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ABSTRACT: An N-heterocyclic carbene-catalyzed stereo-
selective Michael—Mannich—lactamization cascade reaction
of tosyl-protected o-amino aromatic aldimines and 2-
bromoenals for the construction of functionalized pyrrolo-
[3,2-c]quinolines with three consecutive stereocenters was
achieved in good yields with excellent diastereo- and
enantioselectivities.

he pyrrolo[3,2-c]quinoline is an important structural unit
that is found in several biological active natural products
and pharmaceutics. For example, martinellic acid and martinel-
line (Figure 1), which were isolated from the roots of the tropical
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Figure 1. Structure of martinellic acid and martinelline.

plant Martinella iquitosensis," are the first naturally occurring
nonpeptide bradykinin B, and B, receptor antogonists.” Owing
to the unusual tricyclic core of Martinella alkaloids and unique
biological activity, the synthesis of the pyrroloquinoline core and
total synthesis of martinellic acid or martinelline have garnered
considerable attention from several research groups. Until now,
numerous synthetic methods have been established.>* However,
little effort has been focused on enantioselective synthesis of the
tricyclic core of Martinella alkaloids.

N-Heterocyclic carbenes (NHCs) have been widely employed
as organocatalysts in synthetic transformations in recent decades.
NHC-catalyzed reactions are well developed and offer a broad
range of unconventional transformations.>® Organocatalytic
cascade reactions, which are important in synthetic chemistry
and pharmaceutical science, are strongly dominated by
secondary amines and Bronsted acids. NHC-catalyzed cascade
reactions have received growing attention in recent years.7_9’10C
a,p-Unsaturated acylazolium intermediates, which are efficient
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1,3-biselectrophiles, can be used for many transformations.'*~"*

However, few applications of the carbonyl, @- and p-carbon
atoms of the 1,3-biselectrophile are used for cascade
reactions.®>1011¢12b5134 A hovel methodology for the con-
struction of pyrrolo[3,2-c]quinoline could efficiently promote
the total synthesis of Martinella alkaloids. As our group is
working on the development of a practical NHC-catalyzed
stereoselecive cascade reaction based on a,f-unsaturated
acylazolium intermediates, ' in this paper, we report an efficient
NHC-catalyzed strategy for the synthesis of functionalized
pyrrolo[3,2-c]quinolines via a stereoselective cascade reaction of
tosyl-protected o-amino aromatic aldimines and 2-bromoenals
(Scheme 1). Three new bonds and three consecutive stereogenic
centers are established thus, in a single cascade sequence.

Scheme 1. NHC-Catalyzed Stereoselective Cascade Reaction
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Initial studies screened N-heterocyclic carbene catalysts for
their ability to promote the stereoselective cascade reaction of
tosyl-protected o-amino aromatic aldimine 1a and 2-bromoenal
2a (Table 1). Treatment of 1a and 2a with catalyst 3a (10 mol %)
and 1,8-diazabicyclic[5.4.0]undec-7-ene (DBU) (1.1 equiv) in
dichloromethane gave the desired product 4a in 20% yield, 1:2
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Table 1. Optimization of Reaction Conditions”
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base, solvent, rt, 1 h

cat 3a

entry cat. base solvent  yield (%)° dr® ee (%)
1 cat. 3a DBU DCM 20 1:2 >99

2 cat. 3b DBU DCM 44 1:1 >99

3 cat. 3b NEt; DCM SS 1:1 >99
4 cat. 3b Cs,CO;4 DCM 50 1:1.6 >99

S cat. 3b DABCO DCM 52 15:1 >99

6 cat. 3b DABCO CH,Ph 53 S:1 >99

7 cat. 3b DABCO THF 52 6:1 >99

8 cat. 3b DABCO MeCN 53 4:1 >99

9 cat. 3b DABCO DCE 59 >25:1 >99
10°¢ cat. 3b DABCO DCE 64 >25:1 >99
1Y ct3b DABCO  DCE 71 >25:1 >99
128 cat. 3b DABCO DCE 92 >25:1 >99
“Reaction conditions: 1a/2a/base = 1:1:1.1 (molar ratio). “Isolated

yleld “Determined by '"H NMR (400 MHz) of the crude product.
“Determined by chiral HPLC analysis. “1a/2a = 1.25:1 (molar ratio).
f1a/2a = 1.5:1 (molar ratio). ®1a/2a = 1.75:1 (molar ratio).

dr, and >99% ee (entry 1). For (E)-ethyl 2-((2-(4-methyl-
phenylsulfonamido)benzylidene Jamino )acetate (1a’), trace de-
sired product was formed. The results show that the cyclization
reaction is benefiting from the favorable pK, and the Thorpe—
Ingold effect of malonate.* When this reaction was performed in
the presence of catalyst 3b (10 mol %), which derived from
(2S,1R)-amino indanol, a distinct improvement in the yield was
observed (entry 2). For entries 3—S, the effect of the bases was
examined. The results showed that the use of DABCO favored
the stereoselective cascade reaction with high diastereoselectivity
(15:1 dr) being afforded (entry S). Further screening of the
solvent revealed 1,2-dichloroethane (DCE) was the best choice
and the desired product was obtained in 59% yield with excellent
diastereo- and enantioselectivities (entry 9). To further improve
the yield, the molar ratio of the substrates was optimized. The
results demonstrated that 1.75 equiv of aldimine la gave the
product 4a in 92% yield, >25:1 dr, and with >99% ee (entry 12).
When the substrate with a Boc group was used for protecting the
aromatic amine, and used for this asymmetric cascade reaction,
the adduct was obtained in 43% yield, 2:1 dr, and 98% ee. Based
on the above results, the optimal conditions that were found for
the preparation of 4a used catalyst 3b (10 mol %) and DABCO
(1.1 equiv) in DCE at rt.

Under the optimal conditions, the generality of the NHC-
catalyst 3b-promoted cascade reaction was investigated (Table
2). When the reactions of tosyl-protected o-amino aromatic
aldimine la and 2-bromoenals 2a—20 were examined, the
products 4a—40 were obtained in excellent diastereo- and
enantioselectivities (entries 1—15). The less sterically hindered
substituted 2-bromoenals (except entry 10) gave good yields
ranging from 81% to 94% (entries 1, 3—9, and 14). On the other
hand, the 2-chlorophenyl and 1-naphthyl substituted 2-
bromoenals resulted in a lower yield due to steric hindrance
(entries 2 and 13). The cascade reaction for 2-bromo-enals 2j—21
and 20, which contain electron-rich aromatic rings or strong
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Table 2. Substrate Scope of the NHC-Catalyzed Cascade
Reaction”

EtO,C

COEt N COaEE

RIS CO,Et Rz/\rCHO cat S (0mol%) |~ L S=R?
A TS Br DABCO, DCE, it, 1h R ,—(;fIH
1a-1¢c 2a-2p -|Ns ©
4a-4r

yield ee

entry R! R? prod (%)b dr® (%)?
1 H (1a) Ph (2a) 4a 92 >25:1  >99
2 H(la)  2-CICH,(2b)  4b 73 >25:1  >99
3 H (1a) 3-FC¢H, (2¢) 4c 81 >25:1  >99
4 H (1a) 3-CIC¢H, (2d) 4d 87 >25:1  >99
S H(la)  3BrCH, (2¢)  4e 83 >25:1  >99
6 H (1a) 4-FC¢H, (2f) 4f 88 >25:1  >99
7 H(la) 4CICH, (2g) 4g 92 >25:1  >99

8 H (1a) 4-BrC¢H, (2h) 4h 94 >25:1 98.8
9 H (1a) 4-MeC¢H, (2i) 4i 90 >25:1  >99
10 H(1a) 4-MeOC(H, (2§)  4§° 78 >25:1  >99
11 H(1a) 4-CF,C¢H, (2k) 4k 74 >25:1  >99
12 H@la) 4NO,CH, (21) 4 63 >25:1  >99
13 H(la) 1-naphthyl (2m)  4m 71 >25:1  >99
14 H(la) 2-naphthyl (2n)  4n 83 >25:1  >99
15 H(1a) 2-thienyl (20) 40 68 >25:1  >99

16 H(la)  Me (2p) 4p° 79" 3:1 982
17 5-Cl(1b) Ph (2a) 4q 77 5251 >99
18  S-Br(lc) Ph(2a) 4r 76 >25:1  >99

“Reaction condltlons 1/2/catalyst 3b/DABCO = 1.75:1:0.1:1.1

(molar ratio). “Isolated yield. “Determined by 'H NMR (400 MHz)
of the crude product. “Determined by chiral HPLC analysis. “Reaction
time: 2 h. /Total yield of two diastereoisomers.

electron-withdrawing groups, gave the products in moderate
yield (entries 10—12 and 15). For alkyl-substituted 2-bromoenal
2p, product 4p was afforded in 79% yield" with 3:1 dr and 98.2%
ee (entry 16). In addition, substituted tosyl-protected 0-amino
aromatic aldimines 1b and 1c¢ were also investigated. The desired
products were accessed in moderate yield with excellent
diastereo- and enantioselectivities (entries 17—18). To validate
the influence of the stereochemistry of the 2-bromoenal, (E)-2-
bromo-3-(4-fluorophenyl)acrylaldehyde (2f') was used for this
reaction and the product 4f was obtained in 62% yield with 3:2 dr
and >99% ee.

The absolute configuration of the products was determined to
be (3R,3aS,9bR) by using X-ray crystal analysis of compound 4b
(Figure 2). Other product configurations were assigned
tentatively by analogy. In addition, the effect of the ee value of

Figure 2. X-ray crystallography of compound 4b.
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the catalyst on the products was investigated. The results
revealed a positive nonlinear effect (Figure 3), which suggested

—
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Figure 3. Nonlinear effect.

that the NHC catalyst of the opposite absolute configuration
accelerates the rate of this stereoselective cascade reaction. The
potential ultility of this stereoselective cascade reaction was
demonstrated by a gram scale synthesis (Scheme 2); the reaction
proceeded smoothly, affording the adduct 4h in 93% yield, >25:1
dr, and >99% ee.

Scheme 2. Gram Scale Synthesis of the Adduct 4h
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A plausible catalytic cycle for this cascade reaction is outlined
in Figure 4. The catalytic cycle begins with the addition of the
NHC catalyst to 2-bromoenals 2 to generate Breslow
intermediate I, which is then transformed into III through
tautomerization and debromination. The Michael addition of
tosyl-protected 0-amino aromatic aldlmme 1 to intermediate III
from the re-face provides enolate IV." It undergoes intra-
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Figure 4. Proposed catalytic cycle.
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molecular Mannich reaction and lactamization to give the desired
product 4.

In conclusion, we have developed an efficient NHC-catalyzed
stereoselective Michael-Mannich—lactamization cascade reac-
tion of tosyl-protected o-amino aromatic aldimines and 2-
bromoenals for the synthesis of functionalized pyrrolo|3,2-
c]quinolines. The products with three consecutive stereogenic
centers were obtained in good yields with excellent diastereo-
and enantioselectivities under mild reaction conditions. A gram
scale synthesis of functionalized pyrrolo[3,2-c]quinoline and the
nonlinear effect of the NHC catalyst have also been investigated.
In addition, this approach is attractive due to the potential
utilization value for eflicient synthesis of Martinella alkaloids.
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