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tions. For 7 and 24 hr., respectively, about 16 and 629, of the
sample was oxidized by the periodate.

Oxidation of Ia proceeded at an even slower rate than did trans-
Ib. For 7 and 24 hr., respectively, about 10 and 429, of the
sample was oxidized by the periodate.

Acid-Catalyzed Additions. A.—Equimolar quantities of N,N’-
dimethylurea and aqueous 409, glyoxal at pH 2 and 4 were
allowed to stand 30~60 hr. at RT. Crystals were obtained by
chilling or samples were withdrawn and evaporated to dryness
using vacuum only, and the infrared spectra were obtained. In
both cases the spectra of the residue or the crystalline product
indicated that trans-Ib was the major or only product. This
procedure was repeated using urea and glyoxal. Again, spectra
indicated that the desired dihydroxy derivative, Ia, was the
major product. Some higher melting products were also iso-
lated in both cases, especially if delays occurred in the isolation
of the products.

B.—From glyoxal and N,N’-dimethylurea using the conditions
of Nematollahi and Ketcham?® for the synthesis of II (R = CH;)
and III (R = Cg¢Hj;), the glycoluril (II, R = CH;), m.p. 224~
226°, lit.®* m.p. 225-227°, was the sole product isolated (lit.!?
m.p. 44-45° for N,N’-dimethylhydantoin).

N.m.r. Spectral Data.—Once isolation of products (including
isomers) was completed, these compounds, in addition to 2-
imidazolidinone, were dissolved in D,O and their proton n.m.r.
spectra were obtained (see Table I). Spectra were obtained of
the reactants in aqueous solution before and after addition of
the products (Ia and the Ib isomers) to determine which, if any,
of the protons of Ia and Ib were free of interference from the other
materials. These preliminary experiments suggested that the
methyl protons of N,N’-dimethylurea and Ib could be used to
follow the addition reaction to glyoxal. The similar reaction
with urea was not followed because the signal from the ring pro-
tons of Ia and the adjacent region of the spectrum were not free
of interference from signals from water and glyoxal.

Under basic conditions the methyl peak of N,N’-dimethylurea
was a doublet separated by a distance of 0.07 p.p.m. Proceed-
ing downfield from these peaks, the methyl peak of cis-Ib was a
distance of 0.05 p.p.m. and the similar peak of trans-Ib was a
distance of another 0.05 p.p.m., all peaks being in a 0.17-p.p.m.
range. Under acidic conditions the methyl peak of N,N’'-di-
methylurea was a singlet. Proceeding downfield the methyl
peak of cis-Ib was a distance of about 0.08 p.p.m. and the similar
peak of trans-Ib was a distance of another 0.05 p.p.m., all peaks
being in a 0.13-p.p.m. range. From these preliminary experi-
ments it was possible to follow the reaction of N,N’-dimethylurea
and glyoxal in aqueous solutions at various pH values and to

(12) H. Biltz and R. Lemberg, Ann., 433, 137 (1923).
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follow the rates of conversion of the pure geometric isomers into
an equilibriumn mixture of more than 959 trans.

The addition reactions were carried out by altering the pH
of the 409, glyoxal with either 8 N HCI or solid NaHCO;. An
equimolar amount of N,N’-dimethylurea was added to the gly-
oxal. The stirred solution was maintained at room tempera-
ture. A final, slight adjustment of the pH was then made. An
aliquot was withdrawn and placed in the instrument as rapidly
as possible. A sweep of 0.7-0.8 p.p.m. was obtained over the
region of the spectrum of the methyl protons. Reactions were
considered to be essentially complete when an estimated 5% or
less of the urea remained. Using these procedures the following
results were obtained.

pH 2.0.—The reaction was 50%, completed in 35-50 min., es-
sentially complete in 2 hr.  All of the N,N’-dimethylurea reacted
in 20 hr., but other products were forming at this time. The con-
tribution to the spectra from the cis isomer was very small except
at the beginning of the reaction.

pH 4.0.—The reaction was 509, completed in about 3.3 hr.,
essentially complete in 7.5 hr. All of the N,N’-dimethylurea
reacted in 27 hr. Very little cis isomer was noted and no other
products were observed forming.

pH 8.3.—The reaction was 509, completed after 35-45 min.,
essentially complete in about 3 hr. The cis—trans ratio was
about 1:1 at the start of the reaction, but decreased as the re-
action proceeded. No other products were observed forming.

Similar procedures were used to determine the rates at which
the pure isomers were converted at various pH values to the
equilibrium mixture. The conversion was considered to be es-
fentially completed after three partial spectra appeared equiva-
ent.

pH 2.0.—Pure cis was converted to the equilibrium mixture in
4-5 min.

pH 3.9.—Pure cis was converted 509, in 35 min. and was con-
verted to the equilibrium mixture in 4 hr.

pH 8.6, 10.0, and in Distilled Water.—Pure cis was converted to
the equilibrium mixture in 24 hr. (209, NaOH was used to
obtain pH 10).

pH 2.4.—Pure irans was converted to the equilibrium mixture
in 5 min.

pI-§l 8.3.—Pure trans was converted to the equilibrium mixture
in 2 hr.
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The photolysis of polyfluoroacyl fluorides yields largely fluoroalkanes resulting from the combination of two
fluoroalkyl radicals together with ethers formed by addition of two fluoroalkyl radicals to the carbonyl group of

the acyl fluoride.

products, Z.e., polyfluoroalkyl chlorides and bromides, as the major products.

Photolysis of polyfluoroacyl chlorides and bromides leads to the formation of decarbonylation

When they are irradiated in the

presence of terminal fluoro olefins, a variety of products, including oxetanes, fluoroalkyl bromides or chlorides,

and polyfluoroalkanes, are formed.

Although photolyses of aliphatic aldehydes and
ketones, including fluorinated ones,? have been stud-
ied extensively, there have been relatively few studies
of the effects of ultraviolet radiation upon the related
acyl halides. From the vapor phase photolysis of ace-
tyl bromide, Etzler and Rollefson® obtained carbon

(1) R. E. Dodd and J. W. Smith, J. Chem. Soc., 1465 (1957).

(2) P. B. Ayscough and E. W. R. Steacie, Can. J. Chem., 84, 103 (19586).

(3) (a) D. H. Etzler and G. K. Rollefson, J. Am. Chem. Soc., 61, 800
(1939); (b) D. H. Etzler and G. K. Rollefson, J. Chem. Phys., 6, 653 (1938).

monoxide and methyl bromide as major products and
small quantities of ethylene bromide, methane, and
bromine by what appeared to be a norichain process
(eg. 1). Similarly, the major products from the pho-
tolysis of acetyl iodide or acetyl chloride were the methyl

o

hy
CH;&BI‘ —_—
CO + CH;BT + CH4 + B!‘z + BTCH;CH;BI‘ (1)
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TapLE I
ULTRAVIOLET IRRADIATION OF POLYFLUOROACYL HALIDES

Halide, g. (mole)
Chlorides
0

I
n-CsF+CCl, 50(0.22)

O
|
n-CaF-,éCl, 55 (0.238) + CF,—CF(CF;).H, 40 (0.219)

O
n-CgF7(‘LLCI, 50 (0.215) + CF,=CFC;Fy,, 80 (0.229)
i
n-C-;Fu,CCl, 87 (021)
0O O
f (U; .
CIC(CFy);CCl, 58 (0.206)

Bromides
0

|
n-CaF-,(JJBr, 22.5 (0.081)

0
1
H(CF,)AéBr, 28.95 (0.094)

Fluorides
0

|
n-CaF7éF, 68.0 (0.314)
0

|
n-C-,Fu(J)F, 25.0 (0.06)
0

CI(CFz)s(UJF, 8.6 (0.0179)
0
&

H(CF;).CF, 30 (0.12)

o) (0]
n-CaF-,gF, 32.0 (0.148) + n-C7FugF, 40.0 (0.096)

halide and carbon monoxide together with unidentified
materials. From the photolysis of chlorodifluoroacetyl
fluoride, Haszeldine and Nyman* obtained mainly 1,2-
dichlorotetrafluoroethane and dichlorodifluoromethane
with small amounts of several other materials including
carbonyl fluoride, carbonyl chloride fluoride, and silicon
tetrafluoride (eq. 2).

i
hv
CICF,CF —>

0]
CICF, CF.Cl + CLCF:; + Cl(UJF + COF. + 8iF, (2)

This paper reports a study of the liquid phase irradia-
tion of polyfluoroacyl fluorides, chlorides, and bromides
alone, and in the presence of terminal fluoro olefins.
The results of the experiments are discussed below and
are tabulated in Table 1.

The ultraviolet spectral data for n-perfluorobutyryl
bromide, chloride, and fluoride are tabulated in Table
II. In all cases there is a relatively low intensity peak
in the 2000-3000-A. region which may be the n—~r* transi-

(4) R. N. Haszeldine and F. Nyman, J. Chem. Soc., 1084 (1959).

Irradiation

period, days Product (%)

7 n-C;F,C1 (V) (81)
‘n-CsFu (I) (4)

6 n-CeFy4 (I) (23)
n-CyF4[CF,CF(CF,),H]C1 (26)
Cl[CF.CF(CF:):H1.Cl (26)

5 1-CyF7[CF,CF(CyF, ) 1Cl (44)
Cl[CF,CF(CsF11)]:Cl (27)

7 n-C;F:Cl (67)
1n-CiaFy (5.1 )

7 CI(CF:)Cl (VI) (71)
CI(CF,)sCI (VII) (11)

7 n-CsFBr (94)

7 H(CF,)Br (XV) (93)

’ &%E*J)S(IJ)F(S%),FM (IT) (~10)
6 n-C1Fip (58)

2 CI(CF1)yCl (81)

7 H(CF,):H (56)

8 n-CeFyq (I) (62)

‘n-Cszz (17 based on n-CaF7COF,
26 based on n-C;F;COF)
n-Cy14Fy (33)

tion band. A progression to lower wave lengths is ap-
parent as the electronegativity of the halide substituent
increases.

Tarue II
ULTRAVIOLET SPECTRA OF PERFLUOROBUTYRYL HALIDES

Amax (cyclohexane), Amax (ga8 phase),

mu (€ mp (¢
0
(@ 217 (692)
n-CyF;CBr 273 (56)
0
é‘/ 259 (46.5) 258 (38)
n-CyF,CCl 266 (46) 266 (37)
(0]
n-C;FJ?F 215 (66)

Results and Discussion

Polyfluoroacyl Fluorides.—The photolyses of poly-
fluoroacyl fluorides lead primarily to the formation of
polyfluoroalkanes. For example, from the irradiation
of perfluorobutyryl fluoride, the major product isolated
was perfluoro-n-hexane (I) (eq. 3). In addition, a
higher boiling fraction was obtained from which was
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Figure 1.—The F!® n.m.r. spectrum of 4-perfluoroheptyl per-
fluoropropy! ether (see Experimental).

i
neGiFOF 25
n-?oFu + (n'cIF1)2(:£¥OClF7‘n + CO + CO; + COF; (3)

58%

isolated an ether of structure II. According to an in-
frared analysis, the composition of the efluent gases was
5-159%, COF;, traces of SiF, and C;F;H, and the re-
mainder CO and CO;. These results are consistent
with the scheme proposed in eq. 4-9. In this scheme

i il
hy
C:F;CF —> C;F,CF (4)
o*
&
C;F-] F — CaF']' + -COF (5)
2CF;+ —> n-CeFyy (6)
0 C;F,0
% N
C;F'l' + C;F1 F — CF. (7)
CaF-]
CF:0
CiFr + CF. —> C;F:0CF(CsF), (8)
CaF1
+COF —» COF; + CO (9)

the photoexcited acyl fluoride molecule cleaves to give
a perfluoropropyl radical and a fluoroformyl radical.
Since no perfluoropropane was observed among the re-
action products, it follows that the perfluoropropyl
radical does not abstract a fluorine atom from the acyl
fluoride. It is also probable that the alternative mode
of cleavage of the excited acyl fluoride molecule to give
a fluoroacyl radical and a fluorine atom (eq. 10) does

O (o}

C;F'}él:F — CaF-lg' + F. (10)
not occur.® To a major extent the perfluoropropyl
radical reacts with another such radical to give per-
fluorohexane (eq. 6). It also attacks a molecule of the

acyl fluoride, presumably at the oxygen, to give the
radical III which eventually combines with another per-

CyF,0CFC;Fr
III

(5) From a consideration of bond energies one would expect that bond a

(0]
a bi
C.F:CF,—C—F

would be considerably weaker than bond b, although apparently no meas-
urements have as yet been made on these bonds in a perfluoroacyl fluoride.
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fluoropropyl! radical to give the ether II (eq. 7 and 8).°
The structure of this ether was deduced from the
fluorine n.m.r. spectrum (Figure 1). The pertinent fea-
tures of the spectrum are the CF, resonance at 835
c.p.s. and the CF resonance at 4090 c.p.s., both of which
are shifted to lower than normal field by the adjacent
oxygen.’

The fate of the COF radical produced in the photol-
ysis is indicated by the detection of CO,, CO, and
COF; in the effluent gases. The radical may dispro-
portionate directly to COF; and CO as indicated in eq.
9, or possibly it dimerizes to give oxalyl fluoride which
then undergoes disproportionation. The CO, and
SiF, presumably arise by reaction of COF,, oxalyl
fluoride, or the COF radical with the walls of the reac-
tion vessel.

From the irradiation of a mixture of perfluorobutyryl
fluoride and perflucrooctancyl fluoride, perfluoro-n-
hexane, -decane, and -tetradecane were isolated in
roughly statistical amounts (eq. 11).

0
% | &
’n-C:;F-; F + n-C7F150F —_—
n-CeFi + n-CoFa + n-CuFs  (11)

Irradiation of perfluoroglutaryl fluoride led to the for-
mation of materials which were solids at room tempera-
ture. The nature of these materials was not exten-
sively investigated, but it seems most likely that they
are largely long-chain dicarboxylic acid fluorides repre-
sented by structure I'V (eq. 12).

o) 0] 0] o)

Fg(CFz)ng -—}:> Fg[(CFz)s]"gF (12)
v

The irradiation of mixtures of polyfluoroacyl fluorides
and fluoro olefins leads primarily to the formation of
oxetanes; for example, perfluorobutyryl fluoride and
hexafluoropropylene give the cis and trans isomers of
2-perfluoro-n- propyl-3-trifluoromethyltetrafluorooxe-
tane (eq. 13). Virtually no other products are formed.
This reaction and several analogous examples have
been reported previously.”

F
| — 1 CF.-
n-CF:CF + CF,—CFCF, %> °| _gf“ "os)

I"!

Polyfluoroacyl Chlorides.—The irradiation of a poly-
fluoroacyl chloride leads to decarbonylation resulting
primarily in the formation of a polyfluoroalkyl chloride.
For example, perfluorobutyryl chloride gave an 819,
yield of 1-chloroheptafluoropropane (V) and 49 of per-
fluoro-n-hexane (I) (eq. 14). Carbon monoxide was

(8) A.S.Gordon [J. Chem. Phys., 88, 1330 (1962) ] has reported the forma-
tion of perfluoro-t-butyl methyl ether in the photolysis of perfluoroacetone.
This ether is formed by the addition of two trifluoromethyl radicals to the
carbonyl group of hexafluoroacetone.

I , CFs-
CF;- + CF;CCF; —» (CF3).COCF; ——‘> (CF;3);COCF;

(7) Comparable shifts were observed for CF and CF: groups adjacent to
oxygen in highly fluorinated oxetanes: J. F. Harris and D. D. Coffman,
J. Am. Chem. Soc., 84, 1553 (1962).
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0]

e GFAO0 > OOl + mCiFu + CO (14)
v 1
81% 49,
detected in the off-gases, although it was not deter-
mined quantitatively. The photolysis of perfluoro-n-
octanoyl chloride is completely analogous, giving 1-
chloroperfluoroheptane accompanied by a small amount
of perfluoro-n-tetradecane.

The course considered most likely for these reactions
(eq. 15-21) begins with a cleavage of an excited acyl
chloride molecule in one or both of the ways indicated
in eq. 16 and 17. This is followed by decarbonylation
of the carbonyl fragment(s), and reaction of the per-
fluoroalkyl radical primarily with a chlorine atom to
give V, and to a lesser extent with another perfluoro-
alkyl radical to give 1.2 No quantum yields were meas-

hy
CaF-,CCl —> C;FyéCl (15)
Y]

I
0" caF, + .CCl (16)
;F-,CCI/
\->CaF7pJ + Q- (an

%Cl—)Cl- + CO (18)

|
CsF'](‘J' —> Cy;F;- + CO (19)
CiF:- Cl. —> GFCl (20)
2C;F;- —> n-CeFy4 (21)

ured, but, in view of the results of attempts to initiate
this reaction by X-ray irradiation and with a free-
radical catalyst, it seems unlikely that a chain process

as depicted in eq. 22 and 23 is occurring.® It appears
I 9

CiF;- + C;F,CCl —> GiF.Cl + C;F-,(lJL- (22)

CaF'lzJ.:' —> CF;- + CO, ete. (23)

that a perfluoroalkyl radical is thus unable to abstract
a chlorine atom from a perfluoroacyl chloride molecule,
at least under the conditions of these experiments,
whereas it is well known that it can abstract an alde-
hydic hydrogen atom from a perfluoro aliphatic alde-
hyde.!

The photolysis of hexafluoroglutaryl chloride ap-
parently proceeds in a manner analogous to that of

(8) One might expect to find reactions of the perfluorobutyryl radical
with a perfluoropropyl radical or with another acyl radical to form a ketone
or an a-diketone. However, in view of the probable extremely short life-
times of perfluoroacyl radicals, these events are considered to be highly
unlikely: P. B. Ayscough and E. W. R. Steacie, Proc. Roy. Soc. {(London),
A284, 476 (1956).

(8) It has generally been found that free-radical chain reactions which
can be initiated by ultraviolet radiation or conventional free-radical catalysts
can also be initiated with irradiation by X-rays: A. J. Swallow, *‘Radiation
Chemistry of Organic Compounds,’” Pergamon Press, Inc., New York, N. Y.,
1960. For a reaction to be considered a chain process, the determined value
of G (the number of molecules changed per 100 e.v. of energy absorbed in
the system) must be no less than about 10. In the above case, X-ray irradi-
ation did produce the products obtained in the ultraviolet experiment, but
in such small quantity that @ was virtually zero. Similarly, only traces of
the products were formed when the reaction was attempted using 5 mole %,
of di-t-butyl peroxide at 135°.
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monobasic acyl chlorides yielding 1,3-dichlorohexa-
fluoropropane (VI) as the major product along with
some 1,6-dichloroperfluorohexane (VII) (eq. 24). As

(o) 0
! hy
Cl&(CFg)géCl —> CI(CF:2)Cl + CICF,)Cl + CO (24)
\4! VII
1% 11%

expected, the relative proportion of the product result-
ing from dimerization of radicals is significantly larger
than for monobasic acyl chlorides. No products with
more than six carbons were isolated, and no perfluoro-
cyclopropane was found.

Irradiation of polyfluoroacyl chlorides in the pres-
ence of terminal fluoro olefins results in the formation
of a variety of products. For example, the reaction
of perfluorobutyryl chloride and hexafluoropropylene

n-CsF:COCl + CFy=CFCF; 22>

i
7-C3F,Cl + 7-CeFiy + n-CoF:(CF.CF)Cl +
Vv I VIII (329,)
(trace) (219%) (two isomers)
CFs Cl
O—=CiFr-n O——CsF-n
CF and/or
I,Lz—/ : CFs Fs
F F
XII (9%)

Cl[CF,CF(CF;)1:.Cl 4+ n-CF¢CF(CF;)C;Fs-n +
IX (389) (two isomers) X1 (11%)
CF;,CFCICF.Cl (25)
X (trace)

yielded at least ten products (eq. 25).° In contrast
to the reactions of fluoroacy! fluorides with terminal
fluoro olefins (in which 1:1 adducts were virtually the
exclusive products) only small yields of 1:1 adducts
were found. There were also relatively small amounts
of the products obtained from the photolysis of the acyl
chloride itself. The bulk of the products obviously
arises from sequences beginning with additions of the
acyl chloride photolysis fragments (i.e., the chlorine
atom and the perfluoropropyl radical) to the olefin.

The relative amounts of I and V (products of the
photolysis of the acyl chloride alone) obtained in this
experiment are of interest. In the presence of the ole-
fin, only a trace of V is formed, whereas a substantial
amount of I is obtained, just the reverse of the results
of the photolysis of the acyl chloride alone. This in-
dicates that the chlorine atom reacts much more readily
with the olefin than does the perfluoropropyl radical;
1.e., the fluoro olefin is a much better scavanger of the
chlorine atom than of the perfluoropropyl radical.
From the addition of the photolysis fragments to the
olefin, the radicals XIIla and XIIIb are formed from
the chlorine atom (Scheme I, step A) and XIVa and
XIVb from the perfluoropropyl radical (step E). Since
it has been shown that radicals can add to both double

(10) The yields were estimated from gas chromatography analysis, and
were based upon the perfluorobutyryl chloride consumed. The sum of the
vield estimates is over 100% since there is some double counting; i.e., some
products contain only the Cl from the acyl chloride (e.g., IX), while others
contain only the C3F7 group (e.g., I and XI). Appropriate grouping of the
figures accounts for 739 of the CsF+ groups and 79% of the Cl atoms.
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CICF,CFCF,
A XIlla dimerization IXa—c
Cl- 4+ CF=CFCF; —> + —> (8%,
CF;CFCICF,- b °
XIIIb
n-CeFr [ B C\Cl-
n-CsF,CF,CFCICF,; CF;CFCICF,Cl
VIiia X (trace)
+ (32%)
n-C;F,CF(CF;)CF.Cl n-CiF {CF(CF,;)CsFo-n
(VIIIb)
XI (11%)
F cre-/ @

n-C;F:CF,CFCF,

E
n-C;F;- + CF;=CFCF; —>

XIVa

dimerization

+ ——> (CioFs)

‘n-CsF7CF( CF; )CFg .

bond carbons of hexafluoropropene,!! it seems likely
that all four radicals are indeed formed.

Reactions of the radicals XIITa and XIIIb with
perfluoropropyl radicals lead to VIIIa and VIIIb
which are major products (step B). Although the gas
chromatography columns used did not give sufficient
separation for isolation of the two isomers in pure
form, it was possible to determine that both were pres-

n-C;F;CF.CFCICF; n~CsF7CF(CF;)CF.Cl
VIIIa VIIIb

ent by the fluorine n.m.r. spectrum (Figure 2) which
contained two sets of resonances with reasonable chem-
ical shifts. By comparing the areas of the two peaks
corresponding to the CF groups, the composition of
this fraction was estimated to be 399, VIIIa and 619,
VIIIb.1?

Dimerization of the radicals XIIIa and XIIIb could
lead to three compounds, IXa, IXb, and IXe, and, from
the higher boiling portion of this reaction mixture,
materials with a molecular formula corresponding to

CFs CF,

|
ClCFzéF ——CFCF.(Cl CF,;CFCICF,CF;CFCICF;s
IXa IXb

CF;

CF:CFCICFzéFCFgCI
IXe

IX were isolated in considerable yield. A gas chro-
matogram of the fractions comprised of these com-
pounds contained two peaks and fractions correspond-
ing to each were obtained by preparative-scale gas
chromatography. The F'* n.m.r. pattern (Figure 2) of
one of these fractions (b.p. 114-115°) contained only
three peaks indicating a symmetrical structure (IXa or
IXb), and since the CF, resonance occurred at low field
(actually in the normal CF; region of the spectrum)

(11) J. F. Harris and F. W. Stacey, J. Am. Chem. Soc., 88, 840 (1961);
F. W. Stacey and J. F. Harris, J. Org. Chem., 37, 4080 (1962).

(12) The specific assignment was possible since one of the CF peaks was

shifted downfield almost into the normal CF: region. This is obviously
the CF to which the chlorine is attached.

XIVb

this material was assigned structure IXa, in which the
chlorine atoms are on the CF, groups. The F!® pattern
of the other fraction contained all of the resonances ex-
pected for structure IXe, with reasonable chemical
shifts, but there was an additional resonance which does
not seem to fit, and thus definite assignment cannot be
made at this point. This fraction may be a mixture of
IXc and IXb. 12

Another possible reaction for the radicals XIIIa and
XIIIb is with the chlorine atom to give 1,2-dichloro-
hexafluoropropane (X) (step C). However since the
chlorine atom is efficiently scavanged by the olefin, this
is not an important process and only a trace of X was
found in the product.

As mentioned above, step E leading to XIVa and
XIVb is not so efficient as step A, and thus the quanti-
ties of products derived from these radicals relative to
those stemming from XIIIa and XIIIb are expected to
be considerably less. Possible reactions for XIVa and
XIVb include combination with chlorine atom to give
VIIIa and VIIIb (step F), but this route is probably
only a minor source of these compounds. Reaction
with the perfluoropropyl! radical (step G) yields the
perfluorocarbon XI which was found in 119 yield.
From dimerization of XIVa and XIVb, C,, perfluoro-
carbons would be expected (step H). No such com-
pounds were isolated. Similarly, reaction of XIVa
and XIVb with XIIIa and XIIIb would lead to chloro-
perfluorononanes none of which were found among the
identified products; however, they may have been
formed in small amount since the gas chromatogram of
the reaction mixture indicated the presence of several
additional unidentified substances in low yield.

Two fractions were obtained which, according to
analytical results, were 1:1 adducts of the acyl chloride
and hexafluoropropylene. Since the infrared spectra of
these two materials indicated only trace amounts of

(13) These same materials have also been obtained in the photoreaction
of trifluoromethanesulfenyl chloride with hexafluoropropylene: J. F.
Harris, J. Am. Chem. Soc., 84, 3148 (1962). Although in one case there
was some difference in the boiling point and refractive index, the ¥19 n.m.r.
patterns of the two fractions obtained in the instant work were identical
with those of the materials obtained earlier.
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carbonyl compounds, it is concluded that they must be
oxetanes resulting from cycloaddition reactions. The
complexity of the F1® n.m.r. patterns of these fractions
indicated that each probably contained more than one
compound, and structures could thus not be assigned.
They are no doubt isomers (czs and trans) of structure
XIIa and/or XIIb.1

Cl Ci
O__CaF7 O———C;F;
l——'CF |
F 3 F—i—Fz
* F CF,
X@a XIIb

Two other fluoro olefin-polyfluorcacyl chloride reac-
tions (eq. 26 and 27) were carried out, and, although a
searching analysis of the reaction products was not
made, it was established that the main products in each
case were analogous to the main fractions of the reaction
just discussed. In these cases, too, the products are no
doubt mixtures of isomers.

0

| by
n-03F7ICCI + n-CsFuCF=CF2 e
n-CeFre + CsF7[CF.CF(C;F)]CL 4+ Cl[CF:CF(C:F11)]:Cl (26)

hv
n-CaF-/(UJCl + H(CF;),C¥F=CF; —>
C;F;[CF.CF(CF,),H]Cl 4+ Cl{CF.CF(CF;)H].Cl (27)

Polyfluoroacyl Bromides.—From the photolyses of
polyfluoroacyl bromides only the decarbonylation
products, polyfluoroalkyl bromides, were isolated.
For example, from 5-H-octafluorovaleryl bromide,
4-H-octafluorobutyl bromide (XV) was obtained in
939, yield (eq. 28).1

O

| hy
H(CF2)4éBr —> H(CF,)Br + CO (28)
XV

A gas chromatogram of the crude reaction mixture in-
dicated that there may be a trace of 1,8-di-H-perfluoro-
octane present. Similarly, from the photolysis of per-
fluorobutyryl bromide, a 949, yield of perfluoropropyl
bromide was isolated. The reaction path for these
photolyses may be the same as that outlined for the
acyl chlorides (eq. 15-21). However, here a chain re-
action (analogous to eq. 22 and 23) involving abstrac-
tion of a bromine atom by a fluoroalkyl radical is a
greater possibility than in the acyl chloride reactions, in
view of the relatively weaker C-Br bond. No data
bearing on the chain nature of these reactions have been
obtained.

(14) 1t has previously been shown that polyfluoroacyl fluorides, poly-
fluoro ketones, and polyfluoroaldehydes react with hexafluoropropylene

under irradiation with ultraviolet light to give, as the major products, oxe-
tanes in which the CF: group from hexafluoropropylene is adjacent to oxygen.”

0 X

Il O—o~—
Ri(CX + CF,=CFCF, —%> | _2;,
F, | o
F
X = Ry H, F

(15) J. D, LaZerte, W, H. Pearlson, and E. A. Kauck [U. S. Patent 2,704 -
776 (1955); Chem. Abstr., 80, 2650 (1956)] have reported that the vapor
phase pyrolysis of trifiuoroacetyl bromide at 650° also gives only carbon
monoxide and the fluoroalkyl bromide.

Protovysis or PoLyFLUOROACYL HALIDES

2187
F3
CFsCF2CF2CFCF2CL 6%
YT -b

cL[CFzCF(CFs)]ZCI.

IX-~a and/or IX-b.*
A Al A —

F3

CF3CF,CF2CF2 CFCLCFy 39%
CF2 CL (XIII-b) YIT-o
/CF(M'G) CF (SIX-b)
L £ i
CF3
CF3CF2 CF2 CF2 CFCF2 CF2 CF3
Y. =
- A

CICF2 CFCIIFCFg cL
GCF2Br 1 GF3

CF3
N IX-a
CF3CF2CFCFCFaBr
X¥I-a
A .ﬁ . A 4
CF5
CFaBr BrchCFCFchsr

M =

0 2000 4000 8000
CHEMICAL SHIFT, ¢.p.s
Figure 2.—The fluorine n.m.r. spectra of VIII, IX, XI, XVI, and

XVIII at 56.4 Mc. (see Experimental).
¢ This designation should be IX-b and/or IX-c.

H

H

Figure 3-—A gas chromatogram of a crude reaction mixture
from the irradiation of n-heptafluorobutyryl bromide and hexa-
fluoropropene.

The irradiation of a mixture of perﬂuorobutyryl
bromide and hexafluoropropylene led, as in the corre-
sponding chloride reaction, to a varlety of products,
several of which have been isolated and identified (eq.
29, Figure 3). The reaction mixture was not in-
vestigated s» thoroughly as the analogous acyl chloride
reaction product, and yields were not determined.
A qualitative picture of the relative amounts of the
major products can be obtained from Figure 3. It is
obvious from the nature of the products that the steps
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0
] hy
n-C;EéBr + CF2=CFCF3 —_— BT[CFzCF(CF;)]C;F7 +
XVI
‘n-C4Fch(CF3)CgF7-n + n-C;F'[[CFgCF(CFa)]zBr +
X1 XVII
CF; CF;

|
BTCFQ&F_CFCFQBP + ‘n-CQFu + Cle‘ZG(?) + n—C,F7Br (29)
XVIII I XIX XX

involved here are analogous to those encountered in the
acyl chloride-hexafluoropropylene reaction (Scheme I,
and that most of the products obtained stem from
radicals produced by addition of a bromine atom and a
perfluoropropyl radical to the olefin. As in the acyl
chloride-hexafluoropropylene reaction, the products of
the photolysis of the acyl halide alone, 7.e., XX and
perfluorohexane (I), were formed, but in this case the
proportion of the perfluoropropyl halide (XX) relative
to perfluorohexane was higher than in the acyl chloride
experiment.

The most prevalent product was XVI (the analog
of VIII in the acyl chloride reaction). Examination of
the fluorine n.m.r. pattern (Figure 2) of this fraction
isolated by preparative-scale gas chromatography in-
dicated that, in contrast to the corresponding fraction
from the perfluorobutyryl chloride-hexafluoropropyl-
ene reaction, it was composed almost entirely of one
isomer. In view of the low-field position of one of the
CF, resonances and the normal position of the CF reso-
nance, it was concluded that this major component was
XVlIa in which the bromine is attached to the CF. of
hexafluoropropylene. The spectrum contained several
small peaks which, if they were due to XVIb, indicated
the presence of <109, of this isomer.

BrCFzCF(CFa )03F7-n n-CsF7CF2CFBI‘CF3
XVIa XVIb

A single compound corresponding in composition to
1:2 bromine-hexafluoropropylene (analog of IX in the
acyl chloride reaction) was isolated; from the simplicity
of the n.m.r. pattern and the low-field position of the
CF, resonance, it was concluded that the material was
XVIII. Neither of the other possible isomers of

CF, CF;

\ |
BrCF,(F——CFCF;Br
XVIII

XVIII was isolated. As in the acyl chloride reaction,
the perfluoroalkane XI was obtained in modest yield.
Another perfluoroalkane was also obtained (peak XIX
in Figure 3) which according to a mass spectral analysis
was a Cy; compound. Not enough was isolated for fur-
ther characterization.

A major product of the reaction was a perfluoroalkyl
bromide fraction, whose analysis corresponded to
CoF,,Br (XVII), which could have arisen by the
sequence shown in eq. 30. Several isomers of XVII are

B .
i BI‘CaFo'
CF=CFCF; { ciFr. >——> n-CsF1[CF,CF(CF3)),Br
—> CeFys: XVl (30)

possible, and it was obvious from the shape of the peak
corresponding to XVII in the gas chromatogram that at
least two were present. As stated above, the analogous
products were not found in the acyl chloride-hexa-
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fluoropropylene reaction mixture. No 1:1 adducts
were isolated but it should be emphasized that there
were several low-yield materials apparent from the gas
chromatogram that were not identified.

The differences in behavior exhibited by the three
types of acyl halides upon irradiation can be related to
the relative strengths of the C-X bonds in these com-
pounds. In the photolysis of the acyl fluorides, in

]
RiX

which this bond is the strongest, no products are found
whose formation would demand its rupture to yield a
fluorine atom. Similarly, in the irradiation with
fluoro olefins no such evidence is seen; in fact, no frag-
mentation of any kind apparently occurs, only cyclo-
addition products being formed. Thus, the photo-
excited acyl fluoride molecule is resistant to any frag-
mentation long enough for a bimolecular reaction with
olefin to occur virtually exclusively. The irradiation
of the acyl chlorides yields products which do require
rupture of the C-X bond, although in the presence of
fluoro olefins modest yields of cycloadducts are also ob-
tained. In the reactions of the bromides, in which the
C-X bond is weakest, no products are found which re-
quire the survival of the C-X bond.

Experimental

The fluorine spectra were obtained by means of a high-resolu-
tion n.m.r. spectrometer and associated electromagnet, both
manufactured by Varian Associates, Palo Alto, Calif., operating
at approximately 9988 gauss. The spectra were measured in
terms of displacement in cycles per second from the fluorine
resonance of sym-difluorotetrachloroethane as an external stand-
ard. The resonance of the standard is evident in each spectrum.

A. Photolysis of Polyfluoroacyl Halides.—All of these re-
actions were carried out in essentially the same manner. Details
for the photolysis of perfluorobutyryl chloride follow. The
results of the other photolysis experiments are tabulated in Table
I. Analytical data are given in Tables III-VI.

The reactor consisted of a vertical quartz tube (2 X 10 in.)
fitted with a magnetic stirrer, a gas inlet adaptor, and a large
acetone—Dry Ice cooled condenser vented through a Dry Ice
cooled trap, the exit of which was fitted with a T-tube through
which a slow stream of nitrogen was passed. The ultraviolet
radiation source consisted of a helix-shaped (4 X 2.5 in.) low-
pressure mercury resonance lamp constructed of 37-mm. quartz
tubing and powered by a 5000 v., 60-ma. transformer. The
lamp was fitted around the quartz reactor so that its radiation
impinged primarily upon the liquid portion of the reaction
mixture.

Dry nitrogen was passed through the assembled apparatus
for several minutes, and then 50 g.(0.215 mole) of perfluorobutyryl
chloride was poured into the reactor quickly. The condenser
and the trap were filled with coolant and the mixture was irradi-
ated at reflux for 7 days. At the end of this time the mixture was
distilled through a low-temperature still. There was obtained
35.5 g. (819%,) of 1-chloroheptafluoropropane distilling at —2.5°,
lit.*¥ b.p. —2°.

There was a residue of 1.97 g. (4%) which was shown by F
n.m.r. spectroscopy to be largely perfluoro-n-hexane. The F?*
n.m.r. spectrum and the boiling point served to identify 1-chloro-
heptafluoropropane.

B. Irradiation of a Mixture of Perfluorobutyryl Chloride
and Hexafluoropropylene.—A mixture of 62 g. (0.268 mole) of
perfluorobutyryl chloride and 35 g. (0.234 mole) of hexafluoro-
propylene was irradiated in the manner described in A for 3
days. By this time there was very little reflux indicating that
most of the hexafluoropropylene had been consumed. An ex-
amination of the crude reaction mixture by gas chromatography

(18) M. Hauptschein, E. A, Nodiff, and A. V. Grosse, J. Am. Chem. Soc.,
T4, 1347 (1952).
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Tasie II1
ProrERTIES OF COMPOUNDS

B.p., °C. —Carbon, %— -~—Hydrogen, %— —Chlorine, %— —Fluorine, %—
Compd. (mm.) Formula zp (°C.) Caled. Found Caled. Found Csled. Found Caled, Found

n-Can 147—154 Clonz 22.3 22, 6 77 7 77.1
’n-CuFao 98-99 (13) CuFao 22.8 23.2 77.2 77.0
CI(CF}):6Cl M.p. 138.5- CisCLFy 22.1 22.3 8.1 7.9 69.8 70.3

139.5 .
H(CF,)sH 134-138 CsHsFis 23.9 24.2 0.5 0.7 75.6 74.9
n-C;F;,Cl 96-108, CiCIF s 8.8 9.1 704 71.3

mostly

108 ~—Bromine, %—
H(CF:)Br (XV) 66 CHBrFs 17.1 171 0.4 0.4 284 200 54.1 53.9
(n-C3sF7).CFOCsF-n (II)  134-136 CioF20 21.7 2.1 75.5 74.8
C;F+[CF,CF(CF,),H]Cl1 120-124 C,HCIF,, 1.3032(23) 21.8 22.3 0.3 0.4 9.2 9.3 68.7 67.6
Cl[{CF,CF(CF.).H1.Cl 184-190 CsH;CLFi. 1.3400(23) 22.1 22.5 0.5 0.7 163 14.7 61.2 614
C;F1[CF.CF(CsFu)1CL 84.5-92(62) CyClFy 6.4 6.4 720 71.7
Cl[CF,CF(CsF1y)]:Cl 109-116 (13) CiFaCly 1.3217(25) 21.8 22.3 9.2 8.2 689 69.9

TasLe IV

PRODUCTS FROM IRRADIATION OF n-HEPTAFLUOROBUTYRYL CHLORIDE AND HEXAFLUOROPROPYLENE

~——Carbon, %-—

Structure B.p,, °C. n¥p Formula Caled.
VIIla (39%)
VIIiIb (61%)} 79-84 <1.300 CeCIFy; 20.3
XII, g.c.cutl 98-98.5 <1.300 C.CIF;s0
XII, g.c.cut2 100* <1.300 C.ClF;0 22.0
XI 125 CoFy 22.2
IXa 114-115% 1.3210  Ce¢CliFy2
IXb and/or C 1120 1.3126 C4CLF;,

~Chlorine, %— ~Fluorine, %— ——Mol. wt,——

Found Caled. Found Caled. Found Caled. Found
20.3 10.0 10.4 69.7 70.5
9.3 9.6 64.6 64.1 a
22.2 9.3 9.4 64.5 65.9
22.4 0 0.2 77.8 77.7
18.6 19.0 62.5 60.1 371 334, 325
18.6 19.1 62.5 61.5 371 366, 386

@ A mass spectrographic analysis of this material gave a small parent peak at 382 and a series of peaks corresponding to ions logically

derived from the 1:1 adduct.
impurities.

using & Silicone-200-on-firebrick column indicated the presence
of at least 10 compounds in addition to a considerable quantity
of unreacted perfluorobutyryl chloride and also some hexafluoro-
propylene. The mixture was distilled through a small spinning-
band still, and 13 fractions boiling from 0 to 122° (76.78 g.) were
collected. There was a residue of 2.56 g. During the distillation
of the first fraction (b.p. 0-25°, 1.22 g.), there collected in the
Dry Ice cooled trap connected to the still 8.00 g. of material,
which was shown by gas chromatography to be largely hexa-
fluoropropylene and a small amount of 1-chloroheptafluoropro-
pane. The first fraction and the second fraction (b.p. 25-45°,
27.28 g.) were shown to be almost entirely perfluorocbutyryl
chloride. The subsequent fractions were all mixtures of materials
according to gas chromatograms. The yields of the products
were estimated from the gas chromatograms and are given in the
discussion section. Appropriate fractions were combined, and
pure samples of all of the major products were obtained by pre-
parative scale gas chromatography. The properties of these
products are given in Table IV. Details of the gas chromatog-
raphy analyses are given in Table V.

C. Irradiation of a Mixture of Perfluorobutyryl Bromide and
Hexafluoropropylene.—A mixture of 35.42 g. (0.128 mole)
of perfluorobutyryl bromide and 40 g. (0.267 mole) of hexafluoro-
propylene was irradiated in the manner described in A for 5
days. The reactor was cooled, the Dry Ice condenser was
removed, and the reactor was then connected to a Dry Ice cooled
trap and allowed to warm to room temperature. The condensed
volatiles weighed 16 g. and were shown to be largely hexafluoro-
propylene by gas chromatography. The residue, 48.25 g., was
examined by gas chromatography (Figure 3) and shown to con-
sist of several materials. This mixture was combined with
another similar reaction mixture and distilled through a small
spinning-band still. The fraction boiling at 32-90° was shown
to consist of perfluoro-n-hexane, perfluorobutyryl bromide, and
1-bromoheptafluorobutane. The next fraction boiled at 90-
100° and was shown by analysis and F® n.m.r. spectroscopy to
be largely XVII.
four fractions were obtained by preparative-scale gas chromatog-
raphy. The properties of these materials are given in Table VI.
Details of the gas chromatography analyses are given in Table V.

From the remaining material (b.p. 120-159°) -

b Infrared spectra of these materials indicated the presence of just trace amounts of carbonyl-containing

TaBLE V
PREPARATIVE GAs CHROMATOGRAPHY SEPARATION® OF
PropucTs FROM IRRADIATION OF PERFLUOROBUTYRYL
CHLORIDE AND PERFLUOROBUTYRYL BROMIDE WITH

HEXAFLUOROPROPYLENE
Helium Retention
Column flow rate, time,
Reaction product temp., °C. ¢c,/min, min,
VIIIa + VIIIb 50 400 13.4
1:1 adducts
XII, cutl 50 400 16.4
XII, cut?2 50 400 21.2
IXa 50 400 38.7
IXb and ¢ 50 400 46.5
XI 75 790 5.0
XVII 109 435 14.
XVIII 109 435 ©o32.7

¢ The column used was 209, of the diglyceride of w-trifluoro-
hexanoic acid on Chromosorb, 12 ft. X 0.75 in.

D. Irradiation of Perfluoroglutaryl Fluoride.—Perfluoro-
glutary] fluoride (40.52 g., 0.166 mole) was irradiated as de-
scribed in A for 4 days. At the end of this time, the reaction
mixture was completely solid. Two kinds of white solid were
evident: (a) hard brittle material stuck to the sides of the re-
action tube, and (b) somewhat mushy solid from the center
portion of the reactor. The total yield of recovered solid was
26.2 g. The two solids were exposed to air for several days
during which they fumed. After the fuming was over, solid a
melted at 190-300°, and solid b melted at 100-195°.

E. X-Ray Irradiation of Perfluorobutyryl Chloride.—Per-
fluorobutyryl chloride (51.9 g., 0.223 mole) contained in a 100-
ml. stainless steel pressure vessel was irradiated with X-rays for
5 hr. at an average dose rate of about 30,000 rads/min."" Upon

(17) The X-rays were generated by impinging 3-Mv. electrons from a
Van de Graaff accelerator on a water-cooled gold target mounted beneath
the window of the electron tube. Dose rates were determined by ferrous
sulfate dosimetry.
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Tasre VI
PRODUCTS FROM IRRADIATION OF TL-HEPTAFLUOROBUTYRYL BRrROMIDE AND HEXAFLUOROPROPYLENE

~——Carbon, Y%———r ———Bromine, %——— ——Fluorine, %-——
Compd. B.p., °C. Formula Caled. Found Caled. Found Caled. Found
XVII 154-155 CiBrFy 19.7 19.4 14.6 14.9 65.7 65.4
XVIII 132-145 CeBroFy; 15.7 15.4 34.7 34.0 49.6 48.5
XV1 90-100 CsBrFy; 20.0 20.9 61.9 61.6

bleeding of the vessel through a small Dry Ice cooled trap there
collected less than 0.5 ml. of condensate. The residue was
examined by gas chromatography and shown to be almost
entirely perfluorobutyryl chloride. The chromatogram indicated
the presence of just traces of n-perfluorohexane and 1-chlorohep-
tafluoropropane.

F. Preparation of Starting Materials. 1. 5-H-Octafluoro-
valeryl Bromide.®—Benzoyl bromide (120 g., 0.648 mole) was
placed in a flask fitted with a paddle stirrer, thermometer, addi-
tion funnel, and short-path still head. The still head was con-
nected to an ice-cooled receiver and then to a Dry Ice cooled
trap. 5-H-Octafluorovaleric acid!® (100 g., 0.406 mole) was
added during 0.5 kr. The mixture was heated to 150° and then
the system was evacuated with a water pump until no more
material collected in the receiver. The contents of the trap and
receiver were combined and distilled through a small spinning-
band still. There was thus obtained 42.43 g. (349%) of 5-H-
octafluorovaleryl bromide distilling at 100~103° (mostly 103°).

Anal. Caled. for C;HBrFsO: C, 19.4; H, 0.3; Br, 25.9;
F,49.2. Found: C,19.9; H, 0.8; Br, 26.0; F, 49.3.

2.—Perfluorobutyryl bromide was prepared in the manner
described in 1 from 186 g. (1.0 mole) of benzoyl bromide and 140
g. (0.64 mole) of perfluorobutyric acid (Columbia Organic Chem-
icals Co.). There was obtained 74.3 g. (41%) of perfluorobutyryl
bromide distilling at 55-57°; lit.® b.p. 52-54° (748 mm.).

3.—Perfluorobutyryl chloride was obtained from Columbia
Organic Chemicals Co., and perfluoroglutaryl chloride was
obtained from Hooker Electrochemical Co., Inc. Each was re-
distilled before use.

4. Perfluorooctanoyl Chloride.—A mixture of 200 g. (0.494
mole) of perfluorooctanoic acid (Columbia Organic Chemicals
Co.) and 200 g. (1.02 moles) of «,a,a-trichlorotoluene was re-
fluxed for 5 hr.  Upon distillation of the reaction mixture through
a spinning-band still, there was obtained 179.4 g. (86%) of per-
fluorooctanoyl chloride distilling at 134-135°, »¥p 1.3080;
lit.2 b.p. 129-130°, n%®p 1.3025.

(18) This procedure was adapted from that described by J. M. Tinker
[U. S. Patent 2,257,868 (1941); Chem. Abstr., 86, 495 (1942)].

(19) This acid was prepared by permanganate oxidation of the corre-
sponding aleohol according to the procedure described by K. L. Berry
[U. 8. Patent 2,559,629 (1951); Chem. Abstr., 46, 3083 (1952)].

(20) A. M. Lovelace, D. A. Rausch, and W. Postelnek, ‘‘Aliphatic Fluorine
Compounds,’”’ Reinhold Publishing Corp., New York, N. Y., 1958, p. 225.

(21) M. Hauptschein, J. F, O'Brien, C. 8. Stokes, and R. Filler, J. Am,
Chem. Soc., T8, 87 (1953).

5.—5-H-Octafluorovalery! chloride was prepared in the manner
described in 4 from 300 g. (1.53 mmoles) of o,«,a-trichlorotoluene
and 200 g. (0.81 mole) of 5-H-octafluorovaleric acid. Upon dis-
tillation there was obtained 185.5 g. (86%) of 5-H-octafluoro-
valeryl chloride distilling at 83-85°; lit.?2 b.p. 84.6-86.6°.

6. Perfluorooctanoyl Fluoride.?*—A mixture of 164 g. (0.396
mole) of perfluoroococtanoic acid and 50 g. (0.46 mole) of sulfur
tetrafluoride was heated in a stainless steel autoclave at 60°
for 9 hr. The reaction mixture was placed in a plastic container,
and diluted with 150 ml. of pentane; then 20 g. (0.48 mole) of dry
powdered sodium fluoride was added. The mixture was stirred
for 0.25 hr., filtered, and distilled through a spinning-band still.
There was obtained 87.4 g. (5639,) of perfluorooctanoyl fluoride
distilling at 108°.

Anal. Caled. for CegFy0: C, 23.1;
C,23.6; F,72.9.

7. 5-H-Octafluorovaleryl Fluoride.—A mixture of 100 g.
(0.378 mole) of 5-H-octafluorovaleryl chloride, 30 g. (0.714 mole)
of powdered sodium fluoride, and 100 ml. of tetramethylene sul-
fone was heated in an autoclave at 100° for 2 hr. and then at 125°
for 4 hr. Upon distillation of the reaction mixture through
a spinning-band still, there was obtained 42.9 g. (469%) of
5-H-octafluorovaleryl fluoride distilling at 60-61°.

Anal. Caled. for CHF,O: C, 24.2; H, 0.4;
Found: C,24.6; H,0.6; F, 67.0,

8.—Perfluorobutyryl fluoride was prepared from perfluorobu-
tyric acid and carbonyl fluoride as described by Fawcett, Tullock,
and Coffman.2* ’

9.—Perfluoroglutaryl fluoride was prepared in the manner
described in 6 above from 100 g. (0.416 mole) of perfluoroglutaric
acid (Columbia Organic Chemicals Co.) and 115 g. (1.07 moles)
of sulfur tetrafluoride (9 hr. at 75°). After work-up there was
obtained 40.2 g. (409,) of perfluoroglutaryl fluoride distilling at
46-47°.%

10.—w-Chloroperfluorononanoyl fluoride was prepared as
described previously.®

F, 73.1. Found:

F, 68.9.

(22) J. E. Carnahan and H. J. Sampson, U. S. Patent 2,646,449 (1953);
Chem. Abstr., 48, 7048 (1954).

(23) This procedure is similar to that described by W. R. Hasek, W. C.
Smith, and V. A. Engelhardt [J. Am. Chem. Soc., 82, 543 (1960)].

(24) F. 8. Fawcett, C. W. Tullock, and D. D, Coffman, ibid., 84, 4275
(1962).

(25) Previously reported;: b.p.41-47° [R. D. Smith, F. 8. Fawcett, and
D. D. Coffman, ibid., 84, 4285 (1962)]; b.p. 47-48° {R. F. Sweeney and C.
Woolf, U. 8. Patent 3,018,306 (1962); Chem. Abstr., 86, 15363 (1962)].

(26) N. O. Brace and W. B. McCormack, J. Org. Chem., 26, 5098 (1961).
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Under pressure, hydrogen sulfide reacts with chloral and fluorinated aldehydes and ketones to form 1:1 ad-

ducts.

The reactions of hydrogen sulfide with carbonyl
compounds have yielded a variety of products including
gem-dithiols, trithianes, thiocarbonyl compounds, un-
saturated sulfides, enethiols, saturated thiols, hydroxy
sulfides, and polysulfides.? The nature of the product

(1) A communication of this work has appeared: J. F. Harris, Jr., J.
Org. Chem., 3B, 2259 (1960).

The stabilities and some chemical properties of these adducts were investigated.

(or products) obtained depends largely upon the struc-
ture of the carbonyl substrate and the reaction condi-
tions employed. It seems logical that the initial
molecular product formed in many, if not all, of these
reactions is the simple addition product, an olthiol (I),

(2) E. Campaigne, in “Organic Sulfur Compounds,” N. Kharasch, Ed.,
Pergamon Preass Inc., New York, N. Y., 1961, p. 134,



