TABLE 2. Data of Experiments on the Telomerizatiom of 3,3,3-
Trifluoropropene by Methyl Isobutanoate (120°C, 2 mole % TBP,

20~40 min*)
’ Content of telomer homologs with
Sy My n monomer units, mole %
Run i Ky, % MI/(3] .
No. | ‘ av. E}T
mmoles | T T, T, n
' i n=4
1 57.6 5.4 24.8 0.08 590 34.6 4.6 ' 18
2 57,6 6.9 279 0.10 56.5 349 6.0 26
3 58.5 9.6 24.7 0.14% 49.7 38.7 7.9 3,7
4 589 18,2 28.3 0.26 42.5 38.6 11.6 7.3
5 57.6 243 258 0.37 39,1 378 13.§ 9.5
6 58,1 323 219 0.50 33.2 36.4 16,7 137
7 57.5 37.8 18.1 0.60 35.0 35.0 16.5 13.5
8 57.5 489 27.8 0.74 30.8 319 16.{& 18,9
9 58.2 '35.6 220 0.85 277 30,6 18.5 23.2
10 37,6 64.1 238 0.98 278 217 18.3 26,2
|

*Telogen conversion in the experiments <3Z.

2, The comparatively small change of the chain-transfer constants C_ with increasing
length of the radical chain indicates a weak polar effect in the chain-transfer stage.
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REACTION OF POLYFLUOROCARBONYL COMPOUNDS WITH INDOLINES*

A. E. Zelenin, N. D. Chkanikov, UDC 542.91:547,754:547,4646.8'161
A. F, Kolomiets, and A. V. Fokin

According to [2], indoline reacts with hexafluorocacetone (I) with fermation of the C*-
alkylation product, Such a course of the reaction is in line with the generally accepted con-
cept of the orientation of an electrophilic substituent on indoline [3], but the reaction con-
ditions (120°C) are in conflict with known data on the reactivity of ketone (I) in regard to
arylamines [4, 5]. 1In this article we present the results of the investigation of the reac-
tion of indoline with (I) and with methyl trifluoropyruvate (II), which we studied earlier in
C-alkylation reactions of arylamines of various types [4, 5].

Indoline, dissolved in CHCl,, reacts vigorously with (I), even under cooling (—60 + 20°C),
with formation of 7-(2-hydroxyhexafluoroprop-2-yl)indoline (III) in a yield of 92%. Thus, un-
der mild conditions the substitution proceeds reglospecifically at the position ortho to the
amino group. Reaction of the reagents in boiling (CHCl:), was accompanied by resinification
and led to a mixture of products. According to HPLC analysis, the C*® (IV) and C’ (III) iso-
mers were present in the ratio of 1:1. The C*® isomer was isolated by crystallization in a
yield of 25%. Reaction of indoline with an excess of ketone (I) (1:2.2) in CHCl, at 20°C
yields 5,7-di(2-hydroxyhexafluoroprop-2-yl)indoline (V), which was isolated in a yield of 907Z.

*For previous Communication, see [1].
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110 0568-5230/88/3701-0110$12.50 © 1988 Plenum Publishing Corporation



R

N
O i
| N

Rt H
R =H, Rl =C(CFy),0H (III); R = C(CF,0H, Rt =H (IV); R = Rt = C(CF;);0H (V).

The data obtained allow it to be assumed that C’-alkylation is realized via an oriented
transition state, in which the course of the C-alkylation is controlled by the activation
entropy of the reaction,

On reacting indoline with (II) in CHCls at 20°C a mixture of the C°®- (VI) and C’-alkyla-
tion (VII) products is formed, with predominance (5:1) of isomer (VI). The low regioselec~
tivity in this case may be explained by the great volume of ketocester (II) in comparison with
ketone (I) or by intramolecular interaction of indoline with ketoester (II) through its carbo-
methoxy group, which hampers the formation of an oriented transition state of the reaction,

R\/\_
Kl/l\\) (VOH—{vID
o

R = C(CF;)(COOCHs)OH, Ri=H(V1); R = H, R! = C(CFs)(COOCH;)OH(VII).

In contrast to the corresponding derivatives of tetrahydroquinoline [5], compound (VII)
is not converted to a cyclic amide, not even on melting.

Reaction of indoline (V1) with (I) yielded 5-(l-hydroxy-l-carbomethoxytrifliuorcethyl)-7-

(2-hydroxyhexafluoroprop-2-yl)indoline (VIII), which was also prepared retrosynthetically
from compound (III) and ketoester (II),

COOCH;,

H
F3C—C—CFy (VIIN)
OH

Indolines (V) and (VIII) were dehydrated with active MnO, [6] to the corresponding in-
doles (IX) and (X)., Dehydrogenation of indoline (III) in this way is accompanied by resinifi-
cation of the reaction mixture, The use of 2,3-dicyano-5,6-dichloroquinone gives better re-
sults, but also in that case we did not succeed in preparing an analytically pure sample of
indoline (XI).

\()\\/_______,. (WU (IX)—(XI)

VI, (111
F,c_c_ch FSC-—(IZ—CFS

on OH
R = C(CFs);0H(V), (IX); R = C(CFy)(COOCHg)OH(VIII), (X); R = H(I1l), (XI).

On reacting indole (IX) with ketoester (II), and indole (X) with ketone (I), the corres-
ponding C>-alkylation products (XII) and (XIII) were obtained.
Ro
(In

(1X) — ;\ ) 2%

Ri n
(XII)—(XITI)

R = C(CFy)(COOCH,)OH, R! = R? = C(CF;),0H(XII); R =R!=C(CF;);OH, R?=
= C(CF3)(COOCH)OH(X111).




TABLE 1. Compounds (III)-(XVI)

Found .
Com- | = . Caloulated ' ©
pound | < | mp, °C | A ‘ Empirical formula; M*
E C H ! N F
1
(1N 92 | 118-119 | 064 [46.48 | 3.18 | 5.20 |39.79 C1 HoFsNO 285
46.33 | 318 | 491 [40.00
avy* | 22 |143-1441030 | - . - - C1HsFeNO -
V) 90 |159-160 | 0.31 [37.00 | 201 | 3.42 |50.47 C1.HoF12NO; 451
3727 | 201 | 3.10 |50.52
(V1) 50 |141-143 | 0.31 |52.20 | 4.44 | 4.87 | 2099 C12HioFsNO: -
52.36 | 436 | 509 | 20.73
(V1) 6 1121-123 | 056 5227 | 452 | 470 |20.70 Ci2H12FaNO: 275
52.36 | 4.36 | 5.09 2073
{VII) | 86 |145-150 | 036 {4056 | 2.44 | 300 |38.51 CisHigFsNO: -
4082 | 272 | 318 | 38.78
{1X) 89 | 119-121 [ 030 {37.18 | 168 | 2.96 | 50.50 Ci:H7F12NO: -
3742 1 156 | 312 [50.78
(xX) 90 | 99-101 | 033 {3076 | 248 | 351 |38.71 CusllioFaNO, 439
4100 | 228 | 319 | 3895
(XD | 71 - 060 | - I - CyiH:FsNO 283
(X11) 8 |136-138 | 0.27 |35.82 | 1.63 | 2.3 14781 CiaHoF1sNO; -
3570 | 165 | 231 |47.11
(XT1) 88 |133-135 | 0.25 13535 | 1.87 | 2.03 | - CisH1oF15NOs -
3570 | 165 | 2.31
(XIV) 80 [ 118-120 | 0.24 |3526 | 1.08 | 2.56 | 46.89 CisHyoFisNOs -
3570 | 185 | 2.31 | 47.01
(NVD) 23 | 148-150 | 0.21 |30.12 | 213 | 2.44 | 4352 CisH FiaNO: 521
3906 ) 211 | 260 |43.76

See 2 .
**Analytically pure sample not obtained.

lkj,J‘w'\w\& |
) .-JJN;:‘QJU_ ’

- 2.9 ppm

Fig. 1. AsB, system in the '°F NMR spectrum of compound (XIV):
a) experiment, b) theory.

On reacting substituted indolines (VII) and (VIII) with an excess of (I) the 3,5,7-tri-
substituted indoles (XIII) and (XIV) are produced in high yield, that is aromatization of the
dihydropyrrole ring accompanied by substitution of a hexafluoroisopropanol group takes place,
The first reactions of this type were described by us with the example of tetrahydroquinoline
derivatives [5].

R CF,
_mole) A \———CoH (XITT)—(XIV)
—HC(CF,),0H Q§/)\N/ﬂ ér :

i '3

Rt H
R = C(CF3);0H, R! = C(CF3)(COOCH)OH (XIV),

(VILI), (VL)
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TABLE 2. 1§ and '°F NMR Spectra of Compounds (III), (V)-

(XIV), and, (XVI) A
W/ f“ 'f
i H
6 V2
H
Chemical shifts, &, ppm (in acetone~-dg)
Com- e
pound H J, Hz)
WF
i 2 3 4 } 5 [ 7 OCH,
|
3.5 94 | 745 | 667 | 743 | - -~ 281 8
am \ 20| | o |
' (8,5) (12) | 83 s
\) - 350 1300 | 743 ) — |74 - ~ =2
it 1 d s l d | —2(’[1‘1~ 15)
| (86) S ) i
(V) - 1356 )298 739 ) ~ |78 | 664 | 384 1+ —15
? t t ; brs d 1 d g
e | 658 | 7 11(8'0) | 3.8 ‘ 1628
11 - 353 1293 |7, . . - 38 —1.62
(VID 28R 5 I dd s
| ) (74) 1 62 ) i | o
(VIID) P~ 1336129 1730 ] - |74 — &7 23
, l [N d d 17 —1é§i)
(8.4) (4 | ) 2
(1X) 1103 | 8.00 l7,21 8.78 - 1834, ~ § — —3.(3?
brs t (39) t brs br.s \ % —2(.!; : f)
) D13 1 Say | 739 1884 | - | 839 [ - 489 -t s
' brs [} K3 m br.s bors ;S —1(,7),(' N
i i 2
! - { | "
(XI) i 1083 {733 [ 6531 | T.92 | TUs :7.26 T -3.04 8
Y obrs ot vt d 1t lbr.d ; !
i @y G 8.0 o
(XID) 1089 1850 | —~ TS0 o — |73 -~ ) 380 —_;.g(,)z
1 \, br.s brs br.s brs H - IA-‘J*" A
| | | - %(i.:('::: 1
(XHI) | 1082 {830 | — |78 | — 763 ~ ;370 ] -3268
U bras s brs s s :T)%.(.).:
. i s , (2:2:1)
== - Q2 - " a9y
(XIV) 1091 ' 8.54 — TS - U 3.83 —-:;.-:r S .
| brs i b s ! bt brs | s :“;Lz, -52.3 .
| ; ' 2:2:1)
) I -7 n
(XVD « | 1059 ‘ 820 | - T84 - (742 - 362 -ANC
! T oS LT
brs | brs ‘ TR

*§CH; 3.81 ppm (s),
**See Fig. 1.

Similar oxidation~reduction reactions were used for the modification of (indol-3-yl)acetic
acid, the methyl ester of which was converted to indoline (XV) by means of PyBH; by the method
described for other indole derivatives [7]. 1Indoline (XV), without isclation, was treated with
an excess of (I) in CCl, at 50°C to give methyl [5,7-di(2-hydroxyhexafluoroprop~2-yl)indol-3-
yllacetate (XVI), obtained in a yield of 23.3%,

CFs
N M i,
7 cH.coocH; — MO~ AN CH,COOCH,
H (V) 1N
(CFp.C H
i (XVI)
OH

Characteristics of compounds (III)-(XIV) and (XVI) are listed ir Table 1. Their struc~
tures were established on the basis of ‘H and *°F NMR spectra (Table 2), elemental analysis
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(Table 1), mass spectroscopy of compounds (III), (V), (VII), (X)-(XI), and (XVI) (Table 1),
and *3C NMR spectra of compounds (III), (V)-(VIII), (X), (XIII)=(X1V), and (XVI) (Table 3).
Determination of the place of substitution was carried out on the basis of analysis of the
spin systems in the PMR spectra and also of the chemical shifts in the *°C NMR spectra.

The signals of the CFy groups in the 1°F NMR spectra of compounds (X)-(XIII) and (XVI)
are singlets. In the spectrum of compound (XIV) we succeeded in observing the magnetic non-
equivalence of the CFs groups of the hexafluoroisopropanol residue, which is characteristic
of the presence of an asymmetric center in the molecule (Fig. 1),

EXPERIMENTAL

4, '°F, and '>C NMR spectra were recorded on a Bruker WP-200SY spectrometer operating
at 200.13, 188,31, and 50.31 MHz, respectively. Chemical shifts were determined relative to
TMS (internal standard) (*H and ®°C) and CFsCOOH (external standard) (*°F). The theoretical
parameters of the ®°F spectrum of (XIV) were obtained by iterative automatic calculation with
the PANIC standard program until a value of the mean-square error of the iteration of 0.02 Hz.
Mass spectra were taken on an AEI MS-30 spectrometer. Rg¢ values of the prepared compounds
are given for Silufol UV-254 plates in the system CCl,—acetone 4:1; spots were visualized in
UV light,

7-(2-Hydroxyhexafluoroprop-2-yl)indoline (III). Into a solution of 7.75 g of indoline
in 25 ml of absolute CHCl, in a glass ampul was condensed 10.80 g of (I), the ampul was sealed
and kept at 20°C for 16 h. The solvent was evaporated and the residue was recrystallized from
hexane to yield 17.0 g of (III).

5-(2-Hydroxyhexafluorcprop-2-yl)indoline (IV). A solution of 5.0 g of indoline in 40 ml
of refluxing carbon tetrachloride was saturated with argon and then, in the course of 6 h,
6.7 g of (I) was bubbled in. The solvent was evaporated under vacuum, the residue was dis-
solved in chloroform, filtered over silica gel, and the CHCl, was evaporated under vacuum. Re-—
peated fractional crystallization from hexane yielded 2.7 g of (IV),

5, 7=-Di-(2-hydroxyhexafluoroprop-2-yl)indoline (V) was prepared under the conditions of
the synthesis of (III) from 3.5 g of indoline and 11.0 g of (I). After crystallization from
a 1:1 mixture of CHCl,; and CCl, 12.1 g of (V) was obtained,

5=(1-Hydroxy-1l-carbomethoxytrifluoroethyl)indoline (VI) and 7-(l-hydroxy-l-carbomethoxy-
trifluoroethyl)indeline (VII). To a solution of 11.9 g of indoline in 100 ml of dry CHCls
was added 16.0 g of ketoester (II), the mixture was kept at 20°C for one day, the solvent was
evaporated, and the residue was crystallized from hexane and freon 113 to yield 13.8 g of (VI)
and 1.6 g of (VII),

5-(1-Hydroxy=-l-carbomethoxytrifluoroethyl)=-7-(2-hydroxyhexafluoroprop-2~-yl)indoline
(VIITI). a) A glass ampul was charged with a solution of 5.7 g of (IV) in 50 ml of Freon 113,
3.6 g of (I) was condensed into it, the ampul was sealed and stored at 20°C for 24 h, and the
precipitate was filtered off and washed with pentane. Yield 7.6 g of (VIII),

b) To a solution of 2.8 g of (III) in 30 ml of CCl, was added 1.6 g of (11), the mixture
was stored at 20°C for 24 h, and the precipitate was filtered off and washed with pentane,
Yield 3.7 g of (VIII),

5,7~Di-(2-hydroxyhexafluoroprop-2-yl)indole (IX). To a solution of 4.5 g of (V) in 100
ml of abs.. benzene was added 15 g of active MnO, and the mixture was refluxed for 2 h with
azeotropicdistillation of the water produced, MnO; was filtered off and washed with 20 ml hot ben-
zene, the solution was concentrated to 25 ml, the precipitate was filtered off, and washed
with pentane to yield 4.0 g of (IX).

S-(l—Hydrogzrl—carbomethoxytrifluoroegbyl)-7-(2-hydroxyhexafluoroprop-z'yl)indOle(X) was
prepared under the conditions of the synthesis of (IX) from 4.4 g of (VIII) and 14 g of MnO,.
Crystallization from CCl, yielded 3.9 g of (X).

7- (2-Hydroxyhexafluoroprop-2-yl)indole (XI). To a solution of 1.4 g of (III) in 20 ml of
dry benzene was added at 25°C a suspension of 1.15 g of 2,3-dicyano-5,6-dichloroquinone in 10
ml of dry benzene the mixture was allowed to stand for 10 min, the precipitate was filtered
off, the solution was evaporated, and chromatographed on silica gel plates with the system
CCli~acetone 4:1. The zones with Rg 0.60 were eluted with acetome. Yield 1.0 g of (XI) in
the form of an oil.
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3=(1~-Hydroxy~1l-carbomethoxytrifluoroethyl)-5,7-di~(2~-hydroxyhexafluoroprop-2-yl)indole
(XII). A solution of 2.2 g of (IX) and 1.5 g of ketoester (II) in 20 ml of dry benzene was
heated in a glass ampul at 120°C for 8 h; the precipitate was filtered off and washed with
hexane. Yield 2.6 g of (XII).

3,7-Di-(2-hydroxyhexafluoroprop-2-yl)-5-(1-hydroxy-l-carbomethoxytrifluorcethyl)indole
(XI1). a) Prepared under conditions (a) of the synthesis of (VIII) from 1,0 g of (X) and 0.8
g of (I). The yield of (XIII) was 1.2 g after crystallization from CCl,. b) Prepared under
conditions (a) of the synthesis of (VIII) from 1.0 g of (VIII) and 3 g of (I). After crystal-
lization from benzene 1.2 g of (XIII) was obtained,

3,5-Di-{(2-hydroxyhexafluoroprop~2~yl)=7=(l-hydroxy~l-carbomethoxytrifluoroethyl)indole
(XIV). Prepared under conditions (a) of the synthesis of (VIII) from 0.9 g of (VII) and 2.2
g of (I). Yield 1.6 g of (XIV),

Methyl [5,7~di-(2-hydroxyhexafluoroprop-2-yl)-indol-3-yl]acetate (XVI). Prepared under
the conditions for the synthesis of (III) from 4.0 g of methyl (indolin~3-yl)acetate (XV) and
15.0 g of (I). After evaporation of the solvent the mixture was chromatographed over a col-
umn with 250 g silica gel 40/100 by elution with a 6:1 mixture of CCl, and methyl ethyl ke-
tone; yield 3.2 g of (XVI),

The authors express their thanks to M. V. Galakhov for the figure and help in interpre-
tation of the NMR spectra.

CONCLUSIONS

1. Depending on the ratio of the reactants in the reaction of indoline with hexafluoro-
acetone and with methyl trifluoropyruvate, mono- and di-C>»’ alkylation products of indoline,
and also tri-C>»3»7-zlkylated indoline are formed.

2. By dehydrogenation of the products of C-alkylation of indoline with trifluorocarbonyl
compounds a number of substituted indoles have been prepared.
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