf ~ne . und the Anal. Cakd for Cu. H ~~OaC1aSi: C, 58.54 ; H. 5.96. Found: C. 58 19; H.
solvent wa.s removed. The re sidue was dried for ;t h u t  90 ~(‘ (( ( .07 mm) 5.90.
to give 7.’lg  (91.4’s.) o f an u i l y  ~r rodtict: pr u , tu ,n  N M I I  ( CI ) ( ’ l - )  60 .2 ( s , Bis(3-hydr oxvpropy i)diphgny isilane from 81s(3-chloropro-
3 H , CH Si), 0.7 (to , 2 H . CII Si) , 2.7 Im . 2 H . (‘ii ( ‘ I I  S i ;  f lu orin e p oxy )d iph env ls i i a n e .  A ru und .hu ttum flack conta in i r .~ 175 ml. of
NMR (CIX1 .11 ~ 1(14 .1 (t . .J = Il l i z i ;  l i t  (O l i n )  :~~s( . 3-150. ~ss), 2650, dry toluene and 2 1.2 g )0.~~4 mall  of sodiurr . was fitted wi th  a ~z ir r er .
1600, 1440 . l: t80, 1:130, 12(40 , 12 10 , I 19t( , l ( ( ~4() cm . :~n uul .  (‘.uk d f u r  a thermometer ,  a reflux condenser, and a dri pp ing funnel  c’ n:si ning
C4 H,NaFO’,Si: C, 22.86; H , 3.:l:); N. 13.33. Found: C, 22.98; H, 3.55; 103 g (0.963 mc ) )  of chl or ot r im eth vlsi l ane.  The t ’ iu ene was ret luxed.
N, 13.41: mol wt, 834. and sufficient ch luuro t r i m et hv ls i l an e  was added to lower the h u . i ing

The use of methvlene chloride as the hydroly sis solvent gave a point to 101 °C. Bk 3.ch) r .p r u poxy t d iph env lci lane i 0).u g, u ) .2185
similar product with mol WI 562. mol) was mixed w i t h  the remain ing  ch luu ro t r i me t hv lcu l ane .  an d the

(3-FIuoro-3 ,3- dun i t r opr ops -I )m et hy ldj f iuo g os i l ~~~ . (3-Flu- mixture was added drnpwi~e unto the tiask w i th  viguu r ou s st i r r i n g over
oro-3,3-d ini t r opropy l (methv lpo lv si loxuane(13 .5 g. 64.3 mmol ofmo- a30 mm pe riod . The ss , lu i i ,n  a-ac filtered and , t he s svn t  was re-
nomer) was dissolved in 50 ml. of ethanol , 25 mL of 4$~ hydrogen moved under reduced pres~ii re. The residue was di~solve d in’. 15’ ! ml.
fluoride , and 15 mL of water , The mixture  was agitated for 24 h a n d  of absolute ethanol . e#d 30 niL of 5s , hv dro c h tuu r ic  a d O  was added
then diluted with water.  The product was extracted wi th  methy lene slowly with  cooling . The nu ix tu re  was Stirred for 1 h . and th e ethanol
chloride , and the meth vl ene chk uride solution was washed with water and water were then removed under vacuum ‘l’he product was washed
and saturated salt solution and dried over sodium sulfate , The solvent w~’h 100 ml. of suitu ir at ed p uut u ’s i s i m carb onate and dist i l led to give
was evaporated , and the residue was d is til led to give 12 g (80% ) of 33.~ g ( 51%) of bi sCl-hvdr oxvpr opv il d ip h env lsi la n e:  bp 178- 185 °C
(3-fluoro-3, 3-dinit rop rup vhrn ethv ldiflui oros i lan e : hp 67 °C (3 mm); (0.07 nu t ; mp (4.”~ $) °C . NMH (Cl)Cl- àO.7-1.7 m m. 8 H . CH .CH~Sm ) .
NM R (CDC I-u ) ô0 .4 1t .J = 6 H z .3H . CH Si h O . S t m , 2 H ,C H . .Si , 2.9 2.58 (s ,2  H . OH) , 3.2 t t ,J ii Hz, 4 H. OCH ). 6.9 (m, 10 H. C,.Hc):(in , 2 H, CH 2CF(NO:) ; f lu orine t”.MR ) CDCI- ) ~u 101.5 (t , j  16Hz , IR (fi lm ) 33 1K) , :1(1 - U. 2900. 14:10 . 1190. 1120 cm 1. Anal. Calcd for
iF . F(NO ~)2C . 132.3 (sextet ,J = 6 H z . 2 F, SIF ); IR ( f i lm )  1600, 1435 . C isH 24O~Si: C , 72 Ix); H. (4 .00. Found: C , 7 1. O R ; H. 8.26.
1370, 1325, 1275 , 1220, 1190 . 1065. 1025 , 930, 910, 870 . 860. 830. 805 Bia (3 -bromo prop vl )dip heny ls i l a n e  f rom l ) iu l l v l d ip hcnv l s i -
cin ’. Anal. Caled for C4H~F. N~O4 Si: C, 20.69; H , 3.0 ; H. 12.07. lane. A utotution of i i u u n n n t ’  in teir ahyd rofuran (:15 .03 ml., t) .96 ~s1) was
Found: C. 20.6’~; H , 2.88; N . 12.52. added druupwi ss ’ w i th  -. t i r r i u u g  un der ni t r u ige n to a ~, , l u t i , un  of 13.2 ~A mixture of 33 g (0 0932 molt of (3-fluoro-3.3 .dini tropr opy l)- (0.05 mu d )  ot d i iu l l . ld ip h e i iv ls i ! .u n e  iu 7(H ) mL of dry tetr ei h~dru , fur an
inethyldibrum osilane and 15.7 g (0.373 mo lt of sodium fluoride was atO °C. The’ solution was stirred fu r  30 m m at ft 5( and for :10 nOn at
dissolved in 100 niL of ethano l , 25 ml of 4” s~ hydrogen fluoride , and 20 °C. Then I ml. of methanol was added to destroy excess borane.
15 mLof wate r with ag itation. After .1 days . the mixture  was poured Bromine (5.4 ml. 0.101 miii ) and sodium meth oxid e sOlut ion (from
into wate r and extracted twice with  me thv kn e  chloride. ‘I’he organic 2.53 g. 0.110 Tao!, of sodiurr  and 31) ml. of methano l)  were add. ’d c i .
ioiution was washed with  wat er  and saturat ed salt solution and dried multaneo sisly at a rate c,ic t u t ha t  the’ react ion mix ture  ret r uine d y e) -

- over sodium sulfate. The s k i -n t  was evaporated , and the re~idue was low. T h e  react ion Ivt r .n ’.  i ture  was ina nt~ ine d at 23—30 °C by means
distilled to give 17.8 g ( 82%) o((3-fluoro -3 .3-din itropr opy lim ethy l .  o fa  water  b ath. Cy c lu hi - c. i iu e ( j ( ~i ml. ) a-as added , and the ~c ! j t iui n
difl uoro silane. was extracted w i t h  1 v .i ml. of SIr ,, potassium car bonate. The aqueous
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layer was extracted with three ~i0 qi l portions of cvclo hexane. The B’ua (3-n ’u tropropy l)diph eny lsi la ne. A colu t ion of 53(1 g t ’ .’7 mal)
conub ined organic laye rs wi re w.u ched a-Oh two lOl l ml. portions uu f o fsodi um n i t r a t e  and 72:1 g ( 1.7 m u l l )  of h i ’ u ! - ( r u m u pr .;uv! d~( , : .en .
water and 100 ml. of s a t u i r a t i d  c,,~l i u u m  c h i lu r iu le  and dried (uvC t an- ylsil one ru 6 Lo fdim e ’thv l  s~ l f u u u i e  w ,~. — ! irr t ’ d for ~ S 8 .~nd t tu ” - i  a- is
hyd rous pot j ssiu flu i-~ i r hu uu:ute . I ~ ~ ~ t i I l . u t ii n l iSe :~. I ~ 

( ) .( ‘s,) of h i s) 3— diluted wi t h  12 1. • II wate r .  l ) u e ‘ ;.: • (oct a s .~~ I r . uu I . -  I .~ - t r~ i hr .-.— ~ i ~

br onuupruup ’.l) d i phet uvt s i laiue , h1u 1.3 °C ( C u b  mm ( , s~wct n a) lv iden- tolport iona () f car ( aln tetna ~h lu ’tu ~~ . was he d a u t h  t ’ei t i  r. ’.L i . f w .IIC T .
tical tothe cumpound c( ua rac te r i , i d below . This materia l was handled dried over sodium sulfate. uind stri pped o f su , l ~ -nt Cr - , ~~~~~~~~ and
as an oil; seed cry stals were not r i v a i latul e .  . recryst all izat iu ,n from carbon t~ t r . ich ~ ’ri de and S~ell y F us . ’ 2o3 g

Bis (3 - hydro xypr op y I ) d ip h euu ~ lsi l.u n e by llydro sily la tio a . A (33% ) of bis 3 . n i t r u u p r uup y h dup h e ’n y ls i la ne. a hii - cr ~ ..t ;u!u. : mp
mixture of 1500 g (7.33 nun ) ) of 9tre dip h envi c i l ane. 0.1 g oftr is (tr i .  84.5-85.5 °C; N M R  CI)C) J ~ 7.3 i~~. 10 H . (‘. 11-i . 4 1  I t .  4 H ,
pheny lph o sph ine)rh idiui n  chl or id e ’, an d 200 g of a l l v h u sv t r im eth-  CH2 NO~) . 2.0 Im. 4 H . (‘l I~CH :Sit . I I (m . 4 I-!. ( H .S u :  11( (( ‘Cl 4 )
y lsilane was heat ed to 100 °C. Hu l l ing  wa- ~ct u (up e d and the temper -  1540. 1430 , 1:180 . l1’.3( , 710 cm 1 . Anal .  (‘ak d fu r (‘1,Ii .O 1 ’~~Si: C.
att ire nx’~e to 120 °C. Additional a !lv o xy tni me t hv [. i I ,ui i e .  a totai of 2s~)0 60.31; H , 6.19; N , 7. 81 . F’uu un d: C , 60 .1 5:  H . ‘ 1)1 N , 7 .h2.
g (21.6 inol), was added at a rate- su f f i c ien t  to m a in ta in  ref lu u x .  Thus Bis(3 ,3-d in i t r op rop t l )d iph eny ls i l ane ,  Ris (3-n i t rop rup v l)d i .
solution was added to a solutio n of 15 ml of concentrated HCI and pheny lsilan e (73g. 0.204 molt was added with sn i r r i rg  to 33 g (0 5 mol )
600 mL of water in 3 L of meth.u nul .  After 24 h . the product Was ex- of potassium hydroxide  in 50 mL of wa te r  and 250 mL of methanol.
traded with rnethy )ene chloride. Crv~t al l i za t iu n from methylene When solution was complete. 200 rr .L water and 34.5 g u ) 5  ran )) ofchloride and SkeUy F y ielded 1500 g (68%) of bis( 4-hydro xypr opyl )- sodium nitr i te  were added. This solut ion was quickly added to an icediphenylsilane. . bath cooled mixture  of 171) c of silver nitrate U mol( in 215 ) mL waterBis(3-bromopropyl)diph envlsil ane from PBr3. Bis(3-hvdr ox- and 500 mL of ether. After  the mixture  a-as s t i r red  at room temper-ypropyl)diph eny lsi? ane (1490 g, 4.~’d mø)) was addç’d to a solut ion of ature for 2 h . 200 ml. of sat u rated sodium chlorid e ’ solution was sullied .
1043 g (3.86 mol) of phosphorous tr ibromide in 31 of ether , which was The silver preci p itate was filte red, and the solution was made s~igh tlvma ’intained at room temperature by a water bath, The mixture was acidic with acetic acid. The ether lav~r was sep.urated. wa~hed. dried.stirred for l2 h and then a-as added to ice, The product was extracted an d stripped. The product was crystallized f r um ”~t h v k r ~e cn l ( u r id ewith water , dried , stripped of solvent. and extracted in t o  Skellv F. and Skelly F, g i c ing  34.5 g :t.s~ viel d h  of b ist3, 3 .d i n it ro p r u pv l i d i .giving 1683 g of sem icrvsta l l ine , 90% pure his ( 3-brom opr opv l)di .  pheny isilane : mp9&-97 °C: N MR (CDCI- 1) 6 7.40 (3 , 10 H . C. H 5 ( .6.01phenylsilane. Recrystallization from ethanol gave 1400 g (67°o) of (t, J = 7 H~, 2 H . CH(N O~~~. 2.4 m, 4 H, CH 2CH 2SI), 1 2 Im , 4 H.bis(3-bromopropyl)dip he nv ls i l an e :  rap 4 8—49 ~C: NMR (CDCIa) 6 1.2 CHaSi); IR (CHCI-1 ) 1570. 1330, 1120 cm t . Anal.  Cale d for(in, 4 H , CH 2Si) . 1.8 (in , 4 H . Cll~CH~Si), 3.25 It , J 6 Hz, 4 H , C18H20N4O5Si: C, 48.21; H. 4.50; N , 12.49. Found: C, 48.32 ; H , 4.59;BrCH2), 7.15 (in . 10 H . C6 H 5) . Anal , Calcd fur C15H22 Br2Si: C, 50.72; N, 12.29.
H, 5.20. Found: C, 50.74; H. 5.17. Bis(~ -fluoro-L3-din itropr opyI )diphen~’lsilane. Per ch lory lBis(3-p-to luenesulfonatopropvl)d iph eny lsilane. Pyridine (11.3 fluoride was bubbled into a vi gorously stirred solution of 40 g ofg. 0.14 mol ) and 25 g (0.13 molt  of p- t o luene su l fony l  chloride were bis(3,3-dinitr oprop s ’ltdiphenv lsil ane (0.009 molt and 13.2 g ef po-added to a solution of 15 g (0.050 molt of his(3 .hy droxypr opy l)diph- tassium hydroxide (0 .2 mull in 150 niL water . 200 mL methanol, andenylsilane in 50 mL of methylene chloride at 0 °C. Aftera 20 h reaction 200 niL of dmmethv l forrruatni de at room temperature. When g as up-period at room temperature, the mixture was washed successively with take stopped , water was slowly added and the product p ’ec .p~tatedwater , 1 N hydrochloric acid , wate r , and saturated sodium bicar. out. Filtration yielded 42 g of a light tan solid. Recrysta lliz ation gavebonate. The solution was dried over magnesium sulfate , and the aol- 36.6 g (85% yield) of white crystalline product: nip 85—86 ‘C: protonvent was removed to give 31.6 g (85% yield ) of 85% pure bis(3-p-to- NMR (CDCIa 6 7.35 (a. 10 H. C5H~, t , 2.63 (in , 4 H , CH~CH- Si) .  1.17luenesu lfonat opropv l)diphenvlsilane. an oil. An analytical sample (in, 4 H. CH~Si); f luorine N M R (CDCl~) u~i t05.7 (J HF = IS Hz) : JRwas isolated by co lumnc hronua t ogra phyon si luca g el us ingmethy lene (KBr) 1590, 1430, 1320. 1260. 1200.1100. 700cm ’. Anal , Caicd forchloride as the elution solvent: NMR (CDCI- 1) 6 7.4 (d of d , 8 H, C18H1808N4F2S1: C, 44.63; H, 3.75; N, 11 57, Found: C, 44.84: H , 3.85;C6H4— (p)). 7.2 (m , 10 H , C5H5) . 3.97 It , 4 H. CH.20), 2.47 (s,6 H, — N, 11.39.
C6H4CH3-p), 1.7 (in, 4 H. C)1~CH .’.Si), 1.0 Ira . 4 H , CH 2Si). Anal . l,l ,3,3.5,5-Rexakis(3-fluoro-3 ,3-dinj tropropy l)cy clot i-is1lox_Calcd for Ca~H:w,O&S ’Si: C. 63.28; H. 5.96. Found: C. 63.20; H. 6.29. ane.A solution of lO g (0.021 mol l ofb ist 3-flu or o-3 ,3-d in itr cpro py lt-Bis(3 -bromopropy l)diphenylsilane fro m p-To ?ucnesulfouate. diphenylsilane in 25 niL of methv lene chlorid e and 25 nnL of aceticA solution of 19.8 g (0.0325 nuob of bist3- p -to luencsulfonat oprop . acid was stirred with lOg  (0.0625 m olt of bromine for 3 days Wateryl)diphenylsilane and lOg (0.U5 molt of lithium b .umide in GO niL (10 niL) was added , and the reaction mixtur e was stirred for 24 h. Theof dimethyl sulfoxide was stirred for 4 h. Water (150 ml.) was then solution was washed with water, and the solvent was removed, Theadded , and the product was extracted with three 40 ml. portions of product was redi ssulved in mc’th lene chloride , and 2 g of brominecarbon tetrachloride. The carbon tetr achu loride solution was washed was added. Crystals slowly formed and after 4 days. 4.8 g I 6T’~ yield )with 30 mLof water, dried , an d stripped of solvent togive 11.3 g (7 1% of l.t.3.3.5.5-hexakis(3-fluoro.3.3.dinitrnpropyb~vc lotr isjloxane wasyield) of 90% pure (by N M R )  his (3-hr orn opropy l)dtphen ylsil ane. isolated by fi ltration. The product was recrystallized fran ’, ethy l ac-Identical results were obtained using sodium bromide instead of etata and Skelly F togive white crystals: nip 207-209 °C : proto n NMRlithium bromide. (acetone-d6) 6 3.14 (in , 4 H. CH 2CF) , 1.20 t in . 4 H . CH Si) ; fluorineA solution of 1200 g (6.2 m iii ) of p .tuilue n esutf onvl ch luu ride and ‘~~~~ NMR (acetone-d 5) ~ l(~ .0: JR (K Br ) 1590 . 1320. 1270. 1210 . 1090g (6.1 mol) of pyridin e in 1600 mI.o f met hylen e ’ ~h Ior ide was added, cm _ u . Anal. Caled for Ce’H5N 4O5F Si: C, 20.83; H . 2.33; N , 16.19.with Stirring and ice hath cuuu , lu n ~ , to  ‘.1(K)  (‘t. t t  molt  i f  hu i , ( 2 . h drox. Found: C, 21.00; H. 2.36; N. 16 17; mol wt Ivapor phase osmometer/ypropy lldip he nv lsula t u e in 11( 5) ml.  of nie t h y lene eh lu ir id e .  An addi . EtOAc), 1010 ± 5% (In ner = 1038),tiona l 40g (0.5 mol t of p vr i di t i e  was added I h tufter this addition was
completed. The mixture an’ sti rre d f u r  2 h a t  ru sur n t e mju c r n l u re  and Registry No.— Sodium nitrite . 7632-00-0; (3-hromopr opvl)trj .
was then washed with  four -Us ) ml.  p u ir t i , ns of w a te r , dried over methyLcilane. 10545.34.3: t3 ’n itro p r opv l( trim ethvts~lane . 64035.55.8:
magnesium sulfate , a nd ciri ;,pr d of solvent. ‘flu’ r , ’sj duue was added ( 3 ’h y d r o x y p r o p v l ( t r m m et h v l s i l a n e . ~9I7-47- 7 :  (4 . b ru rn l l l ) u (y l ( t r i .
toS2 Sg(S nuu i l ) o f s .udu i u n u b rui m ud u ’ u nit 2155 t  n il. ofdinu ’th s ’l ~u i lf iuxi d e , methy L4i !in e. 18379.55.0; (4 -n i t r u ’hu i t v lu t tmm p thc ’lsi lane , i 4 U ~~’u . 5 I ~.9:
and the mixture w ul.s stirred fu ir 9.7 h. Wate r ( - t i C K )  nil .) was added , and (3-bromobutyI)tnmmeth ~l5ilane , 18379-54.9; (5-nitrobuty l trim eth-
the aqueous layer ~~~ extr acted wi th  twit  2r~t .ml. l sir ti , ,nM u uf i - u ir lu<in ylsilane . 64035.57.0; i3-h vdro xv but vl i t ~i m p t h s ) s i h u n e  l~ -~s7-24 . 1:
tetra ch luride. The cu u nuh , in , ’ d u i r gn i n ic  In vt-is were washed wi th  It s wt (3 ’ni t rotobut yl t t r im eth vls i lane . 64035.~~. 1; 13 .3 d i n i t r o ; ’ru ’pv l t t r i -
rnI. ofwntt ’r and dried < use r  “ sh io t u i  s iu l t i i t ~ . Sk ellv I” (5 I . t  was uuililu ’d , methv ls i lane , 64035’59.2; (4 .4 - d in i t r o h u t v l ( ( r mej h v l~ O.u ij~and the precip it iit . ’d iu i : i t c r uuul  Wa, u l r i ei l  und e- r su i cu i t i m I i  d y e  I i ;tS 64035.60-5; ( 3 ,3 ’dini t r nhua t vl i : r i me t h y lcj lane , ~4~J, ;5 .fi1 -O; t3 .flu-
g of 95% pure (N M I ( )  luiM(3 .l i r omu i !ur oh u y l ( d i l u l i i r u v l s u l n h u c  184% oro.3, 3 ’d in i t ropropv l ( t n i r i -ue t hv lcu la n u . . 6- ) I t . !S_ 2.7 :  I 4 t ) uoro .4. 4 -
yield). din i t rob utyl ) t r ime thy lsi l an t ’. 64 ).l5- ’u;3.6 ; (hvd r ( x v m e t h y ) ( ( rj r n s t h .
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ylsilane, 3219-63-4; t n im et luy ls i ly lmethy ltn i f l a t e,  64035-64-9-, 2-f lu-
oro— 2.2.dinut ruueth ia nol , 17~ :~.‘.3-7; t n i m t t h ~ l si ls ’lm ethyI 2 ’flu .iLu r J -
2,2-d ini tr oethv l ether. i;0) ;T , - . ; .~ 0: ally ) br iu t a ide.  106 95-6; chloro-
mcthvldip hc nv ls i l at ut - . 4 4 .79 6; i u l k I u n ~ th~ i d u ~~}a’ n vk i l a n ~. 1’ 922.
43.9; ( 3 .h r o inuqunup ~ I izui *’t hy lc ii~., l u ’r iv l ,ul ane , i,4u :i5 .66— 1; a lly lo xy—
trimethylsilane. 18I 4 6. Uu .-1 : I ( .) iv dni ~~~urupv I ( ineth v ldiphen y) si lane ,
64035-67-2; tu lu& ’ntis u llonv l th ior ide .  )~.59.9; (3 ’p ’tu lu en esu lfun a-
toprop yl)methy l d iph env k i la n e , t ;4 . irI~68.3; (3 -ni t ro pr op vl t meth-
yldi phenyls ilane , 64u .t3-u ~’. 4: i3 .8.dinit roprops l ime t lu y l d iphen y l s i .
lane. 64035-70-7; (3 .fluu in. .3 .3 .di n i t r op ni . pv l(met hv l dip heny lsil ane ,
64035-71-8; (3 -f luo ro .3 ,3-d u r u i t r o p r t u p v l ) u n e t h v l d i h r o r n u u s i l a n e .
64035’72-9; (‘3-f1uui r o-3 .’~- d i t i i t n u i p r u p v l l u u i e t h v l d i f l u o r o s i I a n e .
64035-7:1.0; (3-fluortu-3. ’). d in i t r t u 1u rui pv l )rnet }uv imet h osv fluaro s i l ane .
64035-74-1; l, 3 .bis( 3 .fluori .i -3 .3- d in i t ru pr ~ py l t - l , 3.d im et hy l - l ,3.
difl iounodi siluxane . 641)35.75.2; dich lu ir od iph eu iv ls i luu ne . SO- 10’4; 3-
chlorop ropano l , 627-30.5; bis t 3 -ch lo ruupru po xv ) dup heny ki l ane .
63802-06-2: b is ( 3 .hvdru x vp zo p yl tc iph en s  sil ,ine , :(473 4 -72-2; dial-
ly ldiphenyls i lane . l0519~~-~-7: di 1,henv lsil ah e , 775-12-2 ; bis(3.bro -
mopropy l)dup he n y lsi lane . G-I03~ .7 6-3; hi st3 .p -to luen esu lfuna to -
pr opy l)dipheny ls i lane , 64035-77 .1; b i s ( 3-n i t r opr t ipv ) ) d iph eny l -
silane , 64035-78-5; bisl3 .3’din i t r opr opy l ) d i ph env lsi la ne . 64035-
79-6; bis(3.fluoro’3.3 .d ini tr i pno py l ( diph env lsi l ane.  64035.60.9;
1,1,3,3,5,5-hexakis (3-h’Iu ur u 3.3-diuiitropropy l;cyciotris iloxane ,
64035-81-0; (CFaSO-,~jO. 358-23-6.
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Appendix B

~ynthesis of Bis-(3, 3-ainitrobutyi)cyclo~o1ysi.t.oxanes

Duane A. Lerdal and Kurt Bauzu*

Contribution from FluDrochem , Inc .
Azusa , California 91702

We have reported6 the synthesis of (3-fluoro-3, 3-dinitropropyl)ciethyl-

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.
NaNO -

( c6H5)2si(c 2 cH2cH~Br) 2 , (C6H5)2S1(CH2cH2cJ-12N02)2

AgNO3 FC1O3> (C6E~ )2Si [CH2~H2 c~F(N02 )~~2

~ -osi cyclic polysiloxanes

The synthesis of an analogous series of compounds with internal

nitro groups was undertaken in the present work . The starting n~terial was

obtained by a sequence of reactions beginning with the hydrosilylation of

acrolein dimethy]. acetal with diphenylsilane . The hydrosily].at ion of acro-

lein, as well asC’,l~-unsaturated ketones and esters, with triethylsilane has

been reported to take place by 1,ll.-addition , yieldin3 enol silyl ethers.~~’~

However, acrolein acetal and triethylsilane in the presence of chloroplatinic

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

For the addition of diphenylsilane to allyl compounds,
2 tris(triphenylphos-
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phine)rhodiuxn chloride5 was found to be a rinre effect ive catalyst than chioro-

platinic acid. Under these conditions, the adduct of acrolein dimet}’iyl 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 methyllithiuia

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

(C6H5)2SiH2 + cH~= cHca (ocH3 ) 2 ~~~~~~~~~~~~~~~~~~~~~~~~

H20 ~HLi
> (c6H5)2Si(cH2~H2~~IO)2 ~ (c6H5)2Si(cH2~~2~ icacH3)2

The reaction of this alcohol with phosphorous tribrom.lde in ether ;ave

the correspond1n~ dibroalde . Bis(3-broraobutyl)diphenylsilane underwent dis-

placement with sodium nitrite in dimethyl sulfoxide to yield bis(3-nitrobutyl)-

diphenylsilane. Oxidative nitration
6 of the salt of this nitro compound with

sodium nitrite and silver nitrate, in a mixed solvent consistin3 of water, me-

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

PBr3
(C6H5)2S1(CH2cH2OHOHcH3)2 > (C6H5)2Si(CH2CH2OHBrcH3)2

NaNO 0H

D~~3O
6

~~~~
2 ~~~~~~~~~~~~~~ 2 AgNO3 

(c6HS)2s1[dH2cH2c(N02)2cH3]2
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 brornosilane 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 ~.ydrolysis. A cyclic polysiloxar4e

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

at 21~O_250° ( d e c . ) .  -

Experimental Section

NMR and IR spectra were recorded with a Varian T-60 spectroneter and a

Perkin-Elmer 700 spectrometer, respectively. Molecular weights were deter-

mined with a Mechrolab 301A vapor osmometer.

Bis(3-hydroxybutyl)diphenylsilane. A solution of i8.~ g (0.1 mol) of

diphenylsilane, 22 g (0.215 mol) of acrolein dimethyl acetal and 0.01 g of

tris(triphenylphosphine)rhodium chloride in 25 ml of benzene was refluxed for

~ 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 nil of ethanol, 0.5 ml of con-

centrated hydrochloric acid and 0.2 g of potassium 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 nil portions of

ether, dried and stripped of solvent. The aldehyde, which polyzerized on

standing, was dissolved immediately in 50 ml of ether and the solution was

added dropwise to 150 ml of 1.5 M rnethyllithiuxn in ether. The mixture was

refluxed for 15 mm , 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%, nip 91-2°) was isolated by crystalli-

zation from carbon tetrachloride and Skelly F. lB (KBr) 3300, 2900-3000,

l’~3O, 1120 and 705 cm~
’: N~~ (CDCl3)~7. li.0 (broad s, 10 E, C6H5) 3.72 (sex-
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tet , 2 H , GHOII), 2.1? (s, 2 H, OH) and 1.)-l.8 (~, l~ H, ~~~~~
3

~~~~ iOH~~~~~~~~~~~~~~~~ ) :

An~1. Calcd for c~~B2302Si: C, 73.12; H, 8.59. Found: C, 73.19;

H, 8. 73.

Bis(3-hron tyl)dipnen~ilsilLtne. A solution of 9.0 g (0.0275 niol) of

bis(3-hydroxylbuty1)diphenylsilat~e and 8.6 ~ (0.032 mol) of phosphorous tn -

bromide in 30 ml. of ether was stirred at anbient temperature for 90 hrs. The

solution was added to 100 nil of ice-water and the product was extracted with

three 30 ml portions of carbon tetrachioride. The combined organic layers

were washed with water, dried and stripped of solvent. The product was puri-

fied by column chronutography (silica gel and carbon tetrachioride) followed

by crystallization from Skelly F, to give 6.~ ~ (1i.~~) bis(3-bromopropyl)di-

phenylsilane, rap 61-2°: lB (film) 2900-3000, 1~.25, 1225, 1190, 1120, 7~0 and

710, nrnr (CDCl3)~~7.5 (broad s, 10 H, C6H5), 14.2 (sextet, 2 H, ~HBr), 2.0

(ma, 11. H, ,2~~~i2Si) 1.85 (d, 3= 7Hz, 
6 H, ~~3) and 1.

11. (in, 1~ H, ~~2Si).

Anal. Calcd for C~~H26SiBr2: C, 52.87; H, 5.77 . Found : C, 52.68; H,

5.77.

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

bis(3-brornobutyl)diphenylsilane and 12.0 ~ (1714 .~zol) of sodium nitrite in

30 ml of dimuethyl sulfoxide was stirred for 3 hrs at 25°C. The solution was

added to 250 in]. 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. ~olunn chromatography and crystallization from car-

bon tetnachionide and Skelly F, yielded 1.5 ~; (29~) of bis(3-nitrobutyl)di-

phenylsilane, rap 814-5°: IR (KBr) 2900, 1530, 11430, 1320, 1180, 1110 and 700

cm~~; nnr (CDC13)67.3 (broad s, 1011 C6}~~
), 14.5 (sextet, 2 H, CHNO2), 1.14
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(
~, 14 i~, ~~~~~ si), 1.5 (a , J= 7Hz , 6 1, ~ 3) nnd 1.1 (rn, ~ H, 

~~~~~~

Anal. Calcd for C2~~26N2O4Si : C, 62.15: H, 6.78; N, 7.25. Found : C,

61.93; H, 6.58; N, 7.39.

Bis(3,3-d 1trobutyl)d~nhcri ,’1si1ane. Bis (3-nitrobutyl)di~hcnyls1lane

(1.2 g, 3.1 mnznol) was dissolved , with stirrin3 at 7Q0, in a mixture of 5 ml

of methanol, 13 ml of water and 6.2 ~nmol of potassium hydroxide. The solu-

tion was cooled to room temperature and 2.2 g (6.2 mmol) of sodium nitrite

was added. The resu.ltin~ solution was added quickly to a vigorously stirred

rn.ixture of 2.2 g (13 nimol) of silver nItrate, 15 in]. of water and 20 ml of

ether. After 5 mm 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-

phy (silica gel, rnethylene chloride ) and crystallization ( carbon tetrachlo-

ride, Skelly F) gave 0.90 g (6i%) of bls(3,3-dinitrobutyl)diphenylsilane, nip

70-1°: IR (film) 3,000, 2900, 1550 , 1420, 1380, 1320, 1190, 1110, 1020, 8145,

785 and 700 cm~
’; niar ( CDC1

3
) 7.37 (broad s, 10 Ii, C6HS), 2. 14 (in, 14 11, 

~~~~
CH2S1), 2.07 (s , 6 H, ~i

3) and 1.1 (m , 
14 H, ~i2Si).

Anal. Calcd for C~~E24N4O8Si: C, 50.141; H, 5.09; N, 11.76 . Found: C,

50.71; 11, 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 in]. (18 nirnol) of bromine in 20 ml

of glacial acetic acid was refluxed for 30 main. Water (100 ml) was added and

the mixture was refluxed for 10 rain. The solution was cooled to room tempe-

rature and 20 nil of niethylene chloride was added. A fine white precipitate
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was filtered and the methylene chloride layer dried , ax:1 cn~ drop of tr iethyl-

amine was added. After 214 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, nip (dcc) 2140-250°: lB (KBr) 2900, 1545, 1320, 1200, 1.090

and 1010 crn~~ ; ninr (D3CC0cD3)~~2.7 (ri, 
14 H, 

~~~~~~~~~ 
2.20 Cs, 6 H, 0a3) and

1.0 (in, ~ ~ ~~2S1); molecular weight 
(vapor phase ossiometer, 2-butanone),

1210 ± 5% (tnirne r = 10114, tetrariier = 1352).

Anal. ~alcd for C3H14N400S1: C, 28.140; H, 14.17; N, 16.56. Found: C,

28.06; 11, 14.03; N, 16.21.
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