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Abstract: A Pd-catalyzed method for the preparatiorNsaryl benzophenone hydrazongés described. The

use of a Pd/BINAP-based catalyst provides hydrazdnegjood yields. Using 0.1 mol % of a Pd/9,9-dimethyl-
4,5-bis(diphenylphosphino)xanthene (Xantphos) catalyst, the desired hydrazones are produced in excellent
yields. TheN-aryl benzophenone hydrazones are converted to indole products via an in situ hydrolysis/Fischer
cyclization protocol. A procedure that extends this methodology to the syntheblsalidylindoles via the
intermediacy oN-aryl-N-alkyl benzophenone hydrazones is described. Additionally, the Pd-catalyzed preparation
of diaryl benzophenone hydrazones, followed by a hydrolysis/Fischer cyclization protocol, &ffargkéndole

products in good yields. This methodology provides a means for the preparation of a structurally diverse set
of indoles from simple, (usually) commercially available precursors.

Introduction and Background Scheme 1

In 1883, while studying the reactivity of arylhydrazines and @ . .
arylhydrazones, Emil Fischer found that, under acidic conditions, ln — /[F' B3 R
enolizable arylhydrazones undergo rearrangement and loss of 2/[/ s RING g2 RN | A pe
ammonia to provide indole products® Subsequent studies re R H H

suggested a mechanism for the Fischer indole synthesis that H

proceeds through an initial acid-catalyzed tautomerization of g3 B3

anN-arylhydrazone to an ene-hydrazine (Scheme 1). The ene- ® » NHg @jggz QIRS

hydrazine then undergoes [3,3]-sigmatropic rearrangement to N RE—— NONH:  (RYHN .

produce a bis-imine intermediate; subsequent aromatization of R' R! N R

the aniline ring followed by intramolecular nucleophilic attack

produces an aminal, which after loss of ammonia affords the Fischer indole synthesis remains the most commonly employed
indole product: Over 100 years after the initial discovery, the method for the preparation of indole§.

Due to the rich biological activity of indoles, general and
efficient methods for their preparation are continually being
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procedures for the preparation of indoles that provide alternativespharmaceutically relevani-arylindoles require particularly
to traditional methods such as the Fischer indole synthesis. Theselectrophilic arene¥1° The most common method employed

methods emplog-haloaniline precursors, which when react with
a variety of unsaturated fragments, forming new@and C-N
bonds to create the indole nucletid! For example, Larock
has shown that-haloanilines and internal alkynes are converted
to 2,3-disubstituted indole products on treatment with a Pd-
catalyst and base (eq 1Researchers at Merck have demon-

for the preparation oN-arylindoles is the Ullman reactiof.
This method utilizes either catalytic or stoichiometric amounts
of copper at elevated temperatures for the coupling of indoles
and aryl halides. Recently, Pd-catalyzed methods for the cross-
coupling of indoles with aryl halides have also been developed,
but their generality is somewhat limit@422

strated that 2,3- and 2,3,5-substituted indoles are produced by Application of the Fischer indole synthesis to the preparation

treatment of ano-iodoaniline and a ketone with a catalytic
amount of Pd(OAg) and 3 equiv of 1,4-diazabicyclo[2,2,2]-
octane (DABCO) (eq 2§.While these methods are of great

R3 R3
| Pd cat.

X
C(NHZ * l base @—Rz M
R? H
Q 3
NH, Cat- Pd(0AC), lt} R @

DABCO

importance, a drawback is the requirement of a bifunctional
precursor for the formation of the new<C and C-N bonds.
This means that, to prepare an indole wittsubstituents on
the aromatic ring, one must employ an aromatic precursor with
n + 2 substituents. Issues of cost and availability render the
use of less-substituted substrates a desirable goal.

The Fischer indole synthesis provides an efficient method
for the conversion of enolizablbl-arylhydrazones to indole
products in which the presence of additional functional groups
is not required for the formation of the new—C and C-N

bonds. The preparation of the arylhydrazone precursors, how-

ever, is often nontrivial. The requisiié-arylhydrazones are most

commonly prepared by the condensation of an arylhydrazine

with an enolizable ketone. There are a wide variety of easily
accessible enolizable ketones, allowing for the variation of

substituents on the 2 and 3 positions of the indole nucleus. In

contrast, only a limited number of arylhydrazines are com-

mercially available. Generally, arylhydrazines are prepared by

the reduction of aryl diazonium salts, which are, in turn, obtained
from aniline starting materiafs!? Arylhydrazines are toxic,
corrosive, and prone to redox chemistry as well as radical

of N-alkyl- and N-arylindoles provides a unique approach to
these compounds in which the inddlesubstituent is installed
prior to formation of the indole nucleus (Scheme 1 =Ralkyl
or aryl). While it has been demonstrated tihaaryl-N-alkyl-
andN,N-diarylhydrazones undergo Fischer cyclization to afford
the correspondindy-substituted indole productg;?° the syn-
thesis ofN,N-disubstituted hydrazines is complicated by the
presence of two reactive nitrogens and by the instability of the
disubstituted product®.N,N-Disubstituted hydrazines are typi-
cally prepared by the reduction of the corresponding secondary
N-nitrosamine, which are, in turn, prepared by the treatment of
secondary aniline with HN® Due to the lability of the N-N
bond of diarylhydrazines, reduction of thNenitrosodiarylaniline
is accompanied by reduction of the desired hydrazine product,
resulting in low yields of the diarylhydrazine\-Aryl-N-
alkylhydrazines may also be prepared by the alkylation of an
arylhydrazine. However, this reaction results in a mixture of
di-, tri-, and teterasubstituted hydrazines, and the use of
protecting groups is required in order to achieve selective
substitution?12

In the past few years, the Pd-catalyzed cross-coupling of
amines with aryl halides has been shown to be a useful method
in organic synthesi& 28 We felt that the extension of this
methodology to the preparation of arylhydrazines or arylhydra-
zones might provide a convenient and practical method for the
preparation of arylhydrazine or arylhydrazone precursors for the
Fischer indole synthesis. Herein, we describe a full account of
our efforts toward this go&P

Results and Discussion

With the aim of circumventing the need to prepare and utilize
N-arylhydrazines, we worked to developed a palladium-
catalyzed method for the synthesisNarylhydrazones for the

decomposition, complicating the preparation, storage, and useFischer indole synthesis. Our initial attempts at the Pd-catalyzed

of these compounds!? The difficulties associated with the use
of arylhydrazine precursors restricts the ability to readily prepare
indoles which are substituted in positions 4 by the Fischer
indole synthesis.

The introduction oN-substituents on an indole also presents
a challenging task, as the indole nitrogen is relatively nonnu-
cleophilic. The reaction of indoles with electrophiles is com-
plicated by competitive nucleophilicity at nitrogen and ©3?

Moreover, nucleophilic aromatic substitution reactions to prepare
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Scheme 2 Scheme 3
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4a; i: 80% 4b; i: 89% 4c; i: 95% 4d; i 61%

3a: 36% avg. yield (13-55%)” 3b: 47% avg. yield (35-65%)” ii: 98% ii: 93% ii: 98% ii: 97%

a2 Reagents and conditions: (i) hydrazoh€l equiv), 4-bromobi- Mo R s
phenyl (1 equiv), Pd(OAg)(5 mol %), &)-BINAP (5 mol %), NaQ- Me OO

Bu (1.4 equiv), toluene, 10€C. (ii) TsOH-H,O (2 equiv), refluxing

EtOH." Yields in parentheses represent the range of yields which were NH

obtained from four experiments run under identical conditions. '(w\/"” ANH hj[NH
PH” “Ph

cross-coupling reaction of enolizable hydrazodewith aryl P "Ph P "Ph PHC "Ph

4e; i: 85% 4f; i: 97% 4g;i: 91% 4h; i: 83%

halides resulted in the production of the desired enolizable i 71%
N-arylhydrazone® (Scheme 2). However, significant amounts

of coproducts resulting from the decomposition of the starting (diphenylphosphino)xanther#€)3 for other applications, we

hydrazone were also formed, the amounts of which varied in found that this catalyst system displayed significantly improved

repeated experiments EnolizableN-arylhydrazones are not activity over that observed with the Pd/BINAP catalyst system
stable to flash chromatography; therefore, crQdeas directly in theycross-coupling of benzophenone hydrazon}é wit>;1 aryl

subjected to Fischer cyclization. The resulting indole products bromides. The use of 0.1 mol % Pd(OA@nd 0.11 mol %

were obtained in a range of yields, reflecting the varyin ) . a .
g y g ying Xantphos, under reaction conditions otherwise identical to those

efficiency with whichN-arylhydrazone2 was produced in the . . ) .
cross-coupling reaction. employed in Pd/BINAP-catalyzed reactions, in most instances,

On further investigation, we found that benzophenone hy- 9ave the desired-aryl benzophenone hydrazones in nearly
drazone undergoes a more efficient cross-coupling reaction withduantitative yields (Scheme 3, hydrazores-d). Due to the
aryl bromides than did enolizable hydrazoriesThe use of clean conversion of the starting materials to the coupled product,
benzophenone hydrazone offers several additional advantagesthe only purification required in order to obtain analytically pure
Hydrazonesl are prepared in a two-step procedure employing hydrazonedla—d was removal of the catalyst and sodium salts
anhydrous hydrazif&32and undergo decomposition on storage. by filtration of the crude reaction mixture through a short plug
In contrast, benzophenone hydrazone is commercially available,of silica gel. In the preparation of hydrazode the use of an
inexpensive, and stabfé32 Though the resultingN-aryl ben- electron-rich aryl bromide slows the rate of the coupling
zophenone hydrazones could not directly be converted to indolereaction; in this instance, WolfKishner-type reduction of
products, we hoped that they would serve as convenient benzophenone hydrazone to produce diphenylmethane becomes
precursors to the necessary enolizditarylhydrazones forthe g competitive reaction, resulting in a diminished yield when
Fischer indole synthesis. . the low-catalyst-loading protocol is employ&#° The diphen-

N-Aryl benzophenone hydrazoné:were flrst prepared by a ylmethane byproduct is then removed by recrystallization, and
Pd/BINAP-catalyzed cross-coupling reaction of benzophenone n_aryihydrazondleis isolated in pure formt For this substrate,

hydrazone with aryl bromides (Scheme?3§*%°In contrast to  yhe (ise of a greater quantity of catalyst is recommended.
arylhydrazines and enolizabi-arylhydrazones, hydrazonds

are stable and often crystalline compounds which can be purified W then turned our attention to the cleavage of hydrazones
either by recrystallization or flash chromatography. Due to the 4 to afford arylhydrazines, which could then be condensed with
stability of these compounds, evéharyl benzophenone hy- ~ an enolizable ketone to furnish an enolizablarylhydrazone
drazones with electron-donating groups can be prepared andor Fischer cyclization. As hydrazones commonly serve as
stored without special precaution (hydrazetey, whereas the ~ protected ketones, methods for their cleavage have generally
corresponding arylhydrazines decompose on contact with air. been developed with the aim of recovering the ketone portion
While examining the use of a catalyst composed of Pd and

the bis-phosphine Xantphos (Xantphe®,9-dimethyl-4,5-bis- (36) Kranenburg, M.; van der Burgt, Y. E. M.; Kamer, P. C. J.; van
Leeuwen, P. W. N. MOrganometallics1995 14, 3081.

(30) Azine byproducts were formed during the coupling reaction of non- (37) Kranenburg, M.; Delis, J. G. P.; Kamer, P. C. J.; van Leeuwen, P.
benzophenone-derived simple hydrazones, as determined by GC/MS. FoW. N. M.; Vrieze, K.; Veldman, N.; Speck, A. L.; Goubitz, K.; Fraanje, J.

discussions on the stability of simple hydrazones, see ref331 J. Chem. Soc., Dalton Tran&997 1839.

(31) Newkome, G. R.; Fishel, D. L1. Org. Chem1966 31, 677. (38) Guari, Y.; van Es, D. S.; Reek, J. N. H.; Kamer, P. C. J.; van
(32) Day, A. C.; Whiting, M. C. IrOrganic Synthese8reslow, R. Ed.; Leeuwen, P. W. N. MTetrahedron Lett1999 40, 3789.

John Wiley and Sons: New York, 1970; Vol. 50, pp&. (39) The reaction of 4-bromoveratrole with benzophenone hydrazone
(33) Szmant, H. H.; McGinnis, Cl. Am. Chem. Sod.95Q 72, 2890. requires 12 h to go to completion. In contrast, the coupling reactions to
(34) Hartwig, J. FAngew. Chem., Int. EA.998 37, 2090. prepare hydrazoneta—d are complete in 1.56 h.

(35) We have also been able to couple benzophenone hydrazone with  (40) Todd, D. InOrganic ReactionsAdams, R. Ed.; John Wiley &

aryl chlorides employing a Pd/2-dicyclohexylphosphirianethylamino- Sons: New York, 1948; Vol. IV, p 391.

biphenyl-based catalyst system. By this method, hydrazénes produced (41) Control experiments showed that, under typical reaction conditions

in 89% yield from benzophenone hydrazone and 4-chlorotoluene employing in the absence of Pd, after 16 h approximately 40% of the benzophenone
1 mol % of this catalyst mixture. For a discussion on the use of this ligand hydrazone undergoes base-promoted Wdfishner reduction to form

for Pd-catalyzed cross-coupling reactions of aryl chlorides, see: Old, D. diphenylmethane. The formation of &haryl benzophenone hydrazone is
W.; Wolfe, J. P.; Buchwald, S. LJ. Am. Chem. Sod.998 120, 9722. not observed without the use of a Pd catalyst.
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of the moleculeé? Often, the liberated hydrazine is destroyed
by oxidative or reductive means to drive the hydrolysis reaction
to completiont? Alternatively, acidic hydrolysis of hydrazones
affords both the ketone and hydrazine components. As a
consequence of the stability of benzophenone hydrazyribs

use of strong acids such as hydrochloric acidpeoluene-
sulfonic acid monohydratg{TsOHH,0) is required in order

to effect their hydrolysis. Our initial attempts at the acidic
hydrolysis of4 employing these acids provided modest yields
of the desired arylhydrazine products, along with the corre-
sponding aniline byproducts.

The hydrolysis of hydrazones can be driven to completion
by trapping the liberated hydrazine with a reactive aldehyde or
ketone!2 We reasoned that employing enolizable ketones in this
approach to the hydrolysis dfaryl benzophenone hydrazones
4 would not only facilitate their hydrolysis but also directly
provide the desired enolizabls-arylhydrazones for Fischer
cyclization. Additionally, under the acidic reaction conditions,
the resulting enolizabldl-arylhydrazones should undergo Fis-
cher cyclization to provide the indole product (Scheme 4).

We have found that treatment of hydrazodesith an acid
(e.g., p-TsOHH20) and an enolizable ketone does, in fact,

procedure? The reactivity ofN-arylhydrazonest in Fischer

reactivity of arylhydrazones in the Fischer indole synthésis.

Wagaw et al.
Table 1. Synthesis of Indoles
entry hydrazone ketone indole yield (%)
c
1 4a N 95
H 5a 65°
e
Ej\(Me . Me
2 ab M S Me 93
Me M N 5b
e H
Et
3 ab M(?H(O T N—co,et 68°
o] M N s
e
4 4c " LMe Dkt 749
N
MeO H s5d
n-Pr
Me!
5 4e ej\/"'Pr N—Me 748
M MeO N se
n-Pent
M
6 4 ejL/n»Pent N—Me 8
M N sf 79

©

49 Mej\/\N/OH
()

4g

4h

M

PliMe
ej\/n-Pent

I

COLEt
L H-we
N 5
J 7
H
T
N 5h
J
n-Pent
F3
N Me
N 5i

90

85

<5

a Reactions were run with 1 equiv df-aryl benzophenone hydra-
zone, 1.5 equiv of ketone, and 2:8.0 equiv of TSOHH O in refluxing
EtOH. Yields refer to the average of two isolated yields 85% purity,
as determined by GGH NMR, and, for new compounds, elemental
e . . . analysis? The intermediat®\-aryl benzophenone hydrazo#evas not
efficiently afford the desired indole products in a one-pot isplated prior to indolization. Yields are based on the aryl bromide.
¢ The reaction was run in toluene at 8G. ¢ The yield refers only to

cyclization reactions is consistent with previous reports on the thﬁ iS,0|atl_?|_(i|_"§-m9th0Xyind0|e produétndolization was conducted in
refluxing )

Hydrazones with electron-releasing groups are more susceptible . .
the use ofa-branched ketones provides 3-H indole products.

cyclization. In contrast, the presence of electron-withdrawing ®-Ketoesters may also be employed in this methodology to

substituents on the aromatic ring decreases the rate of the FischeProvide indole 2-carboxylate products (entry 3). The use of
toluene as a solvent in this reaction gives optimal yields of the

indole product, as is suggested in the literafuiithe use of

efficient Fischer cyclization of this substrate, and less than 5% oa-ketoacids and esters in the Fischer indole synthesis is a
of the indole product is formed (Table 1, entry 9). Cyclization common strategy for the preparation of 2-unsubstituted indoles,
as the indole 2-carboxylate products may be decarboxylated on
heating in the presence of an oxidant:*>

“One-Pot” Protocol. While it is advantageous to be able to
isolate and stor®&-aryl benzophenone hydrazongéswe have
found that it is not necessary to isolate this intermediate. The
Pd-catalyzed cross-coupling reaction of benzophenone hydra-
zone with an aryl bromide affords-arylhydrazonet (Scheme
5). The crude product is filtered through a short plug of silica
gel, concentrated, and treated with a ketone (1.5 equiv) and
p-TsOHH,0 (2 equiv) in refluxing ethanol to afford the indole
product. The yields of the indole products obtained by this
method are comparable to, though slightly lower than, those
obtained when the intermediate hydrazdris isolated prior to
the hydrolysis/Fischer cyclization procedure. For instance, indole
5g is obtained in 70% vyield following the “one-pot” protocol
(Table 2, entry 6). This protocol allows for the direct conversion

to acid catalysis and, therefore, undergo more facile Fischer

cyclization reactiod. The presence of strongly deactivating
groups, such as in theCFs-substituted hydrazonéh, precludes

of mmethoxy hydrazondc occurs predominantlparato the
methoxy group, as is consistent with previous findifgs,
affording 6-methoxyindol&d (74% isolated yield) in a 4:1 ratio
with the 4-methoxyindole product. In the Fischer cyclization
of 3,4-dimethoxy hydrazonge, only the indole product arising
from cyclization to the positiopara to a methoxy group was
observed (entry 5).

Fischer cyclization of enolizable hydrazones derived from
methyl ketones occurs exclusively to the more highly substituted
side of the hydrazones (entries 1, 2,5 and 9%“3In instances
where there is only one enolizable position on the hydrazone,
cyclization onto the methyl group carbon does occur to afford
3-unsubstituted indoles (entries 3 and 8). As shown in entry 2,

(42) Bergbreiter, D. E.; Momongan, M. I€omprehengie Organic
SynthesisHeathcock, C. H. Ed.; Pergamon Press: Oxford, 1991; Vol. 2,
pp 523-525.

(43) Hughes, D. L.; Zhao, D. LJ. Org. Chem1993 58, 228.
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Scheme 5 as benzyl bromide, allyl bromide, or methyl iodide proceeds
quickly (entries 1 and 35), alkylation withn-propyl iodide is
RN w2 significantly slower. In this instance, the addition of an
N2 b - R1j\/R2 N equivalent ofN,N,N',N'-teteramethylethylenediamine (TMEDA)
P,,J‘\Ph - NH | TsOHH,0 R mﬂ‘ accelerates the alkylation reaction (entry 2). Epoxides are also
"J\ EtOH, refiux H found to be suitable alkylating agents (entries 7 and 8), reacting
P Ph at the less-hindered site, and allow for the introduction of
4 chirality to the indole product. When an optically active epoxide

is employed (entry 8>99% ee), no loss of stereochemical

Table 2. "One-Pot” Preparation of Indoles integrity is observed in the final product. Two electrophiles

entry _hydrazone ketone indole yield (%) which we have found not to work in the alkylation step, how-
p ever, aretert-butyl bromoacetate and phenethyl tosylate. We
1 D . 92b believe that basicity of deprotonatdds the problem, causing
N enolization of thetert-butyl bromoacetate and E2 elimination
b n-Pent of the phenethyl tosylate instead of nucleophilic substitution.
2 Mej\/n_pem mm 81b m-Methoxy-substitutedN-aryl-N-alkylhydrazones are ef-
N 3 ficiently converted ta\-alkylindole products by this alkylation
methodology (entry 3). Indole&c and7d are formed in a 3.3:1
s 1a c { o ratio; the major prodqgt, again, arises from sigmatropic rear-
N se rangement to the positigmara to the methoxy group7c). The
H two products are separable by flash chromatography, providing
nPr a 79% combined yield of the twi-alkylindole products. While
Me . .
4 o ej\/n-Pr N e 54 alkylation of p-methoxy-substitutedN-aryl benzophenone hy-
Me N se drazones occurs quite cleanly, attempts to convert the resulting
N-aryl-N-alkylhydrazone to the indole product were unsuccess-
n-Pent . .
s at j\/ M 7o ful. For example, in the reaction &-(p-methoxyphenyl)N-
M n-Pent h} Me benzyl benzophenone hydrazone with levulinic acid, ke

H arylindole producteis produced as:10% of the crude reaction
H mixture, as determined by GC/MS analysis (entry 4). The major
6 49 Q O N—pnh 70 products from this reaction are benzophenone &h(B,4-
Ph)LMe O N sh dimethoxyphenyl)benzylamine, which arises from cleavage of
the N—N bond#”

N . ) ) : Preparation of N-Arylindoles. We have also found that,N-
Pd-catalyzed coupling reactions were run with 1.0 equiv of benzo- diarvl benzophenone hvdrazon n be br red by the Pd-
phenone, 1.0 equiv of the aryl halide, 0.1 mol % Pd(QAB)11 mol aryl benzophenone nhydrazones can be prepared by the
% Xantphos, and 1.4 equiv NaOt-Bu in toluene af80Fischer cycli- catalyzed cross-coupling reaction of benzophenone hydrazone
zation reac.tions were run with 15 equiv of the ketone and 2 equiv of with aryl bromides. The choice of ligand is crucial to the
TsOHH0 in refluxing EtOH. Yields are based on benzophenone hy- ¢,ccessful Pd-catalyzed preparationNof\-diarylhydrazones.

drazone, and refer to the average of two isolated yields3&% purity, : :
as determined by GC arié NM%. 55 mol % Pd(O):Ac) andgﬁmlg% Of the Pd/mono- and bis-phosphine catalysts that we have

(+)-BINAP were employed in the Pd-catalyzed coupling reaction. ~ surveyed, the Pd/Xantphos combination is the only catalyst
system that effects the complete conversion of Nuaryl

of benzophenone hydrazone and aryl bromides to a variety of Penzophenone hydrazone and an aryl bromide to Nt

indole products. diarylhydrazone.

Preparation of N-Alkylindoles. Because of the stability of Using 5 mol % Pd(OAg) 5.5 mol % Xantphos, and N&O
N-aryl benzophenone hydrazongshey readily undergo further ~ Bu (2.4 equiv) inm-xylene at 120C, benzophenone hydrazone
substitution at nitrogen to afford,N-disubstituted hydrazones. (1.0 equiv) and 4-bromotoluene (2.5 equiv) are converted to
Fischer cyclization of these substrates, under the previously Pis(-tolyl) benzophenone hydrazoBain 90% yield after flash
developed hydrolysis/Fischer cyclization conditions, then pro- chromatography (eq 3). To avoid consuming 5% of the
ducesN-substituted indole products (Scheme 1 7RH).13.14.46

We have found that treatment of hydrazoresvith lithium 1) 5 mol % PA(OAC); e
diisoproylamide (LDA), followed by addition of an alkyl halide, NHa 5.5 mol % Xantphos
results in clean formation oN-aryl-N-alkyl benzophenone .([ ‘ 2)‘3£‘:_';ﬁ NEty @
hydrazone$ (Scheme 6). Treatment of cru@ewith a ketone P =Ph xylene, 120 °C -
(1.5 equiv) ando-TsOHH,O (2.0 equiv) in refluxing ethanol Br P(ﬂ\

. . . Ph Me
then affords theN-alkylindole producf7. Using this methodol- 8a: R = Me, 90%

ogy, we have been able to prepare seviralkylindoles from

N-aryl _benzophenone hydra_zone precursors (Tabl_e 3). While benzophenone hydrazone for the reduction of Pd(@&cjhe
alkylation of deprotonated with a reactive alkyl halide such  4ctive Pd(0) catalyst, triethylamine is added to a mixture of Pd-

~ (44) The use of aldehydes in this procedure does initially produce 2-H (OAC)2 and Xantphos in xylene at room temperature to effect
indole products. However, due to the low reaction pH, the 2-H indole the catalyst activation prior to the addition of the remaining
products undergo oligomerization, resulting in low to moderate isolated reagents.

yields of the desired indole product (see ref 45). We are currently . . .
investigating alternative approaches for the preparation of 2-H indoles from  Unsymmetrically substitutetl,N-diaryl benzophenone hy-

aldehydes and hydrazonds drazones may also be prepared in a one-pot procedure. An
(45) Smith, G. F. InAdvances In Heterocyclic ChemistrAcademic
Press: New York, 1963; Vol. 2, p 300. (47) p-Methoxy-substituted arylhydrazines are particularly prone-td\NN

(46) Heany, H.; Ley, S. VJ. Chem. Soc., Perkin Trans.1B73 499. bond cleavage. See ref 3.
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Table 3. Synthesis oiN-Alkylindoles?

entry  hydrazone electrophile ketone indole yield (%)
© A\
1 4a BnBr | N 7a 86
Bn
Me
Br
2 4d n-Pri .j\/Me | D—et 76b
E N 7
n-Pr
(N s
3 4c Mel C& | A O
MeO
Me 7c
OMe
| 20
7d
Me
CO,Et
Me
4 4e BnBr ej\/\ | A Me <10°¢
M COM y1o0 N 7
Bn
n-Pr
o S
5 4a A hp Me | D—Me 77
7f
-
n-Pr
dwe ©
6 4a M n-P e l A\ Me 809
79
HO

Me
c
Ho,
7 4a nB & \GE\Q 819

OH

a Alkylation reactions were run with 1 equiv of hydrazofiel.1 equiv of LDA, and 1.21.5 equiv of the electrophile in THF. Fischer cyclization
reactions were run with 1.5 equiv of the ketone and 2.0 equiv T80l in refluxing EtOH. Yields refer to the average of two isolated yields of
>95% purity, as determined by G&4 NMR, and elemental analysi1.1 equiv of TMEDA was employed in the alkylation reactiéiEstimated
on the basis of an uncorrected GC rafigischer cyclization was conducted with 3 equiv of ketone and 3 equiv of Ti<gIM

Scheme 6 Scheme 7
1 1 P2
F|\ ) 1) LDATTHF l} A Jj\/ﬂ,. , R4 1) 5 mol % Pd(OAc), S &
¥ 0°C—ort Z R F’\/ \4R1 5.5 mol % Xantphos ‘ |

_— —_— [ D—p3 AN 10 mol % NEt3 7 B Z
NH 2) R2X N TsOHH,0 A N 7 NH T

r
- I~ R
R2 N "J\ 2) NaOt-Bu p °C _N L2
"/“\ 0°C s 1t H/m EtOH, reflux h2 P Ph Br xylene, 60-80 °C nJ\ "/'[L \©
PI” “Ph PI*” “Ph PI” Ph PIC Ph
6 7 8

4
the two coupling reactions. Again, purification by flash chro-

matography affords the desired unsymmetrically substittéd
diarylhydrazones in good yields (Table 4).

van Leeuwen and co-workers have shown that, when com-
plexed to Pd, Xantphos has a relatively large bite angle
(111.7),3848which results in a longer PeP bond?”4%this may
account for the superiority of Xantphos relative to BINAP as a

N-arylhydrazone is readily formed from benzophenone hydra-
zone (1.0 equiv) and an aryl bromide (1.0 equiv) at80 °C
(Pd/Xantphos catalyst). Upon completion of the first coupling
reaction (as judged by GC analysis), a second aryl halide is
added via syringe (Scheme 7). The reaction mixture is then
heated to 120C to allow for the second coupling reaction to
occur. The more electron-rich and, therefore, less reactive aryl
halide is employed in the first step, as it is the more facile of  (48) In comparison, the bite angle of BINAP is°95ee ref 49.
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Table 4. Preparation ofN,N-Diarylhydrazones Table 5 Synthesis ofN-Arylindoles®
entry R! R? diaryl hydrazone yield (%) entry hydrazone ketone major product yield (%)  minor product
Met Et
M
| N Me
1 4-MeO 3-pyridyl 8b 73 1 8a EJVE‘ 68
L0 ““ e
P “Ph 7 Ve
e OoEt
Me
2 4-Me 3-CN

8c
,NUCN
7
PnJ\Ph % \_N
Me Me

Me N
i _OMe Me C\/< Cgg—Me
" | N—Me XN
3 3,4-dimethoxy 4-Cl 8d 81 3 8d Ej\/Me N 80 <29b
ol ” "0 2
P([U\Ph Cl CN Me
@ Reactions were run with 5 mol % Pd(OAc».5 mol % Xantphos, Me c
10 mol % NEg, 1.0 equiv of benzophenone hydrazone, 1.0 equiv of B M
the first aryl bromide, 1.5 equiv of the second aryl halide, and 2.4 equiv 0

Me
of NaO-Bu in m-xylene (1 mL/mmol of benzophenone hydrazone). ¢ % 55 9d Q % [/Q<1°/°b
Me

Yields refer to the average of two isolated yields>85% purity, as

determined by'H NMR. cl OMe
Scheme 8 aFischer cyclization reactions were run with 1.0 equiv of the
R diarylhydrazone, 1.5 equiv of the ketone, and concentrated HCI (1 mL/
& R ¢ mmol 8) in refluxing EtOH (5 mL/mmoB). Yields refer to the average
| P j\/m m—gs of two isolated yields of95% purity, as determined by G&1 NMR,
R ™ . N and elemental analysigEstimated on the basis of an uncorrected GC

Ro .
-N DA HCI, EtOH 7 ratio.
| ) reflux 9 vy R
PI” “Ph =
8

Scheme 9

R‘
ligand in these transformations. This large bite angle produces ")L’NHﬂ @
a large coordination sphere for the reacting ligands, which may PIT”“Ph
account for the improved reactivity with the sterically demand-
ing N-aryl benzophenone hydrazonésAdditionally, the long
Pd—P bond reduces the ability of phosphorus to act@slanor oo 1) cat. P i

R‘
N
to Pd, forming a relatively electron deficient metal center. The RQLW L ArX -
R’_/ 7 )—r2 I 03 R’—\ | M)—R2
~ Fe0,
N

Br
lcaL Pd

increased Lewis acidity of the Pd catalyst may improve its ability

to coordinate nonnucleophilic hydrazongsthereby assisting Ar

RC!

in the formation of the P&N bond and facilitating the coupling ® e : °
reaction. 1)LDA
When the hydrolysis/Fischer cyclization methodology is 2) alkyl-X
employed N,N-diaryl benzophenone hydrazones are converted H 0.4
to N-arylindole products on treatment with a ketone (1.5 equiv) Ri/ﬂa
and concentrated hydrochloric acid in refluxing ethanol (Scheme .
8). Following this protocol, symmetrically substituted hydrazone <I\& \
8a and 3-pentanone are converted to 2-ethyl-3,5-dimdthyl- R Na
(p-tolylhindole (9a) in 68% vyield (Table 5, entry 1). The only alkyl

observed coproduct in the crude reaction mixture was an
equivalent of benzophenone.

Ishii and co-workers have shown that Fischer cyclization of
unsymmetrically substituted,N-diarylhydrazones occurs pre-
dominantly to the more electron rich arene, as it is more
susceptible to interaction with an acid catafdn the indoliza-
tion of hydrazonesb, the only product detected is that whic
is produced by cyclization to the methoxy-substituted arene | symmary, we have found that-arylhydrazonest are
(Table 5, entry 2). Under the acidic reaction conditions, the efficiently prepared from commercially available benzophenone
pyridine nitrogen is protonated. The resulting pyridinium ring  hydrazone and a variety of aryl bromides utilizing either a Pd/
is strongly deactivated toward acid-catalyzed Fischer cycliza- g|NAP- or a Pd(OAcyXantphos-based catalyst system (Scheme
tion2 In the indolization of hydrazone8c and 8d, products  g) TheseN-aryl benzophenone hydrazones serve as protected
formed by cyclization to the less electron rich arene are arylhydrazines, which are deprotected and subjected to Fischer

(49) Dierkes, P.; van Leeuwen, P. W. N. 81.Chem. Soc., Dalton Trans. cyclization in a one-pot procedure to provide .indole products.
1999 1519. Hydrazonest are further elaborated by alkylation or a second

observed. Nevertheless, the major products resulting from
cyclization to the more electron rich arene rings are isolated in
good yields (entries 3 and 4).

h Conclusions
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arylation reaction to produci-aryl-N-alkylhydrazones and 2-Methyl-3-pentyl-5-phenylindole (3b). The procedure described
N,N-diarylhydrazone8. When the hydrolysis/Fischer cyclization ~ for the preparation of indole8a was used to convert 2-octanone
procedure is employed, hydrazoreands are readily converted ~ hydrazon& (142 mg, 1.0 mmol) and 4-bromobiphenyl (233 mg, 1.0

to N-alkylindole 7 and N-arylindole 9 products, respectively. ~ Mmol) to the title compound. Purification of the crude product by flash
y y P P y chromatography (5> 10% EtOAc/hexanes) afforde8b as a viscous

Experimental Section pale yellow oil (132 mg, 48% yieldfH NMR (300 MHz, CDC}): 6

; ; ; ; 7.68 (dd,J=0.9,11.7 Hz, 2H), 7.66 (dd,= 1.2, 8.2 Hz, 2 H), 7.45
General Considerations. All nonaqueous reactions were run in
. 7.42 (m, 2 H), 7.35 (ddJ = 1.8, 8.2 Hz, 1 H), 7.327.28 (m, 2 H),

oven-dried glassware under a slight positive pressure of argon unless
otherwise stated. Toluene was distilled from sodium under Ar. Sodium 271 (t3 = 7.5 Hz, 2 H), 2.37 (s, 3 H),11.6711.61 (m, 2 H), 1.36
tert-butoxide was purchased from Aldrich Chemical Co.; the bulk of 1.32 (m, 4 H), 0.88 (tJ = 7.2 Hz, 3 H)."*C{*H} NMR (500 MHz,
this material was stored under nitrogen in a Vacuum Atmospheres CDCh): 0142.9,134.7,132.5,131.3,129.3,128.6, 127.3, 126.1, 120.5,

glovebox. Small portions (22 g) were removed from the glovebox in ~ 116:7,112.9,110.3, 31.8,30.5, 24.1, 22.6, 14.1, 11.7. IR (neat)cm
glass vials, stored in a desiccator with anhydrous calcium sulfate for 3409, 2925, 2853, 1599, 1471, 1309. Anal. Calcd fesHasN: C,
periods of up to 2 weeks, and weighed in the air. Benzophenone 86-59 H, 8.36. Found: C, 86.32; H, 8.37.

hydrazone was purchased from Aldrich Chemical Co. and used as Pd-Catalyzed Preparation of N-Arylhydrazones 4. Procedure
received. Anhydroustxylene was purchased from Aldrich Chemical A 1.0 mol % Pd/(S)-BINAP. Benzophenone hydrazone (1.96 g, 10.0
Co. and used without further purification. Alternatehgxylene was mmol), the aryl bromide (10.0 mmol), Pd(OA¢E3 mg, 0.10 mmol),
distilled under Ar from Cakand stored under Ar. TMEDA and NEt ~ and §-BINAP (63 mg, 0.10 mmol) were dissolved in toluene (5 mL)
were distilled under vacuum from CaHnd stored under Ar. Xantphos in a flame-dried Schlenk flask fitted with a Septum and stirred at room
was prepared by the method of van Leeuwen and co-wofRers. temperature until the solution became homogeneous. The septum was
Cyclohexanone hydrazone and 2-octanone hydrazone were preparedeémoved, and NatBu (1.34 g, 14.0 mmol) was added, followed by
by the method of Newkom&. All other reagents were commercially additional toluene (5 mL). The reaction vessel was rec_apped with the
available and used without further purification unless otherwise noted. Septum, purged briefly with Ar, and heated at 8D until the aryl
Preparative flash chromatography was performed using ICN Flash Silica Promide was consumed, as determined by GC analysis. The reaction
Gel, 230-400 mesh. Yields refer to the average of two isolated yields Mixture was cooled to room temperature, diluted withE¢10 mL),

of 95% or higher purity, as determined by GE,NMR, and elemental and filtered through a sho_rt pad of Celite, and the filter cake was rinsed
analysis for new compounds. All products were characterizetHoy with EO (20 mL). The filtrate was then concentrated to afford the
NMR, $3C NMR, and infrared (IR) spectroscopy. New compounds were Crude product. Recrystallization or flash chromatography afforded the

further characterized by C, H analysis 1floE & R Microanalytical analytically pureN-aryl benzophenone hydrazode

Laboratories. NMR spectra were obtained in CP@h a Varian XL- Procedure B: 1.0 mol % Pd/&)-BINAP. Benzophenone hydra-
300 MHz, Varian Unity 300 MHz, or Varian VXR 500-MHz  zone (1.1 equiv), Pd(OAg)1.0 mol %), and£)-BINAP (1.5 mol %)
spectrometer. All'H NMR spectra are reported i units, ppm were suspended in toluene (1.7 mL/mmol benzophenone hydrazone)
downfield from tetramethylsilane as an internal standard*3&INMR in an oven-dried test tube fitted with a septum. The test tube was purged

spectra are reported in ppm relative to the central line of the triplet for briefly with Ar, heated at 100C for 3 min, and then cooled to Z%.
CDClz at 77 ppm. IR spectra were recorded on an ASi ReactlR 1000 The septum was removed, and to the resulting purple solution were
instrument (solids were measured neat on a DiComp probe). Gasadded the aryl bromide (1.0 equiv), NeBu (1.4 equiv), and an
chromatography analyses were performed on a Hewlett-Packard 6890additional portion of toluene (0.3 mL/mmol benzophenone hydrazone).
gas chromatograph, with an FID and a 25-m capillary column with a The test tube was recapped with the septum, purged briefly with Ar,
dimethylpolysiloxane stationary phase. Melting points were determined and heated at 100C until the aryl bromide was consumed, as
using a Haake Buchler melting point apparatus and are uncorrected.determined by GC analysis. The reaction mixture was cooled to room
6-Phenyl-1,2,3,4-tetrahydrocarbazole (3a)Cyclohexanone hydra- temperature and filtered through a short pad of Celite, and the filter
zoné! (112 mg, 1.0 mmol) was dissolved in toluene (0.5 mL) in an cake was rinsed with ED (20 mL). The filtrate was then concentrated
oven-dried test tube. 4-Bromobiphenyl (233 mg, 1.0 mmol), Pd(@Ac) to afford the crude product. Recrystallization or flash chromatography
(11 mg, 0.05 mmol), ancHf)-BINAP (31 mg, 0.05 mmol) were then  afforded analytically puré-aryl benzophenone hydrazode
added, followed by additional toluene (0.5 mL). The test tube was  Procedure C: 0.10 mol % Pd(OAc)YXantphos. A flame-dried
capped with a septum, purged briefly with Ar, and heated to (D0 Schlenk flask was evacuated, backfilled with Ar, and charged with Pd-
for 2 min (the reaction mixture turned green and then black during (OAc), (2.0 mg, 0.01 mmol), Xantphos (6.0 mg, 0.011 mmol), and
this time period). The reaction mixture was cooled to room temperature, toluene (1 mL). The flask was then capped with a septum, and the
the septum was removed, and N&8u (134 mg, 1.4 mmol) was added,  reaction mixture was stirred at room temperature under Ar for
followed by toluene (1 mL). The test tube was recapped with the septum approximately 5 min. The septum was removed, and benzophenone
and purged briefly with Ar, and the resulting purple solution was heated hydrazone (1.96 g, 10.0 mmol), the aryl halide (10.0 mmol), andtNaO
at 100°C for 8 h. (Caution! Hydrazine may be ®lved during this Bu (1.34 g, 14 mmol) were added to the flask, followed by an additional
reactior). The reaction mixture was cooled to room temperature, diluted portion of toluene (9 mL). The Schlenk flask was recapped with the
with Et,O (10 mL), and filtered through a short pad of Celite, and the septum, evacuated, and backfilled with Ar, and the evacuatackfill
filter cake was rinsed with BED (20 mL). The filtrate was then cycle was repeated two more times. The solution was then heated to
concentrated to afford the crude product. The crude product was then80 °C until the benzophenone hydrazone and aryl halide were
heated withp-toluenesulfonic acid monohydratp-TsOHH,O) (380 consumed, as determined by GC analysis. The reaction mixture was
mg, 2.0 mmol) in EtOH (5 mL) at reflux for 48 h. The reaction mixture then cooled to room temperature, the septum was removed, and the
was then cooled to room temperature, the septum was removed, andeaction mixture was diluted with € (15 mL). The resulting
the reaction mixture was diluted with & (15 mL). The resulting heterogeneous mixture was then filtered through a pad of silica gel
heterogeneous mixture was then filtered through a pad of silica gel (~1 in.), and the silica gel was rinsed with an additional portion of
(~1 in.), and the silica gel was rinsed with an additional portion of EtO (20-50 mL). The filtrate was then concentrated to afford the crude
Et,O (20-50 mL). The filtrate was concentrated, and the crude product product as an orange or brown solid. When further purification was
was purified by flash chromatography {5 10% EtOAc/hexanes) to required, recrystallization from MeOH afforded the pukearyl

afford 3a as a white solid (98 mg, 40% yield). Mp: 14243°C. H benzophenone hydrazone.
NMR (300 MHz, CDC): 6 7.51-7.34 (m, 3 H), 7.487.23 (m, 6 N-(4-Chlorophenyl) Benzophenone Hydrazone 4aProcedure A
H), 2.85-2.67 (m, 4 H), 1.93 (s, 4 H)**C{'H} NMR (75 MHz, was used to convert benzophenone hydrazone and 4-bromochloroben-

CDCl): 0142.8,135.1,134.9, 132.6, 128.5, 128.3, 127.3, 126.1, 120.7, zene (1.92 g, 10.0 mmol) to the title product in crude form. Recrys-

116.3, 110.5, 110.5, 23.2, 23.1, 20.9. IR (neat; §m 3409, 2929, tallization from hot isopropyl alcohol (100 mL) afforded-(4-
2851, 1596, 1471. Anal. Calcd for,g1;/N: C, 87.41; H, 6.93.
Found: C, 87.14; H, 6.96. (50) Braddock, L. L.; Willard, M. L.J. Org. Chem1953 18, 3.
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chlorophenyl) benzophenone hydrazone as yellow crystals (1.97 g, 64%300 MHz): ¢ 7.51-7.59 (m, 5 H), 7.46 (s, 1 H), 7.287.34 (m, 7 H),

yield). The mother liquor was concentrated, and the residue was purified 6.93-6.96 (m, 2 H)3C{*H} NMR (75 MHz): ¢ 144.8, 143.5, 137.9,

by flash chromatography (5% EtOAc/hexanes) to afford an additional 132.4, 131.9, 129.6, 129.3, 128.9, 128.2, 128.1, 126.4, 114.4, 111.7.

550 mg (18% yield) of the title product. The products were combined IR (neat, cm%): 3328, 3060, 3031, 1657, 1594, 1492, 1445,

to afford 2.52 g (82% total yield) ofla Mp: 125-127 °C; lit. mp N-(3,4-Dimethoxyphenyl) Benzophenone Hydrazone (4e)ising

121-122°C. *H NMR (300 MHz, CDC}): 6 7.61-7.52 (m, 5 H), procedure B, benzophenone hydrazone (307 mg, 1.50 mmol) was

7.46 (s, 1 H), 7.367.28 (m, 5 H), 7.18 (d) = 9.2 Hz, 2 H), 7.00 (d, coupled with 4-bromoveratrole (196., 1.36 mmol) in 14 h, with the

J = 9.2 Hz, 2 H).»*C{*H} NMR (75 MHz, CDCh): 6 144.8, 143.1, modification that Pd(OAg)and &)-BINAP were employed at 1.5 and

138.0,132.5,129.7,129.3, 129.0, 128.2, 126.5, 124.6, 113.9. IR (neat,2.3 mol %, respectively. Purification of the crude product by flash

cml): 3327, 3034, 1598, 1552, 1494. Anal. Calcd fophfisN.Cl: chromatography (15% EtOAc/hexanes) affordecs a brown powder

C, 74.39; H, 4.93. Found: C, 74.55; H, 5.01. (395 mg, 87% yield). Mp: 98100°C. *H NMR (300 MHz, CDC}):
N-(4-Chlorophenyl) Benzophenone Hydrazone 4a (Alternative 0 7.59-7.38 (m, 5 H), 7.36-7.30 (m, 5 H), 6.836.77 (m, 2 H), 6.52

Procedure).Procedure C was used to convert benzophenone hydrazone(d, J = 2.4 Hz, 1 H), 3.91 (s, 3 H), 3.84 (s, 3 H}C{*H} NMR (75

and 4-bromochlorobenzene (1.92 g, 10.0 mmoliadn 1.5 h.N-(4- MHz, CDCk): 6 149.9, 143.5, 143.0, 139.3, 138.4, 132.8, 129.6, 129.1,

Chlorophenyl) benzophenone hydrazone (3.00 g, 9.87 mmol, 98% vyield) 128.1, 127.8, 126.3, 112.5, 103.9, 98.0, 56.5, 55.8. IR (neat})cm

was obtained in 98% purity, without recrystallization, as determined 3304, 1613, 1579, 1513, 1490, 1451. Anal. Calcd feiHzN-O.: C,

by 'H NMR and GC analysis. Spectral data were in accord with those 75.88; H, 6.06. Found: C, 75.68; H, 5.95.

of previously prepared analytically pure samples. N-(3,4-Dimethoxyphenyl) Benzophenone Hydrazone 4e (Alterna-
N-(3,5-Dimethylphenyl) Benzophenone Hydrazone 4bUsing tive Procedure). Procedure C was used to convert benzophenone

procedure A, benzophenone hydrazone was coupled with 5-bnemo- hydrazone and 4-bromoveratrole (1.44 mL, 10.0 mmol) to the title

xylene (1.36 mL, 10.0 mmol) in 22 h. Recrystallization of the crude product in 12 h. GC analysis of the crude reaction indicated that the

product from hot EtOH (20 mL) gave the title compound as an orange mixture contained 70%eand 8% diphenylmethane. Recrystallization

solid (2.13 g, 71% vyield). The mother liquor was concentrated, and from hot MeOH (75 mL) afforded the pure title product as orange

the residue was purified by flash chromatography (2% EtOAc/hexanes) crystals (2.32 g, 6.99 mmol, 70% yield). Spectral data were in accord

to afford additional product (469 mg, 16% yield). The products were with those of previously prepared analytically pure samples.

combined to give 2.60 g (87% total yield) 4b. Mp: 90-92 °C. H N-(4-Methylphenyl) Benzophenone Hydrazone 4% General
NMR (300 MHz, CDC}): 6 7.60-7.50 (m, 5 H), 7.42 (s, 1 H), 7.35 procedure B was used to convert benzophenone hydrazone (294 mg,
7.27 (m, 5 H), 6.72 (s, 2 H), 6.50 (s, 1 H), 2.27 (s, 6 MC{H} 1.50 mmol) and 4-bromotoluene (16, 1.36 mmol) to the crude
NMR (125 MHz, CDC}): ¢ 144.5,143.7, 138.9,138.4, 132.8, 129.6, title product. Purification by flash chromatography (3.5% EtOAc/
129.1, 128.1, 127.8, 126.4, 121.9, 110.7, 21.5. IR (neat!xcn3339, hexanes) affordedf as a viscous yellow oil (390 mg, 99% yieldH

3057, 3026, 1598, 1552. Anal. Calcd fo:B20N2: C, 83.96; H, 6.71. NMR (300 MHz, CDC}): 6 7.59-7.51 (m, 5 H), 7.337.25 (m, 5
Found: C, 84.18; H, 6.78. H), 7.07-6.97 (m, 4 H), 2.27 (s, 3 H)C{*H} NMR (75 MHz,

N-(3,5-Dimethylphenyl) Benzophenone Hydrazone 4b (Alterna- CDCl): 0 143.5,142.4,138.5,132.8, 129.7, 129.6, 129.3, 129.2, 129.1,
tive Procedure). Procedure C was used to convert benzophenone 128.1, 127.8, 126.3, 112.9, 20.6. IR (neat, ém 3332, 3063, 3020,
hydrazone and 5-bromar-xylene (1.36 mL, 10.0 mmol) tdb in 4 h. 1613, 1521, 1518. Anal. Calcd forHgN,: C, 83.88; H, 6.34.
N-(3,5-Dimethylphenyl) benzophenone hydrazotie (2.80 g, 9.31 Found: C, 84.02; H, 6.36.
mmol, 93% yield) was obtained in 99% purity without recrystallization. N-(1-Naphthyl) Benzophenone Hydrazone 4gUsing procedure
Spectral data were in accord with those of previously prepared A, benzophenone hydrazone was coupled with 1-bromonaphthalene
analytically pure samples. (1.39 mL, 10.0 mmol) in 3.5 h. Recrystallization of the crude product

N-(3-Methoxyphenyl) Benzophenone Hydrazone 4dJsing pro- from hot EtOH (150 mL) afforded the analytically pure title compound
cedure B, benzophenone hydrazone (614 mg, 3.00 mmol) was coupledas an orange/red solid (1.69 g, 53% yield). The mother liquor was
with 3-bromoanisole (346L, 2.73 mmol) in 2.5 h. Purification of the concentrated, and the residue was purified by flash chromatography
crude product by flash chromatography (6% EtOAc/hexanes) afforded (2% EtOAc/hexanes) to afford additional product (1.06 g, 33% yield).
analytically puredc as a brown solid (800 mg, 97% yield). Mp: 120 The products were combined to affodd (2.75 g, 86% total yield).
123°C.H NMR (300 MHz, CDC}): 6 7.61=7.52 (m, 5 H), 7.49 (s, Mp: 99-101°C.H NMR (300 MHz, CDC}): 6 8.19 (s, 1 H), 7.78
1H), 7.34-7.27 (m, 5 H), 7.12 (t) = 8.2 Hz, 1 H), 6.78 (tJ = 2.2 (t,J=7.1Hz, 2 H), 7.7+7.59 (m, 5 H), 7.5%7.22 (m, 10 H)1%C-

Hz, 1 H), 6.58-6.54 (m, 1 H), 6.41 (dd) = 8.2, 2.4 Hz), 3.81 (s, 3 {H} NMR (125 MHz, CDC}): ¢ 146.2, 139.2, 138.1, 134.1, 132.7,
H). 13C{*H} NMR (75 MHz, CDCh): ¢ 160.7, 145.9, 144.2, 138.2, 129.8, 129.5, 129.0, 128.7, 128.3, 128.2, 126.7, 126.6, 125.5, 124.9,
132.7, 129.8, 129.6, 129.0, 128.0, 127.9, 126.4, 105.7, 98.9, 55.2. IR121.9, 121.7, 119.8, 118.9, 107.9. IR (neat,; ¢m 3327, 3057, 1579,
(neat, cm?): 3331, 3057, 1601, 1555, 1506, 1490, 1285, 1263, 1205, 1552, 1521, 1478. Anal. Calcd for N2 C, 85.68; H, 5.63.
1183, 1120, 1034, 767, 690. Anal. Calcd forldigN,O: C, 79.44; H, Found: C, 85.71; H, 5.87.

6.00. Found: C, 79.64; H, 5.83. N-(4-Trifluoromethyphenyl) Benzophenone Hydrazone 4hPro-

N-(3-Methoxyphenyl) Benzophenone Hydrazone 4c (Alternative cedure B was employed to couple benzophenone hydrazone (917 mg,
Procedure).Procedure C was used to convert benzophenone hydrazone4.49 mmol) with 4-bromobenzotrifluoride (574, 4.08 mmol), except
and 3-bromoanisole (1.27 mL, 10.0 mmol) to the title product in 6 h. that cesium carbonate was used in lieu of &0, Pd(OAc) and &)-
Filtration through silica gel and concentration in vacuo affordeds BINAP were employed at 2.5 and 3.4 mol %, respectively, and the
a viscous orange oil. This oil was dissolved in@&t10 mL), and the reaction was conducted in toluene at reflux for 48 h. Purification of
solution was concentrated in vacuo. This cycle was repeated two morethe crude product by flash chromatography (5% EtOAc/hexanes)
times to afford4c as an orange solid (2.95 g, 9.80 mmol, 98% vyield) afforded4h as a yellow solid (1.12 g, 81% yield). Mp: 886 °C.'H
in >99% purity, as determined by GC atd NMR analysis. Spectral ~ NMR (300 MHz, CDC}): ¢ 7.68-7.56 (m, 5 H), 7.48 (d) = 8.3 Hz,
data were in accord with those of previously prepared analytically pure 2 H), 7.36-7.30 (m, 5 H), 7.12 (dJ = 8.3 Hz, 2 H).13C NMR (75
samples. MHz, CDCk): 6 147.0, 146.1, 137.8, 132.3, 129.8, 129.5, 129.0, 128.6,

N-(4-Bromophenyl) Benzophenone Hydrazone 48 Procedure ¢~ 128.3,126.7,126.7, 126.6, 126.5, 126.4. IR (neat,'$m3340, 3060,
was used to convert benzophenone hydrazone and 1,4-dibromobenzend613, 1526. Anal. Calcd for H1sFsN2: C, 70.58; H, 4.44. Found:
(2.36 g, 10.0 mmol) to the title product in 4 N-(4-Bromophenyl) C, 70.74; H, 4.34.
benzophenone hydrazone (3.51 g, 9.67 mmol, 97% yield) was obtained Procedure D: Fischer Cyclization of Hydrazones 4 to Indoles
in 98% purity without recrystallization, as determined*yNMR and 5. Hydrazone4 (1.0 equiv), ketone (1.5 equiv), apeTsOHH;0 (2.0
GC analysis. Mp: 107108 °C; lit. mp 118°C5! 'H NMR (CDCl,, equiv) were dissolved in EtOH (5 mL/mmd), and the solution was
heated at reflux untdt was consumed, as determined by GC analysis.

(51) Humphries, J. E.; Bloom, E.; Evans, R.Chem. Socl1923 123
1770. (52) Bush, M.; Schaffner, SChem. Ber1923 56, 1612.
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The reaction mixture was cooled to room temperature, diluted with
Et,O (5 mL), and neutralized with a saturated NaHQ®OIlution. The
aqueous layer was extracted with@{(3 x 10 mL), and the combined
organic extracts were dried §KOs), filtered, and concentrated under
vacuum. Purification of the crude product by flash chromatography
afforded the analytically pure indole product.
6-Chloro-1,2,3,4-tetrahydrocarbazole 5&2 Procedure D was used
to convert hydrazonda (306 mg, 1.0 mmol) and cyclohexanone (160
uL, 1.5 mmol) to the title product. Purification of the crude product
by flash chromatography (10% EtOAc/hexanes) g&aeas a white
solid (188 mg, 91% vyield). Mp: 142143 °C; lit. mp 143-144°C.
IH NMR (300 MHz, CDCh): 6 7.68 (s, 1 H), 7.41 (dJ = 1.9 Hz, 1
H), 7.17 (d,J = 8.6 Hz, 1 H), 7.05 (ddJ = 2.0, 8.6 Hz, 1 H), 2.73
2.64 (m, 4 H), 1.921.85 (m, 2 H).13C NMR (75 MHz, CDC}): ¢

Wagaw et al.

2,5-Dimethyl-3-pentylindole 5f.Procedure D was used to convert
hydrazonetf (387 mg, 1.35 mmol) and 2-octanone (347, 2.03 mmol)
to the title product. Purification of the crude product by flash
chromatography (NEtdeactivated silica gel, 10% EtOAc/hexanes)
afforded5f as a yellow oil (225 mg, 77% yield}H NMR (300 MHz,
CDClg): ¢ 7.55 (brs, 1 H), 7.26 (s, 1 H), 7.15 (d,= 8.1 Hz, 1 H),
6.92 (d,J=8.1 Hz, 1 H), 2.64 (tJ = 7.5 Hz, 2 H), 2.44 (s, 3 H), 2.34
(s, 3H), 1.62-1.56 (m, 2 H), 1.31 (m, 4 H), 0.88 (1,= 6.5 Hz, 3 H).
B3C{H} NMR (75 MHz, CDC}): 4 133.5, 130.7, 129.0, 127.9, 122.1,
117.9, 111.9, 109.8, 31.8, 30.5, 24.1, 22.6, 21.6, 14.1, 11.6. IR (neat,
cmY): 3041, 2926, 2856, 1459, 1305, 759. Anal. Calcd fesHziN:
C, 83.67; H, 9.83. Found: C, 83.55; H, 10.02.
(2-Methylbenzo[g]indol-3-yl)acetic Acid Ethyl Ester 5g. Procedure
D was used to convert hydrazodg (322 mg, 1.0 mmol) and levulinic

135.6, 133.9, 129.0, 124.7, 120.9, 117.3, 111.1, 110.1, 23.3, 20.9. IR acid (180uL, 1.5 mmol) to the title product. Purification of the crude

(neat, cmY): 3405, 2941, 2845, 1579, 1467, 1436. Anal. Calcd for
C1,H1oNCI: C, 70.07; H, 5.88. Found: C, 70.18; H, 6.13.
2,3,3,4,6-PentamethyBH-indole 5b. Procedure D was used to
convert hydrazondb (300 mg, 1.0 mmol) and 3-methyl-2-butanone
(160uL, 1.5 mmol) to the title product. Purification of the crude product
by flash chromatography (30% EtOAc/hexanes) afforded the title
compound as a yellow oil (168 mg, 90% yield NMR (500 MHz,
CDCly): 6 7.18 (s, 1 H), 6.78 (s, 1 H), 2.41 (s, 3 H), 2.35 (s, 3 H),
2.24 (s, 3 H), 1.36 (s, 6 H}C NMR (125 MHz, CDC}): 6 187.8,

154.2, 139.4, 137.2, 132.1, 127.8, 118.2, 53.8, 21.1, 20.7, 17.5, 15.0.

IR (neat, cmY): 2968, 2926, 1722, 1695, 1583. Anal. Calcd for
CisHi7N: C, 82.05; H, 10.59. Found: C, 81.97; H, 10.30.
4,5-Dimethylindole-2-carboxylic Acid Ethyl Ester 5c.Hydrazone
4b (300 mg, 1.0 mmol), ethyl pyruvate (160L, 1.5 mmol), and
p-TsOHH,0 (380 mg, 2.0 mmol) were dissolved in toluene (5 mL),
and the solution was heated to reflux undib was consumed, as

product by flash chromatography (20% EtOAc/hexanes) provitgd
as a white solid (238 mg, 89% yield). Mp: 15759 °C. *H NMR
(300 MHz, CDC}): 6 8.61 (s, 1 H), 7.91 (t) = 7.5 Hz, 2 H), 7.66 (d,
J=8.6 Hz, 1 H), 7.5%7.44 (m, 2 H), 7.39-7.35 (m, 1 H), 4.15 (q,
J=7.1Hz 3H), 3.74 (s, 3 H), 2.49 (s, 3 H), 1.24 Jt= 7.2 Hz, 3
H). 1*C{*H} NMR (125 MHz, CDC}): ¢ 172.3, 130.8, 129.9, 129.2,
128.8,125.2,124.1,123.3,121.2,120.2, 119.1, 118.5, 106.2,60.8, 30.5,
14.2,11.6. IR (neat, cm): 3343, 2990, 1704, 1429, 1399. Anal. Calcd
for C1sH17NO,: C, 76.38; H, 6.41. Found: C, 76.24; H, 6.30.
2-Phenylbenzog)indole 5h. Procedure D was used to convert
hydrazone4g (322 mg, 1.0 mmol) and acetophenone (%dQ 1.5
mmol) to the title product. Purification of the crude product by flash
chromatography (5% EtOAc/hexanes) afford@échs a white solid (200
mg, 82% yield). Mp: 164165 °C. *H NMR (300 MHz, CDC}): 6
9.02 (s, 1 H), 8.07 (dJ = 8.2 Hz, 1 H), 7.93 (dJ = 8.2 Hz, 1 H),
7.74-7.70 (m, 3 H), 7.567.41 (m, 5 H), 7.357.32 (m, 1 H), 6.96

determined by GC analysis (12 h). The reaction solution was cooled (s, 1 H).13C{*H} NMR (125 MHz, CDC}): 6 136.2, 132.5, 131.3,

to room temperature, neutralized with a saturated Nagi€iution,
and extracted with EtOAc (% 10 mL). The combined EtOAc extracts
were dried over anhydrous,RO;, filtered, and concentrated in vacuo
to afford the crude product as a brown oil. Purification by flash
chromatography (10% EtOAc/hexanes) afforded indaes a white
solid (147 mg, 68% yield). Mp: 108C.*H NMR (300 MHz, CDCH}):
08.77(s,1H),7.71 (dd) = 1.0, 2.1 Hz, 1 H), 7.03 (s, 1 H), 6.79 (s,
1 H), 4.40 (9,0 = 7.1 Hz, 2 H), 2.52 (s, 3 H), 2.43 (s, 3 H), 1.42 (t,
J=7.1Hz, 3 H).°C{H} (75 MHz, CDC}): ¢ 162.1, 137.1, 135.7,

130.5, 129.1, 129.0, 127.4, 125.9, 125.6, 125.3, 123.9, 121.5, 121.2,
120.6, 119.3, 101.7. IR (neat, ch). 3341, 3037, 1602, 1486, 1450,
1390. Anal. Calcd for ggH1sN: C, 88.86; H, 5.39. Found: C, 88.62;
H, 5.60.

2-Methyl-3-pentyl-5-trifluoromethylindole 5i. Hydrazone4h (34
mg, 0.10 mmol), 2-hexanone (2., 0.50 mmol), andp-TsOHH,0O
(190 mg, 1.0 mmol) were heated in EtOH (1 mL) at reflux for 48 h.
The crude reaction mixture was worked up according to procedure D.
Purification of the crude product by flash chromatography (15% EtOAc/

131.7,126.1,125.5, 122.8, 108.9, 107.2, 60.8, 21.9, 18.6, 14.5. IR (neathexanes) afforded: 1 mg of the title compound<5% yield).*H NMR

cm™): 3321, 2973, 2917, 2904, 2858, 1686, 1580, 1524, 1432. Anal.

Calcd for GsHisNO2: C, 71.87; H, 6.96. Found: C, 72.13; H, 6.95.
2-Ethyl-3-methyl-6-methoxyindole 5d.Procedure D was used to
convert hydrazondc (302 mg, 1.0 mmol) and 3-pentanone (10
1.5 mmol) to an approximately 4:1 mixture of the 6-methoxy- and
4-methoxyindole regioisomeric products, as determined by GCtdnd
NMR analysis. Purification of the crude product by flash chromatog-
raphy (10% EtO/hexanes) afforded isomerically pube as a white
solid (141 mg, 74% yield). Mp: 105107 °C. *H NMR (500 MHz,
CDCly): 6 7.59 (s, 1 H), 7.34 (d) = 8.8 Hz, 1 H), 6.75 (ddJ = 2.4,
8.3 Hz, 1 H), 3.84 (s, 3 H), 2.72 (4,= 7.65 Hz, 2 H), 2.20 (s, 3 H),
1.25 (t,J = 7.6 Hz, 3 H).23C{*H} NMR (125 MHz, CDC}): ¢ 115.7,

(300 MHz, CDC}): 6 7.85 (brs, 1 H), 7.76 (s, 1 H), 7.32 (m, 2 H),
2.68 (t,J = 7.4 Hz, 3 H), 2.40 (s, 3 H), 1.701.50 (m, 4 H), 0.95 (t,
J = 7.4 Hz, 3 H). EI-MS: m/z 241 (M"), 212 (base peak).

“One-Pot” Synthesis of 6-Phenyl-1,2,3,4-tetrahydrocarbazole 3a
from Benzophenone HydrazoneBenzophenone hydrazone (98 mg,
0.50 mmol) and 4-bromobiphenyl (117 mg, 0.50 mmol) were coupled
according to procedure A. The crude product was heated with
cyclohexanone (7&L, 0.75 mmol) andp-TsOHH,O (190 mg, 1.0
mmol) according to procedure D, except that THF (1 mL) was added
to solubilize the intermediateN-(p-phenyl-phenyl) benzophenone
hydrazone. Purification of the crude product by flash chromatography
(10% EtOAc/hexanes) afford&h as a white solid (117 mg, 95% yield).

135.6, 135.2, 123.9, 118.5, 108.3, 105.8, 94.4, 55.7, 19.3, 14.1, 8.3.gpectral data were in accord with those of previously prepared

IR (neat, cnmt): 3416, 2961, 2919, 1570, 1458, 1327. Anal. Calcd for
C1,HisNO: C, 76.16; H, 7.99. Found: C, 75.95; H, 7.80.

5,6-Dimethoxy-2-methyl-3-propylindole 5eProcedure D was used
except that hydrazonge (692 mg, 2.10 mmol), 2-hexanone (1.28 mL,
10.4 mmol), water (1.0 mL, 56.0 mmol), ampETsOHH,0 (3.96 g,
20.8 mmol) were heated in THF (50 mL) at reflux for 22 h. Purification
of the crude product by flash chromatography 2025% EtOAc/
hexanes) afforded the title compound as a yellow oil (361 mg, 74%
yield). '"H NMR (300 MHz, CDC}): 6 7.57 (brs, 1 H), 6.94 (s, 1 H),
6.73 (s, 1 H), 3.92 (s, 3 H), 3.85 (s, 3 H), 2.61Jt= 7.3 Hz, 2 H),
2.29 (s, 3 H), 1.63 (sexfl = 7.3 Hz, 2 H), 0.96 (tJ = 7.3 Hz, 3 H).
BC{H} NMR (75 MHz, CDCE): 6 145.9, 144.3,129.3, 129.2, 121.5,
111.8, 100.6, 94.4, 60.4, 56.3, 26.2, 23.8, 14.1, 11.6. IR (neat)cm
3369, 2930, 1485, 1464, 1328, 1209, 1158, 756. Anal. Calcd.ibh&
NO.: C, 72.07; H, 8.21. Found: C, 72.31; H, 8.46.

(53) Welch, W. M.Synthesid 977, 645.

analytically pure samples.

“One-Pot” Synthesis of 2-Methyl-3-pentyl-5-phenylindole 3b
from Benzophenone HydrazoneBenzophenone hydrazone (98 mg,
0.50 mmol) and 4-bromobiphenyl (117 mg, 0.50 mmol) were coupled
according to procedure A. The crude product was heated with
2-octanone (7@L, 0.75 mmol) ang-TsOHH,0 (190 mg, 1.0 mmol)
according to procedure D, except that THF (1 mL) was added to
solubilize the intermediati-(4-phenyl-phenyl) benzophenone hydra-
zone. Purification of the crude product by flash chromatography (10%
EtOAc/hexanes) afforde8b as a clear oil (109 mg, 79% yield). Spectral
data were in accord with those of previously prepared analytically pure
samples.

Procedure E: Alkylation of N-Aryl Benzophenone Hydrazones
4. Lithium diisopropylamide (LDA, 1.2 M/THF) was prepared by
adding diisopropylamine (1.2 equiv) via syringe to THF in an oven-
dried flask that was under Ar and capped with a septum. The flask
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was cooled to OC, n-BuLi (1.6 M in hexane, 1.1 equiv) was added
dropwise, and the resulting solution was stirred &00for 30 min.

An oven-dried flask was charged with tihéaryl benzophenone
hydrazone (1.0 equiv) and THF (1.0 mL/mmol 4}, capped with a
septum, placed under Ar, and cooled t6Q@ Freshly prepared LDA

J. Am. Chem. Soc., Vol. 121, No. 44, 19261

(q,J = 7.6 Hz, 2 H), 2.20 (s, 3 H), 1.73 (d,= 7.5 Hz, 2 H), 1.18 (t,

J = 7.6 Hz, 3 H), 0.93 (tJ = 7.5 Hz, 3 H).*3C{*H} (125 MHz,
CDCl): 6 139.3,134.3,130.2,122.9,120.5, 111.7, 110.3, 105.4, 44.9,
23.8,17.8, 14.5, 11.5, 8.6. IR (neat, T 2968, 2933, 2875, 1569,
1468, 1414. Anal. Calcd for 4 H1gNBr: C, 60.01; H, 6.47. Found:

was transferred via cannula to the reaction mixture, which was then C, 60.33; H, 6.73.

stirred at room temperature for 30 min. The reaction mixture was cooled

to 0°C, and the alkyl halide (1.2 equiv) and, when needé&d,N',N'-
tetramethylethylenediamine (TMEDA) (1.2 equiv), were added to the
reaction mixture, which was then stirred at room temperature or with
heating until theN-arylhydrazone was consumed, as ascertained by
TLC analysis.

On completion of the alkylation reaction, the septum was removed,

7-Methoxy-6,11-dihydro-8H-benzofg]carbazole 7¢ and 9-Meth-
oxy-6,11-dihydro-8H-benzofg]carbazole 7d.Procedure E was used
to convert 3-methoxyphenyl benzophenone hydrazar(802 mg, 1.0
mmol) and methyl iodide (94L, 1.5 mmol) toN-(3-methoxyphenyl)-
N-methyl benzophenone hydrazone.

Following procedure F, the crude alkylated hydrazonecatetralone
(200 uL, 1.5 mmol) were converted to a 3.3:1 mixture of indokes

and the reaction mixture was concentrated in vacuo to afford the crudeand 7d. Purification by flash chromatography (2% EtOAc/hexanes)

N-aryl-N-alkylhydrazones, which was used without further purification.
In instances when TMEDA was employed, the crude reaction mixture
was diluted with E£O (5 mL) and then washed with a saturated CuSO
solution (3x 5 mL) to remove the TMEDA. The organic layer was
then dried over KCO;, filtered, and concentrated under vacuum to
afford the crude product, which was used without further purification.
General Procedure F: Fischer Cyclization of N-Aryl- N-alkyl
Benzophenone Hydrazones 6 tbl-Alkylindoles 7. The crudeN-aryl-
N-alkylhydrazone6 was dissolved in EtOH (5.0 mL/mmd@); the
ketone (1.5 equiv) ang-TsOHH,0 (2.0 equiv) were then added, and
the solution was heated to reflux (8@ bath temperature) until
hydrazone6 was consumed, as ascertained by TLC analysis. The

afforded analytically pure indoleac and7d (indole 7c, 155 mg, 0.59
mmol, 59% yield; indole7d, 53 mg, 0.20 mmol, 20% vyield).

7c.Mp: 120-121°C.*H NMR (300 MHz, CDC}): 6 7.54 (d,J =
7.6 Hz, 1 H), 7.42 (dJ = 8.2 Hz, 1 H), 7.25 (ddJ = 7.4, 12.9 Hz, 2
H), 7.12 (t,J= 7.4 Hz, 1 H), 6.75-6.81 (m, 2 H).13C{*H}: ¢ 156.55,
139.9, 137.2, 133.9, 128.4, 126.4, 125.5, 121.7, 120.4, 119.3, 113.9,
109.1, 93.1, 55.7, 32.6, 30.7, 20.2. IR (neat, €m 3002, 2944, 2889,
2834, 1619, 1600, 1571, 1536, 1492. Anal. Calcd fesHeNO: C,
82.10; H, 6.51. Found: C, 82.00; H, 6.45.

7d.Mp: 132-134°C.*H NMR: ¢ 7.58 (d,J= 6.0 Hz, 1 H), 7.25
7.32 (m, 2 H), 7.09-7.18 (m, 2 H), 6.94 (dJ = 8.1 Hz, 1 H), 6.50 (d,
J=7.8Hz, 1 H),3.97 (s, 3 H), 3.92 (s, 3 H), 3.15 (d= 6.6, 8.1

reaction mixture was then cooled to room temperature, neutralized with Hz, 2 H), 2.9%-2.96 (m, 2 H).**C{*H} (75 Hz, CDC}): ¢ 154.6,

a saturated NaHC{solution, and extracted with g (2 x 10 mL).
The combined ED extracts were dried over KO;, filtered, and
concentrated in vacuo to afford cru@ePurification by flash chroma-
tography afforded the analytically puMalkylindole product.

6-Chloro-N-benzyl-1,2,3,4-tetrahydrocarbazole 7&* Procedure E
was used to convelltl-(4-chlorophenyl)N-benzyl benzophenone hy-
drazoneta (306 mg, 1.0 mmol) and benzyl bromide (131, 1.1 mmol)
to N-(4-chlorophenyl)N-benzyl benzophenone hydrazone which, in
crude form, was obtained as a viscous yellow oil.

Procedure F was used to convert criiél-chlorophenyl)N-benzyl
benzophenone hydrazoneX mmol) and cyclohexanone (124, 1.5
mmol) to 6-chloroN-benzyl-1,2,3,4-tetrahydrocarbazole. Purification
by flash chromatography (2% EtOAc/hexanes) afforded analytically
pure 7a as a pale yellow oil, which solidified on standing (250 mg,
85% vyield). Mp: 95-97 °C; lit. mp 97.5-98.5°C.>* '"H NMR (300
MHz, CDCL): ¢ 7.44 (d,J = 2.0 Hz, 1 H), 7.19-7.26 (m, 3 H), 7.06
(d,J=8.5Hz, 1 H), 7.01 (dJ = 8.5 Hz, 1 H), 6.94 (d) = 6.7 Hz,

2 H), 5.15 (s, 2 H), 2.69 () = 6.0 Hz, 2 H), 2.59 (tJ = 6.0 Hz, 2
H), 1.82-1.91 (m, 4 H) 23C{H} (125 MHz, CDC}): ¢ 137.7, 137.1,

134.8, 128.7, 128.5, 127.2, 127.0, 124.5, 120.7, 117.3, 109.6, 77.3,

77.0,76,7,46.2,23.0,22.9(8), 22.1, 20.9. IR (neat,’ym3062, 3025,

2941, 2925, 2852, 1602, 1573, 1495, 1453, 1441. Anal. Calcd for

CigH1gNCI: C, 77.15; H, 6.13. Found: C, 76.99; H, 6.19.
5-Bromo-2-ethyl-3-methylN-propylindole 7b. Procedure E was

used to conver-(4-bromophenyl) benzophenone hydrazdag351

mg, 1.0 mmol) anah-propyl iodide (107«L, 1.5 mmol) in the presence

of TMEDA (181 uL, 1.2 mmol) to N-(4-bromophenylN-propyl

140.5, 137.9, 133.5, 129.5, 128.4, 126.4, 125.8, 122.6, 122.1, 116.0,
113.9,1.2.7,99.5, 55.2, 32.9, 31.0, 21.6. IR (neat,’m2989, 2958,
2929, 1580, 1499, 1465, 1461. Anal. Calcd fagdi,NO: C, 82.10;

H, 6.51. Found: C, 82.07; H, 6.47.

Attempted Cyclization to (N-Benzyl-5,6-dimethoxy-2-methylin-
dol-3-yl)acetic Acid Ethyl Ester 7e.Procedure E was used to convert
N-(3,4-dimethoxyphenyl) benzophenone hydrazdeg332 mg, 1.0
mmol) and benzyl bromide (178, 1.5 mmol) toN-(3,4-dimethoxy-
phenyl)N-benzyl benzophenone hydrazone.

Following procedure F, the crudi-aryl-N-alkyl benzophenone
hydrazone was treated with levulinic acid (164) and p-TsOHH,O
(380 mg) in refluxing EtOH (5.0 mL). Analysis of the neutralized crude
reaction mixture by GC/MS showed that it contained benzophenone
(~54%), bis(4-methoxyphenyl)amine-85%), and indole7e (~8%).

5-Chloro-2-methyl-3-propyl-N-allylindole 7f. Procedure E was
used to conveil-(4-chlorophenyl) benzophenone hydrazone (4a) (150
mg, 0.427 mmol) and allyl bromide (66L, 0.598 mmol) toN-(4-
chlorophenyl)N-allyl benzophenone hydrazone which, in its crude form,
was obtained as a viscous yellow oil.

Procedure F was used to convert the crisd@t-chlorophenyl)N-
allyl benzophenone hydrazone@.424 mmol) and 2-hexanone (%8,
0.636 mmol) to 5-chloro-2-methyl-3-propi-allylindole. Purification
by flash chromatography (4% EtOAc/hexanes) afforded analytically
pure 7f as a yellow oil (81 mg, 77% vyieldfH NMR (300 MHz,
CDCly): 0 7.47 (s, 1 H), 7.07 (m, 2 H), 5.88 (m, 1 H), 5.07 @®=
10.5 Hz, 1 H), 4.71 (dJ = 17.0 Hz, 1 H), 4.62 (s, 2 H), 2.64 (,=
7.3 Hz, 2 H), 2.29 (s, 3 H), 1.60 (m, 2 H), 0.92 Jt= 7.3 Hz, 3 H).

benzophenone hydrazone. After deprotonation of the hydrazone with SC{*H} (75 MHz, CDCE): 6 134.4,134.0,133.2,129.1, 124.3, 120.5,

LDA and addition ofn-propyl iodide and TMEDA, the reaction mixture
was heated to 40C. Upon consumption ofd, the solution was cooled
to room temperature, diluted with £ (20 mL), and washed with a
saturated CuSfsolution (2 x 10 mL) to remove the TMEDA. The

combined EO layers were then dried over anhydrougsiQ;, filtered,

and concentrated to afford the crude product as a viscous yellow oil.

Procedure F was used to convert cridét-bromophenylN-propyl
benzophenone hydrazonel mmol) and 3-pentanone (158, 1.5
mmol) to 5-bromo-2-ethyl-3-methyi-propylindole. Purification by
flash chromatography (2% EtOAc/hexanes) afforded analytically pure
7b as a clear oil (215 mg, 0.78 mmol, 78% yielth NMR (300 MHz,
CDCls): 6 7.59 (dd,J= 0.5, 1.9 Hz, 1 H), 7.18 (dd] = 1.9, 8.6 Hz,

1 H), 7.09 (ddJ = 0.5, 8.6 Hz, 1 H), 3.96 (t) = 7.6 Hz, 2 H), 2.74

(54) Kotschetkow, N. K.; Kutcherova, N. F.; Yevdakov, V. Bh.
Obshch. Khim1956 26, 3144.

117.6,116.0, 111.7, 109.7, 45.3, 26.3, 24.0, 14.0, 10.1. IR (neat).cm
3084, 1471, 923, 790. Anal. Calcd foi4H1sCIN: C, 72.72; H, 7.32.
Found: C, 72.81; H, 7.32.
5-Chloro-2-methyl-3-propyl-N-(2-hydroxypropyl)indole 7g. Pro-
cedure E was used to conveN-(4-chlorophenyl) benzophenone
hydrazoneta (120 mg, 0.391 mmol) and propylene oxide {85 0.585
mmol) to N-(4-chlorophenyl)N-(2-hydroxypropyl) benzophenone hy-
drazone. The reaction mixture was quenched with saturated aqueous
NH4CI (10 mL) and extracted with EtOAc (8 15 mL). The organic
layer was dried over MgSgfiltered, and concentrated, and the crude
product was purified by flash chromatography (22% EtOAc/hexanes).
Using procedure R\-(4-chlorophenyl)N-(2-hydroxypropyl) benzophe-
none hydrazone~0.42 mmol), 2-hexanone (123., 1.0 mmol), and
p-TsOHH,0 (190 mg, 1.0 mmol) were refluxed in EtOH to afford
5-chloro-2-methyl-3-propyN-(2-hydroxypropyl)indole. Purification by
flash chromatography (28% EtOAc/hexanes) afforded analytically pure
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7g as a yellow oil (85 mg, 82% yieldfH NMR (300 MHz, CDC}):
07.44(d,J=18Hz, 1H), 7.15 (dJ =8.6 Hz, 1 H), 7.04 (dd) =
8.6, 1.8 Hz, 1 H), 4.10 (m, 1 H), 3.95 (m, 2 H), 2.61Jt= 7.3 Hz,
2 H), 2.33 (s, 3 H), 1.70 (br, 1 H), 1.61 (m, 2 H), 1.22 Jd= 6.2 Hz,
3 H), 0.92 (t,J = 7.3 Hz, 3 H).23C{H} (75 MHz, CDCk): ¢ 134.7,

Wagaw et al.

drazone was complete, the second aryl bromide (1.5 mmol) was added
via syringe to the reaction mixture. In instances where solid aryl
bromides were used, the aryl bromide was dissolveuixylene (0.5

mL), and the resulting solution was added to the reaction mixture via
syringe. The reaction solution was then heated to 1QQuntil the

134.3,129.1, 124.5, 120.6, 117.6, 111.9, 110.0, 67.3, 50.8, 26.3, 24.0,monoarylhydrazone was consumed, as determined by TLC analysis.

20.5, 14.1, 10.6. IR (neat, cif): 3402, 1471. Anal. Calcd for gHz0
CINO: C, 67.79; H, 7.58. Found: C, 67.67; H, 7.56.
(R)-6-Chloro-N-(2-hydroxyhexyl)-1,2,3,4-tetrahydrocarbazole 7h.
Procedure E was used to convé(4-chlorophenyl) benzophenone
hydrazoneta (90 mg, 0.293 mmol) andR)-1,2-epoxyhexane (7L,
0.586 mmol) to R)-N-(4-chlorophenyl)N-(2-hydroxyhexyl) benzophe-

The reaction mixture was then cooled to room temperature, the septum
was removed, and the reaction solution was diluted wit®E5 mL).

The resulting heterogeneous mixture was filtered through a short pad
of silica gel, and the silica gel was rinsed with an additional portion of
Et,O (10-30 mL). The filtrate was concentrated in vacuo to afford
the crude product. Purification by flash chromatography afforded the

none hydrazone. The reaction mixture was quenched with saturatedanalytically pure diarylhydrazone.

aqueous NRECI (10 mL) and extracted with EtOAc (8 15 mL). The
organic layer was dried over Mgg{filtered, and concentrated, and
the crude product was purified by flash chromatography (13% EtOAc/
hexanes). Using procedure R){N-(4-chlorophenyl)N-(2-hydroxy-
hexyl) benzophenone hydrazone(.29 mmol), cyclohexanone (123
mL, 1.0 mmol), ango-TsOHH,O (190 mg, 1.0 mmol) were refluxed

in EtOH to afford R)-6-chloroN-(2-hydroxyhexyl)-1,2,3,4-tetrahy-
drocarbazole. Purification by flash chromatography (16% EtOAc/
hexanes) afforded analytically pur as a yellow oil (75 mg, 84%
yield). The enantiomeric excess o was determined to be 99% by
HPLC analysis (Chiralcel OD column) using 7.5% 2-propanol/hexanes
at a flow rate of 0.5 mL/min*H NMR (300 MHz, CDC}): 6 7.42 (s,

1 H), 7.20 (d,J = 8.5 Hz, 2 H), 7.08 (dJ = 8.5 Hz, 1 H), 4.02 (m,

3 H), 2.70 (m, 3 H), 1.91 (m, 4 H), 1.52 (m, 8 H), 0.93Jt= 6.7 Hz,

3 H). 13C{1H} (75 MHz, CDC}): ¢ 137.4, 134.9, 128.5, 124.6, 120.7,

117.3,110.0,109.5, 71.2, 49.5, 34.3, 27.7, 23.1, 23.0, 22.7, 22.5, 20.9,

14.0. IR (neat, cmt): 3423, 2932, 2856, 1467, 1443]p> = —3.7°
(c 8.0, CHCE). Anal. Calcd for GgH24CINO: C, 70.69; H, 7.91.
Found: C, 70.74; H, 7.82.

N,N-Bis-(p-tolyl) Benzophenone Hydrazone 8aAn oven-dried test
tube was charged with Pd(OAc)11 mg, 0.05 mmol), Xantphos (32
mg, 0.055 mmol), NEt(15 «L, 0.10 mmol), andn-xylene (0.5 mL).
The test tube was capped with a septum and purged with-Am{in),
and the solution was stirred at room temperature under Ar for
approximately 15 min. During this time, the initially red homogeneous

N-(4-Methoxyphenyl)-N-(3-pyridyl) Benzophenone Hydrazone
8b. Procedure G was used to convert benzophenone hydrazone (196
mg, 1.0 mmol), 4-bromoanisole (124, 1.0 mmol), and 3-bromo-
pyridine (144uL, 1.5 mmol) to the title product. Purification by flash
chromatography (25% EtOAc/hexanes) affor@edas a viscous yellow
oil, of >95% purity, as determined Bt NMR analysis (273 mg, 0.72
mmol, 72% yield).'H NMR (300 MHz, CDC}): ¢ 8.26 (d,J = 3.0
Hz, 1 H), 8.15 (ddJ = 1.25, 4.75 Hz, 1 H), 7.627.64 (m, 2 H),
7.32-7.39 (m, 3 H), 7.157.26 (m, 4 H), 7.09 (ddJ = 4.5, 8.5 Hz,

1 H), 6.88-6.90 (m, 2 H), 6.69-6.71 (m, 2 H), 6.626.63 (M, 2 H).

13C (125 MHz, CDC}): 6 161.9, 157.0, 145.9, 141.7, 138.9(5), 138.8-
(8), 138.2,136.8, 129.6, 128.1, 128.0, 127.9, 127.8, 127.5, 123.2, 122.8,
114.3, 55.3. IR (neat, cm): 3056, 2954, 2836, 1605, 1580, 1511,
1492, 1443. EI-MSwz (M) caled for GsH2iN3O 379.1684, obsd
379.1691.

N-(p-Tolyl)- N-(3-cyanophenylbenzophenone) Benzophenone Hy-
drazone 8c.Procedure G was used to convert benzophenone hydrazone
(196 mg, 1.0 mmol), 4-bromotoluene (124, 1.0 mmol), and
3-bromobenzonitrile (273 mg, 1.5 mmol) to the title product. Purifica-
tion by flash chromatography (5% EtOAc/hexanes) afforded analytically
pure 8c as a viscous yellow oil (334 mg, 86% yield). The product
contained +2% of what appeared to ke-(p-tolyl)-N-(3-tert-butyl-
benzoate) benzophenone hydrazone, as determinéti lYMR. H
NMR (500 MHz, CDC}): 6 7.62-7.64 (m, 2 H), 7.397.42 (m, 1
H), 7.33-7.36 (m, 2 H), 7.127.25 (m, 7 H), 6.856.90 (m, 4 H),

solution became yellow and heterogeneous. The septum was removed6.63 (dd,J = 2.0, 6.5 Hz, 2 H), 2.24 (s, 3 H}*C{'H} NMR (75 MHz,
and the test tube was charged with benzophenone hydrazone (196 mgCDCl): 6 163.6, 149.9, 143.0, 138.0, 136.7, 135.4, 130.0, 129.8, 129.

1.0 mmol) and 4-bromotoluene (3@&, 2.5 mmol). The septum was
replaced, and the reaction mixture was purged with-At (nin). The
reaction solution was then heated to 220for 3 h and cooled to room

3,128.2,128.1,128.0, 127.9, 126.1, 123.8, 120.7, 119.6, 119.3, 112.3,
21.0. IR (neat, cmt): 3060, 3027, 2229, 1594, 1574, 1507, 1443, 1432.
Anal. Calcd for GH2iNs: C, 83.69; H, 5.46. Found: C, 83.84; H,

temperature, the septum was removed, and the solution was diluted5.61.

with EtO (5 mL). The resulting heterogeneous mixture was filtered
through a short plug of silica gel, and the silica gel was rinsed with an
additional portion of BEO (20 mL). The filtrate was concentrated in
vacuo to afford the crude product. Purification by flash chromatography

N-(3,4-Dimethoxyphenyl)N-(4-chlorophenyl) Benzophenone Hy-
drazone 8d.Procedure G was used to convert benzophenone hydrazone
(196 mg, 1.0 mmol), 4-bromoveratrole (140, 1.0 mmol), and
4-bromochlorobenzene (287 mg, 1.5 mmol) to the title product.

(2% EtOAc/hexanes) afforded the pure title product as a viscous yellow Purification by flash chromatography (10% EtOAc/hexanes) afforded

oil (337 mg, 0.90 mmol, 90% yield}H NMR (300 MHz, CDCH): 6
7.63 (dd,J = 2.0, 4.0 Hz, 2 H), 7.367.31 (m, 3 H), 7.09-7.15 (m,

3 H), 6.87-6.93 (m, 6 H), 6.76 (dJ = 8.4 Hz, 4 H), 2.24 (s, 6 H).
13C{1H} (125 MHz, CDC}): 6 161.2, 146.1, 138.9, 137.4, 132.3, 129.3-

(3), 129.2(9), 128.5, 128.1, 127.9, 127.7, 127.6, 121.7, 20.7. IR (neat,

cmY): 3056, 3025, 2921, 1613, 1507, 1443. Anal. Calcd for
CoH2aN2: C, 86.13; H, 6.43. Found: C, 85.77; H, 6.76.

Procedure G: Preparation of Unsymmetrically Substituted
Diarylhydrazones 8. An oven-dried test tube was charged with Pd-
(OAc),; (11 mg, 0.05 mmol), Xantphos (32 mg, 0.055 mmol), NEt
(15 uL, 0.10 mmol), andmn-xylene (0.5 mL), capped with a septum,
and purged with Ar £1 min). The solution was stirred at room
temperature under Ar for approximately 15 min. During this time, the

analytically pure8d as a bright yellow solid (358 mg, 81% yield).
Mp: 103-105°C.H NMR (300 MHz, CDC}): 6 7.62 (dd,J = 1.2,
8.25 Hz, 2 H), 7.3£7.34 (m, 2 H), 7.137.26 (m, 5 H), 6.86-6.90
(m, 4 H), 6.60 (dJ = 8.5 Hz, 1 H), 6.38 (ddJ = 2.5, 8.5 Hz, 1 H),
6.23 (d,J = 2.5 Hz, 1 H).:*C{H} (125 MHz, CDC}): 6 161.8, 149.0,
148.5, 146.7, 140.0, 138.6, 137.3, 129.6, 128.5, 128.4, 128.1, 127.9-
(2), 127.8(8), 125.9, 118.5, 118.2, 111.3, 110.2, 56.0, 55.6. IR (neat,
cm™Y): 3056, 3002, 2935, 2902, 2833, 1588, 1513, 1486, 1441. Anal.
Calcd for G/H23N20,Cl: C, 73.21; H, 5.23. Found: C, 73.53; H, 5.12.
Procedure H: Fischer Cyclization of Diarylhydrazones 8 to
N-Aryl Indoles 9. Diarylhydrazone8 (1.0 equiv) and the ketone (1.5
equiv) were dissolved in EtOH (4.0 mL/mm8), and concentrated
HCI (1.0 mL/mmol 8) was then added to the solution. The reaction

initial red homogeneous solution became yellow and heterogeneous.mixture was heated to reflux (80C bath temperature) until the
The septum was removed, and benzophenone hydrazone (196 mg, 1.@liarylhydrazone was consumed, as determined by TLC; reaction times

mmol), the first aryl bromide (1.0 mmol), and N&Bu (231 mg, 2.4

ranged from 1.5 to 3 h. The reaction mixture was then cooled to room

mmol) were added to the test tube, followed by an additional portion temperature, neutralized with a saturated NabBCflution, and

of mxylene (0.5 mL). The test tube was recapped with the septum
and briefly purged with Ar{1 min), and the test tube was then heated

extracted with BO (3 x 10 mL). The E4O extracts were dried over
anhydrous KCO;, filtered, and concentrated in vacuo to afford the crude

to 60—80 °C. The disappearance of benzophenone hydrazone and arylproduct. Purification by flash chromatography afforded the analytically

halide was monitored by GC analysis; reaction times ranged from 10
to 30 min. Once the first coupling reaction to form the monoarylhy-

pure N-arylindole.
3,5-Dimethyl-2-ethyl-N-(p-tolyl)indole 9a. Procedure H was used
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to convertN,N-bis-(p-tolyl) benzophenone hydrazo8ea (337 mg, 0.90
mmol, 1.0 equiv) and 3-pentanone (286, 2.5 mmol, 3.0 equiv) to
the title product. Purification by flash chromatography (2% EtOAc/
hexanes) afforded analytically puga as a white solid (150 mg, 0.57
mmol, 63% yield). Mp: 49-50 °C. *H NMR (300 MHz, CDC}): o
7.26-7.32 (m, 2 H), 7.1#7.20 (m, 3 H), 6.886.89 (m, 2 H), 2.64
(9,3 = 7.5 Hz, 2 H), 2.45 (s, 3 H), 2.43 (s, 3 H), 2.29 (s, 3 H), 0.97
(t, J= 7.5 Hz, 3 H).13C{*H} (75 MHz, CDC}): 6 139.1, 137.2, 135.9,
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7.68 (dt,J = 1.5, 7.0 Hz, 1 H), 7.667.63 (m, 2 H), 7.56-7.58 (m, 1
H), 7.23-7.32 (m, 1 H), 6.956.97 (m, 2 H), 2.46 (s, 3 H), 2.27(5) (s,
3'H), 2.27 (s, 3 H)13C{'H} (75 MHz): 6 139.4, 135.1, 132.1, 132.0,
130.9, 130.2, 130.3, 129.4, 129.2, 123.1, 118.0, 117.9, 113.5, 109.0,
108.8,21.4,11.1, 8.9. IR (neat, chr 3062, 2919, 2861, 2232, 1598,
1582, 1484, 1436. Anal. Calcd fori£:6N2: C, 83.05; H, 6.19.
Found: C, 82.98; H, 6.17.
N-(4-Chlorophenyl)-6,7-dimethoxy-1,2,3,4-tetrahydrocarbazole

135.8, 129.8, 128.7, 128.4, 128.0, 122.4, 117.6, 109.5, 106.4, 21.5,9d. Procedure H was used to convéH(3,4-dimethoxyphenyIN-(4-

21.2,18.0, 14.4 8.7. IR (neat, cA): 3035, 2962, 2917, 2860, 1513,
1478, 1459. Anal. Calcd for gH21N: C, 86.65; H, 8.04. Found: C,
86.89; H, 8.07.

(2-Methyl-5-methoxy-N-pyridylindol-3-yl)acetic Acid Ethyl Ester
9b. General procedure H was used to cone(B,4-dimethoxyphenyl)-
N-(4-chlorophenyl) benzophenone hydraz@adg273 mg, 0.72 mmol,
1.0 equiv) and levulinic acid (114L, 1.10 mmol, 1.5 equiv) to the
title product. Purification by flash chromatography (50% EtOAc/
hexanes) afforded analytically puBd as a viscous pale yellow oil
(159, 68% yield)*H NMR (300 MHz, CDC}): d 8.63-8.67 (m, 2H),
7.68 (dddJ = 1.6, 2.5, 8.1 Hz, 1 H), 7.46 (ddd,= 0.7, 4.8, 8.1 Hz,
1H),7.05(dJ=2.1Hz, 1H),6.95(dd)=0.5,8.8Hz, 1 H),6.75
(dd,J = 2.4, 8.8 Hz, 1 H), 4.15 (q) = 7.1 Hz, 2 H), 3.85 (s, 3 H),
3.71 (s, 2 H), 1.26 (tJ = 7.1 Hz, 3 H).*3C{*H} (75 MHz, CDC}):

chlorophenyl) benzophenone hydraz@u(110 mg, 0.250 mmol, 1.0
equiv) and cyclohexanone (44, 0.375 mmol, 1.5 equiv) to the title
product. Purification by flash chromatography (10% EtOAc/hexanes)
afforded analytically pur&d as a white solid (72 mg, 0.21 mmol, 86%
yield). Mp: 112-115°C.H NMR (300 MHz, CDC}): ¢ 7.47 (d,J
=8.5Hz, 2 H), 7.29 (dJ = 8.5 Hz, 2 H), 6.95 (s, 1 H), 6.72 (s, 1 H),
3.95 (s, 3 H), 3.82 (s, 3H), 2.42.76 (m, 2 H), 2.5%+2.57 (m, 2 H),
1.85-1.90 (m, 4 H)23C{*H} NMR (75 MHz, CDCE): 6 146.4, 144.9,
136.7, 133.9, 132.4, 130.4, 131.0, 129.5, 128.1, 120.4, 111.0, 100.0,
93.7, 56.4, 56.3, 23.4, 23.3, 23.2, 21.2. IR (neat, Ym2929, 2850,
2838, 1488, 1476, 1461. Anal. Calcd fopoH20NOCl: C, 70.27; H,
5.90. Found: C, 70.39; H, 5.98.
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