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S-Cholestene-33,26-diol (II). A. From Sodium Borohydride
Reduction of Cholesterol 26-Hydroperoxide (I).—Compound
I (10 mg) in 5 ml of methanol was cooled to 0° and sodium boro-
hydride (30 mg) was added. After 5 min the excess sodium
borohydride was destroyed by the addition of a few drops of
acetic acid. The mixture was stirred with 10 mi of water and
the product was extracted with methylene chloride. The methy-
lene chloride extract was dried (MgSO.) and concentrated to
afford 4.0 mg of 5-cholestene-383,26-diol (II): mp 169-170°
lef. mp 168-173° for (25RS)-26-hydroxycholesterol,® mp 169-
171°%}; ir (KBr) 3300 cm™! (OH); R, 0.47 (magenta); rr 3.18
and 2.27 on 3%, QF-1 and 39, OV-1, respectively, identical with
the rr of an authentic sample of (25RS)-26-hydroxycholesterol.?

B. From Thermolysis of I.—Samples of 100-200 ug of the
26-hydroperoxide I in 10 pl of ethanol were injected into the
flash heater zone (270°) of the gas chromatograph (6 mm i.d.,
3% OV-1). The decomposition products were collected in glass
capillaries by methods described earlier.®> After five successive
collections sufficient materials were accumulated for further
chromatographic and spectral identification purposes. Thus the
least mobile sterol with R, 0.47 (magenta), rr 3.18 and 2.27 on
39, QF-1 and 39, OV-1, respectively, was identified as 5-choles-
tene-38,26-diol (II) by comparison of its chromatographic data
with those of an authentic sample. The structure was further
confirmed by mass spectral analysis, which gave the correct
molecular ion at m/e 402 (10).

38-Hydroxy-5-cholesten-26-al (III).—Preparative gas chro-
matography of cholesterol 26-hydroperoxide gave in addition
to 26-hydroxycholesterol II a comparatively more mobile com-
ponent, K, 0.87 (orange-red), 71 3.83 and 1.88 on 3% QF-1 and
3% OV-1, respectively. The reverse mobile behavior of this
compound on the selective 39, QF-1 column suggested the pres-
ence of a carbonyl group. By analogy with the thermal de-
composition of cholesterol 24-hydroperoxide which afforded the
24-keto sterol as the major product? this component was tenta-
tively assigned as 38-hydroxy-5-cholesten-26-al (III). This
structural assignment was further supported by its mass spectral
data which gave the expected molecular ion at m/e 400 (70), and
by ir spectroscopy (XBr) 1720 em ™t (CHO).

27-Nor-5-cholestene-33,25¢-diol (V). A. From Thermolysis
of I.-—A third major thermal decomposition product of the 26-
hydroperoxide I, obtained from preparative gas chromatography,
was identified as 27-nor-5-cholestene-38,25¢-diol (V) by compari-
son of its chromatographic data with those of an authentic sample:
R. 0.47 (magenta); rr2.30 and 1.53 on 39, QF-1 and 39, OV-1,

respectively. Its mass spectrum showed the molecular ion at
m/e 388 (8).
B. From  27-Nor-3@-hydroxy-5-cholesten-25.one.—Nor-25-

ketocholesterol (4.0 mg) dissolved in 0.5 ml of methanol was
treated with an excess of sodium borohydride (25 mg). The
course of the reduction was followed by tle. After all the start-
ing material had disappeared a few drops of acetic acid was added
followed by 10 ml of water. The product was extracted with
methylene chloride, dried (MgSO,), and concentrated to give a
colorless product. Recrystallization of the product from hexane~
ethyl ether gave 1.8 mg of 27-nor-5-cholestene-38,25-diol (V):
mp 159-169° (cf. lit.** mp 158-168°); R, 0.47 (magenta); rr
2.30 and 1.53 on 39% QF-1 and 39, OV-1, respectively; ir (KBr)
3300 cm ™! (O1).

27-Nor-5-cholesten-33-0ol (IV). A. From Thermolysis of I.—
The most mobile thermal decomposition product of the 26-
hydroperoxide I, isolated via preparative gas chromatography,
was identified as 27-nor-5-cholesten-38-o0l (IV) by comparison of
its spectral and chromatographic properties with those of an
authentic sample: R. 0.97 (magenta); rr0.86 and 0.84 on 3%
QF-1 and 39, OV-1, respectively. Mass spectral analysis gave
a molecular ion at m/e 372 (100).

B. From 27-Nor-5-cholestene-33,25-dio} (V).—Nor-5-choles-
tene-38,25-diol (3.0 mg) was selectively converted to the 25-
monotosylate upon treatment with 20 mg of p-toluenesulfonyl
chloride in 0.5 ml of dry pyridine. The reaction was monitored
by tle and when most of the starting material had disappeared,
anhydrous ether (3 ml) was added followed by lithium aluminum
hydride (200 mg).
by the addition of 10 ml of water.
with methylene chloride.

The product was extracted
Gas chromatographic analysis of the

(10) P. D. G. Dean and M. W. Whitehouse, Biochem. J., 98, 410 (1966).
(11) J. Jacques, H. Kagan, and G. Qurisson, “Tables of Constants of
Numerical Data,”” Vol. 14, 8. Allard, Ed., Pergamon Press, Oxford, 1965,

The mixture was refluxed for 5 hr, followed -
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methylene chloride extract revealed the presence of two major
components, 27-norcholesterol (IV, 50%) and 27-nor-5-cholestene-
38,25-diol (V, 30%), together with a small amount of norcholes-
tene.'? The product mixture was separated by preparative
tle and recrystallization from hexane-ethyl ether to afford 1.2
mg of 27-nor-5-cholesten-38-01 (V): mp 127-131° (¢f. lit.}* mp
132°); R, 0.97 (magenta); rr 0.86 and 0.84 on 3% QF-1 and
3% OV-1respectively; ir (KBr) 3300 cm™! (OH).

Registry No.—I, 23652-97-3; II, 13095-61-9; III,
32557-11-2; 1V, 4420-91-1; V, 7548-79-0.

Acknowledgment.—The authors are gratelul to
Dr. J. W. A. Meijer, Gaubius Institute, Leyden, for a
sample of nor-25-ketocholesterol, and to Miss Helen
Buttemer and Mrs. Pauline van Lier for technical
assistance.

(12) H. Schmid and P. Karrer, Helv. Chim. Acta, 83, 1371 (1949).

Poly-a,a,2,3,5,6-hexafluoro-p-xylylene
WiLriam P. Norris

Research Department, Organic Chemistry Branch, Code 6066,
Naval Weapons Center, China Lake, California 93666

Received June 9, 1971

Poly-a,0,2,3,5,6-hexafluoro-p-xylylene (6) is formed
by pyrolyzing potassium (4-trifluoromethyl-2,3,5,6-
tetrafluorophenyl)acetate (4) under vacuum. The
highly reactive intermediate, «,a,2,3,5,6-hexafluoro-
p-xylylene (5), is transported, in the gas phase, to a
cool surface where it condenses and immediately
polymerizes.! The polymer was obtained as a clear

FF
NaH
CFa@F + NCCHCOCH; ————>
I: F F F ?N
cm@ CHCO,CH,
F F
2
FF
2 + 1O '——’cgggH CFa@ CH,CO.H
reflux F F
3
F F
—re+
3 + KOH 5w~ CF CH,C0; K
F F
4
FF
4 T CF2=<:>=CH2 + KF + (O,
FF
5
F F
5 condense . CF2 CHZ—
FF »
6

(1) Poly-p-xylylenes are commonly prepared by generating the mono-
meric p-xylylenes in the gas phase and condensing them to give polymers:
L. A. Errede and M. Szware, Quart. Rev., Chem. Soc., 12, 301 (1959); W. F,
Gorham, J. Polym. Sci., 4, 3027 (1966).



148 J. Org. Chem., Vol. 87, No. 1, 1972

film on the inside of the condenser. It was swollen
slightly with acetone but did not dissolve. An X-ray
diffraction pattern shows well-defined lines indicating
a high degree of crystallinity which is ecommon with
poly-p-xylylenes.! Whether the polymer units were
joined head to tail or head to head and tail to tail was
not determined. The polymer begins absorbing strongly
in the ultraviolet at 300 nm.

Sodio ethyl cyanoacetate reacts readily with 1 to
give ethyl (4-trifluoromethyl-2,3,5,6-tetrafluorophe-
nyl)cyanoacetate (2).2 Only one isomer was isolated,
presumably the para isomer. Toward nucleophilic
substitution on an aromatic system, trifluoromethyl
is strongly, perhaps exclusively, para directing.? The
trifluoromethyl group also increases the rate of aro-
matic nuecleophilic substitution relative to fluorine,
103 times,* which accounts for the ease with which 2 is
prepared. Acidic hydrolysis of 2 to 3 was used in-
stead of basic hydrolysis because of the sensitivity of
the highly fluorinated nucleus to nucleophilic attack.

Pyrolysis of alkali salts of fluorinated aliphatic acids
leads to olefins. For instance, pyrolysis of sodium
heptafluorobutyrate gives hexafluoropropene in high
yield? In the present instance the reaction has been
extended from a 1,2 elimination to a 1,6 elimination.

The free acid, 3, was thermally stable to its boiling
point at 250°. Addition of a small amount of 4 to the

F F FF
1% 4
cm@ CH,COH —=> cm@cm + CO,
FF FF
3 7

boiling 3 caused loss of CO; to give 7. Heating 4 in
dimethylacetamide at 120° resulted in the formation
of 7 also. The source of protons necessary to form 7
from 4 in the latter case was not investigated.

Experimental Section

Ethyl (4-Trifluoromethyl-2,3,5,6-tetrafluorophenyl)cyano-
acetate (2).—Ethyl cyanoacetate (22.6 g, 0.20 mol) was added
to 5.0 g (0.21 mol) of sodium hydride suspended in 75 ml of
dimethylformamide keeping the reaction temperature at 25
4+ 5°. When hydrogen evolution ceased, 23.6 g (0.10 mol) of
octafluorotoluene (1) was added, maintaining the temperature
at 25 == 5°. The solution was stirred for 15 min after adding 1.
The reaction mixture was poured into 300 ml of ice water and
extracted with 100 ml of ether. The ether phase was discarded;
30 ml of concentrated hydrochloric acid was added to the aque-
ous phase and extraction was performed with three 50-ml por-
tions of ether. Ewaporation of ether and distillation of residue
gave 28 g (859, yield) of 2, bp 107-113° (1.5 mm), mp 48-51°.

Anal. Caled for Cr.H;F'NO.: C, 43.78; H, 1.84; F, 40.40;
N,4.26. Found: C,44.08; H,2.08; F, 39.86; N, 4.67.

(4-Trifluoromethyl-2,3,5,6-tetrafluorophenyl)acetic Acid (3).—
Ethyl (4-trifluoromethyl-2,3,5,6-tetrafluorophenyl)eyanoacetate
(28 g, 0.085 mol) was added to 50 ml of water, 50 ml of acetic
acid, and 80 ml sulfuric acid and the mixture was heated at reflux
for 5hr. The mixture was poured into 500 ml of water and cooled
to 5° overnight. The solid was filtered off to give 20 g (85%
yield) of produect, mp 60-70°. Recrystallization from n-hexane
gave 18 g of 3, mp 77-80°.

Anal. Caled for CoH,F:0,: C, 39.15; H, 1.09; F, 48.17.
Found: C,39.04; H, 1.22; F, 49.52.

(2) Ethyl (pentafluorophenyl)oyanoacetate has been prepared similarly
from hexafluorobenzene but under much more vigorous conditions: German
Patent 1,146,800 (April 11, 1963); Chem. Abstr., 59, 11331e (1963).

(3) D.J. Alsop, J. Burdon, and J. C. Tatlow, J. Chem. Soc., 1801 (1962);
J. Burdon, Tetrahedron, 21, 3373 (1965).

(4) J. Burdon, W. B. Hollyhead, C. R. Patrick, and K. V. Wilson, J.
Chem. Soc., 6375 (1965).

(5) R. N. Haszeldine, J. Chem. Soc., 4259 (1952).

Notes

Methyl (4-Trifluoromethyl-2,3,5,6-tetrafluorophenyl)acetate.
—To a mixture of 35 ml of methanol, 20 ml of benzene, and 1 ml
of concentrated H,SO, was added 9.8 g (0.034 mol) of 3. The
mixture was heated to reflux and the water was collected in a
Dean-Stark trap. When the reaction was finished the reaction
mixture was cooled and extracted with water. The organic phase
was dried over Drierite and distilled to give 6.0 g (0.021 mol,
609 vyield) of methyl (4-trifluoromethyl-2,3,5,6-tetrafluoro-
phenyl)acetate, bp 90-100° (10 mm).

Anal. Caled for CoH:F:0.: C, 41.39; H, 1.74; F, 45.84,
Found: C,41.37; H, 1.89; F,45.74.

Potassium  (4-Trifluoromethyl-2,3,5,6-tetrafluorophenyl)ace-
tate  (4).—(4-Trifluoromethyl-2,3,5,6-tetrafluorophenyl)acetic
acid, 4.7 g (0.017 mol), was suspended in 25 ml of water, two
drops of phenolphthalein indicator solution was added, and then
509% KOH solution was added to give a faint pink end point.
The water was removed under reduced pressure at 25°. The
dry residue was dissolved in 15 ml of acetone, filtered, and heated
to boiling. Ethylene dichloride was added to the cloud point.
Cooling gave 5.0 g (939 ) of white needles, mp 222° dec. The
salt was heated at 100° for 5 hr at 0.001 mm pressure and then
analyzed.

Anal. Caled for C;H,F70.K: C, 34.40; H, 0.64; F, 42.33;
K, 12.44. Found: C, 34.20; H,0.57; F, 42.37; K, 12.48.

Poly-«,«,2,3,5,6-hexafluoro-p-xylylene (6).—Two grams of 4,
evacuated to a pressure of 0.01 mm, was heated in a 250° bath.
The gases were led through a condenser cooled with Dry Ice.
A thin film of polymer (0.1 g) formed on the inside of the eon-
denser tube. The film was removed by wetting with acetone.
It was 0.04 mm thick, clear, and pliable. An X-ray diffraction
pattern on the film dried at 100° (0.001 mm) shows definite
lines indicating crystallinity. Differential thermal analysis
under nitrogen shows a small endothermie process starting at
421°, The sample showed no weight loss after 20 min at 400°.
At 500° for 20 min it showed a 179, weight loss.

Anal, Caled for (CsHoFe)n: C, 45.30; H, 0.95; F, 53.75.
Found: C,45.17; H, 0.83; F, 53.71.

a,e,e,2,3,5,6-Heptafluoro-p-xylene (7).—Ten grams (0.036
mol) of 3 was heated to 250° with no noticeable decomposition.
It was allowed to cool and 0.10 g of 4 was added and then re-
heated to 250°. Seven grams of material distilled over at 135°.
Redistillation gave 5.1 g (60%), bp 135-136° (705 mm), of 7.
The mass spectrum had a strong parent lon peak at m/e 232
and a base peak at m /e 163 (parent ion minus CFj).

Anal. Caled for CgHyFy: C, 41.39; H, 1.31;
Found: C,41.15; H, 1.39; F, 57.25.

One-half gram of 4 was heated to 120° in N,N-dimethylacet-
amide. Gas was evolved which gave a precipitate with barium
hydroxide solution. After gas evolution ceased the mixture was
poured into water and a dark liquid settled to the bottom. Vpe
analysis (Dowfax 9N9 on Chromosorb W, 100°) showed only one
volatile component, 7. The mass spectrum was identical with
that of 7 prepared in the previous experiment.

Registry No.—2, 32251-53-9; 3, 32304-29-3; 3

methyl ester, 32251-56-2; 4, 32251-54-0; 6, 32218-
15-8; 7, 778-35-8.

F, 57.30.

The Configuration of
p-Alanyl-p-cycloserine Confirmed
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In an earlier report,® we described the synthesis Qf
the dipeptide, p-alanyl-p-cycloserine (1), but the basis

(1) Abstracted from the M.S, thesis presented to the University of
Georgia Graduate School by Mr. C. 8. Levine,

(2) To whom inquiries should be directed.

(3) R. A. Payne and C. H. Stammer, J. Org, Chem., 88, 2421 (1968).



