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Strategies have been developed for the synthesis of 2-substituted indoles and indolines starting from acyclic a-phosphoryloxy enecarbamates.

A highly chemoselective cross-coupling of ~ N-(o-bromophenyl)- o-phosphoryloxyenecarbamates with boron nucleophiles enabled the efficient
preparation of various  N-(o-bromophenyl)enecarbamates, which served as useful precursors for subsequent Heck-type cyclization or 5- endo-
trig aryl radical cyclization to furnish 2-substituted indoles or indolines, respectively.

Utilization of alkenyl phosphates in palladium(0)-catalyzed more stable than the corresponding triflates. In addition,

reactions, pioneered by Oshima and co-workéxas recently

reagents for phosphorylation, such as diphenylphosphoryl

gained much attention among organic chemists due to theirchloride, are less expensive than conventional triflating agents

potential as substitutes for triflate counterpdrialkenyl

[e.g., trifluoromethanesulfonic anhydride Bkphenyl bis-

phosphates are easy to prepare and handle because they af&ifluoromethanesulfonimide)]. However, the reactivity pro-
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file of alkenyl phosphates remains largely unexplored despite
their potential to expand the scope of palladium(0)-catalyzed
processes. An understanding of the reactivity difference
between alkenyl phosphates and other functionalities, such
as aryl bromides/chlorides, is essential for the successful
design of sequential or cascade processes involving pal-
ladium(0)-catalyzed reactions.

We reported that SuzukiMiyaura coupling with cyclic
o-phosphoryloxy enol ethers is a powerful process for the
convergent synthesis of marine polycyclic ether natural
products’* However, acyclica-phosphoryloxy enamides/
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enecarbamates have not been used in palladium(0)-catalyze || | |  EGEGTGTGTNGNGNGEGEGEGEEEEEEEEEEEE

processes despite their potential utility in the synthesis of
nitrogen heterocyclesWe recently reported the first suc-
cessful application of acyclia-phosphoryloxy enecarbam-
ates to the synthesis of indole-2,3-quinodimethanes ah 2-(
alkoxycarbonylamino)-1,3-dienes and demonstrated their
versatility in the Heck reactiohAs part of our studies on
the exploitation ofx-phosphoryloxy enamides/enecarbamates
in the palladium(0)-catalyzed synthesis of nitrogen hetero-
cycles! we describe herein strategies for the synthesis of
2-substituted indoles and indolines starting from acyclic

a-phosphoryloxy enecarbamates based on a highly chemo- ;

selective SuzukiMiyaura coupling.

Scheme 1. Concept of the Present Work
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Table 1. Chemoselective Cross-Coupling ®fwith
Phenylboronic Acid

Pd(PPh34
L o 0 0y 0L
OPh CS CO. N Ph
sol%/entstemp B°° Boc
2 6a 7
% yield
entry substrate solvent temp (°C) 6a 7
2 1,4-dioxane 60 47 24
2 1,4-dioxane/H20 (10:1) 50 72 0
3 2 THF/H20 (10:1) 50 8 0
4 2 DMF/H0 (10:1) 50 90 0
50 2 DMF/H0 (10:1) rt 52 0

a All reactions were performed with 10 mol % of Pd(RRh1.1 equiv
of PhB(OH), and 3 equiv of C£0;. Yields are overall froni. P Nap,COs
was used as a base.

with 2, phenylboronic acid, Pd(PBh and CsCOs in
dioxane at 60°C, the desired enecarbam#&awas isolated

in 47% yield (from1) along with a considerable amount of
indole 7 (entry 1). To suppress the formation @f we
surveyed a series of reaction conditions and found that the
addition of HO as a cosolvent dramatically increased the
yield of 6a. Thus, employing Pd(PRBJ catalyst and Gs
CO; in 10:1 dioxane/HO at 50 °C, the cross-coupling
proceeded smoothly and without incident, gividain 72%
overall yield from1 (entry 2). Further examination revealed
that 10:1 DMF/HO is the best solvent for the cross-coupling;

Scheme 1 illustrates our strategies for the synthesis ofa remarkable chemoselectivity was attained under these

2-substituted indoles and indolines starting from acyclic

conditions, andsa was isolated in 90% vyield (entry 4). On

o-phosphoryloxy enecarbamates. Thus, a highly chemose-the other hand, when the reaction was performed at room

lective cross-coupling afi-phosphoryloxy enecarbamae
readily derived from the corresponding imiti®y treatment
with KHMDS and (PhO)P(O)Cl, in the presence of an aryl
bromide would giveN-(o-bromophenyl)enecarbamaeThe
Heck-type cyclization o8 would afford 2-substituted indole
derivative 4. On the other hand, Bndotrig aryl radical
cyclization of 3 would furnish 2-substituted indoling,
although this type of cyclization is generally disfavored
according to Baldwin’s rule%.

We first examined a chemoselective cross-coupling of
o-phosphoryloxy enecarbamaevith 1.1 equiv of phenyl-
boronic acid (Table 1). When the reaction was performed
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temperature, the yield da declined (entry 5). Thus, under
the aqueous SuzukMiyaura conditions, the reactivity order
o-phosphoryloxy enecarbamate aryl bromide is estab-
lished.

We then investigated the Heck-type cyclization6afas
summarized in Table 2. Although there are reports on the

Table 2. Screening of Conditioris
X Pd(PPh)y

@[ J\ base, solvent Ejj\
goc Ph temp (°C) goc Fh

6a: X =Br 7

6b: X=H
entry base (equiv) solvent temp (°C) % yield
1 K2COs3 (3) DMF 100 48
2b.c K2COs3 (3) CH3;CN 80 71
3be EtsN (10) DMF 100 76
4b EtsN (10) DMF 100 94
5b i-ProNEt (10) DMF 100 38
6 PMP (5) DMF 100 18

2 All reactions were carried out for 224 h unless otherwise noted.
Yields are overall froml. P Reactions performed in a sealed tube.
¢n-BusNCI (1 equiv) was used as an additive.
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Heck-type cyclization of related enamines and enamino-

nes!®l! jts application to the synthesis of 2-substituted

indoles has been less explored and, to the best of our

knowledge, the use df-alkoxycarbonyl derivatives in such

reactions oB—12 were efficiently achieved, affording 2-aryl
and 2-heteroaryl indolek3—17in good to excellent yields

We next investigated a cross-coupling/cyclization cascade
starting froma-phosphoryloxy enecarbama2e exploiting

reactions has not been reported. We initially performed the its unique reactivity profile (Scheme 2). In the previous

cyclization of6a using 10 mol % of Pd(PRJ and K;COs

as a base in DMF at 10T (Table 2, entry 1). The desired || NN

N-Boc-2-phenylindole’ was isolated in 48% yield, and the
major byproduct was the dehalogenatdd (22%). On the
other hand, under the Jeffery conditidfithe desired product

7 was cleanly obtained in an improved 71% vyield, and the

formation of 6b was completely suppressed (entry 2).

Employing EtN as a base, further enhancement of the yield

was attained (entries 3 and 4). Thus, exposuréafto
catalytic Pd(PP¥), and EtN in DMF at 100°C afforded7
in 94% yield. Changing the baseit®rLNEt or 1,2,2,6,6-penta-

methylpiperidine (PMP) was found to be detrimental due to

Scheme 2. Suzuki-Miyaura Coupling/Heck-Type Cyclization

Cascade
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L Bom L
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the significant dehalogenation as a side reaction (entries 5€xperiment, we unexpectedly isolated indotes a byproduct

and 6).

Having secured reliable conditions for the cross-coupling
and cyclization processes, application of the present strategy,

in 24% yield when cross-coupling @with phenylboronic
acid was performed in anhydrous dioxane at6{see Table

1, entry 1). Under these conditions, however, further conver-
ion of enecarbamat2 to indole 7 stalled after ca24 h.

to a variety of substrates was investigated, and the reSUItSEIevation of temperature (LOC) and/or prolonged reaction

are summarized in Table 3. Suzulliyaura cross-coupling

Table 3. Application to a Variety of Substrates

entry boronic acid enecarbamate

Br
T, L)
OMe Boc Boc
OMe OMe

8: 95% 13: 71%

Br
o T O
Cl Boc Boc
Cl Cl

9: 89% 14: 59%

Me Br
Ll COLE O
N N

indole

Me

15: 91%
L
|

N
Boc || Boc || »

Boc Boc

10: 86%

11: 100%

@EBF
N S

12:97%

16: 54% (44%)°

|
N S
Boc || Y,

17: 63% (31%)°

(HO),B

S
L

a Cross-coupling reactions: Pd(P#h(0.1 equiv), CsCO; (3 equiv),
boron nucleophile (1.1 equiv) in 10:1 DMFB at 50 °C. Cyclization
reactions: Pd(PRJ (0.1 equiv), EfN (10 equiv) in DMF at 100°C.
bYields in parentheses are the correspondirdeprotected indole.

of 2 with a range of arylboronic acids proceeded without
incident to give enecarbamat8s-12 without touching the

time proved to be ineffective. After several attempts, we
found that consecutive cross-coupling/cyclization could be
realized using 10 mol % of Pd(PRh CsCO; (3 equiv),
arylboronic acid (1.1 equiv), and-Bu;NBr (1 equiv)? in
10:1 DMF/H,0O at 50-70 °C. Under these conditions, we
isolatedN-Boc-2-substituted indole derivativés 13, and
14 in good yields.

Finally, 5-endotrig aryl radical cyclization of enecarbam-
ates6aand8—11was examined. It is well-known thatéxc
trig radical cyclization is a powerful strategy for the
construction of 3-substituted indoline derivativéslo the
best of our knowledge, however, there has been no report
of the application of fendetrig radical cyclization for the
synthesis of an indoline systefé To our delight, treatment

(10) For early examples see: (a) lida, H.; Yuasa, Y.; Kibayashi].C.
Org. Chem.198Q 45, 2938. (b) Kasahara, A.; lzumi, T.; Murakami, S.;
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1997, 62, 8868.
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of 6a and 8—11 with BusSnH in the presence of catalytic in the presence oft-BuOH in THF/HMPA'" at room
AIBN in toluene at 100°C (method A) gave a series of temperature (method B). The latter method affords 2-sub-
2-substituted indolined8—22 in moderate to good yields stituted indolines in somewhat better yields and eliminates
(Table 4). Furthermore, we found that radical cyclization the need for tedious chromatographic separation of tin
byproducts.
In conclusion, the present study clearly demonstrates the
Table 4. 5-endotrig Aryl Radical Cyclization synthetic utility_of acyclioa-phosphoryloxy e_necarbamafces
A: n-BusSnH, AIBN as novel versatile precursors in the synthesis of 2-substituted
@B' toluene, 100 °C ©\_/L indoles and indolines. We found that the addition of water
N“ R B: Smi, -BuoH N"OR as a cosolvent in the Suzukw_liyaura reaction otx-phos- _
cab11 THF/HMPA, 1t 822 phpryloxy enecarbamates with aryl or .heteroaryl borqnlc
' acids allowed for a highly chemoselective cross-coupling,
% yield" giving a series oN-(o-bromophenyl)enecarbamates in excel-
entry  enecarbamate indoline A B lent yields. The establishment of the reactivity ordgohos-
phoryloxy enecarbamate aryl bromide under aqueous
6 65° Suzuki-Miyaura conditions is noteworthy. The Heck-type
Noc O 90 cyclization of N-(o-bromophenyl)enecarbamates was suc-
cessfully employed in the synthesis of 2-substituted indole
85 86 derivatives. Consequently, the SuzuMliyaura cross-
N O coupling/Heck-type cyclization cascade was developed based
OMe on the established reactivity difference betweephospho-
62 80 ryloxy enecarbamate and aryl bromide functional groups. We
N O have also succeeded in thebdatrig aryl radical cyclization
al of N-(o-bromophenyl)enecarbamates, which is an unprec-
edented example of the successful application of generally
72 63 disfavored Sendatrig cyclization to the synthesis of indoline

N . .
Boc O derivatives's
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