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a b s t r a c t

Substituted quinolines were synthesized in three steps from the Boc amides of substituted 2-iodoanilines
and alkyl vinyl ketones. This method consists of (1) N-Michael addition of the Boc amide of 2-iodoaniline
to alkyl vinyl ketone in the presence of Cs2CO3 in MeCN; (2) I–Mg exchange of the adduct with 3.5 equiv
of i-PrMgCl�LiCl, and (3) acid-catalyzed reaction (excess AcCl in EtOH) of the resulting alcohol. Six exam-
ples are given with good yields.

� 2012 Elsevier Ltd. All rights reserved.
Synthesis of substituted quinolines has been an important sub-
ject in organic synthesis because of the structural complexity and
of the biological importance. Figure 1 shows typical examples of
the substituted natural and artificial quinolines.1,2 Doebner–Miller
reaction, which is frequently referred as Scraup reaction, is a well-
known method of this subject,3,4 and consists of N-Michael addi-
tion of aniline to a,b-unsaturated ketone in the presence of ZnX2

under acidic conditions and subsequent formation of the dihydro-
quinoline ring. Although being attractive due to the operational
convenience, the method suffers from low reactivity with an elec-
tron-withdrawing substituent on the aniline ring and/or with an
alkyl substituent on the b-position of a,b-unsaturated ketones.

To improve the reactivity, numerous efforts have been devoted
to find other Lewis acid catalysts and/or other conditions,5 whereas
approaches using 2-substituted anilines and 2-haloanilines have
been investigated as well by taking advantage of the reactions of
the substituent6 or the aryl-halogen moiety.7,8 Despite these ef-
forts, however, development of a new route to quinolines remains
an active area of research.9 Herein, we present a new access to
substituted quinolines, which is illustrated in Scheme 1.

This method consists of the following reactions and thus irrele-
vant to the regioselectivity: (1) N-Michael addition of 2-iodoani-
line derivative 1 to vinyl ketone 2; (2) iodine–metal exchange to
generate the anion for intramolecular addition to the carbonyl car-
bon to afford 4-hydroxytetrahydroquinoline 3; (3) dehydration of
3 to dihydroquinoline 4; (4) conversion of 4 to the targeted quino-
ll rights reserved.

yashi).
line derivative 5 by base-assisted elimination5d,10 of R2–H or by
deprotection of the R2 group followed by dehydrogenation. Previ-
ously, a 2-iodoaniline derivative with the epoxide moiety on the
side chain was converted into the corresponding anion by io-
dine–copper exchange with Li2Cu(CN)Me3, and the anion thus
formed underwent intramolecular epoxide ring opening to afford
a tetrahydroquinoline.11 However, neither scope of the synthesis
of tetrahydroquinolines nor further conversion to substituted
quinoline was studied.

Our approach was initially examined with the Ts amide 1a
(R2 = Ts), which was synthesized from 2-iodoaniline with TsCl in
96% yield. N-Michael addition to methyl vinyl ketone (2a) was
achieved using Et3N (0.1 equiv) in MeOH (rt, overnight) to give
6a in 95% yield (Scheme 2). Iodine–lithium exchange of 6a was
examined with t-BuLi (2.2 equiv) in THF at �78 �C for 2 h to afford
the desired alcohol 3a in 82% yield. Subsequently, dehydration
with a catalytic amount of p-TsOH�H2O in toluene at 80 �C fur-
nished dihydroquinoline 4a quantitatively. Finally, base-assisted
elimination of Ts-H to 4-methylquinoline (5A) was attempted with
NaOH in refluxing MeOH and with KOH in DMSO at 140 �C accord-
ing to the literature,5d but 4a was recovered quantitatively.

Next, the N-Teoc amide 1b (R2 = Teoc = CO2CH2CH2TMS) was
sacrificed to this study with a prospect of deprotection of the
derived dihydroquinoline 4b with TBAF12 followed by oxidation
to 5A. The amide 1b was prepared from 2-iodoaniline and
TMS(CH2)2OH (3 equiv) in 54% yield with triphosgene (1 equiv)
and K2CO3 (10 equiv). N-Michael addition of 1b to methyl vinyl
ketone (2a) (3 equiv) proceeded smoothly with Cs2CO3 (0.2 equiv)
in MeCN (rt, 1 h) to produce 6b in 90% yield.13 Iodine–lithium
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Scheme 2. Preliminary results.

Scheme 1. Approach to 4-substituted quinolines.

Figure 1. Typical examples of quinoline derivatives.
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exchange of 6b with t-BuLi (2.2 equiv) unfortunately afforded a
mixture of 3b and other unidentified products, from which 3b
was isolated in 51% yield by chromatography.14 Dehydration of
3b under the conditions used for tosylate 3a (p-TsOH�H2O, toluene,
80 �C) produced 4b in 37% yield. In contrast to these low yielding
steps, subsequent TBAF-promoted deprotection of the Teoc group
at 80 �C for 1 h proceeded cleanly to afford 5A in 86% yield. The
intermediate, 4-methyl-1,2-dihydroquinoline (i.e., 4 with R2 = H),
could not be detected by TLC and NMR analysis, indicating rapid
dehydrogenation of the intermediate during the isolation.

The high-yielding conversion of 4b to 5A prompted the use of
the Boc amide 4c (R2 = Boc), which was expected to be removed
under acidic conditions being set for dehydration of 3c. The Boc
amide 1c was synthesized from 2-iodoaniline in 81% yield with
Boc2O (1.1 equiv) and NaN(TMS)2 (2 equiv) in THF,15 and subjected
to N-Michael addition to 2a (3 equiv) in the presence of Cs2CO3

(0.2 equiv) in MeCN at room temperature for 3 h to afford amide
6c in 87% yield. Due to the above unsatisfactory results of I–Li ex-
change of 6b with t-BuLi, iodine–magnesium exchange with i-
PrMgCl�LiCl was studied for 6c according to the protocol developed
by Knochel.16 Initially, 1.5 equiv of i-PrMgCl�LiCl in THF was added
to 6c at �78 �C to afford a mixture of 3c and the unreacted iodide
1c. Formation of other unidentified byproducts was not detected
by TLC. Next, optimization of the quantity of i-PrMgCl�LiCl was
investigated. The reactions with 2.0, 2.5, and 3.0 equiv of the re-
agent were incomplete, whereas the use of 3.5 equiv of the reagent
forwarded the reaction to be completed, furnishing 3c in 91% yield
after chromatography. The use of 4.0 and 5.0 equiv of i-PrMgCl�LiCl
gave 3c also cleanly judging from TLC analysis.

Exposure of 3c with p-TsOH�H2O (15 mol %) resulted in not only
dehydration but also deprotection of the Boc group followed by
dehydrogenation of the dihydroquinoline intermediate to afford
5A in 74% yield. Since formation of a minor quantity of the uniden-
tified byproducts was monitored by TLC analysis, other acidic con-
ditions such as AcCl in EtOH, TMSCl in CH2Cl2, CF3CO2H in CH2Cl2

were examined. Among them, AcCl (10 equiv) in EtOH at 50 �C
for 1 h cleanly afforded 5A in 80% yield, whereas the other acidic
conditions produced the dehydration product 4c as a major prod-
uct. The best result mentioned above is summarized in Eq. 1 of
Scheme 3.

Next, electronic influence of a substituent on the 2-iodoaniline
ring was examined briefly. As summarized in Scheme 3, Eqs. 2
and 3, amides 1d and 1e with a slightly or a strongly electron-
donating substituent were found to be good starting compounds,17

furnishing quinoline 5B and 5C in good yields.
Amide 1f17 with electron-withdrawing fluorine atom was trans-

formed to quinoline 5D with similar efficiency to the entries men-
tioned above (Eq. 4). Synthesis of fluorine derivatives has been the
subject in the field of organic synthesis. Up to date, the Scraup-type
reaction of a F-substituted aniline,18a a synthesis using a 2-substi-
tuted aniline,6s direct fluorination of quinolines18b have been stud-
ied to find low to moderate yields and/or low regioselectivity. On
the other hand, substitution of organotin compounds with F-
TEDA-PF6 produces F-quinolines in good yields.2 As mentioned
above, our method is efficient and would be complementary to
the substitution.

Application of the present method to vinyl ketones 2b and 2c
possessing a long alkyl chain or a sterically bulky group was exam-
ined next. Each step proceeded smoothly to produce 5E and 5F in
good yields (Eqs. 5 and 6). These examples indicate that the pres-
ent method is applicable to a wide variety of alkyl vinyl ketones.

Furthermore, the present transformation was applied for con-
struction of the indole ring as shown in Scheme 4.

In summary, we have presented a synthesis of quinolines con-
sisting of the N-Michael addition of the Boc amide of the 2-iodoan-
iline to alkyl vinyl ketone,19 the I–Mg exchange of the adduct, and
the acid-catalyzed conversion of the resulting alcohol. The method
is in principle regioselective due to the iodine atom at 2-position.
Furthermore, the method is compatible with fluorine atom on
the aromatic rings and suited to production of the 4-substituted
quinolines as well.

Typical example of the procedure: To an ice-cold suspension of
the Boc amide 1c (441 mg, 1.38 mmol) and Cs2CO3 (89 mg,
0.273 mmol) in MeCN (2.8 mL) was added 2a (286 mg, 4.08 mmol)
dropwise. After 3 h of stirring at room temperature, the mixture
was concentrated. The residue was diluted with EtOAc and the
resulting mixture was filtered through a pad of Celite. The filtrate
was concentrated and the resulting residue was purified by chro-
matography (hexane/EtOAc) to furnish 6c (469 mg, 87%). To a sus-
pension of 6c (343 mg, 0.881 mmol) in THF (2.3 mL) was added i-



Scheme 3. Synthesis of quinoline derivatives.a aConditions otherwise different from those of Eq. 1 are indicated.

Scheme 4. Construction of the indole ring.
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PrMgCl�LiCl (2.10 mL, 1.47 M in THF, 3.09 mmol) dropwise at
�78 �C. The solution was stirred at �78 �C for 1 h and poured into
saturated NH4Cl. The resulting mixture was extracted with EtOAc,
and the crude product was purified by chromatography (hexane/
EtOAc) to furnish 3c (211 mg, 91%). To an ice-cold solution of 3c
(44 mg, 0.167 mmol) in EtOH (1.7 mL) was added AcCl (0.12 mL,
1.69 mmol) dropwise. The solution was stirred at room tempera-
ture for 10 min and then at 50 �C for 1 h, and diluted with satu-
rated NaHCO3. The mixture was extracted with EtOAc, and the
crude product was purified by chromatography (hexane/EtOAc)
to furnish 5A (19 mg, 80%).20
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55.6, 80.3, 100.5, 114.6, 124.2, 129.5, 137.4, 154.2, 158.5, 207.2. Compound 3e:
1H NMR (300 MHz, CDCl3) d 1.52 (s, 9H), 1.56 (s, 3H), 1.87 (s, 1H), 1.97–2.05 (m,
2H), 3.57–3.68 (m, 1H), 3.80 (s, 3H), 3.85–3.96 (m, 1H), 6.79 (dd, J = 9, 3 Hz,
1H), 7.06 (d, J = 3 Hz, 1H), 7.59 (d, J = 9 Hz, 1H); 13C NMR (75 MHz, CDCl3) d
28.4, 29.4, 39.4, 41.7, 55.5, 69.2, 80.9, 110.2, 113.4, 125.3, 130.3, 136.3, 153.8,
155.9. Compound 6f: 1H NMR (300 MHz, CDCl3) d 1.35 (s, 9H), 2.16 (s, 3H), 2.80
(t, J = 7 Hz, 2H), 3.59 (dt, J = 14, 7 Hz, 1H), 3.98 (dt, J = 14, 7 Hz, 1H), 6.99–7.20
(m, 2H), 7.56 (dd, J = 8, 3 Hz, 1H); 13C NMR (75 MHz, CDCl3) d 28.3, 30.0, 42.2,
44.7, 80.5, 100.0 (d, J = 9 Hz), 115.9 (d, J = 22 Hz), 126.0 (d, J = 24 Hz), 130.0 (d,
J = 9 Hz), 140.9 (d, J = 3 Hz), 153.7, 160.4 (d, J = 250 Hz), 206.8. Compound 3f:
1H NMR (300 MHz, CDCl3) d 1.52 (s, 9H), 1.55 (s, 3H), 1.80 (s, 1H), 2.01 (ddd,
J = 7, 5, 3.5 Hz, 2H), 3.64 (ddd, J = 13, 7, 5 Hz, 1H), 3.91 (ddd, J = 13, 7, 5 Hz, 1H),
6.92 (dd, J = 9, 8, 3 Hz, 1H), 7.23 (dd, J = 9, 3 Hz, 1H), 7.67 (dd, J = 9, 5 Hz, 1H);
13C NMR (75 MHz, CDCl3) d 28.3, 29.2, 39.0, 41.7, 68.9, 81.3, 111.9 (d, J = 23 Hz),
114.2 (d, J = 22 Hz), 125.6 (d, J = 8 Hz), 132.9 (d, J = 3 Hz), 137.1 (d, J = 7 Hz),
155.5 (d, J = 285 Hz), 160.7. Compound 6g: 1H NMR (300 MHz, CDCl3) d 1.34 (s,
9 H), 2.41 (quint., J = 8 Hz, 1H), 2.59 (t, J = 8 Hz, 1H), 2.75 (t, J = 8 Hz, 1H), 3.63
(dt, J = 14, 7 Hz, 1H), 3.97 (dt, J = 14, 7 Hz, 1H), 6.98 (t, J = 8 Hz, 1H), 7.11–7.37
(m, 7H), 7.85 (d, J = 9 Hz, 1H). Compound 3g: 1H NMR (300 MHz, CDCl3) d 1.51
(s, 9H), 1.44–1.96 (m, 5H), 2.10 (ddd, J = 14, 8, 4 Hz, 1H), 2.48–2.69 (m, 2H),
3.46 (ddd, J = 13, 7, 5 Hz, 1H), 4.00 (ddd, J = 13, 7, 5 Hz, 1H), 7.03–7.31 (m, 7H),
7.44 (d, J = 8 Hz, 1H), 7.68 (d, J = 8 Hz, 1H); 13C NMR (75 MHz, CDCl3) d 25.7,
28.4, 36.0, 36.6, 40.5, 41.4, 70.9, 81.1, 123.7, 124.0, 125.3, 125.8, 127.2, 128.3,
128.4, 134.7, 137.3, 142.1, 153.6. Compound 5E: 1H NMR (300 MHz, CDCl3) d
2.11 (quint., J = 8 Hz, 2H), 2.77 (t, J = 8 Hz, 2H), 3.10 (t, J = 8 Hz, 2H), 7.18–7.35
(m, 6H), 7.53 (t, J = 7 Hz, 1H), 7.70 (t, J = 7 Hz, 1H), 7.95 (d, J = 9 Hz, 1H), 8.11 (d,
J = 9 Hz, 1H), 8.81 (d, J = 4 Hz, 1H); 13C NMR (75 MHz, CDCl3) d 31.5, 35.7, 120.8,
123.5, 126.0, 126.3, 127.5, 128.5, 129.0, 130.2, 141.5, 148.2, 148.3, 150.2.
Compound 6h: 1H NMR (400 MHz, CDCl3) d 1.1–1.4 (m, 6H), 1.34 (s, 9H), 1.62–
1.86 (m, 4H), 2.27–2.38 (m, 1H), 2.26–2.42 (m, 2H), 3.65 (ddd, J = 15, 9, 6 Hz,
1H), 3.93 (ddd, J = 15, 8, 6.5 Hz, 1H), 6.98 (t, J = 8 Hz, 1H), 7.11–7.23 (m, 1H),
7.33 (d, J = 8 Hz, 1H), 7.85 (d, J = 8 Hz, 1H). Compound 3h: 1H NMR (400 MHz,
CDCl3) d 0.86–0.98 (m, 1H), 1.03–1.36 (m, 5H), 1.51 (s, 9H), 1.61–1.96 (m, 6H),
2.16 (ddd, J = 14, 10, 5 Hz, 1H), 3.25 (ddd, J = 13, 10, 4 Hz, 1H), 4.12 (dt, J = 5,
13 Hz, 1H), 7.09 (t, J = 8 Hz, 1H), 7.19 (t, J = 8 Hz, 1H), 7.45 (d, J = 8 Hz, 1H), 7.60
(d, J = 8 Hz, 1H); 13C NMR (100 MHz, CDCl3) d 26.5 (m), 27.7, 28.4, 33.7, 41.2,
46.8, 73.3, 80.9, 123.9, 124.4, 125.5, 127.0, 135.0, 138.0, 153.6. Compound 5F:
1H NMR (400 MHz, CDCl3) d 1.28–1.44 (m, 1H), 1.47–1.63 (m, 4H), 1.82–2.08
(m, 5H), 3.27–3.41 (m, 1H), 7.28 (d, J = 4.5 Hz, 1H), 7.56 (t, J = 8 Hz, 1H), 7.69 (t,
J = 8 Hz, 1H), 8.10 (d, J = 8 Hz, 1H), 8.13 (d, J = 8 Hz, 1H), 8.84 (d, J = 4.5 Hz, 1H);
13C NMR (100 MHz, CDCl3) d 26.3, 27.0, 33.6, 39.0, 117.5, 123.1, 126.3, 127.0,
128.9, 130.3, 148.2, 150.3, 153.7.
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