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A simple, one-pot procedure is described for the direct conversion of quinoline

methodology is complimentary to the Abramovich reaction, which is limited to

N-oxides to a-amidoquinolines with primary amides. This
the introduction of secondary amides via imidoyl chlorides.

Although reaction conditions are quite similar, omission of the base is key for successful reaction with primary amides, which were found not

to proceed through the intermediacy of an imidoyl chloride but rather through

an acyl isocyanate.

N-Acylated 2-aminoquinolines are important constituents in
pharmaceutical drug candidateand ubiquitously present
in the patent literaturé They also have been shown to play
an important role in molecular recognition processése
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of the most direct means to access 2-aminoquinolines from
quinolines is througla.-amination with sodium or potassium
amide, commonly referred to as the Chichibabin reaction.
Alternatively, conversion of quinolin&-oxides to 2-ami-
noquinolines can be achieved via 2-chloroquinolines, or more
directly throughN-oxide activation with TsClor dimethyl
sulfaté followed by displacement with ammonia. In these
previous cases, C-2 versus C-4 regioselectivity can be
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I. J. Am. Chem. So2001,123, 12650. (d) Nakatani, K.; Sando, S.; Saito,
I. J. Am. Chem. S02000,122, 2172.
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problematic, and an extra amidation step is then required totization of the adduct leading to 2-benzamidoquinoline
access 2-amidoquinolines. (Scheme 2}?

In a recent development program of a drug candidate, we
were seeking a more expeditious means to access 2-ami
doquinolines. In literature precedents, Abramovich first
reported direct formation of 2-amidoquinolines from quino-
line N-oxides using isolated imidoyl chloridéserck later al (D o &
developed a mild method for the generation of imidoyl s R, \$ . @
chlorides and their subsequent in situ reaction Witbixides® R:N\YO ©AN N
These methods are limited to secondary amides, as chlor- Ph
oimidates of primary amides readily eliminate to the corre-
sponding nitrile. To the best of our knowledge, the sole report R=Me
of direct introduction of a primary amide onto quinoline

Scheme 2. Reaction Pathways

(COCl),, 2,6-Lu

N-oxide (1) was achieved by activation of the latter in neat o)
benzoyl chloride at 175—180C in the presence of benz- nHr  (COCH2 26-Lu CN
amide?® Due to the aforementioned reasons, a milder method R=H

to achieve this type of transformation would be highly
desirable. Herein, we report a mild and general method for Re
generatingN-acylated quinolines frorl-oxides using pri-

mary amides. o

In a control experiment with the in situ imidoyl chloride 0//& 9 ] f\/©
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formation procedure, treatment of benzamigewith oxalyl
chloride in the presence of 2,6-lutidine not unexpectedly led
to dehydration to form benzonitrile. However, when this 4 5 €
reaction was performed in the absence of base, we found it.
to generate the previously elusive 2-benzamidoquinoBe (

in 70% yield (Scheme 1). The generality of this reaction was then investigated. As
a matter of convenience, commercially available benzoyl
isocyanat® (5) was employed to evaluate the substrate scope
Scheme 1. Mild and Regiospecific 2-Benzamidation of of various pyridineN-oxide derivatives (Table 1). In the
Quinoline N-oxide following experiments, 2 equiv of isocyanate were used due
to the hygroscopic nature of the pyridiheoxides partners

ol
1) oxalyl chloride, CH,Cl o = . .
@NHZ ) oxalyl chloride, CH,Cla @N@ and the potency of the technical grade isocyanate empldyed.
H
2 3

2) KD As anticipated from our original results, reaction of benzoyl
\lﬁ 1 isocyanate (5) with quinolineN-oxide (1) proceeded in
O 70% refluxing dichloromethane and provided 2-benzamidoquino-
line (3) in 77% vyield. Electron withdrawing substituted
quinolinesN-oxides were also converted to their correspond-
In essence, primary amides can be introduced ontoing 2-benzamidoquinolines in similar times and vyields
quinolines by using essentially the same procedure reported(entries 3 and 5). However, electron-rich 6-methoxyquinoline
for secondary amides, but in the absence of base. In contrasi-oxide (L5) required more forceful conditions where 5 equiv
to the original procedure, however, the reaction does not of jsocyanates were required to reach reaction completion
proceed through the intermediacy of an imidoyl chloride. after 40 h at reflux. It is noteworthy that all the aforemen-
Closer inspection bjH and**C NMR reveals that omission  tioned reactions proceeded with the expected regiospecificity.
of the lutidine base changes the sequence of events such thagoquinolineN-oxide (7) showed increased reactivity toward
unstable 2-phenyloxazoline-4,5-dione hydrochloridg i6
initially formed which then converts to benzoyl isocyanate 11y (a) Speziale, A. J.; Smith, L..R. Org. Chem1962,27, 3742. (b)
(5).1°%1The latter then undergoes a 1,3-dipolarcycloaddition Speziale, A. J.; Smith, L. Rl. Org. Chem1963,28, 1805.

; smAli Ay ; _ (12) For an isolated example of reacting benzoylisocyanate with 1
with quinolineN-oxide followed by decarboxylative aroma imidazo[4,5¢€]quinoline SN-oxide, see: Gerster, J. F. U.S. Patent 5,175,296,

1992.

(7) (@) Abramovich, R. A.; Singer, G. MIl. Am. Chem. S0d.969,91, (13) Purchased as technical grade material (90%) from Aldrich Chemical
5672. (b) Abramovich, R. A.; Singer, G. M. Org. Chem1974,39, 1795. Co.
(c) Abramovich, R. A.; Rogers, R. Bl. Org. Chem1974,39, 1802. (d) (14) General procedure with benzoyl isocyanateTo a stirred solution
Abramovich, R. A.; Pilski, J.; Konitz, A.; Tomasik, B. Org. Chem1983, of quinoline N-oxide (5.0 mmol) in dichloromethane (15 mL) at room
48, 4391. temperature was added a solution of benzoyl isocyanate (10.0 mmol) in

(8) Manley, P. J.; Bilodeau, M. TOrg. Lett.2002,4, 3127. dichloromethane (5 mL). The resulting mixture was heated to reflux except

(9) Kurbatov, Y. V.; Solekhova, M. AZh. Org. Khim.1981,17, 1121. for phenanthridineN-oxide and isoquinolin&l-oxide which were kept at

(10) Compoundt: H NMR (400 MHz, CDC}) 4 9.65 (br s, 1H), 7.93 room temperature. Upon reaction completion, the reaction was quenched
(d, J = 7.5 Hz, 2H), 7.68 (tJ = 7.5 Hz, 1H), 7.55 (tJ = 7.5 Hz, 2H). with methanol (50QuL), stirred for 15 min, and then concentrated under
Compound5: *H NMR (400 MHz, CDC#) ¢ 8.05 (d,J = 7.5 Hz, 2H), vaccum. Unless otherwise noted (see the Supporting Information), the
7.64 (t,J = 7.5 Hz, 1H), 7.48 (tJ = 7.5 Hz, 2H);13C NMR (100 MHz, residual material was purified by chromatography to yield the desired
CDCly) ¢ 165.38, 159.31, 135.02, 130.77, 129.06, 129.02. benzamidoquinoline.
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required more forcing conditions (2.5 h in refluxing 1,2-

Table 1. Direct Benzamidation of Quinolinil-oxides with dichloroethane; eqtry 4). . ) .
Benzoyl Isocyanate In accordgnce with previous reactions, the cycloadditions/
RN PR decarboxilative rearangements were performed under reflux
Q oo Al . with quinoline N-oxide (1) and at room temperature with
N SN Ty CHCL o v \ . R . 16 e
S M o isoquinoline N-oxide (7)* As exemplified in Table 2,
o > st reflux N7 N7 v
1 H
o
entry N-oxide reaction time product yeild (%) Table 2. Direct Amidation of Quinoline and Isoquinoline
N-Oxides with Various Amides
= o
1 | 20 h o | 77 7
\,’§ oh )J\N Sy )?\ 1) oxalyl chloride, solvent, reflux o [ /A\‘,
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s Os_NH
7 8 o 7y
Ph 1 CHyCl, 50min 24 hb /©)kN S\ 79
NC H
3 Z 32h e~ | 91 MeO v
N Ay 2
0

oy
=
*®

9 H 10 2 CHyCl, 40 min 24 hP N” N 74
) O *°
o] =
= inb
4 | 2 min o [ ¥ 3 CHCl 60 min 16h° F o 81
S
l-(\] )J\ >, H N

) Ph” "N N 19
11
o 12
/ OFt _ 4 (CICH,), 25h 15Hh )LN S\ 83
5 [, | 22h o | OEt 82 N 20
K PPN
Loq3 Ph N N 0O N™X
o H 14 I
CH,CI 50 mi e N 82
OMe ~ OMe o T mhooeen H
Z Q [ MeO 21
6 [ | aone g 62
{ Ph” N7 N N
1 H
=

o N
O 15 16 |
= N
) ] ) 6 CHJCl, 40 min 40 min® H 64
a]solated yields? Reaction performed at room temperatifr. equiv NC 22

of benzoyl isocyanate required.

O N°'™
7 CHXCl, 60 min 2ht F3C\©)J\N l Pz N
. . . . H
benzoyl isocyanate5] as compared to quinolini-oxide 23

(1) by proceeding at room temperature and reaching comple-

tion in 3 h. The compound produced in 97% vyield was g (cicH,), 25h 24 he )OL N 94
identified as 1-benzamidoisoquinoling){ none of the N 7
3-regioisomer was detected. Reaction with phenanthridine 24

N-oxide (11) proceeded even more readily by reaching *?lsolated yields? Reaction performed at reflu%.Reaction performed
completion within 2 min. Unfortunately, reactions with & "0°0m temperature.
pyridine N-oxides were nonproductive as they catalyzed the
cyclotrimerization of benzoyl isocyanate to tribenzoyl iso-
cyanurate, consistent with literature precedént.

The substrate scope of various primary amides was then
investigated on quinolineN-oxide (1) and isoquinoline (16) General amidation procedure starting from amides:To a stirred
N-oxide (7). The requisite isocyanate formations were first solution of amide (10.0 mmol) in dichloromethane (10 mL) was added oxalyl

. 1 . . . chloride (10.0 mmol) dropwise at room temperature. The reaction mixture
monitored by 3C_ NMR to_ d_e.t(_arm'ne reaction time and g sfirred at room temperature, then heated to reflux until isocyanate
temperature required for this initial process to reach completeformation is complete. The foregoing solution was added to a solution of

; ; ; quinolineN-oxide or isoquinolindN-oxide (5.0 mmol) in dichloromethane
coqverS|on. Whereas benzamide (2) a”?' substituted ,ar,yl(lo mL). The resulting mixture was heated to reflux except for reactions
amides all converted to the corresponding isocyanates withinwith isoquinolineN-oxide which were performed at room temperature. Upon

1 h in refluxing dichloromethane (entries-8), acetamide reaction completion, the reaction was quenched with methanol 4&p0

stirred for 15 min, and then concentrated under vaccum. Unless otherwise
noted, the residual material was purified by chromatography to yield the
(15) Tsuge, O.; Mizuguchi, RNippon Kagaku ZassHi965,86, 325. desired amidoquinoline.

reaction completion on all the cases studied was achieved
within 24 h, and provided the desired amidoquinoline in
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generally good yields. Also, the reactions exhibited high ceutical drug candidates, this methodology should prove
degrees of selectivity as no other regioisomers were detecteduseful for the synthesis of compounds bearing such sub-
in the reaction mixtures. structures.

In conclusion, we have developed a novel, mild, and
straightforward procedure for the regioselective introduction  Supporting Information Available: Experimental details
of primary amides onto quinolines and derivatives via for the synthesis of amidoquinolines with correspondirg
acylisocyanates. This methodology is complimentary to the and3C NMR. This material is available free of charge via
Abramovich reaction, which is limited to the introduction the Internet at http://pubs.acs.org.
of secondary amido functionality via imidoy! chlorides. Due
to the ubiquity ofN-acylated 2-aminoquinolines in pharma- 0L060473W
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