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Convenient Synthesis of Trichloromethyldihydroquinolines and -isoquinolines
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The reaction of a series of N-alkylquinolinium and -isoquinolinium
iodides towards sodium trichloroacetate in acetonitrile has been
investigated under reflux or ultrasonication. In all cases, addition
of trichloromethyl anion was observed, and trichloromethyldihy-
droquinoline or -isoquinoline derivatives were obtained in good
yields. Depending on the activation process, addition occured at
the 2- or the 4-position with quinolines and at the 1-position with
isoquinolines.

In connection with other work in our laboratory, N-
methyltrichloromethyldihydro derivatives of quinoline
and isoquinoline were needed. For the preparation of
these compounds, we planned to take advantage of the
great reactivity of N-alkylquinolinium and -isoquinoli-
nium salts towards nucleophiles.' Some trichloromethyl-
dihydropyridines had been obtained, in low to moderate
yields as mixtures with cyclopropanation products, by
the reaction of pyridinium chloride with chloroform and
Ba(OH), - H,0.? However, this method applied to qui-
noline salts did not lead to satisfactory results. A similar
strategy using CX; anions, which were generated in situ
from haloform in alkaline media, led to good yields with

pyridino derivatives, but low to moderate yields in the
case of quinolines® (only 2 examples have been describ-
ed). More recently,* under similar conditions, 2-trichlo-
romethyl-1,2-dihydroquinoline derivatives were obtained
in satisfactory yields from 1-methylquinolinium and 1,3-
and 1,4-dimethylquinolinium salts, but the 4-trichloro-
methyl-1,4-dihydro derivative was obtained in low yield
as the only product from 1,2-dimethylquinolinium iodi-
de. One to three days were necessary to complete the
reaction, and quinolones were isolated as side products.
Looking for a more effective and convenient synthesis
of all these models, we found that trichloromethyldihy-
droquinoline and -isoquinoline derivatives can be easily
prepared through the reaction of heterocyclic iodides
with sodium trichloroacetate in acetonitrile. The reaction
is simply carried out in two ways: method A, stirring at
the reflux temperature of the solvent; method B under
ultrasonication, which is well known to promote hetero-
geneous reactions.’

The behaviour of iodides 1-4 has been studied and the
results are summarized in Scheme 1 and Table 1. With
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Table 1. Trichloromethylation of Compounds 1-4

Sub-  Method® Reaction Product (Ratio) Total Yield

strate Time (h) (%)
1a A 1 S5a/6a (67 :33) 100
la B 2 5a/6a (100 : 0) 70
1b A 1 5b/6b (0:100) 97
1b B 2 5b/6b (84 :16) 70
le A 1 Sc/6¢ (74 26) 95
1c B 2 Sc/f6c (89:11) 96
1d A 1 5d/6d (83:17) 72
1d B 2 5d/6d (100 : 0) 92
le A 1 6e 90
le B 2 6e 90
2a A 1 7a/8a (40 : 60) 82
2a B 2 7a/8a (100:0) 90
2b A 1 7b/8b (0:100) 82
2b B 2 7b/8b (36:64) 72
2¢ A 1 7c/8¢ (75:25) 86
2 B 2 Te/8¢ (76 : 24) 65
2d A 1 7d/8d (70: 30) 70
2d B 2 7d/8d (100:0) 90
3a A 1 9a 93
3a B 2 9a 98
3b A 1 9b 84
3b B 2 9b 85
4a A 1 10a 87
4a B 2 10a 72
4b A 1 10b 99
4b B 2 10b 80

* A, at reflux; B, with sonication.

Table 2. Physical Data for Compounds 5-10°

Product  mp (°C) IR, ve_¢ (em™Y)
5a 68 1635
5b 74 1646
5¢ 54 1620
5d - 1653
6a - 1650
6b - 1655
6d - 1660
6e 222 -

7a - 1635
7b - 1646
7¢ 61 1618
d 78 1654
8a - 1645
8b - 1655
9a 80 1615
9b 86 -
10a 79 1615
10b 120 -

substrates 1-2, which contain a quinoline moiety, com-
petition occurred between addition of the trichloromethyl
anion at the 2- or 4-position, leading to 5—8. As shown
in Table 1, the regiochemistry of the reaction depends
on the activation process. This is well demonstrated by
2-methylquinolinium iodides 1b and 2b, which led spe-
cifically to the 2-addition products (5b,7b) under ultra-
sonication, and to the 4-addition products (6b, 8b) under
reflux. As mentioned above, only the last compound had
been previously obtained, in 24 % yield.* Isoquinolinium
and phenanthridinium iodides led to 9~10 in very good
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yields whatever the method used. However, the purity
of the products was always higher using method B, which
avoids their oxidation during the reaction.

According to the literature,® the overwhelming majority
of nucleophiles add to 1-alkylquinolinium salts at the
2-position where the positive charge is higher; the induc-
tive effects being greater there than at the 4-position. The
question of the orientation of the attacking nucleophile
at the two possible centers C-2 and C-4 of pyridines and
quinoline has been discussed many times before.! Qur
results, especially those obtained under ultrasonication,
suggest that the reaction is kinetically controlled, leading
to addition at the 2-position. Under heating in acetoni-
trile solution, the 2-trichloromethyl derivatives 5a and
7a are converted into the 4-trichloromethyl isomers 6a
and 8a. However, the isomerization is slow and never
complete, even after 8 hours of reaction. Increasing the
reaction time leads to partial side oxidation of the pro-
ducts. It is worth noting that in nonpolar solvents such
as carbon tetrachloride the isomerization does not occur.
In contrast, the 2—4 transposition is very easy with 5b
and 7b, showing the influence of steric hindrance at the
2-position. With the 3-bromoquinoline derivatives, we
did not succeed in isomerizing 5¢ and 7¢ into 6¢ and 8c,
which could be due to the steric hindrance of the bromine
atom. Indeed, during purification of the isomeric reaction
mixture by liquid chromatography (Al,0,), degradation
occured, and 6¢ and 8¢ were obtained in only 9 and 10%
yield instead of the 25 and 22 % initially present. More-
over, during NMR analysis in CDCl; or C4Dy solution,
we observed a rapid conversion of 6¢ and 8c into insoluble
products identified as the ion pairs 11 and 12 on the basis
of NMR data. In particular, the 'H NMR spectra exhibit
for H-2and H-3 two doublets (1 H,J = 6.2 Hz) at = 9.8
and 8.8, as observed in the lepidine methiodide 1d (2 d,
0 =94 and 8.1, J = 6.0 Hz). These data are consistent
with those reported for 4-substituted quinolinium chlo-
ride, obtained by a spontaneous aromatization of N-
methyl-1,2-dihydroquinolines in CCl, or CHCI, solu-
tion.” In our case, the 2-trichloromethyl isomers Sc and
Tc are very stable even in solution.

The isomerization can be interpreted as a thermodynamic
process via the heterolytic dissociation of the 2-trichlo-
romethyl compound, leading to a trichloromethyl
anion—quinolinium cation pair, as proposed in the cases
of trichloromethyl-*, acetonyl-® or cyanodihydropyridi-
nes® and with cyano-'° or (indol-3-yl)dihydroquinoline!*
in acetonitrile solution. Indeed, molecular mechanics
(MM2 and M3) as well as CNDO calculations showed
the greater stability of the 4-trichloromethyl isomers. We
assumed that the heterolytic dissociation leading to the
1on pair is only possible upon heating, and easier accor-
ding to the nitrogen-substituent (Et > Me) and the ring-
substituent (2-Me > 3-Br > H > 4-Me).

The structure assignments are based on satisfactory ele-
mental analysis, IR spectra and 'H and '3C NMR spec-
tra. The regiochemistry of the reaction can be unequi-
vocally determined by 'H NMR data?? only in the cases
of the unsubstituted compounds (Table 3). In the 2-tri-
chloromethyl isomers (5a, 7a), the 3,4-bond is olefinic in
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Table 3. '"H NMR Data (5, J (Hz)] for Compounds 5-12 (CDCl,/TMS)

SYNTHESIS

Prod- CH, CH, H-t H-2 H-3 H-4 H-5 H-6 H-7 H-8 Js¢ Jo; Jr5 J
uct
Sa  34(s) - - 48(d, 6.0(dd, 69, 7.1 6.8 7.3 7.0 74 76 78 1.5(57)
J=57) J=57,93) J=97) (dd) (@@ (ddd) (d)
5b  20() - - ~ 5.8 (d, 64(d, 70 6.8 7.2 6.8 7.5 74 84 1.6(57)
3.3(s) J=19.8) J=98) (dd) (dd) (ddd) (d)
Sc¢  3.5() - - 50(¢6) - 7.3 7.0 6.9 7.3 6.9 70 7.0 1.7 12(57)
) (dd) (dd) (ddd) (d)
5d 2.2(dd, - - 4.7 (dq, 5.9 (dq, - 7.3 6.9 7.3 6.8 76 74 86 1.6(57)
J=11,0.8), J=159, J=1509, 1.1) (dd) (ddd) (ddd) (dd) 1.2(6,8)
34 (s) 0.8)
6a 3.2(s) - - 6.9(d, 5.0(dd, 45, 7.5 7.0 7.4 6.9 76 7.6 83
J=176) (J=58,7.6) J=54) (d) dd) @dy @
6b  2.2(s) - - - 49 (d, 45(d, 76 7.1 7.4 7.1 7.6 74 84 14(57)
3.3(s) J=15.8) J=58) (dd) @dd) (@ddd) @)
6d 1.9() - - 64(d, 4.7, - 7.6 7.0 7.3 6.8 79 80 83 154,70
3.2(s) J=178) J=1.9) (dd) (ddd) (ddd) (dd) 1.2(6,8)
6e  3.5(s) - - - - 49(6s) 1.5 7.1 7.4 7.1 78 73 83 1.5(57)
(dd) (ddd) (ddd) (dd) 1.0(6,8)
Ta 1.2, 3.7(dq, 1H, - 48 (d, 6.1(dd, 69, 71 6.8 7.3 7.0 74 74 82 14(57)
J=1.0) J=14.0, 7.0), J=59) J=58,9.6) J=9.6) (dd) (dd) (ddd) (d)
4.2 (dq, 1H,
J=14.0, 7.0)
b 12, J= 4.0(dq,J= - - 5.8 (d, 64, 7.1 6.8 7.3 6.9 79 74 82 11(5,7)
7.0),2.0(s) 14.4,7.0) J=19.6) J=19.6) (dd) (ddd) (ddd) (dd) 1.0(6, 8)
Te 1.1, 3.5(dq, 1H, - 49(s) - 72(¢) 71 6.8 7.3 7.0 75 13 82 14(57
J=1.0) J=143,7.1), (dd) (ddd) (ddd) (dd) 0.9(6,8)
4.1 (dq, 1H,
J=143,7.1)
7d  12(@¢,J= 3.6(dq,1H, - 4.7 (dq, 5.8 (dq, - 7.3 6.8 7.3 6.9 76 1.5 18 1.6(57
7.0), 2.2 (dd, J=14.8, 7.3), J=6.0, J=6.0,1.1) (dd) (ddd) (ddd) (dd) 1.2(6,8)
J=11,07) 4.1 (dg, 1H, 0.7)
J=14.8,7.0)
8a 1.3, 3.6 (dq, 1H, - 6.5(d, 5.0(dd, 45d, 75 7.0 7.3 7.0 76 1.5 84
J=11) J=14.6,7.2), J=173) J=5573) J=55) () @ddy @@d) @@
3.8 (dq, 1H,
J=14.6,72)
8 13(¢,J= 38(q,J= - - 49 (d, 44(d, 76 7.1 7.4 7.1 76 73 84 15,7
7.0),2.2(s) 12.5,5.3) J=35.7) J=5.7) (dd) (ddd) (ddd) (dd) 1.0(6,8)
8d 13(,J= 3.6(dq, 1H, - 64(d, 4.7, - 7.6 7.0 7.3 6.9 80 7.0 84 15(,7)
71),19(s) J=14.6,7.2), J=17) J=17) (dd) (ddd) (ddd) (dd) 1.1(6,8)
3.7 (dq, 1H,
J=14.6,7.2)
9a  3.4(s) - 52(s) - 6.4 (d, 58(d, 7.5 7.3 7.4 7.2 76 70 7.6
J=6.6) J=16.6) (d) (dd) (@d) (@)
9b*  3.5(s) - 52(s) — - - 7.0(m,1H),7.0(d,1H,J=8.1),
7.4 (m, 2H), 7.6 (m, 1H), 7.6 (d,
1H,J=1.7),7.9(d, 1H, J=
7.8,1.2),80(d, 1H, J=77)
10a  1.2(t, 3.6 (dq, 1H, 52(s) - 6.4 (d, 58(d, 7.5 7.3 7.4 7.1 7.6 74 1.6 12(57)
J=1.1) J=143,171), J=12) J=172) (dd) (ddd) (ddd) (dd) 1.2(6,8)
3.7 (dq, 1H,
J=143,71)
10p* 1.2 (t, 3.7 (dq, 1H, 52(s) - - - 7.0(m,1H),7.1(d,1H,J= 8.0),
J=1.1) J=144,171), 7.4 (m, 2H), 7.5 (m, 1H), 7.6 (d,
42 (dq, 1H, 1H, J=8.6), 7.9 (dd, 1H, J=
J=144,171) 7.8,1.1),80(d, 1H, J=738)
11> 4.7(s) - - 98(d, 88(d, - 8.7 8.2 8.4 8.9 88 72 85
J=62) J=6.2) @) dd)y @@dy @
12 1.7, 3.4 (q, - 9.7(d, 8.8(d, - 8.8 8.2 8.3 9.0 8.7 7.6 8.6
J=11) J=11) J=63) J=6.3) ) dd) (dd)y @)

* With these compounds, which contain two aromatic rings, aromatic protons have not been assigned.
® In DMSO-d;.
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character, hence the proton coupling constant is close to
that of a cis olefin, ie. 10 Hz. The 2,3-bond of the 4-
trichlomethyl isomers (6a, 8a) is like that of an enamine
and has J, 5 of ca. 7.5 Hz. However, all the 2-trichloro-
methyl N-ethyl compounds showed two doublets of quar-
tets separated by ca. 0.5 ppm for the two methylene pro-
tons, whereas the splitting is considerably smaller
(0-0.1 ppm) with the 4-trichloromethyl isomers, clearly
indicating the nature of the isomer. In contrast,
"*CNMR provides in all cases a clear understanding of
the two isomers (Table 4). The most significant effects
are observed for the carbon bonded to the CCl, group,
which always resonates at § = 72-81 for all the 2-tri-
chloromethyl isomers, and at é = 58—59 with the 4-tri-
chloromethyl isomers. Only the acridine derivative de-
viates from these last values (6 = 63.2), due to the effect
of the adjacent aromatic ring. Generally, N-ethyl com-
pounds lead to lower chemical shift values, 5b and 7b
excepted, but in these cases we observed a quaternary
carbon instead of a methine. It is worth noting that the
N-CH, and N-CH, !3C chemical shifts are always wea-
ker in the 4-trichloromethyl derivatives than in the 2-
trichloromethyl isomers.

In the case of 3a, when using acetone instead of aceto-
nitrile in the thermal process, a lower yield of 9a resulted
(53%). However, the yield increased to 93% when 2
equivalents of trichloroacetate were used, and reached
85% when 1 equivalent of water is added to the reaction
mixture, thus demonstrating that this reaction does not
require dry solvent. In acetone solution, phenanthridi-
nium iodides 3b and 4b yield, respectively, the acetonyl
derivatives 13 (45) and 14 (73 %) along with 9b (9) and
10b (14 %) (Scheme 2). Obtention of 13 and 14 s probably
due to the weak solubility of the iodides in acetone. The
resulting low concentration of substrate in the solution
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allows the trichloromethyl anion to abstract a proton
from acetone, leading to acetone enolate. Compound 13
is identical to the product described by Dostal et al. from
the reaction of 5-methylphenanthridinium iodide with
potassium carbonate in acetone solution.!?

CCIacOONa/CH3COCH3A
refiux, 6h

R'z Me 3b
Et 4b
e
N
O N\ R ~N R!
CH,COCH; CCly
13 (45%) gb (9%)
14 (73%) 10b (14%)
Scheme 2

Table 4. '>*C NMR Chemical Shifts (3) for Compounds 5-11 (CDCI,/TMS)

Prod- CH, CH, CHCCl, CCl, Other C CH sp?

uct ccal,

5a 429 -~ 757 1058 1217, 144.4 112.4, 116.7, 117.5, 126.6, 129.3, 130.1

5b 249,352 - 720 1099 121.3, 1454 111.6, 117.5, 123.6, 127.1, 129.6, 129.8

Sc 446 - 809 1043 103.5, 1229, 1422 113.5, 118.8, 126.7, 130.0, 133.9

5 192,440 - 761 106.1  123.0, 135.8, 144.3 112.8, 114.8, 117.6, 123.9, 129.4

6a 382 - 587 1072 117.,1419 93.5, 111.9, 120.7, 128.9, 132.6, 136.5

6b 204,329 - 590 1072 1181, 1414, 1432 93.4, 112.6, 120.4, 128.7, 132.5

6d 271 - 554 @ 121.7, 141.6 99.5, 111.7, 120.4, 128.8, 130.2, 134.9

6e 334 ~ 632 1050 1186, 1433 113.2, 120.2, 129.3, 132.9

Ta 129 497 735 1058 1234, 142.7 115.0, 117.3, 118.2, 127.6, 129.3, 130.1

Tb 140,247 402 720 1103 1225, 1429 1127, 117.2, 123.7, 127.6, 129.5, 129.7

e 132 507 783 1042 1042, 124.6, 140.8 115.8, 119.2, 126.8, 129.6, 133.8

74 129,193 495 734 1063  24.7, 136.0, 142.6 115.02), 117.8, 124.2, 129.0

8a 134 450 587 1073  117.3, 140.4 93.6, 111.9, 120.4, 128.7, 133.0, 135.2

8b 141,204 393 589 1077 118.0, 140.5, 141.6 93.7, 112.8, 120.2, 128.7, 132.9

8d 135 454 554 1073 120.1, 1402 99.7, 111.7, 120.1, 129.1, 130.5, 133.8

92 454 - 717 1062 1207, 134.4 101.3, 123.8, 124.9, 129.2, 130.8, 135.6

9b 4.0 - 785 1056 122.8,12638, 132.8, 1431 114.2, 118.7, 122.6, 122.9, 126.4, 129.3, 129.5, 130.7
®a 159 524 758 1064 1124, 1348 102.5, 123.7, 124.8, 129.1, 130.5, 133.9

10b 134 499 762 1057 124.4,1277,133.1,141.6 1162, 119.1, 123.0, 123.1, 126.5, 129.3(2), 130.5
1* 463 - - 92.4 124.4, 140.1, 1529 118.9, 120.1, 124.4, 127.8, 130.2, 135.3, 150.7

* Signal coincident with another.

® In CD,OD.
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Comparison with the literature®# shows that the yields
of the previously known derivatives 5a, 5d, 6b, 7a, and
10a have been increased; other advantages of the present
method are that the starting materials are easily available
and the regiochemistry can be controlled according to
the choice of the activation process. This is well-demon-
strated by the good yields of the 2-addition products
under ultrasonication even with 2-methylquinolinium io-
dides. Moreover, the manipulations and workup are
simple and can be used for large-scale preparations.

Melting points were determined on a Mettler capillary apparatus
and were uncorrected. IR spectra were obtained on a Perkin-Elmer
457 spectrophotometer. The NMR spectra were recorded on a Bru-
ker AM 250 spectrometer (CDCl, solutions, TMS as internal stan-
dard). J values are given in Hz. Mass spectra were measured on an
AEI MS 12 spectrometer. Elemental analyses were performed by
service central d’analyse du CNRS (F-69390 Vernaison).

Liquid chromatography techniques (30 x 2 cm column) were em-
ployed to purify crude mixture using 70—230 mesh alumina (activity
II-I1I). Ultrasound-promoted reactions were carried out in a com-
mon ultrasonic laboratory cleaner (Brandsonic 321) filled with ther-
mostated water at 0—5°C. The reaction flask was partially submerg-
ed in the sonicator water-bath in a place that produced maximum
agitation.

All reagent grade chemicals were used as received. Methiodides and
ethiodides were prepared according to literature procedures'* by
alkylation of the appropriate quinoline with alkyl iodide in acetone,
1e, 3b and 4b excepted, which were prepared in CH,Cl,. The mixture
was maintained at room temperature until the substrate had com-
pletely reacted, as monitored by TLC (SiO,; Et,0-CH,Cl,, 30: 70).
The precipitated salts were filtered and recrystallized. All data for
the compounds are identical to literature data.'*

Trichloromethylation of Methiodides and Ethiodides; General
Procedure:

To a stirred solution of iodide (35 mmol) in MeCN (80 mL) was
added sodium trichloroacetate (6.5 g, 35 mmol). The mixture was
then stirred at reflux (method A) or sonicated (method B) until the
starting material had completely reacted (Table 1), as monitored
by TLC (SiO,; MeOH-Me,CO, 20: 80). The reaction mixture was
filtered through Celite and the filtrate evaporated to dryness. The
residue was taken up in cyclohexane (80 mL), and insoluble mate-
rials, if present, were removed by filtration and analysed separately
by NMR. The cyclohexane layer was concentrated under reduced
pressure. The resulting residue was finally purified by liquid chro-
matography (Al,O, activity II-III, 70-230 mesh; eluting typically
with cyclohexane). In the case of ultrasonic reactions or with acri-
dine, phenanthridine and isoquinoline derivatives, the crude product
contained only one isomer, which was generally analytically pure.
All the yields and analytical data for compounds 512 are reported
in Tables 1-4. With the 3-bromoquinolinium iodides, we obtained
a 75:25 mixture of 2- and 4-addition products (Sc¢/6c from 1c and
7¢/8c from 2¢). In the crude mixtures, the 4-addition products could
be easily distinguished from the 2-isomers by 'HNMR or IR spec-
troscopy (C =C stretch). During the purification by liquid chroma-
tography, degradation occured, and 6¢c and 8c were obtained in
only 9 and 10 % yield instead of the 25 and 22 % initially present.
During NMR analysis in CDCI, or C¢Dg solution, 6¢ and 8¢ were
oxidized into 11 and 12, and it was impossible to record their 1*C
spectra. Spectral data of 5S¢, 7¢, 11 and 12 are reported in Tables 2—4.

Compound 6¢:

IR (NaCly: v = 1641 cm™! (vs, C=C).

TLC (8iO,; C¢Hy,): Rg = 0.11.

!H NMR (60 MHz, CDCl,): 6 = 3.4 (s, 3H), 4.8 (s, 1H, H-4), 7.0
(s, 1H, H-2), 7.0-7.5 (m, 4H).

SYNTHESIS

Compound 8c:

IR (NaCl): v = 1637cm ™! (vs, C=C).

TLC (Si0,; C4H,,): Rp = 0.12.

THNMR (250 MHz, C¢Dg): 6 = 0.6 (t, 3H, J = 6.9), 2.6 (dq, 2 H,
J=14.0,6.9),4.6 (s,1H,H-4),6.4(s,1H,H-2),6.5(d,1H,J = 8.0),
6.6 (m, 1H), 6.9 (m, 1H), 7.1 (d, 1H, 8.2).

Reactions conducted in acetone at reflux (reaction time 6 h) were
worked-up as described above. The reaction mixture was purified
by flash chromatography (230-400 mesh silica gel). The trichloro-
methyl derivative (9b, 10b) was eluted first using cyclohexane, then
the acetonyl derivative (13—14) was obtained as a syrup using cyc-
lohexane-CH,Cl,, 50:50. The spectrum of 13 was identical with
data reported in literature.'?

Compound 14:

IR (NaCl): v = 1712cm ™! (vs, C=0).

'THNMR (250 MHz, CDCl,): 6 =13 (t,3H, J=7.1), 1.9 (5, 3H,
CH,CO), 2.6 (d, 2H, CH,CO, J=6.6), 3.2 and 3.5 (2 dq, 2H,
CH,N, J = 14.1,7.1), 49 (t, 1H, H-6, J = 6.6), 6.8-7.8 (m, 8 H,
ArH).

13C NMR (62.86 MHz, CDCl,): 6 = 13.5 and 31.7 (CH,), 44.6 and
46.3(CH,), 57.4(C-6),114.5,116.4,123.0,123.7,126.0, 127.1,127.8
and 129.2 (CH arom.), 123.3, 130.9, 135.8 and 143.6 (Cq arom.),
207.8 (C=0).

MS: mfz = 265 (M*).
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