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Reduction of secondary and tertiary  o-nitrophenyl propargyl alcohols followed by acid-catalyzed Meyer —Schuster rearrangement gave 2-substituted

and 2,4-disubstituted quinolines, respectively. Tertiary propargyl alcohols gave excellent yields of the quinoline derivative, while the yields of
quinolines were slightly reduced when secondary propargy!l alcohol derivatives were utilized.

The synthesis of the quinoline ring system has been new, potentially useful quinoline alkaloids from both plant
extensively studied since its discovery by Gerhardt in 1842. and marine animal sourcés.
The quinoline ring system is found in a variety of compounds  In our studies on the synthesis of streptonigrin (1, Figure
including dyes, organic materials, and pharmaceuticals. 1), McElroy developed an efficient route to the functionalized
Among the pharmaceuticals, quinoline derivatives have beenCD pyridyl triflate intermediate2.? The initial strategy for
employed for treatment of parasitic infections such as the synthesis of streptonigrin was to couple triflate an
malari# and leishmaniasis,as well as being present in AB quinoline ring system precursor affording the intact
antitumor agents such as streptonidgrinptonin A dyne- carbon skeleton of the natural product. Since direct-aryl
micin A% and camptothecif.In addition, natural product  aryl cross coupling to form 2-(yridyl)quinolines met with
isolations and biological activity assays continue to identify limited succes$? an alternative method for the synthesis of
quinoline was investigated.
* The views expressed in this article are those of the author and do not ~ PT€vious streptonigrin syntheses have utilized classical
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Department of Defense, or the U.S. Government.
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Figure 1. Retrosynthesis of streptonigrid)(

quinoline AB ring system. In Weinreb’s synthesis, a
Wadsworth-Emmons-Horner condensation produced a ni-
trochalcone intermediate that gave the quinoline AB ring
following reduction. Kende's synthesis employed condensa-
tion of an iminoaniline with a 2-methyl ketone functionalized
CD ring intermediate to form the AB quinoline system.
While both strategies were effective, they required consider-
able modifications to their CD ring systems before the AB
rings could be introduced. Our goal was to develop a
Friedldnder-like method that would minimize modification
of the McElroy CD intermediate §2allow facile attachment
to a functionalized A-ring substrate, and undergo quinoline
formation using mild conditions.

The development of a new quinoline synthesis (Scheme
1) depended on the well-precedented transformation of

Scheme 1. Retrosynthesis of 2-Arylquinolines

nitrochalcones (bto quinoline by reduction (the Friedlander
method)!® Our synthetic plan diverged from classical ap-
proaches, however, in the preparation of nitrochalcone

(11) Weinreb, S. M.; Basha, F. Z.; Hibino, S.; Khatri, N. A.; Kim, D.;
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103, 1271-1273.
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derivatives. Propargylic alcohols are at the same oxidation
state as enones and rearrange to enones under acidic
conditions (Meyer-Schuster rearrangeme#t)and we pro-
posed to study the viability of this approach. We were
heartened by the observation by Choudhury and co-wdfkers
of the propensity of tertiary propargyl alcohols to form
quinolines during deprotection of amaniline derivative.
Although a quinoline was an undesired byproduct in
Choudhury’s work, the mild conversion ofanilinopropargyl
alcohols to quinolines seemed to be a potential solution to
the introduction of the quinoline required in the streptonigrin
synthesis. Analogously, propargyl alcohols have been utilized
in the synthesis of quinolines by Jiang, via Zn(ll)-mediated
alkynylation of o-trifluoroacetylanilines® by Cho, via
Sonogashira coupling to-iodoanilinest” and by Flynn, via
6-endo-digonal iodocyclizatiot?.

Our approach to the synthesis of quinolines is outlined in
Scheme 1, starting from readily availal@enitrobenzalde-
hyde 9. Addition of lithium or magnesium acetylides to
aldehyde9 providedo-nitrophenyl propargyl alcoholg or
8, respectively. The required reduction and rearrangement
necessary to conved-nitrophenyl propargyl alcohol to
o-aminochalcond could be accomplished in eith&— 5
— 4 or 7 — 6 — 4 order. However, repeated attempts to
promote acid-catalyzed MeyeBchuster (M-S) rearrange-
ment of nitrochalcones (7 5, Ar = phenyl) were typically
unsuccessful and gave very low yields of the desired enone.
Analogous studies of M—S rearrangements have been
reported by Engel and Dudl&via gold(lll) catalysis,
however, only in moderate yield with secondary propargyl
alcohols.

We anticipated that reduction of the nitro group prior to
M-S rearrangment would increase the electron density of
the phenyl ring, hopefully facilitating the MS rearrange-
ment6 — 4. Onced is produced, quinolines are expected to
be formed following spontaneous ring closure and aroma-
tization. This strategy had several appealing features, the
major one being that introduction of the CD-fragment (Ar
in Scheme 1) could be accomplished either prior to forma-
tion of the propargylic alcohol (9> 7) with an aryl acetylide
or after the nucleophilic addition of the acetylide func-
tionality via Sonogashira coupling of terminal propargyl
alcohol 8.

In practice, lithium acetylides of 1-hexyne and phenyl-
acetylene added to-nitroacetophenone providing the pro-
pargyl alcoholslOaand10b, respectively, in excellent yield.
Reduction of the nitroarenes, followed by in situ Meyer—
Schuster rearrangement provided the desired quinolines. A
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number of reduction methods were investigated, including || | A NG

Fe/HCI?° Zn/NH,CI,?* TiClz/HCI,?? and SnGYHCI.% In each
case, o-anilinopropargyl alcohols were not observed as
intermediates; the quinolinesla and 11b were formed
directly. It was observed that Zn-, Fe-, and Sn-reductions
generally gave excellent yields, while TiGkduction gave

a poor yield of the desired product (Table 1).

Table 1. Reduction/Rearrangement/Heteroannulation

HO_ CHj CHs
SR - b
No, R N7 R
10a-b 11 a-b
a: R=n-butyl
b: R = phenyl
entry R [H] H yield,* %

1 n-butyl Fe HC1 95
2 n-butyl Zn AcOH 95
3 n-butyl SnCly HCI1 91
4 n-butyl TiCls HC1 <40°
5 phenyl Fe HC1 82

alsolated.” By GC.

For application in the streptonigrin project, a 2-substituted
quinoline is desired and this required preparation from a
secondary propargylic alcohol derivative. To demonstrate the
generality of this technique, a series of secondary propargyl
alcohol derivatives were converted to quinolines and the
results are summarized in Table 2. Entries 1 and 5 are
analogous to the-butyl and phenyl tertiary propargyl alcohol
analogues in Table 1. Both quinolind8a and 13e were
obtained in good yield, although the yield was slightly lower
than their tertiary counterparts. Entries 2, 3, and 4 examine
the electronic effects of substituents on the A ring in the
cyclization and will be similar to the effects anticipated in
the synthesis of streptonigrin. The presence of electron-
donating substituents on the A-ring had minimal effect on
the yield of quinoline (entry 2), unless the substituent was
in the ortho position. For example, the yield of quinoline
was dramatically reduced for the methoxy-substituted alcohol
13d (entry 4). Propargyl alcohdl2f (entry 6) also gave a
low yield of 2-alkenylquinolinel3f under the reduction

conditions; however, the diminished yield in this case appears

to result from difficulty isolating the sensitive product rather
than inherent limitations with the reaction in question. It is
important to note that the purification of these quinolines
(13a—f) was done by a combination of acithase extractions

and/or bulb-to-bulb distillation since these low molecular
weight quinolines were generally unstable to either silica or
florisil chromatography. In most cases the NMR spectra of

(20) Liu, Y.; Lu, Y.; Prashad, M.; Repic, O.; Blacklock, T.Adz. Synth.
Catal. 2005,347, 217—219.

(21) Tsukinoki, T.; Tsuzuki, HGreen Chem2001,3, 37—38.
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2518.
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Table 2. 2-Alkyl and 2-Aryl Quinolines

isolated
entry  propargyl alcohol [H)/H* quinoline yield
OH
Zn X
s
No, ©°Y  AcOH N Bu
12a 13a
OH
o} Fe O S
. OOCN = ST, =
o} NO, ! HCI 0 N” Bu
12b 13b
OH
ol Fo cl N
3 \@f\ . m 68%
e
No, oM HCI N"Bu
12¢ 13¢
OH
Fe A
4 % - - 44%
Bu =
NO, HCI N~ “Bu
OCH; OCH,
12d 13d
OH
Fe RS
C Ny = OO, =
NO, O Hel N O
12e 13e
OH
Zn X
6 O x O ) 34%
NO, ‘ AcOH N ‘
12f 13f
OH o]
Fe
7 x N, —— I N 53%
NO, | HCI ﬁ N

\

129 13g

prior crude product indicated the presence of the desired
quinoline in high purity; however, significant mass loss
occurred during purification (see the Supporting Information
for experimental details).

Despite repeated attempts, the transformation of pyridyl-
substituted alcohal2ginto the quinoline derivative (entry
7) corresponding to the ABC-ring system of streptonigrin
did not occur as expected. Treatment of pyridirag under
reducing conditions gave quinolord8g, not the expected
quinoline derivative, as the only product isolated from the
reductive cyclization reaction. This was the only reaction
that produced quinolone, rather than the quinoline deriva-
tive. In addition, formation of a quinolone is not mechan-
istically consistent with the quinolines produced in this
study. Further studies will be conducted to examine the
mechanism of this novel transformation. The proposed
mechanism of quinoline formation is depicted in Scheme 2.
Acid-catalyzed Meyer—Schuster rearrangement of tertiary
propargyl alcohols is well precedent&dhowever, the
analogous rearrangement of secondary substrates is known
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Scheme 2. Proposed Mechanism: Resonance-Stabilized Meyer—Schuster Rearrangement/Heteroannulation
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to result in lower yields of enone. This result is consistent

nigrin, lavendamycin, and related natural products is under-

with the observations that are reported above in Tables 1way and the results of these studies will be reported in due
and 2. Even so, the conversion of secondary propargylic course.

alcohols provided acceptable yields of the desired quinoline

derivatives in most instances.

In conclusion, the facile reductive cyclization af-
nitrophenyl propargyl alcohol derivatives provided 2-aryl-
and 2-alkylquinolines in good to excellent yield. The
methodology is tolerant of both electron-donating and
electron-withdrawing functionality on the A-ring and to
substitution on the alkyne. Attempts to prepare model
systems for the ABC-pyridyl-quinoline ring system of
streptonigrin led to formation of quinolone derivatives
resulting from an aberrant cyclization pathway. Applica-
tion of this methodology to the total synthesis of strepto-

(24) Swaminathan, S.; Narayanan, K. @hem. Rev1971,71, 429—
438.
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