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FORTEWORD

This report was prepared by J. D. Park of the University
of Colorado under U. 5. Army Contract DA-19-129-AMC-869 (N)
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ject supervisor. This report covers work ~2onducted from 1 De-
cember, 1965 to 15 March, 1968. The work was supervised by Dr.
Joseph D. Park and Dr, John R. Lacher. Other countributors to
all or part of the program included:

Sam Kwon Choi Richard Bennett
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? ABSTRACT

A large number of fluorine~containing intermediates R
were synthesizec and shipped for further polymer studies.
Among the organic fluorine compounds synthesized were: (a)
various bicyclobutenyl derivatives; (b) Grignard reaction
preoducts; (c¢) perhalocycloalkenes containing vinylic halo-
gens (I, Br, C1, F); and (d) vinylic mono- and di-carboxylic
acids of perhalocycloalkenes.
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THE SYNTHESIS OF SPECIAL FLUORINE-CONTAINING MONOMERS

I. Introduction

The purpose of this project is to carry out a basic chemis-
try research program to synthesize new, potentially useful mono-
mers containing fluorine. Monomers synthesized will consist of
compounds both partially and completely fluorinated. 1In addition,
these fluorine~containing monomers will have active sites of suita-
ble activity for participation in homo-, co-, and terpolymeriza-
tions.

Olefinic and acetylenic fluorine compounds containing both
conjugated or unconjugated unsaturation will be considered. 1In
addition, or as alternative sites of potential activity, other
organic functional groups may be substituted, as for example, car-
boayl, nitrcso, carboxylic or sulfone.

Methods of preparation of desired monomers may vary depend-
ing on the compound in question., Typical methods will include,
for € -.mple, dehydrohalogenations, dehalogenations, pyrolysis, de-~
carboxylations, disproportionations and dimerizations.

This research is authorized under U. S. Army Contract DA-19-
129~-AMC-869(N) and is the Final Report for the period 1 December
1965 to 15 March 1968 under this project with Dr., Malcolm Henry
as project officer. Three semiannual reports covering the periods
from 1 December 1965 to 1 June 1967 are previous publications to
be read in conjunction with this final report. Previously, simi-
lar researches authorized under Contract No. DA-129-QM-1$26 (01
6028-62), under Dr. Malcolm Henry as project officer, were sum-~
marized in three semiannual reports and a final report, covering
the period 1 October 1963 to 1 October 1965.

These prior reports should be used in conjunction with the
present series to bring the historical portion up to date.

I1. Summarv of Current Progress

Intermediate for Polymer Studies

The synthesis of a series of new olefins and diolefins is
still in progress. These are possible candidates for polymer e-
valuation as well as basic intermediates for the synthesis of
other monomers containing a hetero-atom or atoms. Some of the
above types of compounds will be used to prepare highly sterical-~
1v hindered nitroso monomers for evaluation as a possible candi-
date for polymerization.

A large number of fluorine-containing intermediates were
synthesized and shipped for further polymer studies.

Among the organic fluorine compounds synthesized were:




(a) a variety of bicyclobutenyl derivatives.

(b) alkylidene perfluorocycloalkenes of the type

T T T 2,3
- - = 3 where n = 2,
\(.: — R'= CHj
Cl
(¢) the reaction products of ethylene glycol and perhalo-
cyclobutenes 2
F, 0
- H
s C1

(d) various new perhalocyclobutenes obtained by boron tri-
fluoride catalyzed rearrangements.

(e) the preparation and reactions of 1,2-diiodo-perfluorocyclo-
alkenes.

(¥) Grignard reaction products obtained by reaction of Grignard
reagent with perhalocycloalkenes.

(g) Synthesis of H-containing cyclofluoroalkenes by catalytic
hydrogenation,

(i) The reaction of perhalocycloalkenes with certain nucleo-
philes, i.e., Na,S.

ITI. Monomer Synthesis

Investigations of the Synthesis and Reactions of
Perhalobicyclobutenyl Compounds.

Part A: Synthesis Pathways

1. Object. To develop a useful synthetic pathway to perhalobi-
cyclobutenyl compounds which should be important in-
termediates in the syntheses of diketodicarboxylic
acids.

Historical, There are relatively {ew syntheses of bicyclobutyl
or bicyclobutenyl compounds (hereinafter referred to as di-
box compounds) reported in the literature. An adequate fiyiew
of earlier work in this area has been compiled by Frank.

f gbe]

Prior to Frank's work, no general pattern for the synthesis
of halogena eg dibox compounds had been developed. Coffman, Bar-
rick et al.{(4)were the first to apply thermal cycloalkylation re-
actions To this end by reacting butadiene with excess tetrafluoro-
ethylene in a bomb under autogenous pressure to obtain a 10-15 per-
cent yield of 2,2,2',2',3,3,3',3'-octafluorobicyclobutyl. In ad-
dition, they treated vinylacetylere with tetrafluoroethylene to
give the products indicated below.

-




CF2=CF2 o CJFz“CFz
— e r,
bomb ¥, - bomb

Fo F,
Z CF,=CF, ¥,
— e F:{\ 2 + +
Fy
XN ¥, F, e
<5% 35%
Fz F2
‘ +
L= P NN
35% <5% =

Shortly thereafter, Miller(3)accomplished a couplé - of two
perfluorobicyclobutene units in liquid fluorine at -78"C .0 yield

pegfluorobicyclobutyl. The product was an inert liquid at 86-
87%C.

0
F -78

Pruett et al.(4)prepared a mixture of the dimer and trimer

of perfluorocyclobutene by the treatment of the monomer with py-
ridine at 0°C.

pyridine
F oo C. ‘ &

F
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Sharts and Roberts(s)again applied thermai}l alkylrtion re-
actions ia treating isopropenylacetylene with chlurotrifluoro-
ethylene to give the two expected 1:1 adducts aud(;?ss than 5 per-
cent of a dibox derivative. Similarly, Ryananova et al, re-
ported 10-15 percent yields of 2:1 s”%ucts from the thirmal addi-
tion of 1,3-hutadiene to perfluorcbu . .diene.

R_ CH=CH, R ~ CH=CH,
H CH, H F
Wy F, H, H,
’ F
e F7=C1 2 F,
R = H, CHS

Frank of this laboratory extended the knowledge of thermal
cycloalkylation reactions of haloethylenes in prepar%nq cyclobu-
tanes (several reviews have recently been published( » 1) to the
synthesis of dibox derivatives. 1In reacting 1,3-butadiene with
trifluorochloroethylene in an autcoclave, he isolated 5-10 percent
of a 1:2 adduct,2,2'-dichloro-2,2',3,3,3'3"'-hexafluoro-bicyclobu~
tyl, in addition to the normal 1:1 adduct. An increase in the
molar ratio of trifluorochloroethylene did not improve the yieid
of diacduct significantly.

H2 H?

Z 2 crmcFal T2
2 + R F,

F
N Cl == FT el F c1

The following synthetic pathway ultimately proved most use-
ful in the synthesis of dibox compounds,

F
F, c1 - HC1 T F  spont. hard clear

—_— —
C¥,=CFCl o polymer
o Ne— 15 N
—160° CF2/=2fgl \Q—OR
N ) F, r——l— OR
Fz X F2 I

F F Cl

-d=




3. Results and Discussion, It is apparent that a logical path-
way to perhalobicyclobutenyl compcunds would involve thermal
addition of haloethylenes to 1,1,4,4-tetrafluorobutadiene fol-
lowed by dehkydrohalogenation.

X
F C1 -HC1 )
r¢ CF,=CFCl 2 o l .
el —_—
F
X F, —F, :
CFZ%CFCI
F;_ F: 2 F2
-h(l
Fz Fz e —— F2 FZ
i !
X X X X Cl
X =F or C1 - -C -
1) H).( ]]_,(sz)z(;: ¢ (?Fz)z
2) Oxid CO,H 0 0 CO;H

The initial step in developing such a synthesis involves pre-
paration of the butadiene., Two syntheses of 1,1,4,4-tetrafiuoro-
butadiene have been reported to give reasonable yields from availa-
ble starting materials,

Anderson, Putnam, and Sharkey(s)rePOrt the thermal scission
of 3,3,4,4-tetrafluorocyclobutene at 550-750° and 5-25 mm to give
the desired butadiene quantitatively. In the same paper they re-
port preparaticon of the butadiene by copyro%izing equimolar amounts
of acetylene and tetrafluoroethylene at 600 C and 1 atm. This re-
action is postulated to proceed via the cyclobutene.

550°-750° A
F, I
F, 5 - 25 mm. N
F,
CH CF, 6000 F,. S
e ] — —
. F, NN

Two further syntheses of the di?gs.logically develop from the
work of Haszeldine and Osborne. They are outlined below:

bt



F,H HC1

v Cl 2
2 R EtsN Z
3> ——— gy
F, Cl heat ™
F.H HC1 F, .

: F
z F,CL y
: heat Zn A
' 2 CF;=CHCl ————wr “\\\\\ —_— N
, H c1 ¥
’ v 2

Currently, the following route has been successfully used to
prepare the desired diene:

F
0
180 F, Cl1 Zn
F, = Cl
NaBH4
diglyme )
0

Fs N 700 F, « H .

W

V4 10 mm. F, H

The first two steps of this sequence proceed in excellent
yield to atford perfluorocyclobutene. Reduction of this cyclo-
butene with sodium borohydride i.. diglyne, ho?iver, has been ac-
' complished only in ~35 percent yield. Burtcn 0)reports this
reaction to proceed in 55 percent yield. No reason. for this dis-
crepancy is apparent. Pyrolysis of 1,2-dihydrotetrafluorocyclo-
butene proceeds quantitatively.

Reaction of the diene in a heated autoclave with four mole-
equivalents of chlorotrifluoroethylene gave 1-(B,B-difluoro)-vinyl-
2,3,3,4,4-pentafluoro-2-chlorocyclobutane (I) in 70 percent yield .
along with the expected 1,2-dichlorohexafluorocyclobutane and a
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small higher boiling fraction. The high boiling residue was
separated by GLC in the hope of obtaining some diadduct. The
major fraction (75%) of the residue, however, was identified as

1,2—gﬂye—difluorodivinyl—tetrafluorocyclobutane( ﬁ[:f” =% )
F’_ cysCFz_
by comparison with the prope i}es reportedzgor this compound by
. Putnam, Anderson and Sharkeyd , reported Hf 1.3458; found,
1.3456 at 25°. IR-reported and found peaks at: 3080 (vin-H),
2950 (allyl H), 1755 (CF,=CH), 1405, 135¢, 1305, 1255, 1165, 1080,
922, 906, 814, 759.

Failure of any diadduct to result from this reaction is sur-
prising in view of Frank's work cited earlier. (I) is surely
more activated to cycloalkylation than the analogous vinyl com-
pound due %o the CF, moiety. It remains possible, though, that
the temperatiure of the reaction was not sufficient to initiate
the second addition.

As reported previously, l-chloro-1,2,2-trifluoroethylene
(F1113) adds to 1,1,4,4-tetrafluorocuatadiene (I) in good vield
to form 1—gﬁ%&wﬁiluorovinyl)—2,3,3,4,4-pentaf1uoro—2—chloro—
cyclobutane (II). No diadduct was obtained in this reaction at
160° or 220 C.

H
H
= bomb F, /”lQQQQF
+  CF,=CFCl S 5
\\\ heat FzL——7\
F Cl
I Il

Similarly, 1,l1-dichloro-2,2-dxrfluoroethylene (F112A) codi-
merizes with I to afford 1- v@—difluoroviuyl)—Z,2—dichloro—3,3,4,4-
tetrafluorocyclobutane (III) in varying vields. The yield of III
was 39 per cent when the reaction was conducted at 205°C but rose
to 93 percent at 220°. 1In addition to III and 1112A dimer, a

H
H .
= bomb F2 N
+ CF,=CFCl _ -
heat F “
XN 2 Cl,
111

substantial high boiling fraction'(137—160°) is obtained in this

. experiment. Three components were isolated from this fraction
whose structures cannot be determined. The hoped-for diadduct of
1112A and I was not present in the mixture.




Dehydronalogenaiion of the vinyleyclobutanes, II and III,
has been the subject of extensive investigation, As reported
previcusly, both compounds react with KOH in mineral oil but

FZ F2 N
\F _KOoH F e | \\F . I \\
F — Frog caF po
2 ™\
F’ a1 2 ?
I1X IV Vv VI

yields are uncertain with considerable polymerization or de-
composition and loss of both HF and HCl occurs to give a mixture
of products (IV, V, VI).

The reaction of II with KOH in ethanol gives a very complex
mixiure of the three possible dienes (IV, V, VI) (HF and HC1l
elimination) (~35%) and at least 10 ethers (~65%). Although a
complete analysis of this complex mixture was ‘mnossible, some
components were identified. An interesting ma, v product ( 11%)
was assigned the structure VII on the basis of ivs IR and mass
spectra. It might arise from F~ attack on II or addition of HF
to IV, H H

F, i \\ F2s \
F l ~OEt
F 2 F, = F
2 Fz
VII VIII

The major ether product (~17%) has tentatively been assigned
structure VIII. This is based largely on the IR spectrum as a
molecular ion is absent in the mass spectrum. Most of the pro-
ducts are highly reactive diene ethers and are unsuitable for
analysis.

Reaction of III with KOH and ethanol similarly gives a mix-
ture of products. Two unsaturated ethers and one saturated ether
were isolated in addition to the diene, V. Data collected on
these ethers have not yet allowed structure assignments.

Several other dehydrohalogenation mediums were investigated
in hopes of obtaining exclusive dehydrochlorination in good yield.
Triethylamsne reacts violently with III even if highly diluted
and at -76 C. Pyridine and aniline react less violently but with
appreciable discoloration or polymerization. Aniline might react
suitably in cold dilute solutions.. Dilute aqueous KOH again gave
HF and HCl elimination in a slow reaction. Hydrolysis or degra-
dation caused rapid base depletion and a poor recovery of fluoro-
carbons. Silver oxide in DMF and diglyme gave mixtures of pro-
ducts in low conversion.

Silver oxide in ethanol is the best reagent yet discovered
for the dehydrohalogenation of III. The reaction is complete

-8




under mild conditions and affords the diene, V, in 55 percent
yield and 1-(/4,/f-diflucro-B-ethoxyethyl)-2-chlorotetrafluorocyclo-
butene (IX) and 1- —fluoro1ﬂLethoxyviny1)—2~chlorotetraf1uoro—
cyclobutene (X) in'256 and 20 percent yields, respectively. X has

H H
F, | F, 2 QB F, :
\ Ag,0 )
F —_ V & F + /N
cl 2 EtOH 2 F OEt
F, 2 F, Cl F, Cl
IlI IX X

been shown to be the trans (H-F) isomer by proton NMR. No cis
isomer is produced. Since IX is stable with respect to X under
the reaction conditions, it must be concluded that X results from
nucleophilic attack on the diene, V. This is confirmed qualita-
tively by monitoring the ratio of the two products as the reaction
progresses. The reason for such an attack giving rise to trans X
exclusivel) 6 is unclear,

Investigations on the hydrolysis of the ethers 1X and X were
conducted. Treatment of either compound with concentrated sul-
furic acid results in a rapid and quantitative conversion to 1-
carboxymethyl-2-chloro-3,3,4,4-tetrafluorocyclobutene (XI).

2 ; H, H
F, N Conc. F,

N
G con
> —_— N2 ae—T g N\ OEt
F; "OEt H,S0, bu H,so, ¥
F, c1 F, c1 -~

XI

A codimerization of the mixed dienes obtained from dehydro-
halogenation of II with Genetron 1113 led to a complex mixture
as anticipated. A substantial portion of the dienes was recovered
unreacted and no cyclobutenylcyclobutanes were observed. Two bi-
cyclobutenes were in the product mixture resulting from thermal
dehydrofluorination of the missing adducts. Other products may
be present and further investigations are in progress. The lowest
boiling adduct has been assigned structure XII.

Ccl F_ Cl "l F_Cl F
Fy F F, F el

XII XIII X1V




This is supported by the mass spectrum (m/e = 302 wiih one (1),
partial analysis and an IR spectrum showing a strongiy conjuga-
ted unsymmetrical diene system. The second adduct coliected has
been assigned the stiructure 2,2'-dichlorooctafluorosicyclobutene,
A third isomeric component has been isolated. Its IR spectrum and
melting point distinguish it from the prececding compound. Con-
sideration of possible products leads to the conclusion that the
compound has structure XIII or XIV. Fluorine NMR will serve to
distinguish between these possibilities.

A codimerization between Genetron 1112A and the diene, III,
was also carried out but has not yet been worked up. Considera-
ble unreacted diene was recovered.

A significant advance in the synthesis of the title compounds
has been accomplished by Sam Choi® in a reaction in which l-iodo-
2-chlorotetrafluorocyclobutene has been coupled on passing over
hot copper. Studies have indicated the need for a long contact
time and a trace of DMF as a catalyst. Yields are nearly quanti-

F, c1

F, I 1800, Cu

Y
&
"

Trace DMF

F, C1
Cl F,

tative with complete conversion with sufficient contact time over

copper powder., The 2,2'-dichlorooctafluorobicyclobutene (XV) ob-

tained has been the subject of numerous additional studies in part
B of this report.

Further studies on the synthesis of 2,2'-diiodooctafluoro-
bicyclobutene by a photochemical coupling of 1,2-diiodotetrafluoro-
cyclobutene are discussed elsewhere in this report.

B. Reactions

1, Object. To investigate the reactions and prepare important de-
rivatives of the title compounds.

2, Historical, The work which follows is entirely new but cer-
tain generalizations based on known reactions of the correspond-
ing cyclobutenes can be made. The compounds can be expected to
behave as alkyl substituted cyclobutenes or as vinylogues of 1,2-
dihalocyclobutenes., Therefore, it is the degree of conjugation
between the rings which should dominate the chemistry at the vinyl
positions, :

3. Results and Discussion, 2,2'-Dichlorooctafluorobicyclobutene
(XV) Teacts readily with KOEt to give a mixture of ethers, 1Two
equivalents of ethoxide react to give nearly a 50:50 mixture of
2-ethoxy-2'=-chlorooctafluorobicyclobutene (XVI) and %,4,4-tri-

-10-
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¥, Ct " F, Cl

QEt
FMI“:{ . . 1'12 / 1'12 +

XV ClL ST G
(OEt), Cl F, OEt
F, <:;>~——4€i>>Fz + Ff<:;>“"<fi:>53
#
OEt F, OEt F,
XVII XVIII

ethoxy-2'-chlorohexafluorobicyclobutene (XVII). 2,2'-Diethoxyocta-
fluorobicyclobutene (XVIII) was obtained in less than 5 percent
yield. Further treatment with ethoxide gives higher ethers. A te-
traether, two pentacsthers 2nd 8 hexaeth:r were identified by their
GLPC retention times on an SE 30 column. Exhaustive ethozide treat-
ment gives the postulated hexaether exclusively.

Sulfuric acid hydrolysis of thepostulated hexaether has been
accomplished giving a bright orange, water-soluble solid in fair
yield. Aqueous solutions are neutral, inferring that the compound
is not the long-sought disquaric acid. The infrared spectrum shows
little except strong carbonyl absorptions and an NMR spectrum indi-
cates the total absence of hydrogens. Furiher work on characteri-
zing this substance is now in progress.

XV has been shown to react spontaneously and quantitatively to
2,2'-diiodooctafluorobicyclobutene (XIX) on brief treatment with KI
in diglyme. This reaction suggests a far gr .er ability of these
diene systems to stabilize a carbanion due to delocalization in ad-

Q@ —*Q—Q

XV XIX

dition to the SA-effects which act through their vinylogs. The de-
localization a110w5'¢Leffects to play a greater role in these sys-
tems and may stabilize the carbanion enough to permit trapping ex-
periments. Synthetically, this reaction is important since XIX is
a more reactive starting material for a number of important reac-

tions,

The diiodo compound, XIX, reacts readily with excess EtMgBr

F2 I Fz I
1. EtMgBr
F, "2 —» F, F,
2. H,0
I F, H F,
XIiX XX

-11-
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at 0° to form a mono Grignard reagent. This on hydrolysis
gives 2-hydro-2'-iodooctafluorobicyclobutene (XX).

4, Experimental

Syntnesis of l-gﬁge-difl‘orovinyl)-3,3,4,4-tetrafluoro—
2,2-dicnlorocyclobutane (III).

A 500-ml stainless steel autoclave was charged with 67.8
gm (0.54 m) of 1,1,4,4-tetrafluorobutadiene; 225 gm (1.70 mn) of
G-1112A, and 2.0 ml of d ~-limonene. The mixture was heated at
220°C tor 36 hours. After cooling for six hours the dark li-
quid contents were collected. Fractional distillation gave 126,17
gmn (93%) of 11I, a clear colorless liquid, b.p. 105-107°C, iden-
tical to III prepared in moderate yield previously.

Contiived distillation afforded a substantial ygeld of G
1112A dimer and a major liquid fraction b.p. 137-160 C. Separa-
tion of this fraction on an SE30 column afforded three unidenti-
fied components.

Dehydrohalogentation of 1-(/4,4-difluorovinyl)-2,3,3,4,4-
pentafluoro-2-chlorocyclobutane (IIY.

A. Reaction with KOH in mineral oil. A three-necked, 30-
ml round bottom flask was fitted with a mechanical stirrer, a
reflux condenser, and an addition funnel, A mixture of 10 ml
light mineral oil and 2.8 gm (0.05 m) of KOH was prepared in the
flask., To this was added 8.10 gm (0.033 m) of I& during 90 mi-
nutes, the reaction mixture being kept below 120°C. Some diffi-
culty in controlling the temperature was experienced. Stirring
and heating (»75 C) was continued for eight hours after which
the mixture was vacuum distilled to give about 60 percent recov-
ery of crude fluoro carbons. Chromatographic analysis and sepa-
ration revealed the presence of reactant, II, and three diene
products, IV, V, and VI in the ratio of 5:2:3,respectively. ’

IV is the expected product by loss of HCl from II. It is a
colorless liquid which polvmerizes and decomposes readily. n 7=
1.3453, pat 27°C = 1.62. IR: characteristic

absorptions at 3159, 1750, and 1700 cm™", The H
mass spectrum shows an intense molecular ion \\\
at m/3 = 206 (no chlorine). Intense peaks at F

F,

187 (~F), 156 (-CF,:), and 137 (-CF3;) are
present, ) IV

Molar refraction: calced., 26.56; obsd., 27.0.
Anal, calcd. for C¢HF;: C, 35.0: H, 0.5; F, 64.5
Found: C, 33.03; H, 0.49; F, 64.01

V is identical to the diene prepared previously from de-
hydrochlorination of II. Its mass spectra reveals an intense
molecular ion at m/e = 222 (one chlorinej) H
with major fragments from loss of F or (Cl. F,

F, c1 v
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- . R ot s a1 K s 1 o s T 8 A

VI is another dehydrofluoprination product of II. It is an
unstable colorless liquid. IR: princiyal H

absorptions at 3130, 1750, and 17060 cm™*, //,\\\
\\\ F,

Mass spectrum: molecular ion at m/e =
-F VI

222 (one chlorine) with peaks at 203 (-F)
and 187 (-Cl).

Anal. calcd. for C,HClF,: C, 32.4; H, 0.5; Cl, 15.9;

F,51.2,
Found: C, 31.31; H, 0.52; Cl1, 15,65;
F, 52.365.

B. Reaction with KOH in 95 percent ethanol. A three-
necked, 50-ml round bottom flask was fitted with a mechanical
stirrer, a reflux condenser, and an addition funnel. A solu-
tion of 2.8 gm (P.05 m) of KOH in 15 ml of U5 percent ethanol
was prepared in the flask. Addition of 8.05 gm (0.033 m) of II
was carried out during 990 minutes with some cooling with an ice
bath. The mixture became ye¢llow and finally brown with some
solid formation. Stirring at room temperature was continued
another 90 minutes by which time GLPC analysis revealed complete
consumption of II. The mixture was quenched with water and the
organic fraction was washed with water and dried over sodium
sulfate.

GLPC analysis of the product revealed the presence of the
three possiktle dienes, IV, V and VI, plus a large number of
ethers, Data were collected on manopreped samples of many cof
these etherc.

The only major new non-ether procduct (All%) is a stable
colorless liquid. 1Its IR shows a strong olefinic band at 1745

cm=1 jndicative of -CH = CF,. No C-H

stretching frequencies are seen, but H H

an intense -HF peak is seen in the \\\

mass spectrum, showing the presence F, g

of hydrogen. The mass spectrum also F, 2 VII

shows an intense molecular ion at
m/e = 226 with fragments at 207 (-F),
187 (-HF,), 175 (-CF,) and 175 (-CHF,).

The major ether product constitutes about 17 percent of the
total reaction mixture. Its IR spectrum

shows a strong conjugated diene H

absorption at 1600 and 1650 cm-1l,

The mass spectrum reveals no mole- F, \\\\ OEt

cular ion or closely related frag- F

ments, but chioiine is absent in all F; F VIII

fragments. pat 26° = 1.23, nf= 1.40l0.
Further work is in progress to confirm the proposed structure,

Another ether product (»5%) has been assigned the structure

Y=




indicated¢. An intense olefinic H
absorption occurs at 1650 cm™1 in the ¥, ’//\\\\ﬁ

IR while no evidence for chlorine is ' >~ QEt
seen. The mass spectrum gives a weak F, F F,

rolecular ion at m/e = 252. Fragments

appear at 233 (-F), 232 (-HFr), 224

(-C;Hy), 223 (-C;Hs) and 204 (~C,FHj5).

The compound must therefore be an isomer of CgFqHp.

Molar refraction: caled., 39.9; obsd., 41.8.
Further studies on this mixture are in progress.

Dehydrohalogentation of III with Ag,0 in 95 percent ethanol.
A three-necked, ©0-ml1 round bottom flask was fitted with a me-
chanical stirrer, a reflux condenser, and an addition funnel.
A mixture of 2.32 gm (0.01 m) of Ag,0 in 10 ml of 95 percent
ethanol was prepared in the flask. To this was added during 10
minutes with rapid stirring a solution of 5.18 gm (0.02 m) of III
in 10 ml of 95 percent ethanol. The mixture became warm and con-
siderable AgCl was produced during 17 hours of stirring without
heat. On quenching with water,a pale yellow oil separated. This
was washed with water and dried over sodium sulfate. Analysis of
the product revealed four components, of which the major peak is
the diene, V (55%).

The major ether product, IX, results from addition of ethanol
across the terminal double bond. It accounts §or 22 percent of the
product mixture and is a colorless liquid. nB =1.3777, pat 25°

= 1.46. IR characteristic absorptions at 3070, 167G, 948, 860
and 837 ecn~l, NMR: 8 - 1.27, triplet with Jyg = 7-0 cps from
CH;; 6= 2.98, broad triplet with H

Jyr = 9.5 cps from allylic CH,; F,

6= 3.94, quartet with Jg. = 7.0 Fy l c1 Fj; MOEt

cps from ether Ci,. (IX)

Molar refraction: calcd., 42.17; obsd., 42,23,

An intermediate ether mixture of 0-6 percent is observed, but
it has not been possible to separate or analyze this mixture.

X is a major product constituting 18% of the product. It is
an opaque colorless wax, mp = 38.1 - 39.7°C. IR: characteristic
absorptions at 3050, 1695, 1640,

1499, 1125, 1000, 948, and 863 H

cm NMR: 6= 1.43, triplet

with Jyy = 7.0 cps for CHy; F, s ~——OEt
&= 4.13, quartet with Jyy = 7.0 r, ol F/

for CH,; 6= 4.52, doublet with

JuF = 31.0 cps for CH.

-14-




Sulfuric acid hydrolysis of X.

A mixture of 1.5 ml of the ether, X, 2nd 5.0 ml oi con-
centrated H,SO; was prepared in a six-inch test tube. Gas was
evolved and some heating and darkening of the solution occured
on mixing. Agitatiou with a stirring rod was cnntinued as long
as gas was being evolved (about 15 minutes). The mivture was
carefully quenched with 8 ml of ice water while immersed in an
ice bath. Quantitative chromatography of the dark oily product
indicated a 94 percent yield of the new colorless liquid acid, XI.

nf? = 1.3968, pat 28°C = 1.40.

IR: characteristic absorptions H

at 3030, 1760, 1670, 1350, 1030, i,

955 and 860 cm-1l., The mass Fy \ -0
spectrum lacks a mclecuiar ion Fy cl bH

but intense peaks occur ai m/e

= 201 (-OH), 173 (-COOH), 154

(-COOH, F), 122 (-COOH, C''.; and XI
119 (_COOH, F, Cl).

Molar refraction: calecd., 36.35; obsd., 33.25,

Sulfuric acid hydrolysis of IX.

A mixture of 1.5 ml of the ether, IX, and 7.0 inl of con-
centrated H,S04 was prepared in a six-inch test tube. Gas was
rapidly evoulved as the solution darkened and became hot. Agi-~
tation with a stirring rod was continued for 15 minutes by
which time gas evolution had ceased. The mixture was cooled and
carefully quenched with water to give 1.3 ml of dark o0il. The
major component of this oil (94%) was identified as identical to
the acid, XI, prepared previously.

Codimerization of mixed vinyl cyclobutenes with Genetron 113.

A 1/2 1., stainless steel autoclave was charged with 3.0 ml
of d-limonene, 19 ml of crude vinylcyclobutanes and vinylcyclo-
butenes, and 210 gm. of Gl1113. The mixture was headed at 185°¢C
for 42 hours with shaking. On coecling, a light liquid product
was collected. Fractional distillation afforded 18 ml of crude
tan liquid product after removal of the 113 dimer. Vac.um dis-
separaced 5-ml fractions. The highest boiling fractior was found <
to contain several new substances which were collected by pre-
parative scale gas chromatography. Considerable unreacted start-
ing material constitutes the two lower boiling fractions.

The major new product is the unsymmetrical dibox diene, XII,
obtained in a yield of 1.3 ml. It must re-ult from a thermal de-
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hydrohalogenation of onc or more E. oL

of several possible adducts. Fo<<:>>-‘4%j>yz

The infrared spectrum c¢f XII shows < '

a strongly conjugated unsymmetrical F F, XII

dieTe system at 1740, 1670 and 1610

cm™*, Other major infrared absorptions

occur at 1420, 1325, 1260, 1140, 975, 885, 855, and 770 cm’l,

The mass spectrum shows an intense molecular ion at m/e =

302 (one chlorine) with principal fragments at 283 (-F), 267
(-Cl), 283 (-CF3) and 217 (-CF,Cl). nf® = 1.3721, pat 26° = 1.75.

Molar refraction: calcd., 37.66; obsd., 39.3.

Anal. caled. for CgF,Cl: C, 31.7; Cl, 11.7.
Fcund: C, 29.72; C1, 12.43.

A white, waxy solid, mp = 67.8 - 69.100, constitutes 30 per-

cent of the high boiling fraction. It has been assigned structure
XV on the basis of spectral data.

The infrared spectrum Fy Cl
shows a weak symmetrical elefinic J¢?§>F
stretch at 1570 cm=1 with other Fy d5 YR
absorptions_at 1320, 1250, 1145 hid v
and 870 cm™". The mass spectrum C1 Fy

gives a molecular ion at m/e =

318 (two chlorines) with principal fragments at 299 (-F), 283

(-Cl), 248 (-CF3), 247 (-Ci,) and 233 (-CF,Cl). A third solid
component was obtained in low yield and was not characterized.

Thermal coupling of l-iodr -2-chlorotetrafluorocyclobutene
over copper.

A l-inch i.d. pyrex tube was packed with alternating 3--inch
bands of fine copper turnings and fine powdered copper metal a-
long a 12-inch length. The tube was suspended vertically in a
tube furnace and - 4-inch condenser and a dropping funnel were
mounted above t@« tibe. A closed receiver was placed at the bot-
tom of the tube t« collect product and supply back pressure to in-
crease contact time. The cyclobutene, to which 2 trace of dim-
ethylformamide catalyst hag been added, was releasc¢d at a rate of
2 cc per hour jinto the 180°C tube. A single white crystal. nue
product emerged from the bottem of the tube in 83 percent , - -1d,
mp = 68,2 - 69.2°C. The product is identical spectrally to com-
pound XV prevared previously.

Analysis calcd. for CygFgCl,: C, 30.0; F, 47.7; C1,
22.20

Found: C, 29.84; F, 47.88; (1,
21.97.

-16-
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Ethoxide attack on XV.

A. Reaction with two moles of ethoxide. A mixture of
3.2 gm (0.01 m) of XV in 5.0 ml of 25 percent ethanol was pre-
pared in a 50-ml, three-necked round bottom flask equipped with
2 reflux condenser, addition funnel, and a mechanical stirrer,
Chromatographic analysis indicated a 25 percent conversion be-
fore ethoxide addition to a new compound, XVI, identified later
as a monoether. During £ minutes, a solution of 10 ml of 95
percent ethanol and 1.12 gm (0.02 m) of KOH was added with stir-
ring. The reaction was moderately exothermic but occured smooth-
ly. After another hour of stirring the reaction mixture was
poured into 100 ml of water and extracted twice with methylene
chloride. Preparative gas chromatography revealed a 50:50 mix-
ture of two new compounds and a trace of a third.

Compound XVI is obtained in 50 percent yield and has been
identified as a monoether, 1Its infrared spectrum exhibits char-
acteristic absorptions at 3000, 1700 and 1600 (strong coanga—
ted unsymmetrical diene), 1260, 1039, 897, 861 and 765 cm™ The
mass spectrum confirms the assigned

structure with a molecular ion at 3 Cl

m/e = 328 (one chlorine) and F
principal fragments at 309 (-F), 300 F, J
(-Cy3Hy), 281 (-CyH4F) and 280 (-CHsF). OEt F, XVI

Compound XVII constitutes the remainder of the reaction
product with the exception of a trace of compound XVIII. XVII
is a colorless liquid which rapidly turns yellow on standing.
The infrared sYectrum is complex
below 1500 cm—=1, but a strong CH
stretch at 3000 cm~1 and two
strong conjugated diene absorptions F F,
at 1600 and 1680 cm~1 support the
assigned structure. The mass Cl (OEt),
spectrumn gives a molecular ion at XVII
m/3 = 381 (one chlorine) with
principal fragments at 335 (-C;HgO), 307 (-C4Hy,0), 306 (—C4H110)
and 278 (-C;H,-0). Numerous intense lower peaks can be attributed
to loss of halogen or HX from the 278 peak. Although the major
argument for the assigned structure over other possible triethers
is mechat istic, spectral evidence is also compelling. The strong
tendency to lose one oxygen on e€lectron bombardment is a general
characteristic of diethers.

OEt

Traces of a third ether, XVIII, were found in the reaction
mixture. Identification of this compound is based strongly on its

~17-
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mass spectrum, showing an intense F, OEt

molecular ion at m/3 = 338 (no
chlorine) with major fragments at F F
319 (-F), 310 ( C,Hy), 306 (~CHF) 2\ P 2
282 (-C4Hg), 23% (-C,H Fy), 230

(-CHF5), 206 (-C,H;F;), etc. The okt F;
infrared spectrum has character-

istic absorptions at 303, 1640, 1600, 865, and 765 cm~! with
strong bands from 950 to 1400 cm-1,

B. Reaction with five moles of ethoxide. The reaction
was carried out exactly as in part A except that 2.80 gm (0.05 m)

of KOH in 20 ml of 95 percent ethanol was added tc¢ 3.2 gm (0,01 m)
of the fluorocarbon.

Since the object of this experiment was to gain insight on
the course of ethoxide attack and not to prepare the unstable
higher ethers, the product was analyzed only by gas chromatogia-
phy. By their retention times on an SE 30 column, the following
were identified: the tetraether, A, 70 percent; the pentaethers,
B and C, 15 percent; and the hexaether, D, 10 percent.

¥y OEt (OEt), Et
; F B. F
A, Fg<<::>*‘“‘——*<::>> 2 F, \/ 2
OEt (OEt), F (OEt),
QEt OEt OEt), OEt
OEt
F, Et), OEt (OEt),

Sulfuric acid hydrolysis of the hexaether of compound XV.

A reaction between 3.2 gm (0.01 m) of compound XV and 4, 48
gm (0.08 m) of KOH was carried out as in part A of the preced-
ing reaction except that the mixture was heated to 70°C and al-
lowed to stir two hours after completion of the addition. GLPC
analysis indicated complete conversion to a single new compound
by this time. '

The crude dark oil obtained from the quenched ethoxide re-
action (1.16 ml) was mixed with 4.8 ml of concentrated sulfuric
acid in a six-inch test tube. The mixture was heated at 100°C
and agitated periodically for two hours during which time a white
curdy precipitate developed. The mixture was carefully diluted
with 10 ml of water. Cooling in an ice bath afforded 0.4 gm of
pale orange, grainy crystals. Recrystallization from water gave
0.3 gm of bright orange needles of the new compound.

-18-




The infrared spectrum of the orange crystals in either a
nujol mull or a CCl; slurry shows strong carbonyl absorptions
at 2040, 1850, 1760, 1710 and 1600 cm~l. Absorption aiso oc-
curs at 1250, 1100 and 1010 cm-1 with no other observable peaks.
an NMR spectrum taken at a 5 percent soiution in D,0 gives no
proton signal for the compound under conditions which give a
full-scale signal for the 0.2 percent hydrogen in the solvent.
The compound is stable up to at least 300°C but loses water of
hydration rapidly above 100°C. Analysis and mass spectral data
are pending.

Reaction of XV with potassium iodide in diglyme.

A 50-ml, three-necked round bottom flask was equipped with
a reflux condenser, a mechanical stirrer and a stopper. A slur-
ry of 3.2 gm (0.01 m) of XV in 10 ml of diglyme was prepared in
the flask., To this was added in two portions, 6.8 gm (0.04 m)
cf KI. On addition, the c¥clobutene rapidly dissolved and the so-
lution became warm. Little discoloration occurred and chormato-
graphic analysis indicated complete reacticn to a single new com-
pound, XIX, within five minutes. The mixture was poured into 100
ml cf cold water and the crude brown solid which dropped out was
collected by vacuum filtration. Recrystallization from 95 per-
cent ethanol gave 4.38 gm (87%) of white crystalline product.

Due to some ether formation on heating F, I

in ethanol, hexane is now used for

recrystallization and 97 percent yield F, F,
of pure crystalline product can be ob-

tained. 1 F,

Reaction of XIX with ethyl magnesium bromide followed by
water,

A 50-ml, three-necked round bottom flask equipped with a
reflux condenser, mechanical stirrer, and an addition funnel
was purged with dry nitrogen for six hours. A solution of 2.50
gm (0.005 m) of XIX in 15 ml of anhydrous diethyl ether was pi-
petted into the flask. The mixture was maintained at 0° with
slow stirring while 2.5 ml of 2M EtMgBr was added during 10
minutes. After stirring for 20 minutes the mixture was quenched
carefully with 20 ml of water. The mixture was extracted with
ether and the solvent evaporated to give a tan solid.

Chromziographic analysis indicated a 93 percent yield of 2
new compound, XX, m.p. = 99.8 - 100.5??. Its infrared spectrum
shows weak but sharp peaks at 3180 cm™* (vinyl CH) and 1770 and
1550 cm~1 (unsymmetrical diene system). The mass spectrum gives
a molecular ion at m/3 = 376 with major fragments at 357 (-F),
307 (-CF3), 249 (-1,

230 (-F1) and 199 (-CF,I). 3 F, 1
F2‘4"»__—4i'»F2
H F,
-19-




Fi."" . R Lo

C. Results

As expected, 2,2'-dichlorooctafluorodicyclobutene (XV)
reacts readily with KOEt in ethanol to give mixtures of ethers.
Two equivalents of ethoxide react exothermically to give nearly
a 50:50 mixture of 2-ethoxy-2'-chlorooctafluorodicyclobutene
(XVI) and 2,4,4-triethoxy-2'-chlorohexafluorodicyclobutene (X).

F, Cl F, Cl
// 2 EtC™
FZ FZ ——— Fz 2 +
Cl  xyv F XVI
(OEt)z
F,
XVIII

2,2'-Diethoxyoctafluorodicyclobutene (XVIII) was obtained in
less than 5 percent yvield.

Treatuwent with four equivalents of ethoxide gives a more
complex mixture consisting of X (50%), 2,2'4,4-te.raethoxyhexa-
fluorodicyclobutene (A, 20%), and 2,2',4,4,4',4'-hexaethoxytetra-~
fluorodicyclobucene (D, 25%). The remaining 15 percent of the
mixture was divided between several minor components.

(OEt) , OEt . (OEt), OEt
F2 FE F2 Fz

OEt F, OEt (OEt),
(A) (D)

Exhaustive treatment with eight equivalents of ethoxide
gave a four-component mixture consisting of 70 percent of D. An
isomeric hexa-ether (15%) was identified by its mass spectrum
but the sample is too unstable to permit structural analysis.
Since the final reaction mixture was observed to contain consider-
able excess ethoxide, it is clear that D is a stable terminal pro-
duct of ethoxide attack on XV. Mechanistically, the methodical
stepwise nature of the reaction along a single dominant gathway
is of paramount importance.
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Ethoxide attack on 2,2'-diiodooctafluorodicyclobutene
(XIX) occurred very readily. Attempts to recryr-tallize IX
from hot 95 percent ethanol result in partial conversion to
2-ethoxy-2'-iodooctafluorodicyclobutene (XX). Treatment with
two equivalents of ethoxide gives a rapid exothermic reaction
to a 50:50 mixture of XX and 2,4,4-triethoxy-2'-iodohexafluoro-
dicyclobutene (XXI).

2 EtO
Fg 3 __*.'Fz F2 * FE FZ
1 F, ont  F, OEt F,

(XIX) (XX) (XXI)

Reaction with five equivalents of ethoxide is also rapil
and exothermic, leading to a mixture of XXI (30%) and l-hydro-
2,2,4,4-tetraethoxy-s, 3-ditfiuvorocyclobutane-2-iodo-3,3-diethoxy-
4,4-difluorocyclobutene (XXII, 60%), a stable, colorless. cry-
stalline solid. Only traces of other ethers were present.

F, 1 OEt), I

5 EtO~ :

Fy y e B : (OEt), + XXI
I F,

(OEt) , F,

AXIT)

The failure of XXI to lose iodide is a marked contrast to
the behavior of X, a fact which will be discussed at length when
the mechanism of alkoxide attack is considered.

The facile reaction of XX with alkoxide suggests a high de-
gree of susceptibility to all nucleophiles. This postulate was
borne out when, by accident, it was discovered that XY reacts
exothermically with triethylamine in a variety ot solvents. Un-
fortunately the initial product reacts rapidly with solvent or
water, giving a complex mixture of products. In daiglyme, ace-
tone, or dichloromethane, an immediate precipitate of triethyla-
mine hydrochloride forms in the reaction mixture, representing a
proton abstraction from solvent. The complex nature of this re-
action and the large number of products observed led to the stuay
of the reaction of primary and secondary amines with XV.

Two equivalents of diethyiam:ne react readily with XV to form
2-N, N-diethylamino-2'-chlorooctafluorodicyclobutene (XXIIIA),
(80%) and 2-N,N-diethylamino-2'-chloro-4-ketohexafluorodicyclo-
butene (XXIIB, 10%). Botik compounds are white solids but rapidly
discolor on standing. In an analogous manner to the reaction
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NEt, F,
10% (XXIII-B)

with diethylamine, XV reacts with piperidine to give 2-N-pi-
periaino-2'-chlorooctafluorodicyclobutene (XXIV) or with mor-

H H
. N N ' cl
e M X
F, F,e—— XX ~— F, 2
Fy N F,

ﬂj] (XXI1V) 92% (BJ (XXV) 96%

pholine to give 2-N-morpholino-2'-chlorooctafluorodicyclobutene
(XXV) in excellent yields,

n-Propylamine reacts with XV in a similar manner to give
2-N-n-propylamino-2'-chlorooctatluorodicyclobutene (XXVIA 85%)
ana 2-N-n-propylamino-4-keto-2'-chlorohexafluorodicyclobutene
(XXVIB, 8%). A variety ot conaitions were studied which might
lead to an intramolecular reaction of XXVIA to a pyrrole struc-
ture. Prolonged heating ot the compouna neat, in acetone, ana
in diglyme gave no reaction except decomposition.

F, c1 F, Ccl
// 2 n~-PrNH,
F, ¥, » 7, F,
Ca F, HN-nPr F, (XXVI-A)

(XV) ’/,g/’ 85%
F, F, 0 Cl

=) 5 HN-nPr  F,
(XXVI-B) 8%
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Of greater interest synthetically than the foregoing amine
reactions is the facile reaction of XV with concentrated ammonium
hydroxide in acetone to afford 2-amino-2'-chlorcoctatluorodicyclo-
butene (XXVII) in 92 percent yield (60% conversion).

5 Cl F, Cl
NH,OH
(o4 | F, NH, F,

(XXVII)

The vinyl amine is a white volatile solid which discolors slow-
ly and shows no tendency to cyclize to a pyrrole or isomerize

to an imine structure. Intermolecular reactions were not ob-
served but further study ot this compound's chemistry is certain-
ly suggested.

To further elucidate the chemistry ot the dicyclobutenes,
the reaction of Grignard reagents with XV ana XIX was investi-
gated.

A slow aadition ot one equivalent of ethyl magnesium bro-
mide to XV results in a purely statistical ratio of recovered
XV (25%), 2-ethyl-2'-chlorooctafluorodicyclobutene (XXVIII, 50%)

F, Cl1 F, 1
EtMgBr
Gl F, Et Fy

(XXVIII) 50%

F, Et

XV + //
F F
o5 2'< :> <\\//? )

Et Fy
(XXIX) 25%
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and 2,2'-diethyloctafluorodicyclobutene (XXIX, 25%).

In contrast to the foregeing reaction, but in agreement
with cyclobutene studies, XIX reacts with one equivalent of
ethyl magnesium bromide to give ethyl iodide and 2-magnesium
bromide-2'-iodocotafluorodicyclobutene (XXX). The Grignard
reagent was, of course, not isolated but products of its

I xxxy Fo
- 1 |co,
chﬂou 1 MeOH F, H
I 2
N.R.
(XXXII) (XXXI)

reactions prove its presence. XXX reacts with water to give
2-hydro-2'-iodooctafluorodicyclobutene (XXXI) in 82 percent over-
all yield. XXX does not react with carbon dioxide, 1,2-dichloro-
cycloputene or methanol at 0°C. 1t does, however, react with
acetaldehyde slowly to give 2-(l-hydroxyethyl)-2'-iodooctafluro-
dicyclobutene in fair yield. Lesser amounts of XIX, XXXI and 2,2'-
dihydrooctafluorodicyc”obutene (XXXIII) were also produced.

The observation of XXXIII in the foregoing reaction suggested
the possibility of preparing a di--Grignard of XIX. Treatment with

MgBr
2 BtMghr
/*
MgBr F, (XXXIV)
2
XIX + XXXI + F2MF2
H F,
(XXXI1I)




two equivalents of ethyl magnesium bromide resulted in separa-
tion of a dense dark oily phase from the ether soluiion but
little apparent decomposition. Hydrolysis gave XXXIII in 65 per-
cent yield, the remaining product being equally divided between
XIX and XXXI.

To further study the generality of the CGrignard exchange re-
action in dibox compounds, XVI was treated with one egquivalent of
ethyl magnesium bromide Hydrolysis of the intermediate vinyl

in 86 percent y1e1d Some starting material was again recovered.

1.EtMgBr
Fy ;;__———*Fz

(XXXV)

The success in preparing stable Grignard reagents led to the
study of the reaction of XIX with methyl lithium., Three attempts
to prepare lithium reagents in diethyl ether led to one fire, a
fair deposit of carbon in each case and a good recovery of start-
ing material. Despite these discouraging results, further efforts
to prepare dibox lithium reagents, possibly by other methods, will
be undertaken in the future.
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IV. A Novel 1,4-Elimination Reaction of l-Chloro-2-Alkyl
reriluorocycloalkenes with Alkoxide Ion.

Abstract: The nucleophilic attack by alkoxide icn on l-chloro-
2-alkylper_luorocyclo-butene and -pentene brought about a novel
l,4-elimination reaction which yielded the corresponding l-alkoxy-
2-chloro-3-methylene perfluorocyclobutene and l-alkoxy-2-chloro-
3-ethylideneperfluorocyclopentene. The physical properties of

- these compounds along with their NMR data are also presented. These
compounds are of potential interest as reactive monomers and pos-
sibly as intermediates for the synthesis of reactive polyfunction-
al derivatives.

In the course of our studies of nucleophilic attack by al-
koxide ion on alicyclic polyfluoroolefins, a novel 1,4-elimina-
tion reaction was encountered when l-chloro-2-alkyltetrafluoro-
cyclobutene-1 (I) and i-chloro-2-alkylhexafluorocyclopentene-1 (II),
respectively, were treated with _alcoholic potassium hydroxide. A
mixture of geometrical isomers of the corresponding l-alkoxy-Z-
chloro-3-alkylideneperfluorocycloalkene-1 and l-alkoxy-2-chloro-3-
methyleneperfluorocycloalkene-1 was obtained in high yield. Thus,
abstraction of an&{-hydrogen from the alkyl group by alkoxide ion
is apparently preferred to the

C-CH,R (CF,) (CFy)
n-1 n-1
KCH VRN § / N\ (0:
(CF2) — > R'0-C C=<‘: R'OC\ C=C
R'OH \\ / Hj \ / H
C-Cl1 C C
Cl Cl
n=2 I n=2 IIla,b.
R=H,CH; . n=3 II R' =CHj.n=3 Iva,b.
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"normal" nucieophilic displacement of vinylic or allylic halogen.

C~OR (CFy )1
-~ ™~
- RO 7~ S A
B. (CFz)n -———»  RO-C C
SN Q§§ _—" "OR
C-Cl ?
Cl

The acidity of these protons (Reaction A) can be attributed
both to the aliyiic nature of the protons on the AA-carbon and
their proximity to a highly fluorinated ring structure ¥

Although no other example of &2 analogous 1, 4-elimination of
hydroger. fluoride involving proton abstraction from a carbon atom
has been reported to the best of our knowledge, a similar mechan-
ism may be involved in t?igfactionof alic%i }c polyfluoroolefins

with an excess of amines h¥g£?xylamine, or potassium hydrox-
ide in polar aprotic solvents.
(13) . ]
McBee reported that both 1,2-dichlorohexafluorocyclopentene-

1 (V) and octafluorocyclopcntcne-1l (VI) gave 1,3-imincamines upcn
treatment with hydroxylamine. Two competitive reaction paths are
available to initially formed l-halo-2-hydroxylaminohexafluorocyclo-
pentene~1l in this reaction: elimination of hydrogen fluoride or ad-
ditional attack by hydroxylamine.

The isolation of the 1,3-iminoamine from VI was cited as

F2 ] FZ
HOHN
U
X NOH X NOH
F, — - F 7

MO

X X X NHOH

vV, X=Cl F,

2 2
VI, X=F ~-NH, 0
’ F‘E::7F&-————*HF F,
X NOH

X (NHOH) ,

“FThe inductive effect of the A-carbon fluorines in this
example may be relatively unimportant. However, the acidity (13)
of a proton with adjacent,!-difluorogroups is well documented.
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evidence against the latter possibility since all previous stu-
dies in these sys*ems indicated that t?§5$emaining vinylic fluor-
ine would be displaced preferentially.

A similar fzyclusion has recently been suggested by Stockel
and co-workers ( concerning the hydrolysis oif polyhalodlefins
with potassium hydroxide in polar aprotic solvents. Two plausi-
ble reaction paths were advanced and are illustrated below:

- . F,
CH z “OH
] Fﬂ 2 S e F2 F, - I, Fp
X X X ~—on Path B o
vV, X=Cl HO _~Path A -F~
VI, X=F

~OH “OH

) e () e T
-H,0

X (OH),  ° X 0 < X 0

Path B is capable of explaining why the reacti?g of VI with
hydroxide ion differs from that with alkoxide ion (15) since the

formation o* enclate ion is not possible in the latter case.

The overall similarity of these reactions is apparent, if
the hetero-atom in the previously mentioned examples is equated
with theol-carbon of the ethyl grocup in I and II.

Failure of recovered I to exhibit deuterium incorporation in
the allylic position when D-O-methanol was emplcyed, suggests
that either the loss of hydrogen fluoride occurs in a concerted
manner or that proton abstraction is the rate determining step if
a discrete allylic carbanion is involved in this reaction.

-

Tiie isolaticn of trace aTYu ts of 2-chloro-3-ethylidenepenta-
fluorocyclopentene-1 (VIIa,b) 6) in the reaction of II with a de-
ficiency of potassium hydroxide indicates that these reactions

F2 F2 F F2
¥ KOH F
2 HE 2 C(H)CH; + C(H)C Hj,
Eh EtOH F Et0
o C1 E c1
II VII a, b. IV a,b.
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proceed via the discrete formation of 2-chloro-3-alkylideneper-
fluorocycloalkenes which then undergo facile nucleophilic dis-
placement of vinylic fluorine by additional alkoxide iton.

Treatmert of the corresponding methyvl compounds, l-chloro-2-
methyltetrafluorocyclobutene-1 (VIII) and l-chloro-2-methylhexa-
fluorocyclopentene-1 (IX) with ethanolic potassium hydroxide yield-
ed l-ethyoxy-2-chloro-3-methylenedifluorocyclobutene-1 (X) and 1l-
ethoxy-2-chloro-3-methylenetetrafluorocyclopentene-1 (XI).

These compounds, particularly X, were found to polymerize far
more readily than the analogous ethylidenecycloolefins, presunia-
bly because of the removal of the bulky methyl group from the o-
carbon of the side chain.

The question of absolute assignment of geometrical structure
to the ethylidene derivatives is unresolved at the present time.
It is apparent from the data in Tablc I that differences do exist
in the proton NMR spectra of these compounds. However, it is par-
ticularly disconcerting to note that, although both the cyclobute-
nyl and cyclopentenyl derivatives exhibit a downtield shift in the
proton NMR spectrum of the isomer with the longer g.l.c. retention
time (arbitrarily aussigned the "b" isomer designation), the rela-
tive magnitudes of the differences in allylic and vinylic proton
signals are reversed in the two ring systems: AHaIIIa,b = 0.32T;

b = . AHP = 0.127. Thus, the deshielding of the
OHy11a,p ~ 0-09T; AHpya,p : £
protonus of the ethylidene group is apparently dependent on ring
structure as well as position relative to the ring substituents

and renders a structural assignment based solely on these data
highly suspect at present.
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TABLE I

SPECTRAT, DATA OF NEW

COMPOUNDS

Compound NMR signal T integrated assign-\/(JC=C:)-
F, 2
c y Quartet 5.08 H? 1655 cin”
CH;0 p IIIa Singlet 5.94 “ﬁ 17409 cm—
“CH,4 Doublet 8.23 H
C1
Quartet 4,76 1 H? 1645 cm~1
IIIb Singlet 5.96 3 c 1735 cm—1
Doublet 8.18 3 1
C( 3 CHb
HY=CH;
- Quartet 4,09 1 y? 1645 cm~1
F, IVa Singlet 5.93 3 H§ 1680 cm~1
C
F, OCH; Doublet 8§.01 3 H
Quartet 4,05 1 1640 cm~1
IVb Singlet 5.93 3 1680 cm~1
Doublet 7.89 3
a . =1
aLme p: Doublet 5.18 1 1635 cm
CH; CH,0 c ,, X Doublet 5.39 1 1705 cm~1
“H Quartet 5.56 2
1 Triplet 8.57 3
b
H3C-H _1
Singlet 4,54 2 1640 cm
F, Cl XI Quartet 5.55 2 1655 cm~1!
b _ c¢
F, OCH. CHY Traiplet 8.60 3
F, . -1
H Heptet 7.23 1 1645 cm
F, cZ b XIII Doublet 8.74 6
= (CH3),
Cl
b F, cu® Heptet T.27 1 1605 cm‘i
3 . -
CHSCH c” p XIV S%nglet 8.}7 3 1725 cm
\CH; Singlet .21 3
Hy 4 Doublet 8.178 6
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Another consequence of ring size is the ratic of geometr.-
cal isomers, a/b, observed: 40%a/, 60%b (l-methoxy-2-chloro-3-
ethylidenedifluorocyclobutene, IIIa,b) vs 75%a/, 25%b (I -methoxy-
2-chloro-3-3thylidenetetrafluorocyclopentene-1, IVa,b).

Although potassium fluoride ha§ been demonstrated to effect
isomerization in similar systems(17), the origin of the isomer
ratic a/b is believed to reflect kinetic control rather than an
equilibration of initially formed products since IIIa was found
to undergo no detectable isomerization when refluxed in methanol
containing the inorganic salts present in the reaction mixture.

When I and IJ] were treated with a variety of alkoxides de-
rived from primary and secondary alcohols, the corresponding al-
koxydienes formed readily in all cases studied, although the dienes
derived from higher molecular weight alcohols were more difficult
to separate into pure component isomers and were more sensitive to
thermal decomposition. The isomer ratio was essentially constant,
within experimental error, for the ethylidenecyclobutenyl compounds
although a slight, but reproducible shift to the '"B" isomer was ob-
served with secondary alkoxides. Similar results were observed
with the ethylidenecyclopentenes derived from II.

The data seem to be most consistent with a relatively free ro-
tation of the ethyl side chain with minor differences in ground
state energy between the possible rotamers. Assumirg that an ally-
lic carbanionic intermediate formed in a non-concerted elimination
would be geometrically stable (18) incorporation of geometrical i-
dentity would occur with proton abstraction by - "2 attacking base
regardless of whether the reaction proceeded via . concerted or
stepwise loss of hydrogen fluoride.

This reaction may well be quite general in scope and it is il--
lustrated by the reaction of l-chloro-2-isopropyltetrafluorocyclo-
butene-1 (XIII) with excess isopropylmagnesium bromide. Instead of
products resulting from nucleophilic disnlacement of chloride or
fluoride ion, treatment of XIII with a three molar excess of isopro-
pylmagnesium bromide, led to a 34 percent yield of l-isopropyl-2-
chloro-3-isopropylidenedifluorocyclobutene-~1 (XIV) along with un-
reacted XIII. The proton NMR spectrum of ¥IV was consistent only
with the assigned structure and, along with the infrared spectrum
and elemental analysis obtained, established the diene structure.

The fact that a delicate bulance exists between this course of
reaction and nucleophilic displacement of halide ion is evidenced by
the otservation that only products resulting from the latter path-
ways were oz2tected in the reaction of l-chloro-2-ethyltetrafluoro-
cyclobutene-1 with excess ethylmagnesium bromide(19), preference
for one route over the other is probably :dependent on both the aci-

dity of the hydrogen in question and the bulk of the attacking Gri-
gnard species,
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Experimental:

Preparation of the Cyclopentenes

Two general synthetic methods were employed in the prepa-
ration of the new ..alogenated alicyclic olefins.

The first involved a catalytic replacement of vinylic halo-
gent by bromine in the preparation of l-bromo-2-chlorohexafluoro-
cyclopentene and 1,2-dibromohexafluorocyclopentene from the com-
mercially availakle 1,2-dichlorohexafluorocyclopentene and anhy-
drous hydrogen bromide.

Pisplacement of vinylic halide by lithium halide in polar ap-
rotic solvents was utilized to obtain the other desired olefins,

All boiling points were taken by the Siwoloboff method (20)
Analyses were performed by Galbraith Laboratories, Inc., Knoxville,
Tennessee, Infrared spectra were taken on a Perkin-Elmer Infracord
while NMR spectra were obtained using a Varian A-60 analytical spec-
trometer.

1-Bromo--2-chlorohexafluorocyclopentene-1 and 1,2-dibromohexa-
fluorocyclopentene-1.- A mixture of,2-dicl:lorohexailuorocyclopen-
tene and hydrogen bromide was passed through a 100 cm 2.5 cm pyrex
glass tube packed with at 25/75 BaSQ,/carbon catalyst heate? i? ca
225°C. The catalyst was prepared in the manner of Sharrah.
a typical run, 500 g (2.04 mole) 1,2-dichlorohexafluorocyclopentene
was swept through the tube with ca. 3.7 molar excess of anhydrous
hydrogen bromide. The crude reaction products were washed with a-
queous sodium bicarbcnate and ice water. The aqueous extracts were
extracted with ether and the combined organic layers dried over an-
hydrous magnesium sulfate. Fractional distillation yielded 275 g of
unreacted olefin, 128 g (22% of theory) of il-bromo-2-chlorohexafluoro-
cyclopentene, bp 1¢1°C (629 mm), and 106g (16% of theory) of 1,2-di-
bromohexafluorocyclopentene, bp 119°C (62% mm).

Anal. Calcd. for C;BrClF¥,: C, 20.82; Cl, 12.30; Br, 27.71; F,
39.52, Found: C, 20.60; Br, 27.44; Cl, 12.36; F, 39.21.

Calcd. for Cy;Br,F,: ¢, 17.98; Br, 47.87; ¥, 34,14, Found: C,
17.95; Br, 47.63; F, 34.02,

1-Chloro-2-ethylhexafluorocyclopentene-1 (II). - In a 500-ml,
three-neck flask fitted with reflux condenser, stirrer, and drop-
ping funnel, 50g (0.204 mole) of 1,2-dichlorohexafluorocyclopen-

tene in 250 ml of tetrahydrofuran was introduced and cooled to 0°C.
With rapid stirring, 80 ml of a 3M solution of ethylmagn esium bro-

mide in tetrahydrofuran was added dropwise over a 1.0 hour period.

The contents of the flask were allowed to reach room temperature and
then gently heated to ca. 50 OC for an additional 2.0 hours. After
cooling, unreacted Grignard reagent was destroyed by the cauticus ad-
dition of 25 ml of dilute hydrochloric acid. The organic layer was

-32-




i

separated and the aqueous layer extracted twice with ether, The
extracts and product layer were dried over anhydrous magnesium sul-
fate. Disggllation yielded 40.6 g (83% of theory) of II, bp 112,59/
629 mm., nf° 1.3644.

Anal. Calcd. for C;H;ClF;: C, 35.23; H, 2.12; Cl, 14.87; F,
47.78. Found: C, 35.50; H, 2.18; Cl, 15.02; F, 47.73.

‘fhe NMR spectrum contained a quartet centered at 7 7.52 and a
triplet at 7~8.80 with JH H = 7.5 c.p.s.9
 H2

1-Methoxy-2-chloro-3-ethylidenedifluorocyclobutene-1 (IIIa,b).
In a 250-ml., three-neck flask, equipped with stirrer, condenser,
and addition funnel, was placed 10.0 g (0.053 mole) of l-chloro-2-
ethyltetrafluorocyclobutene-1 (I) in 15 ml of absolute methanol.
The flask was cooled in an ice-water bath, and 6.2 g (0.11 mole)
of potassium hydroxide dissolved in 15 ml. of absolute me+hanol was
added dropwise w " rapid stirring for one hour,

The reaction mixture was then stirred for an additional two
hours, then poured through a filter into a separating funnel half
filled with ice water. The flask and filter were washed with methy-
lene chloride which was added to the funnel. The organic layer was
drawn off and the aqueous layer extracted twice with methylene chlo-
ride. The methylene chloride and product mixture was dried over an-
hvdrous magnesium sulfate and fractionally distilled under vacuum tc
yield 7.4 g (78% of theory) of crude IIla,b. Analysis by g.l.c.
showed this material to consist of two components in a 40:60 ratio.
Preparative scale g.l.c. yielded pure IIla and IIIb.

IIla: Anal. Caled. for C;H,ClF,0 = C, 46.55; H, 3.91; CI,
19.64; F, 21704, Found: C, 46.53; H, 4.01; Cl, 15.94; F, 16.87.

Spectral data in Table I

I1Ib: Anal. Caled. for C;H,ClF,0: C, 46.55; H, 3.91; Cl, 19.64;
F, 21.04. TFound: C, 44.24; H, 3.79; Cl, 16.75; F, 21.90.

Spectral data in Table I

l-Methoxy-2-chloro-3-ethylidenetetrafluorocyclopentene-1 (IVa,
b). - The reaction of l-chloro-2-ethylihexafluorocyclopentene-1l (10
g, 0.042 mole) with methanolic potassium hydroxide (4.8 g, 0.086 mole
in 10 ml methanol) was carried out according to the previously des-
cribed procedure for alkoxide attack of alkyhaloolefirs to yield 8.0
g (83% of theory) of a 74:26 mixture of IVa and IVb.

Separation of the geometrical isomers IVa and IVb was effected
by preparative scale g.l.c. on an 18 foot x 1/4 inch Carbowax 20 #
column at 140°.

IVa: Anal. Calcd. for CgH;CiF,0: C, 41.66; H, 3.06; Cl, 15.38;
F, 32.95. TFound: C, 4160; H, 307; Cl, 15.52: F, 33.13.

Spectral data in Table I
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IVb: Anal. Caled. for CyH,ClF,0 = C, 4L66; H, 3.06; Cl,
15.38; F, 37.95. Found: C, 41.70; H, 3.01; Cl, 15.50; F, 32.98.

Spectral data in Table I

1-Chloro-2-ethylhexafluorocyclopentene-1 (II). - In a 50v-ml,
tbree-neck flask fitted with reflux condenser, stirrer, and drop-
ping funnel, 50g (0.204 mole) of 1,2-dichlorohexafluorocyclopen-
tene in 250 ml of tetrahydrofuran was introduced and cooied to 0°.
With rapid stirring, 0 ml of a 3M solution of ethylmagnesium bro-
mide in tetrahydrofuran was added dropwise over a 1.0 hour period.
The contents of the flask were allowed to reach room temperature
and then gently heated to ca. 50° for an additional 2.0 hours After
cooling, unreacted Grignard reagent was destroyed by the cautious
addition of 25 ml of dilute hydrochloric acid. The organic layer
was separated and the aqueous layer extracted twice with ether. The
extracts and product layer were dried over anhydrous magnesium sul-
fate. Distgllation yielded 40.6 g (83% of theory) of II, bp 112.59/
629 mm., np° 1,3644.

Anal, Caled. for CqH;ClF,: C, 35.23; H, 2.12; Cl, 14.87,;
F, 47,78, Found: C, 35.50; H, 2.18; Cl, 15.02; F, 47.173.

The NMR spectrum ceontained a quartet centered at 777.52 and a

triplet at78.80 with Jy , -~ 7.5 c.p.s.
» 122

1-Ethoxy-2-chlero-3-methylenedifluorocyclobutene-1 (X). - 1-
Chloro-2-methyltetratluorocyclobutene-1 (VIII) (10.0 g, 0.057 mole)
was treated according to the previously described procedure for an
alkoxide reaction with 6.0 g (0.107 mole) of potassium hydroxide in
15 ml absolute ethanol to effect an ca. 40 percent conversion to 1l-
ethoxy-2-chloro-3-nethylenedifluorocyclobutene-1 (X), which was
shown by g.l.c. to consist of 98 percent or better of thz reaction
products. The minor component, of longer g.l.c. retention time,
was tentatively identified as l-methyl-2-chloro-3,3-diethoxydi-
fluorocyclobutene-1 (XIIa).

X. Anal. Calcd. for CyH;ClF,0: C, 46.55; H, 3.91; Cl, 19.64;
F, 21.04.7 Found: (polymeric material) C, 42.76; H, &.88; Cl1,

21.08; F, 1967.
Spectral data in Table 1

XIIa. Anal. Calcd. for CyH,y C1F,0,: C, 47.68; H, 5.77; Cl,
15.65. Found: C, 47.69; H, 5.86; Cl, 15.92. The infrared V c=c
frequency at 1670 cm-' correspond to the expected value for a chlo-
ro, methyl substituted cyclobutene. The proton NMR spectrum con-
tained a quartet centered at 776,22 (JHH = 7.2 c.p.s.) and triplets
at 777.20 (Jgg = 7.2 c.p.s.) and T 8.19 with Jyg= 1.5 ¢c.p.s. Pre-
ference for the proposed structure over l-chloro-2-methyl-3,3- ieth-
oxydifluorocyclobutene was based on the magnitude of the Jyp, a

value consistent with fluorinesé%o the methyl group.

1-Ethoxy-2-chloro-3-methylenetetrafluorocyclopentene-1 (XI). -
1-Chloro-2-methylexafluorocyclopentene-1 (5.0 g, 0.022 mole) was
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treated according to the previously described procedure for an
alkoxide reaction with 3.0 g (0.054 mole) of potassium hydroxide
in 10 ml of absolute ethanol. Workup yielded 3.4 g (64% of the-
ory) of crude XI. Preparative scale g.l.c. gn a 10 foot x 1/4
inch Ucon LB 550X column yielded pure XI, nD 1.4391; di81.39; bp.
163°/621 mm (decompn).

Anal. Calcd. for CgH,ClF40: C, 41.66; H, 3.06; Cl, 15.38;
F, 32795, Found: C, 41.890; H, 3.05; C1l, 15.18; F, 32.92,

Spectral cdata in Table I

1-Chloro-2-isopropyltetrafluorocyclobutene-1 (XIII). - 1,2-Di-
chlorotetrafluorocyclobutene (25 g, 0.128 mole) was treated with an
ca. 2M solution of isopropylmagnesium bromide in tetrahydrofuran

(70 mT ? ¢.14 mole) according to the previcusly described pro-
ceduret Workup of the reaction produ~ts in the previously described
mggner yielded 11.7 g (45% of theory) of XII, bp 122°C (63¢ mm),

1.3746,

Anal Calcd. for CgH;ClF,: C, 37.59; H, 2.76; Cl, 13.88; F,
44,60, Found: C, 38.24; H, 2.93; C1, 13.99; F, 45.19.

Reaction of 1-Chloro-2-isopropyltetratiuorocyciohutene-1 (XIII»
with isopropylmagnesium bromide. The reaction of XIII with isopro-
pyl magnesium bromide was carried out according to the previously de-
scribed procedure utilizing 5.9 g (0.02 mole) of XIII and 69 ml of an
ca. 2M solution of isopropylmagnesium bromide in tetrahydrofuran to
yield 3.2 g of unreacted XIII and 1.€ g (34% of theory) of l-isopropyl-
2- chloro-3-1sopropy11dened1fluorggyclobutene-l, (XIVY - bp 180°9C (629
mm) (decomposition): d48 1.00; 1.4591.

Anal. Caled. for C, H,3C1F2: C, 58.11; H, 6.34; Cl, 17.17: ¥,
18.397 TFound: C, 58.05; H, 6.32; Cl, 17.04; F, 18.22,

V. The Base-Catalyzed Reaction of Ethylene Glycol with Perfluorocy-
clohutene and 1,2-Dichlorc-o,3,4,3-Tetralluorocyclobutene.

Object of the Study

To develop methods of synthesiz of new fluorinated alcohol deri-
vatives of cyclobuiene which wculd be potential sources for reactive
monomers as well as cyclobutyl derivatives possessing polyfunctional-
ity.

Experimental

I. Reaction of ethylene glycol with perfluorocyclobutene.

About 230 grams of 1,2-dichloro-~1,2,3,3,4,4-hexafluorocyclobu-
tane was dechlorinated with zinc dust using n-butanol as solvent and
the dechlorinated product was bubbled directly into a 500-ml., 3-neck
flask containiang ethylene glycol and KOH. The flask was fitted with
a mechanical stirrer and a Dewar-type condensor containing dry ice.

-35-




oty

It was found that in previous runs of this type that decomposi-
tion took place if the glycol solution was not kept at a moderate
temperature. Therefore, the 500-ml. flask was occasinnally cooled
in an ice bath., If, however, the solution began to freeze, moder-
ate heat was applied. After complete addition of perfluorocyclo-
butene, stirring was continued for an hour.

The reaction product was neutralized with 15 percent HCl and
excess water was added to dissolve the KF and extract unreacted
glycol. The dense organic layer was separated. This organic ma-
terial was kept under refrigeration. (After storage for about two
weeks under refrigeration, evolution of HF can be detected). Frac-
tional distillation of 25 ml. of the liquid was attempted at 10 mm.
pressure. Decomposition with evolution of HF took place as expec-
ted. VPC analysis of the reaction products using a 20-foot car-
bowax column at 165°C showed the presence of at least five compon-
ents. Two components were separated by VPC which were not identi-
fied. :

I1. Reaction of ethylene glycol with 1,2-dichloro-3,3,4,4-tetra-
Tluorocyclobutene.

To 100 ml. of ethylene glycol was added 50 grams of KOH. This
solution was then placed in a 500-ml., 3-neck flask fitted with a
mechanical stirrer and dry ice condenser. 25 ml. of (I) was added
slowly to the flask. The addition took one hour and stirriug was
continued for an additional one and a half hours. Crystal forma-
tion occurred as long as (1) was Jdropped into the flask. Upon com-
pletion of the reaction, a2 large volume of water was added. The
white solid was filtered and dried. A Beilstein test indicated
that the solid contained halogen. The glycol-water solution was
neutralized and tested with 5 percent AgNO; soclution. A white pre-
cipitate formed, indicating the presence of chloride ion.

Recrystallization of the product was effected from ethylene
glycol and water. However, it was found that after repeated wash-
ings with water, some ethylene glycol remained as an impurity in
the crystals. Therefore, vacuum sublimation of the product was
effected.

Properties of the sublimate:
1. IR (mully no hydroxide or dcuble bond reaction

2. melting point - 131 degrees C.

ratio
3. DMNMR: complex absorption at 5.8 -CH, - 8
doublet at 5.5, JHF 7HF cC.p.S. -CHC1 1
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4. Elemental Analysis, %
Experimental Results Calculated
(based on structure IID)

(& 39.51 39.60
H 3.73 3.74
Cl 14.40 14.61
F 15.79 15.66
(0] 26 .47 26.38
5. Mass Spectra: no molecular ion
m/e
207
+—C1
—"
120 [~
F+
| ()-../
122 O—vF~

Structure of Compound:

E; <J]
[o >+—-H

The mechanism of the reaction can bhe explained in accordance
with a carbanion intermediate.

F, Cig, F, C<1>c . on F,  0OC,H,OH ; 98}
OCH, CH, OH_ L LS —— |
F,—lc1 o -cl | =H g
F, Ci F, Cl Fz. Ccl
A
F2 Oa F2 O& Fg OO>
- -
EO & Ccl HOCH, CH, 0 ~ Cl F A1

F H
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VI. Boron Trifluoride Catalyzed Rearrangements of Fluorinated
Halocyclobutenes

A novel and herctofore unknown rearrangement of certair fluori-
rnated halocyclouvutenes has been discovered in which a 1,3-shift of
fluorine occurred in the presence of anhydrous boron trifluoride at
elevated temperatures and pressures. This rearrangement was dis-
covered while attempting to add hydrogen fluoride across the double
bond of 2,3-dichloro-3,4,4~trifluorocyclobutene (IY. Henne and Ar-

no1d(23) found that addition of hydrogen fluoride to olefins such

as R-CH=CHX and R-CH=CX, (where X is any halogen) proceeded easily
with anhydrous boron triflucride as the catalyst. Thus, it was
somewhat surprising that when I was treated with a mixture of hy-
drogen fluoride and boton trifluoride in a steel autoclave at 225°C
for 72 hours, no addition of HF or substitution of chlorine occurred.
Instead, an isomerization occurred in which the allyl fluorine un-
derwent a 1,3-shift to give 1,2-dichloro-3,3,4-trifluorocyclobutene
(II" as indicated below:

I II

By repeating the reaction using hydrogen fluoride alone and
anhydrous boron trifluoride alone, it was determined that boron
trifluoride was solely responsible for the observed isomerization.

Under similar conditions two other compounds were found to
isomerize. Isomerization of 3-bromo-2-chloro-3,4,4-trifluorocy-
clobutene (III) proceeded smoothly under milder conditions than
did ° to give 2-bsomo-1—chloro—3,3,4-trif1uorocyclobutene (IN
as given below{26

F, H F, F

Br Cl

111 IV




T

Considerable decomposition occurred in the isomerizatic =of
3-chloro-3,4,4-trifluorocyclobutene (Vd, but a small amount of
2-chloro-3,3,4-trifluorocyclobutene (VI) was formed as shown be-
low:

H
F, H F, F
F H C1-—AH
Cl
v VI

No isomerization occurred, even under more drastic conditions,
with the following compounds: 1l-chloro-3,3,4,4-tetrafluorocyclo-
butene (VIIY; 2-fluoro-3-chloro-3,4,4-trifluorocyclobuicne (VIII);
1,2-dickloro=-3,3,4,4-tetraflucrocyclobutene (IX).

From the observations that* none of lne reactions proceeded
completely to the isomerized prcduct, that the concentration of
boron trifluoride was unimportant, and that several repetitions
of a reaction at the same temperature but for different lengths
of time gave essentially the same percentage of product, the pos-
sibility that these reactions may involve thermal equilibria was
considered. To determine if these reactions were indeed equili-
brium reactions, [I was treated with boron trifluoride under the
same conditions as the isomerization of I which was discussed pre-
viously. 1If an equilibrium is involv:d, some isomerization to I
should occur as follows:

F
Fz | Cl BF3 Ff‘ Cl
H 0:f o
p>r—-Cl 225 H \c1
II I

The fact that no isomerization did occur is good evidence that
these isomerizations are not equilibrium reactions.

The structures of new compounds described in this communica-
tion were determined by elemental analysis and infrared and nuclear
magnetic resonance (NMR) spectroscopy. Proton NMR was particular-
ly useful in this study since the coupling constants, Jyr, for the

gem-hydrofluoro group were in the range of 60-64 Hz. /11 other
coupling constants were under 20 Hz. .
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Table II

PROPERTIES OF VARIOUS CYCLOBUTENES

B.P.°C/mm.Hg.

91-92°/763
84-859/630
1089/628
1039/629
76.5°9/630

770/628
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¥11. Preparation and Reactions of Various Fluorocycloalkenes

1. Historical

In 1962, Groppelli(%® studied the chemistry of various de-
rivatives of 1,2-dichloro-2,3,3-trifluorocyclobutane, including
2,3,3=-trifluorobutane, l-chloro-2,3,3-trifluoroethylene, and 2-
chloro-3,4,4-trifluorocyclobutane.

CF, CH, 175° F, H, F, -F,
ll + —_— +
CFCl CHC1 F H =
Cl C1 Cl c1
F, FC1 F, F
——— e e
H, HC1 H, Uu
F FC1 F F F FC1
2 KOH _ 2 + 2
H, HCl mineral oil H, i c1 Hi—IHn

5
The following nucleophilic substitutions were then run.(2 )

F, —F F, OEt  F, H,
I + NaOEt l +
H, H H, H
(CoH;50V ; H,
Fg[__fF KOH F@[__T,OEt
[
H2 -5 C1 EtOH H2 —LC1
Fy—0F F, I
| -—-——}—(—QE——» F ' + two others
F-~ u  EtOH N
&1 CyH; 07
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All these reactions have now been repzated and verified,
with the exception that no was found.
F, H,

(C;H;0), Hy

The physical data oﬁzgye products obtained agree very well with

those of Groppelli.:

In 1950,(29\ Rapp, Prueit, Barr, Bahner, Gibson, and Lafferty
studied the reaction of chlorotrifl >ethylene and of hexafluoro-
cyclobutene with diethylamine. Witu rexafluorocyclobutene, the
following reaction occurrea:

N(C,H;),

5]

+ HN(C,HsY—*> | F

H

fhe reaction of 2,3,3-trif1uoroc&clobutene with diethylamine has

now been run, and appears to give , as
indicated by the infrared and mass F, - N(CyHg),

spectra of the product. Not enough

has been isolated to obtain physical H, H

constants. -

2. Discussion and Results

The various reaction- that Groppelli ran were repeated and
verified, with the exception wmentioned above. In addition, 2,3,3-
trifluorocyclobutene was reacted with methoxide and isopropocxide
to give the ethers by substituticn of the vinylic fluorine. No
ether resulted with tertiary butoxide.

The methoxy and ethoxy compounds were chlorinated to give
the saturated 1,2-dichlorocyclobutanes. These were then dehydro-
halogenated with potassium hydroxide in mineral oil. Each gave
only one product, the c,clobutene with vinylic chlorine.

When 2-methoxy-3,3-difluorocyclobuiene was reacted with ex-
cess sodium methoxide for 24 hours at reflux, no further substi-
tution product could be isolated, and the starting material seemed
tc have decomposed.

F,  OCHj F, Cl
F 5 . F “eo_ _— 1 2 OCH3 F 2 0CH3
e Clg, ——c |
| | ] KOH |
Hy L H HA—LH H, HCY . c1
F, F _ Fpy OFL F, og; . OEt
EtO" ' Cl, l | == I
| \ H, HC1 i
H, H H, H 2 H, o |
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Fy | F NaocH(CH,»,  Fzr— OCH(CH;),
H2 H HZL—— H

No Reaction

| NaOC(CHj3);

Nucleophilic substitution of the vinylic fluorine in 2,3,3-
trifluorocyclobutene occurs only under much more vigorous condi-
tions than substitution of the vinylic fluorines of hexafluoro-
cyclobutene. Anhydrous conditions and temperatures around 100°C
are required for ether formation in contrast to hexafluorocyclo-
butane which gives the diether with KOH in RCH at room tempera-
ture.

Although basicity increases in the direction Me«Et<i-Pre¢t-Bu,
the yield of ether was in the opposite direction ° : this systen.
The yields were 70 percent methoxy, 31 percen. ..noxy, 18 percent
isopropoxy, and 0 percent tertiary butoxy. Appareatly the effect
is steric, the smaller nucleophiles being better able to approach
the reaction site,.

The resulis of the dehydrohalogen experiments can be explain-
ed by stating that the hydrogen geminal to chlorine should be much
more acidic than the hydrogen vicinal to two fluorines and one
chlorine.

2,3,3-trifluorocyclobutene was obtained either by dehalogena-
ting 1,2-dichloro-2,3,3-trifluorocyclobutane or l-bromo-2-chloro-2,
3d,3-trifluorocyclobutane, These were prepared either by thermally
codimerization of chlorotirifluoroethylene with vinyl chloride or
with vinyl bromide,

CF2 CHBr F2 FC1 F2 F F F CF. =CFC1

,l + " i Zn Zn <2009 27

CFC1 CH, H, HBr H, JH H, HC1 CH, =CHC1
Contrary to the results of Gini (28 and crott(2", the codimer

of chlorotrifluoroethylene and vinyl bromide was never obtained in
better than 11 percent yield, due to the formation of large quanti-
ties of tar. This occurred even when the bomhb was rinsed with 15
molar ammonia and dried before use, calcium carbonate was added to
the reaction mixture, and the temperature was significantly below
that reported by Gini and Croft.
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On the other hand, chlorotriflucroethylene and vinyl chlo-
ride gave practically . quantitative yield of clear, water-white
product, which was distilled tc give 45 percent yield of 1,2-di-
chlorohexafluorocyclobutane and 47 percent yield of 1,2-dichloro-
2,3,3-trifluorocyclobutane. In both cases, 1 - 10 ml. of dili-
monene was added as a polymerization inhibitor, and care was ta-
ken to exclude air from the system.

A reaction occurred upon mixing 2,3,3-trifluorocyclobutene
and diethylamine. Only enough product was isolated to obtain a
r.ass spectrum, which indicated a molecular ion of m/e 161. Fur-
ther study on this system is in progress.

F, F F, .

2 . N(C,H;),
+ HN(C,Hs)p —u ”
H, H Hy H

1-Chloro-2,3,3~trifluorocyclobutene and 3-chloro-3,4,4-tri-
fluorocyclobutene were prepared by reacting 1,2-dichloro-2,3, 3~
trifluorocyclobutane with powdered potassium hydroxide in mineral
oil.

F, FCl1 KOH F, F F, FC1
— +

H, HC1 H, c1 H l—IH

When l~chloro-2,3,3-triflucrocyclobutene was reacted with a
threefold excess of sodium methoxide under anhydrous conditions
at reflux, only one product resulted, l-chloro-2-methoxy-3,3-tri-
fluorocyclobutene. This is in accoraance with the theory of car-
banion stabilization which predicts that the major intermediate
will bsﬂthat with the negative charge on carbon bonded to chlo-
rine. (¢V)

b
F, F Fa OCH; - F, OCH;
I + _NaOMe _:E..,

H,

However, a different mechanism operates when 3--chlor-3,4, 4.-
trifluorocyclobut- e is reacted with ethoxide, which goes thus,
and wnich goes mu. 1 more vigorously than the reaction with 2,3,3-

trifluorocyclobutene. F
F, FCi KOH F, OCH, CH;
" EtOH
H-——-1 H4+—-H
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Table IIIX
NUCLEAR MAGNETIC RESONMNANCE DATA FOR DERIVATIVES

OF 2,3,3-TRIFLUOROCYCLOBUTENE

Area 7
3H Triplet 8.66 J =17 cps
F, 0C, H; 2H Triplet of 7.40 J = 2 cps
Doublete d =1 cps
H, H 2H Quartet 6.06 J =17 cps
14 Triplet of 4.92 J = 13 cps
triplets Jd =1 cps
F, 0OC,H; 3H Triplet 8.62 J =17 cps
2H Triplet 7.25 Jd =2.5 cps
H, Lcl 2H Quartet 5.88 J =17 cps
2H Poorly re- 7.43 J = 3 cps
F —ocH solved
2 l c triplet
i L———~H 3H Singlet 6.32
. 1H Triplet of 4,98 J = 13 cps
triplets
" 6H Doublet 8§.82 - J = ¢ cps
F, UCE Sk °H Triplet 7.62 J = 3 cps
B H 1H Heptet 6.02 Jd = 6 cps
2T 1H Triplet 5,32 J = 13 cps
F, OCH.
I 2H Triplet 7.19 J = 2 cps
H, c1 3H Singlet 6.08
3H Triplet 8.80 d =17 cps
F, H 2H Quartet 6.46 J =17 cps
i 1H Doublet 5.71
F H 1H Multiplet  4.38 J =1 cps
0C, Hs :
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3. Experimental

l1-Bromo-2-chleoro-2,3,3-trifluvrocyclobutane

The 0.5-liter bomb was rinsed with 15 molar ammonia and
dried, then one gram of calcium carbonate and one ml of d-limo-
nene were placed inside. The bomb was sealed and evacuated while
breing cooled to -80°C in a dry ice ¢ .etone bath. Chlorotrifluoro-~
ethylene, 126 g, and 149 g of vipnylic bromide were distilled in.
Heating at 128° for 62 hours gave 140 g of orude product (51% yield).
This was distilled to give 28.6 g of l-bromo--2-chloro-2,3,3-tri-
fluorocyclobutane.

1,2-Dichlorov-2,3,3-trifluorocyclobutane

Five ml of d-limonene was placed inside the 1l.5-1iiter bomb,
which was then sealed and cooled, and evacuated. Vinyl chlorine,
459 g (7.4 moles) and 723 g 22 moles) of chlorotrifluoroethy-
lene were distilled in. Heating at about 200°C for about 24 hours
yielded 1,103 g (93.5% yield) of crude product. Fractional distil-
lation yielded 328 g (45% yield) of 1,2-dichlorohexafluorocyclobu-
tane, bp. 52-54.59; and 410 g (48% yield) of 1,2-dichloro-2,3,3-tri-
fluorocyclobutane, bp 98-100%C.

2,3,3-Trifluorocyclobutane from l-bromo-2-chloro-2,3,3-
trifluoroethylene

n-Butanol, 65 ml, and 24 g of zinc dust were placed in a 100-
ml., three-neck flask equipped with a dropping funnel, stirrer, and
reflux condenser connected to a dry ice-acetone trap. About one ml
of 37 percent hydrochloric acid was added as a catalyst and a trace
of t-butylcatechol and diphenylamine was added to both the flask
and the gas trap as a polymerization inhibitor. 1-Bromo-2-chloro-
2,3,3=-cyclobutane, 55.9 g, was added dropwise over about five hours
while the zinc-butanol was gently refluxed. 2,3,3-Trifluorocyclo-
butene, 23.8 g, (88.2% yield) were collected and identified by its
infrared spectrum,

2,3,3=-Trifluorocyclobutene from 1,2-dichloro-2,3,3-tri-
fluorocyclobutane

Exactly the same setup as the foregoing was used, except that
a 1,000-ml. three-neck flask was used, instead of a 100-ml. flask.
t-Butylcatechol and diphenylamine were used as before and about 1
ml. of 37 percent HCl as a catalyst. 1,2-Dichloro-2,3,3-trifluoro-
cyclobutane, 253 g, were added to 106.5 g of zinc dust in 300 ml. of
n-butsnol. After about 24 hours, 139.3 g (87.5% yield) of 2,3, 3-
trifluorocyclobutene were obtained. This proceeds much slower than
the above reaction; cnly about one third of the product had appear-
ed after the initial addition of 1,2-dichlore-2,3,3-trifluorocyclo-
butane. -
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A slight flow of nitrogen through the entire set-up accelerates
the collection of the product, as otherwise it tends to reflux
back into the reaction flask, bp 269,

2-Ethoxy-3,3-difluorocyclobutene

A 500-ml., three-neck flask equipped with a stirrer, drop-
ping funnel, and refluxed condenser connected to a dry ice trap
was ased. Sodium, 15.6 g, was dissolved in 200 ml. of absolute
ethanol under nitrogen. 2,3,3-Trifluorocyclobutene, 58.2, was
added dropwise to the refluxing sodium ethoxide solution over two
hours, then refluxed for seven hours. The reaction mixture was
cooled and diluted with about 1,250 ml. of water. A heavy oily
layer, 58.9 g, (81% yield' settled to the bottom. This was dried
over anhydrous MgSO, at -30°C and then distilled to give 22.3 g
(30.8% yield) of 2-ethoxy-3,3,-difluorocyclobutene. Vapor phase
chromatography showed it to be greater than 90 percent pure.

d2% =1.0758 g/ml Groppelli's data d2° = 1,07g/ml
d2% =1.3869 g/ml n?2 = 1.3865
M3 calculateq=29-33

M4 experimental=29-319

2-Methoxy-3,3-difluorocyclobutene

Exactly the same procedure as the foregoing was used as for
the ethoxy compound. Sodium, 35.9 g, was dissolved in 200 ml. of
methanol under nitrogen. A trace of t-butylcatechol and diphenya-
mine were added. While the solution was refluxed in an oil bath
at 135-150°C, 63.5 g of 2,3,3-trifluorocyclobutene was added drop-
wise over about two hours, then refluxed for an additional two
hours. The original became cloudy with sodium fluoride as the re-
action progressed. The cooled reaction mixture was poured into a-
bout one liter of cold water and 3.7 percent HCl was added to just
neutralize the aqueous layer (color changed from red to light yel-
low-orange). Crude product, 106.5 g (151% vieid), settled to the
bottom, which was dried and distilled to give 49.5 g (70% yield)
of 2-methoxy-3,3-difluorocyclobutene. Vapor phase chromatography
on a five foot Uconn column at 109 C indicated the product to be
greater than 99 percent pure.

Boiling point 91°C at 630 mm. Hg *“ith decomposition
g

a%% = 1.1196 g/m1
n?6 = 1.3779

Md calculated” a
M3y experimental”

24,71
24,758
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2-Isopropoxy-3,3-difluorocyclobutene

The same procedure as the foregoing was used. Sodium, 26.6
g, vas dissolved in 300 ml of isopropanol under nitrogen. About
0.5 g of t-butylcatechol and 0.5 g of dipenlyamine were added.
2,3,3-Trifluorocyclobutene, 72.3 g, was added over about an hour
while the reaction was stirred and refluxed on a mineral oil bath
gt 135-165"C. The cooled reaction mixture was dissolved in about
1,050 ml of water, and extracted with three 100-ml portions of di-
chloromethane. Short path distillation yielded an imhomogeneous
fraction boiling about 75°C, that appeared to contain wacer plus
the desired product. The crude product was extracted with a 2:1
volume of water and dried over MgSO, at -30°. Yield 17.7 g (17.7%

yieldy. It was shown to be about 95 percent pure on a ten foot x
1/8 inch FS 1265 column.
a%® - 1.0181 g/m1/

n28% - 1.3931

Mg calculated™
My experimental”

33.95
34.74

Attempted Synthesis of 2-t-butoxy-3,3-difluorocyclobutene

The procedure was similar to the foregoing. Sodium, 17.1 g,
was dissolved in 200 ml of tertiary butan~l under nitrogen. Tri-
fluorocyclobutene, 54 g, was added dropw.se over about Z0 minutes
to the refluxing solution, which was then refluxed for four hours.
Dilution by water caused a nonagueous layer to rise to the top,
yield 80.8 g {(99.7% yield), which was stored overnight over anhy-
drous MgSO, at -309C. Distillation yielded only water plus t-buta-
nol, identified by its retention on an SE;0 column.

Reaction of 2-Methoxy-3,3-difluorocyclobutene with Excess
Sodium Methoxide.

Under the same conditions as before with a 100-ml, three-reck
flask, 5.2 g of sodium was dissolved in 43 ml of metlanol under ni-
trogen. 2-Methoxy-3,3-difluorocyclobutene, 13.1 g, was added, and
the solution was heated in an oil bath at about 1302 for 24 hours.
The reaction mixture immediately turned dark brown upoii the initial
addition. A few drops of the reaction mixture were mixed with waier,
a lower layer separated which contained starting material according
its infrared spectrum. No definite evidence for any new cyclobu-
tene compound was found.

The mixture was refluxed for another 24 hours, then the cooled
reaction was poured into about 500 ml of cold water. Only a single
yellow liquid and a heavier brown solid formed.

1,2—Dichloro-2—methoxy—3,3fdiiluorocyclobutane

The apparatus consisted of a 100~-ml, three-neck flask equipped
with a gas bubbler and reflux condenser connected to a dry ice trap.
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An open-ended mercury manometer was placed in the inlet line and

a capillary tube was placed in the outlat from the dry ice trap.
2-Methoxy-3,3-difluorocyclobutene, 33 g, was placed in ithe flask
and nitrogen bubbled through for 10 minutes. Chlorine was then
bubbled through at about 10 mm Hg pressure above atmospheric pres-
sure (630 mm Hg) for f 1r hours, then nitrogen was bubbled through
for 10 minutes. The in tially clear starting material immediately
turned intensely black as soon as the chlorine flow was started,
then soon became clear again with a yellow brown color, due to dis-
solved chlorine, and remained so for the duration of the reaction.

The crude product was washed with sodium carbonate solution
and with water until no more chlorine odor was detectable and the
aqueous and organic layers were nearly cclorless. Crude product,
42.9 g, (81% yield) was obtained and stored over MgS0O; at -30°C.
Short path distillation gave 30 g (57% yield) of 1,2-dichloro-2-
me thoxy-3,3-difluorocyclobutane.

This was shown to be Y0-95 percent pure on a five-foot Uconn col-
umn at 1500.

Boiling Point 76° 49 mm.

27 = 1.3955 g/ml

n?7 = 1.4225

M4 calculated™ 3%:90

Mg experimental= ceantii

1,2-Dichloro-2-ethoxy-~3,3.--difluorocyclobutane

Exactly the same apparatus and procedure was used as above.
2-Ethoxy-3, 3-diflurocyclobutene, 37 g, yielded 33 g (84% yield)
of crude product which was distilled to give 22.6 g of 1,2-dichlo-
ro-2-ethoxy-3-,3-difluorocyclobutane. It was shown to be about
80 percent pure o1 a 20 foot SEz, column at 104°C.

Approximate boiling point 75°C at 24 mm
Physical constants have not been determined.

l-Chloro-2-methoxy-3, 3-difluorocyclobutane

The apparatus consisted of a 250-ml, three-neck flask equip-
ped with a dropping funnel, stirrer, reflux condenser, and 4dry ice
trap. Nitrogen was passed through a T-tubke at the outlet to pre-
vent the influx of air. 1,2-Dichloro-2-methoxy-3,3-difluorocyclo-
butane, 30 g. was added dropwise over 43 minutes to 42 g of pow-
dered potassium hydroxide in 100 ml of heavy white mineral oil in
an oil bath at 58°C. As the reaction progiessed, the infrared spec-
trum ¢f the < ction mixture showed an increasing c=c¢ peak at 1700

-m~~ and the development of a new fin%erprint pattern. After 292
minutes, the reaction mixtire was filtered to give a clear yeliow

liquid. Short path distil}ution yielded 10.7 g (83.5% yield). This
vas manopreped on a 20 foo! x 3/8 inch 30 percent SE column at
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140°C to give a product pure by vapor phase chromatography. Es-
timated yield 10.7 g 0.8 = 8.6 g (67% yield).

d27 = 1.2725 g/ml

q27

fl

1.4075

Md calculated 29.57

Md experimental™ 29.922

1-Chloro-2-ethoxy-3, 3-difluorocyclobutane

Exactly the same apparatus and procedure was used as above.
1,2-Dichloro-2-ethoxy-3,3-difluorocyclobutane, 15.9 g, was added
dropwise to 8.1 g of powdered potassium hydroxide in 25 ml of hea-
vy white mineral oil heated to 80°C on a mineral oil bath. As the
original KOH seemed to clump together, 11.9 g additional KOH was
added. The dark brown reaction mixture hoiled vigorously and fil-
led the condenser with foam. After 20 hours, the reaction mixture
was chilled and washed with 200 ml water and 250 ml of 3.7 percent
HCl. Distillation yielded what appeared to be l-chloro-2-ethoxy-
3,3-difluorocyclobutene plus carbon tetrachloride. Vapor phase
chromatography confirmed the presence of CCl,, and the nuclear mag-
netic resonance spectrum indicated the presence of l-chloro-2-eth-
oxy-3,3-difluorocyclobutene.

2H Quartet 5.887 J =17 cps
2H Triplet 5.277 J = 2.5 cps
3H Triplet 8.627° J = 17 cps

The presence of carbon tetrachloride in the product ciannot be ac-
counted for.

2-Diethylamino-3,3-difluorocyclobutene

2,3,3=-Trifluorocvclobutene, 12.5 g, and 34.1 g of diethyl
amine were mixed in a 125-ml, ground glass, stoppered flask. Af-
ter 11 hours at 259%,the reaction mixture had frozen to a reddish
brown solid. It was mixed with about 100 1 of 1 N NaOH and a
light organic layer appeared. This was washed with &nother por-
tion of 1 N NaQOH, then with 100 ml of 1 N HCl, upon which a heavy
lower layer settled out. Tertiary cyclobutylamines are insoluble
in acid. The lower layer was washed again with acid and collected.
Crude product, 5.6 g, was dried over MgSQO,;. Vapor phase chromato-
graphy on the 20 foot x 3/8 inch 30 percent SE3y column showed the
product to be about 10 percent 2-diethylamino-3,3-difluorocyclobu-
tene and 90 percent diethylamine. A little of the cyclobutane
peak was collected and its mass spectrum indicated a molecular ion
at m/3 181,

1-Chloro-2,3,3-trifluorocyclobutene and 3-chloro-3, 4. 4~
trifliuorobutene
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The apparatus consisted of a 1,000-ml, three-neck flask e-
quipped with a dropping funnel, stirrer, reflux condenser connec-
ted to a dry ice trap, and a Y tube for nitrogen flushing.

1,2-Dichloro-2,3,3-trifluorocyclobutane, 2303 g, was added
dropwise over about ihree hours to 232 ¢ of powdered potassium

hydroxide in 300 nl o white mineral 0il maintained at 28-§39°.
This was refluxed for 63 hours, then fractionally distilled to

48.4+ g (16% yield) of l!-chloro-2,3,3-trifluorocyclobutene, bhp
46.5-49°C, and 42.9 g (14% yield) of 3-chloro-’,¢,4-trifluoro-
cyclobutene, bp 74-78°C. Vapor phase chromatography indicated
both sampies to be greater than 95 percent pure.

1-Chloro-2~methoxy-3,3-difluorocyclobutene from 1l-Chlo-
ro-2,.,3-trifluorocyclobutene

The apparatus consisted of a 500-ml, three-neck flask. So-
dium, 24 g, was dissolved in 20¢ ml of methanol under nitro%en,

and heated to gentle reflux on an oil bath at 91.5-102°C.
Chloro-2,3,3-trifluorocy«clobutene, 42.1 g, was added dropwise o-

ver 24 minutes, anu the reaction mixture iurned from clear to mil-
ky. It was refluxed ior seven more hours, duriug which time the
reaction mixture hecame even more opaque. The conled reaction mix-
ture was diluted with about 1,250 m) of coid water, and a heavy
oily layer settled out. This was distilled to give a product grea-
ter than 95 percent pure by vapor phase chromatogruphy on 305 SEgg
at 150. The product was shown to be l-chloro-2-methoxy-3,3-di-
fluorocyclobutene.

Yield 15.4 g 33 percent yield

o
d~1 = 1.2748 g/ml
n2l = 1.4100
Mg caiculatec™ 29.97
= 29,891

Md experimental

2-Ethoxy-3,4,4-trif vorocyclobutene

The apparatus consisted of a 100-ml, three-neck flask equipped
with a dropping funnel, stirvrer, and reflux condenser connected to
a dry ice trap. KkOH, 17.9 g, was dissolved in 37 ml of 95 percent
etharnl. 3-Chloro-3,4,4-trifluorocyclobutene, 16.3 g, was added
dropyv .se over about one hour. The reaction mixture immediately be-
came cloudy and s¢ warm that it had to be ~ovled with ice water,.
After three hours, the reaction was diluted with 100 ml of water
and a dark brown liquid settled to the bottom, yield 20.4 g (133%
yieldY. This was stored over MgSo, and manopreped on a 20 foot x
3/8 inch 30 percent SEj3(y column at 85-3509C. The second peak was
collected and appesared to be 2-ethoxv-3,4.4-trifluorocyclobutiene.
The mass spectrum gave i molecular ion =t m/3 152, The nuclear
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magnetic resonance gave the following peaks:

SH Triplet 8.807 J =17 cps
2H Quartet 6.467 J = T cps
1H Doublet 5,71 7

1H Multiplet 4,38 77 J = 1 cps

VIII. J3tudies on the Preparation and Reactions of
1,2-di1odo-4,3,4,4-Ttetralluorocyclobutene (1)

Part A. Synthesis of 1

1 Object, To develop the best conditions for reacting potassium
iodide and diglyme with 1,2-dichloro-3.3,4,4-tetrafluorocyclobu-
tene (IIY to yield I and to effect the complete removal of solvent 1I.

2. Historical Background, Studies on the halide exchange reaction
for tThese compounds were initiated by George Moore in the Universi-
ty of Colorado iaboratories. His studies employed KI and acetone
and led him to conclude that the exchange approached equilibrium.

Randy McMurtry, also of the University of Colorado, has with-
in the past year concluded studies indicating glyme and diglyme are
superior solvents for this reaction. His studies show cousiderable
enhancement of the rate and higher conversion of II to I.

Studies on the reactions of I comprise a new aund interesting
field. It was decided to begin these reactions by attempting an
Ullmann-type condensation. The Ullmann reaction is a coupling re-
action resulting from the heating of aryl halogen compounds in the
presence of finely divided copper. The reaction is usually attemp-
ted in the absence of solvent.:“yowever, high boiling solvents such
as resorcinol have been used. (

3. Results and Discussion, II was reacted with excess potassium
iodide 1n diglyme by heating a mixture of the three under reflux
for nine days. Runs yere made with pot temperatures maintained at
115°c, 135°C, and 155°C., The latter was the temperature of slowly
refluxing diglyme. The progress of each reaction was followed by
VPC analysis. Considerable tar and carbon was formed in each re-
action but the amounts were greatest at higher temperature. The
halogen exchange reaction p* oceeded toward an apparent equilibrium
in all cases but with a slightly higher percentage of I after nine
days at 115°C. This is probably not meaningful. Large differences
were observed in the rate of attainment of equilibrium. At 115°
there was an appreciable difference between the relative ratios of
II, I, and the intermediate l-chloro-2-iodo-3,3,4,4-tetrafluoro-

cyclobutene (III) between the fourth and ninth day. At 155°C the
reaction reached equilibrium by the fourth day with the percent I

being twice that of the percent I obtained at 115°C aster four
days. The run at 135%C showed intermediate behavior. It was thus

concluded that a higher reflux temperature is best since it great-
ly speeds the halide exchange reaction without significantly re-
ducing the yield of 1I.
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Complete remcval of dig'yme irom the product, I, has been a
source of considerable difficulty. Although the ether solvent is
solubie in water, repeated extractions are unable to remove the
last five percent. Tor this reason the product mixture from the
reaction was added to twice its volume of water and the resultant
mixture steam distilled. The organic layer was {ound to still con-
tain around 10 pe.cenl ether. This product, however, when steam
distilled again with a twentyfold voiume of water afforded a near-
ly ether-free organic layer. A slight modification of this proce-
dure in which the organic layer was washed by decantation several
times with water before the first steam distillation ultimately led
to material which contained no sther.

Distillation of the organic residue gave rise to compounds I,
I1, and III. I stiil contained a contaminant of unknown origin in
small amounts. On cooling te -209C, a fractional crystallization
wvas effected. Upon repeating this twice, a VPC pure sample of I
could be obtained. The impure fraction from the fractional cry-
stallization contained nesarly 30 percent of the total I and was
thus reserved for further investigation.

4, Experimental, AThis group of experiments on the preparation of

I deals with different solvents for the halogen exchange reaction.
Twenty gm of II, 43 gm of KI, 50 ml cf water, and 50 ml of acetone
were combined in a flask and refluxed for 20 days. Discoloration
was slight. The mixture was heterogeneous with an organic layer

on top separa’ing whenever the mixture was cooled. A GPC analysis
of the organic layer showed orly 15 peircent conversion to l-chloro-
2-iodo-3,3,4,4-tetraflunrocyclobutene (IIIY and no I.

Sealed in a Carius tiube were 83 gm of KI and 40 gm of I1 and
heated until the pressure reached 114 psig. The mixture refluxed
at this pressure for five days. GPC analysis revealed a 25 per-
cent conversion to III ard a 5 percent conversion to I.

Another experiment employed 75 ml of glyme and 42 gm of KI
to which was added 26 gm of II. The solvent was discolored by KI
on mixing. The mixture was allowed to refiux for five days before
quenching with water and extracting with methylene chloride. Dis-
tillation gave a poor yield of II and only traces of I. Analysis
of samples taken durinyg the rcaction indicated, however, good con-
version to III. It is feli that much product was lost during the
separations and the metiand .may be useful if this difficulty can be
overcome,

A third preparative method in current use now involves reflux.-
ing a mixture of II and diglyme over excess KI for about 48 hours,
This method gives mainly I as a product with yields approaching 60
percent. Degraadation of II appears not to exceed 25 percent al-
though th-re is considerable degradation of the solvent. This me-
thod has unly one serious drawback and that is the difficulty in
removing the solveat from the product. Boiling poiiats are nearly
the same .and although the ether is water soluble, repeated extrac-
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tions will not remove the last 5-10 percent.

(B) Ullmann Reaction In 2 test tube was placed 250,41 of 1.
While stirring, a small amcunt of red powdered copper was added.
No reaction was observed ior this mixture either at room tempera-
tuie or under refiux, Zinc metal was then added to the cooled sys-~
tem and the heating process repeated. No reaction was observed and
(.7 analysis indicated that I was recovered unchanged.

A second attempt at coupling reactions was run employing Zn
in glacial acetic acid. VUpor mixing, the solution became milky
tnd an exothermic reaction took place. The mixture was kept at
60°C with some heating for several minutes after the exothermic
reaction had subsided. Cooling and filtering gave a clear solu-
tion and a white solid identified as zinc iodide. The solution
was analvzed and separated showing only traces of I and a good
vield of a new compound, IV. This new compound has beeu identi-
fied as l-iodo-3,3,4,4-tetrafluorocyclobutene and has the 581'
iowing physical constants: bp 979C at 623 mm, 2= 2.11; np 2=
1.4295 and MR calc. = 30.48, observed 30.7.

Anal. Caled. for C4HF4I = 19.5% C, 9.40% H, 50.4% I, 29.7%
F. Found = 19.37% C, 0.61% H, 49.85% I, 30.29% F.

Investigation of this reaction and its product will be con-
tinued as soon as morc starting material is available.

Recently a series of reactions was begun to study the sta-
bility of I to hv irradiation and to Ag and AgNQO3. Although no
conclusions are possible at this time, it can be said that AgNO;
and Ag react slowly with I in the prcsence or absence of light
to produce Agl. ©No new fluorocarbon products have been observed
and quantitative studies are now underway to determine the ex-
teat of the reaction. When irradiated in the absence of solvent
or other reagents, I 1liberates I, and clear, brittle crystals
slowly separate from the liquid. Current efforts are being fo-
cis2d on identification of these crystals.

Part B: UV Catalyzed Reactions of I

1. Object To study the p-~tochemical reactions of I with parti-
cular interest addrssed tc¢ coupling products.

2. Historical It is well known that the normal carbon-iodine
Yond 1s cleaved by UV irradiation to yield the respective carbon
and iodine radicals. In normal alkyl iodides, waveleagths on the
order of 31: yA® or shorter are required to effect this cleavage.
The products of such reactions can be predicted by examination of
the probable fates of the radicals formed.

Haszeldine ®1) pas studied the UV absorption spectra of a
aumber of halogen-containing alphatic iodc compounds and has cor-

related the broad absorption maximum in the 2500-350049 regicn to
ctructure. In particular, the presence of halogens in the #-posi-
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tion and the tertiary naturec of the carbon to which iodine is at-
tached will be expected to cause a distinct bathochromic shift and
an increase in the extinction coefficient of the absorption. Con-
versely. the vinyl nature of the carboniodire bond will result in
adramatic shift to shorter wavelgngth. This is illustrated in stu-
dies by Park, Seffl, and Lacher( 2} on CF, = CFI vapor. Theyobser-
ved«Xmax to occur at 25854Y. oThis is nearly idertical to ethyl io-
dide vapor have A,,, at 2580A% with an extinction coefficient of 310.

J. Results and Discussion 1Interest in photochemical reactions of

I originated when it was observed that a freshly distilled sample
discolored markedly on standing in a clear bottle exposed to sun-
light. Sam:les turn pink within a few minutes and then rapidly
progress to eep maroon or brown. A sample in a corked pyrex flask,
however, showed no new peaks by GLC analysis after several days de-
spite this discoloration. After one month, numerous clear color-
less rhomhic crystals separated from the liquid. There was insuf-
ficient sample for characterization beyond a melting point and in-
frared spectirum on the crude solid.

An ultraviolet spectrum of I was obtained in an effort to
seerx optimum conditions for phctochemical reaction.e The compound
exhibits a brosd absorption band with A at 2400A% and £ =2080.

The upper limit of the band occurs at 2 §A0 where zero absorbence
is fcund.

The observed spectra is in good general agreement with that
predicted for I. The somewhat large extinction coefficient ex-
plains the observed higan light sensitivity. The sensitivity in
Pyrex glassware, however, is not exglained since Pyrex affords
near zero transmittance below 3650AY. It is hoped that this mat-
ter will soon be resolved.

Irradiation of I over mercury with a high intensity ultra-
violet source gave interesting and unexpected results. Several
products were evident by GLC analysis but only one, a solid, was
icolated. This solid was purified and identified as 2,2'-diiodo-
3,3,4,4,3',3',4',4'-octafluorobicyclobutene (IV).

- fz F,
F2 X hv \
- F, / Fa
F,L Al 1 Heg
1 I

Compound IV will be used to obtain the corresponding dinitrosoderi-
vative. IV, however, does not agree either as to chemical or physical




2 E,
F,
| 7 N/
NO NO

properties with the solid obtained earlier by ixradiation in a
Pyrex vessel, This reaction over mercury is now being repeated

in an effort to isolate more IV and to characterize the other pro-
ducts., The rate of the reaction with the different ultraviolet
sources will also be studied in a crude effort to correlate re-
activity to wavelength.

4, Experimental

Sunlight Irradiation of I.

in a 25~ml Pyrex erlemneyer flask fitted with a cork was

placed 0.2 ml of 1 having 4 percent diglyme as an impurity. The
sample became pink within a few minutes., After 33 days the sam-
ple was deep pink and a few small crystals were evident in the 1li-
: quid. The cork was badly stained with iodine. After 85 days the
sample was largely converted to several clear colorless brittle
rhombic crystals, mp 78-87°C. A poor IR in mineral oil on_the

1 crude crystals gave baads at 3500, 1700, 1150, and 770 cm~l. There
, was insufficient sample for analysis or further characterization.

1 Preparation of 2,2'-diiodo-3,3,3',3',4,4,4',4'-octafluoro~-

! bicyclobutene (1V). 1In a quartz U tube fitted with a condenser
was placed 2.0 mI of Hg and 3.0 ml of I cortaining three percent di-
glyme impurity. The reaction vessel was suspended inside a Rayo-
net Photochemical Chamber Reactor equigped with four RPR-3500A°
"hlack light" lamps and five RPR-2537A® clear lamps, at an aver-
»oe distance of two and one-half inches.  Within the first few
hours the liquid turned deep brown and I, crystals 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 from the mixture,

They were recrystallized from CCl,, and ethanol-w..cer, Finally
they were sublimed at 135-~145" in a vacuum to yield 61 mg of white
grainy crystals, mp 143-145°. The crystals turn pale yellow on
standing. An IR (mineral oil) was_obtained showing peaks at 1530,
1300, 1240, 1120, 820, and 760 cm~1,

Anal. Calcd. for CgFzI,: C, 19.1; F, 30.3; 1, 50.5; H, 0.0,
Found: C, 18.85; F, 30.91; I, 50,02;
H, 0.0.
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Part C: Nitroso Derivatives of I

1. Object To prepare 1,2-dinitroso-3,3,4,4-tetrafluorocyclo-

hutene ZVi.

2. Historical Perfluoroalkylnitroso compounds have been synthe-
sized in several laboratories in recent years. They have been
shown to form dimers and polymers with perhalo olefins(93,34,35)
The polymers thus formed can be oils, waxes, or elastomers depend-
ing on the reactants used and the conditicns of polymerization.
The synthesis of V would make available an important and versaiile
new starting material for the development ot such polymers.

¢ " . ) :

Previous syntheses of perfluoroalkylnitroso compounds can be
roughly divided into two .ategories. The first cate%&§¥ makes use
of perfluorocarboxylic acid derivatives. Haszeldine was the
first to react the silver salt of trifluoroacetic acid with nit-
ros%}7ghloride to obtain trifluoronitrosomethane in low yield. Ros-
ser extended this reaction to get good yields of perfluoro-
nitrosoalkanes and iscliated the intermediate perfluoroacyl nitrites.
His work also shed some light on the nature of the Hunsdiecker re-
action occuring during decarboxylation of the intermediate. Thais

decarboxylation can occur with explosive violence if Rf contains
less than three carbon atoms.

NOCl1 Heat
R¢COOAg ———%  R;COONO —> R¢NO + CO,

The second general method of preparation of these nitroso de-
rivatives employs the corresponding perfluoroalkylidodo compounds.
Iodine in these compounds is replaced by NO in a photochemically
induced free radical reaction in the presence of mercury to r.-
move nitrogen dioxide and iodine 899%) This met?gg has been proved
useful with compounds containing vinylic icdine'‘\*"'and thus se¢ems
most adaptable to the proposed synthesis.

NO
RfI s RfNO
hv, Hg

Detailed experimental plans for the synthesis have not yet
been worked out.
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IX. Preparation of the Cyclopentenes

Two general synthetic methods were employed in the prepa-
ration of the halogrznated <ycloolefins.

The first involved a catalytic replacement of vinylic chlo-
rine by bromine in the preparation of l-bromo-2chlorohexafluoro-
cyclopentene-1 (I and 1,2-dibromohexafluorocyclopentene-1 (II)
from the readily rvailable 1,2-dichlorohexafluorocyclopentene-1
(II1Y. This highly unusual reaction has little precedent in 1lit-
erature,

- + . F
c1 cl CaS0,/carbon g, ci Br = pr

ITI I II

Sharrah (38 reported the addition of hydrogen bromide to chloro-
trifluoroethylene ("Freon-1113") yielded 1l-chloro-2-bromo-1,2,3-
trifluorocethane. Subsequent work in this laboratory has shown
that the formation of several more higgly brominated products
was rationalized by Park and McClure(®°?' in terms of the forma-
tion of vinylic free radicals derived from the initially formed
addition procduct,

The only renort of the addition of hydrogen bromide to a
lialocycloolefin was that of Sharrah who found that hydrogen bro-
mide added to perfluorocyclobutene yielded 1l-bromo-2-hydrohexa-
fluorocyclobutane.

When this reaction was extended to 1,2-dichlorotetrafluoro-
butene (IVY, only unreacted starting material and compounds iden-

Cl _ Br - Br
F L F| + ;.IFl
Cl Cl. " Br

tified as 1-bromo-2-chlorotetrafluorocyciobutene-1 and 1,2-di-
bromotetrafluorocyclobutene-1 were isolated under the reaction
conditions employed. Similar vinylic substitution was observed
with the analogous 1,2-dichlorohexafluorocyclopentene-1 (III).
However, the yield was much higher, presumatly due to the in-
herently greater stability of the cyclopentenyl ring to the re-
action conditions. ;
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Two mechanistic interpretations are apparent for this re-

action.
Path A § Fi

N T Cl
O RO N
III , Ci

P4
-HCl .~ I
Path 8 _» ~ F, -

L ¢ Cl
F, Br

F, Cl

H

Path A would involve the formation of a vinylic free radical fol-
lowed by abstraction of bromine from HBr. A second, and more en-
ergetically fcasible pathway, would require addition of hydrogen

bromide to the olefin followed by loss of halogen halide to give

either starting material (loss of HBr), or product (loss of HCLlH.
Since an excess of hydrogen bromide was employed, the law of mass
action would favor the formation of the product.

Under identical conditions, molecular bromine and (III' did
not react.

Baranauckas and Carr(40\ have recently reported the isolation
of 1,2-dichlorohexafluorocyclopentene from the reaction of l-chlo-
roheptafluorocyclopentene-l and hydrogen chloride, a reaction which
may be similar in nature.

Hzlide Ion Attack

The concept of reversible carbanion formation in halocyclo-
butenes by halide ion attack was developed by Moore in this lab-
oratory. No attempt will be made to cover the fine points inher-
ent to this hypothesis other than to explain the source of some
of the synthetic difficulties encountered.

In contrast to the cyclobutenes, acetone was found to be un-
suitable as a solvent for halide attack on halocyclopentenes and
halocyclohexenes. Either no reaction occured, or yields of pro-
ducts were low. However, the use of diglyme as a solvent was
found to accelerate the conversicn to the desired products. 1t
is uncertain, at present, whether the use of diglyme as a solvent
iavorably alters theequilibrium between reactants and products,or
merely serves to kinetically accelerate the reaction because of
the higher reaction temperature obtainable with this solvent. Pre-
liminary finds indicate both factors may be involved in the effec-
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tiveness of diglyme as a sclvent in these reactions ®

The chiet difficulty inherent in the use of this solvent
is in the separation of the nalocyclobutene from the diglyme.
In several instances, the boiling point of solvent and produr
arc almost identical and combined distillation and aqueous ex-
tractions were necessary to isolate a relatively pure product.

Although not actively investigated, the use «f similar sol-
vents with somewhat different boiling points, in such cases,
would probably be advantageous.

Moore (1) reported the isolation of l-chloro-2-idotetra-
tluorocyclobutene-1 and 1,2-diiodotetrafluorocyclobutene-1 from
the reaction of potassium iodide and 1l,2-dichlorotletrafluorocy-
clobutene-1. Unfortunately, the cyclopentenes are not as recep-
tive toward attack by the iodide ion. This was circumvented by
employing a starting material with a vinvlic halogen more simi-
lar in "leaving group abiliiy" to the iodide ion. That is, if
k_y>> Kk, for X=Cl, little conversion to the monoiodo-compound
would be expected and even less to the diiodo-compound. If the
magnitude of k_, and k, are more nearly equal when X=Br, the in-
creased conversion to the iodo-compounds should be affected. Use

1

ol 1,2-dibromohexatiuorocyclopentene-1 (II) afforded the bLromo-,

f@
X - X2 T
ko1 k_y
X X X

icdo- and diiodo-products in appreciable yields. When large-
scale preparative runs were initiated, minor amounts o¢f unidenti--
fied higher boiling compounds were also detected. The identity
and source of these compounds are not known at present., Although
the bromochloro- and dibromohexafluorocyclopentenes could also be
synthesized through this method using lithium bromide in diglyme,
the hydrogen bromide addition-elimination reaction was preferred
because of its high yield, freedom from side reactions, and ease
of work-up.

3. Experimental Arn: iyses were performed by Galbraith Labora-
tories, Inc., Kncxvilie, Tennessee. Infrared spectra were taken
using a Perkin-Elmer Infracord. NMR spectra were obtained using a
Varian A-60 analytical spectrometer and pure licuid samples with
tetramethylsilane as an internal reference except where otherwise
indicated.

# These findings have recentiy been verified by Dr. G.G.I. Moore (41
who, working independently, has arrived at very similar results.
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Preparation of l-bromo-2-chlorohexafluorocyclopertene-~1l (I)
and 1,2-dibromohexafluorocyclopentene~1 (II). The reaction was

carried out by passing a mixture of iLhe olerin and hydrogen bro-
mide through a l-~cm x 2.5-cm Pyrex glass tube packed W1th a

25/75 BaSO,/activated carbon catalyst hzated to ca. 225°C. The
catalyst was prepared in the manner described by Sharrah. 1In a

typical run, 500 gm (2.04 moles) of 1,2-dichlorohexafluorocyclo-
pentene-1 (X) was swept thrcugh the tube with about 3.7 molar ex-
cess of hydrogen bromide. The crude reaction products were wash-
ed with an aqueous sodium bicarbonate solution and twice with 50
ml portions of ice water. The aqueous layers were extracted with
two 25 ml portions of diethyl ether and the combined organic lay-
er and ether extracts dried over anhydrous magnesium sulfate.
Fractional distillaticn yielded 275 gm of unreacted X; 128 gm (22
of theory) of 1l-bromo-2-chlorohexafluorocyclopentene~ 1 (Id; bp,
101°C/629 mm; d3%=1.92; nf°= 1.3890.

Anal. Calculated for C;ClBr¥,: €. 20.8&2; Cl, 12.30; Br,
27.71;°F, 39, Found: C, 20.60; C1, 12.36; Br, 27.44:; F,
39.21 and 106 gm (lb% of theory\ cf 1,2- dlbromohexafluorocycln-

pentene-1 (V): bp 119°/629mm; d48— 2.17: ng5 = 1.4114,

Anal. Calculated for C;Br,F,: C, 17.98; Br, 47.87; F, 34.14.
Found: C, 17.95; Br, 47.63; F, 34.02.

The infrared spectra of I and I{ contained sharp absorption
il the olefinic stretching region at 161¢ cm-1 and 1605 cm~1l, re-
spectively.

Preparation of l-chloro~2-iodohexafluorocyclopentene~1 (V).
1. A mixture of 70 gm (0.271 mole) of 1,2~-dichlorohexafluorocy-
clopentene-1 (III), 112 gm (0.677 moles) of potassium iodide, and
125 ml of diglyme was refluxed for 14 days to give a highly dis-
colored solution containing diglyme, unreacted III, l-chloro-2-
iodohexafluoirocyclopentene-1 (V) and traces of several unidentified
materials. Fractional distillation yielded 54.6 gm of 1,2~dichloro-
hexafluorocyclopentene-1 (III) and 6.8 gm of crude l-chloro~2~io-
dohexafluorocyclopentene-1 (V) (7.4% of theory). Removal of the
5 percent diglyme impurity oun F. S. 1265 (125 gave pure V, a color-

less liquid, bp 128°9C/628 mm; da = 2.13; n%s = 1.4268.

Anal. Calculated for C;C 1F,I: C, 17.85; (1, 10.55; F, 33.88;
I, 37,72, Found: C, 1890; Cl, 8.85; F, 33.74; I, 36.27.

The infrared spectrum contained a sharp absorption at 1600
cm™+ corresponding to the (2C = CQO stretching frequency.

2. A mixture of 25 gm (;. .2 moles) of l-bromo-2-chlorchexafluoro-
cyclopentene-1 (I, 50 gm (0.301 moles) of potassium iodide, and

75 ml of diglyme were refluxed for 14 days. Distillation yielded
14.1 gm of unreacted I and 7.3 gm (22% of theory) of slightly im-
pure VI.
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Preparation of l-bromo-2-iodonexafluocrocyclopentene-1 (VI)
and j,2--diiodohexaTluorocvclopentene-1 {VIIY. A mixture of 9.8
gm ol I, 2-dibromotexafluorocvclopentene-T (IIV, 13.2 gm of anhy-
Irecus potassium iodide, and 50 ml of diglyme were refluxed for
three days. Addition of water forced out 11.J gm of organic pro-
duct. Extraction of the aqueous layer with methylene chloride
and distillation of the combined organic layers gave 3.1 gm un-
reacted II, 4.6 gm of l-bromo-2-iodohexafluorocyclopentene-l (VI®
and 3.8 gm of crude 1,2-diiodohexafluorocyclopeniene-1 (VIIIY.

l1-Bromo-2-iodohexailuorocyclopentene-1 (VIY, bp 142°c/628
mn: 2% - 3. 4488,

Anal. Calculated ftor CgBr¥F,I: C, 15.77; Br, 20.98; F, 29.93;
1, 33732, Found: C, 15.86; Br, 21.06; F, 29.85; I, 34.0.

The_infrared spectrum of VI contained a sharp absorption at
1790 em~1 corresponding to the (:C = C9 siretchirg frequency.

1,2-Diiodohexafluorocyclopentene-1 (VIITY, bp 172°9C/631 mm;
11" = 2.50; ng%= 1.4548,

Anal. Calculated 1or Cy3F.1,: C, 14.03; F, 26.64; I, 59.32.
Found; C, 15.28; F, 25.16; I, 58.93.

The infrared spectrum of VIII contained a sharp absorption
at 1560 cm-1 corresponding to the (°C = CJ stretching frequency.

Reaction of 1,2-dichlorohexafluorocyclopentene-1 (IIIV with
Ethanolic Potassium Hydroxide. 1In a 25-ml, o-neck, round-bottom
fTask, Titted with condenser, pressure equalizing addition funnel,
and magnetic stir-bar, was placed 10.0 gm (0.0366 mole) of 1,2-
dichlorohexafluorocyclopentene-1 (X) in 10 ml of absolute ethanol.
After cooling of 0°C, 2.24 gm (0.040 moie) of potassium lLiydroxide
in 10 ml1 of absolute thanol were added dropwise with rapid stir-
ring. After addition of the KOH/£tOH solution, the reaction mix-
ture was stirred for an additional two hours at room temperature,
and then poured into a separatory funnel half-filled with ice wa-
ter. The reaction flask and filter were washed with methylene
chloride which was added to the funnel. The organic layer was
drawn off first and washed with water, follewed by a wash with sa-
turated sodium chloride solution. The washings and aqueous layer
were then extracted with methylene chloride. The organic layer
and methylene chloride extracts were combined and dried over an-
hydrous magnesium sulfate. Fractional distillation yielded 8.1
gm of l-chloro-2-ethoxyhexafiuorocyclopentene-1 (IX). Found: bLp
137°C/628 mm; n§® = 1.3754. Reported: bp 143-144°C/750 mm;

20 _
nn" = 1.3774.
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Reaction of 1,2-dibromohexafluorocyclopentene-1 (IIY with
Ethanolic Potassium Hydroxide. 1In a 25-ml, .-neck, round-bottom
tlask, fitted with condenser, an addition funnel, and magnetic
stir-bar, there was placed 5.0 gm (0.144 mole) i 1,2-dibromo-
hexafluorocyclcoentener=1 (XIY in 5 ml of absolute ethanol. Af-
ter cooliag to 0°C, 0.84 gm (0.015 mole) of potassium hydroxide
in 3.0 mi of absolute thanol were aaded dropwise with constant
stirring. The reaction mixture was vtirred for an additional
two hours at room temperature. Distillation yielded 3.8 gm of
crude bromoether. Pure l-bromo-2-ethoxyhexailuorocyclopentene-1
(X) was isolated via G.L.C. (1v' FS 1265 at 140°C"; b.p. 1509/

629 mm; dis =1.72; nés = 1,3958,

Anal. Calculated for C;H;F,BrO: C, 28.11; H, 1.69; Br,
26.73% F, $8.12. TFound: C, 28.28; H, 1.82; Br. 26.49; F, 37.79.

The_infrared spectrum of X contained a sharp absorption at
1¢55 c¢cm™ corresponaing to the (>C = C) stretching frequency.

The proton NMR of X exhibited a quartet at 5.427 with J =
7.0 c.p.s. and a triplet at 8.607 with J = 7.0 c.p.s. (iategra-
ted arecas 2:3) corresponding to the methylene¢ and methyl protons
of a vinylic ethoxy group.

Reaction of 1,2-diiodohexafluorocyclopentene-1 (VIII) with
Ethanoiic Potassium Hycroxide. 1In a 25-ml, 3-neck, round-bottom
flask, fitted with dropping funnel, condenser and magnetic stir-
bar, there was placed 1.5 gm (0.0034 mole) of 1,2-diiodohexafluoro-
cyclopentene-1 (VIII) in 2 ml of e¢hanol. After cooling to 0°C,
0.20 gm (0.0036 moles) of potassium hydroxide in 2 ml of absolute
ethanol was added dropwise with constant stirring. After addition
of the KOH/EtOH solution, the reaction mixture was stirred for an
additional two hours at room temperature. Work-up in the pre-
viously described manner for an alkoxide reaction (see compound
IX) yielded 1.1 gm of crude l-iodo-2-ethoxyhexafluorocyclopentene-1
(XIN. Pure XI was isolated via preparative scale G.L. (18 foot
x,4/4 inch Ucon 550X at 150°CY; b.p. 172.5°C/268 mm; dgs = 1.78;
np = 1.4371.

Anal. Calculated for C;H;F,I10: C, 24.30; H, 1.46; F, 32.95;
I. 36-68. Fouad: C, 25.52; H, 2.36; F, 28.58; I, 36.7.

The in{rared spectrum of V contained a (>C = C<) absorption
at 1635 cm™+.

The proton NMR spectrum of XI contained a quartet at 5.437
with J = 7.1 c.p.s. and a triplet at 8.537 with J = 7.1 c.p.s.
corresponding to the methylene and methyl protons of a vinylic
ethoxy group.

X. Preparation of the Derivatives of o &-bis (1,1,2-trifluoro-
2-chlorethoxy) Alkanes
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t. Historical Background Abramo(42) pag added trimethylene
alycol to chlorotrifluoroethylene to obtain an azeotropic mix-
ture of 3-(1,1,2-trifluoro-2-chloroethoxy) propanci and 1,3-bis
(l1.1.2-triflucro-2-chloroethoxy) propane (I). F¢w other addi-
tions of glycols to polyfluorohaloethylenes have keen carried
out.

Chlorination studies of compound I above with or without
a solvent results in hard-to-separate mixtures of the mono-, the
di- and more highly chlorinated products. The NMR spectra of
the tirst two compounds, separated by V.P.C., shcw that the
tirst two new chlorine atoms are attached to the two c{-positions
on the propane chain. Dehydrochlorination of these chlorinated
products, run on the mixture, w.s quite difficult. It was hoped
that this procedure would yvield unsaturated glycol ethers which
cnuld prove useful in further polymerization stud:es.

2. Experimental: Chlorination of bis-(1,1,2-trifluoro-2-chloro-
ethoxy) propane,

This was carried out by passing Cl, gas through a solution
1 the fluorinat:2d ether in the presence of ultraviolet light.
This resulted in a mixture of monochlorirated and more highly
chlorinated products which could only be separated by V.P.C.

The mixture obtained from these chlorinations was treated
with potassium hydroxide in mineral oil and stirred at 40° over-
nizcht. No dehydrohalogenation occured as shown by IR. Next, XOH
i refluxing isopropanol was tried with the same results., (There
was a very small peak in the carbon-carbon double bond region of
the IR). KOH in refluxing n-butanol was tried next. IR indicated
some olefin was produced. Sixty grams (.175 moles) of the chlori-
nated propane diether were treated witii .2 moles of KOH in 110 ml
ot absolute alcohol at reflux for 10 hours. The V.P.C. chart of
the liquid, after removal of the ethanol and irorganic compounds,
showed no reaction had taken place. This liquid was refluxed with
n-hutanol and KOH for six hours,resulting in a mixture which showed
slight carbon-carbon double bond absorption in the IR. V.P.C.
showed a small amount of a new compound.

Thiriy-four grams of the chloro-diether was hcated to about
180°C (the liquid was turning brown) and KOH in n-butanol added
dropwise. The mixture was refiuxed vigorously rsor 24 hours. V.P.C.
showed a new compocund and the double bond absorption in the IR was
¢ tronger than before. Evid aitly it takes quite vigorous conditions
to pull out ECl when the chiorine is alpha to the ether linkage.
Treatment of the chloro-diether with sodium ethoxide in ethy alco-
hol gave a mixture of about 10 compounds whose IR spectrum showed
absorption at 3030 cm~l which was probably clefinic C~-H stretching,
in addition to several absorptions in the double bond region.

The preparailioans of/f-(l,1,2—trifluoro—2—chloroethoxy\ ethanol

and 1,2-bis’1,1,2~%rifluore- 2-chloroethoxy) ethane (A) were accom-
plished using the method c¢. Park and abramo. (42 The best yield cof
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diether was obtained by using an excess of trifluorochlorcethylene
and a temperature of about 75°, Fifty-six grams (1 mcle) of KOH
were dissolved in 125g. (2 moles) ethylene glycol and this solution
put into a 500 ml bomb with one ml of limonene. The bomb was cooled
in a dry ice-acetone bath and 400g. (5.5 moles) of CF,=CFCl were
pressured in. The mixture was rocked at 75° for 48 hours. Distil-
lation of the products of two of these reactions resulted in 98g.
of an azeotropic mixture of the ether-alcohol amddiether, contain-
ing 74 percent and 2§ percent of each, respectively, and 110g. of
the diether. These fracticns distilled at 50°-53°C and 59°-61°C

at 1 mm. respectively.

When CF,=CFCl was bubbled through a solution of 56g. of KOH
in 125g. of theylene glycol warmed with an infrared lamp for 48
lhours, no ether product resulted.

When chlorination of A was carried out, by bubbling chlorine
through the pure liquid in the presence of ultraviolet light, un-
til only 5-10 percent of the starting material was left, the pro-
duct contained only about 10 percent dichlorinated diether. NMR
showed the chlcorine atoms to be on rhe two alpha-positions of the
ethane chain.

Dehydrochlorination of this chloro-diether was easier than
that of the propane homologue. Thirty-three grams (.1 mole) of
the chloro-diether was heated to about 120°C and a solution of 1log.
of KOH in 50 ml of absolute alcohol was added. This was refluxed
for 24 hours and then 10g. more of KOH were added and refluxing con-
tinued for 24 hours more. The V.P.C. chart of the product showed
about equal amounts of two new compounds, probably the cis and trans
isomers, and only a little of the chlorc-diether left. ~The IR Spec-
trum showed a weak absorption at 1700 em=1 and a very weak, sharp
peak at 3180 cm—1 which could be olefinic C-H stretching. These
haven't been separated yet.

Object of Investigation Synthesis of mono-and dialkyl cyclobu-

tenes by use of the Grignard reaction on perfluoro cyclobutenes to
oktain compounds of the types:
F, __R F, R

and
F, F F, R

From these compounds, it is hoped to obtain compounds of the fol-
iowing type:

F, =CR F, . ¢=CR
and '
F, F, C=CR
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Experimental:

In the folleowing reaciions, the apparatus consisted of a
0.s-liter, three-neck flask fitted with an equalizing funnel, a
stirrer, and a Friedrick condenser. The condenser was connected
through a bubbler to a 2-liter, three-neck flask fitted w'th a
stirrer and a dry-ice cooled condenser. To this was connected a
second bubbler and a dry-ice cooled trap. The entire system is
swept with dry nitrogen.

1,2-Di-n-butyl-3,3,4,4-tetrafivorocyclobutene and l-n-butyl-
2,3,3,4,4-pentafluorocyclobutene. A tetrahydrofuran solution,
200 ml of 2.2 molar n-butyl magnesium bromide was prepared and
cooled in ice. In another set-up, 116 grams (0.5 moles) of 1,2-
di-chloro-1,2,3,3,4,4-hexafluorocyclobutane was added to a heat-
ed solution oi 37 grams (0.6 moles) of zinc in 150 ml of n-butyl
alcohol to give a slow evolution and addition of perfluorocyclo-
butene to the Grignard. After addition was complete, the Grignard
solution was refluxed slowly for five hours and then stirred at
259C for 12 hours. The remaining Grignard reagent was destroyed
by dilute hydrochloric acid and then extracted with THF. After
drying with anhydrous magnesium sulfate, distillation gave: 29 gms
(0.2 moles, 40% of theory) of 1- n—butyl -2,3,3.4, 4-penta{1u?rocyclo—
butene, b.p. 106.5 - 103°2/628 mm., n2°=1.3538, 1.15 b.p.=
1120/760 mm. D

Anal. Calcd. for CgHyFs;: C, 48.00; H, 4.50; F, 47.50;
found C, 48.22; H, 4.48; F, 47,20,

About 65 gms (0.27 moles, 54% of theory) of 1,2-di--n-butyl-
3,3,4, 4-tetraf1uorocyc1022tene, b.p. = 198.5 - 1999/626 mm.,

’
n§5~ 1.4130, a2% = 1,03 b.p. = 110°9/20 mm.
Anal. Calcd. for C,,H,;F,; C, 58.07; H, 7.27; F, 30.66;

found C, 60.62; H, 7.63; F, 31.99.

Also, an impurity, thought to be n--octane, was isolated,
(identical with IR of authentic sample), b.p. = 116.5 - 1179/634 mm.

1,2-Di-isobutyi-3,3,4,4-tetrafluorocyclobutene and l-isobutyl-
2,3,3,4,4-pentalluorocyclobutene, A 2.2 molar tetrahydrofuran solu-
Tion, 500 ml, of isobutyl magnesium bromide was prepared and cooled
in ice. Perfluorocyclobutene, prepared by the slow addition of 116
gms (0.5 moles) o. 1113 dimer to a heated solution of 37 gms (0.3
moles) of An in n-butyl alcohol, was passed into the Grignard solu-
tion. After addition, the Grignard was reluxed siowly for three
hours and then stirred for 10 hours at room temperature.

After destroying the remaining Grignard reagent with dilute
hydrochloric acid, extracting with THF, and drying with anhydrous
magnesium sulfate, distillation gavc: 44 gms (o.42 moles, 94 % of
theory) of l-isobutyl=2,3, 3 4 4—pentaf1uoro cyclobutene, b.p. =
101-101.5%/630 mm., nBb=1.3509, d=6= 1.19 gm/ml.
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Anal. Calcd. for CyHyFy;: <C, 48.00; H, 4.50; F, 47.50;
found: C, 47.81; H, 4.57; F, 47.46.

Ten gms (0.04 moles, 8% of theory) of 1,2—di-isobut¥ 3,3
4-tetra-flurocyclobutene, b.p. 187.5 - 188.59,/630 mm., nf 6-1.39
a%% _ 1.¢8 gm/ml.

Anal. Calcd. for C,,H,3F,: C, 58.07; H, 7.27; F, 30.66;
found C, 60.72; H, 7.68; F, 32.21.

Also isolated was an impurity, 2,5-dimethyl hexane (identical
with authentic IR), b.p. = 95°/624 mnm.

1-Sec-butyl-2,3,9,4,4-pentafluorocyclobutene. After prepar-
ing 500 ml of a 2.2 molar sec-butyl magnesium bromnide solution in
tetrahydrofuran and cooling in ice, perfluorocyciobitene was slow-
ly introduced. The cyclobutene was prepared by slowly adding 116
gmns (0.5 moles) of 1,2-dichloro-1,2,3,3,4,4-hexafluorocyclobutene
to a heated mixture of 37 gms (0.6 moles) of zinc in n-butyl alco-
Lol. After addition was complete, the Grignard solution was re-
fluxed slowly for four hours, then at 25°C for 12 hours.

Dilute hydrochloric acid was used to destroy the remaining
Grignard. After extraction with THF and drying with anhydrous mag-
nesium sulfate, distillation gave: 24 gms (0.12 moles, 24% of the-
ory' of 1- sec-but§1—2,3,3,4,4-pentaf1uorocyclobutene, b.p. = 97,5 -
99.5°/624 mm., n§°=1.3522, d25=1.17 gm/ml.

Anal. Calecd. for CygHyFs: C, 48.00; H, 4.50; F, 47.50;
found: C, 47.96; H, 4.66; F, 47,26,

Also isolated was J3,4-dimethyl hexane (identical with authen-
tic IR b.p. = 106.5 - 1077626 mm.

l-Isobutyl-2,3,3,4,4-pentafluorocyclobutene. A tetrahydrofuran

solution, 500 mi of 2.2 molar 1sobutyl magnesium brcmide was pre-
pared and cooled in ice. Perfluorocyclobutene was slowly bled in
from the slow addition of 116 gms (0.5 moles) of 1,2-dichloro-1,2,
3,3,4,4-hexafluorocyclobutene to a hesated solution of 37 gms (0.6
moles) of zinc in n-butyl alcohol. After completion of the addi-
tion, the reaction mixture was refluxed for four hours, then held
at 259C for 10 hours.

The reaction product was worked up by destroying the excess
Grignard reagent with dilute hydrochloric acid and extracting with
THF. Anhydrous magnesium sulfate was used to dry the solution, af-
ter which distillation gave: 8.8 gms (0.05 moles, 10% of theory)
of 1- 1sobutg1 -2,3,3,4, 4-Eentaf1uorocyclobutene, b.p. = 77 - 799/
623 mm., nf°= 1.3433, 1.19 gm/ml.

Anal. Calcd. for C;H;F;: C, 48.00; H, 4.50; F, 47.50;
found: C, 47.31; H, 4.57; F, 47.46.
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l1-Isopropyl-2,3,3,4,4-pentafluorocyclobutene., After prepar-
ing 500 mI of a 1.4 molar isopropv! magnesium bromide solution in
tetrahydrofuran and cooling in ice, perfluorocyclobutene (prepared
by slowly adding 116 grams (0.5 moles) of 1,2~dichloro-1,2,3,3,4,
4-hexafluorocyclohutene to a heated mixture of 237 grams (0.6 moles)
of Zn in n-butyl alcohol) was slowly introduced. The Grignard so-
lution was ireluxed for three hours after addition was complete and
then stirred at 25°C for an additional 12 hours.

The remaining Grignard was destroyed with dilute hydrochloric
acid and extracted with THF. After drying over anhydrous magnesi-
um sulfate, distillation save: 8.8 grams (0.05 moles, 10% of the-
ory' of l-isopropyl-2,3,3,4,4-pentafluorocyclobutene, b. p. = 77-
790/623 mm., nf® = 1.3433, a2% = 1.19 gm/m1.

Anal. Calcd. for C;H;Fs;: C, 45.16; H, 3.72; F, 50.53;
found: C, 45.46; H, 4.94; F, 50.74.

1,2-Di-isopropyl-3,3,4,4-tetrafluorocyclobutene. A 3.3 molar
isopropyl magnesium chloride, 325 mi, in tetrahydrofuran solution
was cooled in ice and perfluorocyclobutene, prepared from 116 gms
(0.5 moles) of 113 dimer and 37 gms (0.6 mole) of zinc in n-butyl
alcohol, introduced slowly. The sclution was heated five hours at
reflux and theu stirred for 12 hours at 25°C.

] Werkup and distillation gave: 11 grams (v.05 moles, 10% of
theory) of 1,2-di-isopropyl-3,3,4,4-tetrafluorocyclobutene, b.p.=
155 - 1569/622 mm., ngﬁ= 1.3832, d2% = 1,05 gm/ml.

Anal. Calcd. for C,. H ,F4: C, 57.37; H, 6.67; F, 36.19;
found: C, 57.06; H, 6.75; F, 35,97,

1,2-Dimethyl-3,3,4,4-tetrafluorocyclobutene. In tetrahydro-
furan, 800 ml of 2.4 molar methyl magnesium chloride was cooled in
ice and cyclobutene slowly introduced. The cyclobutene was pre-
vared by slowly adding 232 grams (1 mole) of 1,2-dichloro-1,2,3,
3,4,4-hexafluorocyclobutene to 72 grams (1.1 mole) of zinc in n-
butyl alcohol. The solution was then heated to reflux for nine
hours and finally stirred at 25°C for 10 hours,

After workup as usual, distillation gave: 32 grams (0.21
mcles, 21% of theory) of 1,2-dimeth 1-3,3,4,4-tg rafluorocveclo-
butene, b.p. = 98-98.59/626 mm., nf%= 1.3475, d°° = 1,16 gm/m1(%¥

b.p. = 100 - 104°/760 mu. ng"-5 = 1.3478. (1) b.p. = 1049/760 *®)

! Anal. Caled. for C;H;,T,: C, 46.75; H, 3.90; F, 49.35;
found: C, 47.02; H, 3.99; F, 49.21.

l-n-Propyl-2-isopropyl-3,3,4,4-tetrafluorocyclobutene. 1-n-
Propyl-2,3,3,4, 4-perfluorocyclobutene, 39 grams (0.21 moles) was
idded to a chilled soiution of 200 ml of a 2 molar isopropyl mag-
nesium chloride solution in tetrahydrofuran. After heating at
reflux for five hours, and stirring at 25°C for 16 hours, the so-
lution was worked up as usu ' and upon distillation yielded 41
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grams (0.20 moles, 98% of theory) of l-n-prepyl-2-isopro gl -3,
424-tetrafluorocyclobutene, b.p. = 158.5-160°/622 mm. g = 1 3894,
d = 1.06 gm/ml,

Anal. Calcd. for C,.H,4F4: C, 57.35; H, 6.67; F, 36.19; found:
C, 56.98: H, 6.68; F, 36.:5,

1-Ethyl-2-isopropyl-3,3,4,4-tetrafluorocyclobutene. To a 167
ml of a 1.8 molar isopropyl magnesium bromide solution in tetrahy-
drofuran was added 25 grams of l-etnyl-2,3,3,4,4-pentafluorocyclo-
butene (0.15 moles). Then the scelution was heated at reflux for
five hours, and stirred at 25 OC for 13 hours.

After workup, distillation gave: 12 grams (0.06 moles, 40%
of theory) of l-ethyi-2- 1sggropy1 3,3,4 ﬁstetrafluorocyclobutene,
b.p. = 144-145°/622 mm., = 1. 3831 = 1.08 gm/ml.

1-Ethyl-2-sec-butyl-3,3,4,4-tetrafluorocyclobutene. 1-Ethyl-
2,3,3,4,4-pentatluorocyclobutene, 25 grams (0.15 moles), was added
to a chilled solution oi 167 ml of 1.8 molar sec-butyl magnesium
bromide in tetrahydrofuran. Then the golution was heated for five
hours at reflux and for 12 hours at 25°C. After workup as usual,
distillation gave: 6 grams (0.03 moles, 2¢% of theory) of 1~ ethyl-
2-sec-bgty1 -3,3,4,4- §gtraf1uorocyclobutene, b.p. = 163-164%/627

mm. , nB = 1. 3898 = 1.04 gm/ml.

Anal. Calcd. for C, H,,F4: C, 57.35; H, 6.67; F, 36.19; found:
C, 57.05; H, 6.89; F, 36.35.

l1-Methyl-2-isopropyl-3,3,4,4-tetrafluorocyclobutene. To 100 ml
of a 2.0 molar fetrahyoarofuran solution of isopropyl magnesium chlo-
ride was added eight grams (0.05 moles) of l-methyl-2,3,3,4,4-pen-
tafluorocyclobutene. The solution was then heated for four hours
at reflux, kept at room temperature for 13 hours and worked up as
previously described. Separation by g.l.c. on a2 UCONNcolumn gave
0.5 grams (0.003 moles, 4% of theory) of 1-methy1 2= 1soprgpy1 3

2g-tetrafluorocyclobutene, b.p. = 129.5-130°/629 mm.
d =1.11 gm/ml.
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XI. SYNTHESIS OF HYDROGEN CONTAINING FLUOROOLEFINS

1. Object of Investigation

The primary cbject of this investigation was to study a series
of two and three carbon fluoroolefins of the general formula, RXC=
CYZ (where R=CF;-, F

X=F, C1, Br, I, H

Y=F, C1, Br, I, H

Z=F, Cl, Br, I, H were Y and Z are never both H or
both F at the same time) under varying hydrogenation conditions in
a flow system with resulting substitution of X, Y, Z (except F and
HY by H without saturation of the double hond.
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The secondary object was toc determine if this is an addi-
tion-elimination reaction or an abstraction-substitution reaction.

2. Discussion

The study has been expanded (although not exhaustively) since
the previous research report and probes into the reaction mechan-
ism have been attempted.

The new catalyst, which was rerorted in the previous research
report, was experimentally examined and found to work very satis-
factorily. Since the new catalyst is granular, the problem of the
catalyst drifting has been ellmlnated and reproducible results are
now possible,

CH,=CHCl1 and CF,=CFBr were selected to test the newly prepared
catalyst, since they are readily available, and were known to give
relatively good conversion to product, CF,=CFH. The reactions were
run under similar conditions as previously reported and data corre-
lations made. The new catalyst s;stem gave at least comparable
yields and conversions to the old system and was thus employed for
the remainder of the experimental sequerce.

To date, the olefins studied now include CF,=CFCl, CF,=CFBr,

CF2=CC12 y CF2=CHC1, CF2=CH2 y CH2=CHC1, and Fz\ Cl the
resuits of these studies will be discussed ; indivi-
dually. F2~j 'Lﬁl

Since CF,=CFCl and CF,=CI'Br were converted to an olefin con-
taining one hydrogen, with fluorine seemingly irreplaceable under
reaction conditicns, an olefin containing two halogen atoms other
than fluorine was studied to see the effect of geminal halogens tn-
der hydrogenation conditions. Thus, when CF,=CCl, was subjected
io reaction conditions, the expected product, Cr,=CHCl was found,
but, in only 31 percent yield, and the somewhat unexpected olefin,
resulting from replacement of two geminal chlorines, CF,=CH, was
found in 6% percent yield

Since CF,=CHCl1 was found in the reaction mixture, it appeared
quite possible that the CF,=CH, resulted from initial conversion
to CF,=CHCl which then underwent further reaction to give the final
product. Attempts were made to find reaction conditions under which
only one of the olefins was formed and which would shed some light
into the reaction mechanism, i.e., whether conversion to CF,=CH, is
a one or two-step piocess, The reactlons studied are summarized in
the following table:
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Starting Run No. TC Flow Rate(cc/min) %Product
Material - - C=C T, CF,=CH,  Cr,=CHCl
CF,=CCi, (1112A» 8 2009250 (a) 75 110 69 31
1112A 9 2002250 75 110 87 13
1112A 10 1525159 82 115 90 10
11124 li 2722285 150 100 70 30
111zA 12 310 125 33 66 34
1112A 13 430 120 100 60 40
1112A 17 170 100 1500 65 35

‘a Arrow indicates exotherm to highest temperature during reaction.

From these runs, it appeared that the % conversion to the two
products was essentially independent of temperature when above 150°,
but favoring formation of CF,=CH,, (runs 8-13), and possibly depen-
dent on the ratio of olefin to H, (runs 11-13).

A series of reactions was conducted at temperatures below 100°C
in an attempt to get formation of CF,=CHCl1l since, as noted above,
hizh T appeared to cause preferential formation of CF,=CH,. These
reactions are summarized in the following table:

Starting Run No. T1°C Flow Rate(cc/min) %Product
Material C=C Hy ) CF,=CH, CF,=CHCl
+ CF,=CCl, 11124 15 50380 (a) 100 100 43 51
1112A 16 50960 100 . 750 25 75
11124 18 60 20 500 20 80

The above data indicate that conversicn to CF,=CHCl is again
not wholly temperature-dependent but appears quite dependent on the
olefin /H, ratio. More important is that at lower temperatures, in-
creasing the ratio of H,/ olefin causes preferential formation of
CF,=CHC1 which is the reversal of that observed when compared to this
same ratio at higher temperatures and somewhat contrary to what one
might expect, i.e., more hydrogen should favor CF,-CH, formation.This
seemingly indicates that different reaction mechanisms are operating
at various temperatures and it would seem almost impossible to be
able to distinguish hetween them. I feel it is safe to say that this
reaction is not proceeding via radical mechanism at low temperatures
since at these temperatures it seems quite unreasonable that one could
generate molecular hydrogen or break a (C-X bond. One might be tempted
to pestulate coumplex formation of X with the Pd at low temperatures in
light of the above data. To show that Pd is somehow entering into
the reaction mechanism, CF,=CCl, was subjected to the same reaction
conditions with Pd being absent. GLC showed only starting material
recovered. It is noteworthy that under all the reaction conditions
employed, there was never any evidence for a saturated product being
formed. ’

Since CF,=CHC1l was being formed as a reactién product, and since
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it also has a hydrogen on the carbon bearing the replaceable chlo-
rine (the effects of hydrogen substituticn being unknown), this
olefin was also subjected to hydrogenation conditions. 1ts reac-
tions are summarized below:

Starting Run No. TOC Flow Rate(cc/min) %Product
Material C=C Hz CF2 =CHZ CY 2 =CHC1
CF.=CHCl 19 53 100 100 0 100
CF.=CHC1 20 1633187 100 i00 40 60
CF, =CHC1 21 60 100 100 0 0

These data are very interesting. Whereas (F,=CHCl can be
formed from CF,=CCl. at 60°C, at this same temperature, it itself
is highly unreactive. Thus, the presence of a single H on a C bear-
ing halogen grossly afifects the reactivity of the onlefin and possi-
bly lends some credence to the formation of CF,=CHCl as an inter-
mediate.

Run 20 in the above table does show that CF,=CHCl can be con-
verted to CF,=CH, but that this is also accompanied by saturation.
It will be recalled that in the conversion of CF,=CCl, to products
no saturation was observed. This further supports t{he hypothesis
that CF,=CHCl is not an intermediate in CF,=CC1,3CF,=CH,.

Since CF,=CHCl1 showed some tendency to saturate, CF,=CH, was
subjected to hydrogenation conditions, i.e., T°=170°, H, and C=C
flow 100 cc/min, expecting a higher degree of saturation. The only
product isolated from the reaction mixture was the saturated pro-
duct CF,HCH3;. This was the expected product since previous reactions
hrve shown the reluctance of HF elimination.

A literature search showed that replacement of a vinylic halo-
gen by a hydrogen without saturation of the double bond was not u-
nique to fluoroolefins. To show this to be the cage, CF,=CHCl was
subjected to hydrogenation conditions, i.e., T=195", H, and C=C flow
at 100 cc/min. The reaction mixture was very messy compared to the
fluorodlefins, as it contained nine components, all in approximately
equal yield. Out of this mixture was isolated some CH,=CH,; the
remainder of the reaction products were not identified. 1In light of
the large number of products formed, this type of reaction does not
apnear very applicable to hydro-carbons, which is in direct contrast
to the fluoroolefins studied.

The nydrogenation of F, ! Cl to give F, H seemed
very interesting since theF2 J o1 dihydro F H compound
is nowobtained in low yields 2 by a

very tedious process. For this process to be feasible, conversion
to either the mono- or dihydro derivative would have to be almost
quantitative since separation of these compounds by conventional
techniques is not possible. Experimental results of this reaction
are listed in the folléwing table:
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Starting ‘Run No. TC Flow Rate(cc/min) %Product

51_-2 terial C=C H2 CF2 =CH2 Cf 2 =CHC}
F, Cl

11 25 233 60 60 50 50
F,L 1c1
F, _Cl

l] 26 233 120 60 70 30
Fz,——j bl

As seen from the table, the desired conversion was not obtained.
Due to the highexr boiling point of F, Cl , which makes it
difficult to handle in a gaseous flow system, plus its
l'igh cost, it appeared unreasonableF, Cl to conduct studies to

find optimum conditions for the desired quantitative conversion., A
model for this compound would be CFC1l=CFCl for which the starting
material is now available. This system will be studied and optimal
vcn.it.ions for its conversion to either CHF=CHF or CFCl=CHF trans-
ferred to the cyclic system.

Since a radical mechanism is a possibility, the reactio, of a
fluoroolefin in the absence of H, should give products from the radi-
cals formed. This was attempted with two olefins, CF,=CCl, and CF,=
C(FCl. CF,=CCl, was a poor choice since the overall conversion co all
products was only 3 percent. Thus, when the reaction products were
examined by GLC, only very small peaks were found to elute, but the
presence of compound formation supports the possibility of a mecha-
nism involving radicals.

The reaction of CF,=CFCl was much more informative. Reaction
conditions were 200 C and flow of 100 cc/min. The reaction was run
for 15 minutes. A GLC of the reaction products showed the presence
of six peaks mith one peak accounting for 95 percent of all products.
This peak was isolated and found to be CF,=CCl,. This would only
arise from a radical disproportiionation reaction as follows:

(1) CF,=CFCl -£3 C(F,=CF + Cl

(2y CFy=CF- + CF,=CFCl —>» CF,=CF, + CF,=CCl°

(3 CF,=CCl* + CF,=CFCl —> CF,=CCl, + CF,=CFe

2y, (3, (2, (3,

An attempt to isoli.e CF,=CF, from the reaction products failed.
This is net too surprising since CF,=CF, would be expected to be very

reactive under these conditions arnd could very easily be converted to
Te¢. flon which would not conie out of the reaction vessel.




e

This reaction willi have to be repeated and the reaction ves-
sel purged at high temperature with M, to see if any C¥,=CF,
can be isolated. Also, the reaction will have to be run for a
long enough time to allow isolation and identiification of all
products formed. The fact that CF, CCl, s formed is definite
evidence that a radical process can be operating and could lead
to the observed products under normal reaction conditions,

A reaction has been devised which should show, if addition-
elimination is operating, as a major reaction mechanism. This
is shown bhelow.

The following reaction is known to occur:

H,
F-\=- 1') e CF =CH'1
CF,=ccl, A,dec L.

The following reaciion will be run:

" H
CFCl=CCl, —%a CFCl=CH,
a,Pd/C

. If this product can be made, then the following reaction
*will be run:

D,
CFCl=CC1l CFC1=CD-
‘a,Pd/ é ‘

If addition-elimination is operating, the following should
occur:

H,
- CFC1=CF, ——» CFHCl, CD,H

4 A,Pd/C

. -HC1

' CFHC1=CD,H .———3 CFH=CD, (1)

; -ocl
CFHC1=CD,H ——.—3 CFH=CDH(2)

Product (1Y can be differentiated from (2} by NMR.

Product (1Y can be formed from a radical mechanism but pro-
duct (2) cannot., Thux, any appearance of (2) would be definite
evidence for the arddition-elimination mechatism.

The p:eparation of CF,H-CCl,H will have to be made and this
subjected to various temperatures in an attempt to split out HX.
If this cannot be done, then this is evidence against addition-
elimination operanting as a reaction mechanism,

In summary, the scope of the reaction has been expanded con-
siderably. However, several olefins are deft to be studied. It
appears several mechanisms might be operative in this type of hy-
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drogenation. Evidence is presented for a radical mechinism at
elevated temperatures and possibly complex formation between
chlorine and Pd at low temperatures.

¥XI11. The Reaction of Perhalocycloalkenes with Certain Nucleophiles

A. The Synthesis of 2,3:5,6~ Bis[perfluoro-
n—méfhiIénﬁI;l,4-dithiins

The reaction of Na,S with 1,2 dichloroperfluorocyclic olefins
has led to the formaticn of a new class of compounds, the 2,3:5,6-
Bis perfluoro-n-methylene -1,4-dithiins.

1. Historical Background Fluorocarbon sulfides have previously
been prepared by heating perfluoroalkyl iodides with sulfur under
pressure. This procedure generally results in a mixture of mono- 6
di-trisulfides as e¥iq§nced by the work of Haupts?Q}?n and Grosse( 2 SONG
Saunders and Stacey and McCombie and Saunders have pre-
pared {luorinu substituted ethane 1,2~disulfides by the reaction of
alkyl hali?z& with sodium mercaptides., More recently, Krespan and
Langkammer ) have prepared perfluoro 1l,4-dithianes by the reac-
tion of C,F, and sulfur at elevated temperatures and pressure.

2. Discussion In our own group, extensive work has been conducted
with attack of nucleophiles on 1,2-dichloropertluoro cyclic olefins,
but nowhere is there a report of attack by a doubly charged species.
Therefore, this investigation was undertaken.

When Na,8 is dissolved in DMF, an emerald green solution re-
sults., The addition of a 1,2-dichloroperfluoro cyclo8lefin causes
an immediate change in the color to bright yellow (when the olefin
is C4, or C;) and red-brown when the olefin is C;. The reactions
are exothermic, with flocculent solids forming as the reaction pro-
ceeds, - The reaction time is dependent on the olefin and the yields
vary immensely. For C, olefins, the reaction is spontaneous and
appears over in minutes; for the C; and C; olefins, the yields are
lower and reaction times are much longer., As the reactin<n proceeds,
the fluorocarbon, which is initially soluble in the DMF, separates,
and, after filtration to remove the solid, can be easily isolated.
Depending on the amount of solvent used, some of the reaction pro-
duct also, under certain conditions, precipitates from solution
and can be recovered by dumping all the solid into water, the or-
ganic sulfide being insoluble.

The sulfides of the C4 and C; olefins are easily detected by
their brilliant yellow <olor. Surprisingly, the sulfide of the
C; olefin is colorless.

All of the sulfides are very easily sublimed and this tech-
nique can be used to isolate prcduct as well as a means for puri-
fication of it. :

The order of reactivity is C,, C;, C; and yields are it the




same direction. The overall reaction is very clean with only
cyclic product being obtained. The C; olefin yields three such
cyclic products while the C; and C; yield only one product re-
spectively.

The crder of reactivity of the olefins studied is the same
direction as their reactivity toward Sy2 displacement, i.e., 4 5
6. Also, since DMF-is a gocd positive charge solvator, the pos-
sibility of the presence of doubly charged sulfide ion, S , is
enhanced. In light of this, the following mechanism (A) is pro-
posed as the dominant one for the C; and C; olefins. The C; ole-
fin will be used to illustrate the mechanistic pathway.

o

F, S~
= DMF | -

+ 2 Cl

[ 3]
|
+
[47]
'

Ccl Sp2 F, ~Cl
- S

S C1 Sp2 _
|F ” . ‘ ” - F| lF + 2 Cl
) | S~ L s

For an Sy2 mechanism to be operating would require front
side attack on the carbon bearing halogen. While this type of
attack is known, it is not common, but in light of experimental
data, it must be postulated as occuring in the systems so far in-
vestigated.

Another possible mechanism (B) which may be operating is that
of addition-elimination whereby a carbanion is formed:

= DMF s~ =Cl Sn2
F + S e—p p —_— F — Fl lF
C1 ", © - Cl C1 S~

In either reaction mechanism, the intermediate anion formed can

be the same. The straight S,2 displacemcnt mechanism, however,
seems nore plausible, since in mechanism B, the carbanion, in or-
der to expel Cl1-, would have to be shifting negative charge in

the direction of a carbon atom already bearing a negatively char-
ged species, and this would appear energetically quite unfavorable.
If mechanism B were operating, one might expect product from F~

being expeiled, i. e.
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Cl Cl
Cl F, s- F, S-

that none of this product is found is evidence that this mecha-
nism is not operating in the C, and C; reaction sequence.

Mechanism ‘B) appears to be a definite possibility in the
C; olefin reaction, since three cyclic products are obtained in
approximately a 1:1:1 ratio. Structural assignments are based
on mass spectral fragmentation products plus IR data and are as
follows (a):

S s Fa F &5
4 F2
F F | F
’ / . S 2 S
S F
I II 111

(a) Mass spectral data were used for all systems studied.

The following routes are possible to, formation of I and III,
with an apparent competition between Sy2 and SNZ‘ mechanisms
occuring.

F

S S_
i T—_
Sn2 1 Cl
- Product 1
Cl /
_..._',
c1 1 .
_s” '
Ci EE:D01
%u — (;l: » Product III
73 cl

Product II could arise as follows: -
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- s . Cl1
LD — L0
F | - .
S DMF S

Since the F~ being replaced is allylic to both the double bond
and the sulfur, it should be very lgbile and might possibly be
able to be displaced by chloride ion. This can be very easily
proved by taking the symmetrical olefin, I, and placing it un-
der reaction conditions in the presence of NaCl. If Cl1~ dis-

placement is occurring, the reaction product II will be formed.

Another possible route to II would be an Sy2' on product III.

Again, this reaction mechanism can be readily proven or dis-
proven by reaction with NaCl on product III in DMF.

As mentioned previously, structural assignments of the cyclic

sulfides are based largely on mass spectral data. These data are
presented in Tables IV-VII.
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—--..S’

Calc.M.Wt.

TABLE IV

MASS SPECTRAL DATA OF

2,3:5,6-Bis Eperfluorodimetnyleng -1,4-dithiin

We
74
88
94

106

118

124

130

137

156

193

200

212

218

230

243

262

293

96 M.Wt. found 312
152

64
312

fragment
CsF,
C,S, or CF,
C,F,S
C3F.S
C F,S
C4Fy
CsF,S
C.F3S
C.F,S
Co FsS,
CsFyS,
CeF4S,
CgFg S
CiF¢S
CeF;S,
C1Fg S,
CeFy S,
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, TABLE V
S
<i::[: :I::>> MASS SPECTRAL DATA OF
S 2,3:5,6-Bis [perfluorcotrimethylene] -1,4-dithiin
Calc.M.Wt. c-10 120 M.Wt. found 412
F-12 528 -
S-2 64
Iz
n/e fragment
106 C3F, S
155 Cs Fs
206 CsF, S
3 262 CTFG S2
293 CgFqS,
312 CaFasz
343 CyFy S,
362 CF, S,
393 c,,F, S
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Calc.M.VWt.

TABLE VI

MASS SPECTRAL DATA OF

2,3:5,6-Bix [?erfluorotetramethylené] -1,4-dithiin

C-12 144
F-16 304
S-2 64
312

n/e

88

106

124

125

156

312

331

343

362

393

412

443

462

493

M.Wt. found 512

fragment
C,S, or CF,
C3F,S
C.Fy
C3F3S
C(F S
CgFgS,
CsFy S,
CyFs3 S,
CF,. Sy
C,oF, S,
Cio F 128,
CuF,38,
Cy F 143,
CuF,5S,

~81~




As can be seen by the cracking pattern, these molecules
tend to lose simple, low mass ifragment; in all cases, i.e., F,
c¥,, CF;, CFy, CyF;, etc., thus setting up a pattern which might
be used in determining structures of molecules substituted with
other halogens, Using this basic pattern as a model, the struc-
tures of two cyclic isomers containing a single chlorine atom
have been assigned as follows:

w F Cl
la TABLE VII
a
Ff MASS SPECTRAL DATA OF
~ea L 4a la,4a;:6a,9a-Bis [1-monochloro-perfluorotetra-
. methylene_) ~5,10-dithiin
Calc. M.Wt. C-12 144 M.Wt.found 528.5
F-15 285
Cl-1 35.5
S-2 64
528.D
m/e fragnent fragment lost
87 CsFS CyF ,4SCl
106 C3F,S CyF ;3SC
125 C3F3S CyF ;,SC1
131 C3;F; CyF,S,Cl
137 : C F3S CgF ,»SCl
156 CyF4S CgF,SC1
324 CoFgS, C;FqCl1
343 CyFy S, C3Fy Cl
CgFioS, C.FsCl
374 CoF, 052 i C,F;Cl
393 CiFy Sy . CFyC1
424 CﬂF,zSz CF3C].
443 CiF (35, CF,Cl1
461 Cu¥ 145, CFCl
493 C 2F (58, Cl
509 C ‘2F ,401’ Sz F
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As can be seen by comparing the cracking pratterns, the
perfluoro and the monochloro compound have essentially the
same fragmentation pattern. The only structure which can
plausibly fit this M.Wt. and cracking pattern is one in which
a -CF, moiety is replaced by a -CFCl.

That compound III is an isomer of Il is borne out by its
mass spectrum and a comparison of IR's. The structure assigned
to 111 is:

1 .
0is TABLE VIII
(F‘isj@ MASS SPECTRAL DATA OF
I3 2,3:5,8-Bis[Da-monochloro-perfluorotetra-
me tnylenej-i,4-dichiin

Calz. M. Wt. 528.5 M. Wt. found 528
Eﬁﬁ fragment fragment lost rel,.size of common peaks in
IT vs 111

87 CyFS CyEy4SCl 1:1 (a)
106 C3F,S Cy F,SCl 1:1 (a)
125 C3F3S CyF,,SC1 ‘ 1:1 (a)
131 CsFs CyF,S,Cl 1.5:1.a)
137 C.F3S CyF,,SC1 1:1 (a)
156 C,.F;S CsF,SC1 1.5:1 (a)
343 CyFy S, C3Fg C1 1:6
374 C,.F,S2 C,F;5C1 2,521
393 C,oF,S; CyF4C1 ‘ 5:1
428 C,F,Ci, S, C,F, 1:50
443 C,F.sS; CF,Cl1 4:1
461 C,E S, CFC1 3:1

- 493 CoFS2 Ci ' 2:1
509 C_F,CL, S, F . 1:1 (a)

(a) Note ratio is essentially ithe same when Cl is involved in
fragment lost only when accompanied by loss of a single sultar,




Note that when only Cl must be included in fragment lost,
a large variation in the relative size of the peaks results.
This indicates that Cl is not on a carbon bearing F which leaves
only bridgehead carbons available, bonded directly to S.

The infrared spectrum of compound III shows three distinct
carbon-carbon double bond stretches; one at 1615 cm~1l which is

atiribputed to the symmetr1c§1 C=C stretch (comparedwith 1595 CT-l
for compound I and 1590 cm for compound II), one at 1660 cm™—,
which is attributeg to a binylic fluorine and is a shift of ap-
proximat:ly 30 cm from that of the C=C stretch in fhe cyclic
starting material, and the other stretch at 1580 cm™-,

The overall shift and positions, plus the presence of three
C=C stretching frequencies, are evidence of destroyed symmetry
in the molecule and are also indicative of conjugation involving
a vinylic halogen as evidenced in the cyclic '"dibox" olefins.

Further correlation of IR data will be attempted at a later
date when the structure has been further elucidated.

Since compound III has a vinylic fluorine, a Fl9 NMR should
easily show whether or not the assigned structure is correct.
However, due to extremely poor conversion and lack of availability
of starting olefin, none is available for NMR studies at the time
of this report.

Dreiding models of the cyclic sulfides show that all of the
molecules are quite planzr, the C3 and C,sulfides being more so
than the G, sulfides. The sulfides from the C4 and C; olefins
are fairly rigid, the most significaut motion coming from inver-
sion of the sulfur atoms which should tend to give a time average
position which would be planar. The G, sulfide probably exists
in a twist-boat conformation which would tend to relieve most of
the eclipsing interactions. A full chair ceonformation is impos-
sible for any of the six-membered rings.

The chemistry of these compounds has not yet been investiga-
ted and one can only speculate as to how broad the area might be.
On the surface, it appears quite 1nterest1ng.

3. Experimental The experimental approach is essentially the
same for all the aforementioned compounds, Therefore, only one
example will be discussed.

Into 2 50-ml,, round-bottom flask equipped with a Teflon
stirring blade, dropping funnel and thermometer is added 25 ml
of DMF, To this is added 7.8 g (0.1 moles) of Na,S. 7The solu-
tion turns emerald green as some of. the Na,S goes into solution.
This solution is stirred to get maximum dissolution and is then
cooled to 0°C with an ice-water bath. Twenty grams (0.1 mole) of
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F in the dropping funnel is added slowly to the solution,
Cl (with stirring) the first few drops turning the solu-
tion bright vellow. This is accompanied immediately by solid for-
mation. The olefin is added cver a 15 minute period and the drop-
ping funnel replaced with a water-cooled reflex condenser and the
rezction is allowed to warm to . room temperature. (Depending on
the olefin, the reaction time is now varied,) After a suitable
reaction time, the stirring is stopped and the hydrocarbon and
fluorocarbon layers separate. The liquid is decanted from the re-
action vessel to a funne.i; the remaining liquid in the flask is re-
moved from the solid via water aspirator. The liquid portions are
combined in a separatory funnel and the lower fluorocarbon layer
removed. The hydrccarbon layer is then poured into water and pro-
duct is precipitated out.

Vaccum distillation at recow temperature (through a -78Y trap
to collect unreacted olefin) causes separation of the solid sul-
fide from the fluorocarbon. Partial separation can be obtained by
cooling the fluorocarbon to 0°C which causes precipitation of the
solid.

GLC of the fluorocarbon on carbowax at 195°C also affords a
means of separation of the products. Suprisingly, the solid sul-
fides elute very shortly after their respective starting olefins.

Maximum yields obtained have been in the range of 20-30 per-
cent based on olefin. '

B. The Synthesis of’
2,3:5,6-Bis [perfluoro-n-methylenel -1, 4-Diselenins

1. Historical Perfluoroselenium compounds have been prepared in

a manner analogous to the previously discussed sulfides. Thus, re-
action of CF;I and selenium at 2709-295°C yields (CF3),Se and
{CF3), SeSe(CFa)z.(éTh%ﬁgfﬁgmpounds have been briefly described by
rev%%$§ by Emeleus % ol * More recently, Krespan and Langzitam-
mer revealed the preparation of perfluorodiselenanes from the
reaction of C,F, and selenium at elevated temperatures and pressures.

In this report, I would like to disclose the synthesis of the
first of a new class of perfluoroselenium compounds, the 2,3:5,6-
Bis perfluoro-n-methylene -1,4-Diselenins.

2, Discussion Since Na,S afforded cyclic sulfides and since S
and Se= have very similar properties, i.e.,

Radius X~ Covalent Radius-X- Electronegativity
S 1.90 1.04 2. 44
Se 2,02 1.17 2.48
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The reaction of Na,Se with 1,2-dichloroperfluorocyclobutene
was attempted.

When Na,Se was dissolved in DMF, a deep brown solution resul-
ted. Addition of the cyclic butene caused immediate change in the
color to red-brown and solid formation. After a rcaction period
of three hours, the liquid was separated and a few drops placed in
H,0. A yellow product proceeded to precipitate from solution and
was later identified as _se the cyclic diseleniin
compound. FI |F

S
To date, only the 2,3:5,6-Bis [perfluorodimethyleng-1,4-Dise-
leniin has been prepared. There is no reason to expect, however,
that the analogous selenium derivatives of the sulfides cannot be
made, especially in light of the properties sited for the two anions.

A mechanism analogous to that of sulfide formation is proposed
for the preparation of the cyclic selenium compounds:

Se
Se " N

Cl o™
. f = — T T

Cl

As mentioned, the (3 selenide is also yellow in color, al-
though not nearly as brilliant as “ts sulfur analog.

Structural assignment is based on IR and mass spectral data.
ThLe mass spectrum of the compound is presented below.
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TABLE IX

~N MASS SPECTRAL DATA OF
F| hF 2,3:5,6-Bix perfluorodimethylene -1,4-Diselenin
S

Calc.M.Wt. C-8 96 M.Wt. found 406
F-$ 152 80
Se 9_2 158 Since Se is major isotope,

106 this will be used in frag-
mentation pattern and M.Wt.
becomes 408.

m/e fragment

80 Se

93 C3F;

124 C.F; (large)
135 CsFSe (large
154 C3F,Se (large)
184 C,Se,; (large
284 C(F.Se,
308 CgF(Se,

328 CgFgSe (large)
358 CyFgSe,

389 CsF,Se,

It is interesting to compare the mass spectrums of the Cg
sulfide and t! 2 above compound. The largest peak in the above
pattern (328), due to loss of Se, has no ccunterpart in the sul-
fide. This seems quite surprising. OQutside of this, the crack-
ing patterns are quite similar.

The similarity between the sulfides and the selenide can al-
so be seen in their IR spectrums, the only major difference being
in the C-S vs, C-Se absorptions, .

The chemistry of the selenide prepared has not been studied

at the time of this report. The preparation of the C,, and C,.
selenides has not yet been attempted.
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XIII. New Compounds and New Information

The previously reported reaction shown immediately below
had not been completely characterized as to the ring system.
Ncw, tue products are assigned the bicyclo (4.2.0) octene-2
system:

CF, 150° 7 F,
CFCl1 FCl

0 - 1 #0 - 2

The physical properties were previously reported.

0

= i F; 100 FC1
r,r + " I —_— Ei:]:]F + 2 isomers
S = Eel Carius tube 9
#0 - 4(a+b)
#0-04 (a and b)
a%8 1.31 IR: 3060 cm"i vinylic hydrogen
n%7 1.4450 2980 cm™ " sat'd carbon-
_q hydrogen
Mp, =39.8 1650 cm™" vinylic carbon-
(calc.) carbon
Mp (obs.) ~39-8
FC1 5% Pd/C FCl1
, + Hy —_— [:ﬁ\‘ + 2 iscmers
F, 30 psi. F,
*o - 5 (a+b)

#90-05 (a and b)

IR: shows disappearance o: peaks at 3060 and 1650 cm-1
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in parent compound. Otherwise IR spectrum is very'
similar,

GLC: both peaks in glc are shifted to higher retention time
but retain rel. areas.

z F, (FC1) - Pd/C F,
+ —_—
Cl(Fz) 2 5%, 30 pSi FCl + 2 isomers
#o - 5(a+c)

#0-05 (and and c)

GLC: retention time of peak for 0-05 a is the same in both
this and previous reaction is the same.
IR: IR spectra are the same also.

Br (rc1)
FCl (F,) ccl F, (FCl)
f;?\\ ** + xBS ¢ Fe & i
, F, (FCl) reflux FCl FCl (F;)
‘ (Fy)
#0-06(a+b)  ¥0-06 (c+d)

# 0-06

25.5 _
nD = 1,4927
425-5 _ 168

calc'd C: 35.00, H: 2.55, Cl=12.71, Br=29.10, F=20.70

Obs 'd C=36.19, H=3.09, Cl=12.70, Br=28.28, F=20.39

g (FCL)
A N—Fe = F2 (FC1) N 7 HF
Fc1 * FC1 | P,
(F2) CHCl, N 2
(F2) Br reflux #o-7*
(FC1) |
7 F, Z F, (FCl)
+
A FCL | FCLl (F,)
(F3)
P0-9(a+b) #0-8 (a+b)
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#0-7

Calc: C=60.18, H=3.16, F=36.10

Found: C=60.18, H=3.12, F=35.46

PNMR: m/e=158

2.6 T (4H)

<

3.67;4.57 (iwo doublets) (1H)
IR:
-1
2990 cm C-H
3i02 cm™!  Aromatic C-H

Uv:

) max (EtOH) = 258.5, 264, 270, 279.5 m.se

# 0-8
a%% - 1.34 bp 155°/627mm
2
“82 = 1.4506 calc: C= 49.3, H=30.¢,
L F=29.3, C1=18.20
calc found: C=49.16; H=3.26,
My 39.2 F=29.52, Cl=18.23
PNMR

4,27 (2 protons)
7.0m™ (4 protons)
FLowi

shows probably assigned structure

# 0-9

2980 cm~1 C-H
3060 -1 vinylic C-H

1670 cm~1 conjugated
1600 -1 diene similar to©
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Cl DMF I I
+ KI F '
S 134 hrs 1+ 1
f
geflux #0-10 none hy glc.
#0-10
26_.
IR: 1610 em~! c=c np’= 1.4213
870 cm C-Cl d26'5' 5. 12
m/e = 386
bp = 144.5/632.1mm
I DMF I
F + KI >
heavy reflux
#0-11
®o_11
IR: 1560 cm™1 c=C
Se
Cl DMF
F + KSCN —_— F I , F
Cl - Se”
#0-12
# 0-12
IR: no C=C obs.
Analysis: Calc'd C=30.7 H=0 F=48.7
Obs'd C=30.05 H=0.13 F=50.39
FNMR: singlet (consistent with structure)
mp=123~133
m/e=312
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XIV., 1l-Carboxy-2-haloperfluorocycloalkenes
and
1,2-Dicarboxyperflucrocyclcalkenes

1. Introduction Specific studies®aimed at the introduction of
functionalities other than halogen at the vinylic position in
perhalocycloalkenes have received but meager attention. As a
consequence, many salient areas remain unexplored.

The present undertaking was initiated in light of these
consideratious.

2. Historical Although lithium halogen interchange reactions

have been %gg n since publication of the classic work nf Gilman
and Jacoby in 1938, applications to polyfluoronated hydro-

carbons were unknown until 1953 when McBee and coworkers repgrs
ted the successful preparation of perfluoro-n-propyllithium"4 .
Subsequent to this paper, reports of the generation of perfl%ro-
i—?ropyllithium and perfluoro-n-heptyllithium were pub%%gged 59,
56)and shown, in addition to perfluoro-n-propyllithium , tco be

useful synthetic intermediates - despite their limited ~.abilities.

Employment of polyfluorinated olefins as substraties was not
investigated until 1963 when ‘Tarrant and coworkers reported ?
preparation and several reactions of trifluoro—vinyllithium( .
The corganometallic was generated by means of lithium halogen ex-
change.

Dilithioperfluoroalkanes were without precedent until 1966
when Johncock published the preparation of'1l,4-dilithioperfluoro-
butane in(5§)percent yield using 1,4-diiodoperfluorobutane as
substrate c

For this work, a series of 1,2-dihaloperfluorocycloalkenes
was prepared in which the relative ability of various vinylic
halogens to undergo metal halogen interchange could be studied.
The present report describes the in-situ generation of a number
of fluorinated cycloalkenyl lithium Teagents and their charac-
terization as carbonation products.

3. Results and Discussion Two rather different synthetic methods

were employed in the preparation of the requisite 1,2-dihaloperfluoro-

cycloalkenes,

s#These indepcndent studies were made by Mr. Bruce Nakata under a

fellowship grant not supported by this Army Contract but was
tied into this program as far as long range objectives were con-
cerned.
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The first involved a catalytic thermal displacement of
vinylic chlorine by bromine in the preparation of the monobromo
and dibromo derivatives from the commercially available 1, %- y
dichloroperfluorocycloalkenes. As pointed out by McMurtry, 60}
this reaction has little precedent in the published chemical
literature.

C-Cl C-Br C-Br
———c-C1 a0y T~—~c-C1 T~ C-Br
I II 111

The product .!istribution from the three starting 1,2-di-
chlorocyclo8lefins employed is depicted in Table X.

TABLE X

PRODUCT DISTRIBUTION OF THE HBr ADDITION TO CYCLOOLEFINS

Olefin Ref. %Yield %Yield
(1) (11) (I11)
n=0; @ 29¢° 25.4 ‘ 39.2
n=1l; @ 2250 60 _ 22 18
nz2; @ 2900 30.1 21.5

The mechanistic implications of this reaction is under ac-
tive investigation at the present and will be reported forthwith.

Nucleophilic attack hy halide ion, a reaction sEud%ed in
depth by Moore(6l) and extended somewhat by McMurtry(60) ip this
laboratory, constituted the second general route to the desired
1,2-dihaloperfluorocycloalkenes; in particular to monoiodo and
diiodo derivatives - where nucleophile = iodide ion. The use of
dimethyvlformamide (DMF) as a suitable reaction medium; (initial-
ly discovered by Park and Nakata) instead of the more customary
acetone and diglyme, afforded realization of drastically reduced
reaction times and greater product yields in the case of cyclobu-
tenyl and cyclopentyl homologs. This fortuitous circumstance is
due, in all probability, to the lesser degree of solvation about
the attacking nucleophile in DMF relatiYg 30 the degree of solva-
tion experienced in diglyme or acetone. 2 The lack ¢f solva-
tion may have sufficiently raised the ground state to make the
reaction energetically more favorable.

The cyclohexenes, unfortunately, are not as receptive toward
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icdide attack and even DMF was found to be less effective as a
solvent; the yields realized in the case of 1,2-dichloroocta-
1luorocyclohexene , were either none or, under extreme reaction
conditions, low(ﬁs). This reluctance was partially circumvented
by employing a starting material with a vinylic halogon more simi-
lar in leaving group ability to the attacking nucleophile, iodide.
Use of 1,2-dibromooctafluorocyclohexene~1 afforded the bromoiodo
species in appreciable yield (51.9%) and the diiodo derivative in
moderate yield (6.5%).

The preparation of cyclic vinyllithium reagents was accom-
plished by treating either l-iodo-2-haloperfluorocycloalkenes or
the 1,2-dihalo derivatives (where X1=X9=Br or Xj;=X,=I) with methyl-
lithium in ether at -78°., Subsequent treatment with either dry ice
or, more preferably, with gaseous carbon dioxide gave up the or-
ganolithio specie, in varying yields, as their carboxy derivatives,

Not surprisingly, lithium halogen exchanges were confined ex-
clusively to the vinylic iodo and bromo substituents. Indeed, the
chemical literature is bereft of any references to fluoro or chlo-
ro substituents entering intgq a§logen metal interchanges except in
highly specialized instances (6%, “Trcatment of the 1,2~-diiodocyclo-
olefins with two equivalents of methyllithium in ether at -780C af-
forded, interestingly, the dilithio specie - characterized by their
conversion to the corresponding diacid derivatives. Apparently,
the basicity of the fluorodianion is of such a magnitude that it
can more than successfully compete with the methide ion for the
gegen lithyl cation. 1In contrast, treatment of 1,2-dibromotetra-

C-I C-Li
—

(CFy) 4 |] + 2 CHLi ————== (CF,), " + 2 CHylI

—

C-1 -C-Li

fluorocyclobutene-1l with excess ethylmagnesium bromide in eigef
reportedly yields none of the analogous di-Grignard reagent o),

4, Experjimental All boiling points were taken by the Siwolcboff
methoagzos. Analyses were performed by Galbraith Laboratories,
Inc., Knoxville, Tennessee. Infrared spectra were taken on a Per-
kin-Elmer Infracord. All melting points are uncorrected and were
taken on a Thomas-Hoover UniMelt melting point apparatus,

Reaction of 1,2-dichloro-3,3,4,4~-tetrafluorocyclobutene-1;
with Hydrogen Bromide: The reaction was accomplished by sweep-
ing a mixture oI the olefin and excess hydrogen hromide through
a 100 cm. x 2.5 cm, Pyrex tube packed with a 25:75/calcium sul-
fate: activated carbon catalyst heated to approximately 2900,
The products were collected in traps maintained at 0°C. The
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cat?1§§t was prepared in the manner reported by Park and Shar-

rah In a typical run, 100 gm. (0.513 mole) of 1,2-dichloro-
3,3,4,4-tetrafluorocyclobu! ne-1 was passed through the heated
tube together with a fourfold excess of hydrogen bromide. The
crude reaction products were washed with an aqueous sodium bicar-
bonate solution, then wilh water, and, finally, dr.. . over anhy-
drous magnesium sulfate. Subsequent distillation at atmospheric
pressure afforded 3i.2 gm. (25.4% of theory) of 1- bron? % -chloro-3
3,4,4-tetrafluorocyclobutene-1, b.p. 81°9/630 mm. (1lit. 69)p. P.
79.49/626 mm.) and 56.9% (39. 2% of theory) of 1, %Gd}bromo—u 3,4, 4-

gggraflgorocyclobutene-l, b.p. 969/630 mm. (lit. b.p. 952960/
mm. ).

Reaction of 1,2-Dichloro-3,3,4,4,5,5,6,6-octafluorocyclo-
hexene-l with Hydrogen Bromide: The reaction was accomplished in
the manner described above, Thus, 108 gm (0.356 mole) of 1,2~
dichlore3,3,4,4,5,5,6,6-octafluorocyclohexene-1 yielded, on work
up and distillation, 37.3 gm (30.1% of theory) of l-bromo--2-chloro-
3,3,4,4,5,5,6,6-octafluorocyclohexene-1 and 30.1 gm. (21.5% of
theory) of 1,2-dibromo-3,3,4,4,5,5,6,6-0octafluorocyclohexene-1.

1-bromo-2 -chlor$-3 y3,4,4,5,6,6,6-0octafluorocyclohexene-1;
b.p. 1229/631 nm; n 1.3865.

Anal. Calcd. for C F BrCl: C, 21.2; F, 44.7; Br, 23,2;
Cl, 10.4. Found: C, 21.01; F, 44.90; Br, 23.18.

The infrared spectrum contained a sharp absorption at 1620
cm™+ corresponding to olefin stretch.

1,2~ d1bromo—3(3é§ 4,5,5,6,6- octafluggocyclohexene—l: b. p.
1409/631 mm. (lit. b.p. 149-1509) ; .4063.

The infrared spectrum contained a sharp olefinic absorption
centered at 1610 cm™

Reaction of 1,2-Dibromo-3,3,4,4,5,5,6,6~octafluorocyclohexene-
1l with/Potassium lodide: 1,2-Dibromooctaflucrocyclohexene-1l, 21.5
gn. (0.006 mole) and 40 gm. of potassium iodide were refluxed to-
gether for 34 hours with stirring. At the end of this time, the
reaction mixture was cooled, poured into water, and the resulting
organic layer washed repeatedly with water. There was obtained 18.6
gm of organic residue. G.l.c. analysis of the residue on F.S. 1265
(176°) indicated the presence of 12.5 gm (51.9% of theory) of 1-
indo-2-bromo-3,3,4,4,5,5,6,6~-octafluorocyclohexene-1 and 1.73 gn.
of 1,2~diiodo-3,3,4,4 5 5 6 6-octafluorocyclohexene-1 (6.5% of
theory). Analytical samples were obtained through preparative g.
1l.c.

l-iodo-2-bromn-3,3,4,4,5,5,6,6-octafluorocyclohexene-1:

2
DN = 1.4416; vp,,1600 cml

max

Anal. Calcd. for C;FgBrI: C, 16.72; F, 35,28; Br, 18.45;
I, 29,45, Found: C, 1679; F, 35.00; Br, 18.25; I, 20.19,
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l1,2-diiodo-3,3,4,4,5,5,6,6-octafluorocyclohexens-1: Vimax

1580 cm~! corresponding to olefinic stretching.

Anal. Calcd. for C;FgI,: C, 15.08; F, 53.11; I, 31.81.
Found: C, 14.87; F, 52,98; I, 31.67.

1-Iodo-2-chlorohexafluorocyclopentene-1: A mixture of 122
bm. (0.50 mole) of l,2Z-dichlorohexalluorocyclopentene-1, 200 gm.
(1L.20 mole) ot potassium icdide, and 125 ml. of dimethylformamide
(DMF) was refluxed for 19 hours. At the end of this time, the re-
action mixture was poured into water and the resulting organic
phase drawn off, washed well with water, and dried over anhydrous
magnesium sulfate. Fractional distillation afforded 42.9 gm. of
unreacted 1l,2-dichlorohexafluorocyclopentene-1 and 75.5 gm. (44.9%
of theory) of %-§odo—2$chlorohexafluorocyclopentene-1, b.p. 1289/
628 mm. (lit.(%0) 1280/628 mm).

The infrared spectrum contained a sharp absorption at 1600 cm-1
corresponding to the (c=c) stretching frequency.

l1-Iodoheptafluorocyclopentene-1l: A mixture of 45.7 gm. (0.20
mole) of I-chlorcheptafiuorocyclopentene-1, 66.4 gm. (0.40 mole) of
potassium iodide, and 75 ml. of DMF was refluxed for three days. At
the end of this time, the reaction mixt.re was worked up in the man-
ner described above to yield 19.7 gm. of unreacted starting olefin
and 12.5 gm. (19.5% of theory) of l-iodoheptafluorocyclopentene-1,
b.p. 114°/623 mm.

The infrared spectrum contained a sharp absorption at 1590
cm™ " corresponding to the (c=c) stretching fregquency.

1-Todo-2~cinlorotetrafluorocyclobutene-1: A mixture of 39.0 gm.
(0.20 mole) of 1,2-dichlorotetrailuorocyclobutene-1, 66.4 gm (0.40
mole) of potassium iodide, and 50 ml. of DMF was refluxed together
for five hours. At the end of this time, the reaction mixture was
worked up in the manner described above to yield 20.3 g. (35.6% of

thoer¥%/9f l-iodo-2-chlorotetrafluorocyclobutene-1, b.p. 489/70 mm.
(1it. 5% p,p, 48°/70 mm.) and 14.8 gm, of 1,2-diiodogetrafluoro-
cyclobutene-1, b.p. 148°/623 mm. (1it.'61) b,p. 151.59/632 mm.).

1,2-Diiodohexafluorocyclopentene-1: This comgognd was prepared
according to the procedure described by McMurcry( 0).

l~-Iodo-2-chloro-3,3,4,4,5,5,6,6-octafluorocyclohexene-1: This
compound was prepared by Mr. Otto Furuta of this laboratory.

1-Carbexy-2-chlorohexafluorocyclopentene~l: In a nitrogen
swept, elongated, three-neck reaction vessel cooled in a dry ice
acetone bath and containing 39,7 gm. (0.118 mole) of l-iodo-2-
chlorohexatluorocyclopentene-1 in 60.ml., of anhydrous diethyl was
added 46 ml. of a 2,58 M ethereal solution of methyllithium. The
resulting dark blue reaction mixture was stirred for 60 minutes
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at -789C then carbonated with excess dry ice. The carbonation
mixture was allowed to attain room tewmperature,whereupon it was
hydrolyzed with water and treated with a dilute solution of co-
dium hydroxide. The bkasic aqueous phase was drawn off, washed
with ether, warmed to expel any dissolved organic solvent, then
acidified with 6N hydrochloric acid. The resulting oil was ta-
ken vp in ether and dried over anhydrous magnesium sulfate. Re-
moval of the ether at reduced pressure and subsequent vacuum su-
blimation of the residual solid afforded 18.5 gm. (61.5% of theory)
of the pure acid, m.p. 62.5-64.0°.

Anal. Calcd. for C,HF,ClO,; C, 28.31; H, 0.39; F, 44,79,
Cl, 13.53. Found: C, 28.09; 4, 0.18; F, 44.50; Cl, 13.71.

The infrared spectrum contained absorptions at 3000 em-1

(broad), 1730 cm=1l (gharp), and 1640 cm-l (sharp) corresponding
to (-0OH), (C=0), and (c=c) stretching frequencies, respectively.

l1-Carboxy-2Z-bromohexafluorocyclopentene-1: In a ritrogen

swept, elongated, three-neck reaction vessel cooled in a dry ice
acetone bath and containing 16.7 gm. (0.050 mole) of 1,2-dibromo-
hexafluorocyclopentene-1 in 60 ml. of anhydrous diethyl ether was
added 40.8 ml, of a 2,45M ethereal solution of methyllithium., The
resulting reaction mixtuTre was stirred for 30 minutes at -78°C
then carbonated with excess dry ice. The carhbonation mixture was
allowed to attain room temperature and worked up in the manner de-
scribed above - affording 5.20 gm. of the pure acid, m.p. 71-72°,

Anal., Calcd. for C, (FgBrO,: C, 24.10; H, 0.34; F, 38,13;
Br, 26.73. Found: C, 2 .93; H, 0.40; F, 38.16; Br, 26.52,

The infrared spectrum contained absorptions at 3000 cm—1
(broad), 1730 cm-l (sharp), and 1635 cm-1 (sharp) corresponding
to (-OH), (C=0), and (C=C) stretching frequencies, respectively.

1-Carboxy-2~-chlore-3, 3, 4,4-te“rafluorocyclobutene-1: In the
manner described above, 10.0 gm. (.. 35 mole) ol I-iodo-2-chloro-
3,3,4,4-tetrafluorocyclobutene-1 was treated with 20 ml. of a
2.45M ethereal solution of methyllithium. Workup in the manner
described above afforded 2.89 gm. (40.6% of theory) of l-carboxy-
2-chloro-3,3,4,4-tetrafluorocyclobutene-1, m.p. 89-91,5°C.

Neutralization equivalent: Calcd., 204.5; Found, 203.7,

The_infrared spectrum contained a carbonyl absorption at
1735 cm™+ and a sharp olefin stretching absorption at 1640 cm-1,

1-Carboxyheptafluorocyclopentene~1: In the manner descri-
bed above, 12.5 gm. (0.039 mole) of I-iodoheptafluorocyclopentene-
1 was treated with 16 ml, of a 2.45 M ethereal solution of methyl-
lithium. Workup in the customary fasuion afforded 2.70 gm. (28.4%
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of thecry) of l-carboxyheptafluorocyclopentene-1, m.p. 56.6-58°C.

1-Carboxy-2-chloro-3,3,4,4,5,5,6,6-octafluorocycichexene--1:
in the manner described above, 4.97 gm. (0.0122 mole) of I-chloro-
2 .iodo-3,3,4,4,5,5,6,6-octafluorocyclohexene-1, upon treatment
vith exactly one equivalent of methyllithium in ether, yielded
2.59 gn. of a residual solid (€6.7% of theory); from which, through
vacuum Suwlimation, white microcrystals of l-carboxy-2-chloro-3,3,4,-
4,5,5,6,6-octafluorocyclohexene-1, w.p. 55.5-55.7°C was obtained.

Anal. Calcd. for CyHC1F30,: C, 27.61; H, 0.33; Cl, 11.64;
F, 49°9I. Found: C, 27.67, H, 0.43; Cl, 1i.85; F, 49.66.

The infrared spectrum contained a strong absorption at 1740
cm-1 correspronding to the carbonyl stretching frequency and a
sharp absorption at 1640 cm™* corresponding to the olefinic stret-
ching frequency.

l-2-Dicarboxy-3,3,4,4=-tetrafluorocyclobutene-1: To a nitrogen
swept, elongated, three-neck reaction vessel ccoled in a dry ice
acetone bath and cortaining 10.6 gm. (0.028 mole) of 1,2-diiodo-
3,3,4,4-tetrafluorocyclobutene-1 in 50 ml. of anhydrous ethyl ether
was added 24 ml. of a 2.32 M ethereal solution of methyllithium,

The resulting reaction mixiure was stirred for 30 minutes at -789,
then carbonated with gaseous carbon dioxide. Following carbonation,

the flask contents were allowed to attain ambient temperature and
hydrolyzed with water. The aqueous phase was drawn off, washed
well with ether, warmed to expel any dissolved solvent, and, final-
ly, acidified with 1N hydrochloric acid. The resulting oil was ta-
ken up in ether and dried over anhydrous magnesium sulfate. Remo-
val of the ether and subsequent vacuum sublimation of the residual
sciid, 4.16 gm. (69.4% of theory), afforded finely divided crystals
of 1,2-dicarboxy-3,3,4,4-tetrafluorocyclobutene-1, m.p. 175-~175°C.

Anal. Calcd. for CgH,F;04: C, 33.66; H, 0.94; F, 35.01;
Found: C, 33.72; H, 0.98; F, 35,23,

The presence of two carboxyl functional moities was confirmed
by titration in aqueous soluticn: 0.0636 gm. of the microcrystal-
line solid requirod 5.98 ml., of a 0.0994:-N sodium hydroxide solu-
tion (100% of theory). -

The infrared spectrum ccontained an olefinic absorption at
1660 cm-1 ind two carbonyl bands at 1750 (free) and 1690 (assoc-
iated) cm™*,

1,2-Dicarboxy-3,3,4,4,5,5-hexafluorocyclopertene-1: Following
the procedure above, J0.7 gm (0.02% mole) of 1,2-diiodo-3,3,4,4,5,-
5-hexafluorocyclopentzne-1 gave 4.77 gm. of a residual solid (72.3%
of theory); from which finely divided crystals of 1,2-dicarboxy-3,-
3,4,4,5,5-hexafluorocyclopentene-1, m.p. 157-159° were obtained.
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Anal, Calcd. for CyH,F;0,: C, 31.83; H, 0.76; F, 43.17.
Found:; C, 31.64; H, 0.74; F, 43,02,

The presence of two carboxyl groups was confirmed by titra-
tion in aqueous medium: 0.0479 gm. of the wuite, crystalline solid
required 3.68 ml. of a 0.0992 N sodium hydroxide solution (99.5%
of theory). -

The infrared spectrum contained an olefinic absorption at
1680 cm-1 ind two carbonyl bands at 1750 (free) and 1725 (assoc-
iated) cm”™

XVv. Compounds fbr Evaluation

The following samples were prepared and sent to Dr. Douglas
Relyea of the Uniroyal Company:

grams
F, FC1
FC-300 50
E Hz CH=CH2
¥, F
FC-303 I ’ 50
. H, CH=CH,
FC-312 ¥, F, 112
Me Br MeO ™ Br
FC-313 F, F, 2
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grams

FC-314 FZMH 22
y

F 2 CH=CH 2
FC-315 I (Polymer of) 2
F 2 CH=CH 2

Disodium salt of

FC-316 o% 7
A

OMe OMe
F, I
FC-317 7
F, Cl
F, 1
FC-318 7
F, 1
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