1836 <J. Org. Chem., Vol. 39, No. 13, 1974

(11) . For areview see R. R. Phillips, Org. React., 10, 143 (1859).

(12) V. V. Feofilaktov and A. Ivanov, J. Gen. Chem. USSR, 13, 457
(1943); Chem. Abstr., 38, 3255 (1944).

(13) R.P. Linstead and A. B. L. Wang, J. Chem. Soc., 807 (1937).

(14) 8.9;(1.)Curtin and C. S. Russell, J. Amer. Chem. Soc., 73, 5450

(18) For a review on reactivity and cleavage of hydrazones see J. N. Ki-
taev and B. |. Buzikin, Usp. Khim., 41, 995 (1872).

(18) ?1 53) Kwartler and P. Lucas, J Amer Chem. Soc., 65, 1804

943).

Kobayashi, Kumadaki, Hirose, and Hanzawa

(17) E. F. M. Stephenson in “Organic Syntheses,”
Wiley, New York, N. Y., 1955, p 475.

(18) C. Ainsworth in “Organic Syntheses,”
York, N. Y., 1963, p 536.

(19) R. Hu1sgen and K. Bast, Org. Syn., 42, 69 (1962).

(20) E. Bamberger and A. Goldberger Justus Liebigs Ann. Chem., 305,
339 (1899).

(21) Note added in proof. Some derivatives of this system were recently
described: R. Allmann, T. Daeberdemaeker, W. Grahm, and C.
Reichardt, Chem. Ber., 107, 1555 (1974).

Collect. Vol. I,

Collect. Vol. IV, Wiiey, New

Studies on Organic Fluorine Compounds. XIV.! Syntheses and Reactions of
(Trifluoromethyl)indoles?

Yoshiro Kobayashi,* Itsumaro Kumadaki, Yoshibumi Hirose, and Yuji Hanzawa

Tokyo College of Pharmacy, Kitashinjuku 8-chome, Shinjuku-ku, Tokyo, Japan

Received December 11, 1973

To compare the reactivity of (trifluoromethyl)indoles with that of (trifluoromethyljquinolines, 2- and 3-(tri-
fluoromethyl)indoles (12 and 13) were synthesized from 3- and 4-(trifluoromethyl)quinoline in four steps: N-oxi-
dation, oxidative cyanation using potassium cyanide and potassium ferricyanide, photomigration reaction to
benzoxazepine derivatives, and recyclization with hydrogen chloride to indoles. Reactions of 12 and 13 with nu-
cleophiles (sodium ethoxide, lithium aluminum hydride, sodium borohydride, and sodium amide) were exam-
ined, and 12 and 13 were found to undergo Sn1-type reaction and the trifluoromethyl group in 13 was more re-

active than that in 12, These results were discussed.

A trifluoromethyl group on an aromatic ring is generally
a very stable substituent,® and there has been little study
of the reactions of the trifluoromethyl group on the het-
erocyclic ring. In previous papers* we have reported a
study of the reactivity of the trifluoromethyl group on the
quinoline ring with nucleophilic reagents and -found three
types of reactions: SN2 substitution of fluoride, elimina-
tion of fluoride, and displacement of the trifluoromethyl
carbanion. Typical examples are shown in Scheme I.

Since the trifluoromethyl group on the =-deficient quin-
oline ring shows unusual reactivity to nucleophilic re-
agents, it was of interest to examine the reactivity of this
group on the w-electron excess indole ring. Indoles with a
trifluoromethyl group on the pyrrole ring have not been
reported to date. We have devised a synthetic route to
such indoles from (trifluoromethyl)quinoline by the series
of reactions shown in Scheme II. .

In this method, 3- or 4-(trifluoromethyl)quinoline (4 or
5), obtained with sulfur tetrafluoride® or copper powder-
trifluoromethyl iodide,® was converted into its N-oxide (6
or 7) by acetic acid-hydrogen peroxide.” A cyano group
was introduced into the 2 position of 6 or 7 with retention
of the N-oxide group by oxidative cyanation with potassi-
um ferricyanide and potassium cyanide.® The resultant
compound (8 or 9) was photoirradiated in an aprotic sol-
vent to produce a benzoxazepine derivative (10 or 11), and
the corresponding 2- or 3-(trifluoromethyl}indole (12 or
13) was successfully synthesized by ring opening and then

- closure with dry hydrogen chloride gas in methanol. When
photoirradiation was carried out in methanol, the N-
methoxycarbonylindole derivative (14 or 15) was obtained
as a by-product. However, hydrolysis of 14 (or 15) to 12
(or 13) was unsuccessful; this may be due to the carba-

. mate group of 14 (or 15), which was stabilized by the elec-
tronic effect of the indole ring, and to the fact that indole
itself is unstable to acids.

Next, we examined the reaction of 12 or 13 with nucleo-
philic reagents. We used sodium ethoxide and sodium
amide; we also used metal hydrides to examine the reduc-
tion, since they attack as the hydride anion. These results
are shown in Scheme I1I.

The fact that benzotrifluoride was recovered in these
reaction conditions shows that susceptibility of the triflu-
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oromethyl group to nucleophilic attack is increased by the
electronic effect of the indole ring. This suggests that the
carbon-fluorine bond in the triflucromethyl group is
cleaved in Sn1-like manner. Further investigation of the
results from 12 and 13 shows a considerable difference in
their reactivity. Both compounds undergo alcoholysis
when refluxed with sodium ethoxide in ethanol. With the
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B-trifluoromethyl compound (13), the ortho ester, which
should have been produced in the first step, was partially
hydrolyzed to an ester (19). This may have been due to
the higher electron density at the 8 position than at the «
position in the indole ring. When refluxed with lithium
aluminum hydride in ether, 13 easily gave skatole (20),
while 12 required a much longer reaction time than 13
and a considerable amount of the starting material was
recovered even then. The greater reactivity of 13 became
more apparent in the reaction with sodium borohydride.
When refluxed with sodium borohydride in ethanol, 13
gave 20, while most of 12 was recovered with an ester (18)
as a by-product in 22% yield.

This may be explained as follows, The rate of reduction
is much greater for 13 than for 12 and the rate of decom-
position of sodium borchydride is significantly greater for
the latter. Accordingly, sodium ethoxide produced by the
decoraposition of sodium borohydride attacks the trifluo-
romethyl group and gives the ester 18. Therefore, this
reaction also shows that the §-trifluoromethyl compound
has a greater reactivity than the o compound.

The difference in reactivity between 12 and 13 was also
observed with sodium amide. Although 12 was recovered
unchanged, 13 gave a cyano derivative (22), which was
produced by the substitution of one fluorine atom with an
amino group followed by dehydrofluorination.

In these reactions the excess w-electron density of the
indole ring appears to promote the Sn1-like cleavage of
the carbon-fluorine bond. The concept that the difference
between reactivities of 12 and 13 is explained by the dif-
ference between stabilities of 23 and 24 (Scheme IV) has
been recognized with methylene analogs.? The fact that
the 8 position has a higher electron density than the « po-
sition from MO calculation of the indole ring in the litera-
turel? also supports the assumption that Sx1-like cleavage
of the carbon-fluorine bond is promoted more strongly in
the 8-trifluoromethyl compound than in the a-trifluoro-
methyl compound.

In contrast to the Sn2-like reactions of 2- and 4-(trifluo-
romethyl)quinolines, which showed the electron-with-
drawing effect of the ring, Sn1-like reactions occurred in
the present case with a w-electron excess system. The in-
teresting point is that the results of 3-(trifluoromethyl)in-
dole correspond with those of 3-(trifluoromethyl)quino-
line, which we reported in the preceding paper.t More-
over, the intermediate proposed for 3-(trifluoromethyl)in-
dole is quite similar to that proposed for this quinoline,
namely, both have the same enamine conjugation.

Scheme IV ’
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Experimental Section

Photoreaction of 2-Cyano-3-(triﬂuorometh);l)quinoline 1-
Oxide® (8). A. A solution of 300 mg (1.25 mmol) of 8 dissolved in
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300 ml of benzene was irradiated with a high-pressure mercury
lamp (Ushio UM-102, 100 W) under a stream of nitrogen in a
Pyrex vessel for 30 min, After evaporation of benzene, the residue
was purified by silica gel column chromatography and 10 was ob-
tained from the hexane eluate. Recrystallization from hexane
gave yellow prisms: mp 88°; yield 273 mg (91%); ir (KBr) 2280
(C=N), 1193 and 1150 cm~1 (broad, CF3); nmr (CDCl3) 5 6.42 (1
H, s, 5-H); mass spectrum m/e 238 (M+). Anal. Caled for
C1;HsFsN20: C, 55.47; H, 2.12; F, 23.93; N, 11.76. Found: C,
55.41; H, 2.26; F, 23.31; N, 11.52.

B. A solution of 300 mg of 8 dissolved in 300 ml of MeOH was
irradiated in the same manner as in A. MeOH was evaporated
and the residue was recrystallized from benzene to give yellow
crystals (14): mp 204°; yield 104.1 mg (34%); ir (KBr) 1676
(C=0) and 1126 cm~? (broad, CFs); nmr (CDCls) é 3.86 (3 H, s,
OCHjy); mass spectrum m/e 243 (M+), 228 (M~ -~ CHs); high

_mass on m/e 228 (M+ ~ CHs), 228.025 (caled, 228.027).

Recrystallization of the residue from mother liquor and hexane
gave 10, yield 96 mg (32%).

Photoreaction of 2-Cyano-4-(triftuoromethyl)quinoline 1-
Oxide® (9). A. A solution of 300 mg of 9 dissolved in 300 ml of
benzene was treated as in the case of 8. After evaporation of ben-
zene, the residue was purified by being passed through a silica gel
column in hexane solution. The effluent was recrystallized from
hexane to give yellow crystals (11): mp 59-60°; yield 291 mg
(97%); ir (KBr) 2240 (C==N), 1305, 1140 cm~? (broad, CF3); nmr
(CCly) 6 6.93 (1 H, s, 4-H); mass spectrum m/e 238 (M+). Anal.
Caled for C11HsF3N2O: C, 55.47; H, 2.12; 'F, 23.93; N, 11.76.
Found: C, 55.22; H, 2.38; F, 23.07; N, 11.48.

B. A solution of 300 mg of 9 dissolved in 300 ml of MeOH was
treated as in the case of 8. The residue obtained after evaporation
of MeOH was recrystallized from benzene to give yellow crystals
(15): mp 238.5°%; yield 24.5 mg (8%); ir (KBr) 1670 (C==0) 1156,
1120 em~1 (CF3); nmr (DMSO-dg) 6 3.91 (3 H, s, OCHgs); mass
spectrum m/e 243 (M), 228 (M+* — CHj3); high mass on m/e 228
(M+ — CHg) 228.026 (caled, 228.027).

The residue obtained by evaporation of the mother liquor was
purified by silica gel column chromatography in hexane solution
to give 144 mg (48%) of 11.

2-(Trifluoromethyl)indole (12). HCI gas was passed through a
solution of 300 mg of 10 dissolved in 15 m! of MeOH with stirring
for 10 min and the reaction mixture was poured into ice water.
This mixture was neutralized with Na>COj3; and extracted with
Et20. The Et0 solution was washed with HaO and dried over
NazS04. The residue obtained by evaporation of EtsO was passed
through a column of silica gel in hexane solution. The effluent
‘was recrystallized from hexane and gave colorless plates (12): mp
102°; yield 144.5 mg (62%); ir (KBr) 3410 (NH), 1165, 1100 em 1
(CF3); nmr (CDCl3) 6 6.94 (1 H, s, 3-H), 8.32 (1 H, broad, NH);
mass spectrum m/e 185 (M+t). Anal. Caled for CoHgFaN: C,
58.42; H, 3.27; F, 30.80; N, 7.57. Found: C, 58.70; H, 3.33; F,
30.16; N, 7.24.

3-(Trifluoromethyl)indole (13). The same treatment of 300 mg
of 11 as in the case of 10 gave colorless plates (13): mp 110°; yield
149 mg (64%): ir (KBr) 3440 (NH), 1183, 1120, 1087 cm~* (CFjg);
nmr (CDClg) 6 8.37 (1 H, broad, NH); mass spectrum m/e 185
(M*+). Anal. Caled for CoHgFsN: C, 58.42; H, 3.27; F, 30.80; N,
7.57. Found: C, 58.48; H, 3.50; F, 30.42; N, 7.73.

Alcoholysis of 12. A solution of 150 mg of 12 dissolved in 20 ml
of absolute EtOH was added dropwise into a solution of 150 mg of
Na dissolved in 20 ml of absolute EtOH, with stirring, and the
mixture was refluxed for 5 hr. The cooled reaction mixture was
poured into ice water and extracted with Et,0, and the extract
was dried over NagSOy4. The residue obtained by evaporation of
Ft,0 was purified by being passed through a silica gel column in
CH3Cl, solution. Recrystallization of the effluent from hexane
gave crystals (16): mp 163°; yield 23.5 mg (11%); mass spectrum
m/je 263 (M+); high mass m/e 263.152 (caled for CisHa1NOs,
263.152). 16 was partially hydrolyzed to 18 and was identified.

Alcoholysis of 13. The same treatment of 150 mg of 13 as in
the case of 12 and recrystallization of the residue from the Et,O
extract from CCly gave 19, mp 124-126°, yield 81.2 mg (53%). It
was identified with the authentic sample.1!

Reaction of 12 with LiAlH4. A solution of 200 mg of 12 dis-
solved in 20 ml of absolute EtsO was added dropwise, with stir-
ring, into 110 mg of LiAlH4 suspended in 20 ml of absolute Et,0,
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and the mixture was refluxed for 10 hr with stirring. Stirring was
continued at room temperature for 2 days, but some 12 was still
detected by tlc. Et20 saturated with HzO was added dropwise to
decompose excess LiAlH4 and the precipitate was filtered off.
After being dried over NasSQy,, the filtrate was concentrated and
the residue was purified through silica gel in hexane solution. The
effluent was recrystallized from hexane to give 2-methylindole
(17), mp 58.5°, yield 45.2 g (30%). It was identified with the au-
thentic sample by comparison of their ir spectra.

Reaction of 13 with LiAlH4. Treatment of 200 mg of 13 in the
same way as 12, except that refluxing was stopped as soon as 13
was no longer detected by tlc, and recrystallization of the residue
obtained by evaporation of Et2O from hexane gave skatole (20),
mp 90-92°, yield 59.5 mg (42%).

Reaction of 12 with NaBH4. A solution of 150 mg of 12 dis-
solved in 20 ml of EtOH was added dropwise with stirring into a
solution of 200 mg of NaBH, dissolved in 20 ml of EtOH, and the
mixture was refluxed for 30 hr. The cooled reaction mixture was
poured into ice water and extracted with Et0, and the extract,
after being dried over NasSOy, was evaporated. The residue was
chromatographed over silica gel.

From the first effluent with hexane 69 mg (46%) of the starting
material (12) was recovered. The second effluent was recrystal-
lized to give 18, mp 123-125° (hexane), yield 33.7 mg (22%). 18
was identified with the authentic sample’2 by comparison of ir
spectra and by a mixture melting point determination.

Reaction of 13 with NaBH,. 13 (150 mg) was treated as in the
case of 12, but refluxing was continued for only 5 hr. The residue
obtained by the evaporation of EtsO was purified by silica gel
chromatography in CH2Clg solution. The effluent was recrystal-
lized from hexane to give 20, mp 91-93°, yield 48.9 mg (46%). It
was identified with the authentic skatole.
~ Reaction with Sodium Amide. Into about 30 ml of liquid NHj,
0.1gof Fe(NOg)3 crystals was added, and then 1.2 g of Na. When Na
dissolved completely, 500 mg of 13 dissolved in 10 ml of absolute
Ete0 was added dropwise with stirring. After 3 hr of stirring,
NH; was evaporated and NaNH, was decomposed by a slow ad-
dition of hydrated Ety;0O. The precipitate was collected by filtra-
tion and washed with Et;O. The Et20 layer was washed with
H;0 and dried over Na2SQy4. The residue obtained by evapora-
tion of Et20 was purified through a silica gel column in CH,Cle
solution. The effluent was recystallized from benzene to give 3-
cyanoindole (22), mp 182-183°, yield 57.6 mg (156%). It was identi-
fied with the authentic sample.1%

12 was recovered (75%) in this reaction and no product was iso-
lated.

Registry No.—8, 35666-36-5; 9, 35666-38-7; 10, 51310-52-2; 11,
51310-53-3; 12, 51310-54-4; 13, 51310-55-5; 14, 51310-56-6; 15,
51310-57-7; 16, 51310-58-8; 17, 95-20-5; 18, 3770-50-1; 19, 776-41-0;
20, 83-34-1; 22, 5457-28-3.
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