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ab stract— Amild strategy for constructing indolequinone motifs is described on the basis of the Sonogashira
reactionand a copper-catalyzed intramolecular cyclization cascade reaction. The first step involves the palladium-and

copper-catalyzed reaction between halogenated naphthoquinone and terminal acetylene to generate a coupling product, which

then reacts in a copper-catalyzed intramolecular cyclization withthe nitrogen functional group adjacent to the carbon-carbon

triple bond.
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Heterocycles, particularly indoles, are interesting
and valuable because they are widely found in
various biologically active natural and artificial
compounds.! Therefore, development of efficient methods
to synthesize these compounds continues to be an
active research area. In particular, the intramolecu-
which is

lar cyclization of o-alkynylanilines,

typically prepared from o-haloanilines via the Sono-
has been widely reported. 23
this method,

there are limited applications for synthesizing

gashira reaction,
Despite the early successes using
indolequinones. These motifs are often found in
antitumor agents such as mitomycin C* and EO09.°
Recently, Shvartsberg group reported the stepwise
synthesis of indolequinones from 3-acetylamino-2-
bromo-1,4-naphthoquinone and terminal acetylenes
by the Sonogashira reaction followed by the intra-
molecular cyclization of the isolated coupling prod-
ucts with K,CO, in MeCN at 80 C.5 Some signifi-
cant drawbacks of this method are the limitation of
substituents on naphthoquinone substrates and the
undesired elimination reactions during the cycliza-
tion step. In addition, we found that the dehaloge-
nated compound of starting naphthoquinone 1a was
gradually formed during the reaction with increas-
ing temperature. Thus, development of one-pot
synthesis of indolequinones under mild conditions is
still challenging in organic synthesis (Scheme 1).
Herein, we describe the development of a cascade
reaction for constructing indolequinone motifs
involving the Sonogashira reaction and intramolecu-

lar cyclization.

Sonogashira coupling Cascade reaction

Copper

Palladium

To screen the optimal reaction conditions,
2-bromo-3-(methylamino)naphthalene-1,4-dione (1a)
having an electron-donating substituent on amino
group was selected, because no coupling reaction
was observed under the reported conditions.® The
results are shown in Table 1. According to the
procedure in the Castro-Stephens reaction,” the
reaction of 1a with 4a (10 equiv with respect to
1a) in the presence of Cu,0 (1 equiv with respect
to 1a) and pyridine (50 equiv with respect to 1a,
pyridine:copper = 25:1) in DMF at room tempera-
ture was examined. However, no conversion was
Alternatively, adding of 3 mol % Pd

(OAc), to the reaction mixture showed a mild

observed.

conversion to the coupling product 2aa and the
cyclized product 3aa in 3% and 6% yields, respec-
tively (Table 1, entry 2).
pyridine (pyridine:copper = 10:1) did not give the

The use of 20 equiv of

desired product, while 100 equiv of pyridine
(pyridine:copper = 50:1) gave the desired product in
moderate yield (41%) (Table 1, entry 3). Moreover,
the use of 200 equiv of pyridine (pyridine:copper =
100:1) was not effective in increasing the yield
further, which suggests that the optimum amount of
pyridine is 100 equiv (pyridine:copper = 50:1). In
addition, using 200 equiv of pyridine decreased the
yield because of a slower cyclization process (Table
1, entry 4). The best result was obtained using 2.0
equiv of acetylene 4a with respect to 1a with a
reaction time of 24 h (Table 1, entry 5). Regardless
of the amount of acetylene, coupling reactions were

completed within about 4 h (TLC monitoring). We



speculate that the cyclization process starts from the
ligation of the acetylene moiety of the coupling prod-
uct 2aa to the copper atom. Therefore, decreasing
the amount of acetylene 4a probably made the cycli-
zation reaction faster. Decreasing the amount of
Cu,0O caused no cyclized products to form after 48 h
(Table 1, entry 6).! Meanwhile, increasing the amount
of Cu,0 or Pd(OAc), did not improve the yield either
(Table 1, entries 7 and 8). The reaction with other
copper(l) salts (CuBr, Cul)’ yielded trace amounts of
the cyclized product (Table 1, entries 9 and 10).
Using DMF as a solvent is not essential, although the
vield of 3aa slightly decreased in the absence of
DMF (Table 1, entry 11). 1°

tested as a substrate in this reaction, and a slightly

Todide 1b was also

better yield was obtained compared to that obtained
when using bromide 1a as the substrate (Table 1,
entry 12). Some palladium catalysts, such as Pd
(PPh,),Cl, and Pd(PPh,), were also used, but they
gave a lower yield of 3aa and formed byproducts

such as the dehalogenated compound of 1a.!

Scheme 1. Construction of indolequinone motifs.

— p?
- |
NHR' =
Sonogashira 0
coupling

Table 1

0O
J\% Cu
I

Further investigations were performed by varying the
substituents on pyridine. The results are summarized
in Table 2. Reaction of 1a with 2,4-dimethylpyridine
and 4-methylpyridine gave products 3aa in 33% and
55% yields, respectively (Table 2, entries 2 and 3),
while reaction with 2,6-dimethylpyridine, having a
sterically hindered nitrogen atom, gave no cyclized
product owing to the formation of unknown byproducts
(Table 2, entry 1). Triethylamine was ineffective in
promoting the coupling reaction of halogenated
naphthoquinone 1a with acetylene 4a, although it is
generally used as a base in the Sonogashira reaction
(Table 2, entry 4). These results suggest that pyridine
acts both as a base to deprotonate acetylene as well as
a ligand for promoting the reaction. Similar results
were reported as amine effects.!> Coordination of
pyridine to a dimeric or polymeric copper catalyst
possibly produced an active monomeric catalyst
(Scheme 2). Usually, bidentate or polydentate ligands
are known to

copper-mediated coupling

that

promote

reactions;*® our results showed monodentate

pyridine also promoted the coupling reaction.!®

R2 O
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— | [ J\:}—Rz
\[ hﬂ
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cyclization

Reaction of 2-bromo-3-(methylamino)naphthalene-1,4-dione with but-3-yn-2-0l*

OH
e 4a OH
0 \
pyridine -
O Ced B
NHCH; DMF
rt
o 1a: X =Br
1b: X =1
Entry Time (h) Alkyne 4a (equiv) Ratio of pyridine to Cu 2aa Yieldb(%) 3aa Yieldb(%)

1 48 10 10:1 trace 0
2 48 10 25:1 3 6
3 48 10 50:1 2 41
4 48 10 100:1 15 28
5 24 2 50:1 0 56
6; 48 2 500:1 10 0
7 12 2 25:1 0 52
8: 12 2 50:1 0 51
9 24 2 50:1 0 trace
108 24 2 50:1 <13 trace
1" 24 2 50:1 0 47
12! 24 2 50:1 0 62

a Substrate 1 (0.5 mmol), Pd(OAc)_ (3 mol%), CuZO (0.5 mmol), acetylene, and pyridine were stirred in DMF at rt.

2
b solated yield. ¢ Cu,0 (0.05 mmol) was used.
f CuBr was used instead of CuZO,

d Cu,0 (1.0 mmol) was used.
& Cul was used instead of CuZO.

h DMF was omitted.

¢ Pd(OAc), (10 mol%) was used.
' 1b was used as the substrate.
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In order to determine which species play an
important role in the final cyclization step, we isolated
the coupling product 2aa and tested it under various
reaction conditions.!* Following the optimized reaction
conditions shown in Table 1, we obtained less than 5%
of the cyclized product 3aa (Table 3, entry 1).
Meanwhile, almost no reaction occurred in the absence
of Cu,0 even if 1a was added to its reaction mixture
(Table 3, entries 3 and 4). These results suggest that
the cyclization is not induced by Palladium salts or
Ar-Pd-Br species!®
Sonogashira coupling. It is noteworthy that the

which are formed during the

reaction of 2aa in the presence of 5 mol % or 20 mol %
CuBr gave better results, and formed the cyclized
product 3aa in 9% and 45% yields, respectively (Table
3, entries 5 and 6). Furthermore, no conversion to 3aa
was observed and only the starting material 2aa was
recovered when the reaction of 2aa without acetylene
under the conditions used in entry 6 was tested (Table
3, entry 7). Shvartsberg also reported that
intramolecular cyclization of vic-amino
(alkynyl)quinones proceeded in the presence of cuprous
acetylide. Meanwhile, cuprous halides were not

6 Differently from pyridine, triethylamine

effective.!
was ineffective in promoting the cyclization reaction of
2aa (Table 3, entry 8). Thus, we suppose that CuBr

promotes the formation of cuprous acetylide and its

Table 2

pyridine complex plays a crucial role in the
intramolecular cyclization step.

Next, using the optimized reaction conditions found in
Table 1 entry 5, a series of halogenated
naphthoquinones 1 and terminal acetylenes 4 were
chosen to test the cascade reaction. The results are
summarized in Table 4. No coupling reaction occurred
when naphthoquinone was used with an unprotected NH,
group even on increasing the reaction temperature to
70 C (Table 4, entry 1). 7 Shvartsberg reported that
the coupling of halogenated naphthoquinone 1d with
various acetylenes gave only the coupling product.f
However, the coupling product, which initially forms
during the reaction between 1d and 4a, was converted
into the cyclized product 3da, along with the migration
of the acetyl group on the nitrogen atom to the adjacent
hydroxyl group (Table 4, entry 2). Acetylene 4b
containing the tertiary alcohol moiety was also tested.
The reaction of 1a with 4b gave the cyclized product
3ab in 63% yield after 24 h (Table 4, entry 4).
Differently from this result, the acetyl group of the
cyclized product 3db was simultaneously eliminated to
give alkene 5db in 61% yield when the reaction of 1d
with 4b was carried out at rt. On the other hand, the
coupling reaction was not observed at 0°C. To obtain
the desired product 3db, reaction temperatures were

carefully controlled.

Effect of pyridine on the formation of coupling product 2aa and cyclized product 3aa®

o 0”43 OH
0] T : 0 0]
Br base =
soui Nqgefiices
NHCH3 DME NH N OH
0] 13 rt O CH3 2aa O CH3 3aa
5 T N B 2aa 3aa Recovered 1a
ntry ime () e Yield(%) Yield(%) Yield°(%)
X
1 96 | P 0 0 17
N
2 48 | N 0 33 43
N/
3 24 | N 0 55 5
N/
4 48 Et;N Trace 0 66

a Substrate 1a (0.5 mmol), Pd(OAc), (3 mol %), Cu,0 (0.5 mmol), acetylene (1.0 mmol), and base (50 mmol) were stirred in DMEF at rt.

b Isolated yield.



Scheme 2 Proposed mechanism of copper- and/or palladium-catalyzed coupling and cyclization
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Table 3

Effect of additives on the conversion of coupling product 2aa to cyclized product 3aa®

_(OH
OH TN 4a
0 /l\ additive o)
e o
= pyridine
/‘| ~|~/ Pd(OAc),, Cu0 K | I_M
= : . i
: \ﬂ/\ NHCH; DMF N OH
O 2aa i, 24 h 0  CHzzaa
Entry Additive 3aa Yield® (%)
1 - <5
2 - <5
3¢ - Trace
44 1a (20 mol %) Trace
5 CuBr (5 mol %) 9
6 CuBr (20 mol %) 45
/ i CuBr (20 mol %) 0
8f CuBr (20 mol %) Trace

a Substrate 2aa (0.08 mmol), Pd(OAc), (3 mol %), Cu,0 (0.08 mmol), acetylene
4a (0.08 mmol), and pyridine (8.0 mmol) were stirred in DMF at rt for 24 h.
bIsolated yield.

¢ Without Pd(OAc),.

d Without Cu,0.

e Without acetylene 4a.

fEtSN was used instead of pyridine.

After stirring for 2 h at rt, the reaction mixture was
cooled to 0 C and stirred for an additional 10 h. Finally,
3db was obtained in 28% yield (Table 4, entry 3). These
motifs could not be obtained by the reported method.®
Reactions of 4c, 4d, 4e, and 4f, which bear an aryl group
on the

gave the corresponding

3ad,

alkynyl moiety,

3ac, 3ae, and 3af,

2-arylindolequinones
respectively, in moderate yields (Table 4, entries 5-8).

It is noteworthy that the reaction with

1-bromo-4-ethynylbenzene (4f) afforded the desired

product 3af without loss of the halogen substituent,
although the palladium catalyst was present. Alkynes
bearing an alkyl substituent reacted smoothly with
halogenated naphthoquinone 1a to give the desired
product 3ag in moderate yields (Table 4, entry 9).
Finally, halogenated naphthoquinone having a hydroxyl
group on the aromatic ring was tested because such a
phenolic hydroxy group is commonly seen in naturally
higher  reaction

occurring naphthoquinones.’® A

temperature (80°C) was required to obtain 3ea,
demonstrating that the reactivity of bromide 1e is rather
lower than that of bromide 1a (Table 4, entry 10).1° A
satisfactory result was obtained when using iodide 1f as
the substrate (Table 4, entry 11).

In conclusion, we have developed a cascade reaction
based on the Sonogashira reaction and the subsequent
cyclization. We have demonstrated a mild and general
one-pot  method for  constructing substituted
indolequinones. We have also shown that Cu,0 is the
best copper catalyst. In addition, we have found that
pyridine, which acts both as a base and a ligand in this
cascade reaction, is required in large equivalent excess
to copper metal. The detailed mechanistic studies,
catalytic version, and future applications of this strategy
be reported in

are under investigation and will

duecourse.
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Table 4

Effect of varying substituents on the conversion of naphthoquinones 1 to cyclized product 3aa®

=R%4 ;
2 RZ O
R® 0 X pyridine
o Nggnt
NHR! DMF N
1
o 1 rt, 24 h 0 R" 3
Entry Substrate R} Product Yieldb(%)
o)
Br
1e C’l " CH(OH)CH; (4a) 0
O 1c
[e] o
Br
d A\
2 NHAC CH(OH)CH3 (43) Oq H OAC 48
0 1d O 3da
o o
Br
e A\
w0 QO comane QL0 2
3 1d 0 3db
o
\
y
Il H
0 5db
[e] (o]
Br
A\
4 NHMe C(OH)(CH3)2 (4b) Oq N OH 63
0 1a o bHs 3ab
o] o
Br
S s T R ¢ « SR
3 1 I
a O 3 3ac
(e} [o}
Br
o OO ewecnen  CUO= @
J o tH 3ad
la
(o] e}
Br
N
7 O‘ poFCHa (de) LR~ 43
3 1a o tH 3ae
[e]
Br ©
6 GRS o= v S
0 1a R 3af
[e] 5 o
9 NHMe CH,CH,Ph (4g) O‘Il Nt 56
: 1a o B 3ag
OH O OH O
Br
, \
1072 NHMe CH(OH)CH; (4a) O‘l . 58
o le 5 tHy 3ea
OH O OH O
e Y b
NHMe CHOMCH: (4a) geead 82
O 1if O O 3eq

a Substrate 1a (0.5 mmol), Pd(OAc), (3 mol %), Cu,0 (0.5 mmol), acetylene 4 (1.0 mmol), and pyridine (50 mmol)

were stirred in DMF at rt. b Isolated yield. ¢ At 70 C.

d Reaction time was 4 h. e At rt for 2h, then at 0 C for 10 h. fAt 80 C.

g Reaction time was 1 h.  h 200 equivalents of pyridine were used.
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Scheme 1. Construction of indolequinone motifs.
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2. DMFJEEAE T Cid3aad b 22k L 7=
(Table 1, entry 11) » ¥ RKAEKIbIZDNWTE ZDK
JRDOHE & L THWZEZ A, HEIZTuEK1a% il

U 72B8218 5 72 ERIC R DI BOIER S
5M7z (Tablel,entry12) . ¥ X (M) 7z =LK X

T4v) 87V a (1) Yrul) FRT T F2
()T z=hkh 274 V) 287994 (0) DS
BN DD T7 VY AW, Saak KR
5hd. 1adffi v Auba & v - 72Fl)

A DI 6 7z,

TL A

Cu

9/”

intramolecular
cyclization

Reaction of 2-bromo-3-(methylamino)naphthalene-1,4-dione with but-3-yn-2-0l?

Entry Time (h) Alkyne 4a (eq) Ratio of pyridine to Cu 2aa Yieldb(%) 3aa Yieldb(%)
1 48 10 10:1 trace 0
2 48 10 25:1 3 6
3 48 10 50:1 2 41
4 48 10 100:1 15 28
5 24 2 50:1 0 56
6; 48 2 500:1 10 0
7 12 2 25:1 0 52
8 12 2 50:1 0 51
9 24 2 50:1 0 trace

108 24 2 50:1 <13 trace
" 24 2 50:1 0 47
12! 24 2 50:1 0 62

2 Substrate 1 (0.5 mmol), Pd(OAc) (3 mol%), Cu O (0.5 mmol), acetylene, and pyridine were stirred in DMF at rt.

b Tsolated yield. ¢ Cu,0 (0.05 mmol) was used.
f CuBr was used 1nstead of Cu 0.

d Cu,0 (1.0 mmol) was used.
g Cul was used 1nstead of Cu 0.

¢ Pd(OAc), (10 mol%) was used.
h DMF was omitted.” i 1b was used as the substrate.
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) U VBERE T, X5 ET o2, %
DFERNTable 212 EHENT NS, 24—V X F)L
BV UVHENWEA—IAFILEY DV EHWZ1aD
RIS TiE. AEk3aar 2 2h33%. 55% CfH7%
(Table 2, entry 2,3) o —FH. MAKMIZREF L &k 5%
FHRFE2E026— Y AFLE Y DV EHWERIGT
. RRIOFNEERYI R & N7z 72 D BRACAE B 3 4
{fFehikhro>72 (Table 2, entry 1) o MU ZFILT
IvidnuerALF 7 ¥ v1ak 7w F L vd4ad
By T VT RISOMEEI IR L 572, L
L. MY ZFLT I VIFEERISOHEHEE U T
IZHWHN TS (Table 2, entry 4) » 245 DOFEHR
. YD YRTEFLYERT O LT AL
KIS 2 ) 7Y FOMFOR#EEZR2ZL Tn5
ZEERLTWDE, BZHL HikD Z2VIELEED
AN E ) OV HEIT S Z LT SR ERARO
MR XD (Scheme 2)

T PR T F 7213 B PEE TR & D L
ENdHy 7)) v IRIBEREST S Z Ao TE
D, fosk ORI, HERNTL 2 v 7)) VI RIBE
ML 722 L 2R L7z, RBEDOBLAT v 7 THE KL
FEZREZLTCWSIMARET S0, hy T o
EE2aak Bk L. B4 2 BN THRE £ 1T 5
720 Tablel T/R U 7zt St T, o4 135%LL T OER1L
AR %1372 (Table 3, entry 1) o —J5. L& (1)
AL T TR, & Alaz RIDETRIZI A T & Kb
IFLAEHIT U 572 (Table 3, entry3,4) . 2415
DORERIE, BRALKIG 2 HEER I HFICTBR 235 9
T LB B 0IEAr - Pd - Brifiic X DfE I Tk
WZEE/RLTWS, dFHTANRZIE, Smol% % 7213
20mol% D ELALS (1) %A 7z2aad KBAs RO fER %
7256 L. ThZh9%. 45%NFE CRILE K Y3aa%

R L72=Z & TH5 (Table 3, entry 5,6) » & 512,
entry6 DRGSR F, 72 F L YV E2MA KWIRA,
BaaN\DOZA R 5N g, WY E2aad A2 EIL X 7L
72 (Table 3, entry 7) . Shvartsberg®d vis—7 I /
(TF=)) F 7 0O FNELSET £FY) FAF
EFTEITLAEZEREL TS, — ., ey /L
FIROTIE A 572, BV VY TIEAL, P TF
L7 XY Tid2aad BRI IGDIEEIZ R RIS & H - 7=
(Table 3, entry 8) .

L7enio T, RAGRE 1) 28725 FOBK
AL, Zhov) ¥ Uk g NEIC W T
FERE AR L TR LA SNIZL,

RIZ, Table 1, entry 5 TR U 7z ieid &4 % FH .
HAT — FRISOBRETD7z01c—donay vt 7
MR VIERIRT £ F L VAERAE ., T ORI,
Table 4ICF LB S5NT 5, MERFED T I/ HHHRES
L=+ 7 b7 vEMOEER RINRET0OCTE A v
T VIR HEIT LU 572 (Table 4, entry 1) o
Shvartsbergid/ a7 Vb + 7 /7 1dEfEAD T
YFLVEDH T VY IRIBTIE S v T VK
MDA ONIZEHREL TS, L2rLAERS, 1d
LdaD s, mANZIBKT 25 915 T v SR
. ERETF O T L F LR L KBRS S
Z L TRILAERIBdalc &t & h 7z (Table 4, entry 2) .
tert-T A= LN &= G 7 F L V4bE Wz, 1a
EAbD B TR, S 2415 TEALE R M13ab s
63%INHETHEN, ZOMREIEZELD, 1dL4bD
JG & B TIT - 7238554, BRALERY3dbD 7 £ F )L
FENBAL & RIREIZHEEE L. 61%INET T L »5dbA
Roh, —H., KIBEEOCTEY v 7V v 7 Kb
HEIT LA 5 72, BRAEKRYSdb A% 720 . KIS
SRR < e S e,

Table 2 Effect of pyridine on the formation of coupling product 2aa and cyclized product 3aa®

o }<4a

Br base
O‘ Pd(OAc),, Cu 0 O‘
_TENTIRET
NHCH; NH

DMF

OH

==

(8]
LI
N oH
O

0 1a rt (I:|-|3 2aa CHs 3aa
. 3aa Recovered 1a
E Time (h
ntry me (b Base Yield'(%) Yield'(%) Yield"(%)

1 9% |\ 0 17
N/

2 48 N 33 43
I .

3 24 55 5
AN
I P

0 66

4 48 EtsN

a Substrate 1a (0.5 mmol), Pd(OAc), (3 mol %), Cu,0 (0.5 mmol), acetylene (1.0 mmol), and base (50 mmol)

were stirred in DMF at rt. b Isolated yield.



Scheme 2 Proposed mechanism of copper- and/or palladium-catalyzed coupling and cyclization

RZ O
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Table 3 Effect of additives on the conversion of coupling product 2aa to cyclized product 3aa®

OH

OH o ;\ 4a
(o] additive
== pyridine
“ Pd(OAc),. Cu,0
48
NHCH3 DMF
O 2aa .24 h
Entry Additive 3aa Yield® (%)
. = a Substrate 2aa (0.08 mmol), Pd(OAc), (3 mol %), Cu,0 (0.08 mmol),
2 _ < acetylene 4a (0.08 mmol), and pyridine (8.0 mmol) were stirred in
e B ‘Trace DMF at rt for 24 h.
4¢ 1a (20 mol %) Trace bIsolated yield.
5 CuBr (5 mol %) 9 ¢ Without Pd(OAc),.
6 CuBr (20 mol %) 45 d Without Cu,0.
Tr'l “ Cubr (20 mol %) 0 e Without acetylene 4a.
8 CuBr (20 mol %) Irace

FEI T2 L 2%, RIS AOCIZWHAIL, &5
ICTOBEMIRFR L 72, A% M9IZ, 3dbld28%INFETH S
172 (Table 4, entry 3) o 6 DILAYNT. W&
NTWBFETIELRTOEL, 7L F ZILERIC
FiEBRAEAT b4c. 4d. de. MONIBIX. ThZhh
FEONETHIET 54 F—IL%* / »3ac. 3ad.
3ae. Jafx 527z, EHITNREEZ, 1-TuE—4—x
FIARVEY (M) EDORIBH. 787 V7 LT
FENICE bbb uyr VBRIEO RS < B
EkBafaGoh/-2LTh b, TILFILERRIEE
BOTAF VG, harvfbF T F R vakw <
DRI L. HFEEOINETHKNEKYIBags 5 4 72
(Table 4, entry 9) .

RIS, 72/ = WEKRERIEDRIRICAFET 5T 7 b
FIOVIZERONB I Lo, HERICIKBELH
FTarnur b F 7 b F 7 Y EHOKIGET - 72,

f Et,N was used instead of pyridine.

Bea® 32 = ICmWIBIRE (80C) MHuHEHL Xk
D, ZhiZ7 o EEK1eDutE2 7 v EK1alZ bR
PEDEKNZ E AR L T35 (Table 4, entry 10) .
FEEIC 3 R IEAE OB, e v < KSR
5M7z (Table 4, entry 11) .

fham e UC, A IXEERIL & 2 A < BRILRb &
HMEE Leh 20 — FIRISEFFEL 72, Fo4 skt
A4 Y F—LF ) v ERET 5 720 OMBAIT Ak
MDd 27 YRy FEREERL 2, AT
G L7 ch BT L emL, AT, &4
W ZOH 2T — FRIBIZEWTHEIE ) 7V F Ol
OEEERETED Y d, SEEICN U TR 4
WL INBZ AR U, il 2 7 =X 4, fillfE
ft. ZOWIED X 5% 2 5HIE%EHTH D, e W
HTLITVETH D,
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Table 4

Effect of varying substituents on the conversion of naphthoquinones 1 to cyclized product 3aa®

, = R34 R?
0
R® O pyridine
U 7o (O e
- R
NHR' DMF N1
LA i, 24 h o R'3
Entry Substrate R} Product Yieldb(%)
o]
Br
C
1 CQ " CH(OH)CH; (4a) 0
0 1c
o (o]
Br
¢ O o O, i
] 1d 5 " 3da
o o]
Br
3¢ NHAc COM(CH: - (4b) O‘ oAe 28
§ 1d 6 3db
o
3\
y
I H
0 5db
o
Br
4 e C(OH)(CHs): (4b) O‘l ¢ 63
1a 6 B 3ap
o
Br
\
5 NHMe Ph (4C) O‘ N o 44
1a l CH, 3ac
[e]
Br
6 p-MeOCsH, (4d) O‘Il W 52
IS

Hs 3ad

p-FC6H4 (49)

) 43

1a & o 3ae
Br o
; I I o on'e S
1a R 3af
Br i
9 - CH,CH.Ph (4g) I e 56
e
1a o B 3ag
OH O
Br
G ¢ o S
le 5 th 3ea
OH O OH O
11Feh ' \
O‘] CH(OH)CH:; (4a) O‘l )
[ NHMe i N OH
O 1f 0 O 3eq

a Substrate 1a (0.5 mmol), Pd(OAc), (3 mol %), Cu,0 (0.5 mmol), acetylene 4 (1.0 mmol), and pyridine (50 mmol)
were stirred in DMF at rt. b Isolated yield. ¢ At 70 C.
d Reaction time was 4 h. e At rt for 2h, then at 0 C for 10 h. fAt 80 C.

g Reaction time was 1 h. h 200 equivalents of pyridine were used.
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