ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

accepted for publication.
ChemComm

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;HEm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of journal Name ChemComm DynamiC Article Links »

[

a

2

S

2

G

w
S

w
3

4

S

45

;s involving C-H metalation, metal carbene formation, and

Cite this: DOI: 10.1039/c0xx00000x

WWW.I'SC.Org/XXXXXX ARTl CLE TYPE

Rh(|11)-catalyzed synthesis of 1-amipaindole derivatives from 2-acetyl-1-
aryq y?jraz?n)e/s andy Qlazo compouno[g In water y

Yujie Liang?, Ke Yu?, Bin Li? Shansheng Xu?, Haibin Song?, and Baiquan Wang™®

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX
DOI: 10.1039/b000000x

A novel and direct approach to synthesize 1-aminoindole exploration. Herein, we report a Rh(Ill)-catalyzed synthesis of 1-
derivatives by Rh(lll)-catalyzed cyclization of 2-acetyl-1- s aminoindole derivatives from 2-acetyl-1-arylhydrazines and
arylhydrazines with diazo compounds via aryl C-H activation diazo compounds in water (Scheme 1, eq 3).

has been developed. This intermolecular annulation involving We initiated our studies by using 2-acetyl-1-phenylhydrazine
tandem C-H activation, cyclization and condension steps and ethyl diazoacetoacetate as model substrates. Gratifyingly, the
proceeds efficiently in water, obviates the need of external desired ethyl I-acetamido-2-methyl-1H-indole-3-carboxylate
oxidant, and displays a broad substituent scope. ss (3aa) was isolated in 60% yield by treating 2-acetyl-1-

phenylhydrazine (1a) (0.5 mmol) with ethyl diazoacetoacetate

. L. . .. . (2a) (0.5 mmol) in the presence of [Cp*RhCl], (2.5 mol%),

The indole unit is without doubt a privileged structure in AgSbF, (15 mol%), and CsOAc (1 eq) in DCE (3 mL) at 100 °C
medicinal chemistry, and also very ubiquitous in natural for 12 h, as shown in Table 1. The structure of 3aa was
products.'  1-aminoindole derivatives  display  important confirmed by its 'H and '3C NMR spectra, mass spectrometry

pharmacolggl;al pr.opertles. Fozf, cxamp lef’ ggme ,Of .them eXhlbzldt data, and single-crystal X-ray diffraction analysis. Encouraged by
psychotropic,” anticonvulsant,” analgesic,” antioxidant effect this result, we further optimized the reaction condition by

and they have been extensively studied as potential therapeutic changing the solvent. H,O was found to be superior, as the yield

. ) . 2e .
rea.gen.ts for tre%.ltm.ent of Alzheimer’s .dls.ease. Pesplte 1_' of 3aa was increased to 75% (Table 1, entry 5). Since reactants
aminoindoles derivatives hold great potential in organic synthesis, 1, .. d 2a are soluble in water but the product 3aa are insoluble

to date, only limited synthetic me.thods have be'en reported'.3 and precipitates from water. Control experiments showed that
Therefore, the deve%opment ‘?f 2 direct an_d e.fﬁc1ent sypthetlc acetate is indispensable and silver salt is not necessary in this
protocol for accessing 1-aminoindole derivatives remains an reaction (Table 1, entries 5-7). Lower the loading of CSOAc to
important goal. . .. i 0.25 equiv gave a comparable yield (Table 1, entry 8). To our
. [Cp*RhCL], 15 @ promising ca.taly.st, which plays a very delight, when 1 equiv of HOAc was added as additive, the yield
important ro'le in C-H bond actlvatlor'L .Man'y u.ns.aturated of the desired product was improved to 80% yield. Very recently
compounds, like alkenes, alkynes, allenes, imines, isonitriles, and Glorius and coworkers have demonstrated that both of HCI and

isocyanates, han_S been §uccessfully employed in  Rh(IID)- the cationic Rh(III) catalyst could promote the condensation.'® So
catalyzed system.”™ Interestingly, Glorius and coworkers recently the role of HOAc additive may be also to promote the

reporteq a Rh(lll)-ca}talyzed hydra.zine-.directed C'H activat.ion t(; condensation. Changing the ratio of 1a and 2a from 1/1 to 1.2/1
synthesize indole using N-N functionality as an internal oxidant. further improved the yield, as we observed slightly decomposed

Very recently, a new metall carbene reaction pattern has emerged of 1a in water (Table 1, entry 10). When the loading of HOAc
as a powerful tool to functionalize aryl C-H bond. In contrast to

traditional mode,’ this pattern is believed to follow a pathway
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was decreased to 0.5 equiv, excellent yield was obtained (Table 1,
entry 12). Surprisingly, no loss of the yield was observed when

. . . g . T so shortened the reaction time to 1 h (Table 1, entry 14). A slightly
migratory insertion.” Notably, direct carbene functionalization of reduced yield was obtained when employed NaOAc as base

aryl C-H bond has limited precedent in the literature. Recently, (Table 1, entry 16). Control reactions revealed that the
Wang, Satoh, and Miura independently reported the metal- transformation does not occur in the absence of [Cp*RhCl,], or

catalyzed C-H ;Jond cross-coupling of 1, 3-azoles ,W,ith N- using [(p-cymene)RuCl,], as catalyst (Table 1, entries 17-18).
tosylhydrazones. Unfortunately,. these metho.d.s are limited to The use of [Cp*Rh(OAc),] as catalyst afforded a similar yield to
heteroarene C-H bonds, and require harsh conditions. In 2012, Yu those obtained with [Cp*RhCl,]o/CsOAc system, indicating that

clegantly developed the first example .Of che?ation-assisted it might be the active catalyst (Table 1, entry 19). Based on the
Rh(I1I)-catalyzed intermolecular cross-couping of diazomalonates above results, we determined our best reaction condition as 2-

and aryl C-H activation.'’ The group of Rovis,'! Glorius,'* Li,"* acetyl-1-phenylhydrazines (1la) (0.6 mmol) and ethyl
- 14 15 . .
Cui, " and Wang~ have also successfully demonstrated their % diazoacetoacetate (2a) (0.5 mmol) with [Cp*RhCL], (2.5 mol%),

exploration in Rh(III)-catalyzed aryl C-H activation using diazo CsOAc (0.25 eq), HOAc (0.5 eq), H,O (3 mL) at 100°C, under Ar
compounds as coupling partners. Although some progress has for 1 h

been made, we believe, such interesting area is worthy further
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With the optimized conditions in hand, various substituted 2-
acetyl-1-arylhydrazines were tested. As summarized in Table 2,
in general, the cyclization occurred very smoothly for 2-acetyl-1-
arylhydrazines having substituents at para position. Substrates

o

strong electron-withdrawing group (e.g., CF;, CN, CO,Me) at the
aryl ring are tolerant in this transformation. It is noteworthy that
the halo-substituted (e.g., F, CI, Br) substrates performed well to
afford the corresponding products in good yields. Surprisingly,
when 2-naphthylacetohydrazine (11) was used in the reaction, the
3-position C-H bond with less steric hinderance was selectively
functionalized to afford the corresponding product (3la) in 78%
yield, whereas the 1-naphthylacetohydrazine (1K) produced the
3ka in only 11% yield. To our delight, this transformation s
showed  excellent  regioselectivities. =~ The  completely
regioselective coupling occurred at the less hindered position for
meta-substituted substrates (30a, 3pa, 3qa). Gratifyingly, our
method is not only suitable for diverse monosubstituted 2-acetyl-
l-arylhydrazines, but also disubstituted derivatives (3ra, 3sa, 3ta,
20 3ua). Unexpectedly, the C-H annulation reaction occurred at
more hindered position for 3ua, the strange effect is unknown at
the moment. Unfortunately, as we observed, this reaction seems
very sensitive to the steric hinderance of ortho position. 3na was
isolated in 83% yield, however, 2-methyl phenylacetohydrazine
25 (Im) showed highly limited reactivity. In addition, our method
can be conducted on a gram scale without a significant loss of
yield (5 mmol scale, 1.16 g for 3aa, 89% yield, see SI).

s

>

Table 1 Optimization of reaction conditions?

bearing an electron-donating group (e.g., Me, OMe, OCF3) or a

Diazo substrates bearing substituents such as phenyl, ketone,
alkyl, and ether afforded the corresponding products in 48%-95%
yield. Among them, unsymmetrical diketone (2h) underwent the
desired reaction to give only one regioisomer of 3ah in 48% yield.
Interestingly, 2-diazo-5,5’-dimethylcyclohexane-1,3-dione (29)
also proceeded smoothly with 1a to offer 3ag in 73% yield (Table
3).

Compound 3aa was further deprotected under acid condition
to provide the corresponding product in 87% yield (eq 1)."”

H\ 9
X

e
N 4N HCI N
7/ MeOH 7/ @
0
co,et 80°C.3h COLEt
3aa 87%

Table 2 Substrate scope of 2-acetyl-1-arylhydrazines?

NHAC : ‘“'{
Rh'"! _Rh" base N n 5 N
@[ NHAC + M addmve J :f::} \"-.U
solvent,100 °C BRI
COzEt ;53 -
la 2a 3aa “
Entry iilaat/lga) Base Solvent Additive Time (h) Yield®
1 1/1 CsOAc (1 eq) DCE  AgSbFe (15%) 12 60%
2 1/1 CsOAc (1 eq) MeOH AgSbFe (15%) 12 61%
3 1/1 CsOAc (1 eq) Toluene AgSbF; (15%) 12 Trace
4 1/1 CsOAc (1 eq) MeCN  AgSbF; (15%) 12 Trace
5 1/1 CsOAc (1 eq) HO  AgSbFe (15%) 12 75%
6 1/1 / H,O AgSbF (15%) 12 Trace
7 1/1 CsOAc (1 eq) HLO  / 12 75% 50
8 1/1 CsOAc (25%) H,O  / 12 73%
9 1/1 CsOAc (25%) H,O  HOAc(leq) 12 80%
10 1.2/1  CsOAc (25%) HLO  HOAc(leq) 12 89%
11 1.2/1  CsOAc (25%) H,O  HOAc (1.2eq) 12 88%
12 1.2/1  CsOAc (25%) H,O  HOAc (0.5eq) 12 91%
13 1.2/1  CsOAc (25%) H,O  HOAc (0.25 eq) 12 81% 5
14 1.2/1  CsOAc (25%)H,0  HOAc (0.5eq) 1 91%
15 1.2/1  CsOAc (25%) H,O  HOAc (0.5eq) 0.5 75%
16 1.2/1  NaOAc (25%)H,O  HOAc (0.5eq) 1 85%
17°  1.2/1  CsOAc (25%) H,O  HOAc (0.5¢eq) 1 0
18 1.2/1 CsOAc(25%) H,0  HOAc (0.5eq) 1 0 6
19 121/ H,0  HOAc (0.5¢q) 1 93%

3

=3

# Reaction conditions: 1a (0.5-0.6 mmol), 2a (0.5 mmol), [Cp*RhCl,],
(2.5 mol %), solvent (3 mL), 100 °C, under Ar. ° Isolated yields based on

2a. © Without [Cp*RhCL],. ¢ [(Cymene)RuCl,], was used as catalyst. © ¢
[Cp*Rh(OAc),] (5 mol %) was used as catalyst.

A

Subsequently, we investigated the scope of diazo compounds.
35 Overall, we were pleased with the generality of this method.

o) [Cp*RhCl,]; (2.5 mol%) ]
“NHAC )% _ CsOAc(5moly @ N
HOAc (50 mol%) LAY

H,0, 100°C, 1h

3 COzEt
o R=H, 91% 3aa
He /K F,90%  3ba H o H O
N Br,81% 3ca O \l‘\l//{ \’\“//«
N Cl, 82% 3da N N
Y/ CF3, 76% 3ea y, y,
R OMe, 81% 3fa
CO.Et Me,83% 3ga CO,Et COEt
b
OCFs, 87% 3ha 11% 3ka® 78% 3la
CN,76% 3ia
CO,Me, 88% 3ja
(o] (@] [¢]
H< H< H<
y A A
N N R N R= CHjs, 83% 30a
Y/ Br, 85%3pa
¢ 7 CF3, 74% 3qa
COEt COzEt COzEt
trace 3ma 83% 3na”
[0 (6] ] ]
H\,?‘//« H\"\‘/Z« H\’\“//« H\’}‘,/«
Cl N Me N Cl N N
m / / /
Cl Me Me F
CO.Et CO,Et CO,Et o CO.Et
90% 3ra 72% 3saP 85% 3ta 73% 3ua

# Reaction conditions: 1 (0.6 mmol), 2a (0.5 mmol), [Cp*RhCL,], (2.5
mol %), CsOAc (25 mol%), HOAc (50 mol%), H,O (3 mL), 100 °C, 1 h,
under Ar, isolated yields based on 2a are shown. ® Reaction time: 2 h. °
Reaction time : 12 h.

To gain more insight into the mechanism, control
experiments were conducted. Firstly, we tested which N-H bond
is more acidic, it showed that the N-H at 1-position is more acidic
(Scheme 1, eq 2),'® which may react preferentially in
condensation step. Besides, the formation of indole cycle can
obtain aromaticity, which makes it more stable. Both reasons
above may explain why this transformation selectively formed
the five-member ring. We then used 1v as substrate to react with
2a under a slightly modified condition (considering 1v has low
solubility in water). Unexpectedly, no reaction was detected
(Scheme 1, eq 3). Replace 2a with 2j to react under standard
condition, no reaction was detected either (Scheme 1, eq 4).
These results revealed that the six member ring is not favored
even when the N-H at 1-position is blocked and the condensation
step may play a vital role in this reaction. Finally, the kinetic
isotope effect experiment was carried out. It gave a Ky/Kp ratio
of 2.2 (Scheme 1, eq 5), thus indicating that the C-H bond
cleavage may be involved in the rate determining step.'’
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Table 3 Substrate scope of diazo compounds ?
[Cp*RhCI3]2 (2.5 mol%)
CsOAc (25 mol%)

Y
. o)
NHAC | )SW/RI
Rz HOAC (50 mol%)
H N
la

2 H,0, 100°C, 1h
2 3

(6] @]
H< H<
TN TN

o o

He He
WA A

N N,

OMe
CO.Et CO.Et CO,Me CO,Me
71% 3ab 70% 3ac 91% 3ad 95% 3ael]
H ~N Hw H~ Hw
NJ« NJ« NJ{
COzEt ;: ﬁ ﬁ
74% 3af 73% 3ag 48% 3ah 72% 3ai

# Reaction conditions: 1a (0.6 mmol), 2 (0.5 mmol), [Cp*RhCl,], (2.5
mol%), CsOAc (25 mol%), HOAc (50 mol%), H,O (3 mL), 100 °C, 1 h,
s under Ar, isolated yields based on 2 are shown. ® Reaction time: 0.5 h.
\

H
N. EtONaEtOH_ N
NHAC + CHyl —— > NHAC @
100°C, 20 h

o NN

Standard N
©/ “NHAC OEI
P

CH30H o ®)
2
2a not detected
Y N
Standard ~
N~ o NHAC
NHAc , EtO,C._CO,Et Condition
©/ D CO £t )
N
2 CO,Et
not detected
[0
H
oy Dy Standard \N/k
H N~ Condition |
NHAc D N~
ﬁ C+ NHAC 25 min ‘ X ’\} )
H H D D 0 0 //
H D MOE‘ Ha/Dy CO,Et
N> KIE= 2.2

la la-dsg 2a

Scheme 1 mechanistic studies.

On the basis of mechanistic studies and literature reports,*'* a
plausible mechanism was proposed (Scheme 2). First, an active

10 catalyst [Cp*Rh(OAc),] is generated through anion exchange,
then undergoes directed C-H cleavage to form intermediate A,
which is followed by generation of Rh(Ill)-carbene B.
Subsequently, migratory insertion of the carbene into the Rh-C
bond affords rhodacyclic intermediate C. Upon protonation by

15 acetic acid, intermediate D is formed along with the regeneration
of Rh(II) catalyst. In the catalytic cycle, the Rh(III) catalyst is
redox-neutral. Then tautomerization of intermediate D delivers
enol intermediate E in suit. After eliminating water through
intramolecular condensation, the final product is formed.

20 In summary, we have developed the first example of a
Rh(III)-catalyzed synthesis of 1-aminoindole derivatives in which
aryl C-H activation serves as the initiating step. This cyclization
reaction displays excellent regioselectivity and functional groups
compatibility, and can be performed on a gram-scale without

»s suffering from notable loss of yield. Water is not only an
environmental benign reaction medium, but also the most
efficient solvent in this reaction, it significantly simplifies the
separating process. In most cases the final products separate out
as precipitate directly from water and afford enough pure samples

s0 after simple filtration and drying. Further purification is just
needed to pass through a short silica pad. We believe this
protocol is superior to those utilizing HOSA or other synthetic
NH," transfer reagents, offering a faster and more convenient
access to 1-aminoindole derivatives. Further application of this

35 kind of reaction and the detailed mechanistic investigation are in
progress.

[CP*RhCly] === [Cp*RhCl],

N 2CsOAC
NHAC X NHAc
RstC = Ra__ o 2CsCl
Ry pRi R, - [CPRNOA] -2HOAC
l H,0 N
-Ha N~
2HOAC Rsa NHAC

NHAC

' H
1 N N~ H
Ry L/ Re Rol [ A o {I “NAC
3~

1
Rh-~
R, Cp* Rh
R{ FO A b
c Re P
Migrator
in;gertiony H (0]
N R
R NAG RZ)S( !
7 0~cpr N2
R, >i#CP
2
B o Ry

Scheme 2 Proposed mechanism.
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