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EXPERIMENTAL

Bis(perfluoropropyl) sulfide. Perfluoropropyl iodide,® 105
g., (0.36 mole) was treated with 11.5 g., (0.36 g.-atom) of
sulfur in a 180 ml. stainless steel rocking autoclave* for 10
hr. at 300°. By fractional distillation of the reaction product
there was recovered 37.4 g. of (n-C;F7):8:, b.p. 123°, n%
1.3231, (53%), Amax = 2394 &, emox 327, W1/, = 7150 cm.~1;
and 11.0 g. (n—C;F1).S;,! b.p. 155.5°, n3’ 1.3594, (14.5%),
Amax = 2448 A, emax = 1540, W1/, = 8700 em.~%; and in
addition 7.0 g. (n—C;F1):8, b.p. 88°, n%} 1.2872, (119,),
Amax Delow 2100 A, and e (2100 A) = 70, « (2400 A) = 14.

Anal® Caled. for CeFuiS: C, 19.479,;F , 71.879,. Found:
C, 19.5%; F, 72.19,.

The infrared spectrum of the liquid monosulfide very closely
resembles those of the disulfide and trisulfide, (the band
at 12.59 u reported for the trisulfide® was spurious, as it is
completely absent in my preparation),t but may be distin-
guished from them by the presence of medium-strength
bands at 8.75 u and 14.90 y, and the virtual absence of those
at 9.24 u and 14.70 u.

Bis(perfluoroheptyl) disulfide. Perfluoroheptyl iodide,®
61.6 g. (0.124 mole) and sulfur, 3.96 g. (0.124 g.-atom) were
divided equally between two 30 ml heavy-walled borosili-
cate glass ampoules, which were gealed and heated for 17
hr. at 255° &= 5°. The ampoules were chilled in liquid air
and opened cautiously, then warmed to melt the crystalline
product; after filtration to remove iodine ecrystals
liquid had % 1.3305 (supercooled), and weighed 45.8 g.
(about 95% yield, crude). A small amount, recrystallized
from carbon tetrachloride and from benzene-heptane had
m.p. 37.5°-39.5°, but the sulfur analysis was high: caled. for
CuaFaS2, S, 8.00%; found, 8, 8.657,. It appeared that
higher sulfides were present. The remaining material, 44.0 g.,
was refluxed for 65 hr. with 25 ml. of red fuming nitrie acid.
There was recovered 41.5 g. of colorless product having
n% 1.3242 (supercooled), from which 25.2 g. was distilled
through a 10-cm. packed” fractionating column. Crystalline
bis(perfluoroheptyl) disulfide, 20.1 g., having b.p. 246.5°
and m.p. 38.5°-39.5° (recrystallized from carbon tetrachlo-
ride) was thus produced in 609, yield.

Anal. Caled. for CuFuS:; C, 20.96Y;; F, 71.049; &,
8.009;. Found: C, 21.09; F, 71.3%,; 8, 7.99%.

Its ultraviolet spectrum (2.00 mg./ml. in isooctane) had
Amax = 2387 A, e0x 389, width at half-height, W'/, = 7340
em, !
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pentanoic Acid
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In connection with a study of structural require-
ments for the formation of g-lactones from g-
hydroxy acids,! our attention was attracted to re-
ports? that 3-hydroxy-3,4,4-trimethylpentanoic
acid (I) undergoes dehydration by various acidic
agents to yield g-tert-butyl-y-butyrolactone (II).

CIHR CH, o (‘ZHZ
CH;COH cH. / C=CH,
| >cH |
CHs(ilCHs CHs(IJCHg CHS(‘JCHg
CH;, CH, CH,
ILR=H II 111
Ia. R=CH;

Curiously, this formulation of the lactonic product
appears to have been widely accepted,® despite the
fact that the generation of such a structure from 1,
presumably by way of 3-fert-butyl-3-butenoic acid
(III), would be contrary to the Markowunikotf rule.
On the other hand, even though a ncopentyl type
aleohol system is present in I, the two isomeric un-
saturated acids which can be prepared from I or its
esters by dehydration under milder conditions, and
which are also convertible to the lactone, have been
shown to possess the unrearranged structure IV (or
IIT).* However, all attempts to establish the con-
stitution of the lactone by methods based on
hydrolysis, oxidation, or reduction were reported
to be unsuccessful .

As I, and also IIT and IV, by treatment with acid
under sufficiently vigorous conditions might be
expected to undergo rearrangement leading to
8,8,v-trimethvl-y-valerolactone (V), it was of
interest to note that the melting point recorded for
“IT77 (99-100°) is the same as that reported for V as
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synthesized by a route involving 3,3,4-trimethyl-4-
pentenoic acid (VI) or its equivalent as a final
intermediate.? However, the possibility that V
might be identical with the lactonc obtained from
I or IV appears to have been overlooked until now.

In the present work, before a direct comparison
was made of material prepared by the two methods,
some additional evidence in support of structure V
for the lactone derived from I or IV was obtained.
The infrared spectrum of the lactone clearly shows
that it is a y-lactone (carbonyl absorption at 5.65
1), in agreement with structure IT or V. However,
the N MR spectrum (60 Me. /sec.) indicates the pres-
ence of two kinds of geminal methyl groups (sin-
glets with an area of six protons cach at 8.92 and
8.677 in deuterochloroform, with tetramethylsilane
as internal reference) and only one methylene group
(two equivalent protons at 7.367), thus showing
that structure V is correct, and not II.

By way of chemical proof, reduction of the lac-
tone with lithium aluminum hydride afforded a dis-
tillable diol which, by oxidation with potassium
permanganate and then treatment with acid, gave
back the original lactone. The diol so derived from II
would have been expected, on the other hand, to
yvield a substituted succinic acid instead of the
starting lactone. Finally, as a more direct proof of
structure, lactonization of the unsaturated acid
V1,5 which in our work was prepared by homologa-
tion of 2,2 3-trimethyl-3-butenoic acid® by the
Arndt-Eistert, procedure, gave the same product as
that obtained from I. Likewise, the lactone from I
proved to be identical with a sample of V prepared
by the method of Baumgarten® and kindly supplied
by him.

Although efforts to convert I to the corresponding
3-lactone VII by means of such reagents as acetyl
chloride,’ ethyl chloroformate,' or N,V ’-diiso-
propylearbodiimide'® gave only mixtures of non-
crystalline products, it was possible to obtain, in
609 yield, the more highly substituted 8-lactone
VIIa, m.p. 46-47°, by the action of the carbodiimide
reagent on 3-hydroxy-2,3,4,4-tetramethylpentanoic
acid (Ia). This result, taken in conjunction with
structural features of other g-hydroxy acids which

(5) H. K. Baumgarten, J. Am. Chent. Soc., 75, 979 (1953).
(6) A. Courtot, Bull. soc. chim. France, [4], 35, 298 (1906).
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have been dehydrated to 8-lactones,! suggests that
steric compression’” by a- and/or S-substituents
greatly enhances the ease of B-lactone formation.
However, further work will be necessary before a
precise evaluation of such substituent effects can be
made.

EXPERIMENTALS

Reduction-oridation sequence on the lactone V. The prepa-
ration of 3-hydroxy-3,4,4-trimethylpentanoic acid (I) and its
lactonization by the action of 509 sulfuric acid were ac-
complished as described by Newman and Rosher.* For re-
duetion, a solution containing 3.0 g. of the lactone (m.p.
19-100°) in 50 ml. of dry ether was added slowly to a well
stirred solution of 1 g. of lithium aluminum hydride in 100
ml. of the same solvent. After 10 min. 5 ml. of ethvl acetate
was added dropwise, and then 5 ml. of & saturated aqueous
sodium sulfate solution. Anhydrous sodium sulfate (20 g.)
was added, and the coagulated solids were separated by
filtration and washed with additional ether. The combined
filtrates and washings were dried further over anhydrous
magnesium sulfate, evaporated, and the residue distilled,
vielding 1.3 g. of a viscous oil, b.p. 112-114° (0.6 mm.).
The infrared speetrum of this product showed strong hy-
droxyl absorption at 2.75-2.9 u; the carbonyl region was
transparent.

For the oxidation, 25 ml. of a 6% solution of potassium
permanganate in water was added slowly at 25°, with stir-
ring, to 25 ml. of an aqueous solution containing 0.6 g. of
the foregoing product and 2 g. of sodium carhonate. After
8 hr. at 20-25° the mixture was treated with methanol to
destroy the excess permanganate and filtered. After extrac-
tion with ether the filtrate was acidified with 6.V hydrochlo-
ric acid and re-extracted with ether. Evaporation of the
latter extracts afforded a viseous oil which was warmed
briefly on the steam-bath and taken up in an additional
50 ml. of ether. The ether solution was washed with cold
5307 aqueous sodium carbonate, dried over anhydrous mag-
nesium sulfate, and evaporated. The residue on crystalliza-
tion from benzene—petroleum ether (b.p. 60-70°) furnished
110 mg. of fine prisms, m.p. 98-100°, undepressed on ad-
mixture with the original lactone. The infrared spectrum of
this product was also identical with that of the original
lactone as well as with that of an authentic sample of V
(see below).

Synthesis aund lactonization of 8,3,4-trimethyl-4-pentenoic
acid (VI). The acid chloride (3.5 g., 0.024 mole) of 2,2,3-
trimethyl-3-butenoie  acid, prepared by the method of
Courtot.? was added slowly, in 15 ml. of dry ether, to 0.075
nmole of dinzomethane in 150 ml. of dry ether at 0°. After
24 hr. at this temperature the reaction was still incomplete
(acid chloride carbonyl band at 5.6 u still present). However,
after an additional 12 hr. at 25° the reaction appeared to be
essentially complete. Evaporation of the solvent under re-
duced pressure furnished an oily diazo ketone (IR, 4.75
and 6.15 w), which did not show auy tendency to erystallize
and was therefore heated directly in ethanol with freshly
precipitated silver oxide at 70° for 1 hr. and then at reflux
for 4 hr. The resulting clear mixture was decanted, evapo-
rated on the steam bath under reduced pressure, and the
residue distilied at atmospheric pressure. The desired frac-
tion, the ethyl ester of 3,3,4-trimethyl-4-pentencic acid

(7) Cf. E. L. Eliel in Steric Effects in Organic Chemistry,
M. 8. Newman, ed., Wiley, New York, 1956, pp. 117-120.

(8) Melting points are uncorrected and were observed in
capillury tubes. Infrared spectra were determined in chloro-
form solution on a Perkin-Flmer Model 21 double-bean:
recording spectrophotometer. Analyses were performed by
the Nehwarzkopf Microanalytical Laboratory, Woodside,
N.Y.
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(VI), was collected at 200-205° (745 mm.); yield 0.85 g.
(219, from the acid chloride). Hydrolysis with 109, alco-
holic potassium hydroxide furnished the viscous free acid
V1,5 which was not purified but was characterized, in part,
as the amide by the thionyl chloride-ammonia procedure.
After recrystallization from benzene-petroleum ether (b.p.
40-60°), this derivative was obtained in fine plates, m.p.
140-140.5°.

Anal. Caled. for CgH;sON (141.21): C, 68.04; H, 10.71.
Found: C, 67.83; H, 10.95.

A mixed m.p. of this derivative with the amide,? m.p.
140~141°, of the solid isomer of IV,4 m.p. 84-85° (samples
kindly supplied by Professor Melvin S. Newman), was de-
pressed to 106-129°. The infrared spectra and the ultraviolet
end-absorption of the two specimens were also characteristi-
cally different. In addition, tetranitromethane produced a
light yellow color with the free acid VI but no color with the
crystalline sample of IV, in accord with the conjugated
structure of the latter.

Treatment of the remaining portion (ca. 0.3 g.) of the
crude acid VI with 20 ml. of 509, sulfuric acid on the steam-
bath for 1 hr., and then isolation of the neutral product by
extraction with ether, furnished 145 mg. of fine prisms, m.p.
03-98°. After two recrystallizations from benzene—petroleum
ether (b.p. 60-70°), these melted at 99-100° and did not
depress the m.p. of the lactone obtained from I. The in-
frared spectra of the two preparations were also identical,
and a sample of V kindly furnished by Professor Henry
E. Baumgarten’ was likewise indistinguishable from them
both.

a,8,7,v-Tetramethyl-B-valerolactone (VIIa). Ethyl 3-hy-
droxy-2,3,4,4-tetramethylpentanoate, b.p. 62-64° (0.6 mm.),
was obtained in 729, yield in a 0.1-mole run by the Refor-
matsky procedure from pinacolone and ethyl a-bromopro-
pionate. Hydrolysis of this ester with 5% aqueous-alcoholic
sodium hydroxide afforded the corresponding acid Ia, m.p.
108-110°, in 819, vield after crystallization from dilute
cthanol. Two additional crystallizations from the same
solvent furnished the pure acid as fine prisms, m.p. 109-
110°.

Anal. Caled. for CsHi30; (174.23): C, 62.04; H, 10.41.
Found: C, 62.34; H, 10.36.

For conversion to the corresponding S-lactone, 1.0 g. of
the foregoing acid was dissolved in 20 ml. of benzene and
treated with 0.75 g. of freshly prepared N,N’-diisopropyl-
carbodiimide.!® After a reaction period of 24 hr. at 25° the
precipitate of N,N’-diisopropylurea was collected, and the
filtrate diluted with petroleum ether (b.p. 40-60°), washed
rapidly with cold 5% sodium carbonate-bicarbonate solu-
tion, and dried over anhydrous magnesium sulfate. Filtra-
tion and concentration of the solution under reduced pres-
sure afforded an oily residue which crystallized readily at
—20° from pctroleum cther (b.p. 40-60°), forming large
prisin clusters of «,8,7,y-tetramethyl-g-valerolactone (VIIa),
m.p. 46-47°; IR, 5.52 u; yield 0.55 g. (61%).

Anal. Caled. for CoH150; (156.22): C, 69.19; H, 10.32.
Found: €, 69.34; H, 10.17.

When heated to 110-130° this product liberated carbon
dioxide and furnished an olefin, b.p. 104-106° (735 mm.),
n3?, 1.4224; IR, 12.2 4 (CS;), which is probably largely 3,4,4-
trimethyl-2-pentene [lit.? b.p. 109° (740 mm.), n%y, 1.4232].
Attempted lactonization of I gave only noncrystalline neutral
products whose infrared spectra showed carbonyl peaks at
5.5 and 5.8 ¢. Efforts to isolate a pure g-lactone from the
mixture by evaporative distillation at reduced pressurc!f
were unsuccessful.
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Unambiguous syntheses of both c¢is- and trans-
cyclononene have been reported.! However, be-
cause they are multi-stepped and include almost
prohibitively low-yield steps they do not lend them-
selves easily to the preparation of substantial quan-
tities of these interesting olefins. The need for such
quantities prompted the search for a more efficient
process, the results of which are the subject of this
report.

The two-step allene synthesis reported by Doer-
ing and LaFlamme? was found to be nicely adapt-
able to the synthesis of 1,2-cyclononadiene. The
required starting material, cyclooctene, was pre-
pared by reduction of commercially available 1,5-
cyclooctadiene essentially as described for eyclo-
octatetraene.? Its transformation is summarized
below.

cis-Cyclononene was prepared from 1,2-cyclo-
nonadiene by either catalytic hydrogenation or
sodium-ammonia reduction. The complete absence
of the trans isomer in both of these reaction prod-
ucts is as expected. The cis isomer is the energeti-
cally more stable of the two* and it is probably this
factor which determines the stereochemical course

| CHBrs Br Mg,
KO¢ but. Br
| (H) N
e —— (CHy; |
| N
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