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Decarboxylation Reactions. IX.» Reaction of
Enamines with Trichloroacetic Anhydride

Tosniakr MorimoTo and MINORU SekIYA
Shizuoka College of Phavmacy®
(Received October 22, 1977)

A reaction of §,f-dialkylenamines with trichloroacetic anhydride has been found to
proceed with decarboxylation resulting in both g-trichloroacetylation and a-trichloro-
methylation. Mechanistically this reaction path involves an intermediate, f-trichloro-
acetylated iminium trichloroacetate, which suffers decarboxylation resulting in «-trichloro-
methylation. This course of the reaction was also stepwise processed by allowing to react
with trichloroacetyl chloride, which was replaceable by p-nitrobenzoyl chloride, and
succeedingly with trichloroacetate. The above reactions have provided a general method
of synthesis of tertiary amines possessing both «-trichloromethyl and g-trichloroacetyl.
Hydrolysis of these products is also described.

Keywords——enamines; decarboxylation reaction; acylation of enamines; iminium
salts; trichloromethylation; hydrolysis of trichloroethylamines

B-Acylation of enamines, which possess f-hydrogen, with acyl chlorides or acid anhy-
drides is well known.? In the case of §,-dialkylenamine, the reaction of 4-(2-methylpro-
penyl)morpholine (1a) with acyl chlorides has been reported to give the f-acylated iminium
salts, hydrolysis of which gives f-diketones.# We wish to disclose here a unique reaction
of f,4-dialkylenamines with trichloroacetic anhydride, which has been found to proceed with
decarboxylation resulting in both g-trichloroacetylation and a-trichloromethylation. No paper
has appeared describing such a reaction other than the reaction of enamines with trichloro-
acetic acid affording «-trichloromethylated products.® The present paper describes this
reaction and, in addition, hydrolysis of the resulting products.

We first found that by allowing 1a to react with trichloroacetic anhydride in tetrahydro-
furan (THF) at room temperature, whereupon evolution of carbon dioxide was observed,
1,1,1,5,5,5-hexachloro-3,3-dimethyl-4-morpholino-2-pentanone (2a) was obtained in 629 yield.
Its infrared (IR) and nuclear magnetic resonance (NMR) spectra are well interpreted to fit

CCls
CHs\ /N CHs, /N
C=CH-N O + (CCl;C0):0 — C-CH-N O + CO,
CHS/ N/ CH3/| Ne/
CO
i
la CCls
2a

Chart 1

the structure. When tetrahydrofuran was replaced by other solvents such as benzene,
chloroform, and ethyl acetate, considerably lower yields, 40%, 25%, and 27%, respectively,
were given.

1) Part VIII: K. Nanjo, K. Suzuki, and M. Sekiya, Chem. Pharm. Buil. (Tokyo), 26, 848, (1978).
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3) G.H. Alt, “Enamines: Synthesis, Structure and Reactions,” ed. by A.G. Cook, Marcel Dekker, New
York and London, 1969, Chap. 4, pp. 135—152.

4) T.Inukaiand R. Yoshizawa, J. Org. Chem., 32, 404 (1967).

5) A.Lukasiewicz and J. Lesinka, Tetrahedron, 24, 7 (1968); G.H. Alt and A.J. Speziale, J. Org. Chem., 31,
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TasLe I. Reaction® of 8,5-Dialkylenamines with Trichloroacetic Anhydride
Ry R R (|3C13 R
C=CH—N\ —_ C -CH—N\

/ 4 ] ”
R R R7bo R
I
la—f CCls
2a—f
R’ . .
Substrate R N/ React. temp. React. time Yield
No. N (°C) (hr) (%)
N
la CH, N O r. t. 3 62
=
1b CH, l\i r. t. 2 47
1c CH, N(CH,), r. t. 5 62
CH
1d CH, Ii(_cfﬁ*s 68—72 5 46
le £CH,3}; 1\£ 9 r. t. 2.5 36
/:
1f £CH,); 1\{ r. t. 2.5 20

a) Substrate: 0.03 mol; trichloroacetic anhydride: 0.03 mol; solvent: tetrahydrofuran, 40 ml.

The reaction was extensively examined by the use of a variety of f§,8-dialkylenamines

(1b—f). Results are summarized in Table I.

Thus a general method of synthesis of a new

class of the compounds (compound A), tertiary amines possessing both trichloromethyl and

trichloroacetyl, has been provided.

CCls
C=CH-N + CCLC-0-C-CCls —> | C-CH=N -CClC-0~] —> C-CH-N" + CO;
7/ AN I} 1 71 AN 1 7| AN
€O co
|
CCls ¢Cls
Chart 2
CHg\ 7\ + CCIsCOCl CH3\ +/7N\
C=CH-N O > C-CH=N ©
CHy’ N in THF CHy” | N
la CCls
1) +NEts CHs, S%Is
C-CH-N O + NEt;-HCl + CO;
9) +CCLCO:H  CHy | N
co
CCls
2a
ch, g toN{Op-cOCl o CH g
~CH-N 0N=( O>—CO—C—CH=N
CHy R in THF b, . R
1a, b s CI-
1) +NEts CHs CCls
> 0N-{ O D-CO-C—CH-N _ + NEt;-HCI + CO:
2) +CCLCO:H ! \R
CH,
4a, b
R 7N\ R /—
3 / = . / —
R SR
Chart 3
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Tasre II.  3,3-Dialkyl-4-amino-1,1,1,5,5,5-hexachloro-2-pentanones (2a—f)

e glc-:llsN/R’
/ l— - \R/
R’ Lo R
cels
R Analysis (%)
Caled.
Compd. 4 mp (°C) ;
No. R N N (Recryst. solvent) Formula (F"‘?nd)
c H N
N o1 54 3.73 3.45
2 CH, N 0 e CuMuClNOy 32 8 3
Y 80 .67 4.24 3.
2> CH, N S CullyOlN0 3L 13 36
105 70 3.60 3.
22 CH,  NCH), CuHuCLNO 2080 260 375
CH 119—120 47 3.55 3.29
2d CH, N<CH, 1(H) CigHyCLNO (gg.%) (3.5% (g.gz)
N 147.5—148.5 70 4.29 3.
Ze  {CHjs N o @D ! C1aHyCLeNO, (23_52 5 s.ig)
= 139—140 40.57 4.77 3.15
2 {CHys N I C13Hyn CLNO (40.48 4.64 3.20)
NMR & (CDCl,)
Compd. ,,xsngnq CH
max N/
No. (€=0) cHy < >CH Other H
(3H,s)  (3H,s) (1H,s)

2a 1718 1.75 1.95 4.36 2.7—3.8 8H m 4xCH,

2h 1716 1.77 1.97 440 - 1.1—1.9 6H m 3xCH,
2.8-3.6 4H m N(CHy,

2¢ 1710 1.72 1.94 4.57 2.55 3H s NCH,

2.89 3H s NCH,

2d 1725 1.60 2.15 6.00 3.25 3H s NCH,
6.7—7.4 5H m GCgH,

% 1710 — — 4.58 1.0~2.1 6H m 3xCH,
2.1-3.5 8H m N(CH,,, 2xCH,
3.65—3.85 4H m (CH,),0

2 1714 — — 4.57 1.0—2.0 10H

f 5050 oH Q} 8xCH,
3.0-3.6 4H m N(CH,),

P=petr. ether; H=hexane; I=isopropy! ether.

When considered mechanism of the reaction, a path shown in Chart 2 may be plausible.
The iminium salt formed by fS-trichloroacetylation of enamine would be an initial intermedi-
ate as supposed in the reaction with acyl halides. As a model, a NMR spectrum of a cold
deuterochloroform solution of la and trichloroacetic anhydride in 1:1 molar proportion
evidenced a formation of the iminium salt, of which methine proton signal (6 8.78 ppm) exhibited
a considerable shift to lower magnetic field, when compared with that of 1a (§ 5.22—5.31 ppm),
and other proton signals were sufficiently assigned. At the reaction temperature the iminium
salt formed may undergo decarboxylation of its trichloroacetate ion moiety and successive
nucleophilic attack of the resulting trichloromethyl anion at its iminium carbon.

This reaction is exclusive with the substrate, §,5-dialkylenamine. An experiment using
4-(1-cyclohexenylymorpholine (3) as a f-hydrogen-possessing enamine encountered complica-
tion presumably arising from the reaction of trichloroacetic acid, initially formed with -tri-
chloroacetylated enamine, with the starting enamine in a similar way to that reported by
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Lukasiewicz.?

In accordance with the reaction of 1a with acyl chlorides reported previously,® reactions
with trichloroacetyl chloride and p-nitrobenzoyl chloride furnished the corresponding g-acyl-
ated iminium chlorides. Taking account of the reaction path shown in Chart 2, allowing
these iminium chlorides to react in trichloroacetic acid—triethylamine medium gave the same
product 2a and the product possessing p-nitrobenzoyl in place of trichloroacetyl. Thus, la
and 1b gave the corresponding products, 4a and 4b, respectively (Chart 3).

Luka51ew1cz previously reported the hydrolysis of the compound  of CCl —Q—N<

leading to Cl—(P—CON< 5 Hydrolysis of the compound A gave a new class of amides,
CCl CO—C—CCI CON<, as exemplified by the following two experiments (Chart 4).

CH,, S“® R  wmEOH cH. ¢! R R -
C-CHN =~ ——— —CH—CON 2a,52: N_ =N O
CHy” CO SR CHy” O “R SR N
&ct CCls 26, 5b: N = N/ 0
2a, 2¢ 5a 52% CHs
5b 419
Chart 4

In addition, two examples of hydrolysis of p-nitrobenzoyl derivatives (4a, b) are shown
in Chart 5. The IR and NMR spectra of the products are well interpreted to fit the
structures. '

CH3 CC13 R in EtOH CH; Cl1

' 1 1 /R
OzN—< \-CO- C—-~CH S OzN—@—CO—(Il—-CH—CON\
R ) CH; R
4a, b 6a 289%
6b 579
R N R e
/ 4
. = N 0] : N =
a N\R N b SR N
Chart 5
Experimental

All boiling and melting points are uncorrected. IR spectra were measured on a Hitachi EPI-G2 spectro-
photometer. NMR spectra were measured by a Hitachi R-24 spectrometer and all chemical shifts are given
in ppm downfield from TMS. The following abbreviations are used: s=singlet, d =doublet, m=multiplet,
br=broad.

General Procedure for the Reaction of f,f-Dialkylenamines with Trichloroacetic Anhydride The
following f,f-dialkylenamines were prepared according to the previously reported method: 4-(2-methyl-
propenyl)morpholine (la), bp 76—78° (27 mmHg) [lit.®) bp 56—57° (11 mmHg)]; 1-(2-methylpropenyl)-
piperidine (1b), bp 95—96° (75 mmHg) [lit.® bp 52° (14 mmHg)]; N,N,2-trimethylpropenylamine (1c), bp
87—88° (lit.” bp 87—88°); N,2-dimethylpropenylaniline (1d), bp 82—83° (0.85 mmHg) [lit.” bp 50—53°
(0.1 mmHg)], 4-(cyclohexylidenemethyl)morpholine (le), bp 123—125° (17 mmHg) [lit.® bp 105—107°
(6 mmHg)]; 1-(cyclohexylidenemethyl)piperidine (1f), bp 117—119 (20 mmHg) [lit.» bp 75—88° (1.5—3.0
mmHg)].

A solution of trichloroacetic anhydride (9.3 g, 0.03 mol) in THF (10 ml) was added dropwise to a stirred
solution of each of enamines la—f (0.03 mol) in THF (30 ml) with cooling in an ice bath. The mixture was
warmed in a stream of dry N, at the temperature effecting considerable evolution of CO,. After subsidence

6) E. Benzing, Angew. Chem., 71, 521 (1959).

7) K.C. Brannock and R.D. Burpitt, J. Org. Chem., 26, 3576 (1961).

8) D.E. Heitmeier, J.T. Hortenstine, Jr., and A.P. Gray, J. Org. Chem., 36, 1449 (1971).
9) K.C. Brannock, A. Bell, R.D. Burpitt, and C.A. Kelly, J. Org. Chem., 29, 801 (1964).
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of the CO, evolution the solvent was removed by evaporation. The resulting residue was triturated with a
small amount of petr, ether with cooling to afford crystals which were collected by filtration and recrystallized
from an appropriate solvent. In this way the corresponding 3,3-dialkyl-4-amino-1,1,1,5,5,5-hexachloro-2-
pentanones (2a—f) were obtained as shown in Table I. Physical and analytical data of 2a—f are listed in
Table II.

A solution of 1a and trichloroacetic anhydridein a 1: 1 molar proportion dissolved in CDCl; was submitted
to NMR spectral measurement. The observed spectrum was suggestive of a formation of the adduct inter-
mediate, g-trichloroacetylated iminium trichloroacetate, as recorded in comparison with that of 1a in the
following; Iminium salt: 6 1.89 (6H, s, 2 x CH,), 3.88 (8H, br.s, 4 x CH,), 8.78 (1H, s, >CH). 1la: d: 1.60
(8H, s, CH,), 1.66 (3H, s, CHj,), 2.49—2.65 (4H, m, N(CH,),), 3.60—3.76 (4H, m, (CH,),0), 5.22—5.31 (1H, m,
=CH).

Reaction of 4-(1-Cyclohexenyl)morpholine (3) with Trichloroacetic Anhydride A solution of trichloro-
acetic anhydride (6.2 g, 0.02 mol) in THF (10 ml) was added dropwise to a stirred solution of 3 (3.3 g, 0.02 mol)
and triethylamine (2.0 g, 0.02 mol) in THF (20 ml) with cooling in an ice bath. After standing overnight,
the reaction mixture was concentrated under reduced pressure. The residue was extracted with ether and the
ethereal extract was shaken with 10% HCI (20 ml) overnight. The organic layer was separated, washed with
water, and dried (MgSO,). . Evaporation of the solvent left a pasty solid which was filtered and recrystallized
from petr. ether to give 0.7 g (149%) of 2-trichloroacetylcyclohexanone as plates, mp 94—95°. IR »E3; cm=1:
1750 (CCl,; C=0), 1708 (C=0). Anal. Calcd. for CgH,yCl;0,: C, 39.01; H, 3.65. TFound: C, 39.58; H, 3.77.

1,1,1,5,5,5-Hexachloro-3,3-dimethyl-4-morpholino-2-pentanone (2a)——Trichloroacetyl chloride (3.6 g,
0.02 mol) was added dropwise to a stirred solution of 1a (2.8 g, 0.02 mol) in THF (20 ml) with cooling in an
ice bath, whereupon a precipitate was deposited. Then triethylamine (2.0 g, 0.02 mol) and a solution of
trichloroacetic acid (3.3 g, 0.02 mol) in THF (10 ml) were added dropwise to the mixture with occasional
shaking. The reaction mixture was warmed at 30-—35° for 3 hr in a stream of N, so as to effect considerable
evolution of CO,. After filtration of the deposited triethylamine hydrochloride, the filtrate was concentrated
under reduced pressure. The residue was triturated with cold petr. ether and 5.0 g (629%) of raw 2a was
obtained by filtration. Recrystallization from isopropyl ether gave needles, mp 90—91°, undepressed on
admixture with 2a obtained above. Its IR spectrum was identical with that of 2a.

4,4,4-Trichloro-2,2-dimethyl-3-morpholino-4’-nitrobutyrophenone (4a) A solution of p-nitrobenzoyl
chloride (3.7 g, 0.02 mol) in THF (10 ml) was added dropwise to a stirred solution of 1a (2.8 g, 0.02 mol) in
THF (30 ml) with cooling. After the addition, the mixture was stirred at room temperature for 2 hr, during
which time a precipitate was deposited. To the stirred suspension was added dropwise triethylamine (2.0 g,
0.02 mol) and a solution of trichloroacetic acid (3.3 g, 0.02 mol) in THF (10 ml). 'The reaction mixture was
warmed at 44—46° for 2.5 hr in a stream of N,. After cooling the deposited triethylamine hydrochloride was
filtered off and the filtrate was concentrated under reduced pressure. The residue was triturated with cold
hexane and 7.0 g (85%) of raw 4a was obtained by filtration. Recrystallization from benzene-isopropyl
ether gave pale yellow prisms, mp 128.5—129.5°. IR »%2 cm—!: 1666 (C=0). NMR (CDCl,) é: 1.52 (3H, s,
CH,), 1.69 (3H, s, CH,), 3.0—3.8 (8H, m, 4 x CH,), 4.68 (1H, s, >CH), 7.76 (2H, d, /=9 Hz, Hy ), 8.29
(2H, 4, J=9 Hz, Hy,y). Amnal. Calcd. for C,;H,,CI;N,0,: C, 46.91; H, 4.67; N, 6.84. Found: C, 47.16;
H, 4.60; N, 6.91.

4,4,4-Trichloro-2,2-dimethyl-4’-nitro-3-piperidinobutyrophenone (4b) The reaction was carried out
with 1b (2.8 g, 0.02 mol), p-nitrobenzoyl chloride (3.7 g, 0.02 mol), triethylamine (2.0 g, 0.02 mol), and tri-
chloroacetic acid (3.3 g, 0.02 mol) in THF in the same manner as described above. After reacting at 32—33°
for 3 hr, the precipitated triethylamine hydrochloride was filtered off and the filtrate was concentrated under
reduced pressure. The crystalline residue was triturated with hexane and 6.9 g (85%) of raw 4b was obtained
by filtration. Recrystallization from benzene-isopropyl ether gave yellow prisms, mp 132—133°. IR
»E2L cm-1: 1688 (C=0). NMR (CDCl,) §: 1.48 (3H, s, CHj), 1.66 (3H, s, CHy), 1.2—1.8 (6H, m, 3 x CH,),
2.7—3.6 (4H, m, 2 x CH,), 4.62 (1H, s, >CH), 7.69 (2H, d, /=9 Hz, Hy ), 8.21 (2H, d, /=9 Hz, Hy ).
Amnal. Caled. for C;,H,,C,N,O,: C, 50.08; H, 5.19; N, 6.87. Found: C, 50.16; H, 5.13; N, 6.86.

4-(2,5,5,5-Tetrachloro-3,3-dimethyl-4-oxovaleryl)morpholine (5a) A solution of 2a (4.0 g) in 999,
EtOH (40 ml) was heated under reflux for 24 hr. The solvent was removed by evaporation and the residual
oil was fractionally distilled under reduced pressure to give 1.8 g (52%) of 5a as a solid distillate, bp 195—200°
(0.35 mmHg). Colorless needles, mp 74—75°, were obtained by recrystallization from petr. ether. IR
»EEr cm—1: 1722 (C=0), 1641 (N-C=0). NMR (CDCl,) é: 1.60 (3H, s, CH,), 1.91 (3H, s, CH,), 3.68 (8H, br.s,
4x CH,), 4.95 (1H, s, >CH). Amnal. Calcd. for C;;H,;CI,NO;: C, 37.63; H, 4.31; N, 3.99. Found: C, 37.67;
H, 4.27; N, 3.95.

N,N-Dimethyl-2,5,5,5-tetrachloro-3,3-dimethyl-4-oxovaleramide (5b)——A solution of 1,1,1,5,5,5-hexa-
chloro-3,3-dimethyl-4-dimethylamino-2-pentanone (2¢) (2.0g) in 99% EtOH (20 ml) was heated under
reflux for 8 hr. After filtration of an unidentified precipitate on cool, raw crystals of 5b were obtained by
concentration of the filtrate under reduced pressure. Recrystallization from petr. ether gave colorless needles
(0.7 g, 41%), mp 80—81°. IR & cm~1: 1728 (C=0), 1646 (N-C=0). NMR (CDCl;) 6: 1.71 (3H, s, CHy),
1.91 (3H, s, CH,), 2.93 and 3.18 (3H and 3H, s and s, N(CHj,),), 5.97 (1H, s, >CH). 4nal. Calcd. for CoH,5-
CI,NO,: C, 34.98; H, 4.27; N, 4.53. Found: C, 34.97; H, 4.12; N, 4.50.
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4-[2-Chloro-3,3-dimethyl-4-(4’-nitrophenyl)-4-oxobutyrylimorpholine (6a)——A solution of 4a (2.0 g) in
99% EtOH (30 ml) was heated under reflux for 4 hr. The solvent was removed by evaporation and isopropyl
ether was added to the residue. Insoluble morpholine hydrochloride was filtered off. Removal of the solvent
gave an oily residue in which crystals deposited on cooling. The crystals of 6a (0.4 g, 239,) collected by
filtration were recrystallized from ether to give colorless prisms, mp 117.5~-118.5°. IR »XBZ cm-1: 1687
(C=0), 1640 (N-C=0). NMR (CDCl,) d: 1.45 (3H, s, CH,), 1.55 (3H, s, CHy), 3.67 (8H, br.s, 4 x CH,), 5.02
(1H, s, >CH), 7.68 (2H, d, J=9 Hz, Hy ), 8.23 (2H, d, /=9 Hz, Hy ;). Anal. Calcd. for C,4H,,CIN,O,:
C, 54.16; H, 5.40; N, 7.90. Found: C, 54.20; H, 5.32; N, 7.95. The filtrate was submitted to column chro-
matography on silica gel using benzene and benzene-AcOEt (4:1) as eluents. From the eluates p-nitro-
isobutyrophenone (0.33 g) and additional 6a (0.08g, 5%) were obtained.

4-[2-Chloro-3,3-dimethyl-4-(4"-nitrophenyl)-4-oxobutyryl]piperidine (6b) A solution of 4b (2.0 g) in
999, EtOH (30 ml) was heated under reflux for 3 hr. The solvent was removed by evaporation and isopropyl
ether was added to the residue. Insoluble piperidine hydrochloride was filtered off and the filtrate was allow-
ed to stand in a refrigerator. Precipitated crystals were collected by filtration and recrystallized from hexane
to give 0.83 g of 6b as colorless needles, mp 100—101°. IR #£3% cm~1: 1693 (C=0), 1638 (N-C=0). NMR
(CDCl,) é: 1.45 (3H, s, CHy), 1.56 (3H, s, CH,), 1.4—1.8 (6H, m, 3 x CH,), 3.4—3.7 (4H, m, N(CH,),), 5.08
(1H, s, >CH), 7.73 (2H, d, J=8 Hz, Hy ¢), 8.23 (2H, d, /=8 Hz, Hy ). Awnal. Calcd. for C,;H,,CIN,O,:
C,57.87; H,6.00; N, 7.94. Found: C, 58.00; H, 5.97; N, 7.97. After removal of the solvent the oily residue
was chromatographed over a silica gel column eluting benzene and benzene~AcOEt (1: 4) to give additional
crystals of 6b (0.16 g). Total yield of 6b was 0.99g (567%).
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