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An efficient approach for the synthesis of pyrrolo[3,2- Reddy and co-workers
. . . . TsHN
c]quinolines (core nucleus of natural product martinellic e Ar
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acid) f’rom protected 2-alkynylanilines v1a. regioselective e ) aa |, @\/v woHO o N Ea 0
formation of pyrroles followed by Heck and intramolecular AR R=H A N AN
. . . H
10 Michael addition has been described.
This work
) ) . ) . TsHN
The pynolo[3,2-c]qu1nolln§s are chemically 1ntf.:rest1ng_ mo%ecule_:s TN
because the core structure is frequently found in martinellic acid LN ) catpdorly C{Q PR
. . . . . R —_— o — =R
and biologically active angular tricyclic heterocycles.! The A\ R' = COOE iRt | i KOHNMP SN
. . . . R
15 applications and synthetic interest of core structures as non- core nucleus of martinelic acid

peptide antagonists for bradykinin receptor was recently renewed.’
indoles (eq ii). The present study highlight the synthesis of
pyrrolo[3,2-c]quinolines (core nucleus of the natural product
martinellic acid) via selective formation of a pyrrole intermediate
so over indoles starting from easily accessible 2-(4-aminobut-1-yn-1-
- b yl)anilines. Recently, Wada and co-workers reported the selective
Figure 1. Structure of martinellic acid synthesis of pyrrole and dihydropyrrole from o-propargylic
glycine.®

20 In recent years electrophilic cyclization of alkynes has
emerged as an effective protocol in the synthesis of variety of ss Table 1 Optimization of reaction conditions®
heterocyclic compounds.® The protocol exemplifies the synthesis

of large number of diverse heterocycles which have found ample NHTs T T,
applications in biological as well as material chemistry.* In = /;?Ozme N ©\/N\i

25 general, these cyclization reactions are highly efficient, performed =~ * COOMe
under mild conditions and compatible with variety of functional oot S o COOMe S oom
groups. The success of cyclization in diarylalkynes bearing 1a 3a 4

1 o : b
competitive nucleophiles depends upon the nucleophilicity of ~ Entry  Catalyst — Oxidant  Solvent T'(°C)/ Yield(%)

. . . 1 % Ti h
functional groups and steric effects.’ A literature survey revealed (mol %) ime (b) L S
i .. Pd(OAc),/5 Cu(OAc), MeCN 50/4 17 00
30 that electrophilic cyclization of alkynes has been well explored for Pd(OAC),/10 Cu(OAc), MeCN 7510 23 00
the synthesis of wide wvariety of heterocycles; however, PdCly/ 10 Cu(OAc), MeCN 75/18 41 05

Pd(PPh3),Cl,/10  Cu(OAc, MeCN 75/18 30 00
Pd(PPh3)4/10 Cu(OAc), MeCN 75/18 30 00

competitive electrophilic cyclization of alkynes bearing two
nucleophiles has not been much explored. Reddy and co-workers

e e I N N N

. PdCly/ 10 CuCl MeCN 75/18 44 07

recently reported tandem synthesis of 2,3.4,5-tetrahydro-1H- PdCli/ 10 Alg;OZ MZCN 75/18 2% 00
35 pyrido [4,3-b]indoles from 2-(4-aminobut-1-yn-1-yl)anilines via in PdCLy/ 10 (CeHsC0),0, MeCN 75/18 21 00
situ generation of 2-alkylindoles (eq i). The competitive nature of PdCL/ 10 CuCl, MeCN 75/18 35 06;
both the amine groups in the formation of indole derivatives as PdCly/ 10 CuCl, MeCN 75/18 3308
C. . PdClL/ 10 CuCl, DMF 120/18 58 12

well as pyrrole derivatives has not been demonstrated in the PACL/ 10 CuCl, DMF 12018 11 00°

literature so far.®
40 In continuation of our ongoing work on synthesis of ¢ Reaction was performed using 0.5 mmol of 1a, acrylate 2a (1.0 mmol),
heterocycles by electrophilic cyclization of alkynes,” in this study 2.0 equiv of oxidant, 2.0 equiv of NaOAc, 2.0 equiv TBAF in 2.0 mL of

. . . . . b : T dy s . . .
we observed that electronic modification in amine groups solvent. ” Isolated yields. “Using KOH, “Using NaOH, ‘Reaction without

(attached to aromatic rings) alters the nucleophilic attack of amino TBAF.

group and favoured selective formation of the pyrrole nucleus over
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To identify the most favourable conditions for the designed
reaction, variety of catalysts, oxidants and solvents were examined
in the reaction of 1a with methyl acrylate 2a (Table 1). When 5

mol % of Pd(OAc),, 2.0 equiv of Cu(OAc), and 2.0 equiv of 4 cyclization took place regioselectively and afforded

NaOAc was used in 2.0 mL of MeCN at 50 °C for 4 h, only 17%
of compound 3a (pyrrole intermediate) was obtained (Table 1,
entry 1). Increase of catalyst loading, temperature and time of the
reaction marginally improved the yield of product 3a (Table 1,
entry 2). Use of PdCI, and increase in reaction time afforded the
product 3a in 41% yield along with the formation of product 4a
(Table 1, entry 3). Screening of other palladium catalysts and
oxidants such as CuCl,, Ag,0O and (C¢HsCO),0, could not
improve the yield of 3a and 4a (Table 1, entries 4-8). Similarly,
by changing the base to NaOH and KOH, the yield of pyrrole
could not improve (Table 1, entries 9-10). Among the solvents
tested, DMF was found to be effective for the reaction. The best
result was obtained using 10 mol % of PdCl,, 2.0 equiv of CuCl,
in DMF at 120 °C (Table 1, entry 11). No reaction was observed
in the absence of TBAF (entry 12). (see supporting information for
the other screening parameters)

Michael ~
Addition o T S L
- ! P> /\ \’T)
base NH ¥
EWD

3 R'

Core nucleus of martinellic acid

Scheme 1 Alternate route for the synthesis of martinellic acid core.

After observing the lower yields of the products, we changed
our strategy to improve the yields of the martinellic core nucleus
4a. Lower yield of the product 4a possibly could be due to the
strength of base employed along with palladium.
approach, we first followed the electrophilic iodocyclization® to
synthesize the iodocyclized compound 5 from 1. Having iodo
substitution at the 3-position of pyrrole, we had an opportunity to
prepare compound 4, using the reported Heck coupling followed
by Michael addition (Scheme 1).

In our new

TsHN

I (3.0 equiv) "r—'T" o
_ I M 7]
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5a (75%): R' = COOEt; R2 = H; =1
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5b (73%): R' = COOEt; R? = 4-Me; - -
5¢ (70%): R' = COOEt; R? = 3-OMe;
5d (63%): R' = COOE; R? = 4-NOy;
5e (69%): R' = Boc; R? = H Sa
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Scheme 2. lodine-mediated selective synthesis of pyrroles.

lodo-substituted pyrroles Sa—e were obtained in good yields
using 3.0 equiv of iodine and 3.0 equiv of K,COj3 in acetonitrile at
room temperature (Scheme 2).'° It is interesting to note that
iodo-
substituted pyrroles 5 over iodo-substituted indoles by the
preferential nucleophilic attack of the amino group of NHTs onto
alkynes. All the iodocyclized compounds were fully characterized
by '"H NMR, "*C NMR and HRMS. The structure of compound 5a

45 was further confirmed by X-ray crystallographic studies.

Heck coupling products 3a—i were obtained in good to
excellent yields by the reaction of iodo-substituted pyrrole 5a—e
with alkenes 2a—d using 5 mol % PdCI,y(PPh;), and 3.0 equiv of
Et;N in DMF at 80 °C (Scheme 3).
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ZSNHR! Et3N (3.0 equiv), DMF Z>NHR! ks
80°C,2-4h .
5 2 3a+i
L/ —CO,Me ,/—CO.Et ,/—CO,"Bu
Ts/N Ts/N z Ts’N 7
NHCO,Et NHCO,Et NHCO,Et
3a, 81% 3b, 83% 3¢, 84%
/—~CO,'Bu J—CN /—COMe
Ts’N 7 Ts/N 7 Ts’N 7
NHCO,Et NHCO,Et NHBoc
3d, 80% 3e, 70% 3f, 76%
,/—CO,"Bu /—CO,"Bu ,/—CO,"Bu
Ts/N 7 Ts/N 7 Ts’N 7
NHCO,Et NHCO,Et NHCO,Et
Me ON
OMe
3g, 86% 3h, 80% 3i

“Not isolated.

Scheme 3. Palladium-catalyzed Heck coupling reactions

Acrylates 2a—d provided the coupling products 3a—d in 80—
ss 84% yields; however, acrylonitrile 2e afforded the product 3e in
70% yield. In the case of Boc-protected anilines, a 76% yield of
the desired product 3f was obtained. The electron-releasing methyl
and methoxy group on the para and meta-position of the phenyl
group afforded the desired product 3g and 3h in 86 and 80%
e yields, respectively. The nitro-substituted substrate also afforded
the product 3i; however we could not isolate the desired product
due to decomposition during chromatographic separation. The
crude product was used for the next step. The formation of
compound 3i was confirmed by GC and GCMS.

65 To obtain pyrrolo[3,2-c]quinolines 4a—i, we optimized'® the
reaction condition for the designed intramolecular aza-Michael
reaction. The use of 2.0 equiv of KOH in N-methyl pyrrolidine at
120 °C for 4 h (optimized condition) afforded the desired products
4a—i in good to excellent yields (Scheme 4). The tricyclic fused

70 heterocycle 4a was characterized by 'H, 3C NMR, HRMS and
finally confirmed by X-ray crystallographic studies.

Variety of pyrrolo[3,2-c]quinolines were synthesized by
varying the substitution in the starting substrates. No substantial
change in the yields of the products was found by changing the
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protecting groups of the amines (Scheme 4, 4a vs 4f). Substrates
bearing electron-donating groups on the aniline ring afforded the
products 4g and 4h in 85 and 83% yields, respectively, whereas
the electron-withdrawing nitro group failed to afford the desired
product 4i. The above observation could be explained on the basis
of the nucleophilic behaviour of amino group. The presence of
electron-donating groups (+ R effect) increases the nucleophilicity
of the NH group, which facilitates the intramolecular attack,
whereas in the case of 3i the presence of the strong electron-
withdrawing nitro group (-R effect) decreases the nuclophilicity as
well as intramolecular attack. Substrate 3e bearing acrylonitrile
functionality provided the product 4e in lower yields in
comparison to acrylates (Scheme 4, 4a—d vs 4e).

KOH (2.0 equiv)
2 _— ! R .--‘“«
HR1 R3 NMP 120 °C
3a-i 4ai -.-—\_L A 7
4a
Ts, Ts. Ts.
N N N
S S S
N CcoMe N CO,Et N CO,"™Bu
CO,Et CO,Et CO,Et
4a, 82% 4b, 81% 4c, 80%
Ts, Ts, Ts,
N N N
S S S
N CO,Bu N CN N CO,Me
CO,Et CO,Et Boc
4d, 75% 4e, 60% 4f, 75%
Ts, Ts,
N N
Me =
N CO,"Bu CO,"Bu COz"Bu
CO,Et COzEt COzEt
4g, 85% 4h, 83% 4i‘

“Inseparable complex mixture.
Scheme 4. Synthesis of pyrrolo[3,2-c]quinolines by intramolecular aza-
Michael addition.

In summary, we have demonstrated an efficient and facile
synthesis of pyrrolo[3,2-c]quinolines (core nucleus of natural
product martinellic acid) via selective formation of pyrrole
intermediate over indoles starting from easily accessible 2-(4-
aminobut-1-yn-1-yl)anilines. The structures of intermediates and
final products were confirmed by the x-ray crystallographic
studies. The regioselectively cyclized product 5 embedded with
an iodo handle could be used for further elaboration using
palladium-catalyzed coupling reactions. From a synthetic point of
view the developed strategy is simple, and general and can be
used for the construction of variety of heterocyclic cores. Further
investigations of developed chemistry are in progress and will be
reported in due course.
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