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CHA.I?TER I 

I NTR 0 D UC T.I .0 N 

There h.av·e been sever a 1 reports describing the pre-

paration of iodine (III) and· iodine (V) compounds (1-4) 

of the types RIF 2 (R=CF 3 and other CnF 2n+l groups, c 6F 5 , or 

Ph and substituted Ph groups) and RIF 4 (R=CnF 2n+l where 

Perfluoroalkyliodine (V) tetra-

f luorides are of interest in connection with a study of 

substituted derivatives of high oxidation state fluorides. 

The R~ group may be used as an NMR probe to follow the 
~ 

replacement of fluorine bound to iodine (V) by other 

l igands. Preparation and properties of trifluoromethyl-

i odi n e (V) tetrafluoride and an NMR study of the replace-

ment of fluoro-by methoxo-ligands has been reported (5). 

Trifluo romethyliodide has been oxidized by chlorine tri-

fl uoride i n ~-c 6 F 14 at -78°C to give trifluoromethyl-

i o d i ne (V) tetra f lu o r i de. Evidence for the formation 

of trif l uo r ome thyl i o d i ne (III) difluoride h as also been 

ob t aine d . CF
3

I F
4 

decomposes readily at 20°C but is more 

stabl e in t hi s respe: t than CF 3IF 2 • Other RFIF 4 (RF= 

C 
2 

F 
5 

, ( C F 
3 

) 
2 

C F , o r n-C 
4 

F 
9 

) co mp.o un d s are m.o r e stab 1 e with 

r e sp e ct to decomposition than CF 3 IF 4 • Trifluoromethy l-

1 
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i odin e ( V) t e t r a f 1 u or ide ( CF 
3 

IF 
4 

) r e acts . ( 6 , 7 ) with 

methylmethoxysilanes. (Me
3

siOMe or Me
2

si(OMe)
2

) at 20°C to 

give CF
3

IF
4 

(OMe) (.n=l-4). -n n 

There have been reports describing the preparation 

of chlorine (III), chlorine (V), bromine (III) and 

bromine (V) compounds of the types RC1F
2

, RC1F
4

, RBrF
2 

and 
r 

Pentafluorophenylchlorine (III) 

difluoride (C 6 F
5

C1F
2
), pentaf·luorophenylchlorine (V) 

tetrafluoride (C
6

F
5

C1F 
4
), pentafluorophenylbromine (III) 

difluoride (C
6

F
5

BrF
2

) and pentaf·luoro-bromine (V) tetra

fluoride (C
6

F
5

BrF
4

) have been prepared (8-11) by the 

oxidation of pentafluorophenyl chloride or bromide- using 

elemental fluorine, chlorine trifluoride as fluorinating 

agents. 

No aliphatic interhalogen compounds containing 

c F
2 1 

and X=Cl or Br) have been synthesized. 
n n+ 

It should 

be possible to prepare perfluoroalkylbromine (V) tetra-

fluoride (RFBrF 4 where RF=CnF 2n+l). This is the subject 

of a part of this dissertation. 

Halogenated ketenes are defined as ketenes which 

have at least one halogen atom attached directly to the 

ketene functionality. 

H...._ 
x-c = c = o ~:c = c = o (X=~,cl,Br) 
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There are several available methods for the synthesis 

of ketenes, but the most general method is the activated 

zinc dehalogenation of an a-haloacid halide in ether or 

ethyl acetate solution. This method was used to prepare 

diphenylketene by Staudinger in 1905 (12). 

Cl 0 
I ~ 

Ph
2 

- C - C - Cl 
Zn/ether C = 0 + ZnC1

2 

Another widely used method for the synthesis of ke-

tenes is the triethylamine dehydrohalogenation of an 

appropriately substituted acid halide in hydrocarbon sol-

vent (13). 

Many kat~n~ are unstable and cannot be isolated and 

are generated from stable precursors and trapped by a 

suitable substrate to yield a cycloaddition product. Most 

of t h e halogenated ketenes are not isolable (17). 

Dihaloketenes are well known to undergo cycloaddi-

tion reactions with unsaturated compounds. The (2+2) 

cycloaddition is a synthetically useful reaction to pre-

par e the four-membered ring (17). One of the most re-

active ketenes is dichloroketene, which, in spite of the 

t endency to polymerize, enters readily into cycloaddition 

reaction s with ole fins ( 2 9) • 

0 
0 

cl_ c C?fl c = 0 + 
Cl_,....... Cl 
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Recently, an improved procedure has beep discovered 

in which the dihaloketene is generated by zinc dehalo-

genation in a very dilute ether solution. Trihaloacetyl-

chloride is introduced by the substrate over a long period 

of time to deter polymerization of ketene at the expense 

of the cycloadduct (17). 

...... / 

c = 0 + ,.c = c ......... ---....lJ· .. 

Since there are no reports in the literature on the 

cycloaddition of dihaloketenes with siloxyolefins, it 

wa s proposed to investigate the cycloaddition reactions 

of dihaloketenes with various types of siloxyolefins. 



CHAPTER II 

H·I S TOR I CAL 

1. Perfluoroalkylbromine (V) Tetrafluorides 

The syntheses of sev~ral perfluoroalkyliodine fluor-

ides have been reported. The perfluoroalkyliodine fluorides 

were first prepared using a perfluoroalkyl iodide and either 

e l emental fluorine or chlorine trifluoride (1). 

In 1968, Rondestvedt (2) reported the preparation and 

p r operties of several perfluoroalkyliodine fluorides using 

c h lorine trifluoride as fluorinating agent: 

2CnF 2 n+li + 2ClF 3 CnF 2n+liF 4 + CnF 2n+liF 2 +· 

c1
2 

n = 2,3,4,6,10 

He a lso reacted bromine trifluoride and bromine pentaflu-

orid e with perfluoroalkyl iodides (3): 

2 CnF 2n+li + 2BrF 3 

Br
2 

3C F 
1

I + 2BrF 5 n 2n+ 

I n 19 7 0, Schmeisser, Dahmen and Sartori (4) prepared 

p entafl u o r o p h e n yliodine (III) difluoride by reaction of 

penta f l uoroiodobe n zene with elemental fluorine. 

wa s hyd r oly zed to give a colorless product as.sumed to be 

iod osop e ntafl u o r obe n zene. 
5 
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Chambers, Oates and Winfield (5) in 1972 reported 

the preparation of trifluoromethyliodine (V) tetrafluoride 

by the oxidation of trifluoromethyl iodide with chlorine 

trifluoride. They also prepared pentafluorophenyl-

iodine (V) tetrafluoride in a similar way. The stability 

of perfluoroalkyliodine (V) tetrafluorides with respect to 

Pentafluorophenyliodine (V) tetrafluoride was 

formed to be stable indefinitely at 20°C. Trifluoro-

methyliodine (V) tetrafluoride and pentafluorophenyl-

iodine (V) tetrafluoride were more stable than the analogous 

iodine (III) difluoride compounds. 

In 1973, Baumanns, Deneken, Naumann and Schmeisser(6) 

prepared trifluorornethyliodine (III) difluoride by the 

dire ct fluorination of trifluoromethyl iodide at -78°C. 

Oates and Winfield (7) in the same year oxidized 

trifluoromethyl iodide with chlorine trifluoride in per

fluoroh exane at -78°C to give trifluorornethyliodine (V) 

tetrafluoride in addition to trifluoromethyliodine (III) 

difluoride. 

In 1980, Obaleye and Sarns reported the first aromatic 

interhalogen compound containing either chlorine or bra-

mine . Pentafluorophenylbrornine (V) tetrafluoride (8) was 

prepared by the oxidation of pentafluorophenyl bromide at 
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128°C w.ith elemental fluorine. Pentafluorophenyl~ 

bromine (III) difluoride (9) was prepared by the reaction 

of pentafluorobromobenz.ene and f :luorine. Preparation of 

c 6 F 5ClF 4 (10) and c
6

F
5

ClF 2 (11) was reported by the reac

tion of pentafluorophenyl chloride with elemental f 'luorine. 

2 . Dihaloketene Cycloaddu~ts 

Ketenes have been known since the synthesis of di-

phenylketene by Staudinger in 1905 (12). This new class 

of compounds was extensively s .tudied during the next twenty 

year s. During these investigations, attempts were made 

to prepare haloketenes; dichloro-, ethylchloro-, methyl-

bromo-, and ethylbromoketenes (13-15). These ketenes could 

not be detected and were described as unstable compounds 

which polymerize readily even at very low temperatures. 

Investigations in the two decades following 

Staudinger's work resulted in the industrial development 

of the parent compound, ketene. This development resulted 

in a thorough study of the chemistry of ketene itself. A 

compr ehensive review on preparative ketene chemistry (16), 

including halogenated ketenes, appeared in 1968. 

Despite the publication of many papers on halogen

ated ketenes, they still cannot ~e isolated but are usually 

genera ted in s i ·t u by dehalogena tion or dehydrohalogena-

tion (17) . Halo genated ketenes are indeed very susceptible 

to polymerization and reactions involving them are 
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usually accompanied by the formation of tarry ·by-prdducts. 

The preparation of difluoroketene was first reported 

in 1957 (18), but several attempts to repeat this work have 

been unsuccessful (19). More recently, however, dif.luoro-

ketene has been successfully prepared by dehalogenation of 

bromodifluoroacetyl halides with zinc (20). Difluoroketene 

dissociates above 35°C forming carbon monoxide and tetra-

fluoroethylene (21). Dichloroketene was first prepared in 

1966 by the addition of trichloroacetyl bromide to activated 

zinc dust in ether or ethyl acetate. Other workers have 

prepared dichloroketene by dehydrochlorination of dichloro-

a cetyl chloride with triethylamine. Since the dehydro-

h alogenation method gives higher yields and more reproduc

ibl e results, it is considered to be a superior method of 

p reparation (22). 

However, while generation of dichloroketene by de

halogenation of trichloroacetyl chloride by zinc in the 

pre sence of ketones results in the formation of oxetanones, 

dichloroketene does not undergo cycloaddition to simple 

k etones when it is generated by dehydrochlorination of 

dichloroacetyl chloride by triethylamine, unless zinc or 

zinc chloride is also added to· the reaction mixture. It 

ha s been suggested that either ' zinc or zinc chloride ac

tivate the carbonyl group·· of fh e ketone and thus facilitate 

th e cycloaddi tion reaction (23). Similarl~, while 
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generation of dichloroketene by dehalogenation in the 

presence of 4-!-butylcyclohexene produced the expected 

adduct I, generation of the ketene by dehydrohalogenation 

g ave none of this product (24). 

0 Cl D g: 0 I 
/I Zn \ 

c1
3

c-C C=C=O 
'c1 

-----+ I ~ 

Cl 

Chlorofluoroketene has been prepared by dehydro-

chl or in ation of chlorofluoroacetyl chloride (25}. The 

adduct II, formed in the presence of cyclopentadiene, de-

compo sed on heating to give volatile products, which fumed 

in ai r and reacted with ethanol to give ethyl fluoro-

chloroacetate. Bromochloroketene has also been generated 

in s i tu by dehydrochlorination of bromochloroacetyl chlo-

ride. 

Dibromoketene i tself has been prepared by both of 

the me th o d s (26 ) . 

Cl 
\ 
CHCOCl 

i 

F 

II 

Th e d e h y d ro h a l ogenation of haloacetyl h alides in the 

presence of c y clopentadiene produces the corresponding 

1 , 2 - cycloadducts of fluoro-, chloro-, and bromo-

ketenes (27 , 2 8). The unsymmetrically substituted ketenes 

undergo cycloaddi t ion to cy c lope n tadiene t o gi v e on l y 



the endo isomer III, but in the presence of excess tri-

ethylamine some of the more stable exo isomer IV is also 

produced, probably as a result of isomerization via the 

enol tautomer of the initial adduct (29). 

H 
\ 
C=C=O 
I 

X 

0 H X 

-----.0 Q~ l;:v 
When chloroketene is generated by dehydroha~ogen-

10 

ation of chloroacetyl chloride, in the presence of chloral, 

a mix ture of the cis and trans oxetanones V and VI is 

obta ined (30). However, when the chloroketene is generated 

by dehalogenation of dichloroacetyl chloride, in the pre-

sence of chloral, it reacts preferentially with the acyl 

halide to give a dichlorovinyl ester. 
H Cl 0 

+ v 
CC1

3 
VI 

Alkylhaloketenes have also been prepared and reacted 

in situ with alkenes (31). The proportions of the exo and 

endo isomers obtained are strongly dependent upon the 

solvent polarity, the substituents attached to the ketene 

and the 
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Evidence for the transitory existence of trif1uoro-

methylfluoroketene during the dehalogenation of 2-bromo-

2, 3, 3, 3 - tetraf1uoro · ·propionyl chloride is also provided 

by the formation of an adduct X with acetone in 6% yield 

( 3 5) • 

CF 3 
F-)-- COCl 

Br 

CF J 3
'c=C=O 

F/ 

l Me 2 co 

CFjH 
Me-+-d 

Me X 



CHAPTER III 

EXPERIMENTAL 

1 . Perfluoroalkylbromine (V) Tetrafluorides 

A. General 

Perfluoro-~-propyl bromide and perfluoro-~-heptyl 

bromide were bought from PCR, Incorporated. Elemental 

fl uorine, chlorine trifluoride and bromine trifluoride 

were purc h ased from Air Products, Inc. Elemental fluorine 

wa s passed through a tower filled with sodium fluoride 

pellets to remove traces of hydrogen fluoride. Chlorine 

trif lu o ride and bromine trifluoride were used as received. 

A vacuum manifold (figure 1) was used to condense 

perfluo ro a lky l bromide and fluorinating agent into a pre-

viou s ly evacuated Monel reactor. 

Re ac ti o n products were analyzed, using a Varian 

90P - 3 ga s ch ro matograph fitted with a 3/8 inch x 20-foot 

column packed with 30 % SE-30 on Chromosorb P. Separations 

were p e rforme d us i ng 8 0°C and 100°C and helium flow rates 

of 80 and 65 mL/mi n, respectively. The appropriate peaks 

from the gas chromatog r aph were trapped with the aid of a 

0 
U- tube h e ld at - 7 8 c. 

Th e re ac tor used for the fluorination was Monel, 

Hoke 69H 1695 , W. P . 5000 PSI; volume 392 rnL. 

12 



HF Free 

H 

A. Pressure regulator 

B. Substrate metering tube 

c. Monel pressure reactor 

D. Dewar containing liquid nitrogen , 

E. Connection point for sample bottle 

13 

To Alumina 
and vacuum 
pump 

F. o~lSOO Torr pressure gauge for fluorine 

service 

G. Connection point for helium gas 

H. Connection point for other fluorinating 

agent 

I • Valve 

Figure I. Line Diagram of Manifold 
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The Monel manifold. was constructed according to 

F igure 1, which was used ·for loading the reactor with sub

s trates and fluorinating agents. 

Elemental analyses were performed by the Galbraith 

La b oratories, Inc., Knoxville, Tennessee. 

Infrared spectra were recorded with a Perkin-Elmer 

Mode l 2 25 infrared spectrophotometer using a 0.1 mm liquid 

c e ll f itted with polyethylene windows. 

F luorine nuclear magnetic resonance spectra were 

o bta i n ed with a Varian EM-390 spectrometer operating at 

8 4 . 67 MH z using fluorotrichloromethane as an internal 

refere n ce. 

Mass spectra were obtained with a Consolidated 

Electrodynamics Corporation (CEC) Model 21-104 single

fo cus ma ss sp ectrometer with an electron-multiplier de-

t eeter . 

Th e o xidat i on equivalents of perfluoroalkylbromine(V) 

t e t rafluo r ide s were determined by standard solutions of KI, 

in whi c h the iodid e i on was oxidized to iodine, and the 

iodine wa s ti t rated using a standard solution of sodium 

thio sulfate and starch as a n indicator. 

B . Ge n er al Procedure for the Synthesis· of Perfluoro-

alkylbr o mine (V ) Tetr af l udr i de·s: 

bromin e ( V) Tetrafluoride. 

Perfluoro-~-propyl-
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A series of experiments were carried out to deter-

mine the optimum fluorinating conditions based on percent 

yield of perfluoro-~-propylbromine (V) tetrafluoride. 

During the course of the investigation, the following 

typical procedures were followed on a routine basis. The 

vacuum manifold was used to condense 10 mmol of perfluoro-

~-propyl bromide, 25 mmol of perfluoro-~-hexane as a sol-

vent and 20 mmol of elemental fluorine into a previously 

evacuated and cooled (-196°C) Monel reactor. The reactor 

was closed and placed in an ice bath while stirring mag-

neti cally for 15 hours. At the completion of the reaction 

period, the reactor was reconnected to the manifold, cooled 

0 to -196 C, and evacuated. Additional perfluord-~-hexane 

was vacuum distilled into the reactor to dissolve the pro-

ducts , and dry nitrogen gas was used to pressurize the 

reactor. The reactor was separated from the manifold and 

inverted . The reddish-brown liquid products were trans-

ferred into a nitrogen flushed sample holder through a 

septum . Moistur e was vigorously excluded during sample 

handling by working in the nitrogen atmosphere. The pro-

duct, perfluoro-~-propylbromine (V) tetrafluoride 

(n-c
3

F
7

BrF
4

) was isolated by trapping the appropriate peak 

from a gas chromatograph. Similar reactions were carried 

out using chlorine trifluoride, bromine trifluoroide and 



16 

bromine pentafluoride as f "luorinating agents. 19
F NMR:. 

oCFCl = 141.8{4F,-BrF 4 ) , . -80.1(3F,cF
3
), -123.1(2F,C-CF

2
-c) 

3 

and -63.2 (2F,CF 2 -Br). Mass spectrum: rn/e 326(30) , · 324(30), 

169(100). IR: 1340(s), 1250(vs), 1145(s), l080(s), 685(vs). 

24 .61. Found: C,l0.58; F,64.14; Br,24.05. 

c. Synthesis of perfluoro-~-heptylbromine (V) tetra-

fluoride. 

By the above procedure 10 mm61 of perfluoro-~-

heptyl bromide, 20 mmol of elemental fluorine and 25 mmol 

of perfluoro-~-hexane as a solvent was condensed into a 

previously evacuated and cooled 
0 (-196 C) Monel reactor. 

The product, perfluoro-~-heptylbromine (V) tetrafluoride 

was -isolated by GC. 

Similar reactions were run using BrF 3 , BrF
5

, and 

ClF
3 

as fluorinating agents. 
19

F NMR: 8 
CFC1 3 = +140.2 

(4F ,-BrF
4
), -65.3(2F,Fa.), -127.5(2F,Fs), -123.8(2F,Fa.), 

- l22 . 9(2F ,F
0
), -122.0 (2F,Fe:), -118.4(2F,F~) and -82.8 

(3F ,cF
3

) (CF
3

-cF
2
-cF

2
-cF 2 -cF 2 -cF 2 -cF 2 -BrF 4 ). Mass spectrum: 

m/ e 526(3), 524(3), 469(12), 467(12), 69(100). IR: l230(s), 

1200 (vs), 1147 (s), 1115 (m), 680 (s) 1 570 (vs). 

c,l6.0; F,68.8; Br,l5.2. 

Fo und: c,l6 .2; F,68.6; Br,l4~8. 
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D. Typical Procedure. for th~ R~act~ons of Per£~uoro-

alky lbromine (V) Tetrafluorides with Cycloalkenes: Per-

fluoro-~-hept~lbromine (V) Tetrafluoride with 1,2~Dichloro-

h e xa fluorocyclopentene. 

The vacuum manifold was used to condense 10 mmol of 

p e r f l uoro-~-heptylbromine (V) tetrafluoride and 22 mmol of 

1 , 2 - d ichlorohexafluorocyclopentene into a previ~usly eva-

cuat ed and cooled 0 (-196 C) Monel reactor. The reactor was 

clo se d and placed in an oven for eight hours at 120°C. 

At the c ompletion of the rea~tion period, the reactor was 

reconnected to the manifold, cooled to -196°C, eva~uated, 

and d r y nitrogen gas was used to pressurize the reactor. 

Th e r eactor was separated fromfue manifold and inverted. 

The p roducts were transferred into a sample holder. The 

produc t , 1,2-dichlorooctafluorocyclopentane(c
5
cl 2F 8 ) was 

isola te d b y distillat i on and gas chromatography. 
19

F NMR: 

8 - 13 9.0 (2F) I -126.7(1F) I -125.4(1F), -124.0(2F)' 
CFC1

3 
- 117 . 1(2F) . 

Anal . Calcd. f or c 5cl 2 F 8 : c,21.2o; F,S3.71. 

Found : C , 20.78; F,53.60. 

E . Re a c tio n of P erfluoro-~-heptylbromine (V) Tetra-

fluorid e wi t h 1,2-Dichlorooctafluorocyclohexene. 

Th e rea ct ion o f perfl uoro-~-heptylbromine (V) tetra-

fluoride (0 . 4 rnrnol) wi t h an excess of 1,2-dichlorooctaflu

orocyclohexene (10 mm o l) was carrie d out at 140°C f o r 
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eig h t hours, using the above procedure. The product, 1,2-

di chlorodecafluorocyclohexane (c
6
cl

2
F

10
) was isolated and 

c h aracterized. 
19

F NMR:- oCFCl = -132.0 (2F), -128.2 (2F), 
3 

- 12 4.6(2F), -120.5(2F), -116.8(2F). 

Anal. Calcd. for c 6cl 2 F
10

= C,21.62; F,57.05. Found: 

C , 21 .9 1 ; F ,S6.73. 

2 . Dihaloketene-Siloxyolefin Cycloadducts 

A.. General 

Tr i chloroacetyl chloride and chlorodifluoroacetyl 

chlo r ide were purchased from Aldrich Chemical Company, Inc., 

and Col u mb i a Organic Chemicals Company, Inc., respectively. 

Tribr o mo a cetic acid was bought from Fluka Chemical Corp. 

The fl uorine and proton nuclear magnetic resonance 

spect r a were recorded on Varian EM-390 spectrometer using 

fluorot r i c hlo romethane and tetramethylsilane as internal 

refer e n ces, respectively. 

Analy tical samples were obtained, where possib~e, 

by vapo r pha se c h romatography on a Varian 90P-3 gas 

chro matograph fi t t ed with a 3/8 inch x 20 foot column 

packed with 30 % SE-30 on Chromosorb P. 

Eleme ntal ana ly ses were performed by Midwest Micro-

lab , Ltd ., Ind ia napolis, Indiana. 

Glas s wa re was dried at 100°C and cooled under nitro-

gen before use . 
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Dry ether, ethyl acetate, hexane, heptane and ace

tone were commercially available and were used as received, 

under a nitrogen atmosphere prior to each run. Triethyl-

amine was commercially available and was dried over sodium 

metal and distill€d prior to use. 

The zinc was activated by a standard procedure (36) 

and was always stored and used under a nitrogen atmos

phere. 

Tribromoacetyl chloride was prepared from tribromo

acetic acid and either thionyl chloride or oxalyl chloride. 

The acid halides were freshly distilled- prior to each di

haloketene preparation. 

B. Preparation of 1,2-Bis(trimethylsiloxy)cyclo

butene (37). 

A 3:L, 3-neck,round-bottomed flask fitted with a con

dens er, mechanical stirrer and a dropping funnel equipped 

with a pressure-equalizing side arm was charged with 

2 .57 mol(59.2g) of freshly cut sodium and 460 mL of dry 

toluene under a nitrogen atmosphere. By means of an oil 

bath (115-120°), the toluene was heated to reflux with 

vigorous stirring until the sodium was melted and fully 

dispers ed. To the Na dispersion was added dropwise a 

solution of 0.6 mol(l04.4g) of diethyl succinate, 2.81 mol 

( 305 . 0g) of trimethylchlorosilane and 150 mL of dry toluene 



through the dropping funnel over a period of 3.5 hours 

while maintaining the oil bath temperature at 105-110°C. 

After refluxing with st~rring for an additional 16 hours, 

th e reaction mixture was allowed to cool to room temper-

a ture and filtered~ The purple precipitate was washed 

thoroughly with dry to.luene. The filtrate and toluene 

wa shings were combined and the solvent removed with a 

ro t a r y evaporator at 50°C. The residue was distilled 

in v a cuo through a Claisen distill~ng head to give 127.0 g 

(92%) o f 1 ,2-bis(trimethylsi1oxy)cyclobutene (37) as a 

colo r l ess liquid, b.p. = 56-59°C(0.6 Torr). 
1

H NMR 

(CC1
4

; TMS external reference): . o = 0.1(s,l8H,Si(CH3 ) 3 , 

2 . 0l( t, 4 H). IR: 760, 850, 950, 1085, 1260, 1320, 1730, 

-1 
2860 an d 2970 em • 

c . Preparation of 1,2-Bis(trimethylsiloxy)cyclopentene 

( 3 8) • 

Us ing t h e previous procedure, 2.57 mo1(59.2 g) of 

freshly cu t sodium and 460 mL of dry toluene with 0.6 mol 

(112 . 8 g) of diethyl glutarate, 2.81 mol (305 g) of tri

methylchlo r o silane at 1 20°C gave 139~3 g (95%) of 1,2-bis 

(trime thyl s ilo x y )cyc 1 opentene (38) as a colorless liquid, 

1 
b . p . = 90 - 93°C(9-14 Torr). H NMR(CC1 4 L TMS external 

reference) : 

(m , 4H) . IR : 

o = 0.08(s,l8H,Si '('CH 3 ) 3 ), 1.65(m,2H), 1.0 

760 , 870, 930, 1095, 1260, 1346, 1712, 2864, 

- 1 
2918 and 2987 em 

20 



D. PreparatiDn of 1,2-Bis(trimethylsiloxy)cyclo-

h e x e n e ( 3 9) • 

A 3.04 mol(70.0 .g) of sod~um and 50.0 mL of dry 

tolue n e with 1.0 mol(202 g) of diethyl adipate, · 3.50 mol 

(379 . 9 g) of trimethylchlorosilane at 115°C and using the 

21 

same procedure as before gave 240.0 g (93%) of 1,2-bis(tri-

methyl siloxy)cyclohexene ·(39) as a colorless liquid, b.p. = 
0 

98 - 1 01 C(l0-13 Torr). 1
H NMR(Cc1 4 ; TMS external references) 

o = 0 . 0 5 ( s,l8H,Si(CH
3

) 3 ), 1.75(m,4H), 2.20(m,4H). IR: 757, 

852 , 910 , 1130, 1220, 1238, 1350, 1700, 2845, 2942 and 

2 970 - 1 
e m 

E . General Procedure for Cycloaddition of Dihaloketenes 

with Siloxyolefin: Difluoroketene-1,2-Bis(trimethylsiloxy) 

cyclohe x e ne. 

A 50 0 mL, 1-neck, round-bottomed flask fitted with 

a conde n se r , magn etic stirrer and a dropping funnel equip-

ped with a p ressure-equalizing side arm was charged with 

25 mmol(6 . 45 g) o f 1,2-bis(trimethylsiloxy)cyclohexene in 

200 mL ethyl a cetate and 7.0 g of activated zinc under a 

nitroge n a tmosphere. A so.lution of 25 mmol (3. 72 g) of 

chlorodifluor oa cetyl chloride in 200 mL of dry ethyl 

acetat e was added very slowly (10-12 hours) to the stirred 

0 
mixture at 40-4 5 c. At t he completion of reaction period, 

the excess of z inc wa s f i ltered. The solution was con-
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centrated to about 10 mL by means of a rotary evaporator, 

the residue was dissolved in 50 mL of dry hexane, decanted, 

vacuum distilled through a short-path distillation appar-

atus and further characterized. After distillation at 

5 2 - 5 5 ° C a t 0 • 4 To r r , y i e 1 de d 4 :. 6 2 g ( 5 5 % ) • IR: 2980, 1795 

( C=O) and 1150 
-1 

em 1 H NMR (with cc1
4 

as a solvent and 

SiMe 4 as a reference): o = 1.9l(m,4H), 1.52(m,4H) 1 0.4 

(m ,9H), 0.15 (m 1 9H). 
19

F NMR: OCFCl = 63.5(d,1F) I 64.5 
3 

(d ,1F) with respect to CFC1
3 

as an internal reference. 

Mas s spectra, m/e 336 (2.7), 263 ·(9.6), 73 (100). 

C,SO.O; H,7.74. 

Found : C,50.23; H 1 7.92. 

F . 7 1 7-Difluoro-1,5-bis(trimethylsi1oxy)bicyc1o[3.2.0) 

heptane-6-one. 

By the above procedure, a 25 mmol(3.72 g) portion of 

chlorodifluoroacetyl chloride, 7.0 g of activated zinc and 

2 5 rn m o 1 ( 6 • 1 0 g ) o f 1 , 2 - b i s ( t r i me thy 1 s i 1 ox y ) c y c 1 ope n t e n e in 

400 mL of dry ethyl acetate after distillation at 48-50°C 

at 0 • 3 5 Torr , y i e 1 d 3. 9 4 g ( 4 7%) • 

broad band at 1160 and 985 
-1 

em 
1 

IR:. 3000, 1800 (C=O) , 

H N MR : o = 1 • 9 ( t , 4 H ) , 

1 • 4 ( m, 2 H) , 0 • 4 ( m, 9 H , S i ( CH 
3

) 3 ) , 0 • 1 ( m, 9 H, S i ( C H 3 ) 3 ) • 

19 F NMR : 0 = 63.2 (d,lF) 1 64.1 (d 1 1F) with respect to CFC1 3 

as internal standard. Mass spectra, ~/e 322 {3.2), 307 

(11 . 4) ' 233 (7.8)' 79 (95), 73 (100). 
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Anal. Calcd. for C H 0 F Si · . 13 24 3 ' 2 2 .. C,48.44i. R,7 .• 4S. 

Fo und: C,48.60J H,7.6S. 

G . 6 ,6-Dif.luoro-1 ,4-bis (trimethylsiloxy) bicycle [2 .2 .0] 

hex a ne-S-ene . 

By t h e above procedure, 25 rnmol(3.72 g) portion of 

chl orodifluoroacetyl chloride, 7.0 g of activated· zinc 

and 25 mmol(S.75 g) of 1,2-bis(trirnethylsiloxy)cyclobutene 

in 40 0 mL of dry ethyl acetate after distillation at 

4l - 45° C at 0.3 Torr, yield 2.62 g (34%). IR: 299S, 1800 

-1 
(C =O) , 1 16 5 em • 

1 H NMR: o = 2.0(rn .,4H), 0.45(rn,,9H,Si

l9 
F NMR: 0 CFC 13 = 6 5 ( d, 1F) , 

65 . 8(d ,l F) . Mass spectra, m/e 308 (S.4), 293 (21), 73 

(100) . 

Found : C , 46 .3 6 ; H,6.73. 

H. 8 , 8 - Dic h lo r o-1,6-bis(trimethy1si1oxy)bicyclo[4.2.0] 

o ctane- 7 - one. 

By th e a b ove procedure, 2S mmol(4.65 g) of trichloro-

acetyl chloride, 7 .0 g of activated zinc and 25 mmol(6.45 g) 

of 1 , 2 - bi s (trimethylsiloxy-) cycl·O'hexene in 400 mL of dry 

0 
ether afte r di sti l l a tion at lOS C (0.3S Torr) yield 6.0 g 

( 6 5%) • 
-1 

I R : 2 9 8 0 , 1 7 9 5 (.C.= 0 ) and 115 0 c m • 

0 = 2 . 00(m , 4H ), l . 6 3(m,4H), 0.4S(m-,9H), 0.20(m,9H,Si(CH 3 ) 3 ). 

Found : C , 45 . 27 ; H , 7 . 13 . 
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I. 7,7-Dichloro-1,5-bis(trimethylsiloxy)bicyclol3.2.0] 

heptane-6-one. 

By the abov~ procedure, 25 mmo1(4.65 g) of trichloro-

a cetyl chloride, 7.0 g of activated zinc and 25 mmol(6.03 g) 

of 1, 2 -bis(trimethylsiloxy)cyclopentene in 450 mL of ether 

af ter distillation at 72~76°C(0.3 Torr), yield 6.65 g (75%). 

IR : 29 60, 1750 -1 (C=O), 1260, 850 em • 1
H NMR: o = 2.0 

(m , 4H), 1.7(rn, 2H), 0.2(m,9H,Si(CH
3

)
3
), 0.03(m,9H),Si(CH

3
)

3
). 

Anal. Calcd. for c 13 H24 o 3cl 2 si 2 : C,43.88; H,6.75. 

Found : C,43.50; H,6.82. 

J . 6 ,6-Dichloro-1,4-bis(trimethylsiloxy)bicyclo[2.2.0] 

h exane- 5 -one. 

Th is cycloadduct was prepared by cycloaddition of 

25 mm o l(4 . 6 5 g) of trichloroacetyl chloride, 7.0 g of ac-

tivat e d z in c and 2 5 mmol(5.75 g) of 1,2-bis(trimethyl-

siloxy)cyclobutene in 450 mL of dry ether. After dis

till ation a t 6 0-64°C (0.4 Torr), yield was 4.69 g (55%). 

IR : 
-1 

2980 , 17 90 (C=O), 1150 em • l H NMR: o = 1. 9 ( m, 4H) , 

O. l5(m , 9H , Si(CH
3

) 
3

) 1 0.03(m,9H,Si(CH 3 ) 3 ). 

Anal . Cal cd. for c 12 H22 o 3cl 2si 2 : C,42.23; H,6.45. 

Found : C , 42 . 56 ; H ,6.71. 

K. 8 , 8 - Di bromo-1,6-bis(trimethylsiloxy)bicyclo.[4.2.0] 

octane - 7 - one. 

By the us e of ge neral procedure, 25 mmol (7.88 g) of 
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tribromoacetyl chloride.· (m.p,. = · 4~0 c), 7.0 g of activated 

zinc and 25 mmol(6.45 g) of 1,2~bis(trimethylsiloxy)~yclo-

h exene in 450 mL of dry ether after distillation at · 95°C 

(0 .2 Torr), yield was 7.1 g (82-%). IR: 2970, 1750 (C=O), 

-1 1270 , 785 ern • 1 
H N MR : o. = 1 • 9 5 ( m 1 4 H) 1 1 • 50 ( m 1 4 H ) 1 0 • 3 

(rn ,9H,Si (CH 3 ) 3 ), 0.06 (m,9H,Si (CH
3

) 
3
). 

C,36.68; H,5.68. 

Found : C,37.12; H,5,84. 

L . 7,7-Dibromo-1,5-bis(trimethylsiloxy)bicyclo[3.2.0] 

heptane-6-one. 

By the typical procedure, 25 rnrnol(7.88 g) of tri-

bromoa cetyl chloride 
0 

(m.p. = 45 C), 7.0 g of activated 

zin c and 25 mmol(6.10 g) of 1,2-bis(trimethylsiloxy)cyclo

pentene after distillation at 82-85°C(0.25 Torr), yield 

was 8 . 21 g (74%). 
-1 IR: 2975, 1765 (C=O), 1270, 780 em • 

1 H NMR : o = 1.80(m,4H), 1.63(m,2H), 0.2(rn,9~,Si(CH 3 ) 3 ), 

0 • 0 3 ( m., 9 H , S i ( C H 
3

) 
3 

) • 

Anal . Calcd. for c
13

H24 o 3 Br 2 si 2 : C,35.13i H,5.40. 

Found: C ,35.44; H,5.69. 

M. 6 , 6 -Dibromo-1,4-bis(trimethylsiloxy)bicyclo[2.2.0] 

hexane - 5 - one. 

By the general procedure, 25 rnmol(7.88 g) of tri-

0 
br omoacetyl chloride (m.p~ = 45 C) 1 7.0 g of activated 

zinc and 25 mmo1(5 .75 g) of li2-bis(trimethylsiloxy}cyclo-

0 
b utene after distill ation at 66-69 C (0. 25 Torr). , yield was 



45%. IR:. 2970, 17 80 (: C= 0 ) I 11 6 5 -1 em 

( rn, 4 H) , 0 • 15 ( m, 9 H) , 0 • 0 0 ( m, 9H·, S i ( CH 
3 

) 
3

) • 

Found : C,33.86; H,5.37. 

l H N MR :. 0: = . 1 • 6 8 

C,33.49; H,5.12. 

3 . General Procedure for the Preparation of Silylated 

Ketene Acetals: Tris(trimethylsiloxy)ethene (40). 

26 

To a stirred solution of 1.52 rnol(245 g) of 1,1,1,3, 

3 ,3-Hexamethyldisilazane (HMDS) in 1.2 L of THF was added, 

over 1.5 ho ur under nitrogen, at 0°, 650 mL of 2.4 M n-

bu tyllithium in hexane. The solution was then maintained 

at 45°C for 30 min. 
0 The solution was cooled to -78 c, and 

1.25 mol(27 5 g) of trimethylsilyl ~rimethylsiloxyacetate 

(40) was added dropwise over a 30 min. period. After the 

solu tion was stirred an additional 30 min., 1.9 mol(205 g) 

of Me
3
sicl was added dropwise. The solution was allowed 

to warm up to room temperature. The so.lution was poured 

into 1 L of petr oleum ether and filtered through Celite. 

The s olvent was removed and the residue was redissolved 

in petroleum ether. The solvent was removed, and the 

0 
residue was distilled (62-65 C) at 0.4 Torr to give 360 g 

( 100%) of tris (trimethylsiloxy) ethene. 

0 = 5 . 42(s , lH , CH) , O.OO(s,9H,Si(CH 3 ) 3 ), 0.03(s,9H,Si(CH 3 ) 3 ), 

0 . 06 (s , 9H , Si (CH
3

) 
3

) (CH C1
3

; Me 4 si as external reference). 

Anal . Calcd . for c 11 H26 o3 si 3 : C,45,15; H,9.65. 
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Found: C,45,30; H,9.82~ 

A. 2-Phenoxy-1 1 1-bis(trimethylsiloxy)ethene. 

By the above procedure, 0~40 mo1 '(90.0 g) of tri-

methylsilylphenoxyacetate gave 110.0 g '(95%) of 2-phenoxy-

1 , 1 -bis(trimethylsiloxy)ethene after distillation (120-

125°C) at 0.6 Torr. 1
H NMR: & ( = · 7 • 0 5 m 1 5 H , C 6 H 5 ) 1 5 ·• 9 5 

( s 1 1 H , C H ) 1 0 • 2 7 ( s 1 9 H , S i ( CH .
3 

) 
3 

) 1 0 • 2 1 ( s , 9 H 1 S i ( C H 
3 

) 
3 

) ( C H C 1 
3 

; 

Me 4si as external reference. 

Found : C,56.46; H,8.35. 

B. 2 - Methoxy-1,1-bis(trime·thylsiloxy)ethene 

By the above procedure, 0.68 mol(llO g) of trimethyl~ 

silylmethoxyacetate gave 140.0 g (81%) of 2-methoxy-1,1-bis 

(trimethylsil ox y )ethene after distillation at 65-70°C at 

10 Torr: l H N MR : o = 6 • 1 ( s , 1 H , C H ) 1 3 • 1 6 ( s , 3 H , 0 C H 
3 

) , 

0 • 0 3 ( s , 9 H , S i ( C H 
3 

) 
3 

) 1 0 • 0 0 ( s , 9 H 1 S i ( CH 
3 

) 
3 

) • 

C 1 4 6. 11; H:, 9. 4 6. 

Found : c ,45.96; H.,9.Sl. 

c . General Procedure for in situ silylated ketene 

Acetals -Dihaloketene Cyc l oaddition: Difluoroketene with 

Tris(trimethylsiloxy)ethene. 

A 1 L , 1 neck, round-bottomed flask with a condenser, 

magnetic stirrer and a dropping funnel equipped with a 

pressure -e qualizing side arm was charged with a 25 mmol 
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(7 .3 g) of tris(trimethylsiloxy)ethene in 250 mL of dry 

ethyl acetate and 7.0 g of a~tivated zinc, under a ni.trogen 

atmo sphere. A solution of 25 mmol(3.72 g) of chlorodi-

fluo roacetyl chloride in 250 mL of dry ethyl acetate was 

added slowly (4-6 hours) to the stirred mixture at 46-50°C. 

At the completion of reaction period, the excess of zinc 

was filtered. The solution was concentrated to about 10 mL 

and dissolved in 35 mL of dry heptane, decanted, va.cuum 

di stilled through a short-path distillation apparatus. 

After distil lation at 67-70°C(0.4 Torr), yield was 3.89 g 

( 40%) • 
1 H NMR: o = 4.0 (t,lH) 1 0.03 (s .,9H), 0.00 (s,9H), 

- O. lO(s , 9H) 1 and o = 4.7(s,lH), 0.2(s,9H) 1 O.l5(s 1 9H) 1 O.l 

(s , 9H) . 
19 F NMR: o CFC13 = 65.5(m) • 

C 1 42.16; H1 7.52. 

Found : C , 42 .45; H,7.71. 

o . Cycloadduct of Difluoroketene with 2-Phenoxy-1,1-

bis(trirnethylsiloxy)ethene. 

This adduct was prepared (procedure 3-C) from 25 rnmol 

(12 . 5 g) of 2 -phenoxy-1,1-bis(trimethylsiloxy)ethene and 

25 rnmol(3 . 72 g) of chlorodifluoroacetyl chloride at 48-51°C 

for fou r ho urs. Af ter dis.tillation at 99-104°C (0.1 Torr), 

yield was 5 . 80 g (62% ). lH NMR: & = 4.50(t,lH), 6.35(rn,SH, 

c
6

H
5

) , 0 . 28(s
1
9H,Si(CH 3 ) 3), 0.2l(s -,9H,Si(CH 3 ) 3 ) and o = 

5 . 13(s , lH , CH) , 6 . 87(m ,SH,C 6 H5 ), 0.36(s,9H), 0.29(s,9H). 
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19
F NMR:. 64 .• 3 (m}. 

Anal. Calcd. for c 16 H 24~ 4 F2 si~:. C,51.34; H,6.42. 

Found: C,50.98; H,6.51. 

E . Cy cloadduct of Difluoroketene with 2-Methoxy-1,1-

b is (trimethylsiloxy}ethene. 

This adduct was prepared (procedure · 3-C) from 25 mmol 

(5 . 8 5 g) of 2-methoxy-1,1-bis(trimethylsiloxy}ethene and 

25 mmo l (3.7 2 g) of chlorodifluoroacetyl chloride at 44-46°C 

for f o ur hours. After distillation at 70-74°C(4 Torr}, 

1 
y i e 1 d wa s 2 • 8 g ( 3 6 % ) • H N MR : 8 S . = 3 ·• 9 0 ( t , 1 H , C H } 1 Me

4 
~ 

3.03( s, 3H , OCH
3
), 0.09(s,9H,Si(CH 3 )

3
, 0.06(s,9H,Si(CH 3 )

3 

and oM e Si = 4 .6 2 (s,lH,CH), 3.19(s~3H,OCH 3 }, O.l(s,9H,Si-

4 19 
( C H J ) 

3 
) , 0 • 0 8 ( s , 9 H , S i ( CH 

3 
) 

3 
} • F NMR : 8 C F C l = 6 6 • 5 ( m} • 

3 
Anal . Ca l cd. for c 11 H22 o 4 F 2si 2 : C,42.30; H,7.05. 

Fo und : C, 41 . 9 6; H,7.22. 

F . Cy c loadd u ct of Dichloroketene with Tris(trimethyl-

siloxy) e the n e. 

Thi s adduc t was prepared (procedure 3~C} from 25 mmol 

{7 . 3 g) of tri s (t r i meth y lsiloxy)ethene and 25 mmol(4.65 g) 

of t richloroacetyl c h loride in 500 mL ether at 45-47°C for 

five hours . Af t e r di stillation at 63-65°C(0.2 Torr), yield 

1 was 4 . 74 g ( 4 5%) . H NMR: o M 5 . = ·5.16(s·,lH,CH), 4.57 
e 4 ~ 

( s , lH , CH) , 0 . 3 ( s , 9H ,Si(CH 3 ) 3 ), 0.2 ( s,9H,Si(CH 3 ) 3 ), 0.08 

( 3 I 9 H I s i ( c H 3 ) 3 ) , 0 • 2 5 ( s , 9 H ) ' 0 • 15 ( s ' 9 H) , 0 • 0 0 ( s ·, 9 H) • 



IR: 1790 (C=O} -1 em · 
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An a 1 • C a 1 c d • for c. 1 3 H 2 8 
0 

4 
,C 1 

2 
s i 

3 
: . c , 3 8 • 7 1 i. ~ : , 6 .• 9 5 .. 

Found : C,38.85; H,6.82. 

G. Cyc1oadduct of Dichloroketene with 2-Phenoxy~1,1-

bis(trirnethy1siloxy)ethene. 

By using the procedure · 3-C, 25 rnrnol(12.5 g) of 2-

phenoxy -1,1-bis(trirnethylsiloxy)ethene ·, and 25 rn~o1(4~65 g) 

of trichloroacetyl chloride in 500 mL ether at 45-47°C for 

fiv e hours 1 after distillation ·at 120-1~3°C (0.1 Torr), 

1 
yield was 3. 83 g (38%). H NMR: oMe Si = 7.00 (m,5H,C 6 H

5
) 1 

4 
5 . 6 2 ( s I lH , CH) , 0 • 2 2 ( s, 9H, s i { CH 3) 3) , 0. 18 ( s, 9H Is i ( CH ·3) 3) • 

IR : 1760 crn - 1 (C=O). 

Found : C 1 47 .29; H,5.95. 

H. Dichloroketene-2-Methoxy-1,1-bis(trirnethylsi1oxy) 

ethene Cycloadduct . 

By the procedure 3-C, 25 rnrnol (5.85 g) of 2-methoxy-

1 , 1 -bis (t rirnethylsiloxy)ethene and 25 mrnol(4.65 g) of tri-

chloroacetyl chloride in 500 rnL ether after distillation 

a t 71 -7 5° c ( 1 , 2 Torr) , yield was · 3. 53 g ( 41%) • 
1

H NMR: 

0 . = 4.90(s , lH ,CH), 3.12(s,3H,OCH 3 ), 0.08(s,9H), 0.03 
Me 4 s~ -1 

( s, 9H 
1 

S i ( CH 
3

) 
3

) • IR: l 7 6 5 · em ( C.=O) • 

Anal . Calcd . for c11 H22 o4cl 2 si 2 : Cl38~26; H,6.38. 

Fo und : C 1 38 .4 9 ; H,6.45 .. 
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I. Dibromoketene .-Tris (tr . .imeth.y1si1oxy) ethene Cycl.oadduct. 

BY the p r o ce d ur e 3 - C , · 2 5 mmo 1 ( 7 • 3 g ) of Tr is. ( t r i-

me thylsi l oxy)ethene and 25 mmo1(7.88 g) of tribromoacety1 

chloride ( m.p. = 45°C) after distillation at 70-73°C 

(0 . 1 To rr), y ield was 8.12 g · (66%). 1 H NMR: 8 . 4.98 
Me 4 s~ 

(s , lH ,C H), 0.20(s,9H,Si(CH
3

)
3
), O.l6(s,9H,Si(CH

3
)

3
), 0.1 

(s , 9H ,Si(CH 3 ) 3 ) and oM s·· = 5.24(s,lH,CH), 0.23(s,9H), 
e4 .1 

0 . 18( s, 9 H), O.l3(s,9H). IR: -1 
1770 · em (C=O). 

C,31.70; H,5.69. 

Found : C ,3 1 . 8 7; H,5.75. 

J . Dib romoketene-2-Phenoxy-1,1-bis(trimethylsiloxy) 

ethene Cyclo a d duct. 

By t h e procedure 3-C, 25 mmo1(12.5 g) of 2-phenoxy-

1 , 1 - bis(trimeth ylsiloxy)ethene and 25 mmo1(7.88 g) of tri

bromoac e tyl c hl or i de after distillation at 128-130°C(O.l 

1 
y i e 1 d was 3. 3 5 g ( 2 7%) • H NMR: 8 M S . = 7. 1 ( m 1 5 H, e 4 ~ . . Torr) , 

c
6

H
5

) , 5 . 75( s, 1H ,CH), 0.28{s,9H), 0.20(s .,9H) and oMe
4

Si = 

6 . 82 ( rn , 5H , c
6

H
5

) , 5.48(s,1H,CH), O.l5(s,9H), 0.12(s,9H). 

- 1 
IR : 1770 em (C =O). 

Fo und : C , 39 . 16 ; H ,4.90. 

K . Dibromo kete ne-2-Methoxy~l,1-bis(trimethy1si1oxy) 

ethene Cyc1oaddu c t . 

By the pro ce d ure 3-C, 25 rnmol(5.85 g) of 2-methoxy-
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1 , 1-b i s(trimethy lsiloxy)ethene and 25 mmol(7-88 g) of tri

bromo acetyl chloride a .fter d~stillation at 75-78°C(0~3 

Torr ) , Y i e 1 d w a s 4 • 2 3 g · ( 3 9% ) • l H N MR : o = 5 • 0 3 ( s , 1 H , 
Me

4
Si 

C H ) , 3 • 2 0 ( s , 3 H , 0 C H 
3 

) , 0 • 1 0 ( s ·, 9 H ) 1 0 • 0 8 ( s :, 9 H ) and o . = 
Me 4 s~ 

4 . 75( s, lH ,CH), 3.0(s,3H,OCH
3
), 0.?5(s,9H), O.OO(s :,9H). 

An al. Calcd. for C H Br 0 Si · 
11 22 2 4 2. C,30.41; H,5.07. 

Found : C,30.65; H,4.84. 

4 . Ge n er a l Procedure for Selective Fluorination of Cycle-

addu c t s. 

To a st ir red solution of 20 mmol of cycloadduct in a 

25 rnL two - n ecked flask equipped with a dropping funnel with 

side - a r m, an d a reflux condenser connected to a nitrogen 

flow , all of wh ich was dried before use, was added 40 mmol 

of phe nyltetra flu orophosphorane · (49) (PhPF 4 > in a period 

of one hour a t r oom temperature. Three major products 

were detected by gas chromatography as follows: 

(CH ) SiF , PhPF and d if l uoroadduct. 
3 3 4 

A . 1 , 6 , 8 , 8 - Tetrafluorobicyclo[4.2.0]octane-7-one. 

-1 
T hi s f 1 u oro c y c 1 o a d .d U C t S hOWe d I R .: 1 7 9 5 C m ( C = 0 ) i 

1 
1 6 2 .. 5 ppm ( d , 2 F ) 1 15 8 • 0 ( m , 2 F ) r H N MR : 19

F NMR : o CFC1
3 

0 . 
Me 4 s~ 

2 . 35(m) . 

Anal . Calcd . fo r C8 H8 F 4 0: C-1 4 8 ;. 9 8 i ~ ., 4 • 0' 8 • Found: 

C ,48 . 51; H , 4 . 26 . 



B. l,S,7,7-Tetrafluorobicyclo[3.2.0]heptane~~-one. 

(C=O) 

This difluorocycloadduct showed: -1 
IR:. 1800 em 

19
F NMR: oCFCl

3 
= 163.0 (m,2F), 128.5(d,2F). 
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Anal. Calcd. for c 7 H 6 F 4 o~ C 1 46,151 H~3.30. Found: 

C , 46 .41; H,3.52. 

c. 8,8-Dichloro-1,6-difluorobicyelo[4.2.0]octane-7-one. 

This difluorocyeloadduct showed: 
-1 

IR: 1790 em (C=O); 

l9F NMR: o CFCl 
3 

1 
= 1 5 1 ( m) ; H NMR ! o . = 1 :. 9 5 ( m 1 4 H) 1 

Me 4 s~ 
2 . 58( m,4H). 

Found : C,42.21; H,3.61. 



CHAPTER IV 

RESULTS AND DISCUSSION 

1 . P er fluoro-~-propylbromine (V) Tetraf·luoride 

A. Preparation 

Per fl uoro-n-propylbromine {V) tetrafluoride was syn-

t h e s ize d by allowing perfluoro-~-propyl bromide and 

fl uorina ti n g agent (elemental fluorine, chlorine tri-

fl u o ride, b r o mi n e trifluoride and bromine pentafluoride) 

to react in a Monel reactor, using perfluoro-~-hexane as 

solvent , at 0 °C for fifteen hours. The reaction products 

were d issolve d i n additional perf.luoro-~-hexane and a 

colorl e ss l i q u i d was isolated from the reddish-brown 

soluti o n b y G.C. This colorless product was identified 

as perfluor o -~-pr opylbromine (V) tetrafluoride (n-C 3F 7 BrF 4 ) 

on t h e basis of e l emental analysis, mass spectra, fluorine 

NMR and its abili t y to oxidize four equivalents of KI 

pe r mo le . 

B . Ma ss Sp e ct r um 

Th e mass spectrum, detailed in Table I, consists of 

molecular i o ns at m/e 3 2 4 and 326 and expected fragment 

ion s . Th e e xp ected i sotope patterns (1:1) 
79 f .or Br and 

81 s r were o bse r v e d a n d t h e peak· at · ~/e 169 was assigned to 

+ c
3

p
7 

as t h e bas e p e ak . 

34 



TABLE I 

Mass Spectrum of c
3

F
7

BrF 4 

m/e 

326 

324 

307 

305 

288 

Rel ative 
Abundance 

30 

30 

23 

23 

6 

Assignment 

+ 
C BrFll 3 

+ 
C3BrFll 

c
3

BrF
10 

+ 

c
3
BrF 10 

+ 

c 3BrF 9 
+ 

Relative 
m/e Abundan ce 

286 6 

257 19 

255 19 

169 . 100 

69 70 

Assignment 

--

C
3

BrF
9 

+ 

C
2

BrF 8 
+ 

c
2

BrF
8 

+ 

C3F7 
+ 

CF 3 
+ 

w 
l11 
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C. 
19

F NMR Spectra 

A comparison of the. NMR spectra of n-c F Br and 
- 3· 7 

~-c 3 ~ 7 BrF 4 is given in Table II. The integration of the 

+141.8 ppm signal is consistent with four fluorines in the 

same magnetic environment, sim~lar to the equatorial 

fluorines of BrF 5 • 

shifts are as expected in comparison with perfluoro-n-

propyl bromide. 

D. IR Spectrum 

The liquid phase infrared spectrum consists of ab-

sorption bands at 1340 (s) 1 1250 (vs) 1 1145(s), 1080 (s), 

910 (w), 710 (m), 685 (vs), 665 (s) 1 640 (m), .620 (m), 550 (m) .and. 

475(s) -1 em IR spectra of ~-c 3 F 7 BrF 4 contained bands 

comparable to those of the c 3F 7 group (41) and a strong 

band at 685 cm-l which 

of BrF (42). 
5 

is 
-1 

comparable to the 683 em band 

E. Elemental Analysis and Stability 

Perfluoro-~-propylbromine (V) tetrafluoride decem-

poses slowly at room temperature in con.tact with air 

(decomposition was detectable by F-NMR after· 30 minute~). 

Under dry helium at -3o 0 c the compound was stable for a 

:nonth. 



TJ\Dt .. E I I 

The 19 r-!~MR spectra of perf1uoro-~-propylbrornine(V) tetrafluoride 

Chemical Shifts (ppm)* Coupling Constants {Hz) 

Compound CF
3 

CF
2 

CF
2 

BrF 4 J(FBrCF) J(FBrCCF) 

n-C
3

F
7

Br -80.0 -121.8 -58.6 

n-C
3

F 7BrF
4 -80.1 -123.1 -63.2 +141.8 32.0 32.0 

* From ccl 3F as internal references, upfield is negative to ccl
3
F. 

** 19
F nuclei in c 3F 7 numbered from the alpha-position. 

Others** 

J(F
1

F
2
)32.0 

J(F
1

F
3

)11.8 

J(F 2F 3 ) 1.2 

w 
....] 
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Perfluoro-~-propylbromine ( ) V tetrafluoride hydro-

lyzes and NMR analysis of the hydrolys;s ..... products showed 

that fluorines attached to bromine in n-c F BrF 
- 3 7 4 

liberated. 

were 

Analysis: Found: C,l0.58; F,64.14; Br,24.05; 

C3F7BrF 4 requires C,ll.07; F,64.30; Br,24.61. 

2. Perfluoro-~-heptylbromine (V) tetrafluoride 

A. Preparation 

Perfluoro-~-heptylbromine (V) tetrafluoride wag syn~ 

thesized by allowing E_-C
7

F
15

Br and fluorinating agent to, 

react in a Mone 1 cylinder at 0°C for eighteen hours.,. ~~he 

reaction products were dissolved in E.-C 6 F 14 and a color

less liquid was isolated from the reddish-brown sSlution 

by gas chromatography. It oxidized four equivalents<'of 

KI per mole: 

B~ Mass Spectrum 

The mass spectrum, detailed in Table III, consists 

of molecular ions at m/e 524 and 526 and expected fragm~nt 

ions. The expected isotope pattern (1:1) 
79 for Br and· 

81ar was observed for fragments containing Br, and the 

+ 
peak at ~/e 69 was assigned to cF 3 as the base pea~. 



TABLE III 

Hass Spectrum of n-C7F BrF - . 15 4 

m/e Relative Abundance . Ion 

526 3 

524 3 

469 12 

467 12 

369 75 

281 45 

279 43 

169 80 

157 40 

155 38 

69 100 

c. 19 F NMR Spectr·a 

A comparison of the NMR spectra of ~-c 7 F 15Br and ~-

The integration of the 

+140.2 ppm signal is consistent with four fluorines 

(relative to fluorines of the a-CF 2 group) in the same 

magnetic environment, similar to the equatorial fluorines 

of BrF
5

• The RF(RF=n-c
7

F
15 

group) chemical shifts are as 

expected by comparison with perf:luora-_!:-heptyl bromide. 
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TABLE IV 

19 The F-NMR spectra of ~-c 7 F 15 sr and ~-c7 F 15BrF 4 
CF -CF -CF -CF -CF -CF -CF -Br 

3 2 2 2 2 2 2 

~ E: 6 y 6 a 

CF
3
-cF

2
-cF

2
-cF

2
-cF

2
-cF

2
-cF 2-BrF 4 

f; E: 

~-c 7 F 15ar 

0 y 6 a 

Chemical Shifts (ppm)a 

o ( CF 
3

) 

-81.3 

o(CF 2 ) 

-63.l(F )b 
a 

-126.7 F
6 

.. ·-:-123.0 F 
y 

-122.2 F
0 

-121.3 F 
e: 

-117.7 FF; 

Coupling Constant (Hz) 

o (BrF 
4

) J (FBrCF) J (FBrCCF) Others 

E_-C 7F15BrF 4 -82.8 b -65.3(F ) 
(l 

+140.2 28 28 J(CFa-cF 3 )28 

-127.5 FB 
-123.8 F 

y 
-122.9 F 0 
-122.0 F 

e: 
-118.4 F~ 

aFrom Ccl 3F as internal reference, upfield is negative. 

bFirst order spectra. 

.r.:-
0 



D. IR Spectra 

, The liquid phase infrared. spectrum consists of ab-

sorption bands at 1230 (s) 1 1200.(vs) 1 1147 (s) 
1 

1115 (m.), 

978(m), 820 (w), 720 (w), 700 (m) ,. 680 (s), 648(m), 570(vs~ 1 

and 530(m) cm-l This spectrum is comparable with that 

of other ~-c 7 F 15 groups (41) and the strong bands at 680 

-1 1 and 570 em are comparable to the 683 and 587 em- bands 

of bromine pentafluoride (42). This spectrum is also 

E. Elemental Analysis 

Analysis showed the product to be 38% c 7F 15BrF 4 , 

Anal. Calcd. for 

C7F 15BrF 4 : C,l6.0; F,68.8; Br,l5.2. Found: C,16.2; 

F,68.6; Br,l4.8. 

F. Stability and Hydrolysis 

Perfluoro-~-heptylbromine (V) tetrafluoride decom-

poses slowly at room temperature, giving a mixture of 
19 

It hydrolyzes and F NMR 

analysis of the hydrolysis products showed the presence 

of ~-C 7 F 15 Br and HF. 

G. Reaction with c 5F 6 Cl2 

( 4 3) 

When an excess of 1,2-dich1orohexafluorocyclopentene 

(C F Cl ) was allowed to react with ~-c 7 F15 BrF 4 in a 
5 6 2 

oc & a hours. , NMR and mass spectra 
Monel reactor at 120 ~or 

41 
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that 1,2-dichlorooactafluorocyclopentane (C
5

F
8
cl

2
) and 

~-c 7 F 15 Br has been formed according to the equation: 

TABLE V 

Compound 

C5F
8
cl

2 

Structure 

5 

4~cl 

~2 
Cl 

5 40:1 
F 2 

1 

19F nucleus 

3,5 

4 

3,5-eq 

3,5-ax 

4-eq 

4-ax 

1,2-ax 

Chemical 
Shifts* 

-115.0 

-131.0 

-117.1 

-124.0 

-125.4 

-126.7 

-139.0 

* as internal references, upfie1d is In ppm from CFC1 3 
negative. 



H. Reaction with C
6

F
8
cl

2 

Excess 1,2-dichlorooctafluorocyc1ohexene (C
6

F
8
cl

2
) 

was allowed to react with ~-C 7 F 15BrF 4 in a Monel reactor 
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at 140°C for eight hours. The product was isolated by GC. 

The NMR and mass spectra showed that 1,2-dichlorodecaf.1uoro-

cyclohexane (C 6 F 10cl 2 ) and ~-c 7 F 15 Br had been formed. The 

NMR data for c 6 F 8 c1 2 (44,45) and c
6

F
10

c1
2 

(46) are given 

in Table VI. 

TABLE VI 

19 1 . The Chemical Shifts of F nuc e~ 

Compound Structure 
19 F nucleus 

3,3',6,6' 

4,4',5,5' 

Cl 3,6-eq 

Cl 3 1 6-ax 

4,5-eq 

4,5-ax 

1,2-ax 

Chemical 
Shifts* 

-110.0 

-133.5 

-116.8 

-120.5 

-124.6 

-128.2 

-132.0 

* In ppm from CFC1 3 
as internal references, upfield is 

negative. 

d 19F NMR data of C6 F10c1 2 and A comparison of observe 

the literature values C5F 8cl
2 

with 

cis isomers. 

(46) showed them to be 
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3. Dihaloketene-Siloxyolef' · Ln Cycloadducts 

A. ?reparation of Reagents 

The siloxyolefins 17-19 shown in Table. VII was pre-

pared by the addition of esters 11-13 to dry toluene solu-

tion of sodium at 115°C f 1 , o lowed by addition of trimethyl-

chlorosilane (Me 3siCl). The spectral data obtained for 

~n Tab1e VIII. these ·siloxyolefins are shown · 

17: n=2 

+4Na 

+2C1Si(CH 3 ) 3 

-2NaCl 

18: n=3 

. / c-osi (cH 3 ) 3 
(CH2) . n . .. 
~ c-osi(CH } 

3 3 

19: n=4 

The sily1ated ketene acetals 20-22 shown in Table VII 

was prepared by addition of esters 14-16 to a tetr~hydro-

furane solution of lithio-1,1,1,3,3,3-hexamethyldisilazane 

at -78°C, followed by quenching of the resulting enolate 

with ch1orotrimethy1si1ane (Me 3 SiC1}. The silylated esters 

14-16 were prepared by the si1ylation of the corresponding 

carbo~ylic acids, using a 2:1 mixture of 1,1,1,3,3,3-

hexarnethyldisilazane [HMDS] and Me 3 siCl in pyridine or 

pridine-tetrahydrofurane mixtures: 



'l'ABLE VI I 

Siloxyolefins Prepared 

esters Siloxyolefin 

c
2
n

5
co

2
cu

2
cH

2
co

2
c

2
H

5 
11 c10 u

22
o

2
si

2 17 

c
2

H
5
co

2
cH

2
cn

2
cH

2
co

2
c

2
H

5 12 c
11

H
24

o
2
si

2 
18 

c
2

H
5
co

2
cH

2
(CH

2
)

2
cH

2
co

2
c

2
H

5 13 c 12 H26 o
2
si

2 19 

(CH 3) 3SiOCH
2
co

2
si(CH

3
)

3 14 c
11

H28o
3
si

3 20 

c 6H
5

0cH
2
co

2
si(CH

3
)

3 15 c14H24o
3
si

2 21 

CH 3ocH 2co 2si(CH 3) 3 16 c
9

H22o
3
si

2 22 

0 b .p. c 
(Torr) 

56-59(0.6) 

90-93(10) 

98-101(10) 

62-65(0.4) 

120-125(0.6) 

65-70(10) 

\ yield 

92 

95 

93 

100 

95 

81 

~ 
lT1 



TABLE VIII 

Spectral Data of Siloxyolefins 

'Siloxy.ole~in 
Empirical 
Formula Structure 

___ -,- -osr ccu 3> 3 

Cl0112202Si2 QOSi (CH3) 3 

17 II 0 Si2 Q:Si {CH3) 3 ell 24 2 /, 

18 0Si(CH3)3 

19 

20 

21 

22 

c12H26°2 8 i2 
OSi(CH3)3 0 OSi(CH3) 3 

Me 3sio 0Si(CH
3

)
3 

CllH2B03Si3 H~si (CH3) 3 

C H 0 0Si(CH3)3 6 5 
C14H24°3 5 i2 ~Si(CH3 J 3 

CH
3

o . 
OSI.(CH ) 

C9 H22 o3si 2 ~ 3 3 

0Si(CH
3

)
3 

NMR 

6=2.0l(t,4H,CH
2

) 

6=2.l(m,4H,CH 2 ) 

IRLcm-1 
C=c 

1730 

1712 

1.65(m,4H,CH
2

) 

0.08(s,l8H,Si(CH
3

)
3

) 

o=2.20{m,4H) 

1.75(m,4H) 

0.05(s,18H) 

o=5.4(s,1H,CH) 

0.06(s,9H) 

0.03(s,9H) 

o.oo·(s,9H) 

6=7.05~m,5H,C 6H 5 ) 

5.85(s,lH,CH) 

0.27(s,9H) 

0.21(s,9H) 

6=6.1(s,1H,CH) 

3.16(s,3H,OCH
3

) 

.03(s,9H) 

.OO(s,9H) 

1700 

1708 

1700 

1710 

~ 
0\ 
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.+ -
LJ. N [Si(CH ) ] 

3 3 2 

(THF) 

X 

) 
. OLi ..... ·-·< 

OR H 

X)'r"'-------c OSi (CH 3 ) 3 

H OR 20-22 

The spectral data obtained for these silylated ketene 

acetals are shown in Table VIII. 

B. Synthesis and Analysis of Cycloadducts 

The in situ cycloaddition of siloxyolefins 17-22 

with dihaloketene generated from corresponding acetyl 

chloride by activated zinc dehalogenation in dry ether or 

ethyl acetate under a nitrogen atmosphere, were found to 

yield [2+2] cycloaddition. The optimum conditions for 

effecting this cycloaddition are in refluxing ethyl 

acetate for difluoroketene cycloaddition and in refluxing 

ether .for dichloro- and dibromoketene. A slow addition 

of acid halide to the zinc and olefin in ethyl acetate 

(di=luoroketene) or ether (dichloro and dibromo) to min-

imize the formation of the a-halovinyl esters (47,48). 

The in situ cycloaddition of difluoroketene and 

siloxyolefins 17-22, occur in low yield (Table IX) because 

the low boiling point of chlorodifluoroacetyl chloride 

(difluoroketene) dictates a lower reaction temperat-ure. 
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The. addition of equimolar quantJ.'tJ.'es 
of dihaloketene 

and 1,2-bis(trimethylsiloxy)cyclobutene under a nitrogen 

atmosphere {Table IX-XI) 1 resu ted in a thirty-four to 

sixty-five percent yield of the 6,6-dihalo-1, 4 -bis(tri

methylsiloxy)bicyclo[2.2.0]hexane-5-one: 

OTMS OTMS() 
X 

n.OTMS l$:ls 'c = c = 0 + 
I 

X 

X = F,Cl,Br TMS = Si(CH
3

)
3 

The infrared spectra of the above adducts revealed 

the c~rbonyl band at 1780-1800 cm-l and the 
1

H NMR spec

tra {Table XII-XIV) multiplets at 1.60-2.00 ppm, 0.15-

0.45 ppm, and o.oo-0.20 ppm. The mass spectra and ele-

mental analysis were consistent with the structure. 

The cycloaddition of dihaloketenes with 1,2-bis-

(trimethylsiloxy)cyclopentene was allowed to proceed over-

night and 7,7-dihalo-1,5-bis(trirnethylsiloxy}bicyclo 

[ 3. 2.0 J heptane -6-one (Table IX-XI) were isolated in 

forty-s.even to 

0 + 

X = F,Cl,Br i 

seventy-five percent yield: OT14S 

~OTMS 
L__!j_ OTMS 

0 

-------~~ ~ 
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The infrared spectra of the above adducts showed the 

b 1 b -1 car ony and at 17 50-1800 em and the 
1 

H NMR ~pectra 

{Table XII-XIV) multip1ets at 1.80-2.0 ppm, 1.40-1.70 ppm, 

0.20-0.40 ppm, and 0.03-0.1 ppm. The mass spectra and 

elemental analysis were in agreement with the structure. 

The addition of equimolar quantities of dihalo-

ketenes and 1,2-bis(trimethy1siloxy)cyc1ohexene under a 

nitrogen atmosphere after 12 hours afforded 8,8-diha1o-

1,6-bis(trimethylsiloxy)bicyclo[4.2.0]octane-7-one 

(Table IX-XI): 

X 

'c = c = o + 
x/ 

X = F,Cl,Br 

OTMS 0 

0= :::-:---~ ~ 
An infrared spectra of the adducts revealed the 

1 
Cm- 1 and the H NMR spectra carbonyl band at 1750-1795 

( ) mu1tl.'p1ets at 1.91-2.0 ppm, 1.50-1.63 ppm, Table XII-XIV 

0.30-0.45 ppm, and 0.06-0.20 ppm. 
The mass spectra and 

Were consistent with the structure. 
elemental analysis 

. 1 r mixture of dihaloketenes and 
When an equ1.mo a 

ere treated in dry ether or 
tris(trimethylsiloxy)ethene w 

't ogen atmosphere, 4,4-dihalo-
ethyl acetate under a nl. r · 

. 1 )cyclobutanone and 4,4-dihalo-
2,2,3-tris(trimethylsl. oxy 

. 1 )cyclobutanone 
2,3,3-tris(trimethylsl. oxy 

(Table IX-XI) 



were isolated in quantitative yield. 

X OTMS 

\ I c = c = 0 + 
X/ 

c 
'oTMS 

X= F,Cl,Br 

OT~ 
OTMS + 

H 

OTM~TM~ 
OTMS 

The spectral data (Table XV-XVII) , infrared spec-

1 
H NMR spectra, mass spectra and elemental analysis tra, 

were in agreement with the structure. 

Treatment of equirnolar quantities of dihaloketenes 

with 2-phenoxy-1,1-bis(trimethylsiloxy)ethene under a 

nitrogen atmosphere, 4,4-dihalo-3-phenoxy-2,2-bis(tri-

methylsiloxy)cyclobutanone and 4,4-dihalo-2-phenoxy-3,3-

bis(trimethylsiloxy)cyclobutanone (Table IX-XVII) were 

identified. 

\ 
c = c = 0 + 

/ 
X 

X = F,Cl,Br 

OTMS 
O~HS / 

c = c 
/ 'oTMS 

f! 

TMS = SiMe 3 

OT~X 
oc 6 H5 X + 

C H ~TMS~ 6 5 

OTMS 

50 
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The addition of dihaloketenes and 2-methox-1,1-bis-

(trimethylsiloxy)ethene afforded 4,4-dihalo-3-methoxy-

2,2-bis(trimethylsiloxy)cyclobutanone and 4,4-dihalo-2-

methoxy-3,3-bis(trimethylsiloxy)cyclobutanone (Table IX-

XVI I) • 

X 
\ 

I 
X 

c = c = 0 + :::: c 

OTMS 
/ 

"'-.OTMS 

OTMS * 

OT~CH \r 
3 

4. Fluorination of Cycloadducts 

Treatment of cycloadducts with PhPF 4 resulted 

w·th fluorines. replacement of OSiMe 3 groups ~ 

in 

ce of two compounds, also 
*Since the GC showed the presen 

1 d t the cycloadducts assumed to be 
using the H NMR .a a' 

. d t ans isomers. 
~ixture of c~s an r ~ 



TJ\BLE IX 

Oifluoroketcne-Siloxyolefin Cycloadducts 

dih(\lokotene 

F C=C'!:IO 
2 

F C=C=O 
2 

F =C=O 
2 

F C=C=O 
2 

F C=C=O 
2 

F C=C=O 
2 

Siloxyolefin 

c1o"22°2 51 2 

c11n24°2 5 i2 

C12H26°2 5 i2 

clln2B0 35 i3 

Cl4H24°3 51 2 

C9H2203Si2 

Syntheoized 

Product Empirical b.p. 0 c 
No. Formula (Torr) 

23 Cl2H22F203Si2 41-45(0.3) 

24 Cl3 11 24F203Si2 48-50(0.35) 

25 Cl4H26F203Si2 52-55(0.4) 

26,27 Cl3H28F204Si3 67-70(0.4) 

28,29 c 16H24 F 2o4si 2 99-104(0.1) 

30,31 C11H22 F 2o4si 2 70-74(4) 

\y i.e ld 

34 

47 

55 

40 

62 

36 

Ul 
N 



TJ\OLE X 

Dichlnrokotono-Siloxyolefin Cycloadduct Synthesized 

Product Empirical 
Dichlorokotone Siloxyolefin No. Formula 

Cl CaCDQ 
2 C10H22°2 51 2 32 Cl2H22Cl203Si2 

Cl C=C=O 
2 c11n24°2 5 i2 33 Cl3H24Cl203Si2 

Cl C=C=O 
2 C12H26°2 51 2 34 cl4n26c12o3si2 

Cl C=C=O 
2 clln28°351 3 35,36 Cl3H28Cl204Si3 

Cl C=C=O 
2 Cl4H24°3Si2 37,38 Cl6H24Cl204Si2 

Cl C=C=O 2 C9H2203Sl2 39,40 CllH22Cl204Si2 

b.po c 
(Torr) 

105-107 (0. 35) 

72-76(0.3) 

60-64( 0. 4) 

63-65(0.2) 

120-123(0.1) 

71-75(1.2) 

\yield 

IJI 
w 

65 

75 

55 

45 

38 

41 



'l' A D l .1~ X I 

llihromoketono-Siloxyolofin Cycloadduct Synthesizod 

d i hromoko te ne 

Br
2

C u C == 0 

Br C c C = 0 
:2 

Br C = c = 0 "2 

Br C = C = 0 
2 

Br c = C = 0 
2 

Br C = C = 0 
2 ·t. 

siloxyolefln 

c10 11 22°2 51 2 

cllu24°2 51 2 

C12H26°2 5 i2 

CllH28°3 5 i3 

Cl4H24°3Si2 

C9H2203Si2 

1\rlduct 

41 

42 

43 

44,45 

46,47 

48,49 

Empirical 
formula 

b.p.o 
( •rc) r r) 

c12 11 22Br2°J 51 2 66-69(0.25) 

Cl3H24Br203Si2 82-05(0.25) 

c
14

n
26

nr
2
o

3
si

2 
95(0.2) 

c 13 H28 Br 2o
4
si

3 
70-73(0.1) 

c 16H24nr 2o 4si
2 

128-130(0.1) 

c 11 H22 Br 2o 4si 2 75-78(0.3) 

\ yield 

45 

74 

82 

66 

27 

39 

Ul 
,t:l. 



'l' A U f. t-; X I I 

Sl>oclri\1 ()clln of DifluorocycloildductH 

J\dllU<.;L No. 

23 

24 

25 

E:mpirical 
f o t· mula 

C12 11 22F203Si2 

Cl311 24F203Si2 

Cl4H26F203Si2 

Structure 

UTI"ls-----u 

0;---~r· 
-----·--
MS ' 

0 

1 11 t~MRs ---- --~---~1""9 F NMR' 

6 0 
He

4
si CFCl 

3 

2.00(m,411,CB
2

) 6S.O(d,lF) 

0.45(m,9H,SiHe
3

) 65.8(d,1F) 

0.20(m,911) ,SiHe
3

) 

1.90(t,4H,CH
2

) 63.2(d,IF) 

1.40(m,211,CH
2

) 64.1(d,lF) 

0.4(m,9H,SiMe
3

) 

O.l(m,9H,SiMe
3

) 

1,9l(m,4H,CH
2

) 

1.52(m,4H,CH
2

) 63.5(d,lF) 

0.4(m,9H,SiMe
3

) 64.5(d,lF) 

0.15(m,9H,SiMe
3

) 

*From CC1 3F as internal reference, upfield is ·P?Sitive. 

IR,cm 
-1 

C==O 

U1 
U1 

1 000 

1800 

1795 



••• J\ u r.t; XIII 

5poct.r~l [l,,tn of llichlorocycloaclducts 
--- Emplricl\1 
1\dduct No. formula Structure 

OTHS 0 
32 C12 11 22Cl203Si2 

0~ 0.::~ 
O'l'MS 0 

33 Cl3H24Cl203Si2 Q; 

~ 
1 

34 c14n26c12o3si2 
1. 

s 

11-tHtR: 6 
l-!e 

4 
s i 

l.9{m,4H,CH
2

) 

O.l5{m,9H,SiHc
3

) 

0.03(m,9H,SiMe
3

) 

2.0(m,4B,CH 2 ) 

1.7(m,2H,CB
2

) 

0.2(m,9II,SiMe
3

) 

0.03(m,9H,SiMe
3

) 

2.0{m,4H,CH 2 ) 

1.63{m,4H,CH 2 ) 

0.45{m,9H,SiMe
3

) 

0.20(m,9H,SiMe
3

) 

IR,cm 
C==O 

1790 

1750 

1795 

-1 

lJ1 
(J) 



'1'1\Uf.l:.: XIV 

S p u c t 1· ,, l ll4 t "' u t U i h 1· om o 4 d d \l c t u 

A,l,luc;l Uo. 
----- -1 

Em P i r i c a l S t r u c t u 1· u, 11-N M R : 6 . I R ' <.: Ul ( C-= 0) 
f o 1· m u 1 a M o 

4 
S 1 

-l 1 c 12u 2 :!ur 2o 3si 2 

4:! c
13

u
24

UL· 
2
o

3
si

2 

43 Cl4H26Br203Si2 

O'l'MS 0 

0~\llr 
Ur 

/o'rHs 

O'l'HS 0 

Qj: 
OTHS 0 

A--\~r 
~~r 

1.60(m,4li,CH
2

) 

0 • 1 5 ( m, 911 , S i Me 
3

) 

0 • 0 0 ( m, 911 , S i He 
3

) 

l,UO(m,41l,CU
2

) 

1.63(m,2ll,CH
2

) 

0 • 2 0 ( m, 9 U , S i Me 
3

) 

0.03(m,9U,SiMe
3

) 

1,95(m,4B,CH
2

) 

1.50(m,4H,CH
2

) 

0.30(m,9H,SiMe
3

) 

0,06(m,9H,SiMe
3

) 

1"/ HO 

1765 

1750 

Ul 
-..1 



'1'1\ U f,t-; XV 

:.; 1' u ": tt· ~, 1 n a t. ~ o f n J t l u u r a c y c 1 o addu c t 

I'Hhluct. Uu. 

.~ ll 

!. "} 

28 

29 

30 

31 

St:ructut·t! 

TJTM-s-T.Pn.Th 

~f\;~ 
0 ~ 

(~_:_M~-~e.'HS 
1 ~· ~\s 

I< 0 

t~~i:;s 
~Y. 

0)11 5 ~IS 
H F 0 MS 

0 

O~rMS 
11-~~s 

0 F 

~~:~s 
:\,MS 

0 

1
u Nf.IR: 0 He Si ppm 

4 ----· 

4.7(s,lJI,CII), O.l~(!i,9II,SiMe 3 ) 

0 • 2 ( s 1 9 II 1 S i Ho 
3

) 1 0 • 1 ( s , 911 , S i f>1e 
3

) 

4.0 (t, 1U 1 CH) 1 0.00 (s,9H,SiMe
3

) 

0.03 (s,9H 1 SiHe
3

) 1 -0.10 (s,9H,SiMe
3

) 

5.13(s,lli 1 CH), 0.36(s 1 9H 1 SiMe
3

) 

6.07 (m,511 1 C
6

u
5

) 1 0.29(s,9H 1 SiMe
3

) 

4. 50 ( t 1 lH, CH) , 0. 2 8 ( s 1 9H 1 SiNe 
3

) 

6. 3 5 ( m 1 5 H 1 C 
6

u 
5

) 1 0 • 21 ( s 1 9 H 1 S i Me 
3

) 

4.62(s,lii,CH) 1 O.l(s 1 9H 1 SiMe
3

) 

3.19(s,3H 1 0CH
3

) 1 0.08(s 1 9H 1 SiMe
3

) 

3.90(t,1H,CH) 1 0.09(s 1 9H 1 SiMe
3

) 

3.03(s,3H,OCH
3

) 1 0.06(s 1 9H 1 SiMe
3

) U1 
ro 



'rAUl.~ XVI 

:.;puctr~'ll U~L'-' ul: nJchlorocycloac.lductu 

f\dducL No. ~ U\ p i l" i c ""' 1 
formuln 

Structure 

--.. ---------·------------------~-------
OTHS OTHS 

j~ 

Jo 

c 1 ]u:!Ucl 2o 4si 3 

c 1 Jll:!UC1 2o4 si 3 

~~~:~- ~~T 
O'rHS OTHS 

t=-~~~HS 
Cl 0 

3"1 

30 

Cl61124Cl204Si2 

Cllll22Cl204Si2 

C 11 O'l'MS 

~~1~1 
~

~OTMS 

~MS 
_ Cl 

0 Cl 

1 
II NHR: 6Ho

4
Si ~ ppm 

5.16(s,lll,CH), 0.2(s,911) 

0.3(s 1 911,SiHe
3
), O.OU(s,91J) 

4.S7(s 1 lll,CU) 1 O.l5(s,9JJ) 

0.25(s,91l) I o.OO(s,9H) 

7.00 (m,SH 1 C
6

u
5
), 0.22 (s,9H) 

5,.62(s 1 1H,CII) O.l8(s,9B) 

4.90(s,1H 1 CH) 1 0.08{s,9H) 

3.12(s,3H,OCU
3
), 0.03(s,9H) 

U1 
lO 



'J"AUJ,l:: XV~~ 

llibt·omocyclo4Hhhaot 'u Spuutral D'-'lA 

---------------------------------------------------------------------------------------------------------------------
J\,l,hh~l No. 

·14 

·l ~ 

•1 b 

47 

48 

49 

s t t· uc t u rc 

01'HS o·rHs 

~-t--lkt-\S 
-----\o . 

O'l'MS O'rHS 

S ~'r-\S 1 
Br 

-·--·---
0 \r 

0~~~ 

~
~~HS OTMS 

~MS 
Br -0 

Br 
TMS 

B'r 0 

o~3 ~s MS 
Br 

Br 

1 
II NMH: 0

Hu
4

Si 
~ ppm 

5.24(a,lll,CH) 1 O.IB(s 1 ~ll) 

0.2J(u 1 9li) 1 0.13(s 1 91l) 

4.9U(s 1 lll 1 CH) 1 O.l6(s,9ll) 

0.20(s,911), O.lO(s 1 9H) 

6.l(m 1 5H,c
6

u
5
), 0.28(s,9H) 

5.75(s,lH,CH), 0.20(s,9H) 

6.82{m,5H, c
6
n

5
, O.l5(s,9H) 

5.48(s 1 1H 1 CH) 1 O.l2(s,9H) 

5.03(s,lB,CH), O.lO(s 1 9H) 

3.20(s,3H,OCH
3
), 0.08(s 1 9H) 

4.75(s,lH,CH), o.o5(s,9H) 

3.00.(s,3H,OCH
3

) 1 O.OO(s,9H) ~ 



CHAPTER V 

SUMMARY AND CONCLUSION 

A. Perfluoroalkylbromine (V) tetrafluorides 

Perfluoro-~-propylbromine (V) tetrafluoride, per

fluoro-!!,-heptylbromine (V) tetrafluoride are new classes 

of aliphatic derivatives of bromine pentafluoride. They 

were prepared by the oxidation of perfluoro-_£-propyl 

brooide and perfluoro-n-heptyl bromide with elemental 

fluorine, chlorine trifluoride, bromine trifluoride and 

brooine penta!luoride. The reactions of perfluoro-_£-

heptylbromine (V) te traf luor ide (n-C F BrF 4 } with 1,2-
- 7 15 . 

dichlorohexafluoropentene (C
5

F 6cl 2 ) and 1,2-dichloro-

octaf luorocyc lohe xe ne were used to demonstrate 

in the fluorinating ability of ~-C 7 F 1 sBrF4. 

B. Dihaloketene-Siloxyclycloolefin Cycloadducts 

The (2+2) cycloaddition of difluoro, dichloro, and 

dibro~oketene with 1,2-bis(trimethylsiloxy)cyclobutene, 

and 1 2-bis(tri-
1,2-bis (tri:nethylsi loxy) cyclopentene' ' 

met h y 1 s i 1 ox y ) c y c 1 o he x e n e were 
found to yield the corres

pending cyclobutanor.es in dry ether 

under a n i t r o g en at m o s Ph e r e • 

c. 1 1 te d Ketene 
~ihalo%etene-Si Y a 

~he cycloaddition of difluoro, 

61 

or ethyl acetate and 

Ac etal cycloadducts 

dichloro, and 
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dibromoketenes with tris {trimethylsiloxy)ethen~, 2-

phenoxy-1,1-bis (trimethylsiloxy) ethene, and 2-methoxy-

1,1-bis(trimethylsiloxy)ethene under a nitrogen atmosphere 

afforded the corresponding cyclobutanones. 

D. Fluorination of Cyc loadducts 

Treatment of cycloadducts with PhPF
4 

resulted in 

replacement of OSiHe
3 

groups with fluorines. 



APPENDIX 

Cheoica 1 Source 

!!_-Butyl 1 i th i urn Aldrich 

Cupric su 1 fate J. T. Baker 

Oichlorophe ny lphosp hi ne Aldrich 

Diethyl adipate Aldrich 

Diethyl glutarate Aldrich 

Diethyl succinate Aldrich 

Ether anhydrous MC/B 

Ethyl acetate 
MC/B 

Glycolic acid 
Aldrich 

Hexacethy 1 dis i la. zane 
Aldrich 

Aldrich 
!!_·Hexane 

Aldrich 
E_-Pen tane 

J. T. Baker 
Petroleu::\ ether 

Aldrich 
Phenoxy acetic acid 

union carbide 
Sulfur -:et::-afluoride 

J. T. Baker 
,.e~ . • .. ranydrofuran 

MC/B 
Thiony chloride 

MC/B 
'!'oluene 

Aldrich 
Tr i~e t h yl c h 1 or o s i 1 Cl n e 

Fisher scientific 

Zinc :=eta.l 

EJ 
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