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Abstract —— o-Methyl-f-arylaminoacroleins were prepared by
the hydrolysis of 2-methyl-l-arylamino-3-arylimino-1-propene
derivatives. o-Ethyl- and a-phenyl-f-arylamincacroleins were
prepared by the reaction of arylamines and 2-substituted
1,1,3,3-tetraethoxypropane derivatives. 3-Methyl-, 3-ethyl-
and 3-phenylquinolines were obtained from a-methyl-, a-ethyl
and a-phenyl-g-arylaminoacroleins on heating with aluminum
bromide in good yields.

a—-Bromo-B-anilinocacrolein (9b) was prepared by the reaction
of B-anilincacrelein (6b) and N-bromosuccinimide. Reaction of

9b and aluminum bromide did not afford 3-bromoquinoline.

In a previous paper1 we reported preparation of 3-benzylquinolines by the cyclo-
dehydration of o-benzyl-f-arylaminoacrolein derivatives with aluminum halides
(Combes reaction).

In this paper we wish to report the preparation and cyclodehydration of e-alkyl-
and c-phenyl-B-arylaminoacrolein derivatives.
2-Methyl-l-phenylamino-3-phenylimino-1l-propene (1lb) was prepared by additicn of two
equivalent amount of aniline hydrochloride to a solution of 1,1,3,3-tetraethoxy-2-
methylpropane {(2b) in 85 % aquecus ethanol follewed by neutralization of the
deposited hydrochloride of Ib {Chart 1). a-Methyl-f-anilinocacrclein (3b) was
obtained in a good yield by hydrolysis of 1b in the same manner that employed for

the hydrolysis of l-arylamino-3-arylimino-i-propene to give B—arylaminoacrolein,2
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i.e., the substrate was heated in aqueous ethanolic soluticon in the presence of
acetic acid and sodium acetate. w-Methyl-p-(p-toluidino)acrolein (3a) and
a-methyl-B-(p-chloroanilino)acrolein (3c) were prepared by the same method (Chart
1),

n-Ethyl-B-{p-toluidinc)acrolein (4a) was obtained directly on standing a sclution
of equimolar amounts of 1,1,3,3-tetraethoxy-2-ethylpropane (2c} and p-toluidine
hydrechloride in 86 % aqueous ethanol for 50 min at room temperature (Chart 1).
Pino3 cbtained 3b by heating of hydrobromide of 1b with water which was prepared
by the reaction of aniline and B-bromomethacrylaldehyde. The melting point des-
cribed by Pino for 3b is identical with that of our sample. He proposed the struc-
ture of 2-phenyliminomethyl-l-propencl (3b-I) for 3b on the basis of viclet color
reaction with ferric chloride (Chart 2).

The compound 4a as well as 3b gave intense violet solution on addition of ferric
chloride, According to Pino's opinion, the structure of 4a should be 2—-{ p-methyl-
phenyliminomethyl)-1-butenol (4a-I) {(Chart 2). The structure of 4a was proved to
be not 4a-I but 4a by the following experiment. The M nmr spectrum {chloroform-d}
of 4a showed that 4a exists as a mixture of two conformational isomers in a ratio
of 3:1 (Table 1). The minor conformer was concluded to be a s-cis form (4a-T1) on
the basis of the long range coupling (J = 4 Hz) between the protons of aldehyde and

B-position corresponds toc the 'W' configuration of the bond. The major conformer

— 756 —




HETERQCYCLES, Vol. 24, No. 3, 1986

@ @ CH,CH
N N> o Y
CH3 CH3 CHQCH3 H”O

3b 3b-1 4a 4a-1I
(s-trans form) (s-cis form)
CH, CH, CH, 0
@ @ @ CH,,CH CHy K’UCHchs
N2~ OH N 0 N 2tH, @
CH,CH ?\CIZ/I:CH H‘\E N
2 3 273 &} H
4a-1 4a-Vv A4a-111 4a-1V
Chart 2
13 1
Table 1. C and "H nmr Data of 4a
position 13C (&) lH {(5) lH (8} lH (§8)
(CDSSOCDS) (CDSSOCD3) (CDClB, s-trans form) (CDClB, s-cis form)
CHO 188.62 (4) 9.10 9.15 G.32
{s) {s) (d, J=4 Hz)
o 118.64 (s}
B 147.88 (a) 7,622 7.30% 7. 22P
(d, J=13 Hz} (da, J=13 Hz) (dd, J=4 and 12 Hz)
1 138.35 (=)
2,6 115.27 (d) 7.20 7.15 or 6,96 7.11 or 6.92
{d, J=8.5 Hz) (4, J=9 Hz) (d, J=9 Hz)
3,5 129.08 (4) 7.12 6.96 or 7,15 6.92 or 7.11
(d, J=8.5 Hz) (a, J=9% Hz) (d, J=9 Hz)
4 130.41 (s)
CH, 20.08 (q) 2.25
(s) observed as a multiplet signal at
CH,-CH,  14.61 (t) 2.29 near 6 2.3z
(ch I=7 HZ)
CH,-CH, 12.80 {qg) 0.93 1.086 1.13
(t, J=7 Hz) (t, J=8 Hz) {(t, J=8 Hz}
NH 9,18 7.08° 11.56°
(d, J=13 Hz) {d, J=13 Hz) {d, J=12 Hz)
a changed into a singlet signal on addition of D20.
e changed into a doublet signal (J=4 Hz} on addition of D,O.

2
© disappeared on addition of D,0.
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was proved to be & s-trans form {4a) by the following experiments (Chart 2). The lH

nmr spectrum of 4a (dmso—da) showed similar pattern to that of the major conformer

13

in chloreform-d solution (Table 1). The C signal at & 20.08 {(dmso-d triple

6*

quartet, Jq = 62 Hz, Jt = 2 Hz under non-deccupling cecndition) changed into a

quartet signal (J = 62 Hz) on irradiation of the protons at & 7.12 with low power.
The 13C signal at & 115.27 (double double doublet, J = 160, 5 and 3 Hz) changed
into a singlet signal on irradiation of the protons at § 7.20 with high power.

Irradiation (pulse delay time} of NH proton at & 9.18 (3.6 % dmso-d,. sclution,

6
under nitrogen atmosphere) caused 6 % nuclear Overhauser effect (NOE) on the signal
at § 7.20 and 5 % NOE on the signal at § 2.29 (methylene group), and not on the
signals at § 7.12 and at § 9.10 (aldehyde). These expriments confirmed the

13

assignments of C as well as lH signals of 3,5- and 2,6-positions of aromatic

ring. The 130 signal at § 115.27 changed into a double doublet signal (J = 160 and
5 Hz) on irradiation of NH proton at & ¢.18 with low power. 1t means that the
carbon atoms of 2,6-positions combine with the hydrogen atom at § 9.18 (NH) through
three or four bonds. This can not be explained with the structure 4a-I and possible
another conformer ¢f 4a {(4a-I111) was alsc ruled out by these experiments (Chart 2).
Furthermore, irradiation (pulse delay time) of the protons at § 7.20 caused 5 % NOE
on the signal at & 9.18 (NH), 10 % NOE on the signal at & 7.62 (B-position) and 5

% NOE on the signal at § 7.12 (3,5-positicns)}. These observations support the
structure 4a, and ruled cut ancther conformer 4a-IV (Chart 2). Another possible
structure 4a-V was ruled out from the coupling pattern of the signal at & 2.29
{methylene group) in the Y nmr spectrum (Chart 2}.

As stated in the earlier part of this report, 4a was obtained by the reaction of

2c and p-toluidine hydrochloride in contrast t¢ the reaction of 1,1,3,3-tetra-
ethoxypropane (2a) and p-toluidine hydrecchloride which gave 1-{p-methylphenyl-
amino )-3-(p-methylphenyliminc)-1l-propene (5a)2’4 and B-{p-toluidino)acrolein (6a)
could not be detected in the reaction mixture. The reaction of p-tecluidine hydro-
chloride with 6a as well as with 4a was followed by the lH nmr spectrum of the
reaction sclution. The spectrum of a methanol—d4 sclution of 6a showed weak signals
of 5a hydrochloride at & 8.55 (d, J = 12 Hz, 1,3-positions) and &.17 (t, J = 12 Hz,
2-position) at 2 min after addition of a solution of an equimolar amount of
p-toluidine hydrochloride in deuterium oxide. Relative integrated intensity of each

signal showed that 6a and 5a hydrochloride exist in a ratic of 1:1 at |4 min after
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addition. After 100 min, the spectrum showed only the signal of 5a hydrochloride.
The 1H nmr spectrum of a methanol—d4 solution of 4a did nct show detectable change
at 5 min after addition of a solution of an equimolar amount of p-tcluidine hydro-
chloride in deuterium oxide. After 140 min, the spectrum showed signals of
2-ethyl-1-{p-methylphenylamino)-3-(p-methylphenyliminc)~l~propene (7a) hydro-
chloride at & 8.47 (s, 1,3-positions) and 2.72 (q, J = 8 Hz, methylene group), and
relative integrated intensity of each signal showed that 4a and hydrochloride of
7a exist in a ratio of 1:1. After 480 min, the spectrum still showed weak signals
of 4a.

¢-Ethyl-f-anilinoacrclein (4b), a-ethyl-f-{p-chloroanilincjacreclein (4c},
s—phenyl-f-{p-toluidino)acrolein (8a), a-phenyl-B-anilincacrolein (8b) and
o-phenyl-f-{p-chloroaniline)acrolein (8c¢c) were prepared in the same manner as the
preparation of 4a (Chart 3).

As a preliminary experiment for the cycledehydration of a-substituted B-arylamino-
acreleins, 4c was heated at 90-100°C with three equivalent amount of aluminum
bromide for 30 min to give 3-ethyl-6-chloroquinoline in 50 % yield together with
23 % of 4c. 3-Methylquinoline, 3-ethylquinoline and 3-phenylquinocline were heated
respectively with three equivalent amount of aluminum bromide at 120°C for 5 h to
recover 87, 96 and 72 % of the starting materials.

3-Substituted guinclines were obtained in good yields on heating a-substituted
B-arylamincacroleins with three equivalent amount of aluminum bromide at 120°C for
5 h (Chart 3). 3-Phenyl-6-chlorecguinoline could nct be obtained on heating 8c with
aluminum breomide. It was prepared by heating 8c with three equivalent amount of
aluminum chloride in 28 % yield.

Religquet, et al.5 briefly reported that a-brome-B-anilinocacrolein (9b) and
o-bromo-f-(p-toluidino)acrolein (9a) were cobtained from 5b and 5a by the reaction
with N-bromosuccinimide (NBS). We obtained 2-bromo-l-phenylaminc-3-phenylimino-1-
propene (10b) and 2-bromo-1-(p-methylphenylamino)-3-{p-methylphenylimino)}-l-propene
(10a) by bromination of 5b and of 5a with NBS. Hydrolysis of 10b and 10a in the
same manner as preparation of 3b gave 9b as well as 9a in gocd yields (Chart 4}.
The compounds Sb and 9a were also cbtained by bromination of B-anilinocacrolein (&b)
and of B-{p-toluidino)acrolein {(6a) with NBS (Chart 4).
¢-Bromo-f-(2,4-dibromoanilino)acrolein (11) and a small amount of quinoline were

obtained when 9b was heated at 80°C with three equivalent amount of aluminum
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bromide for 30 min. The former was identical with authentic sample prepared by
brominaticn of f-(2,4-dibromoanilinojacrolein (12} with NBS (Chart 4). Among the
above mentioned materials, a small amount of a ligquid was obtained on preparative
thin layer chromatography (PTLC) of the reaction mixture., It's lH nmr spectrum
(benzene—de) was identical with that of 5,8-dibromoquinoline {Chart 4). Quincline,
5,8-dibromoquinocline and 8-bromoquinocline were obtained from the reaction mixture
in which 9b was heated at 120°C with three equivalent amount of aluminum bromide
for 5 h. 3-Bromcquincline could not be detected in the reaction mixture (Chart 4),
It is §lear that debromination at a-position of 9b and bromination on aromatic ring
occured during the reaction. Reaction of 9b with aluminum chloride caused poly-
merization, and no gquinolines were detected in the reaction mixturs.

Quinoline {91 %) was reccovered on heating at 120°C with three equivalent amount of
aluminum bromide for % h, and 29 % of quinoline and 11 % of aniline were obtained
by heating 6b under the same conditiens. Brominating agents were not contained in
aluminum bromide used. When 3-bromoquinoline was heated at 120°C with three equi-
valent amount of aluminum bromide for 5 h, 73 % of starting material was recovered
and a small amount of 3,5-dibromoquinoline was detected in the reacticon mixture
{(Chart 4). Debromination and bromination might occur during the reaction.

Eisch6 reported that the heating of 3-bromoquinoline hydrochloride at 300°C caused
debromination as evidenced by the isoclation of quinoline from the product and by
the detecticn of free bromine in the reaction mixture. He reported the fermation
of 4-bromo- and 5-bromoquinoline and polybromoguinclines at prolonged heating in
the same reaction. It is known that 5,8-dibreomoquincline formed on the reaction of
quinoline and bromine in the presence of aluminum bromide.7 Mare, et al.8 reported
that chemical behavior cof 3-bromoquinoline in bromination i1s similar to that of
quinecline, Altschul and Bartlett9 evaluated the equilibrium constants of debromi-
nation of a-bromoketones. They suggested the formation of positive bromine,
Griesbaum and Kibarlo reported the debromination of o-bromoketone on heating with
gquincline and other bases. They proved the hydrogen acted as a reducing agent to
be derived from hoth the starting bromcketone and bases used.

Presumably debromination occured as the first step in the reactlion of Sb and
aluminum bromide, and 6b formed was converted into guincline by cyclodehydration,
the latter was brominated by positive bromine in the presence of aluminum bromide.

Aluminium bromide i1s, therefore, not suitable as a cyclodehydrating agent for the
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preparetion of 3-bremoguinclines from a-bromo-p-arylamincacrolein derivatives.

EXPERIMENTAL

All melting points are uncorrected. 1H nmr spectra were recorded on JECL PMX 60 and
JEQOL GX 400 nmr spectrometers with tetramethylsilane as an internal standard.
2-Methyl-1-(p-methylphenylamine}-3-(p-methylphenylimino)-1-propene (la), 2-Methyl-
1-phenylamino-3-phenylimino-l-propene (1lb) and 2-Methyl-1-{p-chlorophenylamino)-3-
{p-chlorophenylimino)-1-propene {ic) —— HCl salt of arylamine (0.0l mcl)} was dis-
solved in 10 ml of hot EtOH, and a scluticn of 2b (0.005 mel) in 8 ml of EtOH and

2 ml of HQO were added to the solution. The solution was allowed to stand for 1| day
at room temperature., The deposited crystals of HC1 salt of 1 were collected and
recrystallized from an appropriate solvent. The results were as follcws (recrys-

tallizing solvents are shown in parentheses). HCl salt of la (MeOH): Yield 1.45 g.

° . 11 . . . .
mp>» 230°C [1lit., mp {sublime)). Anal. Calcd for C18H20N2-HCI. Cc, 71.87; H, 7.04:
N, 2.31, Found: C, 72.06; H, 7.08; N, 9.26. HC1l salt of 1b {(MeOH): Yield 1.34 g.
11 12

mp 231°C (dec.) [lit., mp 258°C and lit., mp 231°C {dec.)3. Anal. Calcd for

ClSHlGNE'HCI'l/EMEOH: C, 68.62; H, 6.83; N, 9.70., Found: C, 68.83; H, 6.37; N,

9.84, HCl salt of 1lc (EtOH): Yield 1.73 g. mp 237°C (dec.}. Anal. Calcd for

ClgH 4C1,N, HCL  1/4 H,0: €, 55.51; H, 4.51; N, 8.09. Found: C, 55.52; H, 4.29; N,

8.14.
HC1 salt of 1 (0.01 mol) was added to a mixture of 200 ml of benzene and 50 ml of
10 % NaBCOS'

The benzene layer was dried over KECO

The mixture was stirred until the whole changed into clear solutions.

37 and concentrated under reduced pressure.

The residue was recrystallized from 70 % EtOH. The results were as fcllows. la:

Yield 1.44 g (54 %). mp 165°C. Anpal. Caled for ClBH2ON2: C, 81.78; H, 7.63; N,
1

10.60. Found: C, 81.67; H, 7.55; N, 10.56. “H nmr (CDCl §: 7.46 (2H, s, 1,3-posi-

4)

tions}, 2.30 (6H, s, CHy of phenyl group} and 2.00 (3H, s, CH,). 1lb: Yield 1.42 g

3

(60 %). mp 139°C (lit.,'> mp 136-138°C). Anal. Calcd for C gHigNy: €, 81.32; H,

6.82; N, 11.85. Found: C, 81.16; H, 6.72; N, 11.53. 'H nmr (CDCl,) &: 7.62 (2H, s,
1,3-positions) and 2.00 (3H, s, CHy). le: Yield 1.90 g (62 %). mp 154°C. Anal.

Calcd for 016H14012N2: C, 62.97; H, 4.62; N, 9.18. Found: C, 62.91; H, 4.56; N,
1

8.96. "H nmr (CDCIS) §: 7.57 {(2H, s, 1,3-positions) and 2.00 (3H, s, CH3).

Hydrolysis of 1 —— A sclution of AcOH (0.0005 mol) and AcONa (0.0045 meol) in 15

ml of HEO was added tc a solution of 1 (0.005 mol)} in 8% ml of Et0OH. The mixture
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was refluxed {la: for 7 h; 1lb: for 4 h; l¢: for 4 h), and 0.1 g of Na,C0O, was added

2773

to the mixture, The whole was concentrated under reduced pressure. The precipitate
was collected and recrystallized from 70 % EtOH. The results were as follows. 3a:
Yield, 0.71 g (81 %). mp 196°C. Anal. Calcd for CllHlaNO: C, 75.40; H, 7.48; N,
7.99. Found: C, 75.25; H, 7.43; N, 8.23. lI—l nmr (CDBSDCDS) §: 9.00 (1H, s, CHO),

8.93 (iH, broad s, NH), 7.53 (!H, broad s, B-positicn}, 2.20 {3H, s, CH, of phenyl

3
group), 1.68 (3H, s, CHS). 3b: Yield, 0.75 g (93 %). mp 201°C (1it.,3 mp 198-
200°C). Anal. Calcd for ClOHllNO: c, 74.5i; H, 6.88; N, 8.69. Found: C, 74,22; H,

6.88; N, 8.86. lH nmr (CD3SOCD3) §: 9.04 (1H, d, J = 13 Hz, NH), 9.03 (1H, s, CHO),

7.61 (1H, d, J = 13 Hz, B-position) and 1.71 (3H, s, CHS). 3c: Yield, 0.88 g (%0

%). mp 218°C. Anal. Calcd fer clOH1001No: ¢, 61.39; H, 5.15; N, 7.16. Found: C,

61.49; H, 5.08; N, 6.93. 1H nmr (CDSSOCDS) §: 9.07 {(NH signal was overlapped with

CHO signal), 7.62 (lH, s, B-position) and 1.70 (3H, s, CHS)'

a-Ethyl-f-(p-toluidino)acrolein (4a) and a-Ethyl-B-anilinocacrolein (4b) —— HCl
salt of arylamine (0.005 meol} was dissolved in 8 ml of EtQOH. A soclution of 2c¢

(0.005 mol) in 4 ml of EtOH and 2 ml of H2O were added to the solution. The whole

was allowed to stand for 50 min at room temperature, and 36 ml of HZO was added to
the mixture. The precipitate was collected and recrystallized from 70 % EtQOH. The
results were as follows. 4a: yield, 0.80 g (85 %). mp 135°C. Anal. Calcd for

Cl2H15N0: c, 76.16; H, 7.99; N, 7.40, Found: ¢, 76.2%; H, 8.16; N, 7.36. lH nmr

data are shown in Table 1. 4b: Yield, 0.54 g (62 %). mp 123°C. Anal. Calcd for

C, H JNO: C, 75.40; H, 7.48; N, 7.99. Found: C, 75.60; H, 7.81; N, 8.04. LT

{(CD,80CD,) 6: 9.07 (IH, &, J = 13 Hz, NH), 9.00 (lH, s CHO), 7.52 (I1H, d, J = 13
Hz, 8-position), 2.32 (2H, q, J = 7 Hz, -CH,CH,) and 0.97 (3H, t, J = 7 Hz,

~CH,CH, )

a-Ethyl-R-(p-chloroanilino)acrolein (4c) — (i) 2-Ethyl-l-(p-chlorophenylaming)-
3-(p-chlorophenylimino)-l-propene (7¢) was prepared in the same manner as described
for the preparation of 1. HCl salt of 7¢ (1.64 g, 88 %) was obtained from 0.01 mol

af p-chlorcaniline, mp »>220°C. Amal. Calecd for C,H C12N2-HCI'H 0: €, 54.64; H,

177186 2
5.12; N, 7.50. Found: C, 54.40; H, 5.01; N, 7.20. The compound 7c (2.58 g, 80 %)

was cbtained from 0.01 mol of HCl salt of 7c¢. mp 98.5°C. Anal. Calcd for

017H16C12N2-l/4H2O: ¢, 63.07; H, 5.14; N, 8.85. Found: C, 63.24; H, 4.93; N, 8.49.
1

H nmr (CDSSOCDa)

overlapped with that of CD

§: 7.62 (2H, broad s, l-position), 2.42 (—cgch this signal was

3!

2H signal of the solvent) and 1.04 (3H, t, J = 7 Hz,
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—CHECES). The compound 7¢ was hydrclyzed in the same manner as described for hydro-

lysis of 1 to give 0.96 g (92 %) of 4c. mp 190°C. Apal. Calcd for CllﬂlQClNO: c,

63.01; H, 5.77; N, 6.68. Found: €, 63.13; H, 5.73; N, 6.68. 1H nmr (CDSSOCDS} §:
9.14 (1H, 4, J = 12 Hz, NH), 9.01 (1H, s, CHO), 7.51 {(1H, d, J = 12 Hz, B-posi-

tion), 2.28 (2H, g9, J = 7 Hz, -CH CHSJ and 0.93 (3H, t, J = 7 Hz, —CHECES).

2
(2) Five ml of | # HC1l was added to a sclution of 1.24 g (0.005 mol} of 2¢ in 6 ml

of EtOH, and the mixture was stirred for 1 h at room temperature. A solution of

1.36 g (0.01 mol) of AcONa-SHEO in 5 ml of H,0 and a solution of 0.64 g (0.005 mol)

of p-chlorcaniline in 4 ml of EtCH were successively added to the mixture. The
mixture was allowed to stand for 2 h at rcom temperature. The precipitate was

filtered with suction. Twenty ml of H, 0 was added to the filtrate, and the second

2

precipitate was collected. First precipitate contained a small amount of salt of

7¢, and was extracted with 70 ml of CHCIS. The extract was concentrated under

reduced pressure, and the residue was combined with the second precipitate, and the
whole was recrystallized from 70 % EtOH to give 0.47 g (45 %) of 4c.
o-Phenyl-B-arylaminoacrolein (8) —— HCl salt of arylamine (0.005 mcol) was dis-
solved in 10 ml of EtOH. Twelve ml cf H20 and 1.48 g (0.005 mol) of 2d were added
to the soluticn. The mixture was allowed to stand for 3 days at room temperature.
The precipitate was ccllected and recrystallized from petroleum benzin to give 8.
The results were as follows. 8a: Yield, 0.72 g (70 %). mp 148.5°C, Anal. Calcd for

C16H15NO: ¢, 80.98; H, 6.37; N, 5.90. Found: C, 81.05; H, 6.27; N, 5.81. lH nmr

(CDClB) &§: 12.07 {(d, J = 13 Hz, NH of s-¢cis form), 9.60 (d, J = 4 Hz, CHO of s-cis
form}), 9.30 (s, CHO of s-trans form), 7.57 (dd, J = 4, 13 Hz, B-position of s-cis

form) and 2.32 (s, CH 8b: Yield, 0.65 g (59 %). mp 135°C. Anal. Calcd for

3)’

Cl5H13NO: c, 80.69; H, 5.87; N, 6.27. Found: C, B0O.37; H, 5.82; N, 6.08. JLH nmr

{CDC1 §: 12.00 {(d, J = 13 Hz, NH of s-cis form), 2.50 (d, J = 4 Hz, CHO of s-cIs

)
form), 9.22 {s, CHO of s-trans form) and 7.50 (dd, J = 4, 13 Hz, R-position of s-cis

form). 8c: Yield, 0.82 g (78 %). mp 171°C. Anal. Caled for C, H, CINO-1/4H,0: C,

68.71; H,4.81: N, 5.34. Found: C, 69.02; H, 4.55; N, 5.14. ‘H nmr (CDCl,) &: 12.10
{d, J = 12 Hz, NH of s-cis form), 9.68 (d, J = 4 Hz, CHO of s-cis form}, 9.40 (s,
CHO of s-trans form) and 7.53 (dd, J = 4, 12 Hz, B-position of s-cis form).
Recovery of 3-Methyl- and 3-Ethyliquinclines from the Reaction Mixture in Which the

Substrates were Heated with AlBr, —— A mixture of 0.004 mecl of 3-methyl- or

3

3-ethylquincline and 3.20 g (0.012 mol) of AlBr, was heated at 120°C for 5 h.

3

— 764 —




HETERQCYCLES, Yol 24, Ne. 3, 1986

Twenty ml of H,0 and 30 ml of 2 W NaOH were successively added tc the mixture, and

2

the mixture was extracted with ether. The ether layer was treated as usual to give
respectively 0.49 g (87 %) of 3-methylquinoline and 0.55 g (96 %) of 3-ethyl-
quincline. The both samples were identical with authentic samples on the basis of
comparison of their ir spectra and mixed melting point measurement cf their
picrates.

Recovery of 3-Phenylquinoline from the Reaction Mixture in Which the Substrate was
Heated with Al1Br, — A mixture of 0.82 g (0.003 mol) of 3-phenylquinoline and 2.40

3

g {(0.009 mol) of AlBr, was heated at 120°C for S h. Ten ml of HEO and 20 ml of 2

3

N NaOH were successively added to the mixture, and the mixture was extracted with

ether. The ether layer was dried over KECO3,

sure. The residue was subjected to PTLC (silica-gel)} with benzene-AcOEt (5:1) to

and concentrated under reduced pres-

give 0.45%5 g (72 %)} of 3-phenylquinoline. The sample was identical with authentic
sample on the basis of comparison of their ir spectra.

Cyclodehydration of 3, 4, 8a and Bb — A mixture of 3b (0.48 g, 0.003 mel) and
AlBrS {2.40 g, 0.009 mol) was heated at 120°C for 5 h. Ten ml of HEO and 20 ml of
2 N NaQH were added successively to the mixture. The whole was extracted with
ether, and the ether layer was dried over K2003 and concentrated under reduced
pregsure. The residue was purified by PTLC (silica-gel) with benzene-AcOEt (5:1)
followed by distillation under reduced pressure to give 0.37 g (86 %) of 3-methyl-
guinoline. The sample was identical with authentic sample on the basis of compari-
son of their ir spectra and mixed melting point measurement of their picrates (mp
186-189°C). The compounds 3a, 3c, 4, Ba and 8b were cyclodehydrated in the same
manner to give corresponding quinclines. The results are shown in Table 2.
3-Ethyl-6-chlorogquinocline: mp 35°C. Anal. Calcd for c11H10ClN: C, 68.93; H, 5.26;
N, 7.31. Found: C, 68.59; H, b5.15; N, 7.10. lH nmr (CDClS) §: 8.63 (1H, 4, J =2

Hz, 2-position), 2.80 (2H, q, J = 7 Hz, -CH CHBJ and 1.33 (3H, t, J = 7 Hz,

2
-CH,CH,) .
Cyclodehdration of 8¢ — A mixture of 8c (0.46 g, ©.0018 mol) and A1C13 (0.72 g,
0.0054 mol) was heated at 190-200°C for 5 h. Ten ml of H,0 and 30 ml of 2 N NaOH

2

were added successively tc the mixture, and the whole was extracted with ether. The
ether layer was dried over K2CO3 and concentrated under reduced pressure. The
residue was purified by PTLC (silica-gel) with benzene-AcOEt (5:1) followed by

recrystallization from petroleum ether to give 0.22 g (28 %) of 3-phenyl-6-chloro-
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guinoline, mp 104.5°C. Aral. Calcd for ClSHloClN: C, 75.16; H, 4.21; N, 5.84.

Found: C, 75.29; H, 4.13; N, 5.72. lI—l nmr (CDClS) §: 9.07 (1H, 4, J = 2 Hz,
2-position} and 8.08 (1H, 4, J = 2 Hz, 4-position).
Reaction of 5 and NBS — NBS (3.92 g, 0.022 mol) was added in portions to a solu-

tion of ba (5.01 g, 0.02 mol) in 40 ml of CHCl The mixture was zsllowed to stand

3°
for 1 day at room temperature, and washed successively with two portions of 20 ml

of 2 N NaOH and 20 ml of HZO’ and dried over K2COB' The CHCl3 layer was concen-

trated under reduced pressure, A small amount of ECLOH was added to the residue, and

the precipitate was collected and recrystallized from EtOH to give 4.55 g (69 %)

19 1

of 10a. mp 168°C (dec.) (lit., mp 164-165°C). "H nmr (CDCIS) §: 7.93 (2H, s,

2-position) and 2.37 (6H, s, CH The same treatment of 4.45 g (0.02 mol) gave

19 1

3)'

3.33 g (55 %, of 10b. mp 147°C (dec.) (lit., mp 144-145°C}. H nmr (CDCla) §:

7.93 (2H, s, 2-position).

Table 2. Cyclodehydration of 3, 4 and 8 in the Presence of Three

Egquivalent Amount of AlBr3

RLI:::Lg/<If°o — Rt[::]jézrﬂ

Starting Quinolines Yields Recovered m Picrate
(mol) Starting (%) (°c) mp
Material R! R (%) Material {(°C}
3a (0.002) CH, CH, 65 532 2432
3¢ (0.0025) c1 CH 72 10 79P 218
o]
4a {0.002) CH,  C,H 82 248
a6 (0.002) H C,H, 89 196,5°
4c (0.002) c1 C,Hg 8l 5 35 217
8a (0.003) CH, CyHy 87 61° p4a-249 (dec.)
8b (0.002) H CeHg 51 52t zoef
2 1it.,'% mp 56.5°C and picrate mp 251°C. ° 1it.,'2 mp 8i-82°c. © 1it.,? mp 247°C.
915t ,'% mp 199°c. © 1it.,'% mp 63-64a°c. T 11t.,!7 mp 49-52°C and 1it.,'% mp s2°C

and picrate mp 205°C.
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Hydrolysis of 10 — A solution of 0.03 g (0.0005 mol)} of AcOH and 0.61 g (0.0045
mol) of AcONa-SHEO in 15 ml of H20 was added to a soluticn of 1.65 g (0.005% mol)
of 10a. The mixture was refluxed for 3 h, and 20 ml of 7 % NaHCO., was added to the

3
mixture. The whole was concentrated under reduced pressure, and the precipitate was
collected and recrystallized from EtOH to give 1.03 g (86 %) of 9a. mp 135°C.
Reliquet, et al.5 reported that melting point of %a is 130-133°C. They did not
describe analytical and spectral data for the compound. Anal. Calcd for CloHloBrNO:
C, 50.02; H, 4.20; N, 5.83. Found: C, 49.73; H, 4.0l; N, 5.94. lH nmr (CDClS) §:
9.3C (1H, s, CHO), 8.05 (1H, 4, J = 13 Hz, B-position) and 7.57 {(1H, broad d, J =
13 Hz, NH). The same treatment of 1.51 g (0.005 mol) of 10b gave 0.90 g (BO %) of
9b. mp 165°C. Religuet, et al.5 reported that melting point of 9b is 164°C. They
did not describe analytical and spectral data for the compoumd. Anal. Caled for:
CQHSBPNO: c, 47.81; H, 3.57; N, 6.20, Found: C, 47.42; H, 3.37; N, 6.26. lH nmr
(CDCla) 8§: 9.33 (lH, s, CHO), B.07 (1H, d, J = 13 Hz, B-position) and near 7.53

(NH, this signal overlapped with that of phenyl protons).

Reaction of 6 and NBS —— NBS (1.96 g, 0.011 mol) was added in portions to a solu-~
tion of 1.61 g (0.01 mol) of 6a in 10 ml of CHCls. The mixture was allowed to stand
for 1 day at room temperature, and washed with two portions of 20 ml of H,C. The

2
CHCl3 layer was dried over K2C03, and concentrated under reduced pressure. The
residue was recrystallized from EtOH to give 2.13 g (8% %) of 9a. The same treat-
ment of 1.47 g (C.01 mol)} of 6b gave 2.01 g (89 %) of 9b.
B-(2,4-Dibromoanilino}acrolein (12) — A solution of 1.10 g (0.0l mol) of
f-ethoxyacrolein in 2 ml cf AcOH and 13 ml of HZO were added to a solution of 2.51
g (0,01 mol} of 2,4-dibromoaniline in 24 ml of AcOH. The mixture was allowed to
stand for 1 day at room temperature. The deposited yellow crystals were filtered
with suction to give 1.55 g of crude 12. The filtrate was concentrated under
reduced pressure. The residue was extracted with petrcleum benzin, and the petro-
leum benzin layer was concentrated under reduced pressure. The reslidue was combined
with the above crude crystals of 12, and the whole was recrystallized from petro-
leum benzin to give 2.21 g (73 %) of 12. mp 128°C. Anal. Calcd for C9H7Br2NO: c,
35.45; H, 2.31; N, 4.59, Found: €, 35.58; H, 2.07; N, 4.39.
Reaction of 12 and NBS — NBS (0.39 g, 0.0022 mol} was added in portions to a
solution of 0.16 g (0.002 mol) of 12 in 10 ml of CHCla. The mixture was allowed to

stand for 2 days at room temperature. The deposited yellow crystals were filtered
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with suction, and washed with HEO te remove contaminating succinimide, and recrys-

tallized from EtOH to give 0.61 g (80 %) of 11. mp 202°C. Ana!. Calcd for

CgHGBFSNO: C, 28.16; H, 1.58; N, 3.65., Found: C, 28.24; H, 1.35; N, 3.58.

Reaction of 9b and AIBI‘3 — (1) A mixture of 1.51 g (0.006 mol) of 9b and 5.30 g

5 Was heated at 80°C for 3C min, and 20 ml of HEO was added to

the mixture. The mixture was added in portions to 40 ml of 2 ¥ NaOH under stirring,

(0.018 mol} of AlBr

and the whole was extracted with two portions of 40 ml of CHCls. The CHCl3 layer
was extracted with 10 ml of 1 w HCl. The HCl layer was treated as usual to give a
small amount of quinoline which was identical with authentic sample on the basis

of comparison of their ir spectra. The CHCl, laver was dried over K,CO and con-

3 2773
centrated under reduced pressure. Small amount of Et0OH was added to the residue to
give 0.25 g of 11 as a insoluble porticn. The sample was identical with authentic
sample (above section} on the basis of comparison of their ir spectra and mixed
melting point measurement. EtOH soluble portion was subjected to PTLC (silica-gel)
with benzene-AcOEL (6:1} to give a small amount of liquid. lH nmr pattern of the
liquid was identical with that of 5,8-dibromogquinoline.

(2) A mixture of 1.51 g (0.008 mol) of 9b and 5.30 g (0.018 mol) of AlBr3 was
heated at 120°C for 5 h and treated in the same manner as described for procedure
(1) in this section. Quincline (0.16 g) was ocbtained freom the HCl layer.
5,8-Dibromoguinoline (0.05 g) and a small amount of B8-bromoquinoline were obtained
from the CHCl., layer. The samples of 5,8-dibromoquinoline and 8-bromoquincline were

3

identical with authentic samples on the basis of comparison of their ir spectra.

Reaction of 3-bromoquinoline and AlBr3 —— A mixture of 2.10 g (0.01 mol) of
3-bromoquinoline and 8.00 g (0.03 mol) of AlBF3 was heated at 120°C for 5 h, and
20 mi of H,O was added to the mixture. The mixture was added in portions to 70 ml

2
of 2 N NaOH under stirring, and the whole was extracted with two portions of 30 ml
of CHC13. The CHCl3 layer was dried over Kecos, and concentrated under reduced
pressure. The residue was distilled under reduced pressure to give 1.62 g (73 %)
of 3-bromoguincline. The residue of distillation was subjected to PTLC (silica-gel)

with benzene-AcOEt (5:1) to give 0.02 g of 3,5-dibromoquinoline which was identical

with authentic sample on the basis of comparison of their ir spectra.
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