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I.  INTRODUCTION

The objective of this yesearch nroiram is {o synthcsize new functional
groupings with potential utility in high enercy propellants and explosives.
During the rast year the major emaiasis of this research has been on the de-
velopuent of synthetie method% for nitroaliyl and fluororitroalkyl derivatives
of silicon, compounds with potentially superior low terperature flexiovility as
well as high thermal stability. VWork was coupleted on a study of reactions of
olefins with dichlorinc hestoxide and & manuseript for Journal publication was
preparcd. This manuseript comnrises Avpendix A of thi. report.

The followinz articles have becn published durirnz this report period:

"Reactions of Silver Perchlorate and of Silver Triflate with Alkyl
Iodides. Solvent Inhidition of Isomerization,” C. D. Beard and XK. Baum, J.
Org. Chem., 39, 3675 (1974).

"Reactions of Dichlorine Heptoxide and of Acyl Perchlorates with Ethers,"”
K. Baum and C. D. Beard, J. Org. Cnem., b0, 81 (1975).

“Preparation of an Aluyl Perbromate,” X. Baum, C. D. Beard and V.
Srakauskas, J. Am. Chem. Soe., 97, 267 (1975).

"Reactiors of Dichlorinc Heptoxide and of Hypohal-tes with Alkyl Todides, "
X. Baum and C. D. Beard, J. Orz. Cren., L0, 2536 (1975),

The following manuseript is in press:

"Reactions of Dichlorinc Hleptoxide with Olefins,” K. Baua

N B A e .a,u.;. ER TR LN c L
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II. DISCUSSION

v pm

An area of nitro chemistry that has not received attention is the syn-
thesis of compounds with nitroalkyl groups bound to silicon. The exceptional

high temperature stability and low temperature flexibility of eilicones is

well known, and there 1s a need for energetic materlals with sinilar properiies.

g

The earbon-silicon bond is most conmonly formed1 by the reaction of
Grignard reagents or similar reactive orgaronetallics with silicon halides,
or by the hizh temperature reaction of alkyl halides with elemental silicon.

The Grignard method cannot be used for vreparing nitroalkyl silicon bonds

because nitro groups rcact rapidly with Grignard rcac_;ents.2 The direct syn-
thesis method3 using alkyl halides and siliéon requires reaction temperatures
of 250° to 600°, so this ncthod aleo is incompatible with nitro substituente.
%, : Anothar method that has becn used to form si’.con-carbon bonds itz the free
radical catalyzed addition of Si.H bonds to olefins.h This method i1s poten-
; ; tially applicable, although nitro compounds have been krnown to interfere with
i ' free radical reactions by functioning as chain transfer agents.

E The potentially most versatile route to polynitro and fluoronitro sili-
cones 1s the stepwise introduction of functional groups by displacement, oxi-

dative nitration and fluorination reactions:

| ' T e {  AgNo
’f XGi,(a1,) - 51~ 2., ONGH, (1)) -Si= wmeds
n oy 2 2'n NaNo
2

I F, - . J
ai(noa)a(aia)n -Sti- —< :c(noa)z(cr.a)n_ S’i_

81)isoucn are prepared by the hydrolysis of dialkylsilyl halides, esters or

other labile derivatives.
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R,SiX, -1-1-‘33—-» (R,810) ‘

n
Since these groups cannot survive the hydrolytic conditions required for the
above resctions, & more stable blocking group must be found that can be re-
moved ac the end of the synthesis sequence. The alternative route of pre-
parin; a haloalkyl polysiloxane followed by stepwise introduction of nitro
groups is impractical because impurities and byproducts introduced in these

steps could not be cemoved.

Trimethylsilyl Compouads. Exploratory work was carried out using tri-

methylsilyl derivatives to determine the effect of silicon on the reaction
steps involved in the construction of fluorcdinitroalkyl groups. Thus, 3-
butenyltrimethylsilane, prevared from trimethylchlorosilane and the Grignard
reagent of 4-‘romo-l-butem., underwent free radical catalyzed addition of
hydrogen bromide to give h-bromobutyltrimethylsilane.5 Kornblum has repcrted
that the reaction of alkyl bromides with sodium nitrite in dimethylsulfoxide
gives nitroalkanes with alkyl nitrites as byproducta.6 This reaction proceeded
smoothly with 4-bromobutyltrimethylsilane to give h-nitrobutyltrimethylsilane.
The oxidative nitratio? reaction! of this compound gave I,l4-dinitrobutyltri-
methylsilane, vhich, under standard agueous fluorination conditiona,8 cave
h-fluoro-4,4-dinitrobutyltrimethylsilane. Thus, at least with three inter-
vening m ‘ylene groups, the silyl group does not exert any special influence

on the reaction sequence.

m2=axm2m2MgBr + (m3)3a1c1 —_—

HBr
c:ianmmam si(®¥_ ), ——m > Br((‘.ﬂ ) sﬂm )
33 free rad.




ltame .
-——-—a(ms)ssﬂma)hnoa + (m3)331(m2,hono

! DMSO
4 : Agﬁos .
18 oH™
OH"
— () $1(%,) ,7(0,),
2 .
320

The effect of the chain lepgth of the alkyl group on the rzaction sequence
was studied. The reaction of chloromethyltrimethylsiiane with magnesium and
ethylene oxide gave 3-Lydroxypropyltrimethylsilane, which, with phosphorous
tribronide, gave 3-bromopropy1trimethylsilane.9 This compognd undervent the
sodium nitrite displacement s- >thly, followed by the oxidative nitration and
aqueous flvorination to give 3-fluoro-3,3-dinitropropyltrimethylsilane.

0
/A
(553)3310'12!4.-3(!1 + Gla-ﬁ!e —_— (013)351(&!2)303

é PBr Kalo,
] ——i-b(ms) 81(0’:{2} Br .__i,
: 377237 o
1 AgHO F,
— 3y S (a1).siE H CF(10,)
; NalNO Ro 33 22 2
W 2 2
i

In one experiment in which hydrozen bronide was added to 3-butenyltri-

nethylsilane, insufficiert catalyst was used and the product consisted of a

nixture of the 3- and L-bromnbutyltrimethylsilanes. The mixture was treated

with sodium nitrite and the resultiny mixture of nitro compounds was subjected

i - Aok Ve, Ueser et S w A B s R etk it
-~ S S R S L I L S B Lo St Hesedatp il St
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to the oxidative nitration. The mixture of gem-dinitro compounds is separated

easily because the terminal gem-dinitro eompound is soluble in base; 3,3-dinitro-

butyltrimethylsilane was isolated and eharacterizea. Tuhus the synthesis of 3, 3-
E dinitrobutylsilanes ic shown to be feasivle:
]

Mo
CRICL R R —_— (cH3) 910

QL CH(110, ) Gy
2 3 iso 2

2

: AGNO o(ro. Y. cx
——->(c3 ) smiame (..02)2

NaN02

| OH~
: | An attempt to extend this resetion to the next lower homolog was unsue-

? | cessful. Thus, 2-broaopropyltrimethylsi ane was prepared from allyltrimethyl-

silane and hydrozen bronide. The sodiun nitrite disnlacement could not b

4 accouplished, hovivor, beeause the compound eliminated LBr immediately in

dinethyl sulloxide to jive the o, s -unsatirated silane. An attempted reaction

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

. successful. The starting materials vere eonswred, but the produet decomposed
at roon tempcrature. Zvidently reaetion took placc at the oxy en rather than
carboﬁ of the ambidert*nitro salt. An unstable preduct was also formed from

trinethylerlorosilane and the sodium salt of dinitrocthane.
rgo,,

I ---—--)&%C—N—OCH i )
C

o o i

n -
t::Hs,(Noa)2 + (cs{ ) SiCH

2

Another ener;etic model eormpound that was prepared is trimethylsilyl-

methyl 2-luoro-2,2-dinitroecthyl ether, (CI! oic«{ 0 2@(:«02)2. Attempts to

3)3
prepare the coround fronm fluorodinitroethanol and chloromethyltrimethylsilane .

¢o 1cdomethyltrimethylsilan~ werc unsuccessful. It wes obtaincd in 45% yield

o s e
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froz trimethylsilylmethyl trifluoromethanesulfonate (triflate) in methylene
chloride in the presence of potassiunm carbonate. These conditions have been
used for prepering alkyl ethers of fluorodinitroethanol.'® Trimethylsilyl-
mathyl triflate wasg obtained from the aleohol and triflic anhydride and
pyridine in methylene chloride. A minor byproduct of this recction was identi-

fied a3 bistrimethylsilylmethyl ether, (m3)3sm1 0CH, s51(cH The alcokol

_ 2051 y) 5.
starting material was prepared fror chloromethyltrimethylsilane via its Grignard
reagent.

Mg
(cn3) 351411201 — (ca3) 3Siﬁ-12MgCl

0, (c5‘3so)o '
—--;(ca ) smxon -...._..._..> (ca,).S1CH _0SO, CF
B O 33 2 2 3
2 5 5
mam2

Fc(noa) 4 _CH

e 2 > (C), 8108,008 CF(NO,),
K 00 33
2 3
a{

2

Attempts to apply the hydromilylation reaction to k-fluoro-ii,% dinitro-
1-butene gave erratic results. No addition was observed with dipherylsilane
or dimethylsilane in tr. presence of chloroplatinic acid. Dichlorosilane
gtve a product with the expected NMR features for the adduct, but pure product

vas not obtained and the reaction was not readily reproducidle,

X0,
| 2
Gl =CHOL, CF(N0,),, + HyS1Cly ———p (FCCH, M, 0H,)), 8101,

o,

Polynitrosiloxanes. It was poinved out above thet the preparation of
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nitro-substituted silicones requires a blocking group on silicon that is not

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

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

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

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

of the literature showed that carbon-silicon bonds can be cleaved by halogens
apd that the cleavage of phenyl-silicon bonds by bromine is particularly facile.12

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 sodiun borohydride and boron trifluoride in tetrahydrofuran,

and the resulting borane was cleaved with bromine to give the bromopropyl
silane. c

G = HCH HgBr + (Cghis) S1CH,CL—> m2=mm251(c635)2m3

NeB,  Br,
—> —2 3w (CH.) SiCH CH G5 Br
BF, M0 336572 272 2

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

AT

involves the addition of methyldiphenylsilane to allyl acetate, catalyzed by

oo

chloroplatinic acid, to give (3-acetoxypropyl)methyldiphenylsilane.

The ester

y

F
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ves hydrolyzed with base to give (3-hydroxypropyl)methyldsiphenylsilane.

p-Toluenesulfonyl chloride and pyridine in methylene chloride converted this
alcchol to the p-toluenesulfonate, which, with lithium dbromide in dimethyl

sulfoxide, gave the desired bromide.

0. (°6H5) S1E + CH, mmzococa — (H (06H5)251c:~12c31 CH,,000CH

- agfl ) 0,01
—— CH

3

(CgH, ),S1CH, CF G 0K
3'76°5'2 )
B,0 ek
LiBr
(Gl ) ;51408 G, 01,050, -@. i, -1—);45_0-)
G5, Cgh, )54, i, i, Br

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

in dipethyl sulfoxide was followed by IMMR. A maximum yield wes observed after a

Lo min reaction period, with a slow loss of product in prolonged reactions,
The corresponding nitrite and alcohol were also formed and the nitrite was
slovly nydrolyzed to the alcohol under the reaction conditions. In a preparative
experiment ucing a 40 min  reaction time, a S0% isolated yield of (3-nitro-

propyl)methyldiphenylsilane was obtained.

Naﬂoe

ms(cens)ammemamaar Wma(csﬁs)asi%%mama

+ m3(0655)231m2m2m20no + c.'rza(cﬁa ), 5icH o G, G, OE
Leaving groups other than bromide were found to be less satisfactory. Thus,

the chloride reactecd at an irpractically slow rate, whereas the toluenesuw fonate




or methanesulfonate gave a higher proportion of nitrite in the product mixture.

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

problems if relatively concentrated potassium hydroxide wes uscd initially to
form the salt of the starting material. A 700 yield of (3,3-dinitropropyl)methyl-
diphenylsilane was obtained as well as 8% recovered starting material.
KCH
= 3( 0635 )251<:H2 CH,, G, NO,, TgF c'ds(
3
Ralo,,

C6H5 )281cd2 mz CH(N0, ),

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 selt 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 yleld of impure fluorodinitro pro-
duct. The potassiun salt was fluorinated readily, however, vwhen perchloryl
fluoride was used as the fluorinating agent using the reaction conditions de-
veloped by Kamlet and Adolph.13 The perchloryl fluoride was absorbed completely
until the reaction was complete, and & 79% yield of (3-fluoro-3, 3-dinitropropyl)-
methyldiphenylsilane was isclated.

¥CH
GH3(q6H5)251CH2CHECH(N02)2 ———EE~6§—4>CH3(CBH5)281CH2CE20F(N02)2

3

FC10
3

Dephenylation of (3-fluoro-3,3-dinitropropyl)methyldiphenylsilane was
accomplished by heating it at 100” with excess broaine. This reaction zave a
785 yield of (3-fluorc-3,3-dinitropropyl)methyldibromosilane, which was charac-

terized by proton and fluorine NMR, although it vas too hygroscopiec for clemental

T ——_ R Y
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snalysis.

Br
2
0 .
ma(cens)asimamac?(n 2)2 ————»c:{33r251m2m205'(no 2)2
Bydrolysis of this dibromosilane with ice gave an oil that was shown by

cryoscopic molecular weight determinetion (83%) and by elemental analysis to

consist of a mixture of cyclic polysiloxanes.

.0 R = R oot
CH.RSiBr, —=——> 4473 s 3
3 2 270N g R
cH -gi gi-(ﬂ + q i $1Q‘! + s
3157 3 I\ g 3
R R R y-S1m
!'i 3

B = -mamacs'(mog)a

Work was also undertaken to prepare & more energetic polysiloxane, with
a second fluorodinitropropyl group in place of the methyl group. The starting
material for this work was prepared initially using & rearrangement of halo-
alkoxy silyl ethers to hydroxyalkyl silanes reported by Speier.lh Bis-(3-
chloropropcxyjdiphenylsilane was prepared by the reaction of diphenyldichloro-
silane and 3-chloropropancl with ammonia in benzene. This product reacted
vith sodium and chlorotrimethylsilane in refluxing toluene to give bis-(3-
trimethylsiloxypropyl)diphenylsilane. Hydrolysis with acid gave bis-(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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BH
( CeHs )51 ( i, CH=CH, ), -—3)(06}%)251(&12012&23:

M .
3
(c6115)251cn2 + CLOH,CH,(H 00 —>—3 (CgHi. ) 51 (0GL, G, 00, 1),,

%6

X

Na \ 3
——> (CH ). Si{M 0SiCH_)
()51  © 72 ,.2‘52(.3 32

3’3 3
Toluene

H+
———> (C,H_) Si(CH_CH_CH_OH)
Etog 092 2 222

Another route to a difunctionsl starting material involved hydroboration.
Borane in tetrahydrofuran was added to diallyldivhenylsilane, and the resultiag
borane was brominated to pive bis-(3-bromopropyl)diphenylsilene in 24% overall
yield.

Bra

)2 -—)(06H5)2Si((1120{2m25r)2

A more precticel route for scale.up ipvolved hydrosilylétion. Thus, allyl
acetate and diphenylsilane ;ave,.with chloroplatinic acid catalysis, bis-(3-
acetoxypropyl)dipherylsilane. Alkaline hydrolysis zave the diol, which, with
p-tolueresulfonyl chloride arnd pyridine, wes converted to the ditoiuenesulfonate.
Lithium bromide in d4imethyl sulfoxide thern gove the dibromide.

HaPtCl6

S L =CHQH_ 000, ——© 5
(c635)2m2+ o= (G, 000G,

i (]
(Csﬂs)asi(dladl, G000, ), —

2
a3 Yso,a

Csﬂsl‘i

(CgH, ), 51(QH, G, O, 01,

11
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LiBr
c s1(Ci CH G 080 ot —_—
( 6“5)2 ( 2 2 2 2@ 3)2 DISO

(06115)251(012(}12(}1231')2

Displacement of bromide by nitrite was carried out in dimethylsulfoxide.
In this case the ambidert nature of the displaceuent, ;iving nitro and nitrite,
presented a separstion problen, but pure dinitro compound was isolated by a
combination of column chromatography and recrystallization., A study of the
oxidative nitration of this compound is in progress.

NaNC,

(0635)251(m2<}12m23r)2 W (csﬁs)asﬂw?cﬂgmznoa)a

SRS .
E=
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11X, EXPERIMENTAL

4.Bromobutyltrimethvlsilane. This compound was prepared by procedure of

Perklev? involving the preparation of the Srignard reagent from 4-bromo-1-
butene, 1ts reaction with trimethylchlorosilane to sive 3-butenyltrimethyl-
silans, and free radicanl catalyzed HBr eddition. The latter addition gave
90,'4 primary bromide. One reaction using inadequate initiator gave rmainly

secondary bronmide.

3-Bromoprooyltrimethylsilane. This coupound was prepared by the procedure

of Sormer? » the reaction of chloromethyltrimethylsilane with magnesium and

ethylene oxide tc give 3-hydroxypropyltrimethylsilane followed by reaction
with phospl.orous tribronide.

4h-Nitrobutltrinethylsilane. 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.Cl4 mol) of k-bromo-
butyltrimethylsilane. After 3 hrs, 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 nl of water and dried over magnesium sulfate.
The IR spectrun showed 307 nitrite ester (0'1201‘705 4,57), and 70% nitro compound.
Distillation gave 1.1 g (U5%) of h-nitrobutyltrimethyisilane, bp t4-6° (0.9 mm).
An analytical sample was isolated by GLC: MR (cf,‘lh) §4.27 (¢, J- T Hz, 2 H, &,
1:02), 2.02 (g, J= 7T Hz, 2 H, gamanoa), 1.4, (n, 2 H, g_lamasi,‘, 0.50 (m, 2 H,
Cﬂasi) and 0.0 (s, 9 N, (013)331); IR (CClh) 2960, 1545, 1435, 1385 and 1255 eat,

Anal, Caled for Crﬂl,:_,NOaSi: C, 47.96; H, 9.77; N, 7.99. Found: C, 47.95;
H, 9.70; N, 8.11.

3-Ritropropyltrimethrisilane. The reaction of 5.9 g (0.0315 mol) of j-bromo-

propyltrimethylsilane with 3.24 5 (0.047 mol) of sodium uitrite in 4O ml of dimethyl
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sulfoxide by the above procedure gave a 28:56:16 ratio of nitrite to nitro to
starting material and/or alcohcl, Distillation cave 3.5k z (64%) of 90% pure

F 3-nitropropyltrinethylsilane, bp 55-8° (2 mm). An analytical sample was iso-
.

lated by GLC: MR (cclh)c‘h.zo (t, J= 7 Bz, 2 H, GI,N0,), 1.87 (=, 2 W, H,0,81),
0.50 {m, 2 B, @,51) and 0.0 (e, 9 &, (m3)3s.1): IR (cc1h) 2970, 1545, 1430,

1

E 1380 &nd 1750 cm™ . The MMR signals assigned to the nivrite were 50.0 (s, 9 B,

i G1;81), 0.5 (3, 2 K, GLS!), 1.6 (n, 2 K, GL,GL0H,) end b.50 (¢, J= 7, 2 K,
| CH,0%0).

Anal. Caled for céﬂlsﬁozsn e, bh,69; H, 9.38; N, 8.68. Found: C, bk Tk,
B, 9.38; N, 8.67.

L, 4-Dinitrobutvltrircethvlsiiane., A nixture of 0.6 g (0.015 mol) of sodiua

s hydroxide, 2.62 g (0.015 m0l) of b-nitrobutyltrimethylsilane and 6 ml of water
vas stirred at 80° until a solution wes formed. Tae solution was cooled to room

temperature and 1.1 ¢ (0.015 mol) of sodiunm nitrite was added. The resulting

solution was adéed quiciily to & well stirred, ice cooled mixture of 5.1 g (0.030

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

hydroxide. The mixture was stirred at room temperature for 2 hrs aad filtered,

b

and the precipitate was washed with ether. The ether layer of the filtrate,

combined with the washirngss, was dried over masnesium sullfate and distilled to

TR, PR~

give 1.9 o (5T%) of k,k-dinitrobutyltrineihylsilane, a& colorless oil, bp T1-4°
(2 mz1). An analyticel sample was isolated by GLC: MR (Cﬂh} 85.97 (t, J= 7 Hz,
1H, a(No,),, 2.43 (q, J= 7 Uz, 2 H, HyQH), LU7 (m, 2§, G, H,81), 0.57 (m,

z 2 H, masi) and 0.0 (g, 9}, (m3)331); IR (cc1h) 2970, 1570, 1330 and 1250 ca L.,

Anal. Caled for CTHl6tlasiOh: C, 38.17; H, 7.32; N, 12.72. Found: C, 38.38;
H, 7.32; N, 12.66.
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3,3-Dinitropropylérimethylsilane. The above p':;ocedure using 4.0 » (0.025
mol) of 3-nitroprupyltrimethylsilane gave 2.1 g (40%) of 3,3-dinitropropyliri-
methyisilane, a colorless oil, bp 79-72% (0.2 mm). An analytical sample was
obtained by GLC: NMR (cmh)és.ea (t, J= 7 Hz, 1 H, m(ﬂoe)a), 2,38 (m, 2 §,
g;emasn, 0.55 (m, 2 H, ‘7"251) and 0.08 (s, 9 H, (az3)351),- 1R (cc“.::) 2970,
1570, 1335 and 1260 ea™>.
Apal. Caled for csﬁﬁr‘aohs“ g, 34.9%; B, 6.84; N, 13.58. Found, ¢, 35.26;
H, 6.90; N, 13.47. |

L.Flucro-4,b-dinitrobutyltrimethylsilane. Fluorine diluted with nitrogen

(1:5) was bubbled iuto an ice cooled stirred soiution prepared from 1.45 :

(0.0066 mol) of 4,h-dinitrobutyltrimethyleilane, 0.5 g of potassium hydroxide
and 250 ml of water. When the yellow color of the solution was bleached, an
edditional 0.k gz of potassium hﬁdroxide was added and the fluorination was counti.
nued until the color was bleached again. The product was extracted with three
20 ml portions of ether and driea over magnesium sulfate. Removal of the solvent
gave 1.05 g (61%) of 9 pure 4-fluoro-b,k-dinitrobutyltrimethylsilane. An
analytical sample was obtained by GLC: proton NMR (CClh)52.67 (¢ of t, Jyp= 19 He,
me“ T Hz, 2 H, QIQCF), 1.44 (m, 2 B, gacazsn, 0.53 (m, 2 H, cdzsi) and 0.0
(s, 91, (ca3)351),- fluorire MR (c0Y,) ¢ 102.8 {troad t, (Wo,),CF); IR (ccy)
2970, 1590, 1350 and 1255 cm™l.

Aral. Calcd for CH L0 SIF: C, 35.28; H, 6.34; N, 11.76. Found: G,
35.24; H, 6.30; N, 11.6%,

3-Fluoro-3,3-dinitropropyvlitrimethylsilane. By the sbove procedure, l.6 ¢

(0.0078 mol) of 3,3-dinitropropyltrimethylsilane gave 0.9 g of 60% pure 3-fluoro-

3,3-dinitropropyltrimethylsilane (31% yield). An analytical sample was obtained

by GLC: pro-on NMVR (cc1h)62.57 (m, 2 H, (H,CF), 0.10 (o, 2 B, cn231) and 0.08
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(s, 9H, (C!!3)3Si); fluorine NMR ¢ 106.0 (broad t); IE_R (ccnh) 2970, 15%0, 1320,
1260 and 1190 cm™1,

Anal. Caled for Cghy N, S1F: C, 32.13; F, 5.84; N, 12,49, Found: C,
32.34; H, 5.62; N, 12.43.

3, 3-Dinitrobutyltrimethylsilane. A 3:2 mixture of 3-hromobutyltrimethyl-

silane and L.-bromobutyltrimethylsilane was treated with sodium nitrite to give
the isomeric mﬁnonitro compounds. Oxidative nitration by the above procedure
gave a mixture of 3,3-dinitrobutyltrimethylsilane and U,i-dinitrobutyltrimethyl-
silane. The laite. was removed from a carbon tetrachloride solution of the
mixture by extractiop vith sodium hydroxide. An analyvicxl sample of 3,3-dinitro-
butyltrimethylsilane was isolated by GiC: NMR (CClh\c(E.Bh (m, 2 R, (NOE)Zcmg)»
2.02 (s, 3 H, (Noz)zca{3), .40 (m, 2 R, 0{251) and 0.05 (s, 9 H, (c.'ﬂ3)351); 1R
(cc,) 2970, 1565, 1330, 1260 airt 1195 cm"1.

Apal. (aled for °7“16N2°h5“ ¢, 38.15; H, 7.32; N, 12.72. Found: 7,
37.98; B, T.19; N, 11.71.

Hydroxymethyltrimethylsilene. This compound was obtained by a published
11

method™™ using the reaction of chloromethyltrimethylsilane with magnesiunm,
followed by hydrolysis:

Trimethvlsilylmethyl Trifluoromethanesul®conate. A sclution of 4.5 g

(0.0k35 mol) of hydroxymethyltrimethylsilane and 3.43 g (0.0435 mol) of pyridine
in 30 ml of methylene chloride was added with stirring over a L5 min peiiod “9
a solution of 12.2 g (0.043 mol) of triflucromethanesuifonic aphydride in 30 ml
of methylene chloridc. After 15 min the soluilon was poured over ice. The
methylene chlortds solution was dried over sodium sulfate and distilled to give

7.0 3 (68%) of trinethyls!lylmethyl triflate, bp 49-51° (9 mm). An analytical
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sazple vas isolated Ly GLC: proton NMR (CCJ.h)5h.07 (s, 2 B, Qlas:l), 0.08

(s, 9 8, ((,),51); fluorane N $ 74.3 (s); IR (film) W10, 1210, 1150, 960
snd 870 em~1,

Anal. Caled fcr 0531103P3818: ¢, 25.%0; R, 4.€9., Found: C, 25.23; B,
b.65,

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

GLC and identifi=d as bistrimethylsilylaethy! ether, (013) smxeomes:( (}’{3),:
R I ]

3
MMR (CCL, )& 3.43 (s, U K, (H,0) and C.06 (s, 28 K, cz1351); IR (rilm) 2970,
2920, 2860, 2820, 1420, 1260, 1090 and 860 em 1.

Anal. Caled for CgH,,81,0: C, 50.46; H, 11.64. Found: C, 50.52; H, 11.6L.

Trimet., .8ilylmethvl 2-Fluoro-2,2-dinitroethyl Ether. Potassium carbonate

(6 g) vas asded to a solution of 3.5 z (0.0148 mol) of trimethylsilylmethyl

trifluoromethanesulfonate and 2.3 g of 2-fluocro-2,2-dinitroethanol in 5 ml of
methylene chloride, and the mixture was stirred for 16 hrs. This suspension

wvas added with stirring to & mixture of 30 ml of ice water azd 30 ml of carbon
tevrachloride. The carbon tetrachloride layer was washed with 10 ml of water,
dried over magnesium sulfate, and distilled to give 1.56 g (45%) of trimethyl-
silylmethyl 2-fluoro-2,2-dinitroethyl ether, bp 52° (0.75 mm). An analytical
sample was prepared by GLC: proton MR (CCl,)&4.35 (4, 2 K, J= 18 Hz, GI,CF),

3.23 (s, 2 H, Gi,51) and 0.02 (s, 9 B, (QH,).§1); fluorine NYR (CCL,) $ 110.25

3)3
(broad t); IR (film) 2975, 2925, 1600, 1320, 1250, 1125, 870 and 860 cm™l.

Apasl. Caled for “'6313"2055“" C, 29.99; H, 5.45; N, 11.66. Found: C,
30.22; H, 5.33; K, 11.75.

Allylmethyldiphenylsilane. A solution of 152 g (12 mol) of allyl bromide .

in 2.5 1 of absolute ether was added dropwise with stirring, over a period of
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3.5 hrs, to & suspension of 389 z (16 mol) of magnesium turnings in 2.5 1 of

ebsolute ether. An efficient reflux condenser was used, equipped with a dryinz
tube. Excess maznesium was removed by filtration, and 1862 g (8 moljof chloro-
methyldiphenylsilane vas added dropwise over a 1 hr period. The solution was
refluxed for 1 hr and vas allowved to steaxd »ernizht at room temperature, A
solution of 642 g (12 mol) of ammonium chloride in 2 1 of water, and then 3 1
of vater vere added slowly, using. a reflux conderser to control the exotherm.
The squeous layer was separated and extracied with three one 1 portions of ether.
The combined ether solutions were dried over magnesium sulfate and distilled to
give 1397 g (73%) of ailyinsthyldiphenylsilane, bp 93° (0.1 mm): NMR (neat)
40.0 (s, 3 &, m351), 1.5 (a, J= 7 Bz, 2 H, C=C-T,81), ! J (m, 2 B, CH,=C),
5.3 (m, 1K, C-GACH,S1), 6.6-6.9 (n, 10 &, CGH.); IR (f1ln) 1640, 1o, 1270,
1170 and 1130 el _

Apal, Calcd for C g, 0,81: C, 80.67; H, 7.56. Found: C, 80.45; H, 7.56.

k(Bromopropxllmethyldiphenxls11ane from allylmethyldiphenylsilane. A

solution (150 ml) of 29.6 = (208.3 mol) of boron trifluoride etherate in dry
tetrahydrofuran vas added over & 1 hr period, with stirring, to 350 ml of a
tetrahydrofuran solution of 119 z (0.50 mol) of allylmethyldiphenylsilane and

5.9% g (0.156 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 {5.50

mol) of bromine and sodium methoxide sclution (from 1.4 g, 0.625 z-1 of sodium
and 300 ml of methanol) were added similtaneously at tuch & rete ao to maintain
a yellow color in the reaction mixture. The reactinn temperature vas kept at

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

3
k]
3
|
i
3
3

ture of 250 ml of 50% potassium carbopate and 250 ml of cyclohexape, The
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mixture vas agitated until the strong yellow color faded. The layers were sepu-
rated and the agueous layer was extracted with three 100 ml portions of cyclo-
hexane. The cunbined organic layers were washed with three 300 ml portions of
water and with 150 nl of saturated scdium chloride, dried over potassium carbe
pate, and distilled to give 79 g (49.5%) of (3-bromoprovyl)methyldiphenylsilane,
bp 176-210° (0.3 mm): NMR (cnc13)é'o.5 (s, 3 H, ca3sz), 1.1 (m, 2 H, GHy51),

—2" 2

Apal. Caled for °16319:'- “i: ¢, 60.19; H, 5.96. Found: C, 60.36; H, 6.01.

{3-Eydroxypropyl )methyldiphenylsilane. Methyldiphenylsilane (100 g, 0.49

1.8 {m, 2 H. ¥, _51),2.2 (¢, J= 7 Bz, 2 &, BrCHa) and 7.2 (m, 10 H, csns).

mol) vas added at 90° over a period of & hrs, with stirzing, <o & mixture of
100 g (1.0 mol) of allyl acetate and 0.10 ml of a 0.1 M chloropletinic acid
solution in isopropanol. When half of the methyldiphenylsilane wvas added an
additional 0.10 ml of the chloroplatinic acid solution was added. Excess allyl
acetate was digtilled 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 40 ml of vater was added dropwise. After the rixture was stirred for 2 hre,
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 g (50%) of (3-bvdroxypropyl)meth:1ldiphenyl-
silane, bp 130-140° (0.03 to 0.0T mm): NMR (cum3)a'o.h8 (s, 3 K, @), 0.95

(m, 2 H, c:aasi), 1.% (m, 2 H, ccnac), 2.0 (s, 1 B, OH), 3.12 (t, J= 6 Hz, 2§,
CH,-0) and 7.0 (s, 10 H, CgHs).

L}-Propyl)methyldiphenylsilane p-Toluenesulfonate. o-Toluenesulfonyl chloride

(3.5 g, 0.184 mol) was added to a colution of 29 g (0.118 mol) of {3-iLycroxy-

propyl)methyldiphenylsilane and 14.5 g (0.184 mol) of pyridine in 60 ml of
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methylene chloride at 0°. The mixture was kept at 0-5° for 18 hrs and 40 ml of
ice vater was added. The water layer was extracted with 40 ml of methylene

chloride, and the .ombined organic layers were washed with 2.30 ml portions of
vater. Solvent was removed and the product was crystallized from ether to give

46 g (95%) (3-propyl)methyldiphenyl p-toluenesulfonate, mp 68-69°: MR (GD013)'

EH
87.3 (d ot a, b H, c-@S:l), 7.2 (broad s, 10 B, Cghs), 3.85 (t, J= 6.5, 2 E,

FE
- ,0-), 2.40 (s, 3 E, g{_3.© ), 1.6 (m, 2 H, _@201231), 1.0 (m, 2 H, G1,81)

and 0.50 (s, 3 H, mBSi).
Anal, Caled for q23326o331s: c, 67.28; H, 6.38. Found: C, 67.44; H, 6.48.

s3-Bromnprgpyl)metgxldiphenylsilane from the Toluenesulforate. A solution

of 3.5 z (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
ut ambient temperature for 3 hrs. Water (10 ml) was added and the product was
extracted with threc 10 ml portione of carbon tetrachloride. The combined

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

The residue consisted of 4.2 g (90%) of 90% pure (3-bromopropyl)methyldiphenylsilane.

{3-Nitropropyl)methyldiphenylsilane. Addition of 99.6 g (1.26 mol) of

sodium nitrite to a solution of 101 g {0.317 mol) of (3-bromopropyl)methyl-
diphenylsilane in 500 ml of dimethyl sulfoxide resulted in a temperature rise
to 30° over a 4O min perfod. The mixture was added to 2.5 1 of water and the
product was extracted with four 300 ml portione of carbon tetrachloride. The
carbon tetrachloride solution was wasned with three 600 ml portions of water
and with 300 ml of saturated sodium chloride, and the solvent was removed. The

FMR spectrum of the residue showed a 52% yield of the nitro compound GJL.Q) a
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20% yleld of the nitrite PL.L) and a 15% yleld of tue aleochol and/or bromide
(63.3).

The mixture was stirred for 1 hr with 80 ml of 5 N potassiun 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 i
to give U5.k g (50%) of (3-nitropropyl)methyldiphenylsilane. An analyuical
sample was obtained by molecular distillation: bp 152° (0.22 mm); NR (CDCl3)
$0.3 (s, 3 H, ca351), 1.2 (m, 2H, ®51), 2.1 (m, 2 B, WES1), k.2 (¢,
J= 7 Hz, 2 B, cﬂznoz) and 7.3 (m, 10 H, CBHS); IR (£1lm) 1550, 1435, 1395, 1260,
1190, 1165 and 1125 3571.

Apal. Caled for 016H19N0281: C, 67.37; H, 6.67; N, 4.91. Found: C, 67.57;
H, 6.62; N, L.64,

{3,3-Dinitroorooyl)mcthyldivhenylsilane. A mixture of 68.4 g (0.24 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

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

nitrate in 4OO ml of weter and 800 ml of cold ether were added rapidly with

efficient stirrin:. The mixture was stirred for 30 min at 0° and for 90 min

at room temperature. Saturated sodium chloride solution (100 ml) was then

added, and after 15 min, the mixture was {iltered and the precipitate was

wvashed with water and ether. The combined filtrate and washings were acidified e

to pH 6 with acetic noid und the layerc were separated. The aqueous layer was
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extracted with ether, and the combined ether solutions were washed with water
and with saturated sodium chloride solution and dried over megnesium sulfate.
The ether was removed and the NMR spectrum of the residue showed a T0% yleld
of (3,3-dinitropropyl)methyldiphenylsilane and starting material (8%). MR
(cnrna) 80.7 (s, 3 K, cu351), 1.3 (m, 2K, masn, 2.6 (m, 2 E, gecﬂasﬂ,
6.0 (t, J= 7T Bz, 1 H, ) and 7.4 (m, 10 K, 06115).

(3-Fluoro-3,3-dinitrovropyl)methyldiphenylsilane. The above crude pro-

duct containing 53.5 g (0.162 mol) of (3,3-dinitropropyl)methyldiphenyisilane
wae dissolved in a solution of 0.217 mol of potassium hydroxide in 900 ml of
methanol. The solution was placed in a 2 1 flask equipped with a zlass 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 vacuunm

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 w.as no longer absorbed (2 hre). Then, 1000 ml of vater was added

and the solution was allowed to stir 1 hr at roon temperature. 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 400 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 & 750 g coluzn of dry silica gel, using carbon tetrachloride (30 1) for elution,

to give 44.5 g {79%) of (3-fluoro-3,3-dinitropropyl)methylaiphenylsilane: proton
MR (c13013) d0.6 (s, 3K, csz351), 1.1 (m, 2 E, m251), 2.7 (m, 2 B, Noacma) and
7.2 (m, 10K, 06115),- fluorine NMR (cnc:13) ¢ 104.4 (t, J= 22 Hz); IR (film) 1590,

22
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1b40, 1370, 1330, 1270, 1200 and 1120 enl.

Apal. Calcd for CygH) MO FS1: C, 55.17; H, 4.88; N, 8.0k. Found: C,
55.02; H, 5.12; N, 8.09.

(3-Fluoro-3, 3-dinitroosrooyl)metkyldibromosilane. A mixture of 12.5 ml

(0,230 mol) of brominc and 20.0 g (0.0574 mol) of (3-fluoro-3,3-dinitropropyl)-
nethyldiphenylsilane was heated at 100° for 2 hrs under nitropgen. The prodict
wvas evacuated at 25 m1 at rooa temperature for 90 nin. Distillatior gave phenyl
bromide, bp 60° (0.15 ma), & 0.5 z intermediate fraction, end 15.8 g (77.8%) of
(3-f1luoro-3,3-dinitropropyl )methyldibromosilane, a colorless liquid, bp 68°
(0,14 mm): proton N:R (ch:13)a’1.1 (s, 38, m331), 1.k (m, 2 8, C8,51), and
2.9 {v, 2 8, G,GL,S1): fluorine MR (CDCL,) § 103.5 (¢, 17 Hz). The mterial
was too hygroscopic for commercial microanalysis.

(3-Fluoro-3, 3-diritroorovyl)ucthylsiloxanc. A solution of 14.2 g (0.04OL

mol) of (3-fluoro-3,3-dinitropronyl)methyldibromosilane in 50 ml of ether was
poured onto 75 g of crushed ice and the nixture was stirred for 30 midn. 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 &t 90° (0.07 rm)
to give 7.7 5 (91.4%) of an oily product: cryoscopic molecular weizht {dioxane)
834; ny20 1.462; proton MR (ch13)Jo.2 (s, 3H, (;81), 0.7 (3, 2 K, Gi,81),
2.7 (m, 2 H, @ 09,81); fluroine MR (cnm3) $ 10%.1 (t, J= 17 Hz); IR (filn)
3600, 3450, 2900, 2650, 1600, 1440, 1380, 1339, 1280, 1210, 1190 and 1080 em™i.
Anal. Caled for q*P..THaFOsSi: C, 22.86; H, 3.33; I, 13.33. Found: C,
22,98; H, 3.55; N, 13.h1, .

Bis-{3-chlorovrovoxy)dinhenylsilane. Anhydrous armonia was passed through
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a stirred solution of 81.6 g of 93% pure diphenyldicﬁlorosilane (0.30 mol) and
56.7 z (0.60 mol) of 3-chloropropanol in 600 ml of dry benzene at 5 until it
vas no loager absorbed, The solution was filtered and distilled to give 93.5 g
(8%.5%) of bis-{3-chloropropoxy)diphenylsilane, bp 176-9° (0.2 mm): MMR (wea,)

o=
J= 6 Hz, b H, 01(212) and T-7.7 (m, 10 H, 06H5).

41.95 (quintet, J= 6 Hz, 4 B, CH (H mz), 3.55 (t, J= € Hz, b U, C1,051), 3.8 (1,

Anal, Celcd for C g, 0,CL,84: C, 58.54; B, 5.96. Found: C, 58.19; H,
50%0

Bis-(3-trimcthyls1loxynrqpyl)diphenylsilane. A round bottom flask charged

with 25 ml of toluene and 2.71 g (0.118 mol) of sodium was fitted with a stjcrer,
a thermometer, & reflux condenser and a droppinz funnel containing 12.95 g (0.119
mol) of chlorotrimethylsilane. The toluene was‘heated to reflux and sufficient
chlorotrimethylsilane was added to lower the boilinz point to 101°. Bis-(3-
chloropropoxy)déiphenylsilane (10 z, 0.027 mol) was mixed with the remeining
chlorotrimethylsilane and the mixture was added dropwise into the flask with
vigorous stirring over a 30 min period. The solution was refluxed for an addi-
tional 30 min period, cooled, filtered and distilled to give 3.3 g (28%) of bis-
(3-trimethylsiloxypropyl)diphenylsilane, bp 156° (0.07 m): MR (cD013) d40.0

(s, c:l381), 1.0 (m, 4 H, mesi), 1.5 (m, b4 H, a-xa_g_{‘zaie), 3.3 (t, J= 6 Hz, b R,
052051) ard 7.0 (m, 10 H, C%HS)

Bis-(3-hydroxyvoropl)diphenylsilane from Bis-(3-trimethylsiloxyoropyl)-

diphenylsilane, A solution of 3.3 7 (7.44 mol) of bis-(3-trimethyleiloxyrropyl)-

diphenylsilane in 5 ml of 99 ethanol was acidified with one drop of concentrated

hydrochleoric acid and water was added to rake the solution turbid (1 ml). After

30 min, the product was distilled to give 1.5 g (6T%) of bis-(3-hydroxypropyl)-

24
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aiphenylsilane, bp 178-18; (0.07 m), mp 83-8°: MR ((DCL,) §0.7-1.7 (m, B K,
mamasn, 2.58 (s, 2 H, 0H}, 3.2 (¢, J= 6 Hz, & H, ocH,
IR (£11~) 3300, 3050, 2900, 1430, 1190 and 1120 em 1.

} and 6.9 (m, 10 H, CGHS);

Anal. Caled for 0,8i: C, 72.00; H, 8.00. Found: C, T1.68; H, 8.26.
e 242

Bis-(3-hydroxyorooyl)divhenylsilane from Bis-(3-chloroprovoxy)diphenyisilane.

A round bottom flask charzed with 175 ml of dry toluenc and 22.2 g (0.96% mol)
of sodium wvas fitted with a stirrer, a thermometer, & reflux condenser and a
dropping funnel containing 103 g (0.963 mol) of trimethylchlorosilare. 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,
0.2165 mol) was mixed with the remaining trimethylchlorosi’ane and the mixture
wvas added dropwise into the flask with vigorous stirring over & 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 end water were then removed under vacuwi, The product was weshed with
100 ml of saturated potassium carbonate and distilled to give 33.5 gz (515) of
bis- (3-hydroxypropyl)diphenylsilane, bp 180-220 (0.17 ma).

Bis-(3-bromonropyl)diphenylsilane from diallvldinhenvlsilane. A solution

of borene !n tetrahydrofuran (35.02 ml, 0.96 I} was added dropwise with stirring
under nitrogen to a solution of 13.2 g (0.05 mol} of diamllyldiphenylsilane in
100 ml of dry tetra™: ‘rofuran at 0° The solution was stirred for 30 min at

0° and for 30 min at 20°. Then 1 ml of methanol wes added to destroy excess
borene. Bromine (5.4 ml, 0.101 mol) and sodium methoxide solution (from 2.53 z,

0.110 mol, of sodium and 30 ml of methanol) were added simultaneously at a
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rate such that the reaction nixture remained yellow. The reaction temperature
was maintained at 23-30° by neans of & water bath. Cyclohexane (100 nl) was
added and the solution was extracted with 100 ml of 505 potassiunm carbonate.

The agueous layer was extracted with three 50 ml portions of cyclohexane. The
combined organic layers were washed with two 100 ml portions of water and with
100 ml of saturatcd sodium chloride and dried over anhydrous potassium carbonate.
Distillation gave 5.1 g (24%) of bis-(3-bromopropyl)diphenylsilane, bp 182°

(0.06 rm): MR (cnc13)51.2 (m, b H, 04,81), 1.8 (n, b B, CH, 0 51), 3.25 (¢,

Z
J= 6 Hz, 4 H, BrC.'rIa) and 7.15 (m, 10 H, csns).
Anal. Calcd for ClaﬂaaBrasi: C, 50.70; H, 5.16. Found: C, 51.88; H, 5.35.

Bis-{3-hvdroxyoronryl)divhen lsilare by Eydrosilylation. To 25 7 (0.25 mol)

of refluxing allyl acetate was added 0.10 ml of 0.1 N Hth016 in 2-propanol.
Then 12 g (0.065 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)diphenylsilanc was dissolved in

30 ml of methanol and & 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 chromatosraphed on & s$ilica zel column eluting with methylene
¢bloride and with 30% methanol in methylcnme chloride., Reerystallization from
ether-petroleun ether gave 8 gz (41%) bis-(3-hydroxypropyl)diphenylsilane,

mp 83-4°,

Bis-{3-propyl)dinkenylsilane Di.p-toluenesulfonate. Pyridine (11.3 g

0.14 mol) and 25 3 (0.13 mol) of p-tolucnesulfonyl chloride were added to a
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solution of 15 g (0.050 mol) of bis-(3-hydroxypropyl)diphenylsilane in 50 ml

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

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

vater and saturated sodium biecarbonate. The solution: was dried over rmaznesium
&

sulfate and the solvent was removed to zive 31.6 z (85% yield) or 85% pure bis-

(3-propy1)diphenylsiln.ne di-p-toluenesulfonate: N'R (CDC:L Y 7.4 (& of d, 8§,

@-), T2 (m, 10E, Cgls), 3.97 (¢, b B, @,0), 2.47 (s, € B, Hay), 1.7 -

(n. ’t H, GL,1,51) end 1.0 (m, b E, m231)

._-2 -—————— —— -
Apal. Caled for ‘"32336065251 ¢, 63.26; H, 5. 96 Found c, 63 20, E, 6 29.

Bis-(s-hromopropylj_iphe _.xlsilane fron the p_—tolueneaulfonate. A solution

of 19.8 g (0.0325 mol) of bis-{3-propyl)diphenyl di-p-toluenesulfonate and 10 g
{0.115 mol) of lithium broaide in 60 ml of dimethyl sulfoxide was stirred for
4 hrs. Vater (150 ml) was then added and the product was extracted with three
40 ml portions of carbon tetrachloride. The carbon tetrachloride solution was
vashed vith 30 ml of water, dried, and stripped of solvent to give 11.3 g (4%
yield) of 90% pure (‘by NMR) bis-{(3-bromopropyl)diphenylsilane.

Similar results were obtained using scdium bromide instead of lithium
bromide.

Bis.(3-nitroprooyl)divhenylsilane. A solution of § g (0.0725 mol) of

sodium nitrite and 1l; (0.0258 mol) of bis-(3-bromopropyl)diphenylsilane in

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

150 nl of water. The product was extracted with three 30 ml of portions of carbon
tetruchloride. The carbon tetrachloride solution was weshed with water, dricad
and solvent was removed. The resldue was chromatosraphed on silica el using

an equal mixture of nmethylene chloride and carvon tetrachloride for elution.

27




Recrystallization fron ether-petroleun ether gave 1.0 g {11%) of bis-{3-nitro-

propyl)diphenylsilane, white crystals, mp 8.5-85.5°: IR (CD013)57.3 (s, 10 H,
csﬂs), 4.3 (t, 4 5, G, MO,
IR(CCJM) 1540, 1430, 1380, 1120 and 710 s

), 2.0 (m, 4 &, gi_gcaesi) end 1.1 (m, & H, ca231);

Anal, Caled for Cgfin,CLl81: C, €0.31; H, 6.19; N, 7.81. Found: C, 60.15;
E, €.0h; 1, T.62,
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Appendix A

1
Reactions of Dichlorine Heptoxide with Olefins
Kurt Baum

Fluorochem, Inc., Azusa, California 91702

The rcaction of dichlorine hejtoxide in carbon tetrachloride with olefins
vas studied. Propen¢ gave isopropyl nerchlorate and l-chluro-Z2-propyl perchlorate.
Cis- and trans-2-butene gave 3-keto-2-t *v) perchlorate, 2,3-butane diperchlorate
and 3-chloro-2-butyl perchlorate; the latter vas formed stereospecifically by
trens addition. 2,3-Dimethyl-2-butene gave 2,2-diperchloratopropane and 2,2.di-

methyl-3, 3-diperchloratobutane vhich were alco synthesized from the reactions of

~acetone and pinacolone with dichlorine heptoxide. The addition of water to

dichlorire heptoxide in carbon tetrachloride provided a convenient anhydrous
perchloric acid reagent, that with 1,1-difluoroethylene allyl chloride. propene
&nd ethylene gave, respectively, 1,1-difluorocethyl perchlorate, l-chlorc-2-propyl

perchlorate, isopropyl perchlorate and ethyl perchlorate.

3l
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Dichlorine heptoxide in carbon tetrachloride 1; & conveniently accessible
perchlorylation reagent, and its reactions with alcoholse, amines3, ethersh,
and alkyl 1od1de55 have been described. As a continuation of this study of the
utility of the reagent the present investigation deales with its reactions with

olefins.
Propene was found to react with dizhlorine heptoxide in carbon tetra- =
chloride to give isopropyl perchlorate (32%) and 1-chloro-2-propyl perchlorate
(1Th). The yields of these impact sensitive meterials were determined by NMMR

using & 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-propanot and dichlorine heptoxide,

Lo .

o =CHH —2 Ty o1 CHCH. + CH,CHCH C1
2 3 e 3 3 3 2
L 00103 00103

0

a0,

CH..CHOHCH_C1
3 2

Cis-2-butene reacted with dichlorine heptoxide to glve 3-chloro-2-bhutyl
perchlorate (30 %), 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 yleld of ?,3-butene diperchlorate was increameged to 20 %, dbut the
other products were unaffected. The 2,3-butane diperchlorate was ldentified
spectrally by comparison with the compound prepared from Z-butene oxide and
dichlorine heptoxideh. The other products were isolated by CLC and charanterized.

The isolation of 3-keto-2-butyl perchlorate is particularly noteworthy in that it
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4 the first reported example of a carbonyl coampound with a covalent perchlorate

group.

0
?{3?3 €19, c, H(0C10, )CH(0C10, ) CH_ + CH_ CGHCLCH(OCL0_)CH Cﬂ'::m(OCIO o
hi=G ——p Cl, 3 R(0C10, )T, + CH, kI T 3773

-rans-2-butene gavc the same product mixture thot cis-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 assiznments were made by synthesizing
3-chloro-2-butyl perchlorate from dichlorine heptoxide and 3-chloro-2-butanol
of known confizuration. iucas and Ge.rner6 showed that thc addition of hydro-
chloric acid to the 2-butene oxides in stereospecifically a trans addition; cis-
2-butene oxide gives threo-3-chloro-2-butanol and trans-2-butene oxide gives
erythro-3.chloro-2-butanol. The reaction of dichlorine heptoxide with alcokols
should not affect the carbon stereocheaistry. 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 thc trans-2-butenme product. Thus, the forma-
tion of 3-chloro-2-butyl perchlorate from 2-butene and dichlorine heptoxide 15 a
trans addition.

A completely substituted olefin, 2,3-dimethyl.2-butene, was also examined.
A product insoluble in carbon tetrachloride was obtained that was ldentified as
a mixture of 2,2-diperchloratopropane and 2,2-dimethyl-3, 3-diperchloratobutane.
The former was preparcd previously from acetone and perchloric acidT, and the
latter was charactcrized by the proximity of the NMR chemical shiflt 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.
C120
() 0mcay), —=Ls ((H3);C(00103); + G,0(0010,),C(CH, )

Both 2,2-diperchloratopropane and 2,2-dimethyl-3,3-diperchloratobutane were pre-
pared, in ylelds of T0% and 55%, respectively, from the ketones and dichlorine
heptoxide in carbon tetrachloride. This reaction .s more convenient and provides
higher yields than the anhydrous perchloric acid method? for preparing gem-di-

perchlorates.

RC=0 + (1,0, ——> Rg°(°m°3)g

Electronegatively substituted olefins 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 ylelds of these perchlorates were in-
creased to 76% and 91%, respectively by introducing water into the reaction mix-
ture. Under these conditions, propene gave & 65% yield of isopropyl perchlorate
and a 10% yield of l-chloro-2-propyl perchlorate. Ethylene was also unreactive
with dichlorine heptoxide, but with water added, a 63% yicld of ethyl perchlorate
was obitained. The addition of water to the dichlorine heptoxide solution is an
experimentally convenient source of tmall amounts of anhydrous perchloric acid
for additions to olefins under mild conditions.

| €1.0,,H0

- 21 2 ,1
CH,=CF, -l c 4 m3cs'20,103
ey,
CH_=CHCH () ———— C!iaﬂi(()u103)€3201
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CH =mca3—-a (m3)20n0010

+ m3m(oc103)m2c1

= ——ee—e——p  CH_CH_0OCLO
=G, 31,0020,

A gaseous product with the properties of chlorine dioxide was geunerally
observed in the olefin-dichlorine heptoxide reaction mixtures. This compound
would be formed when dichlorine heptoxide functions as an oxidizing agent;
oxidation products have been observed previously in dichlorine heptoxide

reactionsh’s. Chlorine dioxide has been reported8 to react with olefins to

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

This compound provides & possible route to the observed products from 2-butene,
although other mechenisns are possible. The products from 2,3-dimethyl-2-
butene are also attributable to oxidation reactions. Pinacolone would be
obtained by the pinacol rearransems=nt of the epoxide or glyecol, and acctone

vould 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
wvere recorded with a Perkin-Elmer 700 spectrometer. A Varian 920 chromatograph
was used for CGLC determinations.
Dichlorine heptoxide was utilized as a 0.3 M reagent in carbon tetra-
¢hloride, prepared by the previously described methode. Caution: alkyl per-
chlorates are sensitive explosives il not diluted with solvent, and previously

noted precautions should be observede.

Reaction of Propene with Dichlorine Hentoxide. Dichlorine heptoxide in

carbon tetrachloride {2 ml, 0.6 mmol) was placed in & 25 ml flask with a
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magnetic stirrer and fitted with & stopcock syringe adapter. Air was
partially removed by syringe und 3 ml (0.6 mmol) of grOpene was added. The
mixture vas stirred 2i hrs. A yellow gas soluble in carbon tetrachloride
presumably Cl0,, was removed by a brief application of vacuum. NMR analysis
of the earbon tetrachloride eolutiop showed isopropyl perchlorate {32% yield)
and l-chloro-2-propyl perchlorate (17%). Isopropyl perchlorate was identified
by comparison with an authentic samplez. An analytical sample l-chloro-2.
propyl perchlorate wus isolated by GLC (5 £t x 0.25 in column of 12% QF-1
on Chromosorb W, 60°): NMR (cc:.h) 51.62 (a, 3 K, J=6 Hz, (}13), 3.67' (a, 2 &,
J= 7 Hz, GL) end 5.17 (m, 1 K, GR); IR (CCL,) 1005, 1230 end 1265 e

é_ng._ll. Calcd for CaHgCL,0,: C, 20.37; K, 3.k2. Found: c, 20.08; H, 3.11.

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

2-chloro-l-propanol was prepared from propylene oxide and hydrochloric acid by
the reported methodg. A sample of l-chloro-2-propanol, the major component,
vas isolated by GLC (8 £t x 0.375 in column of 12% QF-1 on Chromosorb W, 70°).
The compound {0.012 ml) was stirred with 1 ml of 0.3 M dichlorine heptoxide in
carbon tetrauchloride for 16 hrs. The solution was washed with water and dried
over sodium sulfate. The product was identical (M/R, IR and GLC) with the
produet from provene,

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

(0.6 mmol) and cis-2-butene {0.6 mmol) were reacted for b hrs by the procedure
used with propene. Analysis by NMR based on methyl signals showed 0.18 mmoul
(30%) 3-chloro-2-butyl perchlorate and 0,012 mmol (2%) 3-keto-2-butyl per-
chlorate. A similer 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 mmol
of cis-2-butene to a mixture of 100 ml of 0.3 Y dichlorine heptoxide in carbton
tetrachloride and 10 g of lithium perchlorate at 0%, After 2 hrs of stirring
at ambient temperature, the sclution was washed with water, dried over sodium
sulfote, and passed throush a 2 x 32 em slurry-packed column of silica gel.
The product was eluted with carbon tetrachloride and the eluent was monitored
by NMR., The 3-chloro-2-butyl percnlorate 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 cone
centrated to 25 ml by vacuum distillation with a Holzmann colummn, and analytical
samples were isolated by GLC. The solution containing the 3-chloro-2-butyl per-
chlorate vas 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 mmol (5%) of 2,3-butane diperchlorate®. 3-Chloro-2-butyl perchlorate
wvas isclated from the distillate by GLC using a 5 ft x 0.25 in colum of-12$ QF-1 on
Chromosorb W, 100 cc/min helium, 70°, 15 min: IR (CClh) 51.55 (4, 3 H, J= 6 Hz,
cnmg_%), 1.58 (4, 3 H, J= 6 Kz, C'dCth_QB), 4.25 (m, 1 H, CHC1l) and 5.05 (m,
1H, CHCIOh); IR (CClh) 1230 and 1265 cm“l; the mass spectrum showed peaks at
m/e 63, 65 (C,H, 1), 91,93 (ChHBC:L), 127, 129 (C,H,C10, )and 175, 177, 179
(C3H50120h)'

A sample of 3-keto-2-butyl perchlorate was isolated from its carbon tetra-
chloride solution by GLC (5 £t x 0.25 in column of 12% QF-1 on Chromosord W,
100 cc He(min, 90°, 10 min retention time): MR (cC1,) 61.61 (4, 3 1, J= T Hz,
CH

M), 2.30 (s, 3 H, CH_00) and 5.12 (q, 1 H, J= T Hz, 9_1_(213); IR {ct1

3 3 W)

1720 (C=0), 1020, 1240 and 1270 cm! (c10,).
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Apa). Caled for chn?cms: ¢, 28.17; H, 4.13. Pound: C, 28.32; H, L.1o0.

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

trans-2-butene with dichlorinc heptoxide proceeded in the seme 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 wvas 16 min, compared to 15 min for the product fronm cis-2-butene

described above.

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

oxide, a mixture of cis and trans isomers (0.375 in x 12 £t column of 12% QF-1

on Chromosorb W, 100 cc ‘min He, 2k°)gave trans-2-butene oxide, retention time

20 min, nn?o 1.3741 (reportedlo nD2° 1,3736) and cis-2-butene oxide, retention
time 26 min, nD20 1.3621 (reportelenD20 1.3826). To 0.015 ml of trans-2-butene
oxide and to 0.030 ml of Elg;2-butene oxide, each in a GC collection tube, was
mdded 0,15 ml of concentrated hydrochloric acid et 0%, and the mixtures were
kept at umbient temperature for 1 hr. Each product was extracted with 0.1 ml

of methylene chioride after 0.15 ml of water was added. The ¢rude chlorohydrins,
0.008 ml from trans-2-tutene oxid2 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
2k hrs, cach reaction mixture wos washed with 0.5 ml of water and dricd over
sodium sulfate. NMR showed only 3-chloro-2-butyl perchlorate., Mixed CLC showed
that the product from cis-2-butene oxide was identical with that from cis-2-butere
and dichlorine hecptoxide, and the product from trans-2-butene oxide was identical

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

Reaction of 2,3-Dimethyl-2-butene with Dich’orine Heptoxide. 2,3-Dimethyl-

2-butene (0.0708 g, 0.84 rmol) was added to 15 ml of 0,3 M dichlorine heptoxide

38




at -10°. The mixture was kept at -10° for 18 hrs in order to allow the product

to separate, althouzh the reacti~n appeared to be substantially eomplete in
1 hr. The liquid product, lighter than earbon tetrachloride, was separated.

The NMR spectrum (CDCL } showed only prominent peaks assisned to 2,2-d4i-

3
perchloratopropa.ne7 and to 2,2-dimethyl-3,3-diperculoratobutane, Quantitative
KR usin: ehloroform as a stendard and CD3N02 as solvent because of hisher
produet solubility, showed 0.195 mnol (11.6% based on 2 mols per mol olefin)

2,2-diperehloratopropare nnd 0,195 mmol (23%) 2,2-dimethyl-3,3-diperchlorato-
butane.

Reaction of Ketones with Diehlorine Heptoxide., Acetonc (0.0kk ml, 0.60

mmol)} wes added to 3 ml of 0.3 M diehlorine heptoxide in earbon tetrachloride
at -5°, A separate liquid phase formcd immediately: MR (CDCl3)52.59 (s)
identieal with that reported for 2,2-diperchloratopropane7. The yleld, 70%,
vas determined by quantitative NMR allowin: a similar reaction mixture to stand
18 hrs at -20°, removin= the carbon tetrachloride by syringe, and dissolvinz the
produet in 1 ml of CD3r102:52.61.

By the sane proeedure, pinacolone ;ave 2,2-dimethyl-3,3-diperehlorato-
batane (52%): IR (CDCl3) §1.28 (s, 9 H),8 2,48 (s, 3 H); MR (CD3N02)51.33
(s, 9 H), §2.67 (s, 3 H).

Reactions of Olefins with Perchloric Aeid. Water (0 .080 g, 0.4% mmol)

vas stirred with 2 ml of 0.3 M diehlorine heptoxide in earcon tetrachloride

for 36 min in a 25 ml flask fitted with & syrinzc valve, The fiask was evacuated
r rtially and 0.6 mmol of 1,1-difluoroethylene was added by syringze. NR analysis
using chlorobenzene as a quantitative referenee showed only 1,1-difluoroethyl

perehlorate (0.46 mmol, 76%): proton MR (CC:Ih) §1.95 {(t, J= 14 Hz); fluorine

3%
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NR ¢ 69.52 (g, J= 1k Hz); IR (cc,) 13% (m), 1280 (vs), 1200 (s), 1150 (s),
1130 (s), 1030 (s}, 970 () and 920 em™! (s).

By this procedure, propene gave isopropyl perchlorate (65%) and l-chloro-
2-propyl perchlorate (10%) in 2% hrs.

Allyl chloride gave l-chloro-2-propyl perchlorate (91%) in 24 hrs by this

procedure.

Ethylene pave ethyl perchlorate2 (63%) in 2k hrs.

T R T T — TR
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