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ABSTRACT
Further work on the syntheses of Fiucrine contalning olefins and dilolziing

is roporied. Studies directed toward synthieses of derivatives of porilusro-
bicyclesuudand perfluorobicyclehutenyl have heen inltiated., OF narcicular
iatercest is the preparatiow of 2,2'~diiodo-per-Sluoroblicyclobutenyi by whotolysis

$ i,2-dilcdotetrafliuorocyclobutenc.

. -~
z p
Starting from 1,2-Cichlorohexafivorocrclopentenz, oTher cihclo~ and minca
Cihaloncxalluorocyclopentenes have Leen prepered, and from tho.c have sein
prepared the monoethoxy derivatives, cuch as 1-3 le~2-ethoxyherailuorecreiozentant,
.

) Mﬂﬁwﬁﬁ!@ N TGATIGIT 0 10 ks s i

[ oy

Rin




I. INTRODUCTION

The purpose of this project is Lo carry out a basic chemistry
rescarch program for the purposce of synthesizing new potentially
usciul monomers containing {luorine. Monomers synthesirzod will
consist of compounds both partially and completely fluorinatced.

In addition these [luorince containing monomers will have active
sites of suitable activity for participation in homo-,co-, and
terpolymerizations.

Olefinic and accetylenic fluorine compounds containing both
conjugated or unconjugated unsaturation will be considered. 1In
addition or as alternative sites of potential activity other or-
ganic functional groups may be substituted, as for cxample, car-
bonyl, nitrose, carboxylic or sulfone.

Mcthods ol preparation of desired monomers may vary depending
on the compound in question. Typical methods will include {or
cxample, dchydrohalogenations, dehalogenations, pyrolysis, decar-
boxylations, disproportionations and dimerizations.

This rescarch is authorized under U. S. Army Contract DA-1Y-
129-AMC-86Y(N) and is the sccond semi-annual report for the period
June 1, 1966 to December L, 196G under this project with Dr. Malcoim
Henry as project officer. Previously, similar researches authorized
under Contract No. DA-129-192G6(01 6028-62) under Dr. Malcolm Henry
as project officer were summarizoed in three semi-annual reports and
a final report and covered the period October 1, 1963 to October 1,
165,

These reports should be used in conjunction with the present
serics Lo bring the historical portion up to date,

I11. SUMMARY OF CURRENT PROGRESS

Intermediate for Polymer Studices

The synthesis of a series of new oletins and diolefins are
still in progress.  These are possible candidates for polymer
c¢valuation as well as basic intermediates for the synthesis of
other monomers containing a hetero-atom or atoms., Some of thoe
above types of compounds will be used to preparce highly sterically
hindcred nitroso moinomers for cvaluation as a possible candidatce
for polymerization,
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The synthesis o! 1,2-driodo-3,3, 4, i-tetrafluorocyclobutene
has been developed and improved., Along similar lines, 1, 2-diiodo-
per fluorocyclopentene has also been prepared.  These two compounds
will serve as valuable intermediates in the syntheses of dibasic
acids, nitroso acids, dinitroso derivatives and possibly as sources
for fluorinated kcto-acids.

The following compounds have been synthesized and their pro-
perties obtained:
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The following samples were preparcd and sent to Dr. Douglas
Relyea:
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TITLE: Investigations on Lhe Synthesis and Reactions ol Per-
halobicyclobutencyl compounds.

Part A: Syathesis Pathways
OBJECT: To develop a useful synthetic pathway to perhalobicyclo-

butenceyl compounds which should be important intermediates
in the syntheses of diketodicarboxylice acids,

HISTORICAL: There are relatively lew syntheses of bicyclobulyl or
bicycTobuleneyl compounds (hercinalter referred to as dibox com-
pounds) rcported in the literature. An adequate veview of carlioer
work in this arcea has been compiled by Frauk.

Prioyr tc Frank's work, no gencral pattern lor the synthesis
of halogenated dibox compounds had been developed.  Coffman, Bar-
rick ¢t al.“were the tirst to apply thermal cycloalky!ation o~
actions Lo this end. They reacted butadiene wilh oxcess tetra-
fiuworocthylene in a bomb under autogcenous pressure Lo oblatn a
Lo-15% yield of 2,2,2°,2' .4,3,3",8'-octafluorobicyclobutyl. 1n
addition, they Lreated vinylaceilylene with tetratiuorocthyloene Lo
pive the products indicated Helow.

F.
CF\ ° —"Cl" F :-l . Cl" o’ L'l" ” .
bomb tl;;mli > ¥,
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Shortly thercadter, Miltler’ accomplished a coupling ol two
poerd luorobicyclobutene units in Higuid tloorine at ~7%" to ylcld“
pert luorobicyclobutyl.  The product was an incert Jiguid at 36-87"




Pructt et al. prepared a mixture of Lthe dimer and trimer
ol perfluorocycTobutene by the trcatment ol the monomer v.ith
pyridince at o°.
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Sharts and Roberts® again applicd thermal alkylation icactions
in treating isopropenyl accelylene with chlorotrifluorocthylene to
give the two expected 1:1 adducts and 1less than 5% of a dibox deri-
vative., Similarly, Ryananova® c¢t al. rcported 10-15% yields of
21 adducis Irom the thermal addition of 1, d-butadienc to perfluoro-
butadicne.

R Cit CH, ] /C“’- CH,
' n()&fl‘;___,_.- = I,
,/
™ Y

R = -H,-Cl;

Frank of this laboratory cxtended the knowledge of thermal
cycloalkylation reactions of halocthylenes in preparing cyclo-
butanes (several revioews have recently been publishcdz") Lo Lhe
synthesis of dibox derivatives., In reacting 1, 3-butadiene with
trifluorochlorocthylene in an awmtoclave he isolated 5-10% of a
1:2 adduct,2,2'-dichloro-2,2°,3,3,3"',3'-hexafluoro-bicyclobutyl,
in addition to the normal 1:1 adduct, Inercasing the molar ratio
of Lrifluorochlorocthylene did not improve the yicld of diadduct
significantly.
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The following synthetic pathway ultimately proved most useful in

ftixe synthesis of dibox compounds.

Fa KFCI ¥, ¥
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RESULTS AND DISCUSSION: JIL is appareni Lhat & logical pathway to
perhalobicyclobuteneyl compounds would involve Lthermal addition
of halocthylenes to 1,1,4,4-tetrafluorciutadiene followed by de-
hydiohalogenation,
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The initial step in developing such a synthesis involves

preparation of Lthe butadiene, Two syntheses of 1,1,4,4-telra~
I Juorobutadiene have been reported Lo give rea -aable yields

from available starting materials,

Anderson, Putnam, and Sharkcya report the thermal scission
of 3,3,4,4=-tetralluvorocyclobutene al 550-750% and 5-25 mm to give
the desiraed butadiene quantitatively., In the same paper they
report preparation of the butadiene by ceopyrolizing equimolar
amounts of acetlylene and tetrafluorocthylene at oo and | atm.
This reaction is postulated to proceed via the cyc:iobutene,

¥.
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Two further syntheses of the diene logically develop from
ihe work of Haszeldine and Osborne.® They are outlined below:
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To date the lollowing routle has been successtully used Lo
prepare the desired dicene:

. F, FCl Foo _F
2CF,~CFC1 140 ’ [ ﬂ
———) _7n
autoclave ¥ ¥el ? ¥ Tp
2 2
NaBif,,
diglymc
¥, l
X ¥,
700" ‘ro—
— —
y 10 mm [ ﬂ
Z ¥,
F,” }

The first two steps of Lhis sequence proceed in excellent
yield to afford periluorocyclobutene. Reduction of this cyclo-
butene with sodivm borohydride in diglymc, however, has been
accomplished only inw~ 35 percent yicld. Burton'!? reports this
reaction to proceed in 55 percent yield., No reason for this dis-
crepancy is apparcant. Pyrolysis of 1,2-dihydrotetrafluorocyclo-
butene proceeds quantitstively.,

Reaction of the dicene in a heated autoclave with four mole-
cquivalents of chlorotrifluorocthylene gave 1-(8,8-difluoro)-vinyl-
2,3,3,4,4-pentafluoro-2-chlorocyclobutance (I) in 70% yicld aloag
with the expected 1, 2-dichlorohexafluorocyclobutance and a small
higher boiling fraction. The high boiling residue was separated
by GLC in hope of obtaining some diadduct. The major iraction
(75°%) of the residuce, howcvcr,‘wus identificd as 1,2-(8,B8-difluoro)-
divinyl-hcxafluovocyclobutano(#If::ﬁ&) by comparison with the
properties reported lor this compound by Putnium, Anderson and
Sharkey!t  reported Nﬁa, 1.3458; found, 1.3456 at 25", IR-reported
and found peaks at: 050 (vin=H), 2450 (allyl i), 1755 (CF,-CH),
1405, 1350, 1305, 1255, 1165, 1o80, 922, 9206, S14. 759,

Failure ol any diadduct to result from this reaction is
surprising in view ol Frank's work cited carlicer. J is surely
more activated to cycloalkylation than the analogous vinyl com-~
pound duc to the CF. moiely. It rvemains possible, though, that
Lthe temperature of Lhe reaction was not sufficient to initiate
the second addition.
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The next step 1n the synthesis 1s dehydrohalogenation of [
to regenerate the diene system and thus activate the molecule
to cycloalkylation. hese reactions are currently in progress.

EXPERIMENTAL:

Synthesis of 1-(B8,B~di1fluoro)-vinyl-2,3,4,4,4-pentafivoro-~
2-chiorocyclobutane (I).

A 500 ml, stainless steel autoclave was charged with 46.2 gm.
of 1,1,4,4~tetrafluorobutadiene, 215 gm. of chlorotrifluoroethylene,
and 5 ml. of d-limonene. The mixture was allowed to slowlv warm
to room temperature and then to 90° after twelve hours. The temp-
erature was increased to 135° at twenty-four hours and 160 at
thirty-six hours. This was maintained for twelve hours. The auto-
clave was vented at room temperature but only traces of gas were
cvolved. The pale yellow liquid product was {firactionally distilled
to give 53.7 gm. of a clear colorless liquid, b.p. 75-78% at 629 mm.
IR: peaks at 3120, 2930, 1750 plus numerous peaks in the region
750 to 1400 cm™!,

Anal. Calcd. for C,H,ClFy: C, 29.7; H, 0.83; Cl, 14.6; F, 54.9.

TT.

Found : C, 27.51; H, 1.12; Cl, 13.53; F,57.

Plans for Future: It is planned to work further with the un-
saturated "dibox'" derivatives in the hopes of synthesizing di-
nitroso compoundsfrom the diketo dibasic acids.
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TITLE: Further Studies on the Preparation and Reactions of
1,2-diiodo-3,3,4,4-tetrafluorocyclobutene (I). (See
Semi-Annual Report No. 1 ior previous work)

Part A. Synthesis of 1.

OBJECT: To develop the best conditions tor reacting potassium
Todide and diglyme with 1,2-dichloro-3,4,4,4-tetratluorocyclo~
outenc (II) to yield I and to effect the complete removal of
solvent I.

RESULTS AND DISCUSSION: 11 Was reacted with excess potassium
1odide in diglyme by heating a mixture of the three under reflux
for nine days. Runs werc made with pot temperatures maintained

at 115%C, 135°C, and 155°C. The latter was the temperature of
slowly retluxing diglyme. The progress of each reaction was
iollowed by VPC analysis. Considerable tar and carbon was formed
in each rcaction but the amounts were grcatest at higher tcemper-
atures, The halogen exchange rcaction proceded towards an ap-
parent equilibrium in all cases but with a slightly higher per-
centage of 1 after nine days at 1159C. This is probably not
wmeaningful., Large differcences were observed in the rate of at-
tainment of equilibrium. At 115°C therc was an appreciable dif-
fterence between the relative ratios of II, I, and the intermediate
l-chloro-2-iodo-J,d,4,4-tetrafluorocyclobutene (III) between the
tourth and ninth day. At 155" the reaction reached equilibrium
by the fourth day with the percent I being twice that of the per-~
cent I obtained at 1153°C after four days. The run at 135C showed
intermediate behavior. It was thus concluded ihat a higher reflux
temperature is best since it greatiy speeds the halide exchange
i‘caction without signiticantly reducing the yield of 1.

Complete removal of diglyme from the product, 1, has becn
a source ol considerable difficulty. Although the ether solvent
1s soluble in watcr, repeated extractions are unable to rcemove
the last five percent. For this reason the product mixture from
the reaction was added to twice its volume of water and the re-
sultant mixture <tcam distilled.. The organic layer was found to
still contain around ten percent ether. This product, however,
when steam distilled again with a twenty-fold volume of water at-
forded a nearly cther-free organic layer. A slight modification
of this procedure in whicn the organic layer was washed by de-
cantation several times with water belore the first steam distil-
lation ultimately led to material which contained no ether.

Ristillation of the organic residue gave rise to compounds
I, 11, and III. 1 Still contained a conteminant of unknown origin




in small amounts. On cooling to m20°C a fractional crystalli-
zation was effected. Upon repeating this twice a Y'PC pure
sample of I could be obtainced. The impure fraction from the
fractional crystallization contained nearly thirty percent ot
the total I and was thus rcserved {or further investigation.

Part B: UV Catalized Reactions of 1

OBJECT: To study the photochemical reactions ot I with part-
icular interest addressed Lo obtaining coupling products.

HISTORICAL: It is well known that the normal carbon-iodine bond
1s cleaved by UV irradiation to yield the respective carbon and
iodine radicals. 1In normal alkyl iodides wav-lengths on the
order of 31J30A or shorter are requirced to effect this clevage.
The products of such reactions can be predicted by examination
of the probable fates of the radicals formed.

liaszeldine' has studied the UV absorption spectra ol a
number of halogen-containing alphatic iodo compounds and has
correlated the broad absorption maximum in the 2500-3500A"
region to structure. In particular, the presence of halogens
in the B-position and the tertiary nature of the carbon to which
iodine is attached will be expected to cause a distinct batho-
chromic shift and ap increase in the extinction coefficient ol
the absorption. Conversely, the vinyl naturce of the carbon-
iodine bond will result in a dramatic <hift to shorter wayelcngth.
This is illustrated in studies by Park, Seffl, and Lacher® on
CF, = CFI vapor. They obscrved A, . Lo occur at 2530A%. This
is nearly identical to ethyl iodide vapor having N, at 250B0Av
with an extinction coefficient of 510,

RESULTS AND DISCUSSION: Interest in photochemical reactioas of

] originated when 11U was observed that a f{reshly distilled sample
discolored markedly on standing in a clear bottle exposed to
sunlight. Samples turn pink within a few minutes and then rapadly
progress to deep maroon or brown. A sample in a corked pyrex
flask, howevcer, showed no new peaks by GLC analysis after scveral
days despite this discoloration. After one month, numerous clear
colorless rhombic crystals separated from the liquid., There was
insutlicient sample for characterization beyond a melting point
and infra-red spectrum on the crude solid.

An ultraviolct spectirum of T was obtained in an effort to
scek optimum conditions Jor photochemical reaction. The com-
pound exhibits a broad absorption band with A _. - at 2400AY and
€ = 2050. The upper limit of the band occurs at 2970AY where
zcro absorbence is lound.
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The observed spectira is in good general agrecement with that
predicted for I. The somewhat large extinction coetficient ex-
plains the observed hipgh light sensitivity, The sensitivity in
Pyrex glassware, howcever, is not explained since Pyrex affords
near zero transmittancce below 3650A%., 1t is hoped that this
matter will scon be resolved.

Irradiation of J ov.r mercury with a high intensity ultira-
violet source gave interesting and uncexpected results.,  Several
products were evident by GLC analysis but only one, a solid,
was isolated. This solid was puritied and identified as 2,2'-
diiodo-3,3,4,4,3",3"',4',4'-octaf luorobicyclobutene (IV).,

Compound IV will be usced to obtain the corresponding dinitroso-
derivative,

F.

W
\\\/ff—”
NO

IV, however, does not agree ecither as to chemical or physical
properties with the solid obtained carlier by irradiation in a
pyrex vessel. This reaction over aercury now being repeated in
an effort to isolate more IV and to characterize the other pro-
ducts., The rate ot the reaction with the diffcrent ultraviolet
sources will also be studied in a crude e¢tlfort to correlate re-
activity to wavelengtih.

EXPERIMENTAL:

Sunlight Irradiation of I.

In a 25 m!. Pyrex erlinmeyer llask fitted with a cork was
placed 0.2 ml. of 1 having 4« diglyme as an impurity. The
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sample became pink within a few miautes,  After 33 days the
sample was deep pink and a few small crystals were evident in
the liquid. The cork was badly stained with iodine, After 35
days the sample was larpgcly converted 1o several clear colorless
brittle rhombic crystals, m.p. 78-57". A poor IR in mineral

0il on the crude crystals gave bands at 3500, 1700, 1150, and
770 cm™!, There was insufficient sample for analysis or further
characterization.

Preparation of 2,2'-diiodo-3,3,3"',3',4,4,4°,4'-0octafluoro-
bicyclobutene (IV). In a quartz U tube fitted with a condenser
was placed 2.0 mI. of Heg and 3.0 ui. of I containing 3% diglyme
impurity. The reaction vessel was suspended inside a Rayonet
Photochemical Chamber ‘teactor eguipped with four RPR-3500A%"black
light" lamps and five RPR-2537A" clear lamps, at an average dis-
tance of two and onc-half inches., Wwithin the first few hours the
liquid turned deep brown and I, crysials formed above the liquid.
During succeeding days the liquid level dropped slightly and
bright mercuric iodide crystals developed. After 24 days numerous
tan crystals were filtered trom the mixturv. They were recrystal-
lized from CCl,, and ethanol-water. Finaily th>y were sublimed
at 135-145° in a vacuum to yield 61 mg. of white grainy crystals,
m.p. 143-145°. The crystals turn pale yellow on standing. An
IR (mineral o0il) was obtained showing pcaks at 1530, 1300, 1240,
1120, %20, and 760 cm !.

Anal. Caled. for CyFgl,: C, 19.1; F, 3d0.3; I, 50.5; H, 0.0,
Found: C, 18.85; F, 30.91; I, 50.02; H, v.0,

Part C: Nitroso Derivatives of 1
OBJECT: To prepare 1,2-dinitroso-3,4,4,4-tctrafluorocyclobutene (V).

HISTORICAL: Perfluoroalkyvlnitroso compounds have been synthesized
in several laboratories in recent years. They have been shown to
form dimers and polymers with perhalo olefins3’ <3, The polymers
thus formed can be oils, waxes, or elastimers depending on the
reactants used and the conditions ol polymerization. The syn—
thesis of V would make available an important and versatile new
starting material jor the development ol such polymers.

Previous syntheses of perfluoroalkylnitroso compounds can be
roughly divided into Lwo categories. The first category makes
use of pertluorocarboxylic acid devivatives, Haszeldine® was the
first to react the silver salt of trifluoroacetic acid with nit-
rosyl chloride to obtain tritluoronitrosomethanc in low yield.
Rosser? extended this reaction to get good yields of perfluoro-
nitrosoalkanes and isolated the intermediate perfluoroacyl nitrites.
His work also shed some Jight on the naturce of the Hunsdiecker re-
action occurring during decarboxylation of the intermediate.
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This decarboxylation can vocur with explosive violence i R

contains less thau three carbon atoms,

1

4° NOC!1 Py
RyC - OAg ~~ ~ =D R{C - ONO -»~~—A~—~,+ R;NO 4 CO,

The sccond pgenceral method ol preparation of these nitroso
derivatives employs the corresponding pertluoroalkyliodo com-
pounds. lodine in these compounds is replaced by NO in a pboto-
chemically induced frce radical rcaction in the presence of mer-
cury to remove nitrogen dioxide and iodined'4,  This method has
been proven useful with compounds containing vinylic ioding?d and
thus scems mos!t adaptable to the proposcd synthesis,

R1 — 5 &NO

f hv, Hg

Detailed cexperimental plans for the synthesis have not yet
been worked out,
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YCLOPENTENES

Two general synthetie methods were employed in the preparation
of the halogenated cycloolefins,

The 1irst i1nvolved a catalytic replacement of vinylic chlorine
by brominc in the preparation of l-bromo-2-chlorohexalluorocyclo-
pentene-1 (1) and 1, 2-dibromohexat luorocyclopentcene~1 (II) irom
the readily available 1,2~dichlorohexafluorocyclopentene-1 (111).
This highly unusual reaction has little precedent in literature.

/\ ey ey <

I,\ N "l)l ’ 22 n)" « f I" + F

— CaSO,1C \— ¥;;;
Cl (1 B Cl Br Br

111 1 11

Shar"ahl reported the addition of hydrogen bromide to chloro-
trifluoroethylene (''Freon-1113'') yiclded l1-chloro-2-~bromo-
1,2,2~trifluorocthanc. Subsequent work in this laboratory has
shown that the formation of several more highly brominated pro-
ducts ir greatly enhanced by an incrcasce in reaction temperaturc.
The isolation ol the more highly brominated products was ration-
al.ized by Park and McClure’ in terms of the formation of vinylic
frec radicals derived from the initially formed addition product.

The only report of the addition of hydrogen bromide to a
halocyclooletin was that ot Sharrah' who found that hydrogen
bromidce added to perfluorocyclobutene yiclded I-bromo-2-hydro-
hexaf luorocyclobutane,

when this reaction was extended to 1.2-dichilorotetraf luoro-~
butene (IV)

- Cl - 3% - B
F] by lF ‘i i l_ i

1V

only umrcacted starting material and conpounds identified as 1-
bromo-2-chlorotetraf luorocyclobutene~t and 1, 2-dibromotetrat luoro-
cyclobutence-1 were isolated under the reaction conditions employed.
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Similar vinylic substitution was observed with the analogous 1, 2-
dichlorohexafluorocyclopentene-1 (I11).  However, the yield was

much higher, duc presumably to the inherent greater stability ol
Lhe cyclopentenyl ring o ihe icaction conditions,

Two mecchanistic interpretations are apparent for this reaction.

ath @ llBl
o o
. C1

(1T1) o Hir -ncr 7 o

—llBl .
%, : e

Path B ¢ Cl
F. r~Br

1]

F. Cl

Path A would involve the {ormation of a vinyvlice {ree radical fol-
lowed by abstiraction ot brominc from HBr. A sccond, and morc
cenergetically teasible pathway, would require addition of hy-
drogen bromide to the olectin followed by loss of halogen halide
to give either starting material (loss of HBr), or product (loss
of HCl). Since an excess of hydrogen bromide was employed. the
law of mass actiion would favor the formation of Lhe product.

Under identical conditions, molcecular bromine and (I11) did
not react.

Baranauckas and Carrd have recently reported the isolation
of 1,2-dichlorohexafluorocyclopentone from the reaction of 1-
chloroheptal luorocyclopentene-1 and hydrogen chloride, a re-~
action which may be similar in nature.

Halide lon Attack

The concept of reversible carbanion formation in halocyclo-
butenes by halide ron attack was developed by Moore! in this
faboratory. No attempt will be made to cover the fince points
inherent to this hypethesis other than to explain the source of
some of the synlbhetic diftaculties encountoered.,
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In contrast to the cyclobutenes, acetone was found to be un-
suitable as a solvent for halide attack on halocyclopentenes and
halgoeyelohexenes | Either no reaction occurred, or yields ol pro-
ducts were low. However, the usce of diglyme as a solvent was
found to ac<celerate the conversion to the desired preducts. It
is uncertain, at present, whether the use of diglyme as a solvent
tavorably alters the equilibrium between reactants and products,
or mercly scrves to kinctically accelerate the rcaction because
of the higher rcaction temperature obtainable with this solvent.
Preliminary findings indicate both factors may be involveg in the
effectiveness of diglyme as a solvent in these reactions.

The chief difficulty inherent to the use of this solvent is
in the scparation of the halocyclobutene from the diglyme., In
several instances, the bhoiling point of solvent and product are
almost identical and combined distillation and aqueous extractions
were necessary Lo 1sclate a relatively pure product.

Al though not actively investigated, the use of similar sol-
venls with somewhat diffcrent boiling points, in such cases, would
probably be advantagcous.

Mooro4 reported the isolation of 1l-chloro-2-iodotetrafluoro-
cyclobutence~1 and 1,2-diiodotetlrafluorocyclobutene~1 from the re-
action of potassium iodide and 1,2-dichlorotctirafluorocyclobutene~1.
Unfortunately, the cyclopentenes are not as receptive toward attack
by the iodide ion. This was circumvented by employing a starting
material with a vinylic halogen more similar in "leaving group
ability" to the iodide ion. That is, if k_>>k; for X=Cl, little
conversion to the monoiodo-compound would bé expected and even
less Lo the diiodo-compound. If the magnitude of k_, and k, are
more nearly cqual when X Br, then increased conversion to the
iodo-compounds should be affected. Use of 1,2-dibromohexafluoro-

cyclopentene-1 (11)
1@ 1 ~
( 7)( K, /VX k, ()
st : p s - F
F/ € k_ \.I:?J . k_ - /X
X 1 X by
e

atforded the bromo-, iodo- and diiodo-products in appreciable
vields. When large-scale preparative runs werce initiated, minor

a e . .
Thesc411nd1ngs have recently been verified by Dr. G.G.I.
Moore ., who working independently, has arrived at very
similar results.
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amounts of unidentitied higher boiling compounds were also de-
teceted. The identity and source of these compounds is not known
at present.

Although the bromochloro- and dibromohexafluorocyclopentencs
could also be synthesized through this mothod using lithium bromide
in diglyme, the hydrogen bromide addition-climination reaction was
preferred because of its high yield, freedonm [rom side reactions,
and e¢ase or workup.

EXPIRIMENTAL

Analyses were performed by Galbraith Laboratories, Inc.,
Knoxville, Tennessee, Infrared spectra were taken using a Perkin-
Elmer infracord. NMR spectra were obtained using a Varian A-Go
analytical spectrometer and pure liquid samples with tetramethyl-
silanc as an internal reference exeept where otherwisce indicated.

Preparation of 1l-bromo-2-chlorohexafluorocyclopentence-1 (1)
and 1,2-dibromohexalluorocyclopentene-T (I1). The reaction was
carried out by passing a mixture of the olefin and hydrogen bromidc
through a 100-cm x 2.5-cm pyrex glass tube packed with a 25/75 BaSO,
activated carbon catalyst heated to ca., 225°C. ‘The catalysl was
prepared in Lhe manner described by Sharrah.’ In 2 typical run,
500 gm (2.04 mole) of 1,2-dichlorohexatluorocyclopentene-1 (X) was
swept through the t{ube with about 3.7 molar excess o! hydrogen
bromide. The crude reaction products were washed with an aqueous
sodium bicarbonate solution and twice with Ho-ml portions of ice
water. The aqueous layers were extracted with two 2H-ml portioas
of dicthyl ether and the combined organic laver and cther oxtracts
dricd over anhydrous magnesium sulfate., Fractional distillation
viclded 275 gm of unrcacted X; 123 gm (22°¢ of theory) of l-biromo-
2-chlorehexafluorocyclopentence-1 (I); b.p., io1"C/629 mm; di®- 1.a2;
ny o L.3sgo,

Anal. Calculatced lor C,CIBr¥y,: €, 2a.s82; 1, 12.30; Br, 27V.71;
¥, 3902, Found: C. 2u0.6u; CLl, 12.36: Br, 27.4¢; ¥, 31,21,
and 106 gm (16’7 of theory) of 1, 2=dibromohexatluorceyclopentenc=1¢vy;
b.p., L19"/629 mm; d ¥ 217, oj* Lo dILLL

Anal. Caleulated for C,Br.¥, :  C, 17.98; Br, {7.087; ¥, 34.07%,
Found: C. 17.953; B, $7.63: F, 3,02,

Tne infrarced spectra of 1 and 11 vuntung?d sharp ubsugylion
1in the oleiinice stretehing region at lolt en and 1605 ecm ',
respectively,
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Preparation of l-chloro-2<iodchexafluorocyclopentene-1 (V).
J. A mixture of 70 gm (0.270 mole)y ol T.2-dichlorohexalluorocycio-
pentecne-1 (I1I1), 112 gm (0.677 mole)of potassium iodide, and 125 ml
of diglyme was refluxed for 14 days to give a highly discolored
solution containing diglyme, unrcacted 111, l-chloro-2-iodohexa~
1 luorocyclopenienc-1 (V) and traces of several unidentified materials,
Fractional distillation yielded 54.6 gm of 1,2-dichlorohexafluoro-
cyclopentenc-1 (III) and 6.8 gm of c¢rude l-chloro-2-iodohexul luoro-
cyclopentene-1 (V) (7.4% of theory). Removal of the 5% diglyme
impurity on F. S. 1265 (125) gave pure V, a colorless liquid, b.p.
1280¢C/ 628 mm; di® 2.13: nif 14268,

Anal. Calculated for C,ClF,I: C. 17.35; Cl, 10.55; F, 33.44;
I, 37.72. Found: C, 18.50; Cl, S8.85: F. 33.74; 1, 36.27.

. . . -1
The inirared spectrum contained a sharp absorption at l6oi cm
corresponding to the ( C - C ) slretching f{requency.

2. A mixturc of 25 gm (0U.102 mole) of l-bromo-2-chloro-hexa-
fluorocyciopentene-1 (I), 59 gm (0.301 mole) of potassium icdide,
and 75 ml of diglyme were refluxed ior 14 days. Distillation
yielded 14.1 gm of unrcacted I and 7.3 gm (229 of theory) of slightly
impure VI.

Preparation of l1-bromo-?-iodohexafluorcocyclopentene-1 (VI) and
1,2-di1i1odohexaf Juorocyclopentene-1 (V1II). A nixlure of 9.5 gm of
1,2-dibromohexafluorocyclopentene-1 (iII), 18.2 gm of anhydrous
potassium iodide, and 50 wl ot diglyme were refluxed for 3 days.
Addition of water forced out 11.3 gm of organic product. Ekxtraction
of the aqueou: layer with methylcene chloride and distillation of
the combined organic lavers gave 3.1 pm unreacted JI, 4.6 gm of
l-bromo-2-iodohexafluorocyclopentene-1 (Vi) and 3.3 gm of c¢rude 1,2~
diiodohexafluorocyclopentene-1(vVill).

1-Bromo~2-irdohexafluorocyciopentene-1 (VI), b.p. 142"C7625 mm;
npd - 1. 4488,

Anal. Calculated jor C;BrF.X: C, 15.77; Br, 20.95; ¥, 29.93:
I, 337327 Found: C, 15.8¢: Br, 21.06; F, 29.85; 1, 44.0,

[+

The infrared spectrum of VI contained a sharp absorption at
1596 cm corresponding Lo the ( C - C.)} stretehing frequency.

. 1,2-Diiodohexatluorocyclopentene-1 (VIIT), b.p. 172°C7631 wmm:
i) 9 23
477 2.500 np” - 1. 434,

Anal. Calculated tor CyF I.: €, 14.03; F, 26.64; I, 59,32,
found: C, 15.28; F, 25,16 I, H45.93,

Thglin!rarvd spectrum of VIII contained o sharp absorption at
1560 ¢cm corresponding (o ihke ( C () stretehing frequency.




Reaction of 1,2-dichlorohexalluorocyclopentene-1 (II1) with
Ethanolic Potassium Hydroxide. TIn a 20-ml, 3<neck. round-bottom
lask; titled wilh condenser, pressnure equalizing addition funnel,
and magnetic stir-bar., was placed 10.0 gm (00,0366 mole) of 1,2~
dichlorohexafluorocyclopentene-1 (X) in 1o ml of absolute ethanol.
After cooling of 0°C. 2,24 zm (0.040 mole) of potassium hydroxide
in 10 ml ¢f absolute cthanol were added dropwise with rapid stirring.
Aftexr addition of the KOH/ELOH solution, the rceaction mixture was
stirred for an additional 2 hours at room temperature, and then
poured into a separatory funnel halt-filled with ice water. The
reaction flask and filter wer: washed with methylene chloride which
was added to the funnel. The organic laver was drawn otf {irst and
washed with water, followed by a wash with saturated sodium chloride
solution. The washings and agueous layer werce then extracted with
methylene chloride. The organic layer and methylene chloride ox
tracts were combined and dried over anhydrous magnesium sulfate.
Fractional distillation yiclded 5.1 gm of l-chloro-~2-ethoxyhexa-
fluorocyclopentene-1 (I1X). Found: b.p. 137°C/629 mm: né“ - 1,375 ¢,
Reperted: b.p. 143-144C7 750 mm; nﬁ" = 1.3774.

Reaction of 1,2-dibromohexafluorocyclopentene-1 (11) with
Ethanolic Potassium Hydroxide. Tn a Z5-mI, J-néck, round=botTom
flask, Titted with condenser, addition funnel, and magnetic stir-
bar, was placed 5.9 gm ( 0.0144 mole) of 1,2~-dibromchexafluoro-
cyclopentene-1 (XI) in 5 ml of absolute e¢thanol. After cooling to
6°C, 0.354 gm (0.015 mole) o! potassium hydroxide in 3.0 ml of ab-
solute ethanol were added dropwise with constant stirring. The
reaction mixture was stirred ftor an addational 2 hours at room tem-
perature. Distillation yielded 3.Y gm of crude bromo-ether. Pure
1-bromo-2—cthoxyhexailuorocyclopgnleno—l (X) was isolated via G.1..C.
(Jo' FS 1265 at. 110°Cy: b.p. 150 C/629 mm; d5° L.72; np® - 1.3958,

Anal. Calculated for CqH, ¥ Bro: C. 2-.11; H, 1.69: Br, 26.70:
F, 35_T2Z. Found: C, 25.25: H, }1.%27 Br, 26.49: F, 37.79.

The infrared spectrunm of X contained a sharp absorption at
1655 cm corresponding to the ( C C ) stretching frequency.

The proton NMBE of X exhibited a guartet at o, (2 witlh
J oo T.0 cop.s. and a triplet at x_4u with J 7.0 ¢.p.s. (in-
tegrated areas 2:3) corresponding to the methvlene and methyl
protons ol a vinylic etboxy proup.

Reaction ol 1,2-diiodohexafluorocycliepentene-1 (V11IY with
Fthanolic Potassium Hydroxide. In a Z20h-mT, J- neck, round-bhottom
ITask, Titted with dropping funnel, ccndenser and magnetic stir-
bar, was placed 1.5 gm (v, 0031 mole) of 1, 2~-driodohexalluorocyclo-
pentene~-1 (VIII) in 2 ml ol e¢thanol. After cooling to 0'C, 0.20 pm
(9.0056 moles) of polassium hydroxide 1n 2 mi of absolute ethanol
was added dropwise with constant stirring. Atter addition of the
KOH "Fi10OlH solution. the reaction mixtuore was stirred for an additional
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2 hours at room temperature. Workup in the previously described
manner for an alkoxide reaction (see compound IX) yielded 1.1 gm
of crude l-iodo-2-ethoxyhexailuorocyclopentene-~1 (XI). Pure XI

was isolated via preparative scale G.L.C. (18' x 1/4" Ucon 550X

at 150°C); b.p. 172.5°C/62% mm; d}® 1.78; né‘ - 1.4371,

Anal. Calculated lor C;H,F,I0: C, 24.30; U, 1.46G; F, 32.95;

I, 36.68. Found: C, 25.52; H, 2.36; F, 28.58; I, 36.7.

The infrared spectrum of V contained a ( C C ) absorption
at 1635 em™

The proton NMR spectrum of XI contained a quartet at 5.437
with J = 7.1 c.p.s. and a triplet at 3.537T with J - 7.1 c.p.s.
corresponding to the methylene and wmethyl protons of a vinylic
ethoxy group.
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