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FOREWORD

The purpose cf thig project is to conduct research for the
preparation of unsaturated organic compounds containing fluorine,
and, wjjen synthetic methods have beeu developed, to prepzre various
fluoroolefins which may give oil and fuel resistant elastomers that
also retain their elasticity at low temperatures.

This -esearch is authorized under Contract Number DA19-129-AMC-
79(N) and iz a further continuation of the wcrk initiated under

LAL4-109-QM-522 and contiaued under DA44-109-AM-1489 and DA19-126-
QM- 500.

This is the 8th report prepared under the contract and the 33th
since the project was initiated in 1951.
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ABSTRACT

Synthesis of a variety of fiucrine-conizining compounds was studied.
A conveniert synthesis of perflusr-allyl halides was developed. Lewis .
acid catzlyzed addition of haloalkanes t: ¢lefins resulted in new flunro-
Olefins. A series of fluorine monomers were prepgared for polymerization
studies, A number of partially flucrinated ncrbornadienes were prepared
by the reaction of cyclopentadiszne with halodlefins and subsequeni de-
haiogenation. Several new fiuorinated nitroso monomers were preparad,
A series of compounds of the general structure (CHB)BSiCF=CFR were
synthesized utilizing crganclithium reagents. Alcoholysis of these com-
pounds provides a convenient route to 1,2-difluorodlefins. Several
cther unsaturated fluoro-organometallic compournds were prepared and their
reacticns studied. It was found that they could be reacted with carbonyl
coapounds to produce alcchols which on dehydration gave flucrinated dienes,
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RESEARCH ON SYNTHESIS OF URSATURATED FLUOROCARBON COMPOUNDS
I. SUMMARY

i, A =cnvemient synthesis cf perfluorcallyl halides was developed
and a number of reactions of tnese compcunds studied. A number of use-
ful fluorodlefins were obtained fror their reaction with (1) alkoxides
and (2} allyl magnesium bromide.

2. lewis acid catalyzed adaiticn of balcalkares to haloSlefins were
studied. A numober of halogenated a.kanes were cbtained and many of these
were converted to fluorc3lefins by dehalcgeration and/or dehydrchalo-
geration.

3. An investigation additicn of halcalkanes tc slefins in the presence
of peruxide was carried out, and the olefins were prepared from many of
the products by dehalogenation and/cr dehydrchalogeration.

4. A number of monomers were prepared for contract associates.

5. Attempts wcre made, by various means, to prepare radicals from
CFzBrCFClBr and CFéBrCFClI and react them ip situ with aromatic compounds
to give substituted arcmatics. Succes was limited and work on this re-
action was terminated.

6. A nurher of partially fluorinated norbornadienes were prepared
by the reaction of cyclcpentadiene with haicdlefins followed (where
necessary) by dehalogesnation c¢f the product.

7. Addition of nitrosyl chloride to a number of unsaturated fluorine
compounds afforded nitroso compounds which were generally of limited
stability.

8. A number of reactions of fiuorcketanes were described.

9. A series of compounds of general siructure (CH3)3510“=CFR were
synthesized by reaction of trimeihyitriflucrovirylsilane with organo-
lithium reagents (RLij. Alcohclysis of these products provided a con-
venient route to 1,2-difluoroSlefins. Numerous other silanes containing
the triflusrovinyi group were alsc prepared.

1G. Reactions of unszatu-ated Grignard and organolithium reagents
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were studied. (1) Reaction of Allylimagnesium bromide with flucrodlefins
afforded fluorine-containing dienes. Similar reactions of fluorinated
unsaturated organometzllic reagents with fluorcSlefins failed. {2)
Several other unsaturated fluoro-organometallic compounds were prepared
and their reactions studied. Of particular zaterest was their reaction

with carbonyl compounds to produce alcohols which, on dehydration,
affoerded fluorinated diencs.

OH
] CH n )
e.g. OFCLi=GH, + CHyCOU, 0, op e 3 B0, CFy-§ -C-CHy
3 < 3 BJH \CH C’Hﬂ ‘;H
) |95
2 3 1 2 2

Polyvmer on

standing




X
o - * =Cka =
C! > CFCFZC]. m—e" C!'2 CF CFZX where X = Br, or I
Varicvs sets of conditions for the above reactions were attempted. Treat-
qent of fluorotrichloromethane with dichlorcdiflucroethylene in the
-3 a
L aatidi -

II. DiSCUSSION ’

A. Preparation and Some Reacticrs cf Perfluorcaliyl Halides

Perfluorcallyl chloride was obtained, only in low yield, by pyrolysis

{1
ef chlorotrifluorcethylene ‘*).

This route was abardoned in faver of cne invclving benzoyl peroxide i
nromoied add® tion of dibremediflucromethane tc trifluoroethylene (2) and i
subsequent dehydrchalogenaticn c¢f the product with agquecus potassirm ;
hydrcxide. The yield cf the bromide was limited by the fact, that the %
iritial additicr. gave both CF,BrCHFCF,Br (85%) and CF,BrCF,CHFBr (15%) as
shown by MMR

“
v b ——— bt b A

_ . KOH _ 3

CFZBré + CHF-CF2 ——D CF2BrCHFC€2Br ) CFZ—CFCFZBr g
+ :

i

CFZBrCF2CHFBr E

To prepare large quartities of the perfluorcallyl compounds, a
mcre economical route than sither of thcse described above was required.

Recently, the following reaction was reported (3):

AlCl
CPCL, +  CFCL=CFC1 —3, CFC3,CFCLCFCL,,

e

This reaction could then lead to the desired system via the fcllowing
series of steps:

SbF,C1 Zn 5
CFC1,CFCICFCY, —2-%  CF,CICFCICF,Cl —— CF,=CFCF,Cl
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preserce of aluminum tricnloride, at best, afrorded 70% of a mixture of
isomers with formukiC Cl.F A sm2ll amount of C Cl was also isclated. .

Th: optimum conditions fgrqthe fluorinaticn of C 3 5F3 were found te in-
volve heating at 190 - 200° in an autoclave for 12 hours with antimeny
trifluoride and chlorine. Under these conditicas, all the starting
material was converted into chiefly 63 3 5 with some CBC;QFA Dehalc-
genation of the C3C13F5 fraction, which was shown tc centain a mixture
of CF,C1CFCICF,C1 (714) and CF CC1,CF,C1 (25%) gave perfluor-callyl

3
chloride in 80% yield. Perfluorcallyl iodide was prepared easily () by

the SNA1 reaction of sodium iodide and perfluorcailylbromide in arhydrous
ceton;.

Perflucroallylbromide was heated at 100° for two hours, 100° for
4.5 hours, and 140° for 19 hours, then 1760 for 4 hours ir. an attempt
to prepare 1,2-{promodifluoromethyl)-hexafiucrcryclobutane. In none of
these cases was any higher ooiling meterial formed.

Reaction of perflucroallyl bromide with zinc dust in refluxing
dioxane gave no evidence of reaction. FPFurther heating at 205 - 108° for
3.5 hours in 2 sealed tube also gave nc indication of rezcticn. When
refluxing acetic anhwydride was used as solvent, 55% of the perfiuorcallyl
bromide was recovered along with a small amount of unidentified material
of lower boiling point.

Attempted formation of perfluorcailyl Grignard ard iithium reagents
met with no success.

The addition of alcohols tec fluorcC.efins urder base catalysis is
well known<5;n. When perflucrcallyl icdide was treat :d with etharnolic
potassium hydruxide, twc products were obtainea which have been tentatively
assigned the structures CZHEOCF*CFCFZOCZH ard C H,OCF CHFCFZOC H..o Per-
fluoroallyl halides were aisc treated with tr:f-u,r'ethahv. HOH, a iyl
alcohol/KOH, methancl/scdium methoxide and dioxare ‘scdium methoxide. For
these cases, the folliowing scheme and table acccunt fcr all the major

products:
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. (1) ROT +  CF_ =CFCFX a1 LD N
(2) ROCF,-CFCF X — > ROCF-CFCF X + [~
. | ;
(3) ROCF,UFCF,X -— ROCF,CF=CF, + £
I
(W) #OCF,CFCK,7 =—=-> LOCF,C¥=CF{ + T~
111
(5) ROCFCFCF,< + RO —¥%—> ROCF,CIFCF X RO™
v |
(6) II + RO -——> ROCF,CFCK_OR ROH_ ROCF,CFFCF,0% + RO™
v
(7) Vv llvdrolysis, ROCF,CHFCOR
Table I
X R I+ 11T (% I ) v VI (%)
I CFBCHz - 35.7 - e an | aem - o oo e
! allyl 1 19 0 36 20
cl Meou/cn3 15 16 0 46 0
cl dioxane/CH trace Majjor 0 0 0

3

The reaction of potassium trifluorocethoxide in trifluorcetnanol had

previously been carried out with perfluoroatllyl chloride (8o9).

As can be seen from the above table, reaction of perfluoroallyl

chloride with potassium allylexide in allyl aleohol afforded only 19% of

[

-5 -

the unsaturated ether (.I). It was felt that reaction of sodium allyl-



:";‘

oxide in the absence of a hydrogen doncr would give tho desired ether in
much better yield. However, reaction in dioxane and acetone gave no
product at all. Apparently the sodium allyloxide was too inscluble in
' these so..vents. Attempts to find a solvent for this salt which did not
contain labile hydrogens were unsuccessful. These include. methyl ethyl
ketone, N,N-dimethylformamide, dimethylsulfoxide. and t-butyl alcohol.

The reaction of CFé=CFCFéCl with allylmagnesium bromide was success-
fully carried out tc give two new materials: C.H_C1F,, (probably a mixture

6574
= = = = 1 =CHC L
cf Cﬂz CHCHZCFéCF“CFCl and CH2 CHCHZCF CFCFZC;) and C9H10Fu, (CH2 CH»HZC
JFCFéCHZSH=CH2.) No CH2=CHCH2CFZCF=CF2 was detected. The following scheme

is proposed to account for these prcducts:

RigBr + CF,=CFCF,Cl —> R-CFZCFCFZCJTJ (1)
(R=A11y1) MgBr
RCF,CFCF,C1 ——> MgBrCl  +  RCF,CF=CF, (2)
MgBr
RMgBr — MgBrF  +  RCF,CF=CFCI  +  RCF=CFCF,Cl (3) .
RMgBr +  RCF,CF=CF,— RCF_CFCF R (4)
Y4 2 2' 2
MgBr
RCF,CFCF,R ——> MgBrF  +  RCF=CFCF,R {5)
MgBr
F B. Lewis Acid Catalyzed Addition of Halcalkanes tc ha.cciefins

Aluminim trichloride catalyzed additicn of fluorctrichloromethane
te 1,2-dicalcre-1,2-difluorcethylene was described in the previous sections
as the first step in the preparation of perflucroallyl halides. It had
‘! beer previously reported 3’ that the atove reaction gave CFC1,CFC1CFCL,,

and no other product was mentioned. In our laboratories, a 72% yield of

isomers with formuia C,,Cl,F3 was cbtained as well as a small amount of
J

-6 -
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CBC’5 3 Although it was not reperted in the previ.us section, (A), NMR
Study of the mixture C3C15F3 showed that it contained CF ClCFClCCl (81%),

CFBCCIZCC; (i$) and CFC1 ,CFCICFCl, (i8%). 1In view of thls mterest.mg
discovery, it was dec1aed 1o stuay further the Lewis acid catalyzed
addition ¢f halcalkanes tc clefins.

A number of other Lewis acids were substituted for AlCl3 in the
reaction cf CFCl3 with CFC1=CFCl. These included concentrated sulphuric
acid, fuming H SOu, S*Cl AlBrB, SbClS, SiClb, BFB' BF3 etherate, and
ch‘ » under a variety vf conditions. Only in the case of aluminum bromide
did any reaction occur and ther it produced orly a 5% yieid of adduct
after 3 days at rcom temperature ard 5 hours at 70°. Alumirum trichloride
was used as cataiyst in all other reacticors.

To elucidate the mecharism cf the AZCZB catalyzed addition of
CFC13 to CFCi=CFC1, a study < the iscmerizatior of the main adduct

C,C1 F {CF_CICFCicCl, (81%), CFCl CFCICFCI {18¢) and CF cc1 cc1 (12

s 3 2 3
in the presence of AlClB, was carried out. The main pmduct was 0301 &For
due tc replacement reaction, aithcugh ercugh rearranged C3C1 F3 was re-

ccvered for NMR analysis. The latter material consis-ed of CF CiCFClCCl3
(9%%) and CF cc:zc:cz3 (58). Hence, .he CFC1,CFCICFCL, was’ completely

3
rearranged tc CFZCICFCTLCCIB. This type =f u‘C,LB catalyzed rearrangement.
alsc cccurred with the CBCxéF2 fractior formed in the addition reaction.

The initially f-rmed 53c ¢F, comsisted of CF, cice, cc1 (.68) and
CFC1,CFCICC (~%). The C,Ci,F. fractisn ’snlat.ed as the majcr product

3 3762
frem the attempted iscmerizaticn of C3C1 Fé ccnsisted of only CF CiCCl CC13.
The follewing scheme is prcposed to accournt for these results'
CFC: + AiCl, == cc1.t + AIC1 F~ 1}
s 43 3 3 ¢
ccz; +  CFCl=CFCl w—=2 cc13c1-"<:;cs-‘c1+ (2)
-+

CC1, CFCiCFC1 + 1CIF~ CCL CFCICF.C1 + AlC1 (

3 byt E CCLTRCLCE, ¢y )

+ -
rCl + c 1 o
CFC 3 Al 13 ==k chlz + AiC . (&)
CFC12+ + CFCi=CF(l === CFC%CF‘CICFCI+ (5)
- 7 -




CFc12crclchf’ +  AICL T s== CFCLCFCICRCY, + AlCl4 (6)

CFC1, CFCICFCL, Alcl, C7,,C1CFC1CCL, (7)
From the fact that (7) is an irreversible rearrangement. it is ccncluded .
that (4) (followed by (5) and (6)) must be operative to some extent since
there was produced initially (18%) CFCL,CFCICFCL, which can only arise
in this mammer. An attempt tc detact the C.FEIZ+ cation using l9F MR
by scanning a mixture of AlCl3 and CFCl3 at both high and low yields
was unsuccessful. However, this is not proof of the absence ¢f this ion.
Reactions of CFCl3 and CHF612 with various other fluoro¥iefins
were carried out and the results are shewn in Tables I, II and III.

The addition of CFCl, *o CF2=CC12 yielded C3C1 F_ in 53% yield,

with small amounts of 0301622’ >3
The reaction of CFCl3 uith_CF2=CFC1 has been reperted to give
CFC1,CF,,CFCL,, (20) e 4CLF, (1) ” ye have found that this reaction
gives a 72% yield of 03011& with a small amount of 03c151~“3. NMR .
spectroscopy has shown that the former contains <:F3<:1'-‘<:1cc13 (51%) and

CF,C1CF,CC1 (37%). Treatment of this mixture with zinc dust in ethancl

gave only the reduction product, °3H013fu' which contained CF261CFZCH012
(798). With dioxane as a soivent, a small amount >f olefin C3012Fb was
produced but the C3CIQFL was chiefly unreac'ed. 'when ccid--sished zince
in dioxane was used, both products CFBCF=CC12 and CFZCI-CFZCHCI2 were
formed.

The addition of CFCl3 to CF2=CFBr was shown tc give CFBCFBr0013
(56%) and CFZBrCFZCCIB (44%) in 5 hours. In an effort to determine
the effect of the reactior time on possibie isomerization cof these iscmars,
another run was made (70 hours) and the product consisted of these isomers
in 57% and 43%, respectively. It was concluded that in this case essen-
tially ns further change in the isomer distribution occurred in the
3°
sidered separately as the mechanism apparently differs with the olefin
used.

presence off A1Ci Hence, it appears that each reacticn must be con.
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TABLE 1II

REACTION OF ALKANE AND CLEFIN IN THE PRESENCE CF AlCl3

Alkane Olefin Products
CFCl CF,-CF CFCcl-CCl CF,-CC1 CCi,-CCl
3 } 2 8 } E or / 2 . and i 2 ‘ﬁ
CF_ -CF CFC1-CCl CCi_-CCl CcCi_~CCl
2 2 2
None b CFZ-C01 CF_-CCl
[ “q4  and |4
CFZ-CF CYE-CC*
1 F_CF=CFCF. CF_CF=CCICF_, and CF.CCl=CCiCFC1
CFC 3 C 3 3 3 F 1 3 and C 3 >
'~ o — 3 CF=CCi
] CFCl3 CFéCF—CFz UFBCF-CFC- and CFBUF C i,
None CCl-CF Cyclo-C.CL Fy _, X = 3,4,5,6
l l 2\‘CF2 5°°x B-x
CCl-CFé
CFCI3 " " x = 4,6,3

ES -c . Cl
STRUCTURES OF CYCLO 5C xFS-x

x=3 EféffifCClCFZCFCI and %fgfffiffifffing ca. 5G:9
x=4 EFZCC1=CCICF2?C12 and ?F2CC1=CCICC12%F2 22:78
x=6 ﬁ?lZCCi=CCIC lgSFE

x=8 QCIZCC1=CC1C 123612

-10 .
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An attempt was made to study the effect of fluoride ion =n this
type of reaction by conducting the addition of Cl“()l3 to CFC1=CFCl1 with
A]c13 in the presence of potassium flucride. However, the potassium
fluoride appeared to interact with the a.umirum chloride to form i viscous
gray polymeric mass, sicwly soluble in water. Orily 2% CBCLISF3 was formed.
Since it was difficult to odtain pure anhydrcus petassium fluoride, sodium
fluoride (0.190 mcle) was used in z series cf three runs (see Table 1v),
each having 0.313 mcle CFClB, 0.203 mcle CFCi=CFCl ard 0.067 mocle AlClB.
It was concluded that the presenze cf fliuoride ion has rc marked effect
on the preferential prcduction cf cre iscmer, as only 2 3 - 4% difference
was noted. It can also be seer. that as the reaciicr time is lengthened
the yield cf replacement product, C3C16F2’ increases,

Attempts to externd this iype of reactior i: alkanes other than
CF013 and CHFC:12 have bsern unsuccessful. Irstead, rearrangement or re-
Placement reactions of the starting alkane cccurred, e.g., With CClu and
CFC1=CFC1 the product mixture contained CCl,=CCl, (468), C3C15F3 (8%) and
::33171-‘ (46%). ‘when CBrClB was treated with A3c13, it dispropcrtionated
to give CBr2C12 ard CClu. This was the only reaction when ch'Cl3 was
treated with CFC1=CFCi and AlClB. Benzetrickloride and CFT1=CFCl gave no
reacticn at all,

*Then UFéCIZ was treated with C'Ci-CFCl, no desired adduct was
formed. The only materials present were CCl“, CC12=CC.12 a~4 036151'-‘3.

As wiih all the reactions invelving CFClq, carbzr. tetrachisride is aluays
3 by-product. Consequently, the formmati-r of ths higker boiling materials,
in addition to the expected adduct, car scecur either by additicu: cf cCl,
tc the olefin or by replacement £ 3 fluorire of ithe adduct by a chlcrine
from the aluminum chloride.

The reactics of '.:'2C12 arag CF2=CFC1 tock place very sicwly ‘o give none of
the expected adduct, but instead gave chiefly CBCI_,‘F“. Treatrent of this
material with ziuc dust in dicxane gave chiefly unreacied starting
rnaterial plus some clefin, CBC'LZF&' ard reductior product CHCI3FL;‘

This study was also extended t. the investigaticn cf the addition

-11-
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of pclyhalegenated ethares tu fluorc®lefirs. For example, CF,BrCFC1Br

and CF2C1CFCl2 were toth treated wiuh CFCL=CFCl and aluminum chloride.

In neither case was any addition cbserved; instead, the ethanes either
rearranged .r reacted with the aluminum chloride. With CFzBrCFCIBr, the
chi.ef product was CFC1BrCFC1Br along with 02016. When CFzBrCFCSBr was
treated with A1013 only, a product having the same formula as the starting
material was obtained but its physical properties were different. This
result is supported by the work of Nadai and Mueller (12) and this com-
pound ras tentatively been assigned the structure CFBCBr2C1. However, no
data could be fcund for the other pessibility, CF,ClCFBrQ.

A repeat of the attemp.ed additicn of CFZCECFCI2 {o CFC1=(rCl was
run to cneck the pcssibility of alkane rearrangement. Previous workers(l3’
' have shcwn that CFZCICFC‘L2 readiiy rearranges to CchCI3 or urder-
Jces replacement reactions, but thece were all dcne at reflux temperature
7°). Under carefully ccntrciled temperature conditicns (24 - 7°),
was found that reither addition ncr rearrangement (as determined by MMR)
occurred. A very smail amcunt cf CF2C1C613 was cbtained.

Attempted reacvion of CFCE3 with clefins, cther than halogenated
ethylenes, in the presence of A1C13 also met with little success. With
perfluoroprcpene, perfiucrobutene-~2, and perfluorocyclobutene, ac adducts
were formed (see Tables II and III). A »ign boiling product from the
latter reaction was showr to be a nixture of aexachicrobutadiene-1,3 and
kexachlcrecycicbutere. The indicaticr was that the cy:lcbutene rearranzed
‘o the butadiere on distillaticn (1“). Wher perfluorccyclcbutene aione
was treated with AlClB, the mair product was i,2-dichlcruperfiucrecyclio-
butere with a little cf the mcncchiorc-compound. Thus, alumirum chloride
catalyzed additicn reacticn seems 4o cceur only with kalo-~ethylenres.

C. F:. e-Radical Initiated Additi:n of Halcalkanes to Unsaturated

Compounds

A number of workers (15 have reported the addition of various
haloalkanes tc unsaturated compounds in the presence cf peroxides, or
vizible or ultraviclet light. Tarrant and cu-workers synthesized « number

~-13.
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€,16,17)

of haloalkanes in this manner and converted these addition products
into various unsaturated compounds by trecting them with base, with zinc,
or both. It was decided to further explore the addition of various halo-
alkanes to olefins under free-radical conditions with a view to preparing
unsaturated compounds from their addition products through simple reactions
like dehalogenation and dehydrohalogenation,
Reactions of this type are believed to follow the mechanism pro-

posed oy Kharasch as shown below (18)

perhaloalkane and 2 peroxide as the initiator.

, using bromotrichloromethane as

0
i JAY
ReCo0<0=C-R <=ty R + RCOO: + CO2
R. + CClBBr P RBr + . CCl3
013c. + RCH=CH2-——-—4D CClBCH2CHR
,
6013CHZCHR + CClBBr B CClBCHZCHRBr + CC.»3

Higher molecular weight products may be formed as follows:

CCl CHZCHR + CH,=CHR ——=> CC1,CH CH?CH?CHR + nCHz=CHR

3 32 ]
0013 ( cnch:F )nCH2 SHR
1 CClBHr

CClB(CH2CHR)nCHZCHRBr + CCl3

1. Reaction of Haloalkanes with Fthyiene in the Presence of Benzoyl

Peroxide (See Table V)

a. CFCiBrCFC1Br .

It was hoped that CrCiBrCFC1Br wculd add io ethylene to give the
2:1 adduct, CHZBrCHZﬁFClCFClCHZCszr, which cculd easily be ccnverted to
the 1,3,5-triene, CH2=CHCF=CF-CH=CH2, by successive dehalcgenation and
dehydrohalogenation. However, the addition occurred mostly in one
direction to give a 30% yieid of the 1:1 adduct, CFClBrCFClCHZCHzBr with
only a little 2:1 ajdduct. The 1:1 adduct was ccnverted into

- 1 -
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CFC1=CFCHZCH23r and CFClBrCFClCH=CH2 by dehalcgenation and dehydrohalo-
genation, respectively. Dehydrohalogenation of CFCi=CFCHZCH23r afforded
the diene, CH,=CH-CF=CFCl, which polymerized at room temperature but could
be stored at liquid nitrogen temperature with little or no polymerizaticn.
In the initial reaction of CFCIBr{FClBr with ethylene, a major product
(20%) was CFC1l=CFCl yia debromination of the starting halide.

b. QEBCFBrCFBrCF3

Debromination of starting halide was alsc cbserved when adaiticn
of CF3CFBrCFBrCF3 to ethylene was attempted. This dibromide gave nc re-
action with ethylene in the presence cf a 0.0l molar proportion of oen-
zoyl peroxide. When the proporticn of the latter was increased to greater
than 0.04 molar, perfluorobutene-2 and CH,BrCH,Br were is-lated in 2%
and 21% yieldc, respectively.

c. QEBCFBr001BrCF3
Bromination of CFBCF=CClCF3 afforded CFacFBrCCIBrCF3 which gave

no 1:1 adduct in the a:tempted addition to ethylene nnder the usual con-
ditions. A ccnsiderable amount of debromination sccurred similaxr ic that

observed in tne above two cases (CFCIBrCFC1Br and CFBCFBrCFBrCFB). It

appears that the radicals CFC1BrCFCI, CF,CFBrCFCF, and CF3CFBréc1CF3 are

sterically hindered and that they decay very quickly into olefin and
bromine atom. Although CFC1=CFCl can be easily brominated without uv

light, C"‘BCF=CFCF3 and CFBCF=CC1CF3 brominate only in the vreser..e of uv

1light and brominaticn of CF3CC1=C01CF3 is still meore difficuit. Tarrant
(19)

have reporteq.eliminaticn by radical decay in the addition of

CCIBBr to CFZBrCFC1CH=CH9 to produce an clefin:

et.al.

hi 2 — Tak]
CFZBrCFCLCHCH2C013-—--’ CFZBrCF CHCHZCU.L3 +

Addition of CFZBrCFZBr to ethylerie gave a 1l:1 adduct
(CFZBrCFZCHZCHZBr) in 30% yield and smaller amounts of higher boiling
products. These inciuded the 2:1 adduct CFZBrCFZ(CHZ)BCHZBr. Attempted
dehydrohalogenation of this 2:1 adduct using potassium hydroxide in ethanol

)
2

gave a poor yield of the expected "=fin, CFﬁBrCF,(CHZ)ZCH=CHD, and a good

"
- 1‘ A
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yield cf ether, CanrCFZ,(CHZ)BCQEOCHVCHV prcduced by nucleophilic sub-
stituticn cf termiral br.mine. The 1:l adduct was dehydri.halogenated to
yield CF2Br0F2¢H=CH2.

Ethylene was bubbled thr.ugh CF,ICF_I ard berzcyl peroxide at
1000, but nc higher bciling precauct uas-det;cted. Ar. attempted reaction
cf the same mixture at .03° in ar autsciave gave less than 1% of higher
boilirg materisl. Arn autccelave reactior at 220° gave a pciymeric solid
which gave nc liquid preduct on attenpted dehyadrchalz-genaticn. This is
in contrast t:;tne repcrt thal ethyliere and CFZICFZI ir. the $reserce of
berzoylpercxide at 220" gave CF,ICF_CH CH I ir 8¢ yield (202

Reacticn if CFBCFBrCFzBr with etnylere gave a 5.% yield of 1:1
adduct which was identified as CHEBrCHZCF(CFB)CF-Br.

Berzctruichlcride, 1,2-dibromchexaflucr cycicbutarne, CFZBrCHFBr
CF012CFC12 ard CFCIZCFZCL failed tz react with ethy.ene under the ex-
perimental -orditicns erplcyed.

The additicn of CClBCFZCFgBr 12 ethy.ere was cars-ied cut to
ccrmpare the reactivities cof the e;d grcups - CCl3 ard - CFZBr towards
radical abstractizn c¢f chlicrire and bromire. It was fzund that the
add:rticn cf CCLBCFZCszr tc ethylene gave four mairn prcducts,
CCEBCFZCFZCHZCHZCL, CFZBrCcmCZZCHZCHZCI (rct positively identified - see
beicw), CCIBCF2CF2CH2CH2Br, and CFZBrCFZCCLZCHZCHZBr ir 7, 1.5, 40 and 9%
yields, respectively.

The seccnd product, which cculd nct be isclated, had a v.p.c.

reterticn time between thcse ¢f CC1,CF.CF.CH.CH.CI and CCl.CF_CF._CH.CH Br

372 22 372 2" Y2
which suggested tha*, this prsduct could be CFzBrCF20012CHZCHZCI.
The fclicwing mechanism cculd explairn the fzrmaticn of these
products:
0 0
H g 0 EC H H, 0 H
c ~0-0~ H + C - i iy
Cetis 0-COGH e COS €0, C6 5CO2 (1)
R = C6H5
- 19
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RC1 + CF_BrCF 601 (2)
R® +  CCLCR,CF,Br (: 222

RBr +  CCl.CF.CF

327 2
»J " - — | -—-k —— "
crzarcrzcm? + CRZ-—Cﬂz 2= CFzBrCF20C12CH2CH2 (3)
1 ]
L ] _ ‘-'E {‘ R L]

CCI3CF2L‘F‘! + cuz,-(m2 2— ,013c1-‘chzchzcu2 (4)

. CC1,CF_CH.,CH.Cl + CF_BrCF_,CCl
.

COLyCF,CF,CH,CH,  + Cﬂ13CFZCFZBr< 3222 22
CC1_CF,CF,CH CH Br + CC13CF2CF?

X

It is reasonable to make the following approximations:

. ? ’
1 k3 = kb = k and kl = k3 = ku =k

(v) k,

(a) k

ks

If the above approximations are made, then the rate of formation of products
VII and VIII will be proportional to the concentration of radical,

CCIBCFZCFZCHZéHZ' Similarly, the rate of formation of products IX and X

will be proportional to the concentration of radical, cpzsrcr-‘zcmzcﬂzénz.

The relative reactivities of ~CCi, and —CFZBr end groups tcwards radical

3

abstraction of chlorine and bromine will be the ratio of amount of pro-
duct VII formed to the amount of product VIII formed, or the amount cof
product IX formed to the amount of product X formed. From these studies
it appears that -CFéBr end group is at least six times more reactive than
-CCl3 end group for radical abstraction of bromine and chiorine. iirrant
and Gillman obtained cnly CFZBrCFCICHZCHBrCH3 in the additicn cf
CFéBrCFClBr to propylene in the presence cf benzoyl peroxide and none of

the other isomer, CFClBx‘CI-‘Z(.':HzCHBrCH,3 was obtained. The qualitative

- 20 .

VII 2 (s

VIII
. CF'ZBrCFZCCl2 ‘2CH2C- + CFZBrCcmCl2
CFZBrCFZCCIZCHZCHZ + CClBUFéCFéBr ¢ IX (?)
CFZBrCFZCCIZCHZCHzBr + CC130r20F2




reactivities cf -7Cs -CFQBr, and -CFCiBr towards radical abstraction of

3’
chlcrine and bromine were fournd tc be in the crder -CFClBr}o-CFzBr>-CC1
in ccmpounds CCIBCF2CFClBr and CCl3CF20F2Er.

2. Free-Radical Initiated Addition tc Ally: Ccompounds (See Table VI)

3

a. Allyl Chloride

The addition of CF3CFBrCFZBr and CEéICEéI tc ailyi chloride in the

presence of benzcyl percxide gave nc highe: boiiing products. Similar

results were alsc ~btaired when CFBCFZCC13 ard CF2C1CFéC013 were allcwed
to react with the same halide. Irn ccrtrast, allyl chlizride produced
CClBCHZCHBrCHZCI and CFzBrCFCIC52CHBrCH2Cl cr. reacticn, under free-radical
conditicrns with CClBBr ard CFZBrCFClBr, recpectively.

b. Allyl ethyi ether

At-empted addition of CFBCFBrCFClBr and ZFZBrCFZBr 1o allyl ethyl
ether in the presence <f percxide was unsuccessful. This is in contrast
to the reported \2%) reactisn of CC1,Br ard CF,BrCFCIBr with the unsaturated

3CthHBrCHZOCdZCH3 and

ether under free-radical ccornditiosns t: produce CCL
CF,)BPCFCLCHZCHBrCH;OCZHS, respectively.
¢. Dially. Ether

Tre additicn ¢f halcalkanes t: scme vinyl and allyl ethers has
beer investigated and scme unsaturated flucrcethers have been obtained by
dehalcgenatizin ¢f the adduots (20‘22). Friediander repcrted (23,24) that
ireatment .{ the naicaikane with diailyl ether urdei free-radical con-
ditions gave a six-membered cyclic prcduct, i.e., a substituted tetra-
nydrofurar. Bromotrichloromethane was used as a halcalkane, but the use
¢f a flucrire ccmpcund has nnt beer repcrted. Attempts were made tc pre-

pare linear flucrcethers as fcllcws:

(bﬂ2=Cth2)20 + CFZbrCFC1Br — (CFzBrCFClCHZCHBrCHz)ZO
(Ch2=CBCH2)20 + Cr28r2 _— (CFZBrCHZCHBrCHz)ZO

Though 1n:¢ reacticns were carried out using large excess of the haioalkanes

to diallyx ether tc prevent cyclizaticr. instead cf using equi-molar amounts

- 21 -
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T

as reported (24)

the adducts were saturated one-to-one addition products.
Infrared and NMR spectroscopy showed no unsaturation. It is proposed
that the reactions foilow a mechanism similar to that proposed by

Friedlander (237,

(CH2=CHC’H2)20 + CFZBrCFCIBr > CFZBI'CF‘CICHZCHBI‘(ZHZOCHZCH=CH2

HBr HCHZCFCICF ZBr

Similar mechanisms are postulated for the formation of

Br< >CH CF Br and BrQCHZCFHCFZBr

1z

Tne adducts were highly viscous, slightly yellow liquids. CFBCFBrCFZBr
and CFC1BrCFC1Br gave only small amounts of tar after two days reaction.

The order of reactivity of haloalkane to diallyl ether was as
follows: CFgBrCFCIBnCFZBrZ)CFZBrCHFBr» CFBCFBrCFZBr, CFC1BrCFCl1Br.
Dehalogenaticns were carried out by the usual method. The dehalogenated
product frcm XI had a strong infrared absorption at 5.56 which is
characteristic of the CF2=CF- group.

Elemental analysis and HRD were consistent with the proposed
structure, Br-G)pC!E CF=C'I~‘2 . Dehalogenation of XII failed because of
polvmerization during the distillation.

Attenpts to react XI with LiAlHu ir. ether at 00, room temperature,
and 350, showed a slow reaction in the latter case only. A rapid reaction
occurred using tetrahydrofuran as solvent and two main products were se-
parated by v.p.c. One product was identical to the dehalogenation product

of XI. The other showed strong infrared a2bsorption at 5.504 and HRD
-~ 26 -
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and the elemental aralysis was consictent with the struciure
QD>-CH,CF=CF,. Since the attempts at a direct synthesis of the linear
ethers failed, arother route was attempted:

(CH2=CHCH2)2O + €1, — CHZCICHCICH20CH2CH=CH2

l CF?BrCFCIBr

CF2=CFCH2CHBrCHZOCHZCH:CH? T CF%BPCFCLCHZCHBrCH20CH2CHCICH2Cl

l CF,,BrCFC1Br
CF,=CFCH,,CHBrCH,OCH,, CHErCH,LFCLCF Br ——5=— (CF,=CFCH,CHBrCH,),0

(CF,=CFCH,CH,CH, ) ,0 LiAlH,
The chicrine additicn tc diallyl ether was carried cut as reported. Best
results were cbtained when the reacticn was carried out at temperatures
between 3c and 7C.

. Addition oi‘CFZBrCFCIBr to CHZCICHC103206H20H=CH2 was carried out
using a larger ra*ic cf CFZBrCFCIBr tc ether. The adduct was dehalogenated

. with zinc and ethancl. Two main liquid products were separated by v.p.c.
One componient was identified as CHZCICHCLCHZOH, and the other gave an
elemental analysis, infrared spectrum and MRD consistent with
CF2=CFCH CHBrCHZOCHZCHCICHZCl.

2
3. Benzoyl Peroxide Initiated Addition of Halcalkares tc Other

Olefins

The reaction of CFéBrCFClBr with CHZ="HCF01CF2Br was studied under
free-radical conditions; bothn benzcyl and acetyl percxide gave the same
ma jor product, CFZBrCFClC¥ig§=CFCFZBr in agreement with the recent work
of Muramatsu and Tarrant . This compcurd was treated with zine dust
to give a complex mixture. Treatmert cf this unrescived mixture with an
excess of aqueous pota2ssium hydroxide gave a dark brown solid as the only
prcduct. It was hoped tc effect 1,4-elimination of HBr to give the triene,

_ _ KOH I -
CF,,=CFCH, CH=CFCF ,Br ————% CF,=CFCH=CH~CF=CF,.

Treatment of acrylonitriie with C¥ BrCFC1Br in the presence cf

- 27 -
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benzoyl peroxide in various ratios gave only a while polymer. and v.p.c.
did not show any simple adducts.
‘ Reaction of CClBBr ard CBru with triethyl—trifluorovinyl silane,
under the influence of benzoyl peroxide, has been reported to give
(CZHS)BSiCFBrCFZCCIB(BPB). No adduct was detected from the attempt to
react CF,BrCFC1Br and (CH3)3810F=CF2 under similar conditions.
The attempt to make l-trichloromethyl-2-bromohexafluorocyclo-~
butane by the additiocn of CClBBr to hexafluorocyclobutene in the presence of
bengzoyl peroxide failed.
Additions to i, -butadiene of 1,2-dibromohexaflusrocyclobutane
and iodotrifluoromethane were attempted under free-radical conditions.
In the former reacticn no high-boiling products were formed, and in the
latter reaction a polymeric solid, iodine, and a low boiling gas only
were detected.
Reaction of both CFBCFZCCZL3 and CFZBrCFZBr with CF2=CFC1 in the
presence of benzoyl peroxide produced white polymers only. -
Reaction of CFéClCFZCCI3 with isobutylene, in the presence cf
peroxide, gave CFZClCFéCCIZCHZC(CHB)ZCI. This product dehydrohalogenated
very easily on distillation to give either CFZClCFéCCIZCH=C(CH3)2 or
CF2CICFZCCIZC52C(CH3)=CBZ. Treatment with alcoholic pctassium hydroxide,
the addition product gave a number of compounds including
CFZCICFZCCIZCHZ-C(CHB)=CH2, CFECICFZCC’=CHC(CH )=CH CF261CF2CC1=C=C(CH
and CF2C1CFZC;C-C(CH3)=CH2.
& Viny’ lodide and tetrafluorcethylene were exposed to sunlight for

3 2? 3)2

i some time but most of the tetrafluorcethylene was reccvered. The only
' other product isolated was a very high-boiling visccus mixture. No 1:1
‘ adduct was formea.

Allyl iodide was ailowed tc react with tetrafiucroethylene in ihe
presence of benzoyl peroxide to yield four prcducts which have been
identified as CHBCHICH . CH2=CHCHZCFZCFZI, CFZICFZI and suspected
E CH,,=CHCH,,CF,,CF,CH,CH=CH,,. The yield of 1:1 adduct was increased from

222772
i j 20% to 40% when reaction time was halved.
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L. Mcromer Syrthesis f.r Contract Ass_ciates

1. The f:rllowing silanes have beer prepared and sent tc F. M. C.
for evaluati:n: trimethyi-(trifiuoroviryl) silane, CF2=CFSi(CH3)3; (3,444
triflucrc-?-puteryl)-trimethylsilare; CF2=CFCH2CH23i(CH3)3; 1,3-41(3,4,4- ;
triflucrc- 3-butenyl)-1,1,3,3-tetrametnyldisiloxane; (CF2=CFCH2CH251(CH3)2)20.

2. Preparaticr c¢f Octafluorcacetopherncre

Cctaflucorcacetcphencne has been prepared by the action of penta-
fluorophenylmagresium bromide c¢n lithzum triflucrcacetate 2~ described in

31)

the litcrature . Attempts tc prepare this ketone by alternative routes

have been made withcut success, The first attempt involved the action of
pentaflucrcpheny.magresaum bremude on triflucrcacetic danhydride. The

second was an attempt tc apply the Friedei-Craft reaction ¢ fiuorcaromatics

by reacting pertaflucrcbenzene with trifiucrcacetyi chicride using tetra- ‘
chlorcethane as sclvent irn the presence cf a.uminum chlcride.

3. Preperation of Cctafiusrcstyrene

Octafiucr:styrere has beern prepared by a method cutlired by Antorucci !

wpan~ (32} s . - s
and wWalil (3 ". Tris methcd invecives the fcllcwing stages:

iy i A .
cr,Clcoon —HE crycicoors A, cF,cicho  ~Sglstdlia
. SF = 5 Mzlten KOH _ —
CF,CICHONCF, —Fhs CF CHFCF,CL > CgF CF=CF,

Without doubt the mcst difficult stage is the preparaticrn of chlorodi-
fluorcacetaldehyde as thi- material is very pr-ne tc polymerize. The re-
maining three stages ca~ be accomplished very easily and ir hign y.eld.
This reaction with the Grigrnard gces ir 70 - 80% yield arnd the reaction :
with SF, which may be carried cut crn the crude alcchei is quartitative

at 80, The reacticn of the ethyiberzene sc fc ~ d with mciten KOH de-
pends critically cn the temperature and contact time. It was found that

at 170O and with a fast additicn rate to the mcliten KOH, follicwed by
immediate removal ir a ritrcgen strew, a 64% conversicr was obtasred.

The cctaflucrestyrene was easily sepasca“»d from starting muterial and minor

. preducts by preparative v.p.c., a.tncugh fractional distillaticn would

probably be more effective on a scale larzer than 20 g.
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4, The Preparation of 1,1,2-Trifluorcherene

The reactions of several organic lithium compounds with fluorcolefins

have been reported in the literature (34). Applying the same general tech-
nique, butyl lithium was allowed to react with tetraflvoro-ethylene at
low temperature to glve the desired product, 1,1,2-trifluorohexene-i,
bop. 70 - 71° (1it. ) b.p. 20%), in 6% yield. A small amount (<58)
of high-boiling product was also observed. This was probably 5,6-difluoro-~
decene-5,

S. Preparation of Allylbis(trifluoromethyl)carbinol

Allylbis(trifluoromethyl)carbinol was prepared by a modification
(116)

of the method reported by Gambaryan . Hexafluorcacetone was heated
with excess propene in an autcclave to 150o for X2 hcurs. The carbincl,
b.p. 95 - 96° (iiv. (116) b.p. 95 - 8°%) was produced irn guantitative yield

{based on hexafluoroacetone).

CF

12 b |

e Vo) I'S. _ ~T e
CH3CH—CH2 + (CF3)2\,0 —=5—=5  CH,=CH-C 2-<i-vﬂ
CF_

100%

E. Aromatic Substitutions

1. Attempted Formation of a Radical from CFéBrCFClBr and Its
Reacticn in situ with Aromatic Compounds

a. Ultraviclet Irradiaticn Initiation of CFzBrCF01Br

Previcusly CF?BrCFCIBr had been reacted with benzcyl percxide to
[ 4
give one of t 2 adducts p-CFZBrCFC1C6PUCOOH (3’). It would seem that the
relevant reactions in its formation are:

- 30 -

v B+ = ex s




BiZOZ

Rad. + CF_BrCFCIBr —— CF2BrCF01' + Rad.Br

d5COO + CFZBrCFCL ~—p CF B*CFCicéP COO + H-
t
32202 VFZBPCFCLCéduCOOH

In the present investigaticn it was prcpesed tc react the hale-
alkane radical formed, in situ witn a hydrcgen-cortairing aromatic compound,
from which, hydrogern may be abstracted ard a substituted alkyl benzene
formed. Initialily, ultraviclet light was used as the radical initiater
tc decrease tnhe p:ssiblie rumber -f products. Trus a mixture cof CF BrCFC1Br
and benzere was irradiated. The reactizr, prcduct showed ro nlgh-bﬂlllrg
product by v.p.c., but cr. distiilaticrn tc rermcve startirng materials

fzllwwed by v. p C. seraratlﬂr, bromcber.zere and saspected CéH CFCl CF Br
29

(infrared and “H ard
0.25¢ yield.

F NMR spectra were ccnsistert) were isolated in
Irn an attempt t2 isclate the Knowrn compournd p-CFzBrCFC1C6HuCOOH,
berizcic acid in benzerne soluticr and CFZBrCFCIBr were irra~’ ated with
ultraviclet light. There was nc apparent reacticn and benzoic acid was
recovered in 90% yield.

Reaction of bromcbenzere with a halcalkare radical shculd give a
useful intermediate compcund for the formaticrn of a minomer, also bromc-
berzere is 75% mcre reactive than benzene with phenyl radica’-~ from benzoyl
peroxide. Therefcre, bromcbenzere and CFZBrCFC1Br, at an eievated
temperature, were irrediated with uitravizlet light. Agair there was
iittle reacticn but there was a greater percentage conversisn tc high-
bciling preducts than the benzene reacticr. The high-beiiing products on
the v.p.c. showed (m2inly) tio leng retained cverlappirg peaks which have
nct beern separated to date. There was a pessibility c¢f abstraction of a
bromine atcm in preference to a2 hydrogen atom frim bromcbenzerie but no
product of similar v.p.c. retentizn time to suspected CGH .CFCICFZBr
Was preser.t.

5
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In the previous reactions there was a large evoluticn of hydrogen
halide, therefore, in case the acidic gas caused any inhibiting action,
basic pyridine was irradiated with CFZBrCFtlBr. The product of this
reactior: chowed n. indication of a substituted pyridine and only starting
materiass <nd a black residue were obtained.

It was predicted that irradiation of pentafluorcbenzene would
give a halosthylpentafluorobenzene which on dehalogenaticn would produce
perfluorcstyrene, 2 difficult compound to prepare by other routes. It
has previously beer: shown that even a flucrine atom can be abstracted

from hexafluorobenzene bty benzoyl peroxide (36)

, but ultraviclet ir-
radiation of pentafluorsbenzene with CFéBrCFClBr gave only starting
materizls in good yield and a small residual tar.

In conjuncticn with the uwltraviclet irradiation reacticns, ben-
zolc acid in benzene and pentariuorobenzene have been mixed with
CFéBrCFClBr and have been exposed to sunlight. The latter experiment gave
no apparent reaction on v.p.c. examinaticn. The former experiment is
continuing.

The ultraviolet irradiation reactions have been abandoned as the
reaction, even where some product is isolated, is very inefficient. This
must be due to lack of reactivity of the radicals produced from CFZBrCFClBr
or inefficiency of ultraviolet iight in producing thnse radicals.

b. Pyrolysis Experiments with CFZBrCFCIBr

CF,BrCFC1Br has bec(e;?;;ymlyzed in a platirum tube at 500° and 600°
and the products isolated . The proposed initiation mechanism invoives
production of a bromine atom and a haloalkane radical. The same experiment
was repeate? using a steel pyrolysis tube and it was found that maximum
yield and conversion was obtained at 400°, At lower temperatures there
was much unchanged starting materia’ and at higher temperatures there was
decomposition to carbon. Pyrolysis using a steel pyrolysis tube gave a
more complex mixture than that using a platinum tube.

A mixture of benzene and CFzBrCFCIBr was pyrolyzed at various
temperatures. The optimum temperature of pyrolysis appeared to be 400 -
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500° when minor products of longer v.p.c. retention time were observed,

but there was no product of retention time similar to suspected
C6H5CFCICFZBr obtained from the ultraviolet irradiation energized reaction.
"here appeared to be very little interracticn of CFZBrCF81Br 2ad benzene,
as benzene was the only major product in experiments at all temperatures.

Pyrolysis of bromobenzere and CF,BrCrCiPr seemed to give more
high-boiling products at a furnace te;perature of 5000 than at lower
temperatures, although there was a decrease in the weight of recovered
material. Three high-bciling components, twc of which correspcnded by
v.p.c. to the products isclated frem the ultra violet initiated reaction,
were still very minor products and bromobenzene appeared to be largely
unchanged. Similarly, both pentafliuorobenzene and bromcpentafluorobenzene
on pyrolysis with CFZBrCFCIBr gave only traces of high-briling products.

A preliminary experiment on pyrolysis of CFzBrCFCIBr with olefins
using a mixture of olefins showed a2 major product ¢f longer v.p.c. re-
tentior time than starting materials, but as this was off the main course
of investigation, it was not pursued.

A mixture of CFzBrCFC1Br and bromine was pyrolyzed in an effort
to obtain more CFéBrCFBré in the pyrolysis product than that obtained
from pyrolysis of CFéBrCFClBr alone. This would give a convenient route
to the preparation of the monomer, vinyl bromide. A pyrolysis of the
mixture at 400° gave 26% yield of the suspected tribromotrifiuoroethane
compared to 8% on pyrolysis »f CFzBrCFCIBr alone. Also, in an attempt
to prepare vinyl bromide, a mixture of bromine and CFé=CFCl was pyrolyzed,
but the bromine reacted with the olefin before pyrolysis occurred.

There was no detectable reaction between benzene and CF?BrCFC1Br
when heated alone, therefore, an experiment was carried out in the
presence of a 1/10 molar proporticn of benzoyl peroxide as an initiator.
Two high-boiling products were detected by v.p.c,, corresponding to

bromobenzene and suspected C6H CFClCFéBr (as isolated from a previous

5
experiment). They formed 9% and 5% of the volatile products, respec-

tively. Non-volatile products, which may include derivatives of bernzoic
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acid, were not examined.

2. Attempted Formation of a Radical from CF_CICFC1I and Its .
Reaction in situ with Aromatic Nuclei
Recently, it has been shown that trifluoromethyliodide wil react .

with monohalobenzenes to yleld trifluoromethylmonohalotenzenes (38). This
work has been adapted in an attempt to produce potential difunctional
monomers, BSenzene was reacted with CFZCICFCII under conditions used in
reference, but there was considerable decompesition to carbonacecus
material and oniy 5% of the substituted benzene was formed. Under milder
conditions the amount of decomposition decreased and the yield of suspeacted
C¢H.CFCICF Cl increased to 24%. CF,C1CFCIH (6% yield) was also identified (39).
The structure of 06HSCFClCF2 was based on consistent infrared, 1H
and 19F HMR, and ultraviolet spectra.
It seems that even milder conditions for the reaction above may
increase the yleld of 86HSCFCICFZCI, but there is an optimum as an ex-
pariment in which benzene and CFZClcFCII were refluxed for 140 hours gave
very little reaction.
As benzoyl percxide seems to assist the reaction of benzene and
CFZCICF'ClBr, it was used in a comparison experiment in an zttempt to in-
crease the yield of C6HSCFCICFZCI from benzene and CFZClCFClI. A blank
experiment i.. which only benzene and CFZCICFCII were heated was run under identical
conditions. The former experiment showed an 18% conversion to higher
boiling products compared to the cconversion in the latter which was cnly
2%. The higher boiling product from the former experiment was a single
peak on a silicon gum packed gas chromatography column at 1800, but on the
same packing at 100° it separated into two peaks in the ratio of 18:82.
The minor component was identified ss iodobenzene and the major component
was identified as C6HSCFCICF201 by gas chromatographic retention time.
Therefore, the overall conversion to Céﬁscr‘CICFzﬂ was 14.8% in the benzoyl
peroxide initiated reaction, but :in the blank experiment the conversion
to 0685CFC1(§F261 was only 2%.
A different approach was used next in an attempt to increase the
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yvield of C6HSCFCICFéC1 from benzene and CFZCICFCII. Rather than use a
free-radical source as an initiatcr, the reaction was carried cut in the
presence of a metal which would easily take up the liberated iodine atoms
{viz. mercury and copper dust). A blank experiment was again run under
identical conditions for comparison. The blank experiment shoved a 2.3%
conversion to CéHSCFCICFéCI, whereas the experiment in the presence of
mercury showed a 9.3% conversion to a higher boiling product corresponding
to 06H5CF01CF201. The experiment, in the presence of electrolytic copper
dust, could not be compared directly as the organic liquid formed a slurry
with the dust.

Reaction of pentaflucrobenzene with CF2C1CFCII, which would give
a facile preparation cf perfluorostyrene, cculd not be effected by heating
alone. In a preliminary reaction of pentafluorobenzene and CFZCICF01I,
in the preserce cf benzoyl percxide, there was a 6% conversion tc a higher
boiling product. Therefore, three compariscn reactions were set up under
identical conditions. The first tube (1) contained pentaflucrobenzene,
CFéClCFClI in equimolar prepertions and 0.425 mclar preportion of benzoyl
peroxide. The second tube (2) contained pentafluorobenzerie and CF201CFCII
in equimolar proportions and a 0.2 molar proportion of benzoyl peroxide.
The third tube (3) contained pentafluorobenzene and CF,BrCFC1Br in equi-
molar proportions and 0.2 molar propcrticn cf benzoyl percxide. The per-
centages of high-boiling preducts from gas chromaicgraphic peak areas were
(1) 27%, (2) 8%, (3) 23%. The high-bciling preduct was isolated frem (1)
by gas chromatography ana was shown to be iodobenzene by infrared spec-
troscopy. The major high-beiling product from (3) had the same gas
chromatographic retenticn time as bromobenzene. The minor preduct of
slightly longe> retention time than bromobenzerne was in insufficient
quantity for identification. Only velatile products were investigated.

Although dechlorination of CéHSCFClCFZCI will only yield the known
o fyp-trifluorcstyrene, which has been polymerized, the same radical re-
action may be effected using substituted benzerne derivatives and CF201CFCII
to yield monomers thrcugh which cross-linking is pecssible. Thus bromo-
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benzene was heated with CF2ClCFCII. The product cof long retention time
13 suspected to be BwéﬂuCFCICFZCI (4% yield). It was of interest to
note that in addition to suspected BrC6H5CFC.LCF2C1, a product whose v.p.c.
retention time corresponded to C6H5CFCICF Cl wa:s present in the ratio

2
BrC6HuCFCICF261:C6H CFC1CF,Cl::8:1. This ratio was reversed by effecting

the reaction in thespresenie of copper dust.

Refluxing bromobenzene with CFZCICFCII at a liquid temperature of
ca. 115° gave a 13% conversion (by v.p.c. peak area) to suspected
BrC6BuCFCICF201 after 90 hours. This indicates that the ideal temperature
for liberation of radicals from CE CICFCLI is >115° and <165°.

In experiments between phenol and CFZCICF‘CII and nitrobenzene and
CFZCICFZCII s 2 poor conversion to the haloethyl substituted products was
indicated.

An experiment to compare the reactivity of benz.ne and iodobenzene
(1.e., ease of removal of hydrogen and iodine atoms from an arcmatic nucleus)
with CFZCICFCII was attempted, but conditions were too mild to detect any
reaction in either case.

As this whole series of experiments, using CFzBrCFClBr and
CF,CI1CFCLI as sources of radicals to react with aromatic nuclei and fomm
et;ryl benzenes, gave poor yielas, this route to styrenes has been zbandoned.

3. Other Attempted Aromatic Substiiutions

The reaction of pentafluorobenzcic aszid with ammonia was investigated;
however, none of the expected 4-amino-tetrafluorotenzoic acid was observed.

Attempts to react 1,4-dibromotetrafluorobenzene with silver iso-
cyanate were unsuccessful. Several sclvents were used.

It is well-known that hexafluorobenzene is susceptible to attack
by anionic species. Attempts to react hexaflucmbenzene with potassium
bromide and sodium iodide in solvents, suciu as acatone, dimethylsulphoxide
and dimethylformamide have failed to produce any of the desired bromo- or
iodopentafluorobenzenes. It was learned that a similar at.empted reaction
between sodium iodide in acetone with chloropentafliuorobenzene was also

unsuccassful (40) . The preparation of certain fluorcperhalocarbanions has
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been reported by Miller (ul,QZ).

The feasibility of a reaction between the heptafluoro-iso-propyl
carbanicn and hexafluorcbenzene has been investigated; however, in all
cases the hexafluorobenzene was recovered without attack. The experiments
were performed with hexafluorobenzene, hexafluoropropene and potassium
fluoride in fcrmamide and dimethylfcormamide at room temperature and at
70 in a sealed tube. In each case, analytical gas chromatography in-
dicated that 2 low-boiling product apart from hexafluoropropene was formed,
presumably 2H-heptafluorcpropare (41), but ro aromatic ccmpound other
than hexafluorcbenzene was present.

F. Attempted Preparation cf Partially Fluorinated Ncrbornadienes

The uydrccarbon nerberna-2,5-diene was prepared by Diels-Alder
addition of sym-dichloroethylene to cyclopentadiene, fcllowed by dechlor-
inaticn (h3).
1t was proposed to prepare a partially fluorinated norbornadiene
by a Diels-Alder addition to cyclopentadiene and sym-dichlorodifluorc-
ethylene, followed by dechlorinaticn of the Diels-Alder adduct to yield

243-difluoro-ncrberna-2,5-diene thus:

The initial reaction of cyclopentadiene and sym-dichlorodi-
fluorcethylene gave a preduct which cculd be separated into an ether-
insoluble solid and an ether-soluble gum, neither ¢f which have been
purified. The formation of ether-insoluble solid indicated that the re-
action had proceeded beyond the simple Dieis-Alder adduct, so the experiment
was repeated under milder conditicns. As the preduct, if any, could not
be isolated from this reaction, dechloriration of the impure product was
attempted using magnesium and icdine in ether, fcllowed by zinc in

ethanol, but no ~.ene product was detec*ed.
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To test the procedure, the previously known Diels-Alder addition
of cyclopentadiene and perfluoropropere (ts)
isolated in 19% yleld. Similarly, perfluorcoutene-2 was allowed to react

with cyclopentadiene and the adduct was formed in 83% :rield. The adduct
19

was attempted and the adduct

gave a ccnsistent infrared, ~“F NMR spectra and elemental anilysis; de- i
colorited a bromine solution and was oxidized by potassium permanganate.
The proton NMR spectrum showed a Diels-Alder {1,4-) adduct rather than a
1,2~ adduct (hS)‘

Debalogenation of the Diels-Alder adduct, 5,6-difluorc-5,6-bis
(trifluoromethyl)-norborn-2-ene was attempted using zinc in isopropanol,
but only starting material was detected. Dehydrohalogenation was
attexptad by dropping the adduct on to molten potassium hydroxide. It
was thought that if the bridge-head carbonium ion couild be formed that it
right rearrange, but only starting material was recovered in 84% yield.

As the Dieéls-Alder adduct from perfluorobutene-2 could not be
dehalogenated, a Diels-Alder addition between cyclopentadiene and 2,3-
dichlorohexafluorobutene~2 was attemptsi. The reaction mixture showed
starting materials, dicyclopentadiene (trace) and adduct by gas chro-
matography. The product was isola‘ed (33% conversion) as a white waxy
solid which easily was oxidized by potassium permanganate and decolorized
3 bromine solution. A consistent infrared spszctrum and elemental analysis
were obtained for an adduct, which from the proton NMR spectrum was
shown to be 2 Diels-Alder adduct, 5,6-dichloro-5,6-bis(trifluoromethyi)-
norborn-2-ene (MS). The pure product gave an unsymmetrical gas chro-
matographic peak.

Dechlorination of the adduct was attempted by two methods. The
hydrocarbon norbornadiene was prepared by addition of cyclopentadiene
to sym-dichloroethylene, followed by dechlorination by magnesium iodide
in ether (43,

Dechiorination of 5,6-dichloro-5,6-bis{trifluorcmethyl)-norborn-
2-ene was attempted under identical conditions, but only trace quantities

of product were detected by gas chromatography and a quantitative yield
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of starting material was recovered. The second dechlorinaticn route
attempted was using activated zinc in isopropanol. The dechlorination
product. was formed in at least 86% yield and was identified by infrared
spectroscopy as 2,3-bis(trifluoromethyl)-orbcrnadiene This product was
also obtained from addition of cyclopentadiene tc hevafluorobutyne-2.

Hexafluorobutyne was prepared by a known route (ué). The addition
between cyclopentadiene and hexafluorobutyne was facile and the adduct
was formed in 84% yield, the remainder being low-bciling starting material
and a trace of dicyclopentadiene. The pure adduct was oxidized by

potassium permanganate a:n? decslorized bromine. The adduct had a con-

sistent infrared spectrum, particularly the medium intensity absorption
at 5.92u attributable to CF379=quF3.
for the adduct. The proton NMR speétrum was consistent for a Diels-

Alder adduct, 2,3-bis(triflucromethyl)norbcrnadiene.

The elemental analysis was consistent é

The addition of cyclopentadiere tc sym-dichlorcdifluoroethylene
was attempted at 150° on a small scale. A shculder wes noticed on the
dicyclopentadiene pcak. The reaction was therefore repeated at 1?00, at
which temperature dicyclopentadiene cleaves tc give the moncmer. This
reacticn increased the area of the shoulder so that it came larger than
the dicyclopentadiene peak. An autoclave reacticn of 3.5 molar scale
gave an 11.5% conversion to the adduct, the major product being a highly
viscous high-bciling liquid, which crystallized on standing. Identifi-
cation of the latter product has not been attempted, aithcugh from the
similarity of its infrared spectrum to the Diels-Alder adduct and from
previous literature, it is suspected tc be the preduct of further addition
of cyclopentadiene.

The product formed in 11.5% yield, which was a low-melting solid,
which was oxidized by potassium permanganate solution and decolorized \
bromine. It gave a consistent infrared spectrum and elemental analysis %
for an adduct. The proicn NMR spectrum was ccnsistent for the 1;4-adduct, ;
5,6-dichloro-5,€ -difluoro-norborn-2-ene (bs)‘ The 19F NMR spectrum was

inconclusive.
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As dechlorination of 5,6-dichloro-5,6-bis(trifluoromethyl )norbom-2-
éne vas easily effected by activated zinc in isopropyl alcohol, the same
system was used in an attempt to dechlorinate 5,6-dichloro-5,6-diflucro-
norborn-2-ene. The starting material was recovered in 95.5% yield.

The addition of cyclopentadiene to trifluoroethylene was attempted,
as dehydrofluorination of the adduct should give the same product as the
dechlorination attempted on 5,6-dichloro-5,6-difluoronorborn-2-ene.
Initial attempts at the addition on a small scale gave recovered olefin
in 76 - 92% yield. It was noted in these experiments “hat there was al~
ways a minor product of suitable gas chromatographic reteation time for
an adduct. Also, an increase in the reaction temperature gave a decrease
in the percentage of unchanged olefin recovered. In this whole series
of experiments it was found that the autoclave reaction where the whole
vessel was heated gave superior yields to the small scale experiments in
Fischer-Porter tubes where only part of the vessel was heated. Also,
additions that had to be effectea at higher temperatures gave poor yields
of simple adduct accompanied by higher boiling products.

An autoclave addition of cyclopentadiene and triflucroethylene
was carried out at 165° and 53% of the unchanged olefin was recovered.

The adduct, which was a waxy solid, was formed in 33% yield based on un-
recovered olefin, the major product being a high-boiling liquid which was
not identified. The purified simpie adduct was oxidized by potassium
permanganate and decolorized bromine. It gave consistent infrared spectrum
and elemental analysis for an adduct. The 19F NMR spectrum indicated a
mixture of two isomers of %,5,6-trifluoroncrborn-2-ene, but the proton NMR
spectrum was inconclusive.

Dehydrofluorination of the-adduct was attempted using aqueous and
alcoholic aqueous potassium hydroxide but no product was detected, the
yield of starting material being quantitative in both cases.

Small scale addition of cyclopentadiene to chlorotrifluoroethylene
gave a 4% recovery of starting olefin, but an autoclave reaction gave a
negligible amount of low-boiling product. A large amount of brown viscous
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liquid of low volatility was formed. The adduct, which was a liquid, was
formed in 26% yield. It easily was oxidized by potassium permanganate
and decolorized bromine solution. The adduct gave a consistent infrared
spectrum and elemental analysis. The proton and 19F NMR spectra indicated
at least four ccmponents which seemed to be isomers cf born the 1,4- and
1,2~ adducts .

The last addition atrempted used isopropenylacetylenz as a diene.
It was allowed to react with octafluorotutene-2 as this olerin gave a
facile reaction with cyclopentadiene. Under the conditions used, no

adduct w.is detected and a very good reccvery of starting material was ob-
tained.

G. Fluoronitresv Compounds

The preparation of fluoronitroso compounds by the addition of
nitrosyl chloride to fluorcdlefins has been reported (47-09) but only
fluoroalkenes were used. Nc attempt has been made to prepare nitroso com-
pounds from unsaturated fluoro-esters and ethers. The addition of nitrosyl
chloride to fluoroolefins was usually effected by ultraviolet irradiation
cr sunlight and a blue nitroso compound together with some nitro- and

chloro-derivatives of clefin were obtained as follows:

wocr =¥ jo 0+ &

.

F,%CFCL &, CF,C1CFC1 No, CF,,C1CFCINO M, CF,CICFCINO,

lel

N
1
CF2C1CFC.2 2

.

Park (47,48) has reported that powdered ferric chioride will
catalyze the reaction and that a free-radical mechanism is followed similar
to that in ultraviolet light. In our laboratory it has been found that

nitrosyl chloride and fluor. lefins react in a suspension of aluminum

chloride and dimethylformamide (u9). The fellowing mechanism was suggested:
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ae, o+ Moo No*umg
CF,=CFCI.  +  AICL; —— [ALCL,""""CL"""'CF, crcﬂ

 an AlCl3 + CcmICFCl-

CF,CICFC1™  + Mot —— CF,,C1CFCING

In the current work this method has been used to prepare nitrosc compounds
from fluoro-esters and -ethers.
1. Preparation of p-trifluorovinyl Ethyl Benzoate and Reaction

with Nitrosyl Chloride

The preparation of trifluorovinyl benzoic acid has besn investigated (37)-

. Trifluorovinyl ethyl benzoate was prepared via this method (35) and
the p-substituted structure was confirmed by NMR.

During vacuum distillation cver 1500, the ester formed a viscous
oil which showed infrared absorption at 884 cm™) consistent vith a eyclic
structure. NMR data confirmed the structure fFZ-CF-g-CGOEt

CFz. F- '_ ~COOEt
for thic compound. The reaction of trifluorovinyl ethyl benzoate with
nirrosyl chloride was carried out at 0° using the method reported (u9).
The reaction product was a light green viscous oil which decomposed at
room temperature after ca. 7 hours. An attempt was made to separate the
product by alwmina chromatography. The light green compound collected was
not the expectad nitroso compound but a mixture of two compounds, as on
standing at O°, a white solid crystailized out. Olefins and nitroso com-
pounds reacted to form oxazetidines and polymers {30) and elemental
analysis of *he light green mixture and elemental, irf{rarea and NMR

analysis of the solid was consistent with an analogous rezction:
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NOC1 CF,-CF COOC_H
= (4 — N \ paially Dy Phghuiodg, Sy
CFZ CF-(-:>COOCZH5 —y CFZCICI‘. 0@-C00C2H5 2 2-9 -

CF2C1-0F4<;3yCOOC2H5

N-CF cooC HS + (0-N- CF2 - CF 3

I n

CF201 COOC2H5

The solid is probably the oxazetidire.

2. Reaction of Unsaturated Fluorcesters with Nitrosyl Chloride
CF2=CFCFéCOOCZH5, CF2=CFCF2COOCH3 and CF2=CFCOOCZH5 were used as
the esters. In each case, the blue nitroso compounds we.e separated from
the chloro derivativaes by v.p.c. The niiroso products decomposed below
their boiling points.
3. Reaction of Unsaturated Fiuoroethers with Nitrosyl Chioride
C6H5OCF=CCI2 and CH2=CHCHZOCF2CFC1H were used as the ethers. The
phenolic ether produced a nitroso compound as idertified by the blue color

and irfrared spectrum but CH2=CHCHZOCF2CFC1H did not give a blue nitroso
product.

L. Preparation of Fluoronitroso Compounds from Olefins

The reaction of CF2=CFCH2CH=CH2 and .aitrosyl chloride was effected
to yield CF201CF(NO)oCHZCH=CH2. (17)

The diene was prepared by the known rcute of addition of
CFZBrCF01B{L;§ allyl chloride, followed by dehalogenation. By the usual
procedure » the addition ¢f nitrosyl chloride to tne diene was pre-
dominantly at the CF2=CF- grouping. The yield of nitrosc compound was

poor and nearly 30% of the starting diene was recovered when equimolar

proportions of nitresyl chloride and diene were uscd, but if an excess of
ritrosyl chloride was used, several unidentified nigh-boiling products

were formed. The infrared spectrum cf{ the high-boiling products showed
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absorption at 5.5% and 5.784, compared to N-O and -HC=CH- absorption of
the nitroso adduct at 6.31s and 6.1 (weak), respeciively. The nitroso
adduct was decormposed by air and heat from a blue liquid through green
and yellow to give finally a dark brown viscous liguid. The compound was
sufficiently stable to allow gas chromatographic separation at 50 - 60°.

The reaction of CFé=CFCH=CH2 with nitrosyl chloride has been
studied in this laboratory before and a small amount <f ‘lue liquid was
obtained, but no further work was done. In the present werk the addition
was attempted using aluminum chloride and D. M. F. as solvent as before.
Orange or light green colored reaction mixtures were obtained depending
on the conditions used, >ut in both cases the low-boiling nitroso com-
pound was a minor product, the major product {>95%) being a colorless
high-btoiling compound. This main prcduct showed abscrption ia the
infrared spectrum of 5.784 and 6.05 but the structure is still under
investigation.

The reaction of CF2=CFCH=CHCF3 with nitrosyl chlcride also gave
a high-boiling colorless product rather than a low-boiling blue nitroso
compound. The main product had absorption peaks in the infrare< spectrum
at 5.80p and 6.054, respectively.

No nitroso compound was formed when BrCFZC'ZCH=CH2 was treated
with nitric oxide in the presence of mercury and sunlight. A reaction
under similar conditions using CFZICFZCHZJH=CH2 gave a blue cclor in-
dicative of a nitroso ccmpound, which was discharged when the product was
brought to ambient in the presence of oxygen.

H. Fluoroketone Studies

It is well-established that fluorinated ketones react readily with

nucleophilic reagents. Useful surveys cf the literativre are contained in

(56,57)

two publications
The reaction of hexafluoro. and sym-dichlorotetraflucro- acetones
with Grignard reagernts appear to give itwo typ:s of products, the expected
tertiary carbinol and in scme cases a reduction preduct, 1,1,1,3,3,3-
hexafluoroisopropancl with the former ketcne. In the present werk, the
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above-mentioned ketonzs have veen reacted with methyllithium and trifluoro-
vinylmagnesium bromide, and hexafluorocacetone has been reacted with 2,2-
difluorovinylmagnesium bromide.
later.

The latter twoc ra2actions are described

The reaction of methyllithium with sym-dichlcrotetrafluorcacetone
and hexafluoroacetone gave, respectively, the ether azeotropes of 1,l-bis
(chlorodifiuoromethyl)ethanol, and 1,1-bis{trifluoromethyl)ettanol. The
carbinols were purified by preparati-re -as chromatcgraphy. The former
was characterized by spectroscopic (NMR and i.r.) and elemental analyses,
the latter had identical physical characteristics to the carbinol described
by Knunyants and co-werker (51) who prepared it by the reaction of methi -
magnesium bromide with hexafluoroacetone.

Attempts have been made to react metallic saits of the carbinols
with chlorotrifluvoroethylene to form olefiric derivatives. The lithium
salts of 1,2-bis{trifluoromethyl)- and 1,l-bis(chlorodifluoromethyl)-
ethanols (formwed in their preparaticn) did not react with chlorotirifluoro-
ethylene. The sodiim salt of perfluoro-l,l-dimethylprop-2-en-l-ol was
prepared by reaction of the alcohcl with sodium in ether or an excess of
alcohci. However, there was no reaction between the alcchol salt and
chlcrotriflucroethylene in diethylether, tetrahydrofuran or in the alcohol
itself. Reactions that were pearfomed in tetrahydrofuran gave a produ:.t
due to a combination of tetrahydrofuran and chlorotrifiuoroethyliene; the
product has nct been fully characterized.

Calas and Duffant (58) reported that trichlorosilane added to
aliphatic ketones under u.v. irradiatiorn in the following manner:

CH CH

};3 | 3

ClBSiH + O=' P ClBSi-O-?H
CH CH,

3 >

It has been reported that u.v. irradiation induces fiuvoroketones to
disproportionate by the following mechanism: (59)
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CF3CCf3-—-——-) CFBC' + CF3.

CFéi- —— CFB- + Cco

In reaction of methyl dichlorosilane with hexafluoro- and sym-
dichlorotetrafluorvacetones under u.v. irradiation, it was found that the
predominant reaction was addition of the silane to the ketones to give
respectively

Cl cl 1
?FB : CF,C
c1-510ﬁf and C1-Si-0-CH
i ]
CH., CF CH, CF.Cl
33 3 2

A study of the stability of the Si-O bond in these compounds towards
hydrolysis is to be made.
I. Preparation and Reactions of Some Silanes Containing the
Trifluorovinyl Group

1. Reaction of Organolithium Compounds with Trimethyl Trifluoro-
vinylsilane
Seyferth and Wada (60) have reported the reaction of organolithium
reagents and codium alkoxides with triethyltrifluorcvinylsilane to pre-
pare compounds of the ‘ype (CZHS)BSiCF=CFR and (CZH5)BSiCF=CFOR.

A similar reaction using trimethyltrifluorovinylsilane and

organolithium reagents was investigated <nd, in general, a good yield of
the nroduct (CH3)3815F=CFR was formed. (R = methyl, n-butyl, allyl, vinyl,
phenyl, 3-trifluoromethylphenyl, 2-thiophenyl and l-rapthyl.) Alcoholysis
of these products provides a convenient route to the 1,2-difluorodlefins.
The compounds from these reactions, and their physical properties are
listed in Table VI.

(CHB)

A RLi e KOH
5S1CF=CF, E¢,0 (CH;)jSICF=CFR  —pi—s
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Reactions with ferrocenyl lithium and 2-styryl lithium were un-

successful; however, it is questionable whether the lithium reagents

kst NN a8 Y

were actually formed.
2. Other Syntheses cf Silianes Containing the Triflusrovinyl

Group
As part of this continuing program on the preparation and reactions
of fiuorodlefins, it seemed desirable toc synthesize and study the reactions

of silanes containinz the trifluorcvinyl group separated from the silicon

atom by var,ing nuibers of methylene units.

(61)

st trifiucrovinylsilane was prepared by Knunyants

who obti. o \CF2=CF)uSi as the reaction product of trifluorovinylmagnesium
iodide and silicon tetrachloride. Seyferth (62,63) prepared CF2=CFSi(C2H5)
by the Grignard mathod and CF2=CFS:'L(CH3)3 by the reactiocn of trimethyl-

chlorosilane with trifluorovinyllithium, which was prepared by treating

3

trifluorovinyitin compounds with phenyllithium.
In cur laboratory, trifiucrovinyltrimethylsilane XIV was prepared
in 65% yield by a two-step reaction in which bromotrifluoroethylene
. reacted with methyllithium to give trifluorovinyllithium, which was allowed :
to react with trimethylchlorosilane. !
An attempt was made to prepare trifluorovinyldimethylchlorosilane
from the reaction of trifluorovinyllithium and dimethyldichlerosilane
in a3 1:1 molar ratio, but only bis(trifluorovinyl)dimethylsilane XV was .
obtained. This experiment confirms the results of Knunyants in in- \
dicating the increased reactivity of the silicon-chlorine bond in silanes
| containing both this group and a trifluorovinyl group attached to silicon.
Alkcxysilanes undergc approximately the same reactions as chloro.
silanes, although they are scmewhat less reactive; therefo-e, a synthetic
procedure was dev.sed which led to the formztion of trillucrovinyldi-
rmethylchlorosilane by the scheme shewn in eq 1. The ccmpounds were iden-
tified by elemental analysis . HRD, and infrared spectra.

|
|
é
i
3
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(C.H..).N .
(CHy) 5161,  +  C,HOM LeH, N (GH,),,S1C1(0C )

ci CF,=Crla (1)
3
CF;-CFiSiCT <233 (CH_)._Si(QC.H.)CF=CF
2 32 2"5 2
XVII CH, VI

The sym-tetramethylbis(trifluorovinyl)disiloxane was Prepared
by the route shown in eq 2.

CH. CH
|3 | 3
(0113)231012 * B0 —— Cl-fi-O-Si-Cl

CH3 CH3

CF. 2=CFLi (2)

i

CF 2=CF31-O-SJ.CF=CF2

CH3 CH3

XVIII

Another compound of the series was prepared by allowing dimethylchloro-

silane to react with trifluorovinylmagnesium bromide to give trifluorc-
vinyldimethylsilane eq 3.

P ke

H-Si-C1 + CF2=CFHgBr ———— H-5i-CF=CF (3;
CH CH
3 3
XIX

Elemental analysis and infrared data were consistent with this structure.
When trifluorovinyllithium was v-ed instead of the Grignard reagent,
brown tar was obtained.

a
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Pentafluorcohenylmagnesium bromide was prepared and allowed to re-
act with CF2=CFSi(CH ).Cl to give the trifluorovinylpentafluorophenyldimethyl-
silane XX. It was of some interest to determine whether one or both
fluorine-containing groups would be cleaved by rraction with base. Con-
sequently, a sample of the product was treated with alcoholic potassium
hydroxide and a gas, presumably CHFECFZ, was obtained. Examination of the
liquid products showed that pentaflucrobenzene had also been formed, thus
indicating the cleavage of both groups.

A different approac?é:?s used to prepare (CH3)381 HZCFECF2 XXI.

kad shown that Grignard reagents reacted
with fluorodlefins to give alkylated or arylated flucroSlefins while
Dixon (34) reported that lithium reagents behaved in the same manner.

Earlier Tarrant and Warner

With tetrafluorcethylene, lithium reagents often give disubstituted pro-
ducts such as RCF=CFR.

RMgX  +  CFy=CX, ——> RCF=CK, +  MgFX

. - - .
RLi + CF2 CX2 s> RCF: CX2 + LiF

A Grignard reagent was prepared from trimethylchloromethylsilane and was
treated with tetrafluorocethylene under a variety cf conditions, but no
2,3,3-trifluoroallyltrimethylsilane was obtained. However, the desired
compound was made by treating the corresponding lithium reagent with
tetrafluoroethyliene

(JHB)BSiCthi + CF2=CF2 —_ (CHB)BSiCHZCF--CFZ

in a sealed tube at 0°. Elemental analysis and infrared data support the
structure shown.
The preparation cf the next member of the series, (CHB) SiCH, CH CF=CF
XXI1, was adapted from a synthetic route used ty Tarrant and 1om351no(65)
It is shown in eq 4.
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CFzBrCFCIBr + CHZ=CHSi(CF

Y43 '

CF 2BI'CFC1CHZCHB1‘Si ( CH3 )3

[}
1 C,H OH-HC1-zn ()

CF2=CFCHZCH281 ( CH3 ) 3
XX1I
By carrying out a combined dehalogenation with zinc and reduction using
zinc and hydrochloric acid, a 65% yield of the desired olefin was realized.
The reaction of dimethylchlorosilane and CH2= HCFClCFZBr gave the
correspording adduct which was used to make the disiloxane as shown in
eq 5.

(cna)?_sum +  CH,=CHCFCICF Br ——>

(CI-.3 )ZSi(Cl)CdZCHZCF ClCFzBr (5)

L% XXITI
H20
H
Mo T (-
CF2=CFCﬁZCHZSi 0 CFszwCFmCHZCHZSi 0
CH K
312 3|2
xxv XIv

This compound had been prepared previocusly (63) but the yields by the
nethod described here are much greater. An a‘tempt to prepare
CF2=CFCHZC}!281(CH3)201 directly by the addition of dimethylchlorosilane
to 1,i,2-trifluorobutadiene in a sealed tube at 70° was unsuccessful, as
an explosion occurred. The chloroplatinic acid-initiated addition of
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methyldichlorosilane to CH2=CHCFCICFzBr wes carried out successfully to
give the adduct CFzBrCFCICHZCHQSi(CHB)Cl2 YVI in 71% yield.
The last member of the trimethyltrifluorovinylalkylsilanes pre-

pared was CF2=CFCH,CHZCH231(CH3)3 XVII. It was made by the sequence
shown in eq 6.

CH

| 3
HSiCl + CH_=CHC:._CF=CF ——p
l 2 Z 2

CH

3 fHB
01?1-01120H20H20F=CF2
CH
3 (6)
CHBHgBr
(CHB)BS:‘L(CHZ)BCF=CF2
XXVII

Thus, dimethylchlorosilane shows the same preference for reaction with a
hydrocarbon vinyl group rather than a trifl .orovinyl group that is dis-
played by CCliBr which g ves CC13(CHZ)BCF=CF2 as reported by Muramatsu
and Tarrant ( 9).

The chlorosilane XXVIII so formed was hydrolyzad to the corres~
ponding disiloxane XXIX.

Seyferth (<) has studied the reaction of nuclecphilic reagents
with trifluorovinyltriethylsilane and found, in general, that the nommal
reactions of fluorodlefins containing the CF2= group occurred. An ex-
ception was the reaction with scdium ethoxide in ethanol, which led to
the cleavage of the carbon-silicon bond predominantly.

Surprisingly, CF2=CFCH2CHZSi(CH3)3 AVII w2s found to be resistant
to attack by certain nucioczphilic reagents. No reaction occurred on re-
fluxing with a mixture of sodium ethoxide in ethanol over a period of 20

hours or when the mixture was heated to 150O in a sealed tube for 12 hours.
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! However, phenyllithium reacted with the olefin to give the substituted
i compound in good yield, eq 7.

06H5Li + CF2=CFCHZCH281(CH3)3 S

(7)
XXX CgH sCF=CFCH, "H,S1(CH

33

The product was identified by elemental analysis and infrared spectrcscopy.
It should be ncted that other compounds containing *he CF2=CFCHZCH2—

group have been found to te resistant to attack by reagents which attack

simpler fluorodlefins cuntaining the CF2= group. For example, allyl-

magnesium b.omide has been found to react with CF2=CF2, CF2=C§223

CF2=CFCl, ete., but no reaction orcurred with CFé=CFCHZCHZBr . These

results suggest that 1,1,2-trifluorodlefins containing an electron-re-

leasing group, such as the alkyl group, are not as susceptible to attack

by nucleophiles as are such olefins containing electronesative grcups.
Fluoroethylenes containing the CF2= group, upon heating, dimerize

to cyclobutane derivatives. A study was made of this reaction with a

number o. vinylsilanes prepared.
Triflucrovinyltrimethylsilane was heated for 2 days at 200° in a
sealed tube to give a small amount of a product tentatively identifed as

the dimer by elemental analysis and infrared data. An attempt was made
to obtair either a Diels-Alder adduct or a cyclobutane derivative with
‘ butadiene, but polymeric products were obtained.

—CFS4 ! , .
2CF2—CF81\CH3,3 —————)CFé-CF-Sl(CH3)3

T _CF.S3
C.2 ¥ S.(CHB)3

XXXI
Heatiig CF2=CFCHZCH251(CH3)3 for 2 days at 200° gave a 33% yield
F : of the cyclic dimer XXXIT which was identified by elemental analysis and

iafrared and NMR spectra. Furthermore, the unsaturated silane reacted

: with butadiene to give 2 vinylcyclobu‘ane lerivative (eq 8). The thermal
| . dimerization of a pentenyl derivative occurred in 42% yield (eq 9).
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CF2=CFCH20h251(CH3)3 - caz=cuuu=cuz-—————'

(i‘F2 -6“?— CHZC}lzsi (Cl-l3 )3 (8)
CHZ-»Cl’iz--’JH"--C'rI2

XXIII

i"3

2CI"2=CFG{20820112T1-C1 —
CH
3
CFZ-CF(CH2)351(CH3)201
. (9)
- 3 ,C1
CF2 CF(CH2)38°(CH3'2°
XXXTv
it was also found “‘nat nitrosyl chloride reacted ~ith
C!-‘2=C.‘-‘CﬂZCHZSi(CH3)3 to giva a nitroso compound with a characteristic deep
blue color. It was separated by passage of a pentane solution through an
alumina column, and the material from the passage ¢f the narrow blue band

through the column was collected after evaoporation of the pentane. The
product

CF2=CFCHZCH281(CH3)3 + NOCL ———

v 3 % {
(.'FZC]LCI“(I‘JO)<,1~12(Z}123.\(71'13)3
IxXxv
was tentatively identified by elemental analysis and MMH spectra. HNitrosyl

chloride is known to add chlorine perlerentially to the CF2 end of a doun’.
bond with the NO going to the other zarbon atom.

The infrared spectra cf compounds cortaining the triflucrovinyl
group attached direetls to silicon show an abscrpticn peak asscciated with
~ "6 -




the double bond at 5.83u., The same grcup atvached ftc carbon, nydrogen,
bromine, cor chlerine abscrbs between 5.5 ani 5.6-. Triphenyltrifluorv.
vinyltin, prepared in this laberatcry, absorbs at 5.88u, while tris-
(erifluorevinyl)beren abscrbs at 5.%5.. ALl of the metal compounds
mentioned have empty p or i crbitals Wwhich are peri.aps resgcnsible for
the large shift frcm the usual abscrpticn fregiency. Sicne, et ai (67)
use this shif+ as eviderce .f carben-boron-weonding.

red abscrpticn for the double bend ir CF_=CFCH_Si{CH,)
was aisc fomd to be 5.57u, which would again indicate that the &

cvbitals on the silice
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greup in this case. The dzuble bend abscrpiion for CF =CFCH, CH_Si{CH,).Ci
cecurred at 5.52u, indicating a nermal trifluscrevinyl grcup.

J. Reaecticns ¢f Unsaturated Ggignard and Lithium Reagents

The main objecr ¢f this work was the use of unsaturated organo-

Las

met.llic coapounds to prepare a sSeries ¢f erynes cor dieres which might

fford useful polymers. Two gereral methcds were used in the attempted

it

3 esis of these monsmers: 1. Unsaturated crganocmetallic reagents were

43}
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reacted with flucrccliefins tc give the desired prcduct. The most likely

mechanism invclves additicn of the crganom.<s.lic reagent to the clefin,
fellovwed by metal halide eliminaticn e.g. Cq7=CHCHZHgBr + CF,=CFX -

Lo

CH,=CHCH,CF,CFXMgBr = CH,=CACH,CF=CFY + MgBiF. 2. The crgano-

metallic compound was reacted the normal way with aldehydes and ketcnes

S )

snd the product dehydrated to ve enyres ¢r dieres e.g.

Ehe

CF_-C=CYH + CH"COCH .-—-.-——.--.,>

2 3 3 ag.
[] \w.. 1
i i CH Ch, CH

S

’1" "4

~

3 o oon Y
‘3\r~_gn/'c.3 —L= CFsiC- ~CH

> 3 < 2

1. Reaction of Unsazura<ed Organcretall:z Compeund. with HaloGlefins

It has been shown that Grignard reagent: rvacted with flucrcdlefin

tc give alxylated or arylated fluorcC.efins. Di» poried (3%) th
iithium reagents behaved ir a similar mammer. e.g. C H.li  + CF2 CF -
fim - . (63
C,ﬁ90r=C:9 + LiF. ®England and his assoolates repcrted briefly
- 57 -
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that the sodium salt of l-hexyne and phenyl acety.ene reacted with tetra-
fluoroethylene to give, respectively, 30% and 9% of the corresp.ading di-
fluoroethylene Jerivative 2RCzCNa + CF=CF, - R-CzCF=CFCz=CR +
2NaF. The reaction of propynyllithium wit; va;icus fluorodlefins to give
good ylelds of the corresponding enynes has been carri=sd cut in thece
laboratories (&9,

Attempts to extend this reaction using cther acetylenic Grignard
and lithium reagents have procved unsuccessul. Reacticn of ethyoxyethyny.
lithium with chlorotrifluorcethylene in tetrahydrofuran at rcom temperat:re
gave orly black polymeric material. When carried out at -15': to -200,
the same reaction afforded a small amount of 3J.ethcxy-i-chleore-1l,2-da-
fluoropropene tut none of the expected enyne. The mechanism of formaticn
of this compound is not known. Dilitidum acetylide was prepared and re-
acted with chlorotrifluorcethylene giving a very small yield of 4-chlcre-
3,4-difluorobut-3-en-i-yne Cl

HCsC-C=C and ccrsiderable polymeric material.

FF
The corresponding di-Grignard, with fluorcciefins, gave only a black
polymeric tar. Reaction sf 3-bromopropynyllithium and 3,3,3-triflusrc-
propynyllithium with chlorotrifluorcethylene gave oniy pclvmeric material.
A similar result was obtained from the reaction of the latter iitnium re-
agent with dictlorodifluorcethylene (CF2=CC19} in ether. liz reacticn
was cbtainel wher fluoroC.efins were added to ethynyimagnesiur bremide.

Attempts have alsu been made to prepare Slucrinated dienes by

reaction of vinylic flucrinated and non-flucrinated Srigrard and lithium

reagents wit' {luorcclefins.

)
s u- 44 . . o - . s -
It had been repor.ed that triflucrovirgiliichium does not ro-

act with 1,i-dichlorcdifiucroethylene. Attempis i Trepare siernes by re-

’,

action of triflvorcvinyllithium with chlorotrifli rcethv.ene, bromctiri-

fluorcethylene and 1,i,2-triflucrcbaradiene gave =0 113
1] S

(2]
r+
LT

sy

nc diere was obtaineg on seaction of triflucrciscprropenyiiithium with 4i~
chlorodiflucroethylerne.
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It was thought that parfiuorcaromatic organcmetallic reagents with
fluorcolefins would give products in #hich the olefinic ouble bond was
stablized by conjugation with the aromatic ring. A previous attempt to
react pentafluorcphenylmagnesium bromide with trifiucro.cdobenzene gave
only pentafluoroicdobenzere (712. It has beer fcund .zt the above Grignard
reagent has no reaction with chlorctriflucrcethylene or octaflvorc-2-butene
ir diethyl ether, and that ¢ hydroclysis, pentafliucrcbenzene is obtained.

If the reaction with chlorotrifluorcethylene :s carrie cut in tetrahydre-

furan, reaction occurs to leave a gummy material which is prcbably a

perfluoropolypherylene of the type described by Fear, Thrower, and White(72) -

Attempts to react pentaflucrophenyllithium with chlorotriflucro-
ethylene and tetrafluorc:thylene have been unsucces~ful, pentafluorcbenzene
again being recovered ir each case. It hzs, ncwever, been discovered that
beth pentaflucrophenylmagnesium bromide and pertafiuorcphenyllithium re-
act with hexafluorccyclobutene tc give a single preduct, 1,2-bis(penta-
fluorophenyl)-tetrafluorocyclo-l-butene. With pentaflucrophenylmagnesium
bromide, tetrahydrofuran is the preferred scivernz, but with pentaflucro-
phenyliithium, diethyl ether is adeguate.

It seems from the abov.. rasults that the presence of fluorine on
the arcmatic nucleus renders the carbanions unreactive by remcving electron
density frem the nucleus. Only in the :ase cf perflucrccwciosutene, +hich
was the most reactive clefin tried, was 3 pecsitive result obtained. On
the other hand, phenyllithium and gfhenylnagnesium bromide have been shown
to be capable of reacticn in the rormal «3y with flucro3lefins (6&).

The next apprrach to the preblem of synthesis of flucrirated dienes
wusS to react nonfluorinated unsaturated crgancmetailic reagents with fluoro-
slefins. 1,l1-Dicniorsdi®lucrsethy_ene was reacted with math vinyl
magresium chioride and vinj. lithium under varying ccnditions. However,
the Grigrard did rnot reast snd tre vinyliazthium gave only 3 tar. It is
suggerted that the latter reogent gave the diere CH2=CHCFE 312 wnich
polynerized immediately.

In & further effeort tc prepare a fluorcdiclerin, the reaction
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between allylmagnesium bromide and olefins containing the trifluorovinyl
group was investigated. In general, a reasonable yield of the allyl-
substituted fluoroSlefin was formed.

C112=CHCH25gBr + CF 2=LJ" L —>
CH_=CHCE_CF=CrX
Z 2

The products of these reactions are shown in Tabie ViiI. The
reactions were carried out using equimolar amcurts of the fluorodlefin
and the Grignard reagent in diethyl ether scliution. The yield of the
diol~fin waes not alter2d when an excess of the Grigna=- ‘-as used.

TABLE VIII
ALLYIMAGNESTUM BROMIDE AND FLUOROOLEFI\.

QOlef.n Preducet Yield %
1. CF,=CF, XIXVI  GH_+CHGH F¥=CFBr 30
I CH.=CHCH.CF=CFCH_CH=CH 10
XXvii uﬂz UQC12bF oY HZ >
2. crzzc&a AXXVIII CH,=CECH,CF=CFC1 7
=0KECH_CF=CF =CH 1
XXKVII  CH,=CHCH,CF=CFCH,Ci=CH, 5
CF,=CSC1 XIXVIII CH_=CHCH,CF=CFC 50
CF,,=CFBr XXXVI  CH,=CHCH,CF=CFBr 30
= §! - 3 44 F:r‘ 1 -
CF,=CC1,, XXXIX  CH,=CHCH,CF=CCL, 40
= ‘¥ =CHCH CF=
CF,, =CFCF, XL  CH,=CHCH,CF=CFCF, 38
CF ,~CF, CE=CF b
=CFCH=CH LT CH,=CHCH, CF=CFCH=CH,® 0
CF,,=CFCH=CH, X 1,=CHCH, CF=CFCH=CH, 30

a . . ; . . . c
Reacted with allylmagnesium chloride. b Tar formed irmediately at -787.
¢ Polymerizes on standing.
The reaction with tetraflucroe‘hylene gave none of the erpected
- fD -
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monoallyl derivate, althougn a low yieid of the disubstituted compound
XXXVII was formed: tne main procuct was l-breme-i,2-diflucro-l,4-pentadiene
XAKVI,

CHZT"HCHZHgBr a CF =Cr, ————>

CH =CHCE = = ""—‘:
CH,=CHCH,CF=CFBr  + EJHZ CHCH,CF
XXXVI XXXVII

It 1s unlikely that the bromide ion as such attacks telrafiuo—o-
ethylene as the reacticn cf anhsdrous magresium bromide with neither
tetrafiuorcsthylene nor 1,1,2-triflucro-l,4-pertadiere, in diethyl ether,
led tc a tromine-corntaining product. 1t is mere likely that the Grignard
reagent itself brominated the lucrcolefin. Nc reaction tcok place between
1,i,2-triflusrc-l,4-pentadiene and allylmagresium bromide. These resuits
suggest that the allyimagresiur bromide reacts firet with tetrafluoroetnylene
to form brometriflucrcetnylere, which ther reacsis with another mcliecule
of Grignard reagent to give l-bromo-l,c-dif{lucrcpentadiers XXXVI.

The reacticn of allyimagnesium chlioride with tetraflucrcethyiene
gave mcre of the expected diallylflucrcethylene XXXVII thar. did the bromide;
a small amount of allylchlorodifiuorcethylene XXXVIII wa: cbserved.

The reacticn of allyimagnesium bromide with 1,1,2-trifluorcbuta-
diene gave 3,4-diflucrc-1,3,6-heptatriene, which slicwly pclymerized on
isclation. It was identified as the tetrabremide. The bremine saturated
only *he termiral dcuble bonds, as indicated by infrared analysis.

Allylmagnesium brcomide was a2llowed ic react with perfiucrocyczlo-
butene ts form a tar even at -78°. Since half cf the hexaflucrcc sclo-
butene was reccvered, it seems prcbabie that the ini-ial proauct of the
reacticn was 1,2-diallyitetraflucrccyciobutene, which polyrerized spon-
tanecusly. Perflucrocyclcbutene has beern fcund by werkers in tnis labcratory
to be by far the most reactive cf the fTuorcZlefins *cward attack by
Grigrard reagents.

Ne reaction occurred between allylmagnesium breomide and trifluoro-
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ethylene, 1,1,2-trifluoro-i-bromc-l-tutene, or 1,1,2-trifluoro-l,4-penta-
diene. The inactivity of the i1ommer two olefins with organometallic
compounds hzs been observed before; (69) it appears that an electron-
withdrawing group should be attached to the trifluorovinyl group for the
reactior to occur.

Further reactions of fluoroolefins with Grignard reagents con-
taining the allylic system are shown in Table IX.

TABLE IX
FURTHER REACTIONS OF ALLYLIC GRIGNAKD REAGENTS AND FLUOROULEFINS

Grignard Olefin Product (%)
C6H56H2Hg8r CF2=CFCI No reaction
Fz F F2 CHZC 6H

CH 58, MeBr

F2 F F2 F
LO% KLIT
cuacu=c3cnzngsr CF2=CFC1 CH2=CH-?H-CF=CFCI
CHZ
15% XLITI

Xo reaction occurred between chlorotrifluorcethylene and benzyl-
magnesium bromide. This result is somewhat unexpected when compared with
the good yield of the diolefin obtained from the reaction cf chlorctri-
{luorvcethylene and allylmagnesium bromide. However, the more reactive
perfluorocyclobutene gave a reasonable yieid of l-benzylpentafluorocyclo-
butene XLII when allowed to react with benzylmagnesium bromide.

The reaction of chlorotrifluorcethyl - and crotonylmagnesium
bromide would be expected tc give l-chloro-l,2-diflusro-],4-hexadiene

- 62 -
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{1LIV: hcaever, ine nuc  oar nagretic re.-nance spectrum ¢f the product showed
[ 1] 13

only the presence or l-cihloro-1,2-diflasrc-3-meth 1-1,L-pentadiene XLIII.

CHBCH=CH632CF=CFC1 CH2=CH-?A-CF=CFCL
CH
3
XLIV YLIIT

There has been some discussion in the literature concerning the
structure of crotonylmagnesium bromide as tc whether it exists in the

(73).

crotonyl form or the «r-methylzliyl form Recent =urk using nucliear

magnetin resonance and infrared spectroscopy, however, indicates that it
exists exclusively as the crotcnyl form (?&-76)‘

It would appear that the rormal mechanism asscciated with this
reaction, i.e., the attack of the electronegative -carbon atom of the
Grigrard reagent in the crotonyl form witl the electropositive carbon atom
of the fluoroclefin, is not iaking piace. It is more likely that the

reactior is occurring by a mechanism similar to that suggestcd by Young

and Roberis 77) for the addition of allylic Grignard reagents tc carbonyl
compounds.

cH CH CH

K K N

o~ . . 2
€1 g b1 mg S¥g
Br Br Br
-MgBrF

CH2=CHCHCF=CFC1

A ol SR sl s R = ik e m
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The allylic system is able to transfer the negative charge induced
on the «-carbon atom by the electropositive magnesium atom to the o.carbon
ator, which can then combire with the polarized fluoroolefin to give the
transient six-membered ring. The newly formed addition product will the.
lose magnesium halide to give the fl:oro diolefin.

Three reasons can be offered tc support this mechanism for the
reaction of allylic Grignard reagents with fluoroolefias. First, the
reaction of crotonylmagnesium bromide gives only the methylpentadiene, as
explained above. Second, the yield of the products using ailylmagnesium
bromide is m.ch better than those from other aliphatic Grignard reagents
such as vinylmagnesium c:loride and methyl- or ethylmagnesium bromide;
the latter reactants would be unable tc form this six-membered ring system.
Third, no reaction occurred with benzylmagnesium bromide and chlorotri-
fluorcethylene; this suggests that the reaction does not sccur at the -
carbon atom, for it would otherwise be difficuit tc expiain how the two
structurally similar compounds, benzylmagnesium bremide and allylimagnesiwa
bromide, behave so differently. A logical explaratizn for the lack of
reaction at the allylic carbon atom in benzylmagresium bromide is that the
aromatic resonance energy would have to be cvercome in forming this
reaction site.

The physical properties and results of analyses ¢f the new fluoro-
clefins are shown in Table X.

In order to gain infcrmation ithat would be useful in future
syntheses involving flueroElefins, the relative reaztivity of some fluoro-
olefins in the reaction with allylmagnesium bromide was determined. Equi-
molar amounts of the Grignard reagent and two “lucrco.efins were reacted
in a sealed tube at rocm temperature; after the reaction was completed,
any unreacted clelins were ccndensed and analysed by v.p.c. n all cases
the clefins were present in excess, and the ratic ¢f unreacted clefins was
the same as that c¥ the products frcm the reaction. The ylelds of the
fluorodiclefins frow; several repeated reacztions were found tc be con-

sistent within experimental error. aAs %he reaction takes place within the
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liquid phasé, the fliuorodlefins are gases at room temperature, the solubility
of each fluorodlefin will control the yield of the fluorodiolefin product.
Thus the solubility of the pairs of fluoroolefins were investigated by
taking eguimolar amounts of the two fluoroolefins and sealing them in a
tube containing ether. Atier equilibréting for two hours at room tempera-
ture, the liquid was analyzed by v.p.c. The results are shown in Table XI,
and the ratio of the reactivity of the fluoroolefins shown in Table XII
corrected.

The reactivity of these fluoroolefins is shown below:

CF20F CE=CF>>CF2=C012»>CF2=CFBr>CF2=CFCF >

2 5> OF ,=CFCLY) CF ,=CF

The hexafluorocyclobutene is more reactive than the 1,l-dichloro-
difluoroethylene as it reccts with two moles of‘allylmagnesium bromide.
Even at -78o the disubstituted cyclobutene forms & polymeric tar. These
reactions have been shown by v.p.c. analysis to be virtually completed
at room temperature within five minutes.

2. Synthesis of Isopropenyl Metal Compounds and Their Reactions

Attempts were made to prepare isopropsnyllithium or magnesium
halide with the specific aim of reacting these with tetrafluoroethylene
in order to synthesize 1,1,2-trifluoroisoprene, which may give rise to

interesting polymefs.

H
fs
ﬁM + CF2=CF2 CF2=CF-C=CH2
CH o H

3
(M = L1, MgX)

By analogy with the catisfactory exchange reaction between butyl-
Zithium and trifluoroisopropenyl t~~miid~ to produce the desired trifluoro-
1sopropenyllithium, it was hoped that the reaction betwcen an alkyl lithium
ard isopropenyl bromide would yield isopropenyllithium.

This “roved not to be the case. When isorropenyl bremide was
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TABLE XTI’

SOLUBILITY RATIO OF FLUOROOLEFINS IN ETHER AT ROOM TEMPERATURE

Olefins b.p. °C Mole % Relative
- Solubility
1. CF,=CFC1 =27 42.2 . 1.0
CF,=CCL, 19 57.8 : 1.37
CF,=CFBr -6.5 53.2 1.1
3. CF,=CFCl 27 50.8 1.0
CF?=CFCF1 °29 49 02 o .97
" . J N
e OF,=CFC) -27 62.8 1.0 ;
. i
CF,,=CF,, . -76 7.2 0.59 -
5 . CF2=CFBI' -6 . 5 L"B al veevr : :ﬁ'\
CF,=CCl, 19 56.9 ceus 1
6. CF,=CFCl -27 45.6 1.0
CF,,CF,,CF=CF 5 54.% 1.19

- 07 -



Srewrn

.

aoe el

TABLE XII
RELATIVE REACTIVITY OF ALLYIMAGNESIUM BROMIDE WITH FLUOROOLEFINS

Olefins Products Yields §  Relative Corrected®
Reactivity Relative
Reactivity
1. CF,=FCl CiL,,=CHCH, CF=CFC1 1.¢ 1.0 1.0
CF,=CCL, CH,,=CHCH, CF=CCL, 16.8 11.2 8.2
2. CF=CFC1 CH,,=CHCH,,CF=CFC1 7.9 1.0 ...
C
= =Ch =CCY 14
CF,=CCL, CH,,=CHCH, CF=CCL, 16.2 2.05 ...
3. CF,=CFCl CH,,=CHCH, CF=CFC1 4.8 1.0 1.0
CF2=CI-‘Brd CH,,=CHCH, CF=CFBr 9.7 2.02 1.96
4. CF,=CFC1 CH,,=CHCH,,CF=CFCL 3.5 1.0 1.0
= =C F= ) 1. 1.27
CF,,=CFCF., CH,,=CHCH, CF=CFCF 4.3 23 2
5. CF,=CfC1 CH,,=CHCH,, CF=CFC1 8.7 1.0 1.0 )
CF,=CF, CH,,=CHCH,,CF=CFBr 0.4 0.65 0.3
6. CF,=CFBr CE,=CHCH,,CF=CFBr 1.6 1.0 v
= = =CC) 23.5 13. 11.5
CFé‘CCl2 CHZ CHCH2CF-CL.2 3 3.0 s
7. CF,=CFC: Tar

CF ,CF,,CF=CF
_—

2 Al1 reacticns were at room temperature fcr 26 - 20 hours.

See text.
At 450 1b/in2 pressure

(1]

Similar reacticns under high pressure did not alter the yields.
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treated with butyllithium in ether sclution at -727 and was allcwed o wam

to rcom temperature, no butyl bromide was formed, indicating that the ex-

-
i

change metallaticon reaction did rnot ceccur. In a subsequent reaczticn, the

mixte e of butyllithium and iscprepenyl bremide was allowed t~ warm from
o o C ez : . . -

~78% 12 C 1d then caroon dicxide bubbled into the systex. On working

up, agair no tutyl brermide was founc, the main products being raleric acid,

ANt 8 el RN AR S ik

butyncic acid asnd prebably dibutyl keicne. Butyrnoic acid is possibly

e

Sormed Dy initial excharnge with a vinylic proten, ftlilcoyved - eliminaticn

.

Zithium bromide to give prepyne.
exchange with lithium and react rormally with carbon dicxide <o give the

~3 "3’&'.

Since tims apprcach was ncoi successful, it was decided to attiempt
tc prepare the Grignard reagent {rem iscprepenyl treomide.
Beth diethyl ether and tetrahydrofuran were used as solvents.
Tetrahydrcfuran preved tc be more suitable as Grigrard formation proceeded
more guickly, the wmagnesium being consumed quant.tatively. In order to
cnfirm thet the desired reagent was formed, acetone was added to the re-
acticn mixture. After work up, dimethyliscprcpenyl carbinol, b.p. IZOC
(1it. b.p. 121 - 20), was obtained in 43% yiela. -

CH CH !
17y 12 .
CEr 2 r ‘igéglzgg-'

! THF
h2

,
i
&

1
+

usg
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2 3
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Thus, iscproperyl magresium bromide cculd be prepared in good
yield and its reaction with tetraflucrcethylere was studied. The Grigna.i
reagent was prepared by the acticn of iscpropenyl oromide on magnesium i:
tetrahydrofuran. Excess tetrafiucroethylene was bubbled intc the system

which was fitted with a reflux ~crdenszer maintained at -1000. After

3
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work up, v.p.c. showed the presence of twe prodvets in poor yleld.
Attempts to separate these by distillation on prep. scale v.p.c. resu.ted
in decomposition. So it was not pessible tc obtain pure samples of the
products. However, I. R. and NMR spectroscopic evidence of the mixture
suggested that only one of these compouncs contained fiuorine. Only twc
fluorine atoms were present in the molecule, suggesting that disubsti-
tution had occurred, causing flucrine at either erd of the tetraflucrc-
ethylene to be replaced. The mixture of tw¢ compounds decomposed guickly
on standing at room temperature. The flucrine containing product was
probably CH2=C-CF=CFBr, focrmed by an analogcus reacticn to that of allyl-

CH3

magnesium bromide with tetrafiuorocethylene as repertec by Tarrant ard
Heyes‘le.
3. Synthesis and Reactions of Other Flucrinated Unsaturated

Grignard and Lithium Reagents

The main cbjective of this work was the preparation of unsaturated
alcohels by reaction of the crganometallic with carbonyl compougds. De-
hydration of these alcchols afforded an alternative rcute to the desired
dienes or enynes. However, several other reactions cf the organometallic
reagents have been described (See Table XIII).

a. Trifluorovinyimagnesium Halides

The reacticn of trifluorovinylmagnesium bremide with variocus
fluorinated and non-flucrinated ketcnes has been studied in these labora-
tories by Kichardson (78).

fluorine the expected carbinoli was nct fermed and tnat an acidic product,

It was found that with ketones containing no

formed by rearrangement of the carbinsl, was iscliated. Irn the case cf
1,1,1-trifluoroacetone, bcth the carbin<l and +re acid derivative were
formed. In the present study, no evidence i as {cund for rearrangement of
the carbinols formed by the reacticn of ‘rif. ucrovinylimagrnesium bromide
with sym-dichlorotetrafluorc- and hexaflucrcace‘cnes, but the carbincl was
obtiined in grod yield as an azetctripic mixture «nich was purified in
small quantities by preparative gac c~hromat-graphy. (GLPC)

- 70 -




VR N s

e

b. Attempted Preparation of 4-Bromemagnesium and 4-Lithic-1,1,2-

trifluorcbutene
An attempt to prepare the Grignard and .ithitm reagent from 4-bromc-

J

,1,2-trifiucrobutene-l (Cv = ruLﬁ Cu Br) was unsuccessful, ne butyl bremide

beirg rroduced by exchange ww‘\ 'utal-‘buldm in the _atter case, while

reaction with magnesium in ether gave -nly ‘the ccuplied product, 1,1,2,7,8,8-
nexafluorcocta~l,?-dierne ’Crz “”CHZCHQJ,. Wrer. tha Gpignard was prepared
in diethyl-ether with trimetnylchli-rosilane irn situ, the ccupled prodact

was formed and no evidence for the presence c¢f trimethyl-(3,4%,4-trifluoro-
L-butenyl,silane, was found. Usirg letrahydrcfuran as sclvent, gas
chromatograpnic evidence indicated that approximazely 5% cf the preduct
Was trimethyi-f2? &t L-t=ifluoro-4-buteryl)silane, the majcr prcduct being
1,2,7,8,8-hexaflucrcoccta-l,7~diene. Ansther unidentified minor product

was cbssrved in e:tcn of tie experiments.
¢. Perflucrca.ly.: Organometa.lic Compeunds

All attempts tc prepare the perflucrcalliyl Grigrnard and lithium
reagents failed. In the Lrignard preparaticrn, the magnesium turnings
gquickly became coaved arnd did rnot react even after prclonged heating.
wWhen perfiuorcallyl icdide {(PFAI) was treated with magnesium in anhydrous
either in the presence cf HeBSiCI under a nitrogen a‘mcsphere, only
He381»oﬁ“e3 Wwas cbtained after hydrelysas.

when PFAB was allowed t7 react witn phenyimagresiunm bromide, un-
reacted PFAB, benzene, and cniy traces cf{ higher beo.ling compone' “s were
noted. W.th methyilithium, however, & product which appeared to be

B"FéCF Cr2 was cbtaired in small y%eld. Reacti-ns similar tc these have
been reperted by Tarrant and Wermer \6h). With PFAI and phenyllithium,
an immediate excthermic reacticn occurred t~ form a high-beciling materizl
which was identified as ic.chenzene. Unreacted PFAIL, benzene, and bromo-
benzere were alsc detected. The production of icdobenzene weould seem

tc indicate the formation of CF =CF~CF°Li by halogen-metal exchange. Ne
&

reaction o:curred between FPF*I and pentaflucropheryllii‘hium, as on hydrolysis

only unreacted FFAI and pentaflucrobonzene were cbtained.
-7l .
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d. 2,2-Difluoroviryl Organometallic Compounds

1.Bromo-2,2-diflucroethylene was readily formed via a two-step
synthesis involving bromination of vinylidene fluoride in the presence cf
light and reaction of the resalting dibromide with potassium hydroxide,
2,2-Difluorovinyl bromide reacted vigerously with magnesium in tetra-
nydr-furan and the Grigrard thus foi-ed was shown to be unstable at 0°
but stable encugh at -20° to react with trimethylchlorosilane in situ
to glve t-imethyl.{2,2.diflucivvinyl)silane, CF2=CHS'1(CH3)3, in 1794 yield.
Addition of the chlorvsilane zfter preparation cf the Giignard redgent
gave only a 5% yield. An atlempt i» form CF2=CH-C(CF3)ZOH from 2,2-di-
flucrovinyl magnesium bromide and hexafluorcacetone gave only partial
success in that several by-producis were formed and the carbincl, which
was focrmed in about 5 - 10% yieid, could not be purified by GLFC »r
distillation.

Attempts ic prepare 2,2-difluorovinyllithium from 2,2-diflurovinyl
bromide via an exchange reaction with butyllithium met with cnly limied
uccess., (C?2=CHBr + C&HQLi-—~* CF2=CHL1 + CuﬂgBr) Burvl bromide
uas produced in WE (Maxir.=) yi2ld, indicating tnis degree of convorsion
to the desired lithium reag:nt (see abcve eguation).

Reaction of 2,2-difluorcvinyiliisium with benzalidehyde gave a
number of products which could not be separated by distillaticn ~r by
GLPC. One of these had a GL{, reterntion time similar teo that cf <on
butyl benzyl alconol, which could have beern fcrmed by reaction of but; .-
1ithium with benzaldehyde.

In vreaction of 2,2-difluorcvinyliithium with acetocne, the lithium
reagent was formed in 16% yield (16% Cgﬁgﬁr produced). This may have
beer due tc the fact that a solution of butyliithium in ether, and noat
hexane, was used for the exchange reacticn. This change was made sirce
the desired product was expected tc have a CLC retenticn time si~ilar to
that of the hexane. It was later shown that the ether szlutirrn of butyl-
lithium used contained some lithium ethoxide. During *‘he w:rk-up pre-
cedure, it was evident from solutior ccor changes that sore product des-
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composition was taking place. The product obtained (? - 10%) was -, ,~di- ‘
methylacrylic acid and this prebably arose from rearrangement of the ex- j

pecicd alcohol as shown below.

'('JH\
H G |

CF,=CHLi  +  CH,COCH, —2=—> CH -c‘fcii\:crz

3 3 3 ‘

Ci
hy \ |
CH i
| ) 7° H0 /s ;
CH.,-C=CH-C + HF &= 2=— |CH,-C=CH-C ;
OH H ) :
3 {

(7 - 10%)

Initial attack on the uifluorometnylene group by the ione pair electrons
of the oxygen atom is postulated. The Tesulting acid fluoride undergoes
- facile hydrolysis to give the acid with the acccmpanying evclution of
hydrogen fluoride {some glass etching was cbserved). The difluoromethylene
R group is known to be very susceptible to nuclecphilic attack and there are
several reports of rearrangement of similar alcohols or their lithium salts
in the literature (79’80). Apart from less volatile products, two with
greater volatility than ether were observed. One of these had the same
retention time as the starting halide and the second was more volatile.
The latter might well be monofiucrcacetylene, arising by eliminatior of

lithium flucride from the expected lithium reagent.
CH2=CFLi--——+ CH=CF + LiF

Yfluorcallene has been isolated from similar reactions of trifluoro-~
isoprcpenylilithium

-C=CH, = =C= ;
CF3 ?—uﬂz CF2 C—CH2 + LiF

13

Reaction of 2,2-difluor-vinyilithium, again formed via an ex-

.
il S, e
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change involving an ether solution of butyllithium, with acetyl chloride
afforded only ethyl acetate (9%) and butyl bromide (i3%). The ester must :
have arisen by the following scheme:

~ - M /’\ _ ; _ 4+
CHo L+ THYGHCHOCH,CH, —— Gy 4 CHCH, + Li'OCHMH,
0
ci.cocl + 1iatoch cH — cH.-CcZ + Ll
3 23 3 \ocnzcrtq

As a consequence of this discovery, the use of butyllithium in ether alote
for these exchange reactions was abandoned.

Reaction of 2,2-difluorovinyliithium with cyclohexanone gave a
product vhichk decomposed during the work-up procedure. Butyl bromide was
obtained in W% yield, indicating W% formation of the lithium reagent.
The only other product obtained was cyclohexylidine acetic acid (25%)
which can only have arisen from the desired alcohol via a rearrangement
similar to that described earlier.

. 0
+ CF_=CHLi -B7Q—* .’g\\ —_— { \-CH-Céé .
2 - CH=CF2 \ / \\OH
</

It had been hoped that this rearrangement would not hare cccurred since

it required the formsticn cf an exocyclic double berd.
242,=-Difluorcovinylmagnesium bromide reacted with trimethylchloro-

silane to give trimethyl-(2,2-difluorovinyl)silare in low yield (17%).

¢ was surprising then tc find that the corresponding lithium reagent did
not give any of the desired product in reacticn with triethylchlorcsilane.
GLC again indicated that the product which fermed deccmposed during the
work-up. The desired product (CHBCHz)BSiCH=CF2 might be anticipated to

be of limited stability in view of the reported instability c¢f silicon

compounds containing a .~ -chlorinated group (81). On the other hand,

trialkyl{trifluorovinyl)silanes have been prepared withcut difficulty (62'63’.
The conclusion must be that 2,2-diflucroviryl Grigrard and
lithium reagents are unsuitable fcr reacticn with aldehydes etc., to give

I/

- -

WRAGUOIATEN e TRRIA e LM wha o o § Bt ger

- e - - — - -~ e




alcoholic products, which, c¢n lehydration, wouid give fluorinated dienes.

e. 1-Fluorovinyl Organometallic Compounds

1-Fluoreovinyl bromide does not have a termiral difiuoromethylene
group in the moleculz and therefore it was hoped that the Grignard or
Iithium reagent from this halide would give stable products.

1,2-Dibromo-1-fluoroethare was prepared (5£5%) by bromination of
vinyl fluoride in the presence of _ight. Attempts to eliminate hydrogen
bromide from this molecule using potassium hydrcxide pellets and heating,
either alone or in mineral oil, gave l-bromn-l-fluoroethylene (20 - 45%)
along with an undetermined amount of monofl.oroacetylene. The latter

initiated ccnsiderable minor explosions, flashes, and carbon formation
on distillation, rendering the preparation of the halide dangerous.
Morofluorcacetylene is known to decompose at its boiling point (82).
Treatment of 1,2-dicromo-l-fluorcethane with potassium hydroxide in ethanol
gave no l-bromo-i-fluorcethylene.

The reacticn of i-fluorcovinyl bromide with butyllithium followed
by addition of ethyl methyl ketone gave butyl brcmide, again in low yield
(24%), and five other products which were inseparable by GLPC c¢r dis-
tillation.

Reaction of l-fluorovinyllithium, prepared in the usual way, with

triethylchloresilane afforded butyl bromide (36%) and triethylethynyl-
silane (EtBSiC’—'CH) (30%).

The latter ccmpound was pessibly formed by the
following route:

CH2=”FBr + CH,Ii e— CH=CFIi + C HJBr

L9 2" 49 (1)
C i .o = . - - I 4
( HBC"HZ)BMCI + Cliz CFli —— (CﬂB”HZ)BS:LCr Cﬂz +  LiCl (2)
CH SiCF= + u CH =C c
(uHBCHz) iCF CH2 4 i —— LC 3C 2)331CF ] + 4310 )
or l -LiF cor
CH,_=CFLi CH,=CFH
< C1.,CH.).SiC=CH + iF
( 3 2)3 ic=C Li
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{CH.CH_).Si-C=C — 3 (CH.CH.).SiCSCH + CH. + LiF (4
‘32)31@ ” (32)31 4 N2
L1 \CuF9

This scheme involves formation of the expected product triethyl{1l-fiuoroc-
vinyl)silane by steps 1 and 2 and its further reaction with arother mole-
cule of organometallic reagent to give triethylethynyl silane. The latter
process might. be described as one in which the olefini~ proton is excharg ed
and the product (CHBCHZ)BSiCF=CHLi then easily eliminates .ithium fluoride
to give triethylethynyl silane (step 3). Alternatively, the concerted
mechanism depicted in step 4 may be a more accurate description of the
route to the acetylenic product.

Another possible method of product fcrmation involves production
of the desired lithium reagent (CH2=CFLi) fcllowed by 1,l-elimination of
lithium fluoride, a 1,2-hydride shift, exchange of a proton in the acetylene
produced, and reaction of this new lithium reagent with triethyichlorosilane.

Similar reaction sequences have been trevicusly postula.ed.

CH2=CFBr + Caﬂgbl — Cn =CFLi + Cuh9Br

CH,=CFLi — CH,=C: + Lif

CH.=C: -—— HC=CH —luii- Iio HC=CLi + C H,
2 410

(CHBCHZ)BSiCl + HCzCLi — (CH CH )381-0—04 + LiCl

Examples of this type of reaction are given later in this report.

It might be possible to prepare l-flucrovinyllithium by reaction
of the corresponding bromide with lithium metal. This would mean that
there was no excess butyllithium in the system, thus decreasing the
possibility of fermation of the acetylene. It has, however, been found
that the reacticn of perfluorcvinyl bromide with lithium gave ornly tar and

I+

(63)

no perfluorovinyllithium was thought that reaction of triethyl-

chlorosilane with l-flusrovinylmagnesium bromide, which is less basic in
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chara~ter than the ¢hrresponding lithium reagent, would give th desired
product. It was found tc be impossible tc prepare the above Grignard
reagent either in ether or tetrshydrcluran.

Tn view of *hese difficulties it was decided tc abandon the use of
this organometallic reagent ir the attempted synthesis of dienes.

&

f. Trifluorc-isopreopenyliithium

The preparaticn <f lithium derivaties and Grigrard reagents cf
several fiucro-organic compounds has beern acccmpiished by the direct re-
action of lithium or magnesium with fluorc-crganic halides*, and alsc by
means of the exchange reacticn betweern a Grignard reagent or alkyllithium
with a flucro-organic halide® <r a flucrc-crgarnic ccempound containing
®acidic™ hydrogen atcms.

Thus, in srder tc prepare triflucrciscpreleny. derivatives, it seemed
reascnable to use 1,1,l1-triflucro-2-brenc-gpreopene-2 (CFBCBr=CH?), triflucro-
iscpropenyl bromide, as starting ma*erial. )

g. Preparaticn of Trifluorc-iscpropenyli Bromide

Triflucrc-iscpropenyl bromide was readily prepared by a two-step
synthesis:

(1) The guantitative brominaiicn cf trifluorcpropere tc give tri-
flucrodivromepropane, followed by,

{2) Dehydrobremination of this saturated ccmpcund to the desired
clefin ir almost quantitative yield.

CF,CH=CH,, L, o CHBrCE, Br KoH

3 light fq ™ CFyCBr=CH,

ne scivernt 3
quant, quant.
The second step was accompiished by the addition of triflucrodibremoprepane

tc potassiurn nydrcxide pellets in the absence zf sclvent and allowing the

pProduct tc distill frem the system as 1t was foermed. This prccedure proved

more suitable than that reported by cther workers using ethanol as a
ng)
\"J
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h. Metallation of Triflucro-isopropenyl Bromide

The initial attempts to prepare trifluorc-isopropenyilithium by the
exchange reaction between butyllithium and trifluoro-isopropenyl bromide
were unsuccessful. Typical of these early experiments was that in which
trifluoro-isopropenyl bromide in diethyl ether was treated with butyl-
lithium in mixed solvent (hexane/diethyl ethar) at -78%. The reaction
mixture was allowed to stand for 50 minutes while maintaining the tempera.ure
-78° and then, after wamming to -60°, dry carbon dioxide was bubbled into
the solution. The introduction of carben dioxide was continued as the re-
action temperature was aliowed to attair that of the rcom. The reactiocn
mixture contained a solid suspensicn which was shcwn to be lithium fluoride
together with polymeric organic materiai., Yo carbexyliic acid was isclatec.
Apparently, if the desired 1lithium derivative had been formed, it deconm-
posed before carbonation could take place.

Similarly, when “rifluorc-isoprepenyl bromide in ether was added to
butyllithium in a mixed sclvert (hexane’ether) at -78% and aliswed to stand
for 30 miavtes at that temperature befcre an e%h.ereal scluiicn of benzal-
dehyde was added, none cof the desired triflucrc-iscprcpernyl adduct c¢f benz-

aldehyle was formed. V.p.c. anglysis shcwed unreacted benzaldehyde and
tylbremide were present, together with a small amcunt {~ 3%} f higher
boiling material, in the reacticn preduct. Infrared spectrois~-vr ~iZvested

that this higher boiling cempound was ncta carbinsl bu* prebabl. =

fluorcolefin containing a butyl group, e.g., CF,- Zar-CHZ—C,Eg.
P ~
An inscluble solid, separated frcm the reactizcn mixturs by filtration
*

was shown tc be lithium flucride, prcduced in €5 - 63% yield.
From the results c¢f these and several cther expl.cratcry experiments,
it seemed that triflucrc-isopr-penyilithium was formed in an exchange re-

actior with buty-‘lphlum in diethyl ether scluticn, sirnce butys bromide was

compound was s¢ unstable that it decomposed befse reacticon with the dasired
carbony. reagert cculd occur. Alsc, 1t appeared advisable to add butyl-
lithium tc triflucrc-iscproperny. bromide rather than vice-versa in order

to reduce the possibility ¢f si.s rescctizro.
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Aith these considerations in mind, a further attempr to prepare the
trifluoro-isoprepenyl aaduct of benzaldenyde was made. A solution of butyl-
lithium in mixed solvent (hexane/ether), preccoled tc -780, and an etnereal
solution of henzaldehyde were added alternatively in aligquots to a :Itirred
ethereal solution of triflucro-isopropenyl bromide at -953 (ethanol/liq.

NZ bath). After the final addition of reactants, the temperature was
maintained at -950 - 90c for a further 2 hours and ther ailowed ‘o rise
slowly tc that of the room. Aguecus acid was added and the organic layer
analyzed by v.p.c. Butyl bromide together wich twe higher boiling products
were present, but no unreacted berzaldehyde was cbserved. Fractionation
cf the dried ethereal layer yielded, at atmospheric pressure, butyl bromide
(33% yield), and, at reduced pressure, the twc prcducts, which were shown
tc be:

(1) «-(trifluorc-isoprepenyl benzyl alcohcl, b.p. 122°/21 mn . Hg
(32% yield), and

(2) o -butyl benzyl alcohcl, b.p. 95°/1 mn. Hg (i3% yield)

Ana’ytical samples of these compounds w:are obtained by prep. scale
v.p.C.

Thus, by applying a lower reacticn temperature and the aliquot
5...tion technique, it was possible to prepare triflucro-isopropenyl-
lithium and trap it by reaction with a carbonyl compound. Since«-butyl
benzyl alcohel is alsc precduced ia the reacticn, it would seem that com-
petition betsdeen the fluoro-crganic lithium derivative and butyllithium for

reaction with the carbonyl compound occuis.

04
Buli PhCHO ' /mz
CF_CBr=CH_ —————=— BuBr + CF.CLi=CH, ——=» Ph-C-C
3 2 3 2 l \CF
H 3
(lm
BuLi PhCHO Ph_C_Bu
|
H
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Preparation of Substituted Butadienes

If the type of reaction described above could be accomplished with
carbonyl compounds in general, then it seemed likely that reaction with

compounds to produce carbinol possessing hydrogen on a «-carbon atom wou’d

be capable of dehydration and sc afford a gereral route to substituted
butadienes.

——— har

Thus, using the same technique, trifluoro-isopropenyilithium was
prepared and reacted with acetone at -90°. After the final addition of
reactants, the miature was maintained between -97° and -80° for 1-1/2

v R o Tever NI R o e ¥4

hours and then allowed to warm slowly to room temperature., Addition of

aqueous hydrochloric acid was fecllowed by separaticn and drying of the

ethereal layer. V.p.c. analysis showed that butyl bromide was present to-

gether with an approximately equivalent amount of product. A very small

quantity ( ~2% yield) of a high-boiling product was alsc observed.
Fractionation yielded:

OO S s

a. butyl bromide (43%)yielid and,

b. the major product, b.p. 126° - 117° which was shown tc be di-
metnyl-{trifluoro-i1soprepenyl)-carbinol {40%) yield

The smail amount of high-boiiing product was prw.btably dimethyl butyl
carbinol.

. ~
. vﬂj /C\
CE, CLi=Ci, + (C}{3)200 — > CH, LER
H.C H
J
Dimethyl (triflucro-isopropenyl) carbincl was successfully dehy-
F drated by heating with phesphorus perntoxide ts give 2-triflucrcmethyt-3-

methyl butadiene, b.p. 6'0 - 65C, in L9% yield.
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cH PO CH,,=Co—mC==CH L
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H3 ; 1
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When this butadiene was sealed in a tube fcr several days, polymerization
took place to produce a clear elastomeric materizl.

Acetaldehyde was also reacted with triflucre-isopropenyllithium at

AN 18 b LAV

-100° using the technique described above to produce the desired secondary
alcohol, 2-trifluoromethyl-but-l-en-3-o0l, b.p. 110° - 111° in 44% yield.

o A0 t :
CH.CHO +  CF.Cli=ci, =20, e’ N 4%
3 3 2 H/ \QH 2

Dehydration of this alcohol alsc was accomplished by heating with

phosphorus pentoxide, to give what is probably the known compound 2-trifluorc-
methyl-butadiene, b.p. 34 - 35° {(1it. (8) 35 - 35-50) in 84% yield. In-
frared, “H and *9F NMR spectra are consistent with this structure.

cH CF
\3\ / 3 \
c c -5y =c_cH=CH 84 ‘
> 2
. / \OH \CHZ !:FB

Ethyimethyl ketone reacted with trifluoro-isopropenyilithium at

-907, using the aliquot technique, tc produce the desired carbincl, ethyl
methyl (triflucro~isopropenyl) carbinol b.p. 13OG - 1310, in 42% yield.

C.H CH
CF CLi=CH, + c=0 ————> C. i _-C—~C 2%
3 < ‘ 273 A \(‘u .
JAQ‘.‘
CH3 5 <
H
- 01 -
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Dehydrztion of this alcohol, by heating with phospierus pentoxide, gave a

mixture of twoe compounds, beiling range 20° - 90° wrach was shoiwn by analysis,
I.R., lQl“ and 1H MR spectroscopy to contain 2 3:2 isomeric mixture of

substituted bentadienes in 78% yield.

3
c,H _cl;.c/ = 05— u  CHmmsC—C=CH,  + CH,=C—C==CH
2°57F Ny 3_130 f f f“ 2 2 2
cH,
OH CH, Ciy bF, JHs CF
3 : 2

Acetophenone was allowed to react with trifluorc-isopropenyllithium
which had been prepared by addition cof butyllithiur ir mixed solvent (pen-
tane/ether) to trifluoro-isopropenyl bromide in ether at -.10° p 3° in a
single batch. At this temperature, apparently the exchange reaction oc-
curred and the trifluoro-iscpropenyllithium formed was sufficiently stable
to exist until the ketone was added after 10 minutes, since the desired
carbinol was produced, after work-up, in 51% yield.

CH CF
|’ .
@&o ¢ o —uo, Qc-e 52q
|
CH,

Phenylmethyl(trifluoro-isopropenyl) carbinsl was dehydrated by heating with
phosphorus pentoxide tc 140° for 1 hour under reduced pressure. The product

was then vacuum distilled from the system tc give 2-phenyli-3-trifluoromethyi-

butadiene.
| 3 e
-C’/ 3 ____P%OJ—!' > H " =H
[ ou, 0°-240 | 2
1 hour CF3
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The reaction between triflusrc-isopropenyllithium and triflucrcacetone has

been studied. In none of the several experiments performed was the desired

trifluoro-iscpropenyl methyl trifluoromethyl carbinol formed, tut, deperding

on the reaction conditions, mixtures of butyimethyltrifiuoromethyl carbinol
)

(CQH9-$-OH), and 1,1,.,5,5,5-hexafluoro-2-methyl~pertani-on-2-cl

CH
3

CH
(CFB-C-CHZ-é-CFB), tegetner with some relatively involatile white solid
0 0);]
materizi, which was probably a pyran derivative {crmed by the cyclisation
reaction of trifluorcacetone (70).

Even in experiments ir which gocd yields of outyl bromide were ob.
tained, indicating the formation of trifivoro-isopropenyliithium, no desired
carbirci was produced. Thus, it would appear tha. the trifivore-isopropenyl
"carbanion" preferentially abstracts a protor Irom triflucroacetone befcre

attack on the carbonyl fur.tion car oceur.

3

1i
g %

CF CBr=CH + C,H9Li —= CFB—?=CH2 + BuBr

Nc=0
aH/

[

C,H_-C-OH CF.-C-CH.Li + CF.CH=CK
L 3 2

N
~C=0

N0 & -3 CHZ
CF. ~CH 3 o
HG P c (‘Ib ’ CF.,~C-CH <':BF
- e ﬁl’ $ m - - - ‘C
CF) 3 ;c/ 2 39 241 73
Ho” \CF 0O OH

- 83 .

Pt et e AR iy NWMW!WA;; i\‘;%

T e e S SRS

e dans b

Tttt i Bt




[l oo ]

Decomposition of Trifluoro-isopropenyllithium

Since the preceding evidence appeared to suggest that trifluoro-ise-
propenyl magnesium bromide decomposed to give an allene, it was decided tc
investigate the controlled decomposition of triflucro-isopropenyllithium,

prepared in the manner previcusly described. Trifluoro-.isopropenyl bromide
in ether was treated with butyllithium in mixed solvent (hexane/ether) at
-900. The temperature was maintained at -90o for a further 20 minutes and
then allowed to warm to room temperature. The over-gases were condensed
in an acetone,/dry ice trap. The solution became colored (yellow/brown) at
approximately --30° and the formation of a precipitate increased as the
temperature rose. This solid was filtered and shown to e lithium fluoride
(1.4 gm., 95%) together with some polymeric organic material.

The organic so.i.:ion from the reaction was examined by v.p.c. and
shown to contain only ether, hexane and butyl bromide.

Fractionation gave butyl bromide (5.8 gm., 74% yield). The over-
gases from the acetone/dry ice trap were distilled to give a compourd b.p.
-20° - 21° with an i.r. spectrum identical to that of difluorcallene (85)

Yieid of difluoro-alleme, 3.1 gm., 72%. (iit. ‘09 p.p. -20°;

CFBCL1=CH2 — CF2=C=CH2 + LiF

A sample of difluorocallene was sealed in a tube and allowed to

stand at room temperature for several days to give a viscous polymeric semi-
solid materiaz.

Reaction of Triflucro-isopropenyllitnium with Triethylchlorcsilane

In pursuing the further possibilities of reactions involving triflunro-
isopropenyllithium, the reacticn with triethyichlorosilane was studied.
Trifluoro-isopropenyllithium was prepared by the batch method, i.e.,all the
butyllithium was added over 5 minutes to trifiucrc-iscprcpenyi bromide at
-110° and after a further 20 minutes treated with triethylchlorosilane at
-100°. The temperature was allowed to r.se slowly to that of the room. A
white precipitate formed, was filtered and shown to ccntain no organic

material. The dried sclid was weighed, stirred in boiling water, filtered

-~ 84 -




and the solid redried and reweighed. This sclid was lithium fluoride. The
aqueous filtrate gave a positive test for chloride when treated with silver
nitrate solution. From this separation it was estimated that the solid con-
sisted of lithium flucride and lithium chloride produced in 61% yield and
29% yield, respectively.

The crganic sclution from the reacticn mixture was examined by
analytical v.p.c. Unreacted triethylchlorosilane with an approximately equal
quantity of butyl bromide was present, also a product of slightly longer
retertion time than butyl bromide. A pure sample of this product was ob-
tained by prep. scale v.p.c. and shown to be triethylfluorcsilane, b.p.
109° (11t. (86

tical tc an authentic sample of triethylfluorcsilane. Estimated yield of

b.p. 1100). The i.r. spectrum of this compound was iden-

triethylfiuorcsilane, 17% (by v.p.c.).
The mechanism ¢f this reaction and the route by which the fluorcsilane
was formed is not clear, but possibly initial formation cf triethyl{tri-

fluoro-isopropenyl)silane, followed by fluorine migraticn to the silicon

Y
atom (87 with the elimination of difluorcallene tock place.
£’CH2
CF.CLi=CH + Et SiCl —» Et_SiC + LiCl
3 2 3 37\
N U
:>,/3
ey s + e
atBSlF CF2 C—CH2

Lithium flurride did not react with triethylchlorosilane under the con-
ditions described above.

Carbornation of Trifluorc-iscprorenvilithium

Several attempts to carbcnate triflucrc-isoprepernyllithium have been
made. When butyllithium is added tc triifluorc-isopropenyl bromide at tem-
peratures -780, the flucro-organic metal compound decomposes before
carbonation can occur.

Thus, while the aliquot technique is suitable fcr reactions in which
the secornd reactant (e.g. ketone) can be added quickly, before complete de-

composition of the triflucro-iscprepenyilithium takes place, reactions such

-85 -
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as carbonation, in which the second reactint is bubbled into the mixture,
require a different technique. To prevent excessive decomposition of tri-
fluoro-isopropenyllithium, it was decided to lower the reaction temperature
further., At lower temperatures exchange metallation reaction proceeds
more slowly so that the experimental technique employed must be modified.
A tyricel example of this batch technique is described below.

Butyllithium in mixed solvent {pentane/ether), precooled to -?30,
was added to trifluoro-isopropenyl bromide in ether at -110° b 3° over
5 minutes. During a further 10 minutes, the temperaturs was allowed to
rise to -100° and dry carbon dioxide bubbled into the reaction. The
introduction of carbon dicxide was continued until the reaction temperature
attained -78°. The passage of carbor: dioxide was then stopped and the
reaction allowed to warm to room temperature. Hydrochloric acid was added
and the ether solution separated, and dried. Distillation gave butyl
bromide (68%) yield and a white crystalline residue of crude acid (56%
yieldj. This was sublimed and a pure sample obtained by p-ep.scale v.p.c.
The acid was shown to be 2-trifluoromethyl acrylic acid, m.p. 50° - 51°
ait. ) 5 _ 0,

The infrared, 1H and 19F MMR spectra were consistent with this
structure.

. CF
CF., CBr=CH, Buli, . crcri=en. 2295 Sc.coon 568

-110 3 2 5. HCL c‘-'le

Attempted Replacement of Fluoride Ion by Trifluorc-isopropenyl-
lithium

Many organo-lithium compounds have beer. used in nucleophilic sub-

stitution reactions to replace fluorine by the organic group of the re-

agent. Thus, it was decided tc explore the possibility of using trifluoro-
isopropenyllithium to perform such a reaction.

Trifluoro-isopropenyllithium was prepared at -100° by the aliquot
method and treated irmediately with hexafluorcbenzene. The temperature

< . (o] . .-
was maintained at -100" for two hours and then allowed to warm slowly to
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room temperature overnight. After work-up, butyl bromide was chown to be
present together with unreacted hexafluorobenzszne, but no useful substitu-
tion products were detected.

Similarly, when trifluorc-:sopropenyllithium -:as treated with 1,1-
difluorodichloroethyliene at -250° and allowed to warm to room temperature,
no useful substitution prcducts were observed. Butyl btromide was produced
in 57% yield, and the unreacted fluorcchlor-dlefin recovered.

In beth reactions trifluoro-iscpreperyllithium was formed, as con-
firmed by the production cf butyl bromide, but obviocus.y the reagent de-
composed before nuclecophilic replacement of fluorine in the benzene or
ethylere by trifluoro-isopropenyl carbanions cou’d occur. These experi-
ments again demonstrate the overriding feature of this work, that it is
absolutely necessary for triflucro-isopropenyllithium to attack the other
reagent at ‘emperatures below approximately -780, stherwise no useful
products are preduced.

Attempted Preparation of Lithium Derivaties from Trifluoropropene

There have been a number of reporic (83'92’93’9%% exchange of hy-
drogen atoms in unsaturated compounds with lithium, from an alkyl lithiun
reagent, to give a new lithium derivative of the unsaturated compound.
It was decided to study the reacticn cf butyllithium with triflucro-
propene with a view to preparing new fiuorc-crganic lithium compounds.

2.g. CFBCH=CH2 + Bvly ———» CFéCLi=CH2 + BuH

It was found, however, that reacticns c¢f the type described above
did not take place.

Several experiments were ps~formed under varying ccnditions in which
trifluorcpropene was treated witn butyllithium in ether at low tempzrature.
TypPical of thsse was one in which triflucropropene in diethyl ether a* —939
was treated with butyllithium in pertane/ether solutior.

After maintaining the temperature at -950 z 2o for cne hcuar, ecetone
#as added and the mixture allowed to warm siowly %o room temperature.
The only product isclated zf*er wor<-uo was butyl dimethyl carbinol in 6%
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yield. Obviously no exchange reaction took place, leaving unchanged bhutyl-
lithium free to react nomally wi.h acetone.

It was known from previous work that triflucro-isopropenyllithium
was unstable and tended to eliminate lithium fluoride with the prodvction
of 1,1.difluoroallene. To further test whether any exchange metallation
occurred with the 2-hydrogen atoem, a reaction was carried out in which
trifluoropropene in diethyl ether at -100° was tre-‘ed with butyllithium
and the mixture allowed to warm tc room temperature. The mixture de-
veloped a yellow coloration and became gelatinous (probably with pre-
cipitated lithium fluoride). A slow current of nitrogen was bubbled through
the mixture and the over-gases collected in an acetone/CO2 trap.

The trap did not contain diflucroallene, indicating that no exchange
metallation occurred. The ethereal solution contained a mixture of three
products, which were separated by prep. scale v.p.c. and chown to be
1,1-difluorcheptene-1 (5%), and an inseparable mixture of cis and trans
S5-fluoroundecene-5. (25%)

These products were obviously formed by the additiocn of butyllithium
across the double bond in trifluoropropene followed by elimination of
lithium fluoride to give the heptene (88) . DNucleophilic replacement cof

fluorine by a butyl carbanion on the terminal difluoromethylene gro' -ould
produce the undecznes.

X . ~-LiF .
C = ol D e =CH- -
JFBCH CH2 + Buli ———» CFBCHLICLZChH9 CF2 CH CHZ Chﬂ9
1 Buli
r — 3
VaH9CF CHCHZCbh9

G. Trifluoropropynvilithium

At this stage, in view of the results to date, it would be useful
to summarize some of the desirable structural features of any rnw unsat-

urated fluoro-organometallic reagent cnosen. Three main features must be
considered.
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(1) There must not be a terminal diflucromethylene group in the
molecule since this could give rise to precducts of attack on this group
by nucleophiles in the system, or tc rearrangement ¢f{ the normal reacticn
products (e.g., alcchois - x, f-unsaturated acids.)

(2) It would also be undesirable to have halcgen cn the carbon
adjacent to that carrying the lithium atcm since there is then an easy
route for decomposition of the organometallic reagent via elim.nation of
lithium halide. It has been fcund that triflucro-iscopropenyllithium, with

substrates of limited reactivity, decomposes in this way to produce di-

fluorcallene.
CF.-C=Ci +  ROOR™ —» Nommal + CF_=C=CH. + LiF
3 2 2 2
| products
Li

(3) There are a number of reports in the literature of exchange of
an olefinic proton with an organometallic reagert to give a new unsaturated
(89) treated CH2=CHCI, trans-
CHC1=CHC1 and CIZC=CHC1 with butyllithium at -110° and then added carbon

organometallic compound. Kobrich and Flory

dioxide after stirring for one hour. The preducts were, respectively,
CH2=CClCOOH, trans C1CH=CC1COOH, and ClZC=CCICOOH in almost quantitative
yield and these can only have srisen via initial proton exchange. The
reaction of vinyl chloride with butyilithium at higher temperatures
followed again by carbonation afforded acztylene dicarboxylic acid by
the fcllowing route:

Li : . _
CH.=C” =LiCl, CH,=C: HO,,C-C=C-CO,H

\ 2=C<c1
CH2=CHC¢-{ or !
CHLi=CHC1  _-LiCl_  H-CaC-H — LiC=CLi

Similarly, reaction of vinyl bromide with butyllithium in ether at 0° and

subsequent carbonation gave acetylene dicarboxylic acid (34%) (90). These

acetylene formation reactions involved proton rather than halogen exchange,

elimination of lithium halide, further exchange with the mcre acidic are-

tylenic protons, and carbonation of the 4ilithio compound. Similar treat-
- 89 .
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ment of p-bromestyrene gave PhCzC-COOH (42.5%). This reaction has been
further studied by Cristol and Bly (91) and they proposed an o(-elimination
mechanism on the basis of studies with ¢cis and trans-isomers.

L1 _
PRCH=CHBr ~ +  PhLi — PhCH=C_ (Pnci=c} ¢  LiBr
Br

PHC=CCO,H £ pne=coni «2PH— pncecy

The following interesting reaction is deseribed by Curtin and Crump (100):

P _Br Ph__
c=C Li C=CH, +  PhCz"-CH
cH” H " a7 ° 3
3 3
XLV XLVI XLVIL

Compound XLVI must have been formed by abstraction of a proton from XLV
by the lithium reagent resulting from halogen exchange in XLV, The most
likely rout. to XLVII involves proton exchange in XLV, elimination of
lithium bromide, and 1,2- migration of the methyl grcup. Several other
examples of preferred proton exchange in the presence of halogen are given
by Normant (92} in a paper on the reaction of corganometallics with haloole-
fins and acetylenes.

As described earlier, 2,2-diflucrovinyl- and l-fluorcvinyllithiunm
reagents were not fcrmed in high yield when ar exchange reactiicn cf the
corresponding bromides was attempted with butyllithium. It is :ct incon-
ceivable that proton exchange was also taking place, thus gi.ing :ise tc

some of the numerous reaction possibilities described below.

CFé=CHBr CF2=Chp1
cr + CuH9Li — cr COR™ ) Ncrmal products
CH,<CFBr CH2=CFLi
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CF2=CF8r CFZ:CLiBr
I 1 .
or + C&H9L1 —t or RCOR Normal products
CH,=CFBr CHLi=CFBr

Altermatively, any of the above lithium reagents could eliminate lithium

halides and the acetylenic products could, by further exchange, give new

C e it C UMD e 3 SRR AL @ P it |

lithium reagents which would aiso react normaily with Ketones etc.,
-LiF

CF2=CHLi —_— [FzC ——— CF=Cii d

CH,=CFL1 ~=HF . cH =C: — CHz=CH —— 1iC=CH or LiC=CLi

L) v = -LiBr ~ -
Cr2=C;.1Br ———n» (CF_=(: ——>

CF,=CLiBr —==ir , . F=CBr ————— {F=CLi

CHLi=0¥Br ——=f , CH=CBr

v

LiC=CBr or CH=CLi or LiCaCLi

cHLi=cF8r —=BY, cuecr ——— ——» LicsCF

In reaction of 2,2-difluorovinyl bromide and l-fluorovinyl “romide with
putyilithium followed by addition of aldehydes and ketones, numerous
products were indicated by GLC but ncre of those isclated contained an
acetylenic group. However, one of the possible routes to triethyl ethynyl
silane invoives the latter type of schenme.

To cummarize, any new iithium reagent chcsen should not contain (1)
a terminal difluoromethylene group (2) lithium and halogen atoms on ad-
jacent carbon atoms or (3) ™acidic®™ protens.

These conditions are satisfled ir 3,3,3-trifluoropropynyliithium and

sc we would expect the latter reagent to give good yields of alcoheclic

Yoo

products on reaction with aldehydes and xetones. This reagent was pre-

-(ll_
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Fared from 3,3,3-trifluoropropyne via exchange of the proton with butyl-
lithium. The above propyne was prepared by dechlovination of 1,1,2-tri-
chloro-3,3,3-trifluoropropene-1 using zinc dust ir dimethylfrrmamide (93) .

A literature search has revealed that a number of trifluoropropynyl
metal compounds have already been prepared, e.g., CFBCeCAg, CFBCE.CCU and
(CF36=._C)2Hg (9“'2 Trifluoropropyrnylmagnesium bromide has been made and
reacted with acetone to give the desired alcohol in high yield (75%) (95).
Trifluoropropynyl zinc (or CFBCECZnCl) is also known (96) . Recently the
the latter compound has been treated with cupric chloride ard a number of
oxidation products including the diyne C% CEC-CEC-CF3 Were isclated (97).
(98) of the preparation of triflucropropynyl-
lithium by reaction of trifluoropropyne with lithium amide. The iithium
reagent and the corresponding Grignard were used to introduce trifluoro-
prorynyl groups into sterdids by reaction with steroidal ketcres.

In this laboratery trifluoropropynyllithium was prepared by reaction
of trifluorcpropyne with butyilithium. Good yields of alcoch.ls have been
obtained by reacting triflucropropynyllithium with various aldehydes and
ketones (Table XIII).

Reaction with triethylchlorosilane gave triethyl{trifluoropropynyl)

There is a recent report

silane in high yield (81%). The caresponding trillicropropynyl magnesium
lodide has been reacted previously (99) with various organometallic
halides and the substitution products sbtained in good yield.

Reactions with benzonitrile and dichlcrodifiuorcethylene gave in-

solub’e, non-melting solids but no monomeric organic products.
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TABLE XIII
REACTIOM OF FLUORINATED UNSATURATED ORGANOMETALLIC COMEFC.NDS WITH CARBONYL
COMPOUNDS AND TRIETHYLCHIOKOSILANE
Organonetallic Reactant Product Yield :
Reagent :
- ~ b ~ - - Y x A} 2 ;
CF,=CFMgBr ,FZCICOCFZC‘ CF,=CF c(uzcm,zo:i 55 ,
o8 :C = - = q- C 1 3 i
CF ,=CFMgBr CFBCOCrB CF,=CF c( F3)20ﬂ 65 :
% :
CF,=CHLi CHBCOCHB CHBC(CH3)=C—C-OH 9
? . ;
. 2 . &
CF,=CHLA (e O:cmc\ou 25
1 ;93
= F C F = I";-C F j -
CF,=CHMgBr Cr3 vl 3 CF,=C (c 312011 510
CF ,=CHMgBr He3SiCl MeBSiCH=CF2 17 .
CF2=CHLi Et38i01 no stable product .s
CH2=CFLi CH:"COCHZCH,3 5 inseparable products .e
. e s
CH2=CFL1 EtBSlc- EtBDIC.—_CH 30
OH CH,, (
CF.CLi=CH CH. COCH CH_-C(CH, )-C-CF_ '3/ ; :
R 3°0CH5 37C(CHy)-C-CF, ke 5
OH
CF..CLi=CH CH_ COCH_CH CH. CH_C(CH )-<{CH2 (),
3 2 3 273 3273 CF
CH,, 2 :
CF..CLi=CH CF.,COCH CF,,~C-CH_-C-C vari
3b i 5 C 3b 4 3 'C': > f F3 variatle
0 O :
OH
- LA :
CF..CLi=C CH_CHO CH_,CH-C {ec)
3 2 3 3 \
CF
3
- 093 .
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TABLE XIII (co.ivu:’)

REACTION OF FLUORINATED UNSATURATED ORGANOMETALLIC COMPOUNDS WITH CARBONYL

CF. CL1=CH2

CF. CLi=CH2
CF CL1=CH2

CF,C=CLi

CF,C=Cli

CF,C=CLi
3

C=CL1i
CFé CL

COM POUNL'C AND TRIETHYLCHLOROSILANE

CH3
| CFy (d)
Acetophenone C-C\\
| cH,
OH =
Et. SiCl Et SiF
3 >
COZ CHz=C(CF3)COOH
t.,SiCl t_SiC=CCF
E 38 E 3 iCz Cr3
?H
CH H CH ~C=C-C
3COC 3 ( 3)20 =C F3
?H
CH F CH,_-C(CF, )C=C-CF,
3c:oc 3 3 (c 3)c-c 3
F F CF OH)C=CC
c 3COC 3 ( B)ZC( )G=C F3
CH CHO CH(OH)C=C-C
3CH2 CHBCH2 H(OH)C=C F3

0 O
CHB-E-@ @-é(CHB)CEC-CFB

0 Ok
CH -(!;-CH ci.®) cn -é:-(c=c-01-' )
"3 273 3 = 32
OH
ch.-tci ‘®) ¢ -E-(c=c-cz? )
3 3 - 3°2

51

17

81

70

55

69

25

56

Some of the above alcohols (a —~ d) were dehydrated giving the fcllowing
products, (%) (a) CH2=C(C‘H3)-C’CF )=CHZ (9), (b) Mixture of
(c) CH,=CH-C(CF4)=CH, (84) (d) @E-‘-c(c&*jhcnz (82) (e)
of lithium reagent to reactant emplicyed.

-S4 .

two isomers

2:1 mole ratio




III £XPERIMENTAL

A. Preparation and Some leacticns of Perflucrcallylhalices

Fluorination of CBCI‘§° Prepared by AICIB Cataiyzed Addition of
Py
CFClL, to CFCl=CFCl

SBF, (142 g., 0.79 mole) and chlorine (33 g., 0.46 mcle) were com-
3 o
bined in an autcclave at -78° an

at - ieft at rcom temperature £ r 3 hours.
C

C15F3 (153 g., 0.56 mole) was added and heated at 1500 for 3 heours with

(S)

. - o
ing. During the next 2.5 hours the temperature rcse tc 185 - 190" due

. ; . : - 0
tnermo-couple malfuncticn. After further heating at 190 - 200 for

.5 hours, the mixture was left cvernight at amdiert.

N

V.p.c. indicated

enly a small amount of flucrinaticr had cccurred sc the mixture was re-
o] . . .

heated at 190 - 2007 for 7 hours. Werk-up gave a material (113 g.) which

or distillation yielded C3CIQF5 (99 g., 74% yield,.
7

Preparation of Perflucrcallylchicride (FPFAC)

C3013F5 (%% g., 0.39 mole) in ethancl {50 ml.) was 2dded dropwise

over a pericd of 1.25 hours tc a suspensicn zinc {32 g., 0.49 mole) in
gently refluxing ethanol (100 ml.). The mixture was refluxed for 1.5 hours
/

and the product was ccilected in a3 dry ice’acetcne cocled trap te give a
material (64 g.) which on distillatior, gave PFAC (53 g., 85% yield).

Preparation cf Perfliucrcallyl Br:migje (PFAB)

Pctassium hydroxide pellets {112 g., 2.0 mcle, were placed in water

(100 cc) in a 500 cc flask equipped witn a magretic stirrer, dropping
funnel, and 6-inch glass helice packed cclumn with a variable taxe-off head.
CFZBrCHFCFZBr (50.1 g., 0.172 m2le) was placed in the drcpping funnel and
added slowly over a period of 50 minutes tc warmed sciutisn.

Fentafluoro-
allyl bromide (20.3 g.) was distiiled cut as it formed. V.p.c. indic .ted
the preduct was pure, b.p. 27 - 8. vieid 3%%. The infrared spectrum
showed the CF2=CF— absorpticn at 5.58u and agreed with the spectra of pre-
viously prepared material. The organic layer remaining after tac reaction
was separated, was washed and dried tc give 6.7 g. material believed to be
CFZBrCFZCHFEr.
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Preparation of Perfluoroallyliodide (PFAI)
PFAB (34.2 g., 0.162 mole) was added dropwise over 14 mirutes to a

solution of sodium iodide (30 g., 0.20 mole) in anhydrous acetone (60 ml.)
at 35 - 42°, After 20 minutes at lt6°, the mixture was washed witn Na.HSO3
solution, and water, and the organic layer dried over Drierite to give
PFAT (34.2 g., 82% yield).

Reaction of PFAT with CEBEOH and KOH

A saturated solution (10 n}ﬂ.) of potassium hydroxide pellets in
absolute ethanol was diluted with athanol (10 ml.). FPFAI (2.96 g., 0.0115
mole) was added dropwise over 8 minutes. A white solid formed immediately.
After stirring for 1 hour, the mixture was poured ints water, extracted

with ether and the ethereal solution was washed with dilute nitric acid,
water and dried over Drierite. Distiljiation gave a sample, b.p. 46 - 63°
aid residue (1.5 g.). V.p.c. separation of the residue (S. E., 55°) gave
to compounds: the first (0.4 g.) had b.p. 63 - 4° (micro), n12)0.0 1.3624,
with a strong infrared band at 5.80u. (Analysis Caled. for C7H1002Fu,
c HSOCF—CFCF OC F : C, 41.99; H, 4L.97; O, 15.84; F, 37.60. Found: C, 40.81;
H, 6.95 0, 15. 5& (by difference); F, 36.70%). The second (0.7 g.) had
b.p. W0 - 1° {micro), n 2u 0 1.3526, d,i’u 1.228 g./cc. This had a very
pungent odor, pH-1, fumed in air and had streng infrared bands at 5.&9}3
and 5.90m. (Analysis Caled. for C7H1102F5, "ZH OCF CHFCF OC oHg? » 37.84;
H, 5.00; O, 14.40; F, 42.76. Found: (average) C, 3? 863 H, 4.90; 0, 15.55
(by difference); F, 451.70%.)

No other possibilities fit the analyses as well as the above.

Reaction of PFAI with CFBQ_H_ OH and KOH

CF.CH, OH (19.0 g., 0.19 mole) and KOH pellets (1.66 g., 0.0297 mole)
were cooled in ice bath and FFAI (7.2 g., 0.0279 mcle) was added ove. 9

rminutes. A white precipitate formed immediately. After warming to rcom

temperature and refluxing fcr 30 minutes, the mixture was distilled through
6-~inch Vigreaux column to give two fractions (b.p. % - 72°) which were
ccmbined, washed with water and dried over Drierite tc give almost pure
product (2.3 g., 36%). V.p.c. purification (S. E., 40°) gave 1.70 g. pure
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material which was too volatile to cbtain a b.p. or . The infrared had

s strong band at 5.57 indicative of a -CF=CF, group. (Analysis Caled. for
C5HoOFR‘ C, 26.°0; 4, N.88; F, 06.073 0, 6.35. ¥cund: C, 25.10; H, 0.48;
¥y 65.15; 0, 9.272 (by difference).)

Reaction of CF ‘CPCr C‘ witp Ch Ola in Cii OH

3

Sodium methoxide (7 g., 2.13 moLo) was added t¢ methanol (100 ml.)

at 0° to give a white suspension tc whicn was added PFaC (216 g., 0.0396 mole)
via a gas inlet tube cver 42 minutes. The mixture was stirred up to rocm
temperature over 2.5 hours, then poured intc water. The crganic layer was
separated, washed with ice-HCl and coid saturated NaCl solution tc give a
product (7.~ €.) containing four ccmponerts: 23% A, 1% B, 156 C, and 46%
D. These were purified on S. E. prep. v.p.c. column and identified as
follows:

A: PFAC by infrare! comparison

B: b.p. 43 - 4° (micro), n 20 5 1.3060, with strong infrared band

at 5.56u and a weak shouxder at 5.67u, hence (101) CﬂBOCF CF=CF .

b.p. 78 - 9° (micro), n 9.5 1.3305, with broad infrared band at
5.83u (Analysis Caled. for C,H,C1F, 0, CH_OCF,CF=CFC1 and/or

L3 3
CH.C"T -CFCF c1. F, 42.57. Found: F, »2.‘3%)

3
D: o.p. 120 -1 (mxmhxgos

(W]
.0

1.3273, 4 ;.3u8 g./cc. (Analysis

Calcd. for C 5H7F 0 CHBOCFZCHFCFZOCHB. Cy 30.94; H, 3.64.

Found: C, 30.75; H 3.19%)
Reaction of CF —““'F Cl with CH Oi'a in Dioxare

A suspension of sodlum me*hox1de (6 g., 0.111 mole) in dicxane (72 g.)
was cooled tc 0° and PFAC {(i5 g., 0.090 mole) was bubbled in over 33 minutes.
The mixture was stirred up to room temperature :cver 2 hours, then for 2 hours
at imbient. Washing gave a product (4.9 g.), containing chiefly two low-
boiling compounds. These were identified as PFAC and a compound suspected
to be CHBOCFZCF=CF2 (b.p. ca. 55 - 60, ngl ca. 1.30, and strong infrared
band at 5.6% by comparison with previous experiments.

Addition of CH:=CHCH:0H 10 CF:=CFCF2C1 in the Presence cf{ XKOH

Potassium hydroxide pellets (3.L ~., 0.61 mole) were dissolved in
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allyl alcohol (21.0 g., 0.36 mole) in a Fischer-Porter tube, the solution
was cooled to -780, and PFAC (12.5 g., 0.075 mole) was added rapidly. A
white precipitate was formed immediately and an exothermic reaction occurred,
even at -780. The tube was sealed and kept at room temperature for Z hours
«#ith occasional shaking and was then heated at 68 - 20° for 1.5 hours.

After cooling, the tube was vented (ca. 0.5 g., PFAC obtained).

530 The organic layer was
separated and washed twice with water to give a product (5.7 g.) which by
v.p.c. contained 3% PFrAC, 19% D, 14% A-1, 36% A-2, 8% unknown, and 20%

A-3.

The mixture was poured inte ice-dil. HNO

The experiment was repeated using a flask equippped with a magnetic
stirrer, gas inlet tube, and a dry ice reflux condenser connected to a dry
jce/acetcne trap. A solution of XOH pellets (3.4 g., 0.061 mole) in allyl
alcohol (19.9 g., 0.34 mole) was cooled in an ice bath then PFAC (11.0 g.,
0.066 mole) was bubbled in slowly during 0.5 hour at 0°. A white pre-
cipitate formed immediately. After stiiring at room temperature for 1 hour,
the mixture was refluxed gently for 0.5 hcur then left over the weekend
at ambient. The mixture poured intc an excess of water. 3Samples of the
aqueous layer gave positive tests for fluoride and chloride ions. The
organic layer was washed to give a product (5.2 g.) ccntaining 3% PFAC,
12%¢ D, 4% A-1, 53% A-2, 3% unknown, and 15% A-3. These components were
separated and purified cn a 3. E. preparative v.p.c. cclumn tc give the
pure fractions which were identified as follows:

D: b.p. 78 - 9° (micro), ngl'o 1.3353, with 2 strong infrared oand

at 5.57#. (Analysis Calcd. for CéHSFSO’ CH2=CHCH20CF2CF=CF2:
F, 50.50. Found: F, 46.77%).

A-l: b.p. 117 - 8° (micro), ro "7 1.3616, d.@ 1.309 g./cc., with weak
infrared bands at 5.62u, 5.844, and 6.08». (Analysis Caled. for
06H5C1Fu0’ CH2=CHCH20CF2CF=CF01 and/or CH2=CHCH20CF=CFCF2C1:

Cl, 17.33. Found: Cl, 15.92%)

A-2: b.p. 166 - 7° decomp. (micre), ngo's 1.3775, diu 1.219 g./cc.,

with weak infrared baw at 6.0%. (Analysis Caled. for
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C9H11F502, CH2=CHCHZOCF‘2(CHFCF20CH2CH=CH2: F, 38.59. Found: F, 36.32;

¢1l, 1.08%)

A-3 b.p. 185o decomp. (micro), ngO.S 1.4242, with strong infrared
band at 5.664 and a weak baBd at 6.09u, {Analysis Calcd. for
C9H11F303' CH2=CHCHZOCF2CHF&OCHZCH=CH2: F, 2¢ 13, Found: F,
22.90; 71, 3.46%).

Attempred Reaction ot Sodium Allyloxide with CF2=CFCE201 in Dioxane

A suspension of sodium allyloxide (8.9 g., 0.10 mole) in dry dioxane
(50 ml.) was cooled in an ice bath ard CF2=CFCFZCl (16.8 g., 0.10 mole) was
added ovar 0.5 hour. The mixture was stirrea up to roo:. temperature over

1.5 hcurs out gas chromatography showed no reaction had occurred.

Attemptel Reaction of Sodium Al’lvioxide with CF2=CFCF201 in Acetone
A suspension of sodium allyloxide (8.0 g., 0.10 mole) in dry acetone
(130 mi.) was coocled to 0% then CF2=CFCF2C1 (4.2 g., 0.085 mole) was added
in 40 minutes. The mixture was stirred tc rcom temperature for 4 hours
but none of the expected product was fcrmed.

Reaction of Allylimagnesium Bromide with CF2=CFCF2§l

Magnesium (8.5 g., 0.352 mole) and dry ether (120 ml.) were combined
in a dry flask under nitrogen. The magnesium was activated by adding a
few drops of CHZBrCHZBr and stirring at room temperature for 18 minutes.
The flask was then cooled in an ice bath ana allyl bromide (18.0 g., 0.1

mole) in dry ether (20 ml.) was added dropwise during 20 minutes. The

resulting mixture was stirred for 6 minutes then filtered into a dry dropping

funnel. The solid residue was also washed with ether and the ether was
combined with the Grignar< solution.

Dry ether (20 ml.} and CF2=CFCF2C1 (3.0 g., 0.078 mole! were com-
bined at 0°. The Grignard solutiorn was added dropwise to give an immediate
white precipitate. After 0.25 hoir (ca. one-fcurth the Grignara had been
added) a gray sludge had formed which made stirring di.ficult. The re-
maining Grignard was added during 0.5 hour. After stirring to room tem-
perature fcr 7 minutes, water was added and the mixture was left overnight.

The ether layer was washed with dilute sulfuric acid, then dried over

- 95 -

P i A e Bt i o ST Ay P i ST T NN e o ¢ A i 2 e A e S Al B A PO 53R

3

wridnads teutbi s

FUTN

Neorm

e 1T

FYPTY A

%
22
2
-
z




TR,

il

Drierite. The aqueous layer gave positive test. for chloride and fluoride
ions. Distillation gave a residue (12.5 g.) containing some ether, a small
amount of allyl bromide and compounds XLVIII and XLIX. Further distillation
gave ether (4.2 g.), allyl bromide (0.4 g.), XLVIII (1.7 g.), and a residue
(5.0g.) This latter contained XLVIII (34%, 1.7 g.), XLIX (40%, 2.0 g.), and
three higher be*'ing components (26%, 1.3 g.). Preparative gas rhromato-
graphic separation (silicon elastomer, 110°) gave pure XLVIII b.p. 96 - 8°
(micro), n§0'5 1.3787, with a strong infrared band at 5.944 and a weaker
band at 6.084 and pure XLIX, b.p. 139 - 40° (micro), 22 ' 1.3970, with
medium infrared bands at 5.78# and 6.08s. (Analysis lor XLVIII, Calcd. for
CEHCIF,: C1, 18.81; F, 40.32. Found: C1, 16.93; F, 27.14% identified as
CH2=CBCH2CFZCF=CFC1). (Analysis for XLIX, Calcd. for C9H10F4: C, 55.64;
H, 5.20; F, 39.16. Found: C, 55.77; H, 5.20; F. 39.45% identified as
CH2=CHCH2CFECFCFZCH20H=CH2).

B. Lewis Acid Catalyzed Addition of Haloalkanes to Ha. '0lefins

Preparation and Purification of CFCl=CFCl

CFClZCFCl? (566 g., 2.77 nole) was added dropwise to zinc dust (200

g.s 3.07 mole) in absolute ethanol (300 ml.) at reflux over 4.5 hours. After

refluxing for 1.5 hours, a total of 337 g. crude olefin was <cllected.
Distillation gave maverial ‘307 g. 84%), b.p. 22.5 - 23.50, having infrared
bands at 5.'34 (CF,=0) and 5.86s (gis -CF=CF-).

Removal of the CF2=C 12 was accemplished by adding the crude olefin
mixture (192 g.) from droppirg funnel over 0.75 hour to a solution of sodium
(0.5 g.) in absolute ethanol {#N0ml.) at 18 - 24°. After stirring for 2.5
hours, distillation gave pure CFC1=CFCl (172 g., 90% reccvery), b.p. 22 - 3°
with no infrared band at 5.73u.

Addition of CFCl. to CFCl=CFCl usirg AlC]

CFCl3 (281 g., 2?0& mole) and pure CFCi=CFC! (200 g., 1.50 mole) were
combined in & “lask a* "°, ACLy (15 g.) was added and the ice bath was re-
moved. After 18 minutes, AlCl3 (15 g.) was added as the first batch had
adhered to the side of the flask. After 22 minutes, another 15 g. AlCl
were added, then the mixture was stirred for 3 hours. AlCl3 (10 g.) was
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added and the mixture stirred at room temperature for 2.5 hours. The total
AlCl,3 used was 55 g. (0.42 mole) and the total time was 6.25 hours. Normal
work-up gave material (467 g.) which on distillation gave CClu (78 g.),
C5CLFy, (3.3 g.), CCL,=CCl, (14.2 g.), C,CLF (29% g., 728), CyCLEF, (43
g., 10%), and higher boiling material (3.g.).
Reaction of CFCl=CFCl with AlCl3

\ A Fischer-Pcrter tube containing CFC1=CFCl (42 g., 0.316 mole) and

AlCl3 (3 g., 0.022 mole) was heated to 62 - 8° for 22 hours. V. p.c.

indicated no reaction had cccurred.

Cleavage of C3Ql5§3 by AlCl3

C3ClSF3 (41.4 g., 0.153 mole) and AlCl3 (5 g., 0.037 mole) were

Placed in a Fischer-Porter tube and rocked occasionally for 44 hours at
room temperature. The gaseous products were vented directly into a gas
infrared cell. This contained at least CF2012 and CF2=CFCI. Washing gave -
a 1liquid (31 g.) which contained 6% CClb’ 52% A, 7% CBCl5F3, and 36%

03016F2. Compound A had n%9.5 1.5048 and was identified by infrared as

CC1,=CCL,,. The'cjélspz had b.p. 65 - 6 /4.5 mm. (b.p. 202 - 3°/760 mm.)
and m.p. 44.0 - 45.5°,
Isomerization of 03g;5§3 by A1013 in CCl,

C4CL,Fy (24.0 g., 0.089 mele), CClL, (56 g.), and AlCl, (& g., 0.03

mole) were combined in a Fischer-Porter tube at room temperature and rocked

occasionally for 61 hours. Wcrk-up gave material (66 g.), which after
removal of cCl, (35 g.,), gave a residue (30 g.) containing CClu~(33%, 9.9¢.),
CC1,=CCl1, (25%, 7.5 g.), 03015F3 (15%, 4.5 g.), and 03c16F2 (27%, 8.1 g.).
Distillation gave the latter two in pure state for NMR analyses.

Attempted Addition of CFCl3 t. CFCl=CFCl Catalyzed by BF3

Boron Trifluoride was bubbled slowly through a mixture of CFCl=CFCL
(28 g., 0.21 mole) and CFCl3 (47 g., 0.34 mole) at -64°. The solution was

stirred up to room temperature over 0.5 hour, then stirred for 5 hours.

V.p.c. showed no adduct formed. Beron trifluoride fumes were still Present
at the end of the reaction.
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Attempted Addition of CFCl3 to CFCl=CFCl Catalyzed by BFB'EtZQ
CFCl3 (35.5 g., 0.258 mole), CFC1=CFCl (26.01 g., 0.195 mole), and
BF3 etherate (11.2 g., 0.079 mole), 0.038 mole BF ) were combined in a
flask at 0 The mixture was stirred to room temperature over 3 hours, then
left for 3 hours longer. No adduct was detected.
Attempted Addition of CFCl to CFC1l=CFCl Catlyzed by HgCl2
A TFischer-Porter tube was chargee at 0° with CPCl (32 g., 0.23 mole)
CFC1=CFCl1 (27 g., 0.20 mole), and HeCl, (6 g., 0.022 mole). After rocking
at room temperature for 18 hours, no adduct was formed.
Addition of CFCl3 to CFCl=CFCl, Catalyzed by A1C13liin Presence of KF
CFCl3 (36 g., 0.26 mole), CFC1=CFCl (20 g., 0.15 mole), AlCl3 (6 g.,

0.045 mole) and freshly ground KF (10 g., 0.17 mole) were placed in a

Fischer-Porter tube at 0°. An exothermic reaction occurred immediately.
After rocking at room temperature for 6.5 hours, AlCi3 (5 g., 0.037 mole)
and KF (5 g., 0.085 mole) were added. Within 10 minutes another exothermic
reaction occurred. After two days at room temperature, the mixture was
worked up to give a liquid (36 g.) which v.p.c. indicated was 94% unreacted
material, 4% CClu, and only 2% C Cl5F3

Addition of CFCIB to CFC1=CFCl Catalyzed by A1C13, in Presence of NaF
Reference Reaction

CFCl3 (43 g., 0.313 mole), CFC1l=CFCl (27 g., 0.203 mole), and AlCl3

(5 g., 0.037 mole) were combined in a Fischer-Porter tube at 0° and rocked

for 3 hours at room temperature. AlCl3 (4L g.y 0.03 mole) was added and

the mixture was rocked for 3.5 hours. Normal work-up and distillation gave

pure C3(‘15F3 (41 g. 75%) b.p. 149 - 150° and ngl'o 1.4394. Also obtained

wags CBCl (3-“‘ ey 5.8%)

First Reaction

.The same quantities were ured as abcve, onuiy NaF (8 g., 0.190 mcle)
was added at the beginning. The procedure was identical to the above.

Distillation gave pure CBCl F3 (36 g., 66%), b.p. 144.0 - lu6.5° and n

1.4398. Also formed was CBC;6F (3.2 g., 5.5%)

20.0
D
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Second Reaction

The amounts and procedure were the éame as in the previcus reaction
except the mixture was left at room temperature for 35 hours. Distillation

; 20.
gave pure C,C1F, (35.6 g., 65%), b.p. 147 - 150° and n20*0 1.4396. Also
formed was C3C16F2 (5.4 g., 9.3%)
Addition of CFCl3 to CF2=CC12 Catalyzed by AlCl3

A Fischer-Porter tube was charged with CFCl3 (63 g.,0.46 mole),
CF2=CCI2 (30 g., 0.225 mocle) and AlCl3 (12 g., 0.09 mole) and rocked at
room temperature for 24 hours. Work-up gave a liquid (79 g.) containing
unreacted material (15%), cc1, (39%), C.C1_F_ (41%, 32 g., 53% overall yield),.

3753 . _
and C,Cl F2 (5%). Distillation gave pure C,Cl_F., b.p. 600/28 mm.-60°/26 mm.

This ﬁatgrial contained both liquid and cryzta{s? The solid was separated
by fractional crystallization tc give a waxy white solid, m.p. 81 - GM.SQ
Reaction of CFCl3 and Perfluorocyclobutene Catalyzed by AlCl3
The olefin (46 g., 0.28 mole) was bubbled slowly through a mixture
of CFCly (123 g., 0.90 mole) and A1Cl, (10.7 g., 0.08 mole) at 0°. This

was repeated four times in 4 hours. Normal werk-up gave a material (37 g.)

" which was solid at room temperature. In addition to CFCl3 and CClu a com-
~ pound was isolated (11% , 1.9 g.) b.p. 135 - &° (micro), ngO.S 1.4606,
diB 1.579 g./cc., with a strong infrared band at 6.138. (Analysis; Reqd.
for cyclo-CuClqu: Cc, 21.08; C1, 62.23; F, 16.69. Found: C, 22.03; H, 0.21;
Cl, 59.96; F, 18.35.) Also found as the chief product (65%) was a com-
pourd (18 g.), b.p. 208 - 129, m.p. 32 - 30, infrared bands at 6.12u (s)
gnd 6.418 (m). (Analysis'Reqd. for cyelo-C Cl.: C, 18.42; Cc1, 81.58.
Found: C, 19.13; H, 0.49; Cl, 79.19; F, 0.96.) This latter was a doublet
by v.p.c. and could not be resolved.
Reaction of Perfluorocyclcbutene with Al1Cl
Perfluorocyclobutene (46 g., 0.28 mole) and AlCl3 (11 g., 0.082 mole)
were sealed in a Fischer-Porter tube at -78°, After rocking for 3 honrs at

OO, the mixture was left at room temperature fcr 1.5 days. Normal work-up

gave a liquid (21.5 g.) ccntaining three compenents. These were identified

after purificaticn as cyclo‘CuCl?Fu (60%), b.p. 66 - 7° (micre), ngo.o
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1.3724, d“3 1.537 g./cc., with a strong infrared band at 6.17u; the cther
two components, combined, had infrared bands at 5.564 (vs), 5.81n (vs) and
6.12u (w) and were cyclo-C (18%) and cyclo-C, ClF (22%).

A second run using perfluorocyclobutene (27 g., 0.167 mole) and A1013
(11 g., 0.082 mole) and rocked at room temperature fer 4.5 hours gave an
exothermic reaction. Aluminum chloride (2 g.) was added and the mixture
was rocked for a further 4 hours. Work-up gave materiai (17.7 g.) con-
sisting of unreacted cyclo-C, F¢ (2%), cyclo-Cq’ClF5 (12%) and cyclo-04C12Fh
(86%) .

Attempted Addition of CFCl3 to CF CF=CF2 Catalyzed by AlCl3

3

CFCl3 (50 g., 0.36 mole), CFBCF=CF2 (52 g., 0.35 mole), and AlClB‘

(6 g., 0.045 mole) were placed in a Fischer-Porter tube. This was rocked

for 1 day then worked-up to give unreacted material (41 g.) and liquid
(22.7 g.) containing avout equal amounts of two low-boiling compounds and

CClu. The infrared spectrum of the mixture had strong bands at 5.80k and

6.01p, indicative of CFBCF=CF01 and CF3CF=0012. No higher boiling com-

ﬁonents were formed.
Attempted Addition of CFCl to CFBCF=CFCF3 Catalyzed by AlCl3
A flask contalnlng CFCl (44 g., 0.32 mole) and AlCl (2 g., 0.015

mole) was cooled to 0° and C L 8 (25 g., 0.125 mole) was bubbled in during

17 mitutes. After stirring at 0° for 2 hours, tile mixture was warmed to
room temperature, then cooled to 0° and the material from the cold trap was
recyclad. V.p.c. showed that no reaction had occurred except CCl‘,4 for-
mation. The contents of the flask were transferred tc a Fischer-Porter
tube and rocked overnight at room temperature. Venting gave unreacted
olefin (30 g.) and CFClB, ané a liquid (19.7 g.), chiefly CClu.

The above unreacted starting materials were combined in a tube with
AlCl3 (2 g., 0.015 mole) and heated at 77° overnight. After venting, only
5.2 g. 1iquid was obtained, which by v.p.c. contained 6% unreacted material,
12% low-boiling component 28% CCl 19 and 46% high-boiling component.
Chromatographic purification gave material believed to be CF3CF=CClCF3, b.p.
320, with weak infrared bands at 6.04n and 6.23K, and CFBCC1=CC1CFCI , b.p.

140-1° (micro), n%l'o 1.4304, diu 1.692 g./cc., with strong infrared band at
6.120. )
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Addition of CFCl3 to CF_=CFBr Using AlCl3
<

CFCl3 (308 g., 2.24 mole) -and AlCl3

at -520, then CFé=CFBr (44 g., 0.273 mole) was bubbled through the mixture

at -40° to -6° during 0.75 hour. The mixture was cooled to -200, then

(10 g.) were combined in a flas':

stirred for 3 hours whilst attaining room temperature. AlCl3 (6 g.) was
added and the mixture was stirred fcr 1.5 hours, then ieft in a stoppered

flask for 60 hours. The tctal AlCl3 used was 16 g. (0.12 mole). Work-

up gave C,BrCLF, (61 g., 75%), b.p. 125 - 7°
Attempted Addition of CFCl 1o Cyclo-C Clil'5 Catalyzed by lCl3
CFCl (42 g., 0.30 mcle), vlefln (uo g., 0.16 mole), and AlCl (6 g.,

0.045 mole) were combiried in a Flscher-Porter tube at 0° then rocked at

room temperature for 17 hours. Work-up gave a material (39 g.) containing
by v.p.c. 11% low-boiling material, 24% unreacted olefin, 7% CCl, , 15% C,
and 43% E. No desired adduct was present. Distillation gave pure E, b.p.
70°/2.8 mm.72°/3.0 mm. (220 - 1°/760 mm.), ng°*? 1.5175, 420 1.778 g./cc.,
with a strong infrared band at 6.20u, identifed as cg{clo-CSCl6 X A small
amount ¢f higher bciling residue was present which solidifed, m.p. 34 - 60,
‘and had 2 strong infrared band at 6.194. Recrystallization from absolute
ethanol-water gave white crystals, m.p. 36.5 - 37.50; idgntifed as cyclo-

05018'

Addition cf CFCl3 to CF =CF Catalyzed by AlCl3

CFCl (60 g., O.44 m0¢e) and AlCl3 (8 g., 0.06 mcle) were placed in
a Flscher-Porter tuce at Q° CF2 CF2 (40 g., 0.40 mole) was vacuum trans-
ferred (at liquid nitrogen temp.) to the tube and the mixture was rocked
up to room temperature over 5 hours, ther left overnight. Normal work-
up gave a liquid (77 g.) which contained 5% low-boiling material, 23% ccl, ,
68% C Cl3 5 and 4% higher boiling material. The yield was 55%. Distillation

and v.p.c. gave a pure sample of C Cl3 52 b.p. 72 - 30 (micro), nﬁ0.0

24 3
1.3535, and d;;" 1.648 g./cc.
Addition of CFCL3 to UbérUFBr Latalyzed by AlbLB
CF‘Cl3 (130 g., '0.94 mole) and AlCl3 (7 g.) were placed in a flask

at -30°, CF,=CFBr (39 g., 0.2l mole) was bubbled in over 0.5 hour with the
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temperature between - 22° and -90. After stirring up to room temperature
over 2.5 hours, the mixture was cooled in an ice bath; A1013 (5 g.) was
added; the mixture was stirred for 0.5 hour, then allowed to warm to am-
bient during 1.25 hours. Normal work-up gave a produut (150 g.) which was
distilled to give CiBICLF, (4.2 g., 768), b.p. 127 - 8°, 20 01 .u238,
and dis 1.9693 g./cc.

Addition of CFCl t.0 CFCl—CCl Catalyzed by AlCl3

CFCL (41.0 g., O 30 mole), CFCl CCl (36.5 g., 0.20 mole), and

AlCl (5 g., 0.037 mole) were combined in a Flscher-Porter tube at 0° , then

rocked at room temperature for 13.5 hours. Normal work-up gave a liquid
(60 g.) which was chiefly unreacted material and CClu. This was combined
again with AlCl3
left overnight. On venting, a considerable amount of gas was noted. Work-
up gave a material (49 g.) which v.p.c. showed as 49% CCl, , 40% CClZ=CCIZ,
and 11% 03016F2‘ Distillation and recrystallization from petroleum ether
F, (9% yield), m.p. 47.5 - 49.5%, b.p. 63°/7.8

(6 g.) and rocked at room temperature for 10 hours, then

gave a pure white solid, C3C1
mm. (189 - 194°/760 mm.)
Addition of CFCl to CHF—LP Catalyzed by,AlCl3
Al(Jl3 (7 g., O. 052 mole) was added to CPC] (151 g., 1.10 mole) at
-72° and CF —ChF (48 g., 0.585 mole) was bubbled 1n from cylinder at -76°

during O. 75 hour The mixture was warmed up to -23 over 1.5 hours, then

the material which had collected in the cold trap was recycled twice. After
being left at room temperature overnight, AlCl3 (4 g., 0.030 mole) was added
and the unreacted material re-cycled four times during 4 hours at room tem-
perature. A liquid (38 g.) was recovered from the cold trap. Work-up of
the reaction mixture gave a liquid (87 g.) which on distillation gave a
material (40.3 g.) consisting of CC].I’r and product. The CClu was removed
from the desired product by azeotropic distillulion with methanol. Washing

with water gave 1-2 ml. ccntaining ca. 90% product and ca. 10% ccl, .
+
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Further purificaticn was not necessary for NMR analysis.

Attempted Additicn of CFC1, to CCL,=CCL, Catalyzed by A1C1,

CFCL, (134 g., 0.07 mole), cc1 =CC1, (109 g., 0.66 mole) and AlCl,
(6 g., O. ous mecle) were stirred at ?O - 30 for 1 hour, then AlCl3 3 g,
0.022 mole) was added and the mixture heated at 80° for 2 hours. After

leaving it at room temperature cverright, the mixture was again heated

at 91 - 2° for 1.5 hours. CFCl, (54 g.) added and stirred for 2 hours more. :

3
Normal work-up gave a material (189 g.) containing CClz=CCl2 (100 ¢.,

92% recovery). No adduct was formed.

Attempted Additicn of CFCl3 to CHC‘-—-CC].2 Catalyzed by AlCl3

CFCl3 (42 g.,0.305 mole), CHCl=CCl2 (37.0 g., 0.281 mole), and AICl3
(5 g., 0.037 mecle) were combined in a Fischer-Porter tube at Oo, then
rocked at room temperature for 3.5 hours. AiClB‘(h g., 0.030 mole) was
added and rocked for I hours. After leaving it overnight at ambient, the

mixture was werked-up to give a material (72 g.) which was distilled to
give unreacted olefin, CClb, unidentified material (5 g.), and high-
boiling residue (19 g.). The unknown material had a b.p. 43 - 40/30 mm.
(133 - 4°/760 mm. ) ngl'o 14816, d iu .531 g.’/cc. and a M. W. of 165.
(Analysis Calcd. for C2H2Clu, CHQCLCCLB: Ci, 8+.49. Found: Cl, 84.60.)
This was positiveiy iderniifled by cimpurs. n «f the infrared spectram i th
that in the literature (*Q?).

Addition cof CHFCl e CF =CFCJ. Catalyzed by AlCl3

CHFCl (58 g., O. 56 mcle) was treated with a smail amount of AlCl3
at -78°, ther added to CF =CFCl (60 g., 0.5. mole). AlCl3 (5 g., 0.037
mole) was added and the mthure stirred up t- o” during 1.25 hours. AlCl

(2 g., 0.015 mele) was added ard the material which had collected in the

The residue could not be vacuun distilled.,

3

dry ice/acetone trap was re-cycled three times at 0° during 1.25 hours.
The mixture was stirred at room temperature for 4 hours and volatile
material (14 g.) was recovered from the cold trap. Work-up of the re-
sidue gave a material (69 g.) which on distillation gave pure CBHCIBFu
(43 g., 38%), b.p. 91.0°, ngo'z 1.3735, and d“5 1.616 g./cc.

The expsriment was repeated by charging a Flscher-Porter tube at -78o
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with CF,=CFCL (37 g., 0.32 mole}, CHFCl, (41 g., 0.40 mole), and A1C1,
(6 2., O 045 mole). Within 4 minutes of the tube's removal from the cold
bath, a violent explosion occurred. This was attributed to the exothermic
reaction of CHFCl with AlCl3 to form CHClB.

Addition of CHFCl to CF CClZ_ggtalyzed by AlCl3

A small amount of AlCl3 was added to a trap at -78° containing CHF012
(b4 g., 0.43 mole) and CF2=C012 (32 g., 0.24 mole). After 7 minutes with
occasional shaking, the liquid was decanted into a Fischer-Porter tube at
-78° and AlCl3 (5 g.y 0.037 m>e) was added. The tube was placed in an

ice bath and warmed to » .. temperature over 5 hours. After 29 hours at

ambient, the mir' .. was worked»up to give a matérial (40 g.) containing
29% unreacted material, « % CHClB, and 26% desired product. Distillation
and, v.r.c. purification ‘1ive C3HCluF3(18%), b.p. 131 - 30, n%o°0 1.4180,
and dﬁB 1.656 g./cc.

Addition of CHFClZ.,o CFC1=CFCl Catalyzed by A1013

CHF012 (32 g., 0.3 mole) and CFC1l=CFCl (26 g., 0.195 mole) were
combined at OO, treatec with A1C13, then transferred to a Fischer-Porter
tube at C°. ALCL. (f .., 0.045 mole) was added and the mixture left at
room temperature bvernight Werk-up gave a liquid (£1.8 g.) which was
distilled to give CBHCLu 3 (7.2 g., 61%), b.p. 125 - 6 iO -0 1.4184,
and d23 = 1.683 g./cc.

Addltlon of CHF?LZ 1.2 CC12:CC12 Catalyzed pyJAICIB

C012=C012 (136 g., 0.82 mole) and AlCl3 (6 g.y 0.0 mole) were com-
bined in a flask at 0°, CHFCL, (99 g., 0.96 mole) was treated with AlCl

3
at -78° , then bubbled through the olefir at 0° over 34 minutes. The mix-

ture was stirred to room temperature over 3 hours. AlCl3 (3 g., 0.022
mole) was added and after 1 hour CHFCl2 (63 g., 0.61 role) and AlCl3
(4 g., 0.03 mole) were added at 0°. After stirring at ambient overnight,
the mixture was washed with ice/HCl and water to give a liquid (243 g.)
containing two products, the desired adduct C3H016F (4L0% yield) and the
replacement product C HCl7 (34% yield). Distillation gave pure CBH016F

b.p. 70°/5 mm. (206°/760 mn.), 20 Oy 5041, and a7? 1.769 g./cc.” The
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tan crystals of C;HCl, were air dried and had m.p. 30 - 1°.

Addition of CHFCl2 to CF2=CFBr Catalyzed by AlCl3

CHFCl2 (65.0pg., 0.63 mcle) and AlCl3 (4 g., 0.03 mole) were combined
in a flask at -387, then CF2=CFBr (67.0 g.,0.416 mole) was bubbled in at

-35o to -32O over 20 minutes. During 1 hour, the mixture warmed to +8% 7

but since material condensed into the dry ice/acetone trap, the flask was

cooled to -20°, 1C1; (4 g., 0.03 mole) added, and the cold trap material

re-cycled. After 10 minutes, the mixture was placed in an ice bath then,

20 minutes later, the cold trap material was recycled and the mixture was

allowed to warm to room temperature over 2.5 hours. Work-up gave a

material (117 g.) which was distilled tc give pure CBHBrCIZFu (86.5 ¢g.,

79%), b.p. 110 - 2°, ngo’o 1.4009, and dﬁ5 1.9088 g./cc. -
Addivion of CHFCl2 to CFCl=CCl2 Catalyzed by A1013 ; i
CHFCl2 (36 g., C.35 mole), CFC1=CC12 (30 g 0.20 mole), and AlCl3 ‘ g

(5 g+.y 0.037 mole) were combined in:a Fischer-Pcrter tube at‘-78°, then

rocked at room temperature for 3.5 hours. After standing overnight, the  ? &

mixture was hydrclyzed tc give a material (54 g.) which was vacuum dis- \
tilled to give CJHCLF, (22 g., 44%), b.p. 79°/39 mm. (168 - 170°/760 mm.),!
ngl.o 1.4601, andwdi 1.710 g./cc.

Addition of CFzQ;_2 To CE,=CFCl Catalyzed by AlCl3

CF,C1, (87 g., 0.72 mele), CF,=CFCl (85 g., 0.73 mele), and AlCl3
(30 g., 0.224 mcle) were placed ir an autcclave and heated at 60° for

L4 .5 hours with rocking. Normal work-up gave a liquid (79 g.) which was
distilled to give C,C1,F, (32 g., 17%), b.p. 113-5°. (Analysis Calcd. |
for CBCluFu: Cl, 55.86. Found: Cl, 53.61%) Nc expected 03013F5 was formed.
No adducts were formed in the fcllowing similar reactions:
= +
CFC1=CFCl CBrClB, CF2Br2, CClu, C6H5CC13, CF2C12, CFZBrCFClBr and
o] A = b
CF201CFClv CP2 CFCLl + CClu, and CFZBI‘2 + CFZCCl2
C. Radical Initiated Addition to Olefins
l. Preparation cf‘Starting Materials

a. CF_CFBrCFBrCF
=33

The above haloalkane was made by passing perfluorobutene-2 into bromine..
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b. CF,CFBrCC1BrCF
—J 3

This was prepared from CFBCFCTLCCIZCF3 by dechlorination followed

by product bromination.

C. QEBCFBrCFzgg’

Light was shone on bromine (60 ml., 180 g., 1.1 mole) in a flask
fitted with a dry ice/acetone condenser, and hexafluoropropene was bubbled
through. When the bromine color was discharged the product was distilled
to yield CFBCFBrCFZBr (236 g.)

d. 1l,2-Dibromohexafluorocyclobutane

Bromotrifluorcethylene (BTFE) (240 g., 1.5 mole) was heated in an

autoclave at 200° for 12 hours. On veniing the autoclave, unreacted BTFE

(4O g.) was recovered. Distillatior of the residue gave 1,2-dibromochexa-
fluorocyclobutane (80 g., 40%) b.p. 95 - 6° and a residual high-boiling
material.

e. CCL.CF C7 Br ol

CCl3Br (396 g., 2 mole), Bz,0, (3 g.), and CF,=CF, (78.5 g., 0.78 ‘

- : o
mole) were heated in an autoclave at 100° for 8 hcurs.. The autcclave

was vented and gasecus material: (1 g.., which was mainly CF =CF2, was

2
ccndensed out. A liquid mixture (L48.5 g.) which contained 29.6% adduct
(b4 .5% yield based cn CFZSCF2 used) was cbiained.  On distillation almest
pure CCl.CF CFZBr (135 g.) was cbtaired frem the reactior mixture.

372

2. Addition of Haloalkares t» Qlefirs

A stainless steel autoclave (300 mml. capuacity) was charged with the
haisalkane and a catalytic amcunt ¢ berizcy) peroxide. The clefin was then
transferred inte the aut.clave which was heated at 100° for a number of
hours with censtant rocking. (The heating pericd, and the amounts of
haloalkare and clefin used, are giver. in Tabie V). The autoclave was
covled ard vented. Low-boilirg material was ccendensed. Distillation and/
or GLPC ¢f the residue affcrded pure products.  Physical properties and

yields of products are given in Table V.
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3. Dehalogenation and Dehydrchalogenation of the Adducts Obtained
Dehydrohal~r :nation:of CFClBrCFClCHchZBr with Potassium Hydroxide
. CFC1BrCFCLun.,lryt = (10.3 g., 0.32 mqle) was dropped slowly into a

mixture of potassium hydroxide (5.6 g., 0.1 mole) and ethyl alcohol (4.6 g.,

0.1 mole) at reflux temperature. The reaction mixture was refluxed for
36 minutes and poured intc water and thg crganic layer separated, washed
and dried. Crude material (6.8 g., 75% yield) was cbtained. Gas
chromatography shcwed the presence cf one main preduct in this crude material.
It was separated by preparative v.p.c. ard identified as CFClBrCFClCH=CH2, ”
b.p. WkC (micro), rat 14571, do 1.7209, (I. R. C=C 6.1u), (Analysis
Calcd. for CuBrCleZHB: Br, 33.30. Fcund: Br, 33.29%). .The ¥ and 19
NMR spectra were consistent with the abcve structure.

Dehalogenation of CFClBrCFClCHZQEQBr with Zinc

CFC1BrCFC1CH,CH,Br (16.1 g., 0.05 mole) was drcpped slowly into a

mixture of zinc (6.5 g., 0.1 g. atom), ethanol (4.6 g., 0.1 mole) and zinc

chloride (0.1 g., 0.001 mcle) at reflux temperature. The reaction mixture
was refluxed for 30 minutes and the lcw-beiling material (12.9 g.) was
distilled directly frocm the reaction mixture. Gas chromatography showed
the presence of .one rew main preduct in this material. This was separated
by preparative v.p.c. and identified as an isomeric mixture of cis (44%)
and trans (56%), CFC1=CF-CH2CHZBr, b.p. 138O (micre ), ngl 1.:514, dﬁl
1.6808 (I. R. C=C 5.76n). (Analysis Calcd. for CuBrClF2H: Br, 38.94;
Ccl, 17.27. Fcund: Br, 38.82; Cl, 17.40). The lH and 19F NMR spectra were
consistent with the abcve structure.
Dehydrohalogenatien of CFCl=CFCHZQHQBr with Potassium Hydroxide
CFCl=CFCH2CH2Br (5. g., 0.025 mcle) was drcpped slowly intc a mixture
of potassium hydrexide (5.6 g., 0.1 mcle) ard etharel (4.6 g., 0.1 mole).
The lcw-boiling material (2.4 g., 80% yield) distilled directly frcm

the reacticr. mixture as it was formed. Gas.chrcmatography showed the

presence of cne new main product in this malerial. This was separated
by prep. v.p.c. and identified as ar i1scmeric mixture of cis (44%) and

trans (56%) CFCl=CF-CH=CH,, which polymerizes on standing at room temper-
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ature. (Analysis Caled. for(c ClF H.) cl, 27.68. Found: Ci, 28.29%)
The 1H and 19F NMR spectra were consistedg with the above structure.

Dehydrchaiogenation of CFEBrgc 3 lc_FQ{_ CH Br

CFzBr(CFB)CFCHZGiZBr (20.2 g.), potassmm hydroxide (7 g.), and
sthanol (5 ml,) were refluxed for 1 hour. The reaction mixture was poured
intc waler and the organic layer was separated and dried. Distillation
yselded suspected CF,Br(CF,)CFCH=CH,, b.p. 79°, nZ 1.3469, a°' 1.663.
(Analysis Calcd. for c HBBrF MR, 32. 67; Br, 31.17. Fcurd: MR, 32.99
Br, 31.58%).

Dehydrohalogenation of CF BrCFZCHZCHZEE

Cg BrCFZCHchZBr (21 g.), pctassium hydroxide {8 g.), and etharol
(20 ml.) were heated in a flask fitted with a fracticration columr.

,F BrCF CH-CHQ 2 g.) fractionated off during the reaction. It showed

the folloaiv:g, properties: b.p. .57, ng* 1.355%, &' 1.604. (Aralysis

Calcd. for L.uH BrFl& HRD 27.98; Br, 38.65, Found: HRD 28.14; Br, 38.44%).
Dehydrohalogenatior of CF,BrCE L__Z) CH,Br with Pctassium Hydroxide
CFzBrCFé(CHZ)BCHZBr (5.6 g., .03 me e) was dropped siowly tc a

mixture of KGH (5.6 g., 0.1 mcle}, ethancl (9.2 g., 0.2 mole) and water

(2 g., 0.5 mole) at reflux temperaturs. The reacticrn mixture was kept

at reflux tamperature fcr anctner 30 minutes arnd it wac pourea inis water.

The organic layer was separated, waszhed and dried. Gas chrematcgrapny

showed the presence of two main pr.ducts in thic material. Their amount.

vere estimated by v.p.c. anaiysis. Trey wers separated oy preparative

Vv.p.c. * .2 identlf‘ed as CPZBTb.ALL Z:ZCH—Jn (1.7 g., u% vield}, ..p.

119.5° (micrc), r, 1 1.9851, (I. R. C=0 6.07w), (Analysis cai=d. fom
Br. H7 Br, 3. 02. Frund: Br, 33.22%) and CF BrCFZ(L i BCH q,n 3

\5 7 g., 67% yield), b.p. 185.7° (micrs', rz‘ 1.3964, d 1.367%

(Analysis Calzd. for CSBrALq‘BO. Br, 28.48. Fcund*® 3r, du.3k%}.

Treatment of CFLBrCFCLChCCH=CPCFEBr with Zinc

To a sclution of oclefin {i4.9 g., 0.039 molie) in isopropanol (3G ml.)
was added zinc dust (7 g., 0.107 mele). The solution was stirred with
heatirg until 2 vigorous reaction occurred and then cccled in a water bath,
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After 15 minutes cf a self-sustained reacticn, the mixture was heated to
refiux for 20 minutes. The crganic layer was washed with a large amount
of water and dried with magnesium sulfate and calcium chloride. V.p.c.
showed poor rescluticn and the probable preserce cf iscpropano.. Further
washing with water did r.ot markedly imprcve the separaticn. The material
was quite visccus.

This mixture was added tc aqueous pctassium hyc~-xide (7.4 g., 0.13
mole; 20 cc water) and then rcfluxed fzr 30 minutes. The mixture turmed
dark brown and washing with water gave no crgaric linuud, cnly a dark
brown solid.

Dehydrohalog mation of CEZCICFZCC).Z_CQZQ_(Q_BBLZQ

CFZCICFZCCIZCHZC(CHB)zcl (15 g., 0.05 mcle) was refluxed with ethanolic
(25 m1.) potassium hydroxide (11 g., 0.2 mole! for 2 hcurs. The reaction

mixture was poured intc water (200 ml.) and the crganic product separated
and dried.

The preduct (8 g.) showed four major components by v.p.c.,
three of which were isciated ir 2 pure state and identified (see properties
in Table XIV). The fcurth prcduct ccntained trace impurities, but the
infrared spectrum shcwed abscorpticr at 5.02u which is asscciated with the
allcne structure.

4, Some Free Radicai Add:itiorns cf Haloalkenes to Diallyl ESther

A stirred sclution of CFZErCFClBr (LS8 g., 1.8 mole), diallyl ether
(32.7 g., 0.3 mcle) ana benz:yl percxide (5 g.,) was refluxed for 3 hours.
Unreacted starting material were distillied c<ff and the residuc was washed
with scdium bicarbenate scluticn, water and dried.

Fractioral distiliaticr gave Br CHZCFCICFZBr (XI), 69.7 g. (62.1%).
Ar analytical sample which vas separated by v.p.c. had the follcwirg

preperties: b.p. €8/0.15 mm., ngo 1,490, d°0 1.878 (Azalysis Calcd. for

CBHIOBr2ClF30: HRD S8.254;5 C, 26.02; H, 2.74; F, 15.76%).
Addition of CFZE2 to Iiailyl Ether

A solution of CFZBr2 (763 g., 3.63 mole}, diallyl ether (89 g., 0.91
mole) and benzoyl percxide (12 g.) was heated in an autoclave at 100 f 5°

for 5 hours. The reaction mixiure was wcrited up a- described above to
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TABLE XIV

PROFERTIES OF PRODUCTS OBTAINED ON TREATMENT OF c1-*2c1c1-‘zcc1,‘,c:ﬂzc(cu3 )201
WITH ETHANOLIC POTASSIUM HYDROXIDE

Molecular Possible Analysis Infrared
Formula Structure Caled. Found Absorpticn (i)
cl c1
C?ZCICcmCIZCH:C(GHB ),
" P
CpH,CLF, CF,,C1CF,,CC1,CH,C 38.95 38.55 6.1
P
c.,ﬂGc:le“ (:5'2c1cr‘2cc:l=cnc\:H 30.05 29.96 6.12 6.26
3
C.1 CIF CF..C1CF c=cc’m2 17.69 17.62 L.k 6.18
754 2 277"Nen e ) - *
3
*C,H.CIF, CF201CF2001=C=C(CH3 ), ceees eeee.  5.04

* trace impurities present.
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yield Br CH,,CF,Br (X11)82.6 g. (29.2%): h.p. 70/0.2 m,, ngl 1.49463
d®! 1.823. YAnalysis Caled. for C.H, BT, F,05 MRy 49.60; C, 27.30; H, 3.27.
Found: MRy 49.34; C, 27.26; H, 3.248).

Addition of CFzBrCHFBr to Dialiyl Ether

A sclution of CFzBrCHFBr (362 g., 1.5 mole), diallyl ether (40 g.,
G.4 mole) and (CH3)26N=NC(CH3)2 (7 g.) was refluxed for 48 hours. The ‘
N CN
reaction mixture was worked up as described above to yield:
Br (~“pCH,CFHCF,Br 12.8 g. (9.4%); b.p. 90/1.3 mn., r2’ 1.Li3, b.p.

90/1% m., nlz) 1.443.  (Analysis Galed. for Cgll)Br,F.0: C, 28.243 H,
3.24. Found: ¢, 28.27; H, 2.68%).

Dehalo)ggnation cf Br _ZCFClCFZEI (X1)

s .
e TR

. b ot A e ) o mrsepheve et
.

A stirred suspension of powdered zinc (13.1 g., 0.48 mole), zinc
chloride (0.5 g.) and ethanol (100 ml.) was refluxed while (XI) (37.4 g.,
0.1 mole) was added drcpwise. The refluxing mixture was stirred for a
- further 3 hcurs. The scluticr was washed, dried, and fracticrally dis- ‘

tilled tc give BrQ‘CHZCﬁCF (7.3 g-, 28.2%). An analytical sample
was separated by v.p.c. had the fcocllowing propertjes: b.p. 62c/0.2 mm.,
21 21 X .
iy 1.45%; d°7 1.546. (Analysis Caled. for CBH'J.OBrF3G' HRD 46.11; C,
37.09; H, 3.89; Br, 30.84; F, 22.00. Found: HRD 45.84; C, 36.93; H, 3.89; L
Br, 30.88; F, 22.12%). :
Reaction XI with LiAlH, i
Lithium aluminum hydride (9.4 g., 7 .24 mcle) was placed in a cooled
flask and tetrahydrofurar (100 ml.) was added with stirring. The sus-
pensicn was heated to refiux and XI (91.0 g., 0.24% ncle) was added drop-

wise at a rate sufficiert tc maintain reflux without external heating.

The mixture was refluxed for ancther hour, cocled and water added
carefully. The mixture was stirred intc coid dilute sulphuric acid, ;
the organic layer was separated, washed with water and dried. Fra:tional

distillation gave (;}cn,,w:crz (L) 13.0 g. (13.1%) an? Br (’;‘/ CH,,CF=CF

2
16.1 g. (25.9%) which was consistent with the previously prepared sample.
. - 178§ o
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An analytical sample of (L) which was separated by 7.P.C., had the
following properties: b.p. 76°/32 ma., "D 1.4107; &0 1. 137. (Analysis
Caled. for CgH) F;0: MRy 38.43; C, 53.33; H, 6.15. Found: MR 38.64;

C, 53.14; H, 6.27%).

Addition of Chlorine to Diallyl Ether

Chlorine was bubbled through a sclution of diallyl ether (98 g.,

1.0 mole) and conc. hydrochloric scid (600 g.) at 3 - 7°. The organic
layer was separated, washed with water and dried. Fractional distillation
gave (BZCICHCTICHZOCHZC':H:GIZ (LI} (&4.7 g., 27.4%) and (CH201CHClCH2 )20
(LII) 078.0 g., 32.56, which had properties consistent with an authentic
sample.

© A anélyncal sample of (LI) had the following properties: b.p. 52°/
2.6 m., n3! 14645, &1 1.152. MR Caled.: 40.68; Found: 40.89.

Addition of CFzBrCFCIBr tec (LI)

A solution of CFéBrCFClBr (110 g., 0.4 mcle), the ether (LI) (16.9 g.,
0.1 mole) and benzoyl peroxide (3 g.) was refluxed for 3 hours. Un-
reacted starting materials were distilled off and the residue was washed
with sodium bicarbornate scliuticn, and water, and fi;ally dried. Fractional
distillation of the residie gave CF,BrCFClCH,CHBrCH,OCH,CHCICH,CL (LIII)
(12.0 g., 29.0%). An analytical sample separated by v.p.c. had tke
following properties: b.p. 10:°/0.2 ma., =30 1.4911, ¢°° 1.808. (Analysis
Caled. for Cgh)Br,ClF.0: MR 70.9%; C, 21.58; K, 2.26; F, 12.78%.

Founds MR, 71.40; c, 22 &, H, 2.63; F, 13.33..
Dehalogenaticn of CFZBrCFC*CH CHBrCH OCF MHCl1 CH201 (1LIII)

The ether (LIII) (55.0 g., O. lzﬁmole) was added dropwise t: a stirred
refluxing suspensicn of powdered zinc {3..2 g., C.48 mcle) ard zirnc

chloride (1.0 g.) in absclute ethancl (100 ni.;. The mixture was refluxed
for a further hour. The suspension was pcured int: water, extracted

with ether and dried. Fractional distiilation gave-C“ CLCHCICH OH (8.5 g.)
and crf-cm-zanwH OCH,CHCICH,C1 (LIV} (9.3 g., 23.5%) b.p. 76°/a 3 mm.,
'D 1 L6661, d20 1.584. (A531151s Caicd. for CBH BrC' 3 HRD 57.923

C, 29.16; H, 3.05; F, “7.26. Found: MRy 57.7; C, 29.91; H, 3.04; F

18.51%;.
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D. Monomers Synthesis for Contract Associates
1. Preparation of Octafluorcacetophenone

a. Pentafluorophanylmagnesium bromide, prepared from bromopenta-
fluc~- -=a1zene (26.8 g.), was reacted with lithium trifluorocacetate (13l g.)
w . . “ticns described in the literature \31) to give octafiuoro-
aceiovhencne (9.2 g.).

b. Pentaflucrcphenylmagnesium bromide, prepared from bromopenta-
fluorobenzene (2.46 g.), was added to a stirred solution of trifluorc-
acetic anhydride (2.2 g.) in ether (20 cc.) at -78°. The mixture was
allowed to warm tc room temperature, and hydrolyzed with ammonium chloride
sclution. Inspecticn of the ethereal layer by gas chromatcgraphy in-
dicated that no octaflucroacetcphenone had been formed.

c. Trifluorcacetyl chloride (1.4 g.) and aluminum chloride (1.5 g.)
were added to a stirred so'itior of pentafluorcbenzene (1.2 g.) in tetra-
chloroethane (15 cc.) at 40°. The mixture was allowed to warm up and
was stirred at rcom temperature for 7 hcurs under a Dry Ice condenser.

. Analytical gas chromatography ii.dicated that ro octafluoroacetophenone
had beern formed.
2. Preparation of Octafluorosiyrene
Chlorodifluorcacetaldehyde. Lithium hydride (8.0 g.) was added
slowly tc a well-stirred, co.led (0°) solution of chiorodifluoroacetic

acid (130.5 g.) ir ether (400 cc.). Simultanecusly, a solution of
lithium alumirum hydride (9.5 g.) ir ether (250 cc.) was prepared by re-
fluxing the hydride in the ether for 4 hours. The soluticn of lithium
aluminum hydride was added dropwise tc the stirred, cooled soluticn of
1ithium chlorcdifluorcacetate. After ail the lithium aluminvm hydride
had been added, the solution was hydroliyzed carefully with water (200 cc.)
and then dilute hydrochloric acid. The ether layer was separated, dried
over MgSOu to remcve excess water and fracticnally distilled through a
glass packed column. Ether was remcved first at 3&.50, then the tem-
perature rose to abcut 800, ard then it dropped to about 20°., The most

. plausible explanatior is that the hydrate of the aldehyde was dis-
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Proporticnating under strcng heating to give the aldehyde (b.p. 18°) and
a higher hydrate. The low-boiling fraction 20 - 30° was collected, some
more ether added, and fractionally redistilled to give aldehyde (28 g.)
b.p. 18° and a mixture of ether and aldehyde (approx. 4 g. of the latter)
b.p. 18 - 33°. An attempt was made to dehydrate the hydrate of the al-
dehyde by adding it to a stirred solution of phosphorus pentoxide in
concentrated sulphuric acid. Considerable polymer was formed and only
2 little aldehyde distilled off.(By using reduced pressure it may be
possible to remove the aldehyde to a cold trap before the polymerization,
whicl: appears to accelerate in the presence of acid, takes place to any
large extent.)

2-Chloro-2,2-difluoro-1-pentafiuorophenylethanol Chloredifluoro-
acetaldehyde (30 g.) was bubbled intc a stirred solution of pentafluoro-
Phepylmagnesium bromide (from pentafluorcbromobenzene (60 g.). After
all the aldehyde had been added, tbe solution was hydreliyzed with dilute -
hydrochloric acid, the ether layer was sepzraved and dried (HgSOa).
The excess ether was remcved tc give dark solid materiai (5% g.). (A .
Previous small-scale reaction had shcwr. that this was 60 - 7C% by weight
alcohol, the residue being invclatile materiai; purification if necessary
is extremely facile as the alcshol readily sublimes.) An analytical gas
chromatcgram indicated only one product.

2~Chloro-1,2,2-trifluoroethylpertaflucrsberzene The cr.de alcohol
was placed in an autoclave (300 ml.) with excess sulfurtetrafluoride.
The autcclave was rocked at 80° for 6 hcurs and aliowed to cool in an

ice bath. Excess SFu was bled off slowly cver a period of 2 - 3 hours.
Tae contents of the pot were throcwn intc water (200 cc.). {Some solid
polymeric material is evident at this stage ir the crade alcohol is used;
however, in a small-scale react’ = with the pure aicohol, the preduct is
a clear liquid.) Enough ether was added tc form ar organic layer lighter
than water; in this wvay the insoluble polymeric material separated to the
bottom, while all the desired product was obtained in the ethér layer
which was separated, dried (HgSGz;) and fracticnally distilled to remove

- 18 - }




the ether. The residual product was vacuum distilled for P205 to zive
2-chloro-1,2,2-trifluoroethylpentafluorcbenzene (38 g.). This product
was chromatographically oure.

Octafluorostyrene 2-Chloro-l,2,2-trifluorcethylpentafluorobenzene
(17 g.) was added at a fast drop rate tc a vigorously stirred solution
of fused potassium hydroxide (200 g.) at 17¢° in a three-necked copper
flask. A stream of nitrogen was flowing through to assist immediate
remcval of the preduct which was trapped in two traps in series, which
were cooled in a 002,’acetone bath. The product (12.0 g.) was inspected
by analytical gas chrcmatography (Si gum) and shown to consist of one
major product, a little starting material and a small quantity of two
products having a similar retention time to that of the starting material.
The mixture was separated by preparative gas chromatography (Si gum
packing) to give:

( i) Octafluorocstyrene 9.4 g. (64% conversion)

(ii) residue 2.0 g.

Similar attempts %, dehydrcchlorinate the substituted ethyl benzene
at higher temperatures gave the following results:

Temp. Weight of Starting Weight of Product Weight of
Material (g.) (g.) styrene
Separated
195° 9 n 2.6
220° 12 3 1.7

The conversion was 33 and 16% respec.ively.

The structure of the siyrene was confirmed by reference to published
Physical data (103) - There was considerable discrepancy in the refractive
index (our sample ng 1.3995, literature quoted 1.3550). This is with-
out doubt due to a mistake in the literature as all other data were
consistent.

i.r. absorption at 1793 P indicated -CF=CF,

v.v. absorption at 235 ms; w, 6200
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sl ulder 265 mu; w, 1120
Mass spectrum peaks at 248 mclecule ion CBFS
198
179
b.p. 121° by Swoboloff method.
Rgaction_of Butyllithium with Tetrafluorocet! lene
Dry diethyl ether (150 ml.) was placed in a three-necked flask,
fitted with a gas-lead, reflux condenser and dropping funnel, and cooled

CFe
C.F.

to -100° under an atmosrhere of dry nitrogen.

Tetrafluoroethylene (12 g., 0.12 mole) was bubbled in at such a
rate that all the olefin condensed and dissolved. Butyllithium (0.1

- mole) in ether (50 ml.), precocled tc -780, was added dropwise with

Stirring and the reaction temperature allowed to rise slowly to that of,
the room, while maintaining the reflux condenser temperature below -80°.
The reaction mixture became gelatirous with the precipitation of lithium
fluoride. Hydrochloric acid (20%) was added until the mixture became
aclear, and the etnereal layer sepirzted. The aquecus layer was ex-
tracted with ether and the total etbher snlutions coembined arnd dried
(CaClz).

Analytical v.p.c. showed the precenre ¢ a major product together

with a small amount (4 3%) of high-biili:-z material.

Fractional distillation gave 1,1,2-triflucrchexare, b.p. 70 - 7i°

C(uit. % pp. 70%), (8.8 5. 64% yreid.

E. Aromatic Substitutions

1. Chloro-l,2-dibrome-1,2,2-tritl : rrethare as a Scurce of Radicals

Ultraviclet Irradiation of Benzene with CF?BrCFClBr
Benzene (56.2 g., 0.72 mole) ard CF BroFCiEr (200 3., 0.716 mole)

were irradiated in quart: apparatus witn a mercucy vapour larp for 50

hours at ca. 75 . The preduct was wasned ¢:f with berzere and washed with
aqueous sodium bisulfite and water tc remove bromine. The organic product,

which showed ns high-boiling material on v.p.c. examination, was fraction-

,ated to remove most of the starring materials. The residue (18.3 g.) was
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further distilled to remove more CF BrCFC1Br (8.2 g.) and the residue was
vacuum distilled to give a volatile material (5.7 g.) and a residual black
tar (3.9 g.).

The bigh-boiling material (5.7 g.) was separated by v.p.c. (Si gum
at 115°) to yield (i) CF,BrCFC1Br (0.71 g.), (i) bromobenzene (0.31 g.),
both identified by infrared spectrosccpy, (iii) high-boiling products
(1.44 g.). Further separation of (iii) yielded: (a) suspected
CHCFCICF,Br (0.5 g., 0.25% yield). The 19% MR spectrum, which showed
a doublet and triplet, the “H MMR spectrum and the infrared spectrum were
consistent with the proposed structure. The NMR spectra showed ca. 5%
impurity present; (b) three componerts (0.27 g.) corresponding to (a) and
two longer retained components.

Similar u.v. irradiations were carried out using benzoic acid,
bromobenzene, pyridine and pentafluorobenzene as the aromatic substrates
but no desired substituted products were cbtained on distiliation.

Pyrolysis of CFZBrCFCIBr

The furnace ccnsisted of an empty steel tube (1 in. i.d.) of which
a length of 12 in. was heated in the furnace. The furmace temperature
was reccrded by a thermoccuple.

The general procedure for all experiments was tc flush the apparatus
with nitrcgen. The material to be pyrolyzed was added dropwise over a
slow stream of nitrogen (ca. 1 bubble/sec.). The apparatus was f. shed
with nitrogen for a further 0.5 hour to remove crganic products. The
organic products were collected in a trap which was usually cooled in
dry ice/acetone.

CFzBrCFCIBr (2.32 g.) was dropped intc the pyrolysis tube av 400°
over a pericd of 20 minutes.to yield a product {1.44 g., 60% reccvery by
weight) which by v.p.c. showed sever peaks in the following percentages:
(1) 4%; (2) 178; (3) 3%; (&) 1085 (5) 31%; (6) 27% (CF,BrCFCiBr); and
(7) 8% (suspected CFzBrCFBrz.)

From a simiiar experiment at a furnace temperature of 5500 no liquid
material was recovered, and at u70° only 7.5% by weight was recovered

which contained a trace of longer retained materiai. At 3300 the product
- 121 <
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(838 recovery) was ca. 90% CFzBrcmlBr. The pyrolysis products caused

considerable etching of the glass trap, thue HF was evolved in addition
to the more expected HBr and HCl.

Pyrolysis of Benzene with CFZBrCFCIBr
~ Using the same pro-edure and apparatus as in the previous experiment,

an intimate mixture of benzene (2.06 g.) and CFZBrCFClBr (2.05 g.) was
added dropsise into the pyrolysis tube at 400° to yield a product (2.86
g.s 70% recovery) which was mainly benzene, tut ccntained a longer re-
tained product whose v.p.c. revention corresponded to bromobenzene.

Pyrolysis at 50()0 gave a reduced recovery of 59% with the longest
retained product corresponding to bromobenzene and the major component
corresponding to benzene. Pyrclysis at 330° produced ery little re-
action and at 590° the recovery dropped to 42% of which ca. 95% was
benzere. *

Passage of mixtures of CFZBrCFC].Br and (1) bromobenzene, (2) penta-

fluorobenzene and (3) a mixture of CFBCH=CHBr and CF3CEr=CH2’ under the
same corviitions as above gave none of the desired products.

‘ lysis of CF,BrCFCiBr in the Fresence cf Bromine

Passage of a mixture of CFZBrCchr (2.00 g.) and bromine (1.04 g.)
through the pyrolysis tube at 400° cver a period of 30 minutes gave a
product (1.8 g., 59%) which by v.p.c. showed nine peaks in the following
percentages: (1), (2) and (3) 1.58; (&) 7%; (5 23%; (6) 356 (CF,BrCFClBr);
(7) 25.5% (suspected CF,BrCFBr,); (8) 3%; and (9) 3%. The peak numbering
corresponds to that in the pyrolysis cf CFzBrCFClBr alone. (8) and (9)
wcre not detected in the pyrolysis of CFzBrCFClBr alone.

A repeat experiment procduced only 14% of the suspected Cl"‘sz'Cl?Br2 .

Pyrolysis of CF2=CFCl with Bromine

Bromine (2.23 g.) was dropped into a tube heated at 530. A stream
of nitrogen and CF2=CF01 was passed through the hea‘ted tube to carry the
mixture with bromine into the furnace at 400°.

It was noted that bromine
reacted with the olefin before entering the pyrolysis tube, thus the pro-

ducts were similar to tnose of the pyrolysis cf CFZBrCFClBr and there

- 122 -




b

}
4

was no increase in yleld of suspected CFzBrCFBrz.

Similar results were obtained when the bromine was added dropwise
at a point adjacent to the fumace.

2. 1,2-Dichloro-1,2,2-trifluoroiodoethane as a Source of Radicals
Reaction of Benzene with CF,C1CFC1I

(a) CF,C1CFC1I was washed with aqueous sodium bisulfite, and water ks
and dried (Drierite) and distilled.

Dry benzene (1.6 g.) and CF2ClCFClI (2.8 g.) vere sealed in a Fischer-
Porter tube and heated at 200° for 72 hours. Some hydrogen halide, which
was detected as chloride, was evolved on opening the tube. The tnbe
contained black solid (carbcn and icdine) and a liquid which cn examin-
aticn by v.p.c. showed two preducts, one of shorter retention time and

the other of longer retention time than both the starting materials.

The product was washed out with ether and the ethereal solution was washed :
with aqueous sodium bisulfite and water tc remove iodine, and dried (Dri- .E
erite). The ethereal solution was evaporatad tc near-dryness on a
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rotary vacuum pump to leave a residue (0.68 g.) of almost pure long re-
tained product, which was purified by v.p 3. (Si gum, 122°) to yiela
; CgH.CFCICF,C1 (D.11 g., 4.8% based on CF,CICFCII) with a consistent in-
frared spectrum. The ultraviolet spectrum was measured in ethanolic
sclutien to show ... 2144 (Emax. 6860;, rmax. 256 mu (imax. 559},

>max. 262 mp (tm. 686),7%“. 268 mu (tmax. 580), ccnsistent ¥
with a monosubstituted benzene.

{b) Benzene (2.34 g.) and CF2ClCFClI {4.67 g.) vere sealed in a
Carius tube at 0° and heated at 165° fcr 95 hours.

The liquid preduct which contained carbcn particles was washed with
aqueous sodium bisulfite to remove icdine an” washec with water. The
product and benzene washings were dried (Drierite) and separated by v.p.c.
(51 gum, 115°) to yield: (1) CF,CICFC1H (0.16 g., 6.25%)bascd on
CFZCICFCII, (2) benzene and CF2CICFC].I, (3{9C685CFCICF201 (6.90 g., 23.5%).
The proton NMR showrd a phenyl group, and ~°F NMit showed a triplet and

- two close doublets of equal intensity. A precise explanation for the
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£ itting of the doublet cannot be made. There was a :inor peak of longer
1¢ention time which was not isolated.

(¢) Benzene (5 g.) anc LF,CICFCLT (5 g.) were reitluxed under nit-
rogen for 140 hours. V.p.c. examination of the product showed only a
trace of a product corresponding to C4H CFC1CF,C1.

A similar experiment using bromobenzene with a reaction time of 90
hours at 180 - 190° gave a product which was suspected to be BrCgH, CFCICF,C1
but it was impossible to obtain a pure sampie by GLIC or distillation.
Repetition of this experiment in the presence of copper dust was equally
unsatisfactory. )

Reactions cf pentafluorcbenzene, phencl and nitrobenzene with
GFZCICFCII under the same conditicns as above for times varying between
22 and 96 hours gave mostly reccvered starting materials.

Reaction of benzene (0.0l mole), CF,BrCFC1Br (.01 mocle) and benzoyl
peroxide (0.001 mole) in a Fischer-Perter tube at 155° for 96 hours
afforded bromobenzene (9%) and C6HSCFC].CF281' (5%). 4 similar reaction
in the absence cf peroxide gave rone of these products.

The Effect of Benzoyl Percxide con the Reaction of Benzene with

CFECZKCFC'AI

A Fischer-Porter tube was charged +ith benzene (2.3 g., 0.03 mole),
CFZC..CFCH (.19 g., 0.C15 mcle) and benzoyl peroxide (0.38 g., 0.0015
ncle). A similar L:be was charged cvly with benzene (2.34 g.) and

CF2C1L. AT (4.19 g.). The tubes were sea’ed ard heated together on an
cil bath at 170° for 89 hcurs. _
A gas ctromatogram of the products showed that long retained material
{pure C6H5CFCJ.CF201) formed 2% of the vclatile products when benzoyl per-
oxide was absent (98% unchanged starting materiais). Irn tne presence of
benzoyl percxide, long retaired mater::.l {cne p=ak cn 51 gum at 180° }
formed 18% of the volatile products (s2funcranged starting material).
Re-examination of the gas chromatcgram cn Silicon gum at 100° and 130‘:>
showed that the long retaired materiai was 18% iodobenzene and 82%
C6H5CFCICF201: overall yield cf ':6 'SCFCICFZCI in tenzoyl peroxide
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initiaced reaction was i4.8%.

Comparison of the Reaction of Iodobenzene and Benzene with CFZQLCF_Q_IL

YTodobenzene (2.04 g., 0.0} mole) and CFZCICFCII (2.79 g., 0.1 mole)
were sealed in a Fischer-Porter tube. Im an similar wube benzene (C.8 g.,
0.01 mole) and CFZCICFCJ.I {(2.79 g., 0.01 mole) were sealed. The tubes
were heated together on.an oil bath at 140 - 4° for ‘88-hours.

There was irsufficient reaction to measure gas chromatographic peak
areas to cbtain a comparison. ’

Reaction of Benzene ind CFZCICFCII in the Presence of Mercury cr

Copper

A Fischer-Porter tube was charged with benzene (C.78 g., 0.01 mole),
CFZCICFClI (2.79 g., 0.1 mole) and clean dry mercury (7.5 g., C.0375 mole).
A similar tube was charged with benzene (0.78 g., 0.0l mole), CF2010FCII
(2.79 g., 0.01 mole) arnd electrolytic copper dust (1.92 g., 0.0303 mole).
Another tute was charged with benzere (0.78 g., 0.01 mole) and CFZCI.CFCII
(2.79 g., 0.01 mole) only. The tubes were sealed and heated together,
with cceasional shaking, on an oil bath at 170% fer 88 hours.

The organic liquid of the first (Hg) and last tubes (blank) was
examined by gas chrematcgraphy. In the second tube (Cu) the organic
liquid and copper powder formed a sclid mass and, therefore, a direct gus
chromatographic examination could nct be made with the two other reactions.

The reaction in the presence of mercury shcewed a 9.3% conversion to
C6H5(:FCICF2C1 (free from Céﬂ 5I) whereas ir the blank experiment the cor~
version was 2.3%.

The Reacticn of Pentafluorcuenzene with CF_CICFC1I in the Presence
———————-—————————————-—.—-—————2—-————.—.—.——-—
cf Benzcyl Peroxide

Pentafluorctenzere {2.79 g., 0.0166 mole), CF2C1CFCII (4.19 g.,

0.015 mele) and benzcyl peroxide {0.36 g., 0.0015 mole} were sealed in
a Fischer-Porter tube and heated on an oil bath at 171 - 8° for 8 hours.
A long retained peak formed 6% of the volatile products (by gas chroma-

tography) .
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Recction of Pentafluorobenzene with CFZCICFC1I and CFzBrCF01Br in #
the Presence of Benzcyl Peroxide (A Comparison Experiment) f
Pentafluorobenzene (1.7C g., 0.01 mole), CF,CICFCII (2.79 g., 0.0 :
mole) and benzoyl peroxide (1.03 g., 0.00425 mcle) were sealed in a
“Fischer-Porter tube (tube 1). Pentafluorobenzene (1.74 g CFéClCFClI
' (2.79 g.) and benzoyl percxide (0.5 g., 0.002 mole) were sealed in a
Fischer-Porter tube ftube 2). Pentafluqrcbenzene (1.71 g.), CFzBrCFC1Br
' (2.77 g., 0.01 mole) ard berzoyl percxide (0.5 g., 0.002 mole) were

sealed in a similar tube (tube 3). The three tubes were heated together
~on an oil bath at 168 - 172° for 114 hours.

| The products were exaﬁined by gas chromatography to show the following
| percentages of long retained prcducts: Tube 1, 26.8%; Tube 2,8.4%;

Tube 3 .22.8%. The remaining 73.2% and 81.6% in tubes 1 and 2 were starting
materials and very minor short retaired preducts. In tube 3, in addition

to starting materials,: , was alsc 2.6% of a long retained product.

. N
The product in *ube = wius separated by preparative gas chromato- %
graphy (Si gum, S0 ¢ 0 yieid the long retaired preduct (0.29 g.) which H ?

was shcwn by infrared spectroscepy to be isdivenzene containing a minor
impurity. The maj:r 1 og retsained product irn tube 3 corresponded by
v.p.Cc. L2 bromsberzene.

3. Other Arcmartic Substitutyons

Pentuflusrobez-ie Lowd and Aems oia

Fentafiuor benz - iec acia {uu.8 g.} Y54 vie.d) wag conveniently made
by treating pentafllucr nerzers with buswvilitni.m and then bubbling carbon
dizxige through the ool o,

Ethancl (20 mi.), smronia (T0 mi. 2o op. rravity 0.9 gm/ce. 0.25
mole) and pentafisor.ber: 1o acidg (0.3 2., v 2% mole were placed in a
S Cari.l tube wniobho wad coeel coder aovaeaun cod Liiakern at 70u for 16
hours. The recuiting . Louid we neutrasized aod erther extracted.  The
ether layer was dried, ard the ether distilled off to give a brown gum
(0.5 g.)
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1,5-Dibromotetrafluorobenzene and 3ilver Isocyanate

1. Silver isocyanate (3.0 g., 0.02 mcle) and 1,4-dibromotetraflucrc-
benzene (3.08 g., 0.01 mole) were piacei in a Carius tube with ether
(25 ml.) and shaken at 75" for 16 hcurs. The ethereal solution was de-

canted from the isciyanate and distilied tc give 2.65 g. of the re~overed
dibromobenzene (m.p. ?SC).

2. A similar reacticr with dimethylformamidc at 106° gave rio re-
action.

3. A similar reaction with rc scivent and four times excess isccy-
arate at 100° gave nc reacticn.

F. Attempted Preparaticn of Partially Fiuorirated Norbormadicres i

Diels-Alder Additicn of Cycicpertadiene and CFCi=CFCl

Cyclcpertadiene was prepared immediately befcre use by fracticnation

of dicyciopentadiere and cellecticn ¢f the fracticn, b.p. hO.SO.

Cyclopertadiene (1.98 g., 0.03 mole), sym-dichlorcdifluorcethyiene
(3.63 g., 0.03 mcle) ard nydroquircre (0.1 g.) were se2led in a Fischer-
Pcrter tube ard heated cn an cil bath at 207 - 220° for 18 hours.

The product was shaken with ether tc leave a light btrown scl
(2.85 g.) which was remcved by filiraticn. The ethereal soluticn was
dried (Drierite) and evapcrated urder reduced pressure it~ leave a brown
gum. The gum did nct separate cn the alumina cclumn and was nct affected
by decclorizirg charccal.

Two experiments heatirg the 5amé quantities as above fzr 62 ncurs
at 140 - 148° and for 30 heurs at 170 - 180° were carried cut. As the
Products cculd not be isclated pure, tne products of these two experiments
were combined and dechloriration was attenpted.

(a2} Iodine (0.4 g.) was cdided tc magrnesium (1.8 g.) in ether (50 ml.).

The mixture was heated t¢ reflux and the products of the above experimernts
wers added dropwise. The mixture was ref_uxed for a further 12 hours.

The ethereal solution was filtered to remcve a black residue and magnesium.
The magnesium was washed and dried tc yield 1.6 g. (100% reccvery). The

ethereal scluticn was fracticnated and the residue on v.p.c. examination
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showed components corresponding to ether and dicyclopentadiene and a
shoulder on the dicyclopentadiene peak from an unknown ccmpound.
(b) The ethereal residue from (a) was refluxed with zinc dust (6.5 g.)
suspended in ethanol (100 ml.) for 9 hours. The mixture was filitered to
remove zinc and fractionated to yieid v.p.c. pure ethanol and a residue
which by v.p.c. showed no appreciable change from starting material.
Disls-Alder Addition of Cyclopentadiene and Perfluorcpropene
A Fischer-Porter tvbe was charged with fresnly distil.ed cyclopenta-
diene (2.06 g., 0.C31 mole) and hydroquinone (0.1 g.). Perfiuoropropene
(5.2 g., 0.035 mole) vas condensed into the tube under vacuum and the tube
was heated at 170° for 117 hours. Unchanged perfluoropropene (1.5 g.,
29%) was recovered and the residual liquid examined by gas chromatograpy
to show ca. 91% Diels-Alder adduct, the other components being perflucro-
propene and dicyclope—tadiene (trace). The liquid was separated by gas
chromatography (Si gum, 100°) to give 5-triflucromethyl-5,6-difluoro- -
norborn-2-ene (1.9 3., 19%, based on unrecovered clefin) b.p. 140%;
2’ 1.377 (1it. b.p. W1% 3’
solution of potassium permangarnate and decclorized 3% bromine in carbon

1.3741j, which was oxidized by ar acetcne .

tetrach’oride. The low recovery of Dieis<Alder adduct may be due to poor
gas chromatographic recovery but probably is due tc the presence of a
hig' percentage of invclatile material in the product, such as the products
of further Diels-Alder additions.

The preion MR spectrum of the saimple adduct was typical of a 1,4-
adduct.

Diels-Alder Addition of Uycicpentadione and Perflucorobulene-2

A Fischer-Porter itvbe was chargsd with freshly dis?illed cycic-
pentadien= (2.0 g., $.030% mole) and nydrcguinone (0.0 g.,. Periluore-
butene-2 {6.3 gZ., 2.0315 mole} was condenced inte the tibe under vacuum
ard the mixture was heated on an cil bath at 146 - 1567 fcr 6v hours.

The Fischer-Forter tune leaked duiing the reacti_n and 1.0 g. cf material
s
was lost. Unchanged perfluorcbutene-2 {J.0S g.) was rectvered on cpening

the tube. The residual crude product (6.0 g.}, which contained per{luore- .
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the suspected Diels-Alder adduct, was separated by gas chromalcgrapny
(51 gum, 100°) to yield 5,6-b:s(triflucromethyl)-5,6-difluoro-norborn-2-
ere (4.0 g., 50% based on cyclopentadiene), ngz -3
Calcd. for C9H6F8: C, 40.62; H, 2.27; F, 57.11.
F (by difference), 57.28%).
solution of potassium permarganate and decclorized a 3% brcmine sclution
in carbon tetrachlcride. It gave ccrsistent infrarad and 191’-‘ MR
spectra. The proten !MR spectrum proved the aduuct to be a Diels-Alder
adduct rather than a 1,2-addact.

Attem

riobornene

1.3655. (Analysis
Fourd: C, 40.46; H, 2.26;
The norbornere was oxidized by an acetone

butene-2? and traces of cyclopentaciene ir addition to a main product of !

Dehalogenaticn of 5,6-Difluorv-5.6-bis{trifluorcmethyl)

The norbcrn-2-ene (30.0 g.) was adde'd dromwise cver a pericd of 15
minutes to a stirred suspensicn of zinc (12 g.) and zinc chloride (0.1 g.)
The refiuxing was contirued fcr a further &

Nc reaction was indicated by gas chromategraphy. A further 10 g.
of zinc was added and the stirred mixture reiluxed fcr 2.75 hours.

in isopropanol (40 =1.).

hours.

There was no arparent reacticn.

Tne zirc was filtered off and the fil-

trate fractionated to remove most of the
separated by gasz chrematograpny (Si gum,
(21.9 g., 73% reccvery), as inaicated by

isoprepancl. The residue was
- ) . - -
2067} to yield Llue norbornene

infrared spectroscopy.

Attempted Dehydrchalogenaticn of 6,6-Diflucro.$,6-bis(trifluoro-
methyl Jnorbornere %
The norborm-Z-ene {2.7S g.) was dropped onto molten potassium hy-

droxide (12 z.) at 2z0%. After refluxirg for I minute, the muixture was

socled, water was added and the crganic layer separa.ed t. yield unchanged
starting mawerial (2.3 g., 8% recovery) as showr by gas chromatography
and irfrared speciroscopy.

Dechlorination ¢f CFBQ}_Z_CC_IZ_CEB

A stirred suspensicn of zinc dust (150 g.) and zinc chloride (2.5 g.)
ir. reager*: grade dioxane {350 ml.) was orought to reflux in a 3-necked

. flask fitied with 38 1-feot fracticraiicon exlumn ard head. The cutlet
. - 129 .
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of the fractionation head lead to a trap cooled at -78°.
A saturated solution of 2,2,3,3-tetrachlorchexafluorocbutane (304 g.)}
in dioxane was added drcpwise tc the suspension 2t such a rate to give
a steady reflux at the fractionaticn head, where the fractior boiling uwp
tc ?2° was collected. Fracticnation was ccntinued after the chloro-
fluoroalkane had been added and the fraction up tc b.p. 95° was collected.
The experimert was repeated with 196 g. of aikane and preportionate
amourts of z2inc, etc.

The distillates were combined an: fractionated to give: <;1-"3c:r;1~--cc101-"3

(368 g., 96% yield) containing smaii -..-ces cf low-boiling ccmponent and

dioxane.
Only traces of material condensed '.. the ccoled (-780) trap.
Addition of Cyclopentadiene to 2,3-Dichiorchexarluorobutene-2
Freshly distille¢ cvclopentadiene {19.8 g., 0.3 mole), 2,3-dichlcro-
hexaflvorobutere~2 {78.4 g., 0.336 wcle) and hydroquinone (1.0 g.) were
vocked in a 300 ni. autoclave at 1usc for 16 hours.
The product was steam diztilled. The distillate was ar immiscible
liquid at first, but soon a sclid condensad. The condenser was changed
to an air condenser which extended under 1ced water. Tne tctal organic

aistillate in ether (65.19 g.) contairec 53% <€ tne adduct by gas chromat-
ographic peak area. Therefore, estimated yield of adduct based on cyclo-
pentadiene was 38.6%.

A sample was purified ty gas chrcomatcgraphy (Siogem, 110°%; ard dried
by sutlimation at 1259 under reduced pressure to yield 5,6-dichlors-5,6-
bis(triflucromethyl )norborn-Z-ere. {Ara.vsis Calcd. for <,9§46C12F6: C,
36.15; 4, 2.02. Found: C, 35.91; H, 1.89%). The sublimate was easily
oxidized by ar acetone scluticn of pitassium permanganate and slowly de-
cclorized 3% bromane in zarbon tetrachlcride. The infrared spectrum
showed very weak C-KE absorpiion ana G=C abscrpticn could not be detected
above the background noise. There was abscrption at 7.7 - 9.1u
attributable to C-F.

The protor. MME spectrum in CF013 sciution was consistent with a
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1,4 adduct.
Dechiorination of 5,6-Dichloro-5,6-bis{trifiuoromethyl)-norborn-2.ene
Magnesium Iodide
Iodine was dried by sublimation under reduced pressure. The nor-
bornene (53% solution in ether) was dried cver Dricrite.

Iodine (0.41 g.), magnesium {1.%% g.) and dry ether (100 ml.} were
refluxed for 0.5 hour. 35,-6-Dichlorc-5,6-bis(trifluoromethyl)ncrbom-2-
ene (30 g. of a 53% sclution ir ether = 15.9 g. rcrboriere) was added tc
the refluxing mixture cver a period of 5 minutes. Refluxing was contin-
ued for 8 hours. The magnesium turnings (2.C7 g.) were filtered off and
washed, but remained dull after repeated washings with ether.

The filtrate was distilled using 2 6-inch Vigreux column tc remove
mest of the ether. A gas chromatogram cof the residue (27.22 g.) showed
a trace of the dechlorination prcduct, but siarting material formed 52.7%
of the mixture (from gas chromatogram peak area). This is equivalent
tc 16.2 g.; therefcre, recovery cf norb:rrene was quantitative.

(2) Zinc powaer was aci:vated pricr tc use by washing with dilute
hydrochleoric acid, water, ard acetcne arnd drying on a vacuum line.

5,6-~-Dichlorc-5,6-bis{trifluororethyl)nerbcrn-2-ere (3.0 g. of a
53% sclution ir ether =z 1:5.5 g. rnoroorrere) was added tc a refluxing
stirred suspension of activated zinc dust (5.0 g.) in iscprcpanol (50 ml,)
over a pericd of 15 minutes. There was an apparent increase in refiux
rate, but this may have been due to the presence c¢f ether. Refluxing and
stirring were continued fcr a further 2 hours, wher mcre activated zinc
(4.0 g.) was added and the reacticn ccriinued for another 3 hours.

A gas chromatcgram cf the filtered prcduct showed a main peak cor-
respording to 2,3-bis{triflucrcmethyl Jnorbcirradiene. The product was
fracticnated {3* column) ic yield a distillate (17.71 g.) contairing
12.4% cf the preduct. The residual iiquid (2.6 g.) ccntained an
estimated 10.99% cof the dechlorinatior product.

A sampie (3.30 g.} »f the resiqual liquid was separated by gas chroma.

tcgraphy (Si gum, 900) to yield the dechicrination preoduct 2,3-bis(tr-
- 131 .
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fluoromethyl)norbornadiene (0.51 g.) which had an identical infrared )
spectrum to an authentic samrie (see later). Estimated yield of norborn-
adiene: C.51 g. in 3.30 g. Therefore, residual 1liquid contains ca. ’

8.15 g. Distillate contains 12.4% (Q.Z-g.). Therefore, estimated yield
= 10.35 g. = 86%.

l -] Dechlorination of 2,3-Dichlorchexaflucrobutene-2
2,3-Diciilorchexafluorsbutene~2 (233 g., 1.0 mele) was dried over
Drierite ani added dropwise cover a period of 3 hours tc a stirred re-
fluxing suspension of zinc (85 g.) and zinc chloride (1 g.) in glacial
acetic acid (200 ml.). The acetylens was ccliected through the tcp of
the water cundenser in an acetone/dry-ice cocled trap.

kA

The reacticn was
- continued for 2 hours when more zinc (29 g.) was added and the reaction
o continued for a further 2 hours.

_ The material in the acetone/dry-ice trap was distilled intc another

trap to yield hexafluorcbutyne-2 (17.6 g., 35% yieid based on unreacted -

olefin), which gave an infrared spectrum consistent with an authentic
specimen.

R A SRR

The zinc dust was filtered frcx the liquid ir tne flask and the
filtrate fractionated tc yield 2,3-dichlorchexafluorcbutene-2 (26C.9 g.),
which was contaminated with small guantity ¢f low-boiling compound
(probably a reduction product).

Addition of Cycloventadiene tc Hexaflucrobatyne-2

Hydroquinone (0.2 g.) and “reshly distilled cyclopentadicse (5.62 g.
0.085 mole) were weighed intc a hard giass tube (ca. 100 mi. capacity).
Hexafluocrobutyne (17.6 g.) was ccrndensed ir, the tube sealed under vacuum
and heated at 130° for 15 hours.

On opening the tube,hexaflucr:icutyne (1.3 g.) distalied cut and was

identified by its infrared spectrom. A gas cnrcmatcgram cf the residual

! liquid (22.71 g.) shcowed low-boiling corporents, a main peak with a small

shoulder and a trace of dicycicpentadierne.

: Separaticn of 20.7 g. by gas chrcmatography {Si gum 104%) yielded
[
ﬁ; (1) low boilers + (4) dicyclopertadeene, (3.37 g.) (2) main peak, 2,3~
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bis(trifluoromathyl)norbtornadiene (14.48 g.). (Analysis Caled. for
C9H6F6: C, 47.38; H, 2.65; F, &9.97. Found: Z, 47.43; H, 2.75; F (by

difference), 49.82%). The pure product was easily oxidized by a potassium

permanganate sclution in acetcne and decolorized a 3% bromine sclution
in carbon tetrachloride. The infrared spectrum showed moderate intensity
absorption at 5.92p which is consistent with CF3C=C-CF3, ard C-H and
C-F abscrptions. The proton NMR was ccmpletely ccnsistent with a Diels-
Alder adduct, (3) mair. peak residue + shculder (J.41 g.), ccntained 77%
of the norbornadiene. Total yield norbcrnad . cre: 14.8 g., 76% {(based
on cyclepetnadiene).

Additicn of Cyclopentadiere tc sym-Dichlorcdiflucrcethylene

A 300 ml. autcclave was charged with hydroquincne (1 g.), freshly
distilled cyclopentadiene (33 g., 0.5 mcle) and CFC1=CFCi (68 g., 0.51
mcle) and heated at 165 - 170° for 65 hours. Nc low-bciling preducts
distilied out cn opuning the autcclave.

The black liquid product (96.7 g.) was steam distilled. The orgaric
saterial (11.3 g.), distilling over after several hcurs, was a pure righ-
beiling viscous liquad, which showed C-H, weak C=C and C-F abscrptions
in the infrared spectrum. This miterial partially soiidifed on standing.

The first part cf the steam distillate was distilled under high
vacuum tc yield (1) a liquid (20.29 g.! containing 61.8% adduct, (2)
pure adduct (3.27 g.), (3) a residue (21.62 g.) which ccntained only a
trace of simple adduct. Therefzre, estimated yield <f simple adduct -
6.35 g. (from fraction 1) + 3.27 g. = 9.62 g. = 9.7% based on cyclo-
pentadiene. Total yield of high-bciling visccus preducts was 32.96 g.

A sample cf the simple adduct was parified by gas chrcmatcgraphy to
yield 5,6-dicrlorc-5,6-difluorcncrbom-2-ene. (Analysis Calcd. for
C7H6012F2: C, 42.243 H, 3.94, Fcund: C, 42.5%; H, 3.29%).

The infrared spectrum shcwed relatively sirong C-H abscrption and
absorpticn attibutatle tec C-F and C-Cl. The pure product was easily
oxidized by an acetone solution of potassium permanganate and decclorized
a 3% scluticn of bromine in carbor tetrachicride. The proton NMR spectrum
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was completely consistent with a 1,4-(Dizls-Alder) adduct. The 19F MR
spactrum was inconclusive.
Attempted Dehalogenation of §,6-Dichloro-5,6-Difluoro-norborn-2-ene
9s6-Dichloro-5,5-difluoronorborn-2-ene (12.5 g. of a 65% sclution
in ether = 8.1 g. norbomere) was added dropwise over a period of 10

minutes to a stirred refluxing suspension of activated zinc (5 g.) in
isopropanol (30 ml.). The reactiocn was continued for 1.5 hours when ad.-
ditional activated zinc (5 g.) wac added and the roaction continued for
a further 3 hours. A chrom2togram of the product showed only starting
material and isopropanol. The product was filtered and fractionated.
The first 1 ml. of distillate was pure isopropanocl as was the reaaining
distillate. HMost of the isopropanol was fractionated off to leave a
residue (26.10 g.) of 45.6% norbornene in isopropanol. Tnis is equi-
valent to 11.9 g. norbormene = 95% recovery of starting material.

Addition of Cyclopentadiene to Trifluorcethylene

A 300 ml. autoclave was charged with freshly distilled cyclopenta-
diene (300 g., 0.5 mole) and hydrcquinone (1.0 g.). Trifluorcethylene
(44 =., 0.537 mole) was condensed under vacuum into the autoclave which
was heated at 165° for 17 hours. On opening the autoclave, trifluoro-
ethylere (23.4 g., 53%) distilled out.

The residual liquid and ether washings were steam distilled to give
an initial organic steam distillated (37.1 g.) and a later organic dis-
tillate which was a high-bciling viscous liquid {8.25 g.) cf at least three
compcnents. The initial steam dis:illate was distilled to give (1) ether
+ trace of adduct (5.5 g.), (2) adduct {3.58 g.) » 95% pure, (3) 4.68 g.
containing 73.6% adduct, (4) 17.84 g. containing 28.6% adduct, (5) 2.38 g.
of high-boiling material containing trace of the simple adduct, (6) a
small brown tarry residue. Estimated yield of simple adducu: 12.1 g. =
33% based on unrecovered olefin.

A samplie of the adduct was separated by preparative gas chrumatography
(Si gum, 95°) to yield §,5,6-trifluoronorborn-2-ene. ({Analysis Calcd.

for C7H7F3. ¢, 56.75; H, 4.77; F, 38.b8, F-und: C, %.91; H, 4.68%;
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F (by difference), 38.41%). The prcton NMR spectrum was inconclusive but
the 19? NMR spectrum indicated a mixture :f two iscmers of the Diels-Alder
adduct.

Attempted Dehydrcfluorination -¢ 5§,5,6-Triflucronorbcrn-2-ere

(1) Aqueous Pctassium Hvdroxide

The rorbornene (ca. B.52 g. in high-bciling material, tctal wt.
22.5 g.) was refluxed for 4 hours with aqueous potassium hydroxide (13
g. ir 40 ml. H,0). A gas chrcmatcgram of the crganic phase (20.98 g.)
showed cnly startirg materials.

(2) Agqueous Alconclis Pctassium Hydroxide

The norbernere mixture (15.46 g.) was added cver a perizd of 20
minutes to a reTluxing sclution of pctassium hydrcxide (9 g.) in ethanol
(20 m1.) - water (5 ml.) scluticn. The mixwre was refluxed for 7 hours.
There was a considerable darkening of both phases. After normal work-
up, an crganic preduct {(18.7 g.} ccntaining 46% of the norbornene was
recovered. Therefore, reccvery of startirg material was guantitative.

A gas chromatogram shewed no dehydrefluorination product.

Additicn of Cyclopentadiene tc Chisrctriflucrcethylene

A 300 ml. autcclave was charged wath hydroquirone (1.0 g.) and
freshly distilled cyclopentadiere 41.96 g., 0.635 mcle). Chlorotriflwro-
ethylene (76.5 g., 0.657 mcle) was ccndensed urder vacuum into the auto
clave which was heated at 170° fer 16 hours. On opening the autoclave,
low-bciling material (0.4 g.} distilled out. The residual liquid (112.6
g.) was steam distilled to yield an orgarnic distillate {68.7 g.), which
was dried, and a residual browr visccus liquid (32.9 g.).

A sample (12.8 g.) of the steam distillate was separated by gas
chromatography (Si gum, 110%) 4 yieid {1} low-beiling compenents (not
collected), (2) the adduct {4.56 g.). Therefcre, the yieid of adduct is
26% based cn cyclopentadiere, ngB .30 * o0.001. (Anaiysis Caled. for
C?HGCIFB: C, 46.05; H, 3.31. Fourd: C, 46.26; H, 3.28%) The infrared
spectrum showed medium C-H absorpticn, weak C=C abscrption and ab-

sorpticr attributable tc C-F and C-Ci. The prcteon and i9? NMR spectra
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suggestec a mixture of at least four isomers, which were probably the
isomers ¢i' the 1,4- and 1,2- adducts. On standing, the adduct darkened.

Attenpted Addition of Octafluorcbutene-2 tc Isopropenylacetylene

A 300 ~1. autcclave was charged with hydroquincne (0.6 ¢.). Iso-
propenylacel;lers 110.0 g.) was vacuum distilled intoc the autcclave
followed by c¢c 2fluorobutene-2- (42.3 g.). The autcclave was sealed
uncler vacuum ¢ Geated at 120° for 16 hours.

On opernir._ t'= autcclave, vclatile material (44.8 g.) distilled cut
to leave a res . u:’ liquid which was greater taan 95% iscpropenyiacetylene

with a trace c! klg -er boiling material. The is.prcpenylacetylene was
allowed to evapirats to leave a small brown visccus liquid residae.
Total recovery ¥ s-arting material was %0%.

G. Fluors:‘t, o Compounds

Preparatic. . 7.

Berzoyl pert -2 (60. 3., 0.25 mcle) was added in 5 g. aliqucts ©
stirred, vefluxir:. C”r‘zfin‘ 5 1Br (3138 g., 0.5 mole) over a pericd of 3

c=irii " orcevinyl Ethyl Benzocate

hours. The rexicti~ mixtun was extractec with 12% aguecus scdiuvm Si-
carbonated {4 ¥ <“ ri.}. t: 3guecus scluticn was acidified to yield
crude C’F Br: 017 ,ﬁhf:w}i. 12 reaction was carried cut six times and the
total y1eld nl % E..}?Clcé} COM was 272 g. 28.7%).

A solutier o4 :tharsl 3V 4. 4 CITC. hgm’l id ml.} ard the acid
(336 g., 0.625 mole) wae re’l.xed Zcr .5 bours. Ethanol was distilled
off and water addeu -0 ine .Jxture. The organic layer gave CFZBrCFC?LC6H‘,‘
000(:2}25 (113 2., 77.5%).

To a refluxing sciution of Zr. (82.5 g., V.63 mcie}, Z;x.- (2 g.)
and etharcl {200 ml.;, the above ester {113 g., £.327 m:le) m etransl
(50 m2.) was added dropwise cver the pericd cf 30 mirutes. The mixture
was refiuxed for 1 hcur and the ssiution was pcured int: crld water, ex-
tracted with ether and dried. Fracticnal distillaticr gave -
CF =CFC6H COOC H (34.5 g. 3 L7.5%) and viscous ¢il (24.2
CF,=CFCH, c00c, 35, b.p. 80°/15 m., 1)) 1.4966, I’ 1.2%. The infrared
spectrum shcwed CFZ—M'- ard -000C_H_ abscrpticn at 5.968, and 5.81u: NMR

- s
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data showed the compound had a CF2=CF- group para to the ester group.
Redistillation of viscous oil gav:
CF,-CF~{/ ")-CO0Et o 20
s (20 g.). b.p. 169 - 170°/0.3 mm., ny 1.55041,
47 \y.co0E
CF2-CF / \COOEt

An infrsred spectrum showed the absorption peak at 11.32u and the NMR

spectrum was consistent with the structure.

Reaction of CFZ-'CI-‘CSHI COOCZHS with NOC1

Dimethylformamide {100 ml.) was added slowly to cooled aluminum
chloride (3.5 g., 0.002 mole). After the suspension became cool,
CI"2=CI=‘C¢SHI;CO()CZH'5 (11.5 g., 0.05%% mcle) was added and HOC1 bubbled irto
the mixture at 0°. After ca. 2 hours v.p.c. of the reaction mixture
shuwed no starting ester. Water was added slowly, and the product ex-
tracted with a smail amount of pentane and dried. The pentane solution
was eluted on alumina (80 - 200 mesn acid) with pentane. The sclvent
was distilled off under vacuum tc leave a light green oil (7.3 g.)
(Analysis Caled. for c22H18m6N05: C, 50.23; H, 3.43. Fourd: C, 49.66;
H, 3.80%).

After four weeks at 0°, the o0ii became a mixture of white solid and
viscous liquid. The white sclid was separated and recrystalilized from
pentane. m.p. 104.5°. (Analysis Cslcd. for C,pH, gClF 0,2 O, 6.76.
Found: Cl, 6.80%). Infrared abscrpticn at 7.00u and 6.31s was con-

3
sistent J4ith an oxazetidine and N-O bond, respectively. The “H and
19

Py
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F MR spectra were consistent with proposed structure.

Preparation of CL‘_FCFCFZWCZt and Its Reacticn with NOCl

A mixture of ethanol {55.2 g., 1.2 mcle), and CF,C1CFCICF,CO0¥a

117 g., 0.4 mcle) was cooled to 0° and comc. **;_5% (51.2 g.) was added

drcpwise with vigorocus stirring. The reaction mixture was stirred for
2 hours, left overnight at room temperature and refluxed for a further
2 acars. The sclution was filtered and the filtrate neutralized with
NaZCO sclution, washed with water ard dried. Fractional distillation

3
gave CF,CICFCICF,C00C,H, (90 g., 878): b.p. 66°/20 ma., 2 1.3%1,

]

é
2
2
=
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(1it. b.p. & /20 m., r 1 36%94).

To a refluxing suspension of ethanol (300 mi.), Zn (44.5 g., 0.68
mole) and ZnCl (2.0 g.), the ester (88 g.,0.34 mole) was added over a
pariod of 30 mlnufes and refluxed ancther 2 hours. The reaction mixture
was filtered, and the filtrate poured irtc waler, and the organic layer
separated and dried. Fracticnal dlstlllatxon fave CF =CFCF COOC2rI5
(31.8 g., 46%): b.p. 109°, n20 1.3.03, d2° 1.3u:50. HRT Calcd.: 31.36.
Fourd: 31.98.

CF =CFCF, COOCzrl5 (9.0 g., 0.4 mole), illCl3 (6.0 g., 0.44 m-le)
and d;nethylformam.de (106 ml.) were reacted with NOC1l 3~ described be-
fore. The yield caiculated frem v.p.c. peak areas was CFZClCFﬁOCFZCOOCZH5
6.2 g. (51.7%) and CF,CICFCICF,CO0CH_ 4.2 g. (37.5%;. Ar analytical
sample which was separated by v.p.c. had the focllowing properties: no de-
finite boiling point. Ccior became faint at ca. 140°. (Analysis Caled.
for C6n 61F5N03. C, 26.75; H. 1.86. Found: C, 26.96; E, 2.37%).

Reaction of CFE=CFCFECOOC' with NOCl

Cﬁz=CFCFZCOOCH3 (i0.C g., 0.05 mole; (supriied by the University of
Ccloradc) and .1$13 (K.7 g., G.05 mcle) i dimethylf-ommamide (100 ml.)
were reacted witn NOC1 as described befcre. Yield caicuiated from v.p.c.
was CF C1CF%NOCF COOCH3 5.3 g. (L2.6%) and CV CiCFCL CF,,COOC”3 2.8 g. (21.5%)

An4analy*;cal sample which was separated by v.p.c. had the f-lilowing

prepertiest ro definite beilirg poirnt. C-lor became faint at about 1253.
(Analvsis Ca}cd. for CS“BC" &JB. C, 23.5.; H, 1.18., Frund: C, 2u¢.64;
H, 1.98%).
Prevaraticn of CF2=CFCOOC2H; ard Tts Reacticn with NOCI
szhrCFClCh=CH (56.2 g., (.25 m7le' was added zc 2 s:luticn of

Kﬂnou (18 g., 0.75 mcle; and water 600 mi.) at 60 - 657 cver a3 pericd
~f 2 hours. Ihe mixture was s-irred fcr 6 houirs at 607 and cooled o OC,
acidified with dil. H SO,, treated witn Hah30 150, sclutlcn, ard extracted
with ether. st‘¢1a»1:: gave CrZBrCF“COOﬂ {19.0 g., 32.1%): b.p. 71 -
722°14.5 ma., n§0 1.4213, (lit. b.p. /8 - 80”-’5.0 o, r.g(’ 4180).

A solution of CFZBrCFCZCGOH 129.6 g., 0.03 mole), ethanol (L0 g.)
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and cone. H,SO, (2 ml.) was refluxed for S hours. CF BrCFC1000C H5 {(32.5 g.»
58%) was obta:.red, b.p. 82 - 3°/45 mm. (1it. 83 - & /60 mm.).

To a refluxing mixture of ether (100 ml.), Zr (12.3 g., 9.19 mcle)
and ZnCl (1.0 g.), CFZBrCFCICOOCZHE {25.1 g., 0.093 mole) was added
dropwise over a peried cf 50 minutes. The mixture was refluxed fcr 8 hours,
filtered and the filtrate distilled. During the distillation, some of
the compound wWas polymerized and only a small amount cf Cl-"2 =CFCO0C Hs
(2.8 g., 19.58) was obtained: b.p. 101 - 202°, r’ 1.36% (lit. b.p.

100 - 101°, ng’ 1.3618.).

Ci-‘2=\‘".F‘(:O(')C;_,H5 (2.8 g.,0.018 mole), and »‘\1C13 (2.4 g., 0.018 mcle)
in dimethylformamide {80 ml.) was reacted with NCCl as before. Yield
calculated frox v.p.c. was CF,CICFNOCOCC H5 1.0 g. {25.3%) and
C’? ClCFClGOOC H 0.3 g. (7 bﬁ) An analytical sarple was separated by
V. p c. It had no definite boiling point and the coler became faint at
about 90°. {Analysis Calcd. for CH,CIF.NC.z C, 27.39; H, 2.30. Found:
¢, 27.99; H, 2.?&%).

Preparation 2 sh 5-O-CF-CJ. and Its Reaction with NOC1

Phenol (9% g., 1.0 mole) was dissolved in acetcne (250 ml.) and
potassium hydroxide 711.2 g., C.2 msle). CF2=CC‘;2 (133 g., 1.0 mole) was
addei over the period of 3 hours. After addition of the olefin, the
mixture was distilied up tc 70° tc remove acetone, the residue was ccoled
and excess base added. The mixture was thern steam distilled, and the
ether separated, washed and dried. Fractioral distillation gave a mix-
ture cf 06H —O-CF-CCI and 06 ~OCF CCl H (1% g.). The mixture was
treated with pstassmm hydrrnde and wate" for 20 hours and separated by
v.p.c. to yield Cé-IQOCP'-uClz, b.p. 60 - 6:°/2.1 mm., n5% 1.57 (lit.
60 - 6:°/2.3 mm., r2° 1.5162.)

CgH 5~0-CF=CC1, (2 1 g., 0.01 mole) and acl, (0.7 g., 0.005 mole)
in dimethylformamide (50 ml.) Were reacted with NOCI as befcre. The re-
zetion mixture which was separated by ether elution on a alumina column
gave suspected C6HSOCF(NO)0013 (1.6 g.). {Analysis Caled. for
C8H5013FN02: C, 35.27; H, 1.85. Found: C, 36.96; H, 2.27%.)
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c OCF 1H with NOCY
CHZ=CHCEZOCFZCFC1H (17.5 g.y 0.. mole) and AM.:J.3 (1.4 g., 0.01 mole)
in dimethylformamide (100 ml.), were reacted with MOCl as before. After
one hour, the color of the reacticn mixture became red. The reaction
mxture was cooled and treated with water. The crganic product, which
consisted of two ccmpounds, did not have the characteristic blue coloration
of nitroso compounds, s¢ rurther wocrk was abardoned.

Preparaticn of CF2=CFCH=CHJF3 and Its Reaction with NOC1

CFéClCFClI {279 g., 1.0 moie), CF3C'H=CH2 (28.8 g., 0.03 moie, and
benzoyl percxide (2 g.) werc allowed to reac‘ in an autoclave at 100° for
4 hours. Excess CcmICFCB.I was distilled cff and the residue was f{rac-
tionated to give CF,CICFCICH CHICY, (90 g., 77.5 %), b.p. 61°/18 mm. De-
hydroicdiration was effected oy aquesus potassium hydroxide (100 g. in
60 mi.) and CFZClCFF1CH=CHCF3 (40 g., 57.4%) was cbtairned. Dechlor?natien
by zinc dust ir ethanol gave CFé=CFCH=CHCF5 (15.8 g., 56%), b.p. 49~

GF2=CFCB=CHCF3 (13.8 g., 0.08 moie), NOCX (9.8 g., 0.15 melei, A1C13
(6.7 g., 0.05 mole), ard IMF {10C mi.) were allowed to react at 0,
After 2 hours, the mixture was treated with Hzo and a iight yeliow pre-
duct (37.3 g.) was cbtained. The mair product was a coloriess liquid
rather than a blue nitrosc compound. A sample has been subrdtted for
elemental analysis.

Preparaticn of QEZ=CFCHZCH=CHZ ard <t3 Reacticn with J0CI

CH2=CHCH201 {1ik g., 1.5 mc’e) ard berzcy. percxide (24 g.,0.092 mcle)

were added to a refluxing sciuticn ¢ CFZBrCFClBr (2100 g., 4.0 mole}.
Reacti-r was continued for ancther 7 ncurs., Excess CFZBrCFCEr was dise
tilled off and the residue was wached with scdium carbcnate sciution and
HZO and dried. Distillaticr gave the adduct CFZBrCFClCHZCHBrCH201
(146 g., 28.2%;, b.p. 90°/6 mm. (2it. b.p. 90°/6mm.). Dehalogenation of
the adduct was carried cut &5 usua. Uy zinc irn etnancl. Fracticnal dis-
tilation gave *he diere CF2=CFCH2CH=CH2 123 g., 45.8%}, b.p. 38O (iit.
38°/870 rm. ).

Nitrosyl chi~ride (3.3. g., 0.05 mcle) was added tc a stirred mix-
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ture of CF2=CFCH26H=CHg (6.2 g., 0.05 mcle), Alc}.3 (6.7 g.5 0.05 mole)
and IMF (100 ml.) at 07, and the reaction ccntinued for 3 hours. The
color of the soliilion changed from yellow to greenish brown. Water was
added slowly to a reaction wixture and 3 blue crganic liquid (2.1 g.)
was obtained. Gas chromtographic analysis c¢f the product showed
CFZ-—-CFCHZCH:CHZ (1.8 g.), CFZCICF(NO.‘:CHZCH=CH2 (0.3 g.) ard a trace cf
hkigh-boiling material. CFZCICF(NO)CEiZC}i:CHZ, which was purified by
preparative gas chromatcgraphy, had the fillowing properties: ne de-
finite bciling point at normal pressures, cclcr changed slowly to green
at ca. 1000, to greenish yellow at ca. HOC, tc yelliowish brown at ca.
115°, te dark brown at ca. 120°. (Analysis_ Caled. for C,Hi C1F_NO:
C. 32.92; H, 2.66. Found: C, 32.22; H, 2.76%)
Preparation of CFZ":Cl"(:i‘I:CHE and Its Reaction with NOC1
CFzBrC¥C1CH=C!12 (135 g., 0.5 mole), which was prepared by additisn
of CFzBrf‘?ClBr to CHZ=CH s followed by dehydrchromination, was added to

a stirred refluxing suspension cf Zn (60 g., 0.7 mole), ZnC:l2 (2.9 g.)

ard in EtOH {200 mi.} cver a pericd of 2 hours and the reacticn was cone
tinued for ancther 2 hours. The product which was collected in a cold
trap (-78°) was distilied to give °F,=CFCH=CH, (48 g., 89%), b.p. 8°.

CF2=CFCH=CH2 (10.8 g., 0.1 mole} was cordensed irto a stirred
mixture of M.Cl3 (13.4 g., 0.1 mole), NOC1 (9.8 g., 0.15 mole) and IMF
(100 mi.) at 6°. The color »f the soiutiun changed from orange <o
greenish yellow snertly after the additicn of the diene and then changed
to crange again. After 5 hours, water was added ard the organic layer
was separated and dried.

The crudz light yellow product (13 g.), which ccnsisted of cne
maicr componert (cver 35%), was separated by preparative gas chrima-
cography to yield the major preduct as a colorless liguid, b.p. i77 - 178°

~{tmicro), rx‘;')é 1.3975. The infrared abscorpticn peaks at 5.70 and 6.05 are

characteristic of -CF=CH-, ard CHZ=CH-, respectively. When the reaction
was carried out with CFZ-:CFCH:CHZ (7.8 g., 0.07 mcle), NOCL (5.9 g.,
0.09 mole) and OMF (80 ml.,, the cclor of the reacticn m.Xture was light
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green, whiclh after treatment with water, yielded a blue liquid (6.9 g.).
Though the main preduct was the same, a trace of a blue compound,
probably a nitroso compound, was obtained.
8. Fluoroketane Studies

Attempted Addition of Carbinols ic Cnlorotrifluorcethylene See
Table XV : B

Pentafluorcphenyltrifluorovinyldimetaylsilane

Pentafluorophenylmagnesium bromide was przpared in ether from 10.0
g. (0.0405 mole) pentafluorobromcbenzene. The sclution was filtered and
added to 7.19 g. (0.0405 mole) trifluorovinyldimethylchlorosilane. The
aixture was refiuxed for 4 hours and hydrclyzed. Upon distillation of
the dried ether layer, the product was obtained in 57% yield.

(1.24143,3,3-Hexafluorcisopropoxy)methyldichlorosilane and (1,1,3,3-

ZTetrafluoro-l,3-dichlorcisopropoxy)methyldichlorcsilane

The appropriate ketone {hexafluorcacetone or i,3-d1chlorotetra-
fluoroacetn =) wa3 added to an equimolar quantity of methyldichlorosilane

in a thick walied glass tube and sealed under vacuum. The sclution was
irradiated in surlighc for two weeks. Distilliaticn of the reaction mix-
tures gave 698 and 64% ol the desired produccs.
I. Preparation and Reactions of Some Silanes Contairning the
Trifluorovinyl Group
i1, Reaction of Trimethyltrifluorcvinyl Silare ard Organolithium
Reagents

Methyl-, n-butyl- and pheryilitnium reagerts vere prepared by direct

reacticn with the bromides and lithium netal, 3-trifiucromethylphenyi-,
l-napthyl- and 2-thiophenyllithium reagents by exchange .f the bromides
with bu.tyllithiz.m, ard allyl. and vinyliithim reagentflgz)exchange cf
phenyllithium with the tetrasubstituted tin compcunds .

(CH3)3
mole in diethyl ether solution) and stirred for atcui two hours., The

SiCF=CF2 (0.2 mole} was added to the lithium reagent (0.1

mixture was ther hydrolyzed with dilute acid, and the ether layer separated,
dried (Drierite) and the precduct cbtaired by distillaticsn. These come
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TABLE XV

ATTEMPTED ADDITION OF CARBINOLS TC CHLOROTRIFLUORETHYLENE

At wwae g 4

Carbinol Salt Conditions Reaction

CHB'C (Ci-“?C].)2 OH Li a. Reflux in diethyl ether none

b. 90o sealed tube in THF none with ;

carbinol

CTFE-THF i

adduct formed ‘

CF,,:CF -C(CFB)2 OH Na a. Reflu. in diethyl ether  none ]

b. 90° sealed tube in THF rone with

i . carbinol
CTFE-THF
adduct formed
c. 90° sealed tube in .
excess
CFZ:CF-C\CFB)Z-OH none

[EUTp
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TABLE XVI ,
YIELLS AND PROPERTIES OF SILANES PREPARED
Compound Yi;ld b.p./ma. ;1!2)0 %0
3 Mo, S1CA=CFCH, 20 86° 1.3921 0.917
b ue351CF=CFQ 72 72°/2 1.5062 1.030
¢ M, S1CF=CF 3 0 103°/6 1.4640 1.181
d Me,5:CP=CFT, Hy 70 76°/40 1.4112 0.887
e ne351cr=cr 3% 100°/1 1.5588 1.224
O
. £ Me, S1CP=CFCH, CH=Ci, 20 50°/20 1.4180 0.924
g Me, SICF=CFCH=CH, 45° /40 1.4450 0.9u4
h ue351c1-‘=c1-‘@ 50 60°/2 1.5201 1.135
1 4 Ncr=cHF 61 7°/60 1.5056 1.155
o=/
g i -
i j ¢} CF=CHF 75 75°/40 1.4467 1.353
; k cungcz*:cm‘ 62 73° 1.3680 0.885
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TABLE XVI (continued)

. YIELDS AND PROPERTIES OF SILANES PREPARED
1 CF=CHF 83 20°/1 1.5975 1.224
- O
n uejsmnzcuch-cr'@ 69 90°/2 1.4990 1.C07
Calcd. cf Found Calcd. i Found Caled. FF Found
a. 47.97 47 .86 8.06 8.07 25.30 25.14
b. 62.22 62.51 6.6+ 6.53 17.90 17.75
e, 51..2 51.31 4.68 4.57 33.89 33.22
d. 56.21 56.39 9.44 9.48 19.76 19.53
- e. 68.69 68.43 6.15 6.35
f. .32 9.32 7.97 7.81 21.58 21.76
g. 5..74 52.14 7.445 7-30 23.41 21.26
| h. 49.50 L49.62 5.% 5.5 17.38 17.17
i. - known compcurd-
j. 51.9% 51.79 242 2.50 45.65 45.28
k. €0.00 59.89 8.39 8.21 31.61 31.30
1. 75.77 75.23 4.24 4.10 19.97 19.14
m. 64.93 65.01 7.56 7.67 15.81 15.82
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AL R P VU A B ANBTFL A S

”’i"l, i 0y AN SRt dpainebe o
)

pr N SN P e S S 7 W

A e o i e

R s an B ey




Ll

remmn 14 vedbes

w

pounds were then treated for about 2 hours in alcoholic potassium hydroxide.
Exces: water was added and the crganic layer extracted with ether. The
ethereal solution was washed twice, dried (Drierite) and distilled.

The structures, physical properties and analytical data are given
in Table XVI.

2. Other Syntheses of Silanes Containing the Trifluorovinyl Group

Trifluorovinyllithium
Methyllithium was prepared by the reaction of methyl bromide witn

freshly cut lithium chips in enough ethyl ether to make an approximately
1 M solution. The solution was then cooled to -?80 in a Dry Ice-acetone

bath and a slight excess of bromotriflucroethylene (previcusly condensed
in a cold trap) was bubbled into the solution. The soluticn turned dark
blue after about 30 minutes. Stirring was continued for about 2 hours
to allow completicn cf the exchange reaction before the chlorosilane was
added.

Trifluorovinyltrimethyisilane (XIV)

Trimethylchlorosilane (28 . . 0.26 mcle) was added dropwise to a
stirred solution of the trifluc.>vinyllithium (0.26 mcle) in ethyl ether
at -780. The : :action mixture was allowed tc come tc room temperature
slowly. The mixture was then hydrolyzed with water, and the ethereal
solution was separated and dried over calcium chloride. Distillation
gave XIV (26 g., 65%), the properties and analysis of which are given in
Table VII.

Bis(trifluorovinylldimethylsilane {XV)

Trifluorcvinyllithium (1.0 mole) in ether a: -78° was added to

dichlorodimethylsilane (65 g., 0.5 mcie'® at -78°. The mixture was allowed
to come te room temperature. The lithium chloride was filtered and the
fiitrate was distilled. The only prcduct, irn additisrn ¢ recovered di-
chlorodimethylsilane, was XV (30.5 g., 36%).

Triflucrovinyldimethylethoxysilane (XVI)
Dimethylchloroethoxysilane was prepared by adding dropwise 1 mole

-

of absolute ethanol to 1 mole of dimethyidichloresilane in triamylamine
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with stirring. Fractional dist.llaticn gave a yield of ca. 50% of the
desired product with small amounts c¢f the dichlors and diethoxy compounds
as impurities.

Dimethylechlorcethoxysilane (30 g., 0.22 mcle) was slowly added to a
stirred solution of triflucrovinyllithium {0.22 mole) at -78°. The
rixture was allowed tc come tc room temperature slowly. The lithium
chloride was filtered, and the remaining scluticn was distilled.to give
XVI (2C g., 50%).

Trifluorovinyidimethyichlorcsilane (XVII)

Triflucrovinyldimethyiethoxysilare (XVI) {15 g., 0.085 mole) was
slowly added to PCl (6.1 2., 0.045 mcle) at 0° with stirring. Stirring :
was continued for 5 hours and the .oluticn was distilled, yieiding XVII H
(8.1 g., 55%). :

syn-Tetramethylbis(trifiuorcvinyl)disiloxane (XVIIT) :

sym-Tetramethyldichlorodisiloxane was prepared by adding water in :
dioxane slcwly tc a soluticn of dichlorcdimethylsilare in ether in the
. marner described by Patrcde and Wileox (105) . The product (11.5 g.,

0.056 mole) was then added tc a starred sctiution of trifluorovinyl-

lithium (0.12 mole) at -78°. The mixture was allowed tc ccme to room
temperature, water was adged, and the srgaric layer was separated ard
dried. Distilliation yielded XVITI (8.3 g., 50%).
Triflucrovinvldimethys:.are XIX
Brometrifiucrcethylere was bubbled into tetrahydr-furan (THF)
126 ml. and magnesium (5 g., 0.2 g-at-m). When the reactisn had started,
the mixture was cocled in an ice-water bath, and dimethylchlcrcsilane

i7 g., 0.2 mcie} was added. Brom:ctriflucrcetnylene was added slowly une
til most of the magnesium had disappeared. A fracticn waith a beiling

3 . . . . -
range of 40 ~ 63”7 was distilled from the mixture. This fraction was

washed twice with cold water and dried cver calcium chleride. Dis-
tillatior yielded XIX (7.0 g., 29%).
Pentaflucrcphenyltriflucrcvinyidimethyisalane (XX)

. Pentaflucrcphernylmagresium br-mide was prepared in ether frem bromo-
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pentafluorobenzene (10 g., 0.04 mole). The mixture was filtered and the
solution was added dropwize tc triflucrcvinyldimethylchlorosilane XVII
(7.1 g., 0.04 mole) in ether. The mixture was refluxed 4 hours, then
hydrolyzed. The ether layer was dried and distillation ylelded XX
(7.2 8-y 57%).

2,3,3-Trifluorcallyltrimetiylsiiane (XXI)

Bromomethyltrimethylsilane (8.4 g., 0.05 mcle) was allowed to react
with ar excess of dispersed lathium in ether (50 mi.}. Excess lithium
wvas filtered off. The fiitrate and tetrafluorcethylene {6 g. 0.06 mole)
were kept in a 100 ml. evacuated thick-walled glass tube at 0° for 16
hours and at rocm temperature fcr 12 hours. The velatile prcducts were
condensed cut under reduced pressure and distilied to give XXI (3.6 g.,
42%).

(3,4,4-Triflucrc-3-buter;

A stirred mixture of iscprepyl aicchel (200 =i.) and zinc dust
(130 g., 2 g-atoms) was heated tc refiux. (1,4-Dibremo-3-chloro-3,4,4-
tnfluorobutyl)trimethv; jiane (188 g., C.51 mcle; was added at a rate to

maintain reflux without further heatisg. The mixture was refluxed for
an additioral 1 hcur, and on ccoling nydroenloric acid{100 ml. 38%) was
added slcwly. Upon cocmpieticrn cof the rescticn, the mixtiure was filtered
to remcve the zirnc. Wa<ter and ether were added tc the two-phase system.
The ethereal s-luticn was washed twice mire with water and dried cver
CaCi . Distiliaticn yielded XXITI {638.5 g., 75%). (Lit. (65! b.p. llbc,
n§3 1.3790.

gj,b,u--nf ucrs-3-ch oro..’.-t-:‘:’:cb':tvl}din‘.ethylchlcr:silane (XXII1)

A solutizn of dimethylchlorcsilare 125 g., 2.37 mcle), 3.4,4~-triflucrs-

[

3-ch-o":>-u—..,n,xr.--‘-m.te.e 157 g.y 2.26 melel, and a 1 M sclution of
HZPtClé in iscprepyl alechel (0.2 mi.¥ was refluxed Jor 24 hours. Dis-
tillaticn of tre twe producis gave dimetsy-_dicnlor:isilane (31 g.) and
XXIIT {35.8 g., LL%).

1,3-Bist3,4,8-triflucre-3-chlorc-u-bromobuty. ;- ,1,3,3-tetramethy.-

disiloxane {XXIV)

(3,3,8-Tritlusrc-3-chlorzLobromobutyi)dimethylchlorcsilane (36 g.,
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0.11 mole) and water (25 ml.) were heated with stirring for 16 hours.
The organic layer was separated and dried over CaClZ. Distillation yielded
xxav (23 g., 82%).

4 Jb-trifiucore-3-buter.

(22 g., 0.045 mole) was siowly added t- a refluxirg mixture of zinc
(10 g.) in iscprcpyl alechcl. Water was added and the preduct was ex-
tracted with ether. The ethereal sclaticn was washed twice and dried cver
CaClZ. Distillatior yielded XXV (6.8 g., 42%).

(3,8,4-Triflv-rc~-3-chloro-b-bromcbutyl)methyldichlorcsilane (XXVI)

A sclution of methyldicnizr-silare (23 g., 0.020 mcle), 3,4 ,4-tri-
fluoro-3-chlero-4-bromo-l-butere (<G g., 0.18 mc.e), and 1 ¥ Hth016
sclution in iscpropyl alcchol (0.5 mi.) was refluxed for 24 hours. Dis-
tillaticn gave XXVI (45 g., 71%).

hylchlcrcsilane (XXVIII)
1,1,2-Trifluorc-l,4-pentadiene (50 g.. C.4i awlie), 2ex prepared by
the methcd of Tarrant ard Gilman “17) wa: sealed ir a thick-walled tube
with dimethylichlorcsilane (40 g., (.42 mcle! and 2 M HthC16 solution in
isopropyl aleshol (0.5 ml.). The tube was heated at 75" fcr 16 hours.

Distillaiion of products yieldea XXVIII /75 g., 85%;.

(4,5,5-Triflsor:-L-perteryijtramethy sziare (XXVIT®
XXVIITI (34.5 g., .15 mole) was addsd slcwly i< CHBHgBr ca. 0.2 mcle

ir. ether (150 mi.! with cecling. The resul:iirg mixture was hydrclyzed

with water, and the ethereal scliuticrn was separated and dried cver

calcium chloride. Distiilaticn yielaed XXVII (26 g., 85%).
i33-Bis(&,5,5-t1iflucre 4~ 2).3,2
(XXIX)

XXVIII (16 g., 0.074 mole) was heated :verright with stirring i

r.w.er. -tetramethyldisil-xane

20 ml. of water. The crgaric layer was extracted with etner ara dried
over calcium chicride. Distillestiin yie.ded XXIX 12 g., 88%).

(L-Pheny.-3,4-d:fluorc-3-buteryl)trimethyisilane (XXX)

XXIT (9.1 g., 0.05 mcle) was siow.y added t: 2 s-lutacn ccntaining

phenyllithium (C.05 mcle) irn ether. The mixture was stirred fcr 2 hours
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and hydrolyzed, and the organic layer was dried. Distillation gave XXX
(8.3 g., 69%).

Dimerization of XIV

(xIv) (7.0 g., 0.045 mole) was sealed in a glass tube and heated to
200° for 2 days. Considerable decomposition was evident but distillation
gave XXXI (0.25 g., 3.8%).

Thermal Dimérization of XXIT

(Xx11} (25 2.4 0.14 mole) and hydroquinone (ca. 0.2 g.) were heated
to 210° for 47 hours. Distillation of the reacticn mixture yielded the
dimer XXXII (B8.g. 33%).

Reaction of XXII with 1,3-Butadiene

XXII (8.2 g., 0.045 mcle) and 1,3-butadiene (4.8 g., 0.09 mole) were
sealed in a thick-walled tube and heated at 200° fer 24 hours. Distilla-
tion of the liquid residue gave 3.6 g. (33.6%) of a compound tentatively
identified as XXXIII.

(CHB)BSiCHchZ?F°?F2
CH2=CHCH-CH2

XXXTIIT

Infrared analysis showed a viryl group to be present. Butadiene is
known to react with CF2=CFX compeunds to give products with the CH2 group
adjacent to the CF2 group.

silane
XXVIII (25 g., 0.i2 mcle) was heaved ir, sealed tube at 200° fcr 48
hours. Distillaticn yieldea XXXIv (10 g. 42%).
Reacticn of XXIT with NOCI
Nitrosyl chleride was Bubtled int: a mixture ¢f iimethy.fcrmamide
(DMF) (160 m.), AlClB

until no further reaction was cbvi-us. (Tae reacticn was exothermic.)

{12 g., 0.082 =:le’, ani XXII (il g., 0.06 mcle}

The solution was extracted with n-pertane, arnd the pentane layer, contain-
ing the blue preduct, was passed through arn alumina (acid) coiumn. The

blue material wias ccllected and the pentare was evaporated under vacuum.
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A deep blue product, tentatively identified as (CHS).}SiCHZCHZC(NO)FCFZCl
o
XXXV, was obtained.

-J. Reactiors of Unsaturated Grignard ard Lithium Reagerts

1. Reactions with Haloolefins

Reaction Between Ethoxyethynyl Lichium and Chlorotrifluorcethylene

a. A methyl lithium scluticr in diethyl ether (0.975 M3 43.0 cc.)
was added to a stirred sclution of ethoxyethyne (2.3 g.! in anhydrous
ether (50 cc.). A white precipitate c¢f ethoxysthynyl li*htum was observed.
Chlorctriflucroethylene (6.0 g.) was bubbled intc the stirred suspensicn
cf ethoxyethynyl lithium at rcom temperature. Nc evidence for any
reaction was observed and the suspension was evaporated to drymess (be-
hind safety glass in a hood) and then dissclved in tetrahydrofuran (50 cec.).
Chlorotrifiuoroethylene (& g.) wasbibbled intc the sciution at rcom
temperature. The soluticr darkened ard scme hLeat was evclved. The
solution was poured intc dilute hydrochloric acid (200 cc.; %) and this
solution was steam distilled. Nc organic material, cther than tetra-
hydrofuran, was ccliected, but black polymeric material (7 g.) remained
as a residue.

b. A scluticn of ethcxyethyryl litnium in tetrahydrefuran was pre-
pared or the same scale as abcve. Chlorotriflucrcethylene (6.0 g.) was
bubbled slowly irntc the sciuticn cccled in a dry ice/acetone bath at
-20°. The sclution was then allowed tc warm up tc roeom temperature cver
a pericd of 2 hours, after whick it was worked up as described above.

It was noted that some of the acetylide appeared rot to have reacted as
there was effervescence when the sciuticn was added tc the dilute hydro-
chloric acid scliution. Analytical gas chrcmatography indicated some
organic sroduct had been distilied over during the steam distillation -
and this was purified by washing with water tc remcve tetrahydrofuran.
This gave a compound (C.72 g., 10.5%) believed to be 3-ethoxy-i-chloro-
1,2-difluoroprop-i-ene (Anzlysis Fcundf Cy 39.2; H, 4.%. 05}!?611?2
requires C, 38.4; H, 4.47.) b.p. 1580; rsg 1.4080. Pclymeric residue
(4.5 g.) was found in the steam distillation pot.
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Reaction Between Lithium Acetyiide and Chlorotrifluorcethylene
A precipitate of lithium acetylide, prepared by passing acetylene

into a solution of butyllithium (15 g.), was dissolved in tetrahydrofuran
and reacted with chlorotrifiucrvethylene (ca. 40 g.) at 0° in the manner
described above. A small quantity of mcnomeric material (ca. 5 g.) was
isolated and preliminary spectroscopic evidence indicated that it was
probably 4-chloro-3,3-difluorcbut-3-en-l-yne (CH=C-CF=CFCl). The major
product was a polymeric gum.

Reaction Between Acetylene Crigmards and Flucroclefins

The mono- and di-Grignard reagarts cf acetylene were prepared as in
the literature (106). (1) Chlorotr:flusrcethylene (excess) was bubbled
into a solution of the mono-Grignard in THF (0.29 mcle, 250 ml.) at rocm
temperature. The mixture was hydrclyzed with water after standing fcr
15 hours. The organic layer was shown by gas chrematography to contain
only the solvent. (2) 1,1-Dichlorodifluorcethylene {3% g., 0.245 mocle)
was added at 0° to the mono-Grigrird in THF (0.2 mcle, 250 ml.). The
solution was stirred at rcom temperature fcr a further 4 hcurs. Hydrolysis
and distillation gave a small amount <of a2 compound whese infrared spectrum
gave no indication of a triple bond. There was insufficient material
for further identification. (3) 1,l1-Dichleradifiuorsethyiene (28 g.,
0.21 mole) was added tc a solution of the di-Grignard in diethyl =2ther
(0.2 mcle, 170 ml.) at 0°. The mixture was stirred at room temperature
for a further 15 hours and then hydrclyzed. The ethereal layer was dis-
tilied to give a thick black residue.

Reaction Between 3-Bromcpropwvryl Lithium and Chlorctrifiuorcethylere

A precipitate cf 3-bromepropynyl litnium was formed by the additian
cf butyllithium in hexane (3.2 g. in 21.4 g. ¢f s:lutaorn) to propargyl
bremide (5.5 3.) in hexare (10C 22.) a® -10°. Mcst <f <he nexare was
drawn off and the precipitate was dissclived in tetranydrcfuran. The
solution was cooled to -tf_Oc ard chlorctrifiuoroethylene (6 g.) was
bubbled in and the mixture worked up as described fzr ethcxyethynyl lithium;

however, only polymeric material was cptaired. The lithium salt was fourd
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to be explosive when dry.

Reaction Between 3,3,3-Triflucropropynyl Lithiwm anda Chlorctri-

fluoroethylene
Butyllithium (0.1 mcle, 60 cc.) in hexare was added tc a sclution

of 3,3,3-trifluorcpropyne in hexare at -78°. A white precipitate was
formed. Chlorotrifluorceth;lere (cz. 20 g.) was added and the sclution
was permitted tc warm up tc rocm temperature af-.er standing for 3C minutes
at -78°. Dilute hydrochleric acid was added and the mixture was then
transferred to a large flask for steam distillaticn. Tr-re was consider-
able polymeric material ieft as a residue but no monomeric material was
isclated. It should be ncted that a small amount of material which was

cn the side of the criginal reacticn flask, after washing with dilute
hydrcchlorice asid, caused a very viclent . explosion.

Reaction Between 3,3,3-Triflucropropynyl Lithium and 1,1.Dichlerc-

2,2-diflucroethylene

The zhove lithium reagent (0.0S5 mole) was prepared ig ether (200 ml.)
and the cuiefin (0.05 m2le) added 2 e her (30 mi.) at -78 . The sclution
was allowed tc warm tc rocm cempersture. The cnly product was a brown
inscluble sclid.

P - - e . s *". .
Reaction Betweern Triflucrcviny. - -hium and Flucrcciefir

Bromotriflucrcethylere (3« g. 0.2 mole) was added to a stirred
scluticn of butyllithium (0 18 mols) ir hexane (s-lutiin weight, 76.C g.)
at -78°. 1,1,2-Trifluorctuta-lt3-drene (ca. 21 g., .19 mcle) was added
and the reaction mixture aliowed “Z warm uUf ic rioel temperature sioswly.
The mixture was treated with dilute nydrochlceric acid., Inzpecticn of the
organic layer by aralytical gas chromatcgrarhy showed that nc prrduct ,
otr r than butyl bromide prcduced in the first stage ¢f the reaction, was
present.

Twc reacticrs were carried cut ¢n the sare scaie and under similar
reactior cenditicns with chlorcirifluorcethylere and bremetriflusrc-
ethylene in place cf the diere in the abcve experiment. In each cace,
rio product was cbtained.
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Attempted Reactions Between Pentafluorophenyl Lithium and Fluorsdlefins
Pentafluorophenyl lithium was prepared from pentaflucrcbromcbenzene

(5. g.) by direct metallation as described by Coe, Stephers and Tatluw (1077,
In separate experiments, chlorstriflucroethylene ~nd tetraflucrcethylene

was added in excess to a solution of pentafiuorophenyl li.hium in a
Carius tube cocled in liquid nitrogen. The tube was sealed and allowed
to warm to about 0°, at which point it was unsealed and the contents
hydrolyzed with dilute hydrochloric acid. Inspecticn cf the ether layer
indicated the presence ¢f pentafluorcbenzene as the cnly significant
preduct in both cases. '

Reaction Between Pentafluoropherylmagresium Bromide and Chlorc-

trliuoroethylene

a. In tetrahydrofuran. Bromepentaflucrobenzene (5.0 g.) was added
to a stirred mixture of magnesium (0.6 g.) in tetrahydrcfuran (15 cc.).
The reaction was initiated with icdine and refluxed fcr 2 hours. The
solution was filtered thrcugh glass wocl inte a Carius tube ccoled to

-78°. Chlorotrifiuorcethylene (2.7 g.) was added ard the tube sealed.
The ivbe was allowed tc warm up tc rcom temperature and shaken fo+ 16
hours. The tube was unseailad arnd the ccornternts poured int: a stirred saob
ution of sulphuric acid (2N, 25 cc.). Diethyl ether (50 cc.) was added
and the ethereal layer separated. Ara_ytical gas chromatcgraphy (D.N.P.
and Si gum packings) indicated :nly ether ard tetrahydrcfursn. N> penta-
fluorcbernzere was present. Evaporaticn :f the sclverts gave a mcoile
gunm.

The infrared spectrum c¢f
abserpticns at 1500 - 1

the gar rad no C-H bond abscrpticon but nad
. -1 v .
O cm 7 ccnsistert with ar aromatic rnucleus and

1060 - 1 cm ~ ceonsistent witith (- ~nAds.
between 1000 e st Fb

Han

b. In etner. 7The abou2 experirent w»=- repeates 15 2 Siralar rmanner
except that diethyl ether was iseu as s7ivent. r hydrclysis, pentaflucre-
benzene was formed, nc¢ cther preduct beang present.

Preparaticn cf 1,2-Bisi{perntaflucrephenyiitetrafiuvsrzcyclo-i-butene

a. With pertafluorcpnenvilithium. Pertaflucrcphenyllithium (from
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CéFSBr (5 g.) in ether solution (ca. 50 cc.) was added to a solution of
hexafluorocyclobutene (4.0 g.) at -50°. Reaction was immediately apparent.
The solution was warmed to reflux peint, cooled and worked up by usual
procedures. Aralytical gas chromatography of the product on a silicon
gum packing showed one prcduct of long retentior time and no trace of
C6F5H,indicating that all pentafluorcphenyllithium has been used in the
reaction. Evaporaticn of the solvent fcllowed by sublimation gave a white
waxy solid (1.5 g.). There was considerable polymeric residue. Recry-
stallization (pet. ether 30 - 60°) of the sublimed material gave 1,2-bis-
(pentafluorophenyl)-tetrafluorocyclo-l-butene. m.p. 106 - ?° (Analysis
Found: C, 41.74; H, ncne; F, 58.33. C16Flh requires C, 41.92; H, 0.00;
F, 58.08%).

Infrared absorpticns at 1655 cm ~ and at 15.25 and 1500 cm'l are
consistent with the olefinic and arcmatic, respectively.

The nuclear magnetic resonance spectra were entirely consistent with

1

the prcposed structure.

b. With pentaflucrophenylmagresium bromide. V.p.c. analysis showed
that with diethyl ether as solvent siight reaction occurred; however, the
main compound present was pentafluorcbenzene frcm the hydrolysis of the
unreacted Grignard. The ratic of 1,2-di{pentafluorcphenyl)tetraflucrc-
cyclobutene and pentafluorcbenzene was 1:5. Tctal reacticn occurred
with THF as sclvent as nc perntafiucrcberzerne was present after hydrolysiss
however, on evaporation of the sclvernt a black gum was formed. Both
reacticn mixtures were coubined and sublimed at 100° to give a white
crystalline material (1.0 g.) 1,2-da(pentafluorcphenyl)tetrafiucrocyclo-
butene.

Vinylmagnesium Chloride ard 1,1-Dichlorcdifiuvorcethylene
1,1-Dichlorodifluorcethyiene (0.05 mole, 7.0 g.) was added tc a
stirred solution of vinylimagnesium chicride in tetrahydrofuran (0.05 mole,
15.5 m1.) at 0° and stirring contirued for one hcur. The solution hydro-
lyzed (2N, stoh’ 25 ml.) and the crganic layer shown by analytical gas
chromatography to contain only tetrahydrofuran ard the:criginal olefin.,
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Vinyllithium and 1,1-Dichlorodifluorcethylene
1,1-Dichlorodifluorcethylene (0.05 mcle, 7.0 g.) was added to a
stirred solution of vinyllithium (0.05 mole in 85 ml. of cCiethyl ether).
After two hours at room temperature, the mixture was hydrciyzed (stqu,

28, 50 ml.). The ethereal layer was shown by analytical gas chromate-
graphy to contain sclvent and some unreacted clefin. Evaporation of the

solvent gave a tar (5.0 g.).

Allylmagnesium Bromide and Flucrc@lefins

a. Reaction with Chlorotrifluoroethxléne, Bromeotriflucroethylene,
Hexafluoropropene, 1,1,2-Triflucrobutadiene, and unsym-Di-

chlorodifluorcethylene -

Allylmagnesium bromide in diethyl ether (150 ml., 0.25 mole) was
placed in a three-necked flask with a stirrer and an acetone-dry ice
condenser. The fluoroclefin (0.25 mole} was added to the cooled solution
(-78°) over 0.5 hours and then allowed to warm to room temperature;
stirring was continued for a further hour. The solution was hydrolyzed
with sulfuric azid (100 ml. -f ca. 6N) arnd the ether layer was separated,
dried (Drierite), and distilled tc obtain a new flucrodiolefin. The
distillates were checked for purity by aralytical vaper phase chromato-

graphy usirg a siliccne elastemer cciumn at 1G07.
b. Reaction with Hexaflucrocyclicbutene

A reaction similar to the above gave 29 g. of the reccvered butene
(0.124 mole) and 15 g. of a brittle, black residue {36.89% fluorine) which
was recovered from the reactic.: mixi.re by steam distillatior.

LV B Y
. . - . . P 4
¢. Reaction with 1,1,2-Triflusrol-broms-l-putene (i7)

Avn at half scale (0.125 mcle), the reacticn was starred fcr 70 hours

at room temperature. A similar reacticn in tetrahydrofuran was refluxed

1 for 5 hours befzre hydrolysis.

1 : 3 - 3 M A LYY 0y
{ d. Reacticn with Tetraflucrceihviene dand Trif.ulroethyiene and the
]

Reaction of Allylmagresium Chloride witn Tetrafluorocethylene

The olefin (0.3125 mole) was vacuum ccndersed into a Fischer-Porter

; compatibility tube ccntaining the Grigrnard reagent in diethyl ether (75
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ml., 0.125 mole). The tube was sealed and shaken under the following
conditions (temperature, time): (1) C)i‘2=CF2 + CHZ=CHCBZHgBr, room tem-
perature, 17 hours; (2) CF2=CFH + CHZCHCHZHgBr, room temperature, 3
hours, 100°, 2 nours; (3) CF,=CF, + CH,=CHCH,MgCl, room temperature,
65 hours.

The solutions were cocled and any unreacted gas condensed and id-
entified by vapor phase chromatcgraphy. In the second reacticn, 9.0 g.
of triflucrvethylene (0.11 mole) was recovered. The sclutions were then
hydrolyzed with sulfuric acid (50 ml. of ca. 6N) and the ether layers
were worked up as previcusly indicated.

Brominaticn of 3,4-Difluoro-1,3,6-heptatriene

The clefir (1.0 g.) was dissolved in carben tetrachloride (5 mil.)
and treated slcwly with bromine until a slight excess was present. Aifter
washing with dilute sodium hydroxide and water, drying and evaporating
the solvent, the product was identified as 1,2,6,7-tetrabromo-3,4-di-
fluorc-3-heptere. Absorpticn peaks in the infrared spectrum at 5.77 and
5.90n were asscciated with the cis and trans -CF=CF. grcup.

(Analysis Caled. for C'?HBBran: C, 18.66; H, 1.78; Br, 71.12; F,
8.45. Found: C, 18.73; W, 1.75; Br, 71.47; F, 8.73%).

Benzylmagnesium Bremide and FlucroCiefins

(1) Benzylmagnesiom bromide in diethyl ether (200 mi. 0.25 mole) was
treated with chlorctriflvorcethylene (29.1 g., 0.25 mole) at room tem-
perature for 36 h. rs. Chlorctrifluorcethylene (19.8 g., 0.17 mole) was
recovered. After hycrolysis (100 ml. of 6N szu), vapor phase chromato-
graphic analysis ¢ wed the only product to be tcluene.

(2) Benzylmagnesium bromide in diethyl ether (125 ml., 0.125% mole)
was allowed tc react with hexafiucrocyclobutene (2.2 g., 0.125 mcle).
After stirring for 3 hours at rocm temperature, the soluticn was refluxed
for 5 hours and werked up as indicated above.

Crotonylmagnesium Bromide and Chlorctrifiucrcethylene

Crotonylmagnesium brcmide in diethyl ether (200 ml., 0.25 mcle) was
reflured with chlorctrifliuorcethylene (29.1 g., 9.25 mcie) for 36 hours.
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The solution was processed as described above.

Anhydrous Magnesjum Bromide and Fluorgdlefins
Anhydious magnesium bromide (7.5 g.), prepared by heating an equi-

molecular amount of MgBr2.6H20 and ammonium bromicda, was placed in a Carius
tube with diethyl ether (50 ml.). Tetrafluorcethylene (12 g.) was vacuum
transferred and the tube sealed. HNo reaction occurred after shaking at
?0° for 72 hcurs. A similar exyr. .ment using 1,1,2-triflucrg-l,4-penta-
diene (6.1 g.) and magresium bremide {9.2 g.) was alsc unsuccessful.

The Reaction of Allylmagnesium Bromide witn Pairs cf FlucrcCiefins

The two olefins (0.15 mcle) were vacuum condensed into a Fischer-
Porter compatibility tube ccntairing allyimagnesium bromide (40 ml |
G.15 mole), sealed and shaken at rocm temperature for between 16 and 20
hours.

The soluticn was cccled and any unreacted olefins cordensed zut
and identified by v.p.c. The ether layer was separated and after nydrcliysis
with sulfuric acid (100 mi. of 6N) and dried (Drierite) and fractiovrated.
The prodrcts were arnalyzed by v.p.c. and identified by their irnfrared
spectrum. The results are shown irn Table XII. The pressure reactions
were carried cut on the sampie scale using an autosclave: nitrogen was
introduced such that a pressure -7 430 1b.’in2 was -brained.

s~

Solubility cf the Fiuorci.efins in Ether

The pairs of flucrctlefins (7.2 mcle earh' were vacuum ccordersed
into a Fischner-Perter tube contairing ether (35 mi.), sealed and shaken
at room temperature for 2 hours. Tne tube was turned upside dcwn and
scme of the liguid condersed int: a o:id trap. This was analyzed by
v.P.c. and *he resulis shown in Tatle XI.

2. Prevaraticn cf Iscpripeny. Ilthium

- 3 £ g £ . - 2 [ -
Reccticn of Triflucrcpr.pene, Buty_lithium and Azatcne

Trifivercpropene (20 g., 0.20¢ mcle) ir die-hyl ether (120 ml.) was
o . cmsanco -
cooled te -90° under dry nitregen. Butyllithium in pertane (60 mi.)
el e “n e . .
ether (60 m2.), precccled toc -768°, was added cver 10 minutes while the

e s ¢+ .z i R
temperature was maintained at -95° - 27 for an additi-nal one hour.
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chiorotetraflucroacetone (dropwise) under a dry ice condenscr.

After all
the acetone had been added, the mixture was allowed to warm tc room tem-
: perature and then hydrolyzed with dilute hydrcchloric acid. The etheraal

solution was scparated, dried (HgSOu) ard fractionally distilled. In

each case an azeotrope of the apprcpriate ether and the

carbinol was ob-
tained.

Final purification was achieved by preparative gas chromatography,
with the carbinols rrom sym-dichlorctetrafluorcacetorne separaticn on a
silicone gum packing and with those derived frem hexafluoro
dinonylphtalate packisg.
o.

acetone on a
Table XVIII gives the reactarts and results.
Reaction Between 4-Bromo-1,1,2-trifiucro-l-butere, Magnesium,

and Trimethylchlorosilane
(1) 4-Bromo-1,1,2-trifluorcbut-l-ene (11.9 g.) was added dropwise
to a suspension of magnesium (3.0 g.) in diethyl ether (100 cc.) at room

temperature. After the reaction appeared to have been initiated, chloro-
trinethylsilane (5 g.) was added.

Eventually a gummy material formed
aroind the remaining magnesium and reaction ceased.

added but no further reaction was appareat.

!
i
H
¢
N
s

Fresh magnesium was
The ether scluticr was in-
spected by analytical ga2s chromatography which indicated the formation
of twe preoducts, neither having the retention time cf the desired tri-.
methyle3,4 b-trifluorc-but~-3-enylisilare which was apparently not formed.
The supernatent ether sclution was poured ¢ff and the gummy residue

washed with ether, the ether was pcured off arnd combined with the criginal

solution. The ether solution was fractionaily distilled to remove excess

The residue was separated by preparative gas chromatcgraphy (Si
gum: Chromoserdb) tc give 1,1,2,7,8,8-Hexaflucroccta-l:7?-diene (2.6 g.,
38.2%) b.p. 132°, r19 1.3615 (Aralysis Found: C, Lu.24; H, 3.82. C.BE

ghgF 6
requires C, 44.03; H 3.67%). Infrared and ‘L9F MR spectra were consistent
with the proposed structure.

ether.

(2) The abeve experiment was repeated on 1/5 scale using tetrahydro-
furan as solvent for the reacticn. Amilytical gas chromategraphy indicated
that the same two produck were formed. Also, a third preoduct in low yield,

having the same retention time as trimethyi-3,4,4-triflucrebut-3-enyl-
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silane, was observed. In the third experiment cn the same scale as the
above, in the absence of chlorctrimethylsilare. aralytical gas chromate-
graphy indicated the formation of the twec products cbserved in the first
experiment.

c. Attempted Preparation of Perflucroaliyl Lithium

Reacticn of Perflucrcallyl Bromide with Methyllithium

Methyllithium (10 m1., 0.91 mole in ether) was ccoled in a dry ice-
acetone bath, ether (10 ml.) added, and ther. PFAB (2.27 g., 0.01C7 mole)
w@as added dropwise over 7 minutes with stirring. A dark solution was
formed immediately. After stirring at -78° for L5 minutes, CF2=CC12
(1.3 g., 0.01 mole) was added and stirred for 15 minutes, then at room
temperature for 1 hour. Some lcw-bciling material distilled from the con-
denser into a cooled trap. V.p.c. showed CF2=CC1 , PFAB, ether and anwn-
known, but n¢ product with a b.p. greater thar ether. The unknown pro-
duct was isolated by v.p.c. (D.N.P. column, 24°) and was assumed to he
CHBCFZCF=CF2, b.p. 24 - 6°. There was insufficiert sample for positive
identification.

Reaction cof Perflucroalliylicdide wizh Phernyllithium

Phenyllithium (C.02 mole in ether), prepared from bromoberzene and
lithium dispersion in the r.imal manner, was cccled in an ice bath and
PFAT (4.81 g., 0.0186 mole) was addeddropwise tc give a vigerous reaction.
After the additicr cf ether 10 ml.) and siirring t: rc-m temperature
over 1.5 hours, the mixture was hydr:i.yzed witn dilute acid, the ethereal
solution was washed with water, and the crgani: material dried cver

Drierite. Distillatiorn gave a residue (3.9 g.) which v.p.c. showed to

porer.t. Separaticr cn a Silicer Elasicmer (5.E.) prep. cclumn at 120°
~ k! 8

gave 0.5 g. pure material, b.p. 280 - 1” (micreo), 559' 1.5735, whcse

infrared agreed with that <f iodcberzere.

d. Preparation of 2,2-Difiucrcviry. Lithium and Reactiosns of

Varicus Carbcrnyl Compcounds and Triethylcnicrcsilarne

A sclutiorn cf butyilithium (0.077 mcle) in tne apprepriate scivent
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(40 ml.) was cooled to -78° and then addeldrcpaise in four aliquots to a
cooled, (-78 to -205%), scluticn of 2,2-difluorovinyl bromide (0.077 mole)
in ether (40 to 100 ml.). After the addition of each of the above aliquots,
dropwise addition of one quarter of a solution cf the apprepriate carbonyl
compound or silane (0.077 mcle) in ether (40 mi.) was executzd. The
solution was stirred while allcwing to warm up te rcom t.mperature. With
the carbonyl compourd, the sclution generally became colored around room
tenperature (yellow — red).

In the cases cf trietnhylchlorcsilane and acetyl chlcride, a3 white
solid which was precipitated, (probably 1iCl), was filtered off and the
sclutions dried cver CaSOb. In reacstions involving carbonyl compounds,
however, any lithium salts formed were hydrolyzed by addition <f water
(20 ml1.) fcllowed by &N hydrochlcric acid (20 ml.). Usually a white solid
was formed which redissclved on stirring. The organic layers were separated
and dried cver HgSOb or CaSOu. Further work-up precedures are described
below.

(1) Benzaldehyde

Solvents ard butyl bromide (30%) were removed from the dried organic
layer by distillaticn. V.p.c. cf the residue indicated the preserce of
benzaldehyde and three cther high-bciling preducts. Benzaldenyde was
removed by dissclving the residue in a little ether and shaking with a
saturated soluticn c¢f scdium bisulphite (3 X 17 nl.). Aittenpts tc sep-
arate by gas-liquid preparative chrcmatcgraphy were unsuccessful. The
experimernt was repeated several times under varying conditions cf tem-
perature and rates of additiorn of the reactants but in no case did cne
produrt predominate nor vas any separaticn possible. Maximum yield of
butyl bromide was 30%.

(2) éhcetcne

Attempted product separation by distillation resulted in obviocus
product decompcsition as the residue darkened consideravly and a smell
of hydrogen flucride was cbserved along with some glass etching. The
residual mixture was shaken with 10% aquecus sodium bicarbenate (3 X 30 ml.)
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and the aqueous layer acidified and extracted with ether. The latter was
removed by distillation after drying (HgSOu). The residue was an off-
white :olia which, on vacuum sublimation, gave white needles m.p. 66 - 68°.
B § -Dimethylacrylic acid has m.p. 69° (1082 Yield 7 - 10% (2 exp.).

The original organic residue was distilled, affordirg only butyl bromide
(16%8).

(3) cyclohexanone

V.p.c. cf the yellow organic solution indicated the presence of two
products A and B with an A:B peak area ratic of 6:1. The retenticn times
of A and B were inconsistent with the theory that A was due tc the desired
alcchol and B to the n-butyl adduct of cyclohexanone. About half of the
solvents were removed by distillation. The residual scluticn had turned
purple in color. The remainirg solvents and butyl bromide were remcved
by vacuum distillaticn and the purple residue allowed to stand at room
temperature for a few minutes. Heat was generated in the flask and hy-
drogen fluoride was evolved. GLC cf the residue showed that the A:B peak
area ratio was 1:1 at that stage, thus indicating the decompositicn of
the product giving peak A.

The residue was dissolved in a little ether (10 mi.) and shaken with
saturated sodium bicarbonate solution (3 X 30 mi.). The iatter was
separated and acidified. The precipitated solid was remcved by filtra-
tion and recystallized (hexare) to give white needles m.p. 90°, thus
indicating that the product was cyclchexylidine acetic acid (lit. (209)
90 - 91°). The acid was cbtaired ir. 25% yield.

Fracticnation of the corigiral distillate affcrded butyl trcmide in
WP yield.

(4) Acetyl Chloride

Sclverts were removed by distiilatior, and the residual preducts se-
paratea by GLPC. This afforded ethyl acetate (9%;, and butyl bromide
(13%). The two products were idertified by comparisor r.f their infrared

spectra and v.p.c. retention times with thcse ¢f autherntic samples.
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(5) Triethylchlorosilane
V.p.c. of the solution indicated the presence of ovutyl bromide, a

considerable amount of unreacted triethylchlorcsilane and a small amount
of a product (C) cf intermediate retention time. The solvents were re-
moved by distillaticn uader vacuum. Ccnsideraole darkening ¢f the re-
sidual soluticr irdicated that preduct (C) was decompesing even at room
temperature and this was ccr.firmed since the peak due to C had disappeared
on the v.p.c. trace. The distillate was fractiorated, giving butyl bromide
(24%), and fracticration of the residue affcrded crnly unreacted triethyl-
chlorcsilane (47%).

e. Preparation of 2,2-Diflucrcvinyimagnesium Bremide and Its

Reacticn with Trimethylchiorcsilane
(1) 2-Bremo-l,1-difluoromethylene (42 g.) was bubbled slowly into
a well-stirred suspensicn of magnesium (10 g.) in anhydrous tetrahydro-

furan (250 cc.). After initiaticr cf the reacticn the flask was cocled
in an acetcre/dry ice bath at -25 . The temperature cf the bath was
kept betweern -20 and -25: tnrcughcut the experiment. The mixture was
stirred at -20° for 30 minutes after 3ll the ethylene had been added.
Trimethylchlorcsilare (12 g.; ir tetrahydrcfuran (50 ml.) was quickly added
to the ccecled scluticorn, and after aaditicn the sclutisn was allcwed to
warm up tc reom temperature. Water {20 cc.) was added and the mixture
fractionally distilled. in the fraction b-iling betweer 30° and 6€°,
three main components were cbserved ccnsistent with 2-brome-1,l-difluorc-
ethylene, a preduct and tetranydrcfurarn. Tre fractior was washed with
water twice tc remcve the tetrahydr.furan and ther separated by pre-
parative scale gas chrcmatcgrapny tc gmve:
( 1) 2-Breme-i,-difliucrcethylene (not ccllected)
(ii) Trimethyl-(2,2-diflucrcvinyllsilare (2.3 g., 5.0%) {Analysis
Feund: C, 44.22; H, 7.:36. C5HIOF251 requires: C, 44.13 H,
7.368) b.p. 58.5°, r1’ 1.366k. Infrared and 'OF NMR spectra
were consistent with this structure.

(2) The above experimert was repeated in a similar fashion except
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that trimethylchlorcsilane was added before the addition of 2-bromo-1,1-
difluoroethyiene. The quantities used were as befcre and the reaction
gave trimethyl-2,2-difluorovinylsilane (7.8 g., 17.5%).

f. Attompted Preparation of 1-Flucrovinylmagnesium Bromide

(1) 1-Bromo-l-fluorcethylene (5 g.) wastbubbled into a well-stirred
suspension of magnesium (4.5 g.) in tetrahydrcfurar (150 cc.), activated
by a few dreps of ethylene dibromide. No r=acticn cculd be induced at
this stage. A further 10 g. cof l-bromc.l-fluorcethyliere was bubbled intc
the solution which was simultarecusly heated tc reflux. No reaction
occurred.

(2) A similar reaction using methyl bromide (1 g.) tc irnitiate the

reaction failed to cause any reaction betweer magresium ard l-breome-l-
f1toroethylene.

g. Attempted Preparatior of 1-Flucrcvinyl Lithium via an Exchange
Reaction Involving Butyllithium and 1-Flucrcvinylbromide.
Reacticn of the abcve Lithium Reagent with Ethylmethyl Ketore
and Triethylchlcrcsilane

(1) Preparation cf 1,2-Dabrome-l-flucrcethare

Vinyl fluoride was bubbled into bromire (100 g., 0.625 mcle) at a

rate sufficient to ensure compiete clefir ccnsumpticn. During this pro-
cess the reaction flask was irrad-ated with lignt ard the crntents stirred.
When all the bromire had reacted, the sclutiorn became light yellicow in
color. The product was distilled t.p. 121 - 222° (lit. (3¢ 122.5%).
Weight = 115 g. (88% yield).

{(2) Reacticn of 1,2-Dibremo-l-fliucrcetharne with Alkali

The above dibremide (103 g., 0.5 mzle) was adied drcpwise to pctassium
hydrcxide pellets (100 g., 1.8 mcie). Xo reacticrn was cbserved until the
flask was neated {vigcrous stirrirg) tc 60 . Heating was ccntirued at
60 - 80° until nc more gasecus product was evslivea ‘3 hcurs;. The
velatile products were conaernsed in a dry ice-acet:ire cccled trap which
necessarily ccrtained an inhibitcr (ef-pirere) tc¢ prevent pclymerization.

Phosphorus pentcxide was added tc the contents c¢f the trap and an attempt

- 166 -

!§

O i S RSN




[P——

was made to distill the product. This was achieved only with difficulty
since there was presumably some monoflucrcacetylene present which de-

composed with accompanying minor explosicrs, flashes ard carbor depesi.ion.
(111)

Consequently, the yield of l-flucrcvinyl bromide b.p. 6 - 8¢ (lit.
6.8°%) from successive runs varied ccrsiderably. Attempts tc repeat this ‘
experiment using minerai cil {150 ml.) as a sclvent gave similar results.

1-Fiucrcvinyl bremide was rnct isclated wher 1,2-dibremo-l-{iuoroethane
was treated with potassium Lydrcxide in refluxing ethanol fcr 6 hours.

h. Preparaticr of 1-Fluorcviryllithium ard Reacticr with Ethyl

Methyl Ketone
A ccoled (-78°) soluticn c¢f butyliithium (0.075 mole) in hexane was

acded drepwise ir four aliquots tc a sclution of l-flucrovinylbromide
(0.75 mole) ir ether (100 ml.) which was alsc mairtained at -78°. Fol-
lowing the addition cf each cf the abcva zliquots, one quarter of a sol-
ution cf ethyl methyl ketcne {J.075 mole) in ether (30 mi.) was added
drepwise. On additicn of the first aliguot of the ketine scluticr, a

milky white suspersiorn was fcrmed. This disappeared fcilswing the addition

when the temperature had reached -3 ©. At rocm temperature, water (20 ml.)

and hydrcchleric acid (20 ml., 6N) were added. A small amcurt cf white

: precipitate formed and redissclved. Tne crganic iayer was separated,
dried (CaSOu), and the sc_vents remcved by distillaticn. Further dis- \
tillaticr. afforded butyl brcmide, (24%. ard f.ve cther prcducts which ‘
were inseparzble either by distillaticn of GLPC.

The reaction was repeated addirg the butyliithium ard ketone sclutions

© M mminr s remms b vAn o e e e sttt <4

at =30 - =25 with similar results,

i. Reacticn of l1-Flucr:viry._itnium with Triethyichlcrcsilare

N~

1-Flucrevinyilithium {0.07% mile) was prepared as described in the *
previous experimert, except that a sciution ¢f butyliithium in 2 mixed -

solvent (pent.ane 50 mi. - ether 50 ml.)was emp.oyed. In this case, all

the butyllithium solution was added befcore any of the triethyichloro-
silane. After the addition of all cf tne organometallic reagernt, a white

cloudiness developed. The mixture was allowed to stand for 30 minutes
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and a solution of triethylchlorosilane (0.075 mole) ir. ether (50 ml.) was
then added dropwise. The white cloudiness persisted. The scluticn was
pormitted to warm p to rcom temperature overnight during which time a
white water scluble, precipitate formed. The latter was removed by
filtration, the filtrate dried over CaSOu and the organic solvents were
removed by distillation. GILC of the green colored residue indicated the
presence of butyl bromide, an unkncwn product, and unreacted triethyl-
chlorosilane. Water was added tc hydroliyze the latter product to render
GLPC separation of the desired precduct easier. A sample of the urkncwn
compound was isolated by this means and was shown to:.be triethyl ethynyl
silane, (CH.CH_).SiC=CF. The irfrared and “H NMR spectra were ccrsistent

3°2°3
with this structure. (Analysis Caled. fcr (CY CHZ)BSiGEH: C, 68.52; H,
11.42. Found: C, 68.80; H, 11.61%) r20 1.4325, lit. (112) r2° 1.4302.

Product yields from GLC; -butyl bremide (36%); triethylethynylsilane (30%).
Preparation and Reactions c¢f Trifluorc-iscpropenyl Lithium
j. Preparation of Triflucrc-iscprepenyl Bromide
Potassium hydroxide pellets (100 g.) were p.aced in a 3-recked fliask

fitied with a dropping funnel, stirrer, ana distillaticn apparatus.
Trifluorcdibromepropane (100 g., 0.3% mcle) was drcpped onto the stirred
potassium hydroxide which was criled in ar ice-bath. When ail the di-
bromide was added, the ice-bath was rep_sced by a water bath ard the tem-
perature ircreased until the preduct began tc distiil cut ¢f the reacticn
vessel. Occasional immersion of the fiask In the ice-bath was required
to contrel the rate of reacticr.

Wt. of product, CF.CBr=CE,, was 62 g., .38 mcle (99%)

b.p. 33° (Lit. (837 b.E. 337)

k. Attempted Metallation ~f Trifl.nrc-iscprcpery. Bromide Fellowed

by Carpboration

Trifiuorc-isopropenyx bremide (~.3 g., C.025 mcle; ard dry diethyl
ether (10 ml.) were piaced irn a 3-necked flask, fitted with a dropping
funnel, gas-lead and drying tube, and cccled to -78° urder ar atmosphere
of dry nitrogen. Butyllithium {0.025 mcie) in mixed sc.ivert {(ether {10 ml.)
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/hexane (15.5 ml.)! was added over 30 minutes to the bromc-clefin solution
at -78°. The mixture was allowed to stand for 5 minutes at -78°, then
warmed to -600, when dry carbon dioxide wasb*ibled into the reaction which
was allowed to warm tc rccm temperature with the continucus passage of
carbon dicxide. The reactiorn mixture was treated with hydrochloric acid
(1:1) (20 ml.), the scluticn was made alkalire with dil. scdium hydroxide
solution, and the layers separated. The crganic layer was further ex-
tracted with scdium hydroxide scouticn. The aquecus extractis were com-
bined, acidified with hydrochloric acid and extracted with ether. These
ether extracts were dried (CaSOu) and the solvert remcved by distillaticn,
1eaving a viscous cil (0.1 g.) as residue, which was net the desired
carboxylic acid.

The original crganic sclution from the reactior ecntained an in-
soluble white solid (1.00 g.), which was shown to be lithium fluoride tc-
gether with organic polymeric material.

1. Attempted Metallatior of Trifiucrc-isopropenyl Bromide Fcllowed

by Reaction with Benzaldehyde

Butyilithium (0.025 mcle) ir mixed sclvent {ether (20 ml.)/hexane
(17.3 ml.))was cocled to -78° under an atmosphere of dry nitrogen. Tri-

flucrcisopropenyl bremide (S5 g., 0.0285 mcle) in diethyl ether (10 mi.)
was added dropwise with stirrirg. The reacticn temperature was maintained
at -78° for 30 minutes ard ther berzaldehyde {3.1 g., C.025 mcle) in
diethyl ether (10 mi.) was addec. The temperature was allowed to warm
slowly to that of the rcem and hydrcchleric acid (1:1) {20 mi.) was added.
A white insoluble s-1id in the aqueous _aver was filtered (0.45 g.) and
the aqueous layer extracted wath ether. The ccmbi..ed ethereal sclutions
were dried (CaSOa) and the sclvert remcvenu by distillaticn. V.p.c.
analysis showed that butyl bromide had beer prcduced tcgether with a

small amcunt (™~5§)} of high-bciling ccmpcurd. Urreacted benzaldehyde was
also present. The high-bciling prcduct was separated by preparative scale
v.p.c. and infrared spectrcscopy suggested that it was not a carbincl but
probably a flucrocllefin centaining a butyl .rcup, e.g., CF2=CBr-CH2-CuH9.
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The insoluble solid was shown tc be LiF, produced in 60 - 65% yield.
m. Reaction of Trifluoro-isoprepenyllithium with Benzaldehyde
Trifluoro-isopropenyl bromide (10 g., 0.057 mole) in dry diethyl
ether (50 ml.) was cooled to -95o under dry nitrogen. Butyllithium (0.057
mole) in mixed solvent (hexane (34.6 ml.)/ether (50 ml.)), precooled to
-78°%, and benzaldehyde (6.2 g., 0.057 mcle) in ether (15 ml.) were added
alternaﬁively in four aliquots each, the benzaldehyde sclution being
added immediately after the butyllithium sclution. After the final addition

the temperature was maintained between -900 and -950 for 2 hours and then f
allowed to,warm very slowly to room temperature. Water (15 ml.) was added, T
causing a dense white precipitate to form, followed by aquenus hydrochleric
aeid (1:1) (15 ml.) which redissolved the solid to give a pale green
solution. The organic layer was separated, dried, and most of the solvent
removed by distillation. V.p.c. showed the presence of butyl bromide,
together with an approximately equimolar amount of high-boiling product
as well as a small quantity of much higher boiling material. No benzal-
dehyde was prezent irn the reacticn product.. Fractionaticn, at atmospheric.

pressure, gave: butyl bremide (2.6 g., 0.0190 mcle, 33% yield), and at i
reduced pressure, (d) ec-(trifiucrc-icopropenyl) benzyl alcohcl, b.p. -
122°/21 mm. He, ngz 1..786 (3.7 g., 32% yield). (Analysis Found: C,

59.65: H, u.éz F, 27{26 C, ){ PBO requirec C, 59.43 H, 4.45; F, 28.2%.)

The infrared “H ard ~ F IMR spectra were ~onsistent with this structure.

and,

(b) x=butyl benzyl alcchol, b.p. 957/1 mm. Hg., (1.2 g., 13%) (Analysis

Fourd: C, 80.bs; H, 8.7. G, H (O requires C, 80.5; H, 9.7%) |

n, Reactiocn of Triflucrc-izcprepery. Litnium with Acetone

Trifluworc-iscproperyl bremide (15 g., 2.085 mele) in diethyl-ether
(30 ml.) was cocled to -90° under dry ritrogen. Butyliithium (0.085 mole)
in mixed solvent (hexare (51.9 ml.)/sther (%) ml.)) and aceicne (5 g.,
0.085 mole in ether (10 ml.) were édded aternativcly, droepwise, with
stirring, in five aliqucts each. The temperature was mairtained at -90°

-80 for a further one and ene-half hcurc and thern allowed to warm
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slowly to that of the room. Water (10 ml.), followed by hydrochloric acid

(1:1) (20 ml.) were added. The crganic layer was separated and the aqueous

layer extracted with ether. The combined organiec solutions were dried
(CaSOa) and analyzed by v.p.c. Butyl bromide and an approximately equi-
valent amount of product were present, together with a very small
quantity (~2%) of a high-beciling ccmpound. Fracticnal distillation
gave: butyl bremide, 5. 5., (43%), and dimethyl(triflucrc-isopropenyl)
carbincl, b.p. 116 - 117°, n%2‘5 1.3773. (Analysis Found: C, 46.92; H,
6.00; F: 36.83: 06H9F30 requires C, 46.7; i, 5.85; F, 37.0%.) The in-
frared 'H and *°F IMR spectra were ccnsistent with the structure.
Dehydration cf Dimethyl(Trifiucrc-iscpropenyl) Carbinol

Dimethyl(trifiucrc-isoprepenyl) carrirol (1.3 t., 0.0084% mole} was
drcpped cnto excess phosphcrus rentcxide at 00, ir a distillation appar-
atus. The mixture was heated slowly tc 120° during which time a colorless
liquid distilled cut cf the reactior flask. V.p.c. showed this product
to be 97% pure. Redistillaticn fron phcsphorus pentoxide gave pure 2-
trifluorometnyl-3-methyl-butadiene, b.p. 64 - 65°, (0.56 g., 49%).
(Analysis Found: C, 52.88; H, 5.023 F, al:az. C6H?F5 requires C, 53.0;
H, 5.15; F, 41.9%.} The infrared, “H ard “’F ¥MR spectra were ccnsistent
with this structure. A sample was sealed in a tubs and after several
days at room temperature gave a solid elastomeric material.

o. Reaction of Triflucrc-isoprcpenyl Lithium With Acetaldehyde

Trifluorc-isoprcpenyl bromide (10 g., 0.057 mole) in diethyl ether
(50 ml.} was cooled to -100° under dry nitrcger. Butyllithium (0.057
mole) in mixed sclvent (hexane (34.6 ml.)/ether (50 ml.)), precccled to
-78° and acetaldenyde (2.5 g., 0.057 mole) in ether (20 ml.) were added

alterratively with stirring in four aliquot porticns each. The tem-

perature was maintained at -100° T 2 scra further 30 minutes and then
allcwed to warm to -789, whele it was maintaired feor 4 hours before
allowing it tc rise to that of the room. Water (20 ml.) fellcowed by
hydrochleric acid(1:1) (40 ml.) were added ara the organic layer se-
parated and dried (Casog). The sclvent was remr red by distillation and
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V.p.c. analysis showed the presence of butyl brcmide together with arn
approximate equivalent amount of product. The product was isclated by
prep. seale vop.c. (D.N.P. 1000) and shown to be 2-trifluoromethyl-but-
l-en-3-c1, b.p. 110 - 111°%, 122" 13646, (3.5 g., 4sh yield). (nalysis
Found: C, 42.57; H, 4.93; F, 40.5, C5H7F30 requires C, 42.8; H, 5.0;
F, 40.758). The infrared, “H and *OF NMR spectra were ccnsistent with
this structure.

Dehydraticr - Z-Triflucromethyl-but-l-er-3-cl

2-Trifluoromethyi-but-l-er-3-ol (1.1 g., 0.00846 mcle) was drepped
onto phosphorus pentcxide cooled tc 0° in a distillation apparatus. The

temperature was increased slcowly to llOc, causing a colorless liquid
product to distill from the reaction flask.

Redistillaticn gave 2-triflucrcmethyibutadiene, b.p. 3% - 35°. (lit.
b.p. 35 - 35.5°). (0.8 g., 84% yield). The infrared, 1H and ‘9F MR
spectra were consistent with this structure.

pP. Reaction of Triflucrc-iscproperyi Lithium ard Ethyl Methyl Ketone

Triflucrc-iscopropenyl bromide ‘10 g., C.C57 mcie) irn diethyl ether

(100 ml.) was cooled to -90° uraer dry nitrcgen. Butyllithium {0.057 mole)
in hexane {34.6 ml.)/ether (60 ml.), prec:cied t: -78°, and ethyl methyl
ketone (4.26 g., 0.057 mole) in etner {50 ml.', added aiterratively irn
four aliquets each while maintairing the temperature at -900. The mix-
ture was allcwed *2 warm tc -78° ard was maintaired here for 3 hcurs te-
fore warmirg tc room temperatire. The reacticr mixture became crange
colored but c:ear. Water (25 rl.) was added to give a white precipitate
which disscived cn stirrirg. Hydrcorlcric acid /1:1) (23 mi.) was added
and the layer separzted. The agque_us _ayer was exiracted with ether, the
etheveal sclutions combired, dried (Casoui, ard the sclivent removed by
distillaiizrn. Araiytical v.p.c. sniwed the preserce ¢f butyl bremide a d
one higher ociling preduct. Fractd rnal distillaticn yielded, butyl bromide,
6.9 g., (88.3%) and ethyl methyl (triflucrc-iscprcpeny>) carbirci, b.p.

136 - 131°%, 4.0 g., (23). (Qralysis Sgif: <OF 5 requires C, :0.0; H, 6.55;

F, 33.9%. Found: C, 50.16; H, 6.73; F, 33.86%.. The infrared, “H ard
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19!’-‘ NMR spectra were ccnsistent with this structure.
Dehydration of Ethyl Methyl {trifluorc.isopropenyl) Carbirol
Ethyl methyl(triflucrc-iscpropenyl) carbinol (1.0 g., 0.006 mcle)
was dropped ontc phosphorus pentcxide at 0°. The mixture was heated
slowly to 1300, causing a lijuid to distill between 70 - 900.

This prcduct was shown by infrared, I‘B and 19F NMR spectroscopy

to be a 3:2 isomeric mixture cf butadieres,

CH-C-—{J'=CH2 and CH2=C-—C=-CH2 Yield of product 0.7 g.
CH Xni %F C.H, CF (78%)
37373 2573

(Analysis C7HQF3 requires C, 56.0; H, 6.0; F, 38.0% Found: C, 55.74;
H, 5.7; F, 38.23%).

q. Reaction of Triflucrc-iscprcperyl Lithium and Acetcphenone

Trifluoro-isopropenyl bremide (10 g., 0.057 mcle) in dietnyl ether
(150 m1.) was cooled to -110° I 3° under dry nitrogen. Butyllithium
(0.057 mole) ir pentane (35 ml.)/ether (40 ml.), precocled to -780, was
added over 5 mimutes. After a further 10 minutes, during which the
reacticn temperature was allcwed tc attain -1()00, acetopheuone (6.84 g.,
0.057 mole) in ether (20 mi.) was added and the temperature allowed
to rise slcwly to that of the room. Aqueous hydrochloric acid (1:1)
(40 m1.) was added, the layers seperated, the aquecus layer extracted
with ether, the ethereal sclutions combined, dried (CaSOu), and the

solvent removed by distillation. Analytical v.p.c. showed some unreacted

acetcphencne together with a major ard a minor product of greater re-
teation times.

The mixture was separated by prep. scale v.p.c. {Carbowax, 200°) to
give: Butyl bromide, 6.0 g. (77%), acetophencne 0.9 g. (13%) and the
major product, phenylmethyl(triflucrc-isoprcpenyl) carbinol b.p. 210 -
211°, 6.2 g. (51%). (Analysis Cy1H,OF, requires C, 61.2; H, 5.1; F,
26.4%. Found: C, 61.06; H, 5.1; F, 26.638). The infrared, 'H and

s
“7F R spectra were consistent with this structure.
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The minor product ( ¢ 5% yield) gave an infrared spectrum which
suggested it might be butylphenylmathyl carbincl.

Dehydration of Phenylmethyl(triflucrc-isc nyl) Carbincl

Phenylmethyl(triflucro-isopropenyl) carbincl (1.2 g., C.0055 mcle)
was heated with phosphorus pentoxide in vacuum (0.5 mm. Hg) to 160° for
30 minutes. The product was distilled from the system. This process was
repeated three times tc give 2-triflucromethyl-3-pheryi-butadiene, b.p.
approx. 190° (decomn.), 0.9 g. (82%). (Analysis C11H9F3 requires C, 66.7;
H, 4.55; F, 256.8. Found: C, 66.58; H, 4.70; F, 29.05%).

r. Reactior of Triflucorc-iscprcperyl Lithium with Triflucrcacetone

Triflucro-isoprepenyl bromide (20 g., 0.114 mcle) ir diethyl ether
(150 ml.) was ccoled to -115° = 3° under dry ritregen. Buty.ilithium
(0.124 mole) in pertane (70 ml.) precccled to -78° was added cver 10
minutes while maintaining the temperature at -115° - 3°. After allowirg
the reaction to atiain -IOSC during 15 minutes, triflucrcacetcre (12.8 g.,
0.114 mole) irn ether (30 mi.) was added, and the mixture allcwed to warm

slowly %o rocm temperature. Hydrcenlcric acid {1:1) (40 mi.) was added,

the ethereal layer separated, dried, ard the sclvent re icved by dis-
tillation. Aralytical v.p.c. chcowed two preducts as well as butyl bromide.
Fractionaticr, followed by prep. scale v.p.c., iC g-ve r.re samples,
yielded a. butyl bremide 6.2 g., (»3%:. b. 1,1,1,5,5%,5-nexaflucrc-2-
methyl-pentan-on-2-cl, 2.6 g. (16.3%" (Aralysis C62~£6GZF6 requires

C, 32.18; H, 2.68; F, 50.80. Fcurd: C, 32.38; H, 2.80; F, 50.65%).

c. butylmethyltrifiuoron .hyl carbinzl, b.p. 135 - 6°, 2.6 g., (10%)
{Analysis C7P130F3 requires C, 4Q.u3 H, 7.653 F, 33.4. Frund: C, L9.8B;
R, 7.65; F, 38.20% ). d. crade pyran. dervative 2.1 g.}, whxch

1O

1N

“H ard

recrystallizaticr, from pentane gave m.p. X - 257. The irnfrared,
1 . ‘s
91-‘ NMR spectra were ccrsistent with .ae abcve structures,

Preparaticn of 1,1-Dif.. rcallene

Triflucrc-isoprcpery> bromide (10 g., 0.057 mcle) in diethyl ether
(30 m2.) was cooled tc -90° urger dry ritrogen. Butyllithium (0.057 mcle)

in mixed scivent (hexare (3L.6 mi.) ether {20 mi,}'was added drcpwise with
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stirring and the temperature maintaired at -90 t 2° for a further 30
minutes, before allowing ‘he reacticn to warm to room temperature. The
over-gases were corderised in an acetone/dry ice trap. The reaction mix-
ture became dark-colcred at approximately -300 and precipitation of a
solid material increased as the temperature rose.

At rcom temperature, water (40 mi.) was added and the mixture
filtered to give the sclid (1.4 g.) which was shown to be lithium
flucride (~95%) together with scme pclymeric crganic material.

The*organic layer was separated and the aqueous layer extracted with
ether. The ethereal scluticns were ccmbined and dried (CaSOu). vV.p.c.
showed only the presence cf ether, hexane and butyl bromide. Fractional
distillation gave butyl bromide (5.8 g., 74%).

The cordensed cver-gases were distilled at low temperatures to give
difluoroallere, b.p. -20° - -21°. (1it. -20%), (3.1 g., 728%).

The infrared spectrum of this compcund was identical tc that of an
authentic sampie of diflucroallene.

A small amount cf diflucrcallene was sealed in a tube and allowed
to stand at rccm temperature fcr several days toc give a Viscous polymeric
semi-~solid material.

s. Reacticr cf Triflucro-iscproperyl Lithium with Carber Dioxide

Triflucrc-iscpropenyl bromide (10 g., 0.057 mole) in diethyl ether
(150 ml.) was cccled tz -110° ¥ 3° urder dry nitroger. Butyllithium

[

(0.057 mole) in pentane (35 ml.)/ether (40 ml.}, preccoled to -?80, was
added over 5 mirutes whiie maintainirg the temperature at -110° ¥ 4°,
The reacticr. mixture was allowed tc warm to -100° over 15 minutes and
dry carbon dicxide bubbled intc the system. The intrcduction cf carbon
dicxide was continued uvntil the temperature attaired -780, and the tem-
perature ailowed tc rise to that of the rcem. Hydrochloric acid (1:1)
(40 m1,) was added and the layers separated. The aquecus layer was ex-
tracted with ether (3 X) and the total ethereal solutions combined and
dried. Distililaticr. gave butyl bromide, 5.3 g., {68%) ard a white
crystalline residue cf crude acid, 4.5 g., (56%). A pure sample of the
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acid was obtained by prep. scale v.p.c. (Silicore elastomer, 140°) and
shown tc be 2-trifluoromethyl-acrylic acid, m.p. 50 - 1° {1it. 50.2°).

The infrared, IH and 19F MMR spectra were consisient with this
structure.

t. Reaction of Trifluorc-isoproperyl Lithium and Triethylchlorosilane

Trifluoro-tsopropenyl bromide (10 g., 0.057 mcle) in diethyl ether
(150 ml1.) was cooled to -110° ! 3% under ritrogen. Butyllithium (C.057
mole) in pentane (35 ml.)/ether (45 ml.), preccoled tc -78°, was added

+ _c
over 5 minutes while maintairing the tsmperature at -110° Z 3. The

mixture was allowed to wam .o -100° cver 20 minutes, and triethylchlorc-
silane (8.58 g., 0.057 mcie) in ether (40 ml.) was added cver 5 minutes,
whils maintaining the temperature at -100°. The reaction mixture was

then allowed to attain room temperature. A dense white precipitate formed,
was filtered, ‘dried and weighed (1.6 g.). This sclid was bciled with
water, the inscluble component* filtered, dried and re-weighed (0.9 g.).
This was shown to ve lithium fiucride (61%). The aqueous soluticr con-
tained lithium chicride {29%). The ethereal react’ r. mixture was distilled
to give: a. butyl bremide £.9 g. (»16%) b. impure prcduct 0.8 g. (w11%)
and unreacted triethyl chicrosilane 5.5 g. (69%). A pure sampie of the
product was obtained by prep. scale v.p.c. ‘Siliccre gum rubber, .10%)

and shown to be triethylfiucrcsilane, b.p. 109° (1it. b.p. 109 - 110°).
This compourd had ar infrared spectirum identical tc that ¢f ar authentic
sample of triethylfliuorcszlare, The 11«1 ard 19F MMHR spectra were con-
sistent with this structure.

u. Preparaticrn and Reacticrns -f 3,%,3-Triflucropropyny: Lithium

Preparation of 1,1,1-Triflucrcpropvre

The above acetylere was prepared in high yield (70 - 80%) by zirc

dust dehalogenatior ¢f 1,l1,2-trichicrc<3,3,3-t~{ ucrcpropere-1 in di-

(93)

V. Preparation of 3,3,3-Triflucroprepyry. Lithium and Reactior with

methylacetaride

Carbonyl Ccmpcurds or Triethylchlorcsi_ane
A cooled (-78%) scluticrn of butyliithium (0.05 mole) ir. a mixed sol-
vent (pentane 32 ml., ether 32 mi.) was added dropwise tc a soluticn of
- 176 -
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mixture was stirred for 30 minutes at this temperature and then warmec¢ to

-

-30° before being recooled to -78°. At this stage, a solutior of the car-
bonyl compound (0.05 mcle)* in ether (30 ml.) was added and the reaction
mixture allcwed tc warm slowly to rcom temperature.

Water (20 ml.) ard 6N hydrochloric acid (20 ml.) were added. The
white precipitate usually formed initially and redissolved cn stirring.

P 3
{
1,1,1-trifluoropropyne (0.05 mcle) in ether (120 ml.) at -78°. The reaction :

The organic layer was separated, dried over calcium sulphate, and the
solvents removed by distillation. The desired prcduct was usually cob-
tained by further distillation.** A pure sample was isolated using
preparatz\_rﬁ j.c.ale V.pec.

*Carbon dio:ride (Xs) was bubbled into the reaction flask after passing
through a calcium sulphate drying tube. Wher using ethyl acetate or

L

acetyl chloride, a 2:1 ratio of 3,3,3-trifluorcpropyryl lithium to carbonyl
compound was employed.

**4 4 ,4-trifluorobut-2-yncic acid was isclated by extracticn with a
saturated sodium bicarbonate solution after sclvent remcval. Acidification
of the latter afforded the acid which was extracted in ether. The ex-
tracts were dried (CaSOb') and the sclvent removed. A pure sample of the
acid, m.p. 40 - 42°, was cbtained by vacuum sublimation. The S-benzyl
thicuronium salt was prepared, m.p. lh7°, and submitted for analysis.

The yields arnd properties of the compcunds oﬁtained are given in ’ ).
Table XVIII.

1
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i fluorine monomers were prepared for polymerization studies. A number of partially
: flucrinated norbornadienes were prepared by the reaction of cyclopentadiene with
é haloBlefins and subsequent del.alogenation. Several new fluorinated nitroso monomers
were prepared. A oeries of compounds of the general structure (CH3)3SiCF=CFR were
synthesized utilizing organolithium reagents. Alcoholysis cf these compounds provides
a convenient route to 1,2-difluorcdlefins. Several cther unsaturated fluor>-
$ crganometallic compounds were prepared and their resctions studied. It was found
that they could be reacted with carbenyl conpounds to produce alcohols which on de-
hydration gave fluorinated dienec.
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