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i. INTRODUCTION 

Hie objective of this research uro::ram is to synthesize new functional 

Sroupin^s with potential utility in high enercy propellants and explosives. 

During the past year the major emphasis of this research has been on the de- 

velopment of synthetic methods for nitroalkyl and fluoronitroalkyl derivatives 

of silicon, compounds with potentially superior low temperature flexibility as 

well as high thermal stability. Work was completed on a study of reactions of 

olefins with dichlorine heptoxide and a manuscript for journal publication was 

prepared. This manuscript comprises Appendix A of thii report. 

The following articles have been published durins this report period: 

"Reactions of Silver Perchlorate and of Silver Triflate with Alkyl 

Iodides. Solvent Inhibition of Isomerization," C. D. Beard and K. Baum, J. 

Org. Oiem., 32* 36Y5 (197}0. 

'•Reactions of Dichlorine Heptoxide and of Acyl Perchlorates with Ethers," 

K. Baum and C. D. Beard, J. 0r£. Chem., ho,  8l (1975). 

"Preparation of an Alkyl Perbroraate," K. Baum, C. D. Beard and V. 

Orakauskas, J. Am. Chem. Soc, 97, 267 (1975). 

"Reactions of Dichlorine Heptoxide and of Hypohal;tes with Alkyl Iodides," 

K. Baum and C. D. Beard, J. Or,-. Ch*n., Uo, 2536 O975), 

The following manuscript is in press: 

"Reactions of Dichlorine Heptoxide with Olefins," K. Baum 
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II.  DISCUSSION 

An area of nitro chemistry that hac not received attention is the syn- 

thesis of conpounas vith nitroalkyl groups hound to silicon. The exceptional 

hißh temperature stability and low temperature flexibility of silicones is 

veil known, and there is a need for energetic raaterials with similar properties, 

The carbon-silicon bond is most conimonly formed by the reaction of 

Grignard reagents or similar reactive organometallics with silicon halides, 

or by the high temperature reaction of alkyl halides with elemental silicon. 

The Gri^nard method cannot be used for preparing nitroalkyl silicon bonds 

2 
because nitro groups react rapidly with Grignard reagents.  The direct syn- 

thesis method^ using alkyl halides and silicon requires reaction temperatures 

of 250° to 600 , so this method also is incompatible with nitro substituents. 

Another method that has been used to form si1<con-carbon bonds is the free 

k 
radical catalyzed addition of Si-K bonds to olefins.  This method is poten- 

tially applicable, although nitro compounds have been known to interfere with 

free radical reactions by functioning as chain transfer agents. 

Hie potentially most versatile route to polynitro and fluoronitro sili- 

cones is the stepwise introduction of functional groups by displacement, oxi- 

dative nitration and fluorination reactions: 

1  WO - ,  AgNO 
XCHp(CHp)-Si 5-*0LHCHo(CHj -Si- -_1> 2  2 n ,        2  2  2 n  ,  ^ 

GH(KU:(<aA -si- JL» rcdwuWffl ) -si- 
2 2  2 n  j 2 2  2 n  1 

SlKouud* are prepared by the hydrolysis of dialkylsilyl halides, esters or 

other labile derivatives. 
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H?0 
RgSlXg  —^ • (RgSiO) n 

Since these groups cannot survive the hydrolytic conditions required for the 

above reactions, a more stable blocking group oust be found that can be re- 

moved ex  the end of the synthesis sequence. The alternative route of pre- 

paring a haloalkyl polysiloxane followed by stepwise introduction of nitro 

groups is impractical because impurities and byproducts introduced in these 

steps could not be x*emoved. 

Trlmethylsilyl Compounds. Exploratory work was carried out using tri- 

methylsilyl derivatives to determine the effect of silicon on the reaction 

steps involved in the construction of fluorodinitroalkyl groups. Thus, 3- 

butenyltrimethylsilane, prepared from trimethylchlorosilane and the Grignard 

reagent of 4-Vromo-l-butert., underwent free radical catalyzed addition of 
e 

hydrogen bromide to give 4-bromobutyltrimethylsilane.  Kornblum has reported 

that the reaction of alkyl bromides with sodium nitrite in dimethylsulfoxide 

gives nitroalkanes with alkyl nitrites as byproducts.  This reaction proceeded 

smoothly with U-bromobutyltrinethylsilane to give ^-nitrobutyltrimethylsilane. 

The oxidative nitration reaction of this compound gave ^,^-dinitrobutyltri- 
* 

a 
methylsilane, which, under standard aqueous fluorination conditions, gave 

fc-fluoro-4,U-dinitrobutyltrimethylsilane. Thus, at least with three inter- 

vening QL ylene groups, the silyl group does not exert any special influence 

on the reaction sequence, 

ffl «CDCH CH HsBr + (CH3) 3iQ  > 

HBr 
CH «CHfH CH Si(CH )  * Br(CH ),Si(CHj d        2 2   3 3 free rad.    2 h        3 3 



  >=_ __ „ „ _ „. J—vm Tmm 

HaNO 
 £->(CHj,Si(CH )km     • (CH ).Si(CR ) 0»0 
DM50    33    2 4*     ^J    * * 

AgNO., 
(oi3)3Si(ai2)^2 —-U ((H3)3Si((B2)3ai(«o2)2 

OH" 
 ^(CH3)3Si{Ca2)3CF(MD2)2 
F2 

V 
The effect of the chain length of the alkyl j-proup on the ^action sequence 

was studied. The reaction of chloromethyltrimethylsilane with magnesium and 

ethylene oxid<* gave 3-hydroxypropyltrimethylsilane, which, with phosphorous 
o 

tribromide, gave 3-bror.topropyltrimethylsilane.  This conpound underwent the 

sodium nitrite displacement sr >thly, followed by the oxidative nitration and 

aqueous fluorination to give 3-fluoro-3>3-dinitropropyltrimethylsilane. 

A 
(CEj) SiOyfeCl + C^.CE2  » (CH3)3Si(CB2)3OH 

PBr*               NaN02 
 ^(GH,),Si(GH0).Br  > 

AgriO.    F2 
 ^   > (CH_) SiCH_OUCP(»02) HaN02   H20   3 3   2d * 2 

In one experiment in which hydrogen bromide was added to 3-butenyltri- 

methylsilane, insufficient catalyst was used and the product consisted of a 

mixture of the 3- and k-bromobutyltrimethylsilanes. The mixture was treated 

with sodium nitrite and the resulting mixture of nitro compounds was subjected 
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to the oxidatlve nitration. The mixture of gem-dinitro compounds is separated 

easily because the terminal ^en-dinitro compound is soluble in base; 3>3-dinitro« 

butyltriraethylsilane was isolated and characterized. Thus the synthesis of 3>3- 

dinitrobutylsilanes ic shown to be feasible: 

NaNCL 
(C5i.).SiCH_Gn GHBrCK   ^ (CK.) SiCH CK CB(KO?)CH 

AgNO- 
 *-> (esJ SiGHpaf2c(r:o ) en- 

QT 

An attempt to extend this reaction to the next lower homolog was unsuc- 

cessful. Thus, 2-bro:aopropyltriaethy.lsi ane was prepared from allyltriraethyl- 

silane and hydrojen bromide. The sodium nitrite displacement could not bo 

accomplished, ho*\,v or, because the compound eliminated KBr immediately in 

dimethyl S'ilfoxide to cive the &,/3-unsat-irated silane. An attempted reaction 

of 1,1-dinitroethane with iodometfcyltrimethylsiiane in pyridine was also un- 

successful. The starting materials were consumed, but the product decomposed 

at room temperature. Evidently reaction took place at the oxygen rather than 

carbon of the ambider.t'nitro salt. An unstable product was also formed from 

trimethylchlorosilane and the sodium salt of dinltroethane. 

CH3C(N02)2" + (CH3)3
S1CH2I —^-*GH3c^-0^2^(®3)3 

Another energetic model compound that was prepared is trimethylsilyl- 

methyl 2-fluoro-2,2-dinitroethyl ether, (C3lJ_5i(H 0(3 CF(flCL)«. Attempts to 

prepare the compound from fluorodinitroethanol and chloromethyltrimethylsilane 

t* lLdomethyltrirnethylsilari? were unsuccessful. It was obtained in htfo yield 

TliiJi'iif" " > •itaiiifciiaMnmiT"' ""' 
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from trimethylsilylmethyl trifluoromathanesulfonate (-triflate) in methylene 

chloride in the presence of potassium carbonate. These conditions have been 

used for preparing alkyl ethers of fluorodinitroethanol.   Trimethylsilyl- 

methyl triflate vas obtained from the alcohol and triflic anhydride and 

pyridine in methylene chloride. A minor byproduct of this reaction vas identi- 

fied as bistrimethylsilylnethyl ether, (CH3) SiCHgOCHgSifCH ) . The alcohol 

starting material vas prepared from chloromethyltrimethylsilane via its Grignard 

reagent. 

(cB3)3Si(H2a y (CH3)3sica2%ci 

 * (CH ) SiCH OH     «>    2 2   >   (CHj.SiCH OSO.CF. 
H0 3 3       2 c H N 3 3       2     2   3 
2 5 5 

2    2 

FC(H0 ) GH CB 
 22    2     >   (CHJ SiCHOCH CF(NO) 
K OCL -3322 22 
2   3 

CH Cl 
2   2 

Attempts to apply the hydrosilylation reaction to U-fluoro-4,J,* dinitro- 

1-butene gave erratic results.    No addition vas observed vith diphenylsilane 

or dimethylsilane in tK presence of chloroplatinic acid.    Dichlorosilane 

gave a product vith the expected NMR features for the adduct, but pure product 

vas not obtained and the reaction vas not readily reproducible, 

fa 
<»2*CHCH2CF(N02)2    +   HgSidg    »   (PCCBgC^C^JgSiC^ 

Polynitroslloxanes. It vas pointed out above thai the preparation of 



nitro-substituted silicones requires a blocking group, on silicon that is not 

affected by the reaction conditions encountered in nitrite displacements, oxi- 

tetive nitrations and fluorinations. Yet, this group should be removable 

under mild conditions after the synthetic sequence. Groups such as alkoxy, 

acetoxy or halogen on silicon do not survive hydrolytic conditions. A search 

of the literature showed that carbon-silicon bonds can be cleaved by halogens 

12 and that the cleavage of phenyl-silicon bonds by bromine is particularly facile. 

The phenyl group thus appeared to meet the requirements of a silicon 

blocking group. Since the exploratory work using trimethylsilyl models showed 

that the fluorodinitropropyl groups on silicon can be constructed readily, the 

reactions were adapted to the methyldiphenylsilyl analog. 

The starting material for the nitro introduction sequence, (3-bromo- 

propyl)methyldiphenylsilane, was obtained by two different procedures. Allyl- 

methyldiphenylsilane was prepared by the reaction of allyl magnesium bromide 

with chloromethyldiphenylsilane in ether. The product was hydroborated by 

reacting it with sodium borohydride and boron trifluoride in tetrahydrofuran, 

and the resulting borane was cleaved with bromine to give the broraopropyl 

silane. • 

(H.-CHCH 1-feBr + (C,H-) JSIOLGL > CH «CHCH SifC.H )  ffl 
d 2 0223 2 20523 

'2 
NaBfy       Br 

BF JfaOCH^ 
*   —^-* OTJc6Hj^SiCM CH CH Br 

ifanr».      3   6 5'2       2   2   2 

Another procedure, which appears to be more readily adaptable to scale-up, 

involves the addition of methyldiphenylsilane to allyl acetate, catalyzed by 

chloroplatinic acid, to give (3-acetoxypropyl)raethyldiphenylsilane.    The ester 

„- —t^^^p*^*.**.»«.,^:. 
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was hydrolyied vlth base to Give (3-bydroxypropyl)methyldiphenylsilarie. 

p-Toluenesulfonyl chloride and pyridlne in methylene chloride converted this 

alcohol to the p-toluenesulfonate, which, with lithium bromide in dimethyl 

sulfoxide, gave the desired bromide. 

CH (CfcHc) SiH + CHg^CHCHgOOOCH  >CH (CJI ) SiCHgCH CH OOOCH 

* CB3(CgH5)2SiCH2CK2CH2OH 

V C^N 

CH.(C^JgSiCHgCHgaigOSOg-^NV CE3 

LiBr 

D&BO 

OH3(C6H5)2SiCH2CH2CH2Br 

The reaction of (3-bromopropyl)methyldiphenylsilane with sodium nitrite 

in dimethyl sulfoxide was followed by NMR. A maximum yield was observed after a 

ko min reaction period, with a slow loss of product in prolonged reactions. 

Wie corresponding nitrite and alcohol were also formed and the nitrite was 

slowly nydrolyzed to the alcohol under the reaction conditions. In a preparative 

experiment ucins a 40 min  reaction time, a 50$ isolated yield of (3-nitro- 

propyl)methyldiphenylsilane was obtained. 

NaNOo 
CH^VgSiCHgC^a^Br   _ »CH^CgH^SiCHgCHgCHgNOg 

+ CH3(C6H5)2SiCH2CH2ai20K0    +    CH^C^gSiCHgCBgCHgCH 

Leaving groups other than bromide were found to be less satisfactory.    Thus, 

the chloride reacted at an inpractically slow rate, whereas the toluenesulfonate 

8 

aaia^aBaM —•nt'-itt** 
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or methanesulfonate gave a higher pioportion of nitrite in the product mixture. 

The oxidative nitration of (3-nitropropyl)methyldiphenylsilane posed no special 

problems if relatively concentrated potassium hydroxide was used initially to 

form the salt of the starting material. A 705» yield of (3>3-dinitropropyl)raethyl- 

diphenylsilane was obtained as well as 9$ recovered starting material. 

KQH 
^(CgHj^SiCHgCHgC^NOg > ^(C^^SiC^C^CHClJO^Jg 

MaW02 

The aqueous fluorination of salts of this dinitro compound did not prove 

to be satisfactory because of acid-forming side reactions. Fluorination of the 

sodium salt until the solution was neutral resulted in a 75$ recovery of start- 

ing material. Repeated addition of sodium hydroxide or potassium hydroxide 

followed by fluorination resulted in a low yield of impure fluorodinitro pro- 

duct. The potassium salt was fluorinated readily, however, when perchloryl 

fluoride wa6 used as the fluorinating agent using the reaction conditions de- 

veloped by Kamlet and Adolph.   The perchloryl fluoride was absorbed completely 

until the reaction was complete, and a 79$ yield of (3-fluoro-3,3-dinitropropyl)- 

methyldiphenylsilane was isolated. 

CH3(CgH )2SiCa2CH2CH(ll02)2 
KOH 

CH-OH 

FCLO. 

CH3(C6H5)2S1CH2CH2CF(N02)2 

Dephenylation of (3-fluoro-3,3-dinitropropyl)methyldiphenylsilane was 

accomplished by heating it at 100° with excess bromine. Thi6 reaction gave a 

70S yield of (3-fluoro-3,3-dinitropropyl)methyldibroraosilane, which was charac- 

terized by proton and fluorine WMR, although it ins too hygroscopic for elemental 
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analysis, 

Br. 
CH (C^B )2S1CH2CH2CP(N02)2    £-* CH^gSiCBgCHgCFCMOgJg 

Hydrolysis of this dibromosilane with ice gave an oil that was shown by 

cryo8copic molecular weight determination (83^) and "by elemental analysis to 

consist of a mixture of cyclic polysiloxanes. 

CSLRSiBr2 

H20 

.A" 3 

CHQ-Si      Si-CR- 

R R 

i vB 

R^X      2 

R 

-CH agCF(ll%)2 

+ • • 

Work was also undertaken to prepare a more energetic polysiloxane, with 

a second fluorodinitropropyl group in place of the methyl group. The starting 

material for this work was prepared initially using a rearrangement of halo- 

alkoxy silyl ethers to hydroxyalkyl silanes reported by Speier.   Bis-(3- 

chloropropcxyjdiphenylsilane was prepared by the reaction of diphenyldichloro- 

silane and 3-chloropropanol with ammonia in benzene. This product reacted 

with sodium and chlorotrimethylsilane in refluxing toluene to give bis-(3- 

trimethylsiloxypropyl)diphenylsilane. Hydrolysis with acid gave bls-(3~ 

hydroxypropyl)diphenylsilane. This reaction is difficult to carry out on a 

large scale because rates of addition and the stirring rate must be controlled 

critically. 

10 
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Hh% 
(CgH JgSiClg + a0H2CH2CH20H ^-» (CgH^SifOCHgCIUa^ClJg 

0 6 

Na i 3 
* (C^H5)2Si(CH2CH2CK20SiC5I ) 

2 (ffl3)3SiCl       "'- ffi3 

Toluene 

H+ 
 » (C-K ) Si(« ffl CH OH) 
EtOH       6 5 2 2   2   2     2 

Another route to a difunctional startinc material involved hydroboration. 

Borane in tetrahydrofuran was added to diallyldiphenylsilane, and the resulting 

borane was broninated to c*ve bis-(3-bromopropyl)diphenylsilane in 2k% overall 

yield. 

BH,                   Br2 
«%H5)2Si(C^Ca*G^)g —^(C6H5)2Si(C^C^CHgK)2  KCgH^gSiCCHgC^OyirJg 

A more practical route for scale-up involved hydro6ilyiation. Ifcus, allyl 

acetate and diphenylsilane cave,.with chloroplatinic acid catalysis, bis-(3- 

acetoxy?ropyl)dipher.ylsilane. Alkaline hydrolysis -ave the diol, which, with 

p-toluenesulfonyl chloride and pyridine, was converted to the ditoiuenesulfonate» 

Lithium bromide 1n dimethyl sulf oxide then save the dibrooide. 

H PtCl, 
(CJJ ) SiH + CS2«CKCH2O00CH —^ %-> 

HC1 
(C^5)28i((H2CÄ20^OCDCH3}a    » 

CHo^SOpQ 
(C6H )2Si(GH2CH2CH20H)2 w 
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65 2 2    2   2     2\=J       3 2        DJ>B0 

(C6H5)2Si(Oi2ai2CH2Br)2 

Displacement of bromide by nitrite was carried out in dinethylsulfoxide. 

In this case the ambider.t nature of the displacement, ijivin^ nitro and nitrite, 

presented a separatior. problen, but pure dinitro compound vas isolated by a 

combination of column chromato^raphy and recrystallization.   A study of the 

oxidative nitration of this compound is in progress. 

HaNOp 
(C6H5)2Si(CH2CH2aUBr)2     1*     (C^H^SifCHgCHgCHgNO^ 

12 
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III. EXFBRBENIAL 

fr-Bromobutyltrimethylsilane. This compound was prepared by procedure of 

Perklev-7 involving the preparation of the Orignard reagent from fc-bromo-1- 

butene, its reaction with trinethylchlorosilane to ~ive 3-butenyltrimethyl- 

silane, and free radical catalyzed HBr addition. The latter addition gave 

905» primary bromide. One reaction using inadequate initiator gave mainly 

secondary bromide. 

3-"Rronoprogyltri.-nethylsilar.e. ftiis compound was prepared by the procedure 

of Soaaeir, the reaction of chloromethyltrimethylsilane with nagnesium and 

ethylene oxide tc give 3-hydro3cypropyltrinethylsilane followed by reaction 

w^ith phosphorous tribroraide. 

h-flitrobutyltriaethylsilane. To a solution of 1.9 g (0.028 mol) of sodium 

nitrite in 30 ml of dimethyl sulfoxide was added 2.92 g (0.01^ mol) of -ubromo- 

butyltriaethylsilane. After 3 brs, 30 ml of water was added and the mixture was 

extracted with three 15 ml portions of carbon tetrachloride. The  carbon tetra- 

chloride solution was washed with 10 ml of water and dried over nagntcium sulfate. 

The AMR spectrum showed 3$ nitrite ester (<SL0K>£fc*57)j *&& 70$ nitro compound. 

Distillation gave 1.1 g {ky£)  of 4-iütrobutyltrimethyisilane, bp 5^-6° (0.9 mm). 

An analytical sample was isolated by GLC: Nl-tR (CCL ) A. 27 (t, J- 7 Hz, 2 H, OU 

HO_), 2.02 (q, J= 7 Hz, 2 H, CLCHJB ), l.k,   (m, 2 H, CH.CH Si\ O.50 (m, 2 H, 
d <• 2    2 ** 2 

CHgSi) and 0.0 (s, 9 H, (CH^Si); IB (CCl^) 2960, 1^5, ll*35, 1385 and 1255 cm"1. 

Anal. Calcd for C^JH^BlJ C, kj.96;  H, 9*77; H, 7.99. Found: C, U7.95; 

H, 9.70; N, 8.11. 

3-Nitropropyltrimethylsilane. Wie reaction of 5.9 g (O.O315 mol) of >bromo- 

propyltrimethylsilane with 3.2^ g (O.CVf mol) of sodium uitrite in ho ml of dimethyl 

13 
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sulfoxide by the above procedure cave a 28:56:16 ratio of nitrite to nitro to 

starting material and/or alcohol. Distillation save 3.514- 3 (64$) of 90$ pure 

3~nitropropyltriaethylsiiane, bp 55-3° (2 am). An analytical sanple was iso- 

lated by GLC: IM (CCl^/4.20 (t, J* ? Hz, 2 H, OyiOg), I.87 (a, 2 H, O^CHgSi), 

0.50 (a, 2 H, CHgSi) and 0.0 (e, 9 H, (GH^Si): IR (CCl^) 2970, 15^5, 1^30, 

13Ö0 and 1250 cm" . The NMR signals assigned to the nixrite were ?0.0 (s, 9 H, 

CH-Si), 0.5 (a, 2 H, CHgSi), 1.6 (m, 2 H, CfigO^CHg) and 4.50 (t, J*= 7, 2 H, 

CHgOKO). 

Anal. Cüled for CgH^KOgSi: C, W.69; H, 9*30; N, 8.68. Found: C, hk.fki 

H, 9.38; N, 8.67. 

fr,fr-Dinitrobutyltrisethylsiiftne. A mixture of 0.6 g (0.015 mol) of sodiua 

hydroxide, 2.62 g (0.015 sol) of U-nitrobutyltriaethylsilane and 6 ml of water 

was stirred at 30° until a solution was formed. The solution was cooled to rooa 

temperature and 1.1 g (0.015 mol) of sodium nitrite was added. The resulting 

solution was added quickly to a well stirred, ice cooled mixture of 5.1 g (O.O30 

mol) of silver nitrate, 12 ml of water, 12 ml of ether and 2 drops of 1 N sodium 

hydroxide. The mixture was stirred at rooa temperature for 2 hrs and filtered, 

and the precipitate was washed with ether. The e$her layer of tht filtrate, 

combined with the washings, was dried over magnesium sulfate and distilled to 

give I.9 Q  (57$) of 4,k-dinitrobutyltriacthylsilane, a colorless oil, bp 71-4° 

(2 ma). An analytical sample was isolated by GLC: NMR (CCl, )^5.97 (t, J* 7 Kz, 

1 H, ffi(HD2)2, 2.1^3 (<i, J= 7 Hz, 2 H, CHgCH), l.kj  (a, 2 H, CJIgO^Si), 0.57 (m, 

2 H,   CH Si) and 0.0 (c,  9 H,   (CH^Si);  IR (CCl^) 2970,  1570,  1330 and 1250 cm"1. 

Anal.  Calcd for C^I^SiC^:    C, 38.17; H, 7-32; N, 12.72.    Found: C, 38.38; 

H, 7-32; H, 12.66. 

Ik 
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3«3-DinitrGpiopyltriraethylsllane. The above procedure using 4.0 £ (0.025 

mol) of 3-nitroprjpyltrimethylsilane gave 2.1 g (4o£) of 3,3-dinitropropyltri- 

methjisilan*, a colorless oil, bp 70-72° (0.2 mm). An analytical sample vas 

obtained by GLC: NMR (0^)^5.88 (t, J* 7 Hz, 1 H, CH(N02)2), 2.38 (m, 2 H, 

CT^CHgSi), 0.55 (m, 2 H, CH^Si) and 0.08 (s, 9 H, (O^JjBl); IR (Cr\) 2970, 

1570, 1335 and 1260 cm"1. 

Anal. Caicd for C^H^I^G^Si: C, 34.91*; H, 6.84; N, 13.58. Found, C, 35.28; 

H, 6.90; N, 13.Vf. 

4-FIuoi-o»4,4..dinitrobutyltriraethylsilane. Fluorine diluted with nitrogen 

(1:5) vas bubbled into an ice cooled stirred solution prepared from 1.45 Z 

(O.OO66 mol) of 4,4-dinitrobutyltriraethyleilane, 0.5 3 of potassium hydroxide 

and 250 ml of water. When the yellow color of the solution was bleached, an 

additional 0.4 g of potassium hydroxide was added and the fluorination vas conti- 

nued until the color was bleached again. The product was extracted with three 

20 ml portions of ether and dried over magnesium sulfate. Removal of the solvent 

gave 1.05 g (6l#) of 90?» pure 4-fluöro-4,4-dinltrobutyltrimethylsilane. An 

analytical sample was obtained by GLC: proton NMR (CGL )$2.67 (d of t, Jgy* 19 Hz, 

JHBS 7 Hz' 2 H' CB2CP'i **** ^ra' 2 H' 2kmzSi)>  °'53 (m> 2 H' ®oSi^ and 0,° 
(s, 9 H, (CHj-Si), fluorine NMR (CCl^) <f 102.8 (broad t, (NOgJgCF); IR (CCl^) 

2970, 1590, 1350 and 1255 cm"1. 

Anal. Calcd for (y^I^SiF: C, 35-28; K, 6.34; N, 11.76. Found: C, 

35.24; H, 6.30; N, 11.64. 

ß-Fluoro-3i3-dinitropn3pyltrimcthylsilane. By the above procedure, 1.6 g 

(O.OO78 mol) of 3#3-dinltropropyltrimethylsilane gave 0.9 g of 60# pure 3-fluoro- 

3,3-dinitropropyltrimethylsllane (31$ yield). An analytical sample was obtained 

by GLC: pro',on NMR (CCl^)/a.57 (m, 2 H, CHgCF), 0.5,0 (a, 2 H, CfigSi) and 0.08 
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(s, 9 H, (CH ) Si); fluorine NMR ^ 106.0 (broad t); IR (CCL ) 2970, 1590, 132°, 

1260 and 1190 cm"1. 

Anal. Caicd for (yi^l^SiF: C, 32.13; H, 5.8U; N, 12.U?. Found: C, 

32.3»»; H, 5*62; N, 12.U3. 

3,3-Dinitrobutyltrimethylsilane. A 3:2 mixture of 3-bromobutyitrlmethyl~ 

silane and ^-bromobutyltrirsethylsllane was treated with sodium nitrite to give 

the ieoraeric mononltro compounds. Oxidative nitration by the above procedure 

gave a mixture of 3,3-dinitrobutyltrimethylsilaije and 4,k-dinitrobutyltrimethy"U 

Bilane. Hie latter vas removed from a carbon tetrachloride solution of the 

mixture by extraction with sodium hydroxide. An analytical sample of 3,3-dinitro- 

butyltrimethylsilane was isolated by GLC: NMR (CCl^)£2.3k  (m, 2 H, (KOuJgCCH )f 

2.02 (s, 3 H, (N02)2CCH3), 0.1*0 (m, 2 H, ay5i) and 0.05 (s, 9 H, (CB^Si); IR 

(CClk)  2970, 1565, 1330, 1260 and 1195 cm"1. 

Anal. Calcd for CLH^NgO^Si: C, 38.^; H, 7-32; N, 12.72. Found: 2, 

37.98; H, 7.19; N, 11.71. 

Hydroxyaethyltririethylsilane. This compound was obtained by a published 

method  using the reaction of chloromethyltrimethyl6ilane with magnesium, 

followed by hydrolysis: 

Trlmethylsllylnethyl Trifluoromethanesulfonatc. A solution of %,5 g 

(0.0^35 mol) of hydroxymethyltrimethylsilane and 3.U3 3 (0.0** 35 nol) of pyridlne 

in 30 ml of methylene chloride was added with stirring over a U5 min period '• ~> 

a solution of 12.2 g (0.0^3 mol) of trifluoromethanesulfonic anhydride in 30 ml 

of methylene chloride. After 15 min the solution was poured over ice. The 

methylene chlor'*''» solution was dried over sodium sulfate and distilled to give 

7.0 g (68f>)  of trlnethylb.Uylmethyl trif late, bp U9-510 (9 mm). An analytical 
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sample was isolated V GLC: proton NMR (C&^)£U.07 (a, 2 H, CH.Si), 0.08 

(», 9H, (CBj.Sl); fluorine NMR | 7M (a); IB (film) lUlO, 1210, 1150, 96O 

and 870 cm"1. 

Anal. Calcd for C-H^O^SiS: C, 25.U0; H, U.*9. Found: C, 25.23; H, 

k.€$, 

A minor side product which codistilled in the forerun was isolated by 

GLC and identifi*! as bistrimethylsily'LaethyX ether, (CHj-SiCHgOCHgSifCI ),,J 

NMR (00^)^3.A3 (s, U H, CH20) and 0.06 (s, id H, CH Si); IP. (film) 2970, 

2920, 2860, 2820, 1U20, 1260, 1090 and 860 cm"1. 

Anal. Oalcd for C^H^SigO: C, 5O.U6; H, 11.6U. Found: C, 50.52; H, 11.8*. 

TrlmeW .silylmethyl 2-fluoro-2,2-dinltroethyl Ether. Potassium carbonate 

(6 g) was s/.ded to a solution of 3*5 3 (0.0148 mol) of trimethylsilylmethyl 

trifluoromethane8ulfonate and 2.3 g of 2-fluoro-2,2-dinitroethanol in 5 ail of 

methylene chloride, and the mixture was stirred for 16 hrs. This suspension 

was added with stirring to a mixture of 30 ml of ice water and 30 ml of carbon 

ter/achloride. The carbon tetrachloride layer was washed with 10 ml of water, 

dried over magnesium sulfate, and distilled to give I.56 g (1*5$) of trimethyl- 

silylmethyl 2-fluoro-2,2-dinitroethyl ether, bp 52° (O.75 mm). An analytical 

sample was prepared by GLC: proton NMR (CCl^)/ 4.35 (d, 2 H, J= l8 Hz, CHgCF), 

3.23 (»> 2 H, CHgSi) and 0.02 (s, 9 H, (CH ) Si); fluorine NMR (CCl^) j) 110.25 

(broad t); IR (film) 2975, 2925, 160O, 1320, 1250, 1125, 870 and 860 cm'1. 

Anal. Calcd for C^^N^SiF: C, 29-99; H, 5-^5; N, 11.66. Found: C, 

30.22; H, 5-33; N, 11.75- 

Allylmethyldiphenylsilane. A solution of IU52 g (12 mol) of allyl bromide 

in 2.5 1 of absolute ether was added dropwise with stirring, over a period of 

17 
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3« 5 hre, to a suspension of 369 g (l6 mol) of magnesium turnings in 2.5 1 of 

absolute ether. An efficient reflux condenser was used, equipped with a drying 

tube. Excess magnesium was removed by filtration, and 1862 g (8 möl) of cbloro- 

methyldiphenylsllane was added dropwlse over a 1 hr period. The solution was 

re fluxed for 1 hr and was allowed to stand overnight at room temperature. A 

solution of 6*t2 g (12 mol) of ammonium chloride in 2 1 of water, and then 3 1 

of water were added slowly, using a reflux conderser to control the exotherm. 

The aqueous layer was separated and extracted with three one 1 portions of ether. 

The combined ether solutions were dried over magnesium sulfate and distilled to 

give 1397 g (73$) of aUyiüiSthyldiphenylsilane, bp 93° (0.1 mm): NMR (neat) 

/0.0 (s, 3 H, CB^Sl), 1.5 (d, J- 7 Hz, 2 H, CC-CHgSi), I   j  (m, 2 H, CH^C), 

5.3 (a, 1 H, C-CHCHgSi), 6.6-6.9 (n, 10 H, C^H ); IR (film) i6M), ihkO,  1270, 

1170 and 1130 cm"1. 

Anal. Caicd for O^fyfiJMLi  C, 80.67; H, 7-56. Found: C, QoM;  H, 7-56. 

3-(Bromopropyl)methyldlphenyl8llane from allylmethyldiphenylsilane. A 

solution (150 ml) of 29.6 s (208.3 mol) of boron trifluoride etherate in dry 

tetrahydrofuran was added over a 1 hr period, with stirring, to 350 ml of a 

tetrahydrofuran solution of 119 g (0.50 mol) of allylmethyldiphenylsilane and 

5'9^ g (O.156 mol) of sodium borohydride. The reaction mixture was heated at 

reflux for 2.5 hrs and then 10 ml of methanol was added. Then, 27.3 ml (0.50 

mol) of bromine and sodium methoxlde solution (from 1*'.U g, O.625 v.'l of sodium 

and 300 ml of methanol) were added ^imiltaneously at tuch a rr.te a«» to maintain 

a yellow color in the reaction mixture. The reaction temperature vas kept at 

25-30° by means of an ice bath. The reaction mixture was poured Into a mix- 

ture of 250 ml of 50$ potassium carbonate and 250 ml of cyclohexane. The 
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mixture was agitated until the strong yellow color faded. The layers were sepa- 

rated and the aqueous layer was extracted with three 100 ml portions of cyclo- 

hexane. The c-usblned organic layers were washed with three 300 nl portions of 

water and with 150 nl of saturated sodium chloride, dried over potassium carbc 

nate, and distilled to give 79 S 0*9.5#) of (3-^romopropyl)methyldiphenylsilane, 

bp 176-210° (0.3 mm): NMR (CDC13)^0.5 (ß, 3 H, CB-Si), 1.1 (m, 2 H, CHgSi), 

1.8 (a, 2 H. O^CH2Si),3.2 (t, J* 7 Hz, 2 H, BrCBg) and 7.2 (m, 10 H, C^H ). 

Anal. Calcd for C^H' "1: C, 60.19; H, 5.96. Found: C, 60.36; H, 6.01. 

(3-Hydroxypropyl)methyldiphenyls ilane. Methyldiphenylsilane (100 g, 0.^9 

mol) was added at 90° over a period of k  hrs, with Stirling, co a mixture of 

100 g (1.0 mol) of allyl acetate and 0.10 ml of a 0.1 M chloroplatinic acid 

solution in isopropanol. When half of the methyldiphenylsilane was added an 

additional 0.10 ml of the chloroplatinic acid solution was added. Excess allyl 

acetate was distilled 15 min after the addition was completed. The residue 

was dissolved in 150 ml of methanol and a solution of 20 g of sodium hydroxide 

in 1*0 ml of water was added dropwise. After the mixture was stirred for 2 hrs, 

200 ml of water was added, and the mixture was neutralized with hydrochloric 

acid. The product was extracted with methylene chloride, dried over magnesium 

sulfate and distilled to give 65 5 (50$) of (3-nvdroxypropyl)methyldiphenyl- 

silane, bp 130-1^0° (0.03 to 0.07 mm): NMR (CDC1J So.hQ  (s, 3 E, CEj, O.95 

(m, 2 H, CHgSi), 1.'* (m, 2 H, CCH^C), 2.0 (fi, 1 H, OH), 3-12 (t, J« 6 Hz, 2 H, 

CH2-0) and 7-0 (s, 10 H, CfcHj). 

(3-^opyl)metic!tUphenylsilane p-Toluenesulfonate. i>-Toluenesulfonyl chloride 

(3.5 g» 0.18U mol) was added to a solution of 29 g (0.1l8 mol) of (3-nydroxy- 

propyl)methyldiphenylsilane and lb.6 g (0.1& mol) of pyridine in 60 ml of 
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methylene chloride at 0°. The mixture was kept at 0-5° for 10 hrs and 40 ml of 

ice vater was added. Ifoe vater layer was extracted with 40 ml of methylene 

chloride, and the combined organic layers were vaahed with 2*30 ml portions of 

vater. Solvent was removed and the product was crystallized from ether to give 

%6 & (95#) (3-propyl)methyldiphenyl ]>-toluenesulfonate, mp 66-69°: MMR (GDC3L) 
H H 

<$7.3 (d of d, 4 H, C-$j\si), 7.2 (broad s, 10 H, C^), 3-35 (t, J* 6.5, 2 H, 

CBgO-), 2.40 (s, 3 H, ^2\V '' 1'6 ^°' 2 H' ^b01 S±l> 1'°  ^' 2 H' m2Si^ 

and 0.50 (s, 3 H, CH Si). 

Anal. Calcd for ^o^O SiS: C, 67.28; H, 6.38. Found: C, 67.44; H, 6.48. 

(g-Bronopropyl)methyldlphenylsilane from the Toluenesulfonate. A solution 

of 3.5 g (0.04 mol) of lithium bromide and 5.98 g (0.0146 mol) of (3-propyl)- 

methyldiphenylsilane p-toluenesulfonate in 25 ml of dimethyl sulfoxide was stirred 

at ambient temperature for 3 hrs. Water (10 ml) was added and the product was 

extracted with three 10 ml portions of carbon tetrachloride. The combined 

organic layers were washed with 10 ml of water, dried and stripped of solvent. 

The residue consisted of 4.2 g (9C/f>)  of 90/o pure (3-bromopropyl)methyldiphenylsilane. 

(3-Nitropropyl)methyldiphenylsllane. Addition of 99.6" g (1.26 mol) of 

sodium nitrite to a solution of 101 g (O.317 mol) of (3-bromopropyl)methyl- 

diphenylsilane in 500 ml of dimethyl sulfoxide resulted in a temperature rise 

to 30° over a 4o min period. The  mixture was added to 2.5 1 of water and the 

product was extracted with four 300 ml portions of carbon tetrachloride. The 

carbon tetrachloride solution was washed with three 600 ml portions of water 

and with 300 ml of saturated sodium chloride, and the solvent was removed. The 

WMR spectrum of the residue showed a 52$ yield of the nitro compound 04.2) a 
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20# yield of the nitrite (<$%.%) and a 15^ yield of U*e alcohol and/or bromide 

«3.3). 

The mixture was stirred for 1 hr with 80 ml of 5 N potassium hydroxide 

and 320 ml of water was added. The mixture was extracted with two 100 ml por- 

tions of ether. The aqueous solution was acidified to pH 6 with acetic acid 

and the product was extracted with four 100 ml portions of methylene chloride. 

The methylene chloride solution was dried over magnesium sulfate and >vaporated 

to give ^5.k ß  (50^) of (3-nitropropyl)methyldiphenylsilane. An analytical 

sample was obtained by molecular distillation: bp 152° (0.22 mm); NMR (CDCL-) 

<fo.3 (s, 3 H, CH Si), 1.2 (ra, 2 H, CHgSi), 2.1 (m, 2 H, OTgCHgSi), k.2  (t, 

J« 7 Hz, 2 H, CH2K02) and 7-3 (a, 10 H, CfcHj); IB (film) 1550, 1^35, 1395, 3260, 

1190, H65 and 1125 3a"1. 

Anal. Calcd for C^H^NOgSi: c, 67-37; H, 6.67; N, U.91. Found: C, 67-57; 

H, 6.62; N, k.G*. 

(3i3-Dinitropropyl)ncthyldiphenylsilane. A mixture of 68.k  g (0.2^ mol) of 

(3-nitropropyl)methyldiphenylsilane and 53 ml of 5 N potassium hydroxide was 

stirred for 1 hr. The resulting solution was diluted with 212 ml of water and 

22.9 g (0.29 mol) of sodium nitrite in 200 ml of water was added. The solution 

was cooled with an ice bath and a cold solution of 90 g (0.53 mol) of silver 

nitrate in UOO ml of water and 800 ml of cold ether were added rapidly with 

efficient stirring. The mixture was stirred for 30 rain at 0° and for 90 min 

at room temperature. Saturated sodium chloride solution (lOO ml) was then 

added, and after 15 min, the mixture was filtered and the precipitate was 

washed with water and ether. The combined filtrate and washings were acidified 

to pH 6 with acetic acid and the layere were separated. The aqueous layer was 
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extracted with ether, and the combined ether solutions vere washed with water 

and with saturated sodium chloride solution and dried over magnesium sulfate. 

The ether was removed and the NMR spectrum of the residue showed a 70$ yield 

of (3>3-dinitropropyl)methyldiphenylsilane and starting material (8$). NMR 

(CDd3)/0.7 (s, 3 H, (H Si), 1.3 (m, 2 H, GHgSi), 2.6 (m, 2 H, CHgCH^i), 

6.0 (t, J= 7 Hz, 1 H, CH) and 7»^ (m, 10 H, CgH ). 

(3-Fluoro-3»3-dinitropropyl)nethyldiphenylsllane. The above crude pro- 

duct containing 53»5 S (0.162 mol) of (3,3-dinitropropyl)methyldiphenylsilane 

was dissolved in a solution of 0.217 raol of potassium hydroxide in 900 ml of 

methanol. The solution was placed In a 2 1 flask equipped with a glass dip 

tube for introducing perchloryl fluoride, a thermometer, a magnetic stirrer 

and an ice bath. The flask was vented to the fume-hood atmosphere by means 

of a mineral oil bubbler, and another bubbler as well as an inverted vacuum 

trap (to prevent suck back) were placed between the dip tube and a perchloryl 

fluoride cylinder. Perchloryl fluoride was passed into the solution at 10° 

until it vas no longer absorbed (2 hrs). Then, 1000 ml of water was added 

and the solution was allowed to stir 1 hr at room teiiperature. An additional 

1500 ml of water was added and the mixture was made basic (pH 12) with potas- 

sium hydroxide. The product was extracted with four UOO ml portions of methylene 

chloride. The methylene chloride solution was washed with three 1000 ml portions 

of water, dried and stripped of solvent. The residue, 58.5 g, was chromatographed 

on a 750 g column of dry silica gel, using carbon tetrachloride (30 1) for elution, 

to give kb.5  g (7$) of (3-fluoro-3,3-dinitropropyl)methyl<sdphenylsilane: proton 

NMR (CDCL )cT0.6 (s, 3 H, CH Si), 1.1 (m, 2 E, CH Si), 2.7 (m, 2 H, NO CCH ) and 

7.2 (m, 10 H, CgHj); fluorine NMR (CDCl^) § lök.k  (t, J* 22 Hz)iIR (film) 1590, 
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l440, 1370, 1330, 1270, 1200 and 1120 cm"1. 

Anal. Calcd for G^H^iy^FSi: C, 55.17; H, 4.88; N, 8.04. Found: C, 

55.02; H, 5.12; N, 8.09. 

(3-Fluoro-3i 3-dinitropropyl)rethyldibroraosilane. A mixture of 12.5 ml 

(0.230 mol) of bromine and 20.0 ß  (O.O574 mol) of (3-fluoro-3,3~dlnitropropyl)- 

methyldiphenylsilane was heated at 100° for 2 hrs under nitrogen. The product 

vas evacuated at 25 mm at room temperature for 90 nin. Distillation save phenyl 

bromide, bp 6o° (0.15 mm), a 0.5 g intermediate fraction, and 15.8 g (77.8£) of 

(3-fluoro-3,3-dinitropropyl)methyldibromosilane, a colorless liquid, bp 68° 

(0.14 mm): proton NMR (CDC1 J^l.l (s, 3 H, CH Si), 1.4 (m, 2 H, CHgSl), and 

2.9 (m, 2 H, CHgO^Si): fluorine NMR (CDC13) j 103-5 (t, 17 Hz). The material 

vas too hygroscopic for commercial microanalysis. 

(3-Fluoro-3» 3-dirltropropyl)methylsiloxane. A solution of 14.2 g (0.040i 

mol) of (3-fluoro-3*3-dinitropropyl)methyldibromosilane in 50 ml of ether was 

poured onto 75 S of crushed ice and the mixture was stirred for 30 min. The 

ether layer was washed with two 50 ml portions of water and with 50 ml of satu- 

rated sodium chloride solution. The solution was dried over magnesium sulfate 

and the solvent was removed. The residue was dried for 3 hrs at 90° (0.07 mm) 

to sive 7.7 z (9i»*$) of an oily product: cryoscopic molecular weight (dioxane) 

Ö31»; nD
20 1.462; proton NMR (CDC1 )<£o.2 (s, 3 H, 01,81), 0.7 (m, 2 E, CHgSi), 

2.7 (a, 2 H, CHgCHgSi); fluroine NMR (CDQ ) <j)  104.1 (t, J= 17 Hz); IR (film) 

3600, 3450, 2900, 2650, 1600, 1440, 1380, 1330, 1280, 1210, 1190 and 1080 cm'1. 

Anal. Caicd for Cy^FC-Si; C, 22.86; H, 3-33; «, 13-33. Found: C, 

22.93; H, 3-55; N, 13.41. 

Bis-(3-chloropropoxy)dlphenylsilane. Anhydrous ammonia was passed through 
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a stirred solution of 81.6 g of 93$ pure diphenyldichlorosilane (0.30 mol) and 

56.7 5 (O.60 ool) of 3-chloropropanol in 600 ml of dry benzene at 5° until it 

vas no longer absorbed. The solution was filtered and distilled to give 93«5 g 

(8fc.5#) of bis-(3-chloropropoxy)diphenylsilane, bp 176-9° (0.21 mm): NMR (CDG1 ) 

Sl.95  (quintet, J= 6 Hz, k H, CH^O^), 3-55 (t, J= 6 Hz, k H, O^OSi), 3.8 (t, 

J= 6 Hz, k H, C1CH ) and 7-7.7 (m, 10 H, C^). 

Anal. Calcd for C^QH^OgO^Si: C, 58.51*; H, 5.96. Pound: C, 58.19; H, 

5.90. 

Bis-(3-trin>ethylsiloxypropyl)diphenylsilane. A round bottom flask charged 

with 25 ml of toluene and 2.71 g (0.118 mol) of sodium was fitted with a starrer, 

a thermometer, a reflux condenser and a dropping funnel containing 12.95 ß (0.119 

mol) of chlorotrimethylsilane. The toluene was heated to reflux and sufficient 

chlorotrimethylsllane was added to lower the boiling point to 101°. Bis-(3- 

chloropropoxy)diphenyl6ilane (10 g, 0.027 ziol) was mixed with the remaining 

chlorotrimethylsilane and the mixture was added dropwise into the flask with 

vigorous stirring over a 30 rain period. The solution was refluxed for an addi- 

tional 30 min period, cooled, filtered and distilled to give 3« 3 8 (29$) of bis- 

(3-trimethylsiloxypropyl)diphenylsilane, bp 156° (0.07 mm): NMR (CDClJ cfO.O 

(s, CH.Si), 1.0 (m, k H, CH.Si), 1.5 (m, k  H, CH_OLffl ), 3-3 (t, J= 6 Hz, k H, 
3 * dr~-'c.    2 

CHgOSi) and 7.0 (ra, 10 H, CgH^) 

Bis-(3-hydroxypropyl)diphenylsllane from Bis-(3-trimethylslloxypropyl)- 

diphenylsilane. A solution of 3.3 z (l'kk  mol) of bis-(3-trimethylsiloxypropyl)- 

diphenylsilane in 5 ml of 95^ ethanol was acidified with one drop of concentrated 

hydrochloric acid and water was added to nake the solution turbid (l ml). After 

30 rain, the product was distilled to give 1.5 g (£7$) of bis-(3-hydroxypropyl)- 
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diphenylsilane, bp 178-l8> (0.0? am), mp 83-8^°: NMR (CDd^) d"o.7-1.7 (a, 8 H, 

CHgCHgSi), 2.58 (s, 2 H, OH), 3-2 (t, J» 6 Hz, 4 H, OCSg} and 6.9 (m, 10 H, C^H ); 

IR (tUr>  3300, 3050, 2900, 1U30, 1190 and 1120 cm"1. 

Anal. Calcd for ^gH^OgSi: C, 72.00; H, 8.00. Found: C, 71.68; H, 8.26. 

Bis-(3-hydroxypropyl)diphenylsilane from Bis-(3-chloropropoxy)dlphenylsllane. 

A round bottom flask charged with 175 ral 0* dry toluene and 22.2 g (O.96U mol) 

of sodium was fitted with a stirrer, a thermometer, a reflux condenser and a 

dropping funnel containing 103 g (O.963 mol) of trimethylchlorosilane. The 

toluene was heated to reflux and sufficient chlorotrimethylsilane was added to 

lower the "boiling point to 101°. Bis-(3-chloropropoxy)diphenylsilane (80.6 g, 

0.2185 mol) was mixed with the remaining triraethylchlorosllane and the mixture 

was added dropwise into the flask with vigorous stirring over a 30 min period. 

The solution was filtered and solvent was removed under reduced pressure. The 

residue was dissolved in 150 ml of absolute ethanol and 30 ml of 5$ hydrochloric 

acid was added slowly with cooling. The mixture was stirred for 1 hr, and the 

ethanol and water were then removed under vacuum. The product vas washed with 

100 ml of saturated potassium carbonate and distilled to give 33.5 3 (5l£) of 

bis-(3-hydroxypropyl)diphenylsilane, bp 180-220 (O.17 mm). 

Bis-(3-bromopropyl)diphenylsilane from diallyldlohenylsilane. A solution 

of borane in tetrahydrofuran (35»02 ml, O.96 M) was added dropwise with stirring 

undei nitrogen to a solution of 13.2 g (0.05 mol) of diallyldiphenylsilane in 

100 ml of dry tetra';. ^.rofuran at 0°. The solution was stirred for 30 min at 

0° and for 3° rain «t 20°. Then 1 ml of methanol was added to destroy excess 

borane. Bromine (5.^ ml, 0.101 mol) and sodium methoxide solution (from 2.53 g. 

0.110 mol, of sodium and 30 ml of methanol) were added simultaneously at a 
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rate such that the reaction mixture remained yellow. The reaction temperature 

was maintained at 23-30° by means of a water bath, tyclohexane (100 nil) was 

added and the solution was extracted with 100 ml of 50? potassium carbonate. 

The aqueous layer was extracted with three 50 ml portions of cyclohexane. The 

combined orcanic layers were washed with two 100 ml portions of water and with 

100 ml of saturated sodium chloride and dried over anhydrous potassium carbonate, 

Distillation gave 5-1 Z  (2*#) of bis-(3-bromopropyl)diphenylsilane, bp 182° 

(0.06 mm): Ml (CDGL^) Sl.2  (m, k H, CHgSi), 1.8 (m, 4 H, CHgCHgSi), 3.25 (t, 

J« 6 Hz, k H, BrCH2) and 7.15 fo 10 H, CgH ). 

Anal. Calcd for ^gH^BrgSi: C, 50.70; H, 5-16. Pound: C, 51.88; H, 5.35- 

Bis-(3-hydroxy?ropyl)diphenylsi3ane by Hydrosllylation. To 25 Z  (0.25 flol) 

of refluxing allyl acetate was added 0.10 ml of 0.1 N H PtGL. in 2-propanol. 

Then 12 z  (O.O65 mol) of diphenylsilane was added dropwise over a period of 

3 hrs. The solution was refluxed for 1 hr and the excess allyl acetate was 

distilled. The crude bis-(3-acetoxypropyl)diphenylsilane was dissolved in 

30 ml of methanol and a solution of 5«2 g (0.13 mol) of sodium hydroxide in 

10 ml of water was added. The mixture was stirred 2 hrs at room temperature 

and was then neutralized with hydrochloric acid. Water (100 ml) was added and 

the product was extracted with methylene chloride and stripped of solvent. The 

residue was chroaatOoraphed on a silica sei column eluting with methylene 

chloride and with 30$ methanol in methylene chloride. Recrystallizatlon from 

ether-petroleum ether save 8 g (kvf»)  bis-(3-hydroxypropyl)diphenylsilane, 

mp 83-**°. 

Bls-(3-propyl)dlpher.ylsllane Pl-p-toluenesulfonate. Pyridine (11.3 ß 

O.lfc mol) and 25 &  (0.13 mol) of p_-toluenesulfonyl chloride were added to a 
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solution of 15 g (O.O^O raol) of bi8-(3-hydroxypropyl)diphenyl8ilane In 50 ml 

of methylene chloride at 0°. After 20 hrs reaction period at room tempera- 

ture, the mixture was washed successively with water, 1 N hydrochloric add, 

water and saturated sodium bicarbonate. The solution was dried over magnesium 

sulfate and the solvent was removed to give 31«6 g (85$ yield) of 85$ pure bis- 

(3-propyl)diphenylsllane di-g-toluenesulfonate: NMR (CD& )$7.h  (d of d, 8 H, 

H H 3 

-@-), 7.2 (m, 10 H, C6H5), 3.97 (t, k H, CH20), 2.kJ  (s, 6 H,-^-CH3), 1.7  '- 

H H 

(% h H, CH^Si) and 1.0 (m, h H, CHgSi). 

Anal. Calcd for C^gO^S^i: C, 63.28; H, 5-96. Found: C, 6*3.20; H, 6.29. 

Bis-(3-bronopropyl)diphenylsllane fron the p-toluenesulfonate. A solution 

of 19.8 g (O.O325 raol) of bis-(3-propyl)diphenyl di-£-toluenesulfonate and 10 3 

(0.115 Bol) of lithium bromide* in 6*0 ml of dimethyl sulfoxide was stirred for 

k hrs. Water (150 ml) was then added and the product was extracted with three 

kO ml portions of carbon tetrachloride. The carbon tetrachloride solution was 

washed with 30 ml of water, dried, and stripped of solvent to give 11.3 g {lS$ 

yield) of 90$ pure (by NMR) bis-(3-bromopropyl)diphenylsilane. 

Similar results were obtained using sodium bromide instead of lithium 

bromide. 

Bis-(3-nltropropyl)diphenylsllane. A solution of 5 g (0.0725 mol) of 

sodium nitrite and 11G (O.O258 mol) of bis-(3-bromopropyl)diphenylsllane in 

50 ml of dimethyl sulfoxide was stirred for 1.5 hrs and then was diluted with 

150 ml of water. The product was extracted with three 30 ml of portions of carbon 

tetrachloride. The carbon tetrachloride solution was washed with water, dried 

and solvent was removed. The residue was chromatographed on silica gel using 

an equal mixture of methylene chloride and carbon tetrachloride for elution. 
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Recrystaliization from ether-petroleum ether gave l.Q g (ll#) of bis-(3-nitro- 

propyl)diphenylsilane, white crystals, mp 8U.5-85.50: mm  (CDC1 )^7.3 (s, 10 H, 

CJfJ,  U.3 (t, k H, CH2N02), 2.0 (n, k  H, ai^Si) and 1.1 (a, k  K, CH Si); 

IR(CC1 ) 15^0, 1^30, 13Ö0, 1120 and 710 cm'1. 

Anal. Calcd for ^QR^C^I^SI: C, 60.31; H, 6.19; N, 7-81. Found: C, 60.15; 

E, 6.0U; II, 7.62. 
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Appendix A 

1 
Relictions of Dichlorlne Heptoxide with Olefins 

Kurt Baum 

Fluorocheo, Inc., Azusa, California 91702 

The reaction of dichlorlne heptoxide in carbon tetrachloride with olefins 

was studied. Propene gave isopropyl ^erchlorate and l-chloro-2-propyl perchlorate. 

Cis- and trans-2-butene gave 3-keto-2-r •v1 perchlorate, 2,3-butane diperchlorate 

and 3-chloro-2-butyl perchlorate; the latter was formed stereospecifically by 

trans addition. 2,3-Dimethyl-2-butene gave 2,2-diperchloratopropane and 2,2-di- 

methyl-3,3-diperchloratobutane which were ale» synthesized from the reactions of 

acetone and plnacolone with dichlorlne heptoxide. The addition of water to 

dichlorlne heptoxide In carbon tetrachloride provided a convenient anhydrous 

perchloric acid reagent, that with 1,1-difluoroethylene allyl chloride., propene 

and ethylene gave, respectively, 1,1-difluoroethyl perchlorate, l-chlorc-2-propyl 

perchlorate, isopropyl perchlorate and ethyl perchlorate. 
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Dichlorine heptoxide in carbon tetrachloride 1B a conveniently accessible 

perchlorylation reagent, and its reactions with alcohols , amines3, ethers\ 

and alkyl iodides^ have been described. As a continuation of this study of the 

utility of the reagent the present investigation deals with its reactions with 

olefins. \ 

Propene was found to react with dichlorine heptoxide in carbon tetra- 

ehloride to give isopropyl perchlorate (32#) and l-chloro-2-propyl perchlorate 

(17$). Ihe yields of these impact sensitive materials were determined by NMR 

using a quantitative internal standard. Isopropyl perchlorate was identified 

by spectral comparison with an authentic sample . A sample of l-chloro-2-propyl 

perchlorate was isolated and analyzed, and the compound was also synthesized 

independently from l-chloro-2-propanox and dichlorine heptoxide. 
"   CL 0 * 

CH «CHCH —5-I-» OLCHCIL + GH0CHGH Cl 
2    3 CGI     3t  3     3'  2 

^\ ocio3     0C10 

CIO 
2 7 

CH.CH0HCHC1 
3    2 

Cis-2-butene reacted with dichlorine heptoxide to give 3-chloro-2-butyl 

perchlorate (30 f>),  3-keto-2-butyl perchlorate (2 $)  and 2,3-butane diperchlorate 

(5 #). When the reaction was repeated with added lithium perchlorate in sus- 

pension, the yield of ?,3-butane diperchlorate was increased to 20 $, but the 

other products were unaffected. The 2,3-butane diperchlorate was identified 

spectrally by comparison with the compound prepared from 2-butene oxide and 

dichlorine heptoxide . The other products were isolated by GLC and characterized. 

The isolation of 3-keto-2-butyl perchlorate is particularly noteworthy in that it 

•:.!• 
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$    the first reported example of a carbonyl compound with a covalent perchlorate 

group. 

CH-CH  «. ^ 0 ,3,3 OuO- , H 
EC-CH  —-U CH CK(OC10 )CH(0C10 )CH + CH CHC1CW(0C10 )GH + CH CCH(0C10 )CH 

.rans-2-b^tene gave the same product mixture thct cls-2-butene did, with 

the exception of the stereochemistry of the 3-chloro-2-butyl perchlorate. This 

product from the two olefins was distinguishable by GLC, and in each case only 

one isomer was observed. Structural assignments were made by synthesizing 

3-chloro-2-butyl perchlorate from dichlorine heptoxide and 3-chloro-2-butanol 

6 
of known configuration. Lucas and Garner showed that the addition of hydro- 

chloric acid to the 2-butene oxides in stereospecifically a trans addition; eis- 

2-butene oxide gives threo-3-chloro-2-butanol and trans-2-butene oxide £ives 

erythro-3-chloro-2-butanol. The reaction of dichlorine heptoxide with alcohols 

should not affect the carbon stereochemistry. It was found that the 3-chloro- 

2-butyl perchlorate thus prepared from cis-2-butene oxide was identical with 

that obtained from cis-2-butene and dichlorine heptoxide, and that from trans- 

2-butene oxide was identical with the trans-2-butene product. Thus, the forma- 

tion of 3-chloro-2-butyl perchlorate from 2-butene and dichlorine heptoxide is a 

trang addition. 

A completely substituted olefin, 2,3-dimethyl-2-butene, wss also examined. 

A product insoluble in carbon tetrachloride vas obtained that was identified as 

a mixture of 2,2-diperchloratopropane and 2,2-dimethyl-3,3-diperchloratobutane. 

7 
The former wa6 prepared previously from acetone and perchloric acid , and the 

latter was characterized by the proximity of the NMR chemical shift of the 

methyl adjacent to the perchlorates to that of 2,2-diperchloratopropane. 
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Treating the mixture in methylene chloride with sodium bicarbonate gave acetone 

and pinacolone. 

(CH3)2C*C(CH3)2  -   2 ?> (CH3)2C(Oa03)2    +    CB3C(OC103)2C(CH3)3 

Both 2,2-diperchloratopropane and 2,2-dimethyl-3,3~diperchloratobutane were pre- 

pared, in yields of 70$ and 52#> respectively, from the ketones and dichlorine 

heptoxide in carbon tetrachlorJde. This reaction is more convenient and provides 

7 
higher yields than the anhydrous perchloric acid method for preparing gem-di- 

perchlorates. 

RgC^O + (Xfy  * R2C(0C103)2 

Electronegatively substituted oleflns were unreactive with dichlorine 

heptoxide in carbon tetrachloride. Thus, 1,1-difluorcethylene and allyl chloride 

gave only trace amounts of 1,1-difluoroethyl perchlorate and l-chloro-2-propyl 

perchlorate, respectively, the perchloric acid adducts, apparently resulting from 

the spurious introduction of water. The yields of these perchlorates were in- 

creased to ?6# and 91#> respectively by introducing water into the reaction mix- 

ture. Under these conditions, propene gave a 65$ yield of isopropyl perchlorate 

and a 10# yield of l-chloro-2-propyl perchlorate. Ethylene wa* also unreactive 

with dichlorine heptoxide, but with water added, a 63$ yield of ethyl perchlorate 

was obtained. The addition of water to the dichlorine heptoxide solution Is an 

experimentally convenient source of small amounts of anhydrous perchloric acid 

for additions to oleflns under mild conditions. 

Cl 0 H 0 

CH «CF 2  (    2    >      GH_CFo0C10, 
* CO, 323 

CHgsCHCHgCl  : * CB-CHtOGlOjCH Gl 
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CH• mOUM   *   (CH3)2CH0C10      +    CH-CHfOClOjCHgCl 
3 

CH =CH   • CH CH 0C10 

A gaseous product with the properties of chlorine dioxide was generally 

observed in the olefin-dichlorine heptoxide reaction mixtures. This compound 

would he formed when dichlorine heptoxide functions as an oxidizing agent; 

oxidation products have been observed previously in dichlorine heptoxide 

U.5 8 
reactions  . Chlorine dioxide has been reported to react with olefins to 

give trans-2-chloro alcohols, as well as epoxides and other oxidation products. 

Ihis compound provides a possible route to the observed products from 2-butene, 

although other mechanisms are possible. The products from 2,3-dimethyl-2- 

butene are also attributable to oxidation reactions. Pinacolone would be 

obtained by the pinacol rearrangement of the epoxide or glycol, and acetone 

would be formed by an oxidative cleavage similar to the well-known reactions of 

periodic acid. 

Experimental Section 

NMR spectra were recorded with a Varian T-60 spectrometer and ir spectra 

were recorded with a Perkin-Elmer 700 spectrometer. A Varian 920 Chromatograph 

was used for GLC determinations. 

Dichlorine heptoxide was utilized as a 0.3 M reagent in carbon tetra- 

2 
chloride, prepared by the previously described method . Caution: alkyl per- 

chlorates are sensitive explosives if not diluted with solvent, and previously 

2 
noted precautions should be observed . 

Reaction of Propene with Dichlorine Heptoxide. Dichlorine heptoxide in 

carbon tetrachloride (2 ml, 0.6 mmol) was placed in a 25 ml flask with a 
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magnetic stirrer and fitted vita a stopcock syringe adapter. Air was 

partially removed by syringe and 3 ml (0.6 mmol) of propene was added. Hie 

mixture was stirred 2k hrs. A yellow gas soluble in carbon tetrachlorlde 

presumably CICL, was removed by a brief application of vacuum. NMR analysis 

of the carbon tetrachlorlde solution showed isopropyl perchlorate (32# yield) 

and l-chloro-2-propyl perchlorate (r#). Isopropyl perchlorate was identified 

by comparison with an authentic sample . An analytical sample l-chloro-2- 

propyl perchlorate was isolated by GLC (5 ft x 0.25 in column of 12$ QF-1 

on Chromosorb W, 60°): NMR (CCl^) .$1.62 (d, 3 H, J=6 Hz, CH ), 3.67 (d, 2 H, 

J« 7 Hz, CH ) and 5.17 (m> 1 H, CH); IR (C&^) 1005, 3230 and 1265 cm"1. 

Anal. Calcd for C^HgCL^: C, 20.37; H, lM.    Found: C, 20.08; H, 3.II. 

1-Chloro-2-propyl Perchlorate. A 2:1 mixture of l-chloro-2-propanol and 

2-chloro-l-propanol was prepared from propylene oxide and hydrochloric acid by 

Q 
the reported method . A sample of l-chloro-2-propanol, the major component, 

was isolated by GLC (8 ft x 0.375 in column of 12# QF-1 on Chromosorb W, 70°). 

!Die compound (0.012 ml) was stirred with 1 ml of 0.3 M dichlorine heptoxide In 

carbon tetrachlorlde for 16 hrs. The solution was washed with water and dried 

over sodium sulfate. The product was identical (NMR, IR and GLC) with the 

product from propene. 

Reaction of cis-2-Butene with Dichlorine Heptoxide. Dichlorine heptoxide 

(0.6 mmol) and cis-2-butene (0.6 mmol) were,reacted for k fcrs by the procedure 

used with propene. Analysis by NMR based on methyl signals showed 0.18 mmol 

(30$) 3-chloro-2-butyl perchlorate and 0.012 mmol (2#) 3-keto-2-butyl per- 

chlorate. A similar reaction with 0.5 g of lithium perchlorate added gave the 

same yield of 3-chloro-2-butyl perchlorate but 0.12 mmol (20#) of 3-keto-2-butyl 
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perchlorate. 

Sufficient products for identification were obtained "by adding 30 minol 

of cis-2-butene to a mixture of 100 ml of 0.? M dichlorine heptoxide in carbon 

tetrachloride and 10 g of lithium perchlorate at 0°. After 2 hrs of stirring 

at ambient temperature, the solution was washed with water, dried over sodium 

sulf^.te, and passed through a 2 x 32 cm slurry-packed column of silica gel. 

The product was eluted with carbon tetrachloride and the eluent was monitored 

by NKR. The 3-chloro-2-butyl perchlorate was contained in the first 100 ml 

of eluent. The next 50 ml contained no product, and the following 250 ml con- 

tained 3-keto-2-butyl perchlorate. The solutions of both compounds were con- 

centrated to 25 ml by vacuum distillation with a Holzraann column, and analytical 

samples were isolated by GLC. The solution containing the 3-chloro-2-butyl per- 

chlorate was distilled at ambient temperature into a -78° receiver at 20 to 

0.1 mm. The residue, dissolved in carbon tetrachloride, was shovn by NMR to 

contain 1,5 ncnol (5$) of 2,3-butane diperchlorate . 3-Chloro-2-butyl perchlorate 

was isolated from the distillate by GLC using a $ ft x 0.25 in column of 12# QF-1 on 

Chromosorb W, 100 cc/min helium, 70°, 15 nin: NMR I CCL )<$1.55 (d, 3 H, J= 6 Hz, 

CHC0.GR), I.58 (d, 3 H, J= 6 Kz, CHdO, CH ), U.25 (m, 1 H, CHCl) and 5.05 (m, 

1 H, CHQO. ); IR (CCL ) 1230 and 1265 cm" ; the mass spectrum showed peaks at 

m/e 63, 65(C2H^C1), 91,93(^01), 127, 129 (C2H4Ciou)and 175, 177, 179 

A sample of 3-keto-2-butyl perchlorate was isolated from its carbon tetra- 

chloride solution by GLC (5 ft x 0.25 in column of 12# QF-1 on Chromosorb W, 

100 cc He(min, 90°, 10 min retention time): NMR (CCl. )£1.61 (d, 3 H, J= 7 Hz, 

CH CH), 2.30 (s, 3 H, CH 00) and 5*12 (q, 1 H, J= 7 Hz, CRCH ); IR (CCl. ) 

1720 (C=0), 1020, 12U0 and 1270 cm"1 (ClO^). 

37 



Anal. Calcd for C^H ClO : C, 28.17; H, 4.13. Found: C, 28.32; H, 4.10. 

Reaction of trans-2-Butene with Dichlorine Heptoxide. Ihe reaction of 

trans-2-butene with dichlorine heptoxide proceeded in the same manner as that 

of cis-2-butene, and the product mixtures were indistinguishable with the 

exception of the stereochemistry of the 3-chloro-2-butyl perchlorate. Its GC 

retention time was 16 min, compared to 15 min for the product from cis-2-butene 

described above. 

3-Chloro-2-butyl Perchlorates.. Preparative GLC of commercial 2-butene 

oxide, a mixture of eis and trans isomere (0,375 in x 12 ft column of 12$ QF-1 

on Chromosorb W, 100 cc.'min He, 24 )gave trans-2-butene oxide, retention time 

20 rain, n-j  1.3741 (reported  n20 1.3736) and cis-2-butene oxide, retention 

time 26 min, nD
20 1.3821 (reported10!^20 I.3826). To 0.015 ml of trans-2-butene 

oxide and to 0.030 ml of cis-2-butene oxide, each in a GC collection tube, was 

added 0,15 ml of concentrated hydrochloric acid at 0°, and the mixtures were 

kept at ambient temperature for 1 hr. Each product was extracted with 0.1 ml 

of methylene chloride after 0.15 ml of water wa6 added. The crude chlorohydrins, 

0.008 ml from trans-2-butene oxida and 0,02 ml from cis-2-butene oxide, were 

each added to 1 ml of 0.3 M dichlorine heptoxide in carbon tetrachloride. After 

24 hrs, each reaction mixture wes washed with 0.5 ml of water and dried over 

sodium sulfate. NKR showed only 3-^hloro-2-butyl perchlorate. Mixed GLC showed 

that the product from cis-2-butene oxide was identical with that from cis-2-butene 

and dichlorine heptoxide, and the product from trans-2-butene oxide was identical 

with that from trans-2-butene and dichlorine heptoxide. 

Reaction of 2t3-Dinethyl-2-butene with Dichlorine Heptoxide. 2,3-Dimethyl- 

2-butene (O.O7Ö8 e, 0.84 ramol) was added to 15 ml of 0#.3 M dichlorine heptoxide 
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at -10°. The mixture was kept at -10° for 10 hrs in order to allow the product 

to separate, although the reaction appeared to be substantially complete in 

1 hr. The  liquid product, lighter than carbon tetrachloride, vas separated. 

The NMR spectrum (CDCl ) showed only prominent peaks assigned to 2,2-di- 

perchloratopropane and to 2,2-dimethyl-3>3-öipercaloratobutane. Quantitative 

HMR usia; chloroform as a standard and CD NO as solvent because of higher 

product solubility, shewed 0.195 mmol (ll.6# based on 2 mols per mol olefin) 

2,2-diperchloratopropane and 0.195 mmol (23$) 2,2-dimethyl-3,3-diperchlorato- 

butane. 

Reaction of Ketones with Pichlorine Heptoxide. Acetone (O.OM ml, O.60 

mmol) was added to 3 ol of 0.3 M dichlorine heptoxide in carbon tetrachloride 

at -5°. A separate liquid phase formed immediately: NMR (CDCl )£*2.59 (s) 

identical with that reported for 2,2-dlperchloratopropane'. The yield, 70$, 

was determined by quantitative NMR allowing a similar reaction mixture to stand 

l8 hrs at -20°, removing the carbon tetrachloride by syringe, and dissolving the 

product in 1 ml of GEU1QL: £2.61. 

By the same procedure, pinacolone ^ave 2,2-dimethyl-3>3-diperchlorato- 

batane (52?): NMR (CDC1 ) <fl.28 (s, 9 t),*ZM (s, 3 H); NMR (CSUK) )£l.33 

(s, 9 H), 52.67 (s, 3H). 

Reactions of Oleflns with Perchloric Acid. Wat«r (0 -O80 ß, O.kk  mmol) 

was stirred with 2 ml of 0.3 M dichlorine heptoxide in carbon tetrachloride 

for 30 min in a 25 ml flask fitted with a syringe valve. The flask was evacuated 

prrtially and 0.6 mmol of 1,x-difluoroethylene was added by syringe. NMR analysis 

usin^ chlorobenzene as a quantitative reference showed only 1,1-difluoroethyl 

perchlorate (0.U6 mmol, 76S): proton HMR (CCJ^) /l.95 (t, J= Ik Hz); fluorine 
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NMR j/ 69.52 (q, J» 1* Hz); IR (COL^) 1390 (m), 1280 (vs), 1200 (s), 1150 (s), 

1130 (s), 1030 (s), 970 (ü) and 920 cm"1 (s). 

By this procedure, propene gave isopropyl perchlorate (65$) and 1-chloro- 

2-propyl perchlorate (10$) in 2k  hrs. 

Allyl chloride gave l-chloro-2-propyl perchlorate (91$) in 2k hrs by this 

procedure. 

Ethylene gave ethyl perchlorate (63$) in 2k hrs. 
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