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Abstract: Within we report a genera one-pot high-yielding
Friedel—Crafts acylation of indole using acid chlorides and diethyl-
auminum chloride in gram scale quantities. This general synthesis
affords products that are easily isolated and require no complex pu-
rification procedures.

Key words: indole,
acylations

regioselectivity, Friedel-Crafts reactions,

A need for gram quantities of 3-acylindoles as artificia
nutrients for spore germination promotion studies has
prompted our search for an efficient direct synthetic route
to this class of compound.! Historically, 3-acylindoles
have been the subject of considerable interest due to their
close relationship with many akaloids, and aso due to
other numerous biological activitiesthat they are reported
to possess.> Recently, similar compounds have been ex-
amined and found to be active against HIV-1>, aswell as
diabetes.? Related indole compounds have even been em-
ployed as optical switches and fulgides.® Additionally,
certain indolyl glyoxylamides have been reported to ex-
hibit a broad spectrum of anticancer activity in human
gastric, breast, and uterus cancer cells in addition to their
multi-drug resistant sublines.*®

A wide variety of 3-substituted indoles have been pre-
pared by several well-known synthetic methods such as
the Vilsmeier—Haack type reaction,** Grignard reac-
tions,*? and Friedel—Crafts acylations.** Other more ob-
scure methods that have been reported involve the use of
nitrilium salts with dialkyl carbenium ions'#*® and pyri-
dinium salts!® We have also reported that 3-
arylaminomethylindoles!’ can be made in good yield but
this requires the use of a protecting group, whichisaso a
problem in some of the other reported methods.*®

In acylations, it has been well documented that the 3-po-
sition of the indole nucleus is most susceptible to electro-
philic attack; however, low yields frequently resulted due
to competing reactivity at the 1-position. Thiscompetition
frequently resulted in the formation of the undesirable 1-
isomer in addition to 1,3-diacyl products. Also, it is well
documented that under acidic conditions, indole polymer-
ization readily occurs.? As stated previously, this can be
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prevented by the use of various protecting groupsin the 1-
position and these have been extensively investigated uti-
lizing many different methods and blocking agents.!* In
all of these cases, the use of aprotecting group resulted in
additional steps and in many of these, lower overall
yields. Bennasar and co-workers'®?° have developed a
unique approach to the synthesis of long-chained acyl in-
doles; this method proceeds through a selenium interme-
diate followed by a Stille coupling with a variety of
olefins. Utilization of Suzuki-type coupling was aso em-
ployed in an intramolecular cyclization reaction, but re-
sulted in few pure 3-acylated indoles, and afforded mostly
2,3-diacyl indole products?* Yeung et a.?? reported a
novel method of acylating indoles with aluminum chlo-
ride in ionic liquids at room temperature; however, this
method was limited to deactivated indole systems. There-
cent report by Katritzky?® concerning the acylation of in-
dole employing N-acylbenzotriazoles has prompted us to
report our complementary general synthetic method for
the regioselective production of gram quantities of 3-
acylindoles and their facileisolation by crystallization.

When starting our study, we noted two reports in the re-
cent literature concerning the direct acylation of indole
giving 3-acylindoles without the use of protecting
groups.>?* Thefirst reported the regiosel ective production
of 3-acylindoles under Friedel-Crafts conditions using
SnCl, as a Lewis acid and stated that for best results the
use of a nitromethane co-solvent was necessary.? Despite
being a unigue method, when long-chained alkyl substit-
uents, or those possessing aromatic character, were intro-
duced in our lab, very little if any desirable product was
afforded. Since the procedure involved a three organic
solvent system (CH,Cl,—MeNO,—EtOAC), it also proved
extremely difficult to isolate gram quantities of any prod-
uct. The report by Okauchi et al.>* proved to be more ger-
mane to our goals of developing a single-solvent, high-
yielding, large-scale synthesis of 3-acylindoles. This
group reported that generally high yields of 3-acylindoles
were produced when dialkylaluminum chloride was used
asthe Lewis acid in dichloromethane. Although we found
this approach to be more successful than that of the afore-
mentioned group,? modifications were necessary to allow
usto perform larger scal e reactions than those reported by
Okauchi?* in the 63 mg range. In particular, the isolation
of product using the reported method proved impractical
when scaled-up reactions were attempted; a method not
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requiring TL C or column chromatography for purification
was sought.

While we were developing a single-pot high-yielding ap-
proach using readily available materials, Katritzky pub-
lished his unique approach that removes the possibility of
decomposition and self-polymerization, which frequently
results from the release of HCI during the reaction.® In
our synthetic sequence, however, we did not find poly-
merization to be a problem for the substrates reported
(Scheme 1). The method that we devel oped does not seem
to be compromised by the use of acid chlorides; perhaps
the reaction complex, as described,? is stable and rel eases
no HCI until the buffer solution isadded. We found, asre-
ported by other authors,??* the utilization of acyl chlorides
as electrophiles afford the desired productsin good yields
under appropriate work-up conditions.

RCOCI (2)

JE——.

N Et,AICI/CH,Cl,

Scheme 1

Many of the reported yields are from single trials without
further optimization, but in those cases where multiple
runs were made, consistent results were obtained. As
shown in Tablel, good yields resulted when either
straight chain or branched chain alkyl groups were part of
the acyl chloride (entries 1-8). Alkyl groups containing
halides, such as the long chained monochloro (entry 9)
and the perfluoro groups (entry 10) also gave successful
reaction, albeit in lower yields, probably due to solubility
effects. Conjugated and isolated olefin containing substit-
uents, like the previously described alkyl substituents pro-
vided excellent product yields (entries 11 and 12).
Substituents possessing aromatic character also were ex-
amined in entries 13-21; high yields were afforded when
either electron-withdrawing or electron-donating substit-
uents were on the aromatic ring. When aromatic heterocy-
clic substituents were incorporated in the product acyl
indoles, lower yields were found (entries 22—24). When
acyl halides were employed, it was noted that al com-
poundsisolated by work-up method A were obtained with
consistently higher yields than those substrates requiring
work-up method B. This observation can be explained by
the differing product solubilitiesin dichloromethane. The
aryl and fluoro containing 3-acylindoles were much more
solublein dichloromethane thus requiring method B to in-
volve extra manipulations of the CH,CI, layers (see ex-
perimental).

Non-branched anhydrides (Scheme 2) were found to be
successful acylating agents (Table 2); entries 2, 4 and 5
gave products that were also discussed in Table 1. In al
cases where both anhydrides and acyl halides were em-
ployed to give the same product, a much lower yield was
isolated for the anhydride reactions. This could be the re-
sult of the lower reactivity of the anhydride or because
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Tablel Acyl Chloride Condensation
Entry R Product Work-up Yield

(%)
1 Et 3a A 75
2 nGCgHy 3b A 95
3 nCHy 3c A 92
4 n-CHys 3d A 84
5  nCyHay 3e A 67
6 CHMe, 3f A 60
7  CMe, 3g A 85
8  CH,CHMe, 3h A 79
9  CH,y(CH,)Cl 3i B 53
10  nC 3 B 48
11 CH=CHCH,4 3k A 88
12 n-CH,(CH,);CH=CH, 3l A 94
13 Ph 3m B 80
14 4-C¢H,Cl 3n B 71
15  2-C¢H,OMe 30 B 73
16 4-C4H,OMe 3p B 86
17 4-CH,NO, 3q B 52
18  CH,OPh 3r B 85
19  3-C4H,CF, 3s B 69
20  4-C4H,CF, 3t B 74
21 CeFs 3u B 66
22 2-thienyl 3v B 52
23 3-pyridyl® 3w B 26
24 CH,(CH,);CO-3-indole®  3x B 38

aNicotinoyl chloride hydrochloride employed.
b Product resulted from adipoy! chloride with 2 equiv indole.

work-up method B was necessary in these cases; it is spec-
ulated that a combination of both factors must be at work.

[
N Et,AICI/CH,Cl,

|
1A 3 H

(RCO),0 (4)

Scheme 2

In summary, anew synthetic procedure for the production
of gram quantities of a variety of 3-acylindoles has been
developed that proceeds without the necessity of using a
protecting group. The reaction was found to be very sen-
sitive to slight modifications of the procedure. We found
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Table2 Anhydride Condensation

Entry R Product Yield?
1 Me 3y 53
2 Et 3a 47
3 CF, 3z 61
4 n-CsHy, 3b 35
5 n-C,Hys 3c 53

a All employing work-up method B.

the previously reported experimental notes*?® to be very
incomplete in their descriptions of the problems encoun-
tered in these experiments. In many early trials, intracta-
ble red oils were afforded, so a new isolation technique
was developed that required strict adherence if the pure
products were to be isolated in large quantities in pure
form.

Reagents were obtained from commercia suppliers and were used
without further purification except as noted. Melting points are un-
corrected. FTIR spectraof sampleswere obtained either as KBr pel-
letsor on NaCl disks. *H and *C NMR were determined at 300 and
75 MHz, respectively, in CDCI; unless otherwise noted, and chem-
ical shiftsare reported downfield from TMS. Coupling constants, J,
arereported in Hz. THF was distilled from a sodium-benzophenone
ketal pair and CH,CI, from CaH,, all under nitrogen. All moisture-
sensitive reactions and reagent transfers were carried out under ei-
ther nitrogen or argon.

Preparation of 3 from 1; General Procedure

Into a 100 mL round-bottomed flask equipped with magnetic stir
bar and a pressure equalizing addition funnel was placed indole
(3.55 g, 20 mmol) and CH,CI, (50 mL). Nitrogen was used to copi-
oudly flush the apparatusfor afew minutesthrough asyringe needle
piercing the septum on the addition funnel. The solution was cooled
to —78 °C in a dry ice—acetone bath for 15 min before the addition
of Et,AlCl-hexanes (1 M; 20 mL) into the addition funnel viaan 18
gauge cannula. Slow, dropwise addition of the Et,AlCl was made
over a 10 min period while maintaining the—78 °C reaction temper-
ature. The solution turned yellow yet remained transparent. The
bath was exchanged for a salt—ice bath and the solution warmed to
—10 °C. Theresulting yellow solution was allowed to stir for 15 min
before the slow dropwise addition of the corresponding acyl halide
(30 mmol) was made employing the same addition funnel at arate
of 1 drop every 3 seconds. The solution changed to an orange color.
The solution was allowed to stir for 2 h during which time the reac-
tion temperature gradually warmed tor.t. For some substrates, high-
er rates of magnetic stirring were required to ensure adequate
mixing as a result of precipitate formation. CAUTION Very slow
addition of an aiquot (10 mL) of pH 7 buffer solution was made at
arate of 1 drop every 10 s. Extreme caution was taken to avoid the
violent bubbling or foaming that ensues from this neutralization. It
isbelieved that the bubbling is aresult of ethane evolution from the
neutralization of the aluminum catalyst.

Work-up A

The whitish suspended solid produced upon neutralization was vac-
uum filtered, washed with CH,CI, (50 mL) and allowed to dry. The
dried solid was dissol ved in acetone with minimum heat; sometimes
below reflux, to avoid a color change from light pink to dark red.
Any residual solid not dissolved in the acetone was filtered and dis-

carded. The acetone layer was alowed to concentrate to 50% of its
volume without heating and then cooled in an ice bath beforeisola-
tion by filtration to afford the pure desired crystalline product.

Work-up B

The aryl- and fluoro-containing 3-acylindoles were more soluble in
CH,CI, than were the 3-alkyl acylindoles. In these cases, very little
of the whitish suspended solid was produced upon neutralization of
the reaction mixture. That which was formed was a small amount of
the dluminum salts that were filtered and discarded to avoid emul-
sification in later steps of isolation. The filtered liquid contained
most of the product in the organic layer and likewise most of the
auminum salts in the buffered aqueous layer. The filtrate was ex-
tracted with additional CH,Cl, (2 x 35mL). Theaq layer containing
the majority of the aluminum saltswas discarded. The CH,Cl, layer
was washed with H,O (3 x 25 mL), dried (MgSO,), and evaporated
to afford the crude product. The crude product was recrystallized
from acetone using minimal heat as specified in work-up A.

1-(1H-1ndol-3-yl)propan-1-one (3a)
Mp 172-173 °C (lit. 171-173 °C).

IR (neat): 3164, 2930, 1626, 1519, 1439, 1237, 1154, 1067 cm™.

IH NMR (DMSO-dy): § = 10.17 (br s, 1 NH), 8.40 (d, J=6 Hz, 1
H), 8.06-7.93 (M, 2 H), 7.55-7.41 (m, 1 H), 7.36 (d, J = 6 Hz, 1 H),
2.91(q, J=6Hz 2H), 1.25(t, J = 6 Hz, 3H).

13C NMR (DM SO-dy): 8 =192.3, 131.3, 125.4, 124.7 (overlapping
peaks), 123.0 (overlapping peaks), 122.0, 111.4, 32.5, 8.7.

Anal. Calcd for C;;H,;NO: C, 76.28; H, 6.40; N, 8.09. Found: C,
76.21; H, 6.32; N, 8.23.

1-(1H-Indal-3-yl)hexan-1-one (3b)
Mp 155-156 °C (lit.6 153-155 °C).

IR (neat): 3152, 2934, 2862, 1614, 1523, 1435, 1233, 1150, 1096,
940, 877, 746, 635 cm ™.

IH NMR (DMSO-d,): & = 8.64 (br s, 1 H), 8.37 (d, J = 6 Hz, 1 H),
7.82 (d, J=3 Hz, 1 H), 7.39-7.34 (m, 1 H), 7.21-7.28 (m, 2 H),
2.82, (t,J = 6Hz, 2 H), 1.70-1.80 (m, 2 H), 1.26-1.37 (m, 4H), 0.86
(t, J=6Hz, 3H).

13C NMR (DMSO-dy): § = 196.7, 136.3, 130.9, 123.7, 122.5 (over-
lapping peaks), 118.3, 111.3, 106.7, 40.0, 31.7, 24.9, 22.6, 14.0.

Ana. Calcd for C,,H;NO: C, 78.10; H, 7.96; N, 6.51. Found: C,
77.75; H, 7.93; N, 6.47.

1-(1H-Indol-3-yl)octan-1-one (3c)
Mp 161-165 °C (lit.Z 170 °C).

IR (nest): 3152, 3041, 2926, 2851, 1614, 1578, 1519, 1431, 1233,
1130, 928, 746, 631 cm ™.

IH NMR (DMSO-dg): § = 10.16 (br s, 1 NH), 8.38 (d, J=6 Hz, 1
H), 7.93 (d, J = 3Hz, 1 H), 7.44-7.40 (m, 1 H), 7.23-7.29 (m, 2 H),
2.87 (t, = 6 Hz, 2H), 1.76-1.84 (m, 2 H), 1.29-1.37 (m, 8 H), 0.87
(t, J=6Hz, 3H).

13C NMR (DMSO-dy): § = 197.0, 133.8, 131.4, 123.0, 122.1, 121.9
(overlapping peaks), 111.2, 103.9, 39.6, 29.6 (overlapping peaks),
25.6,22.4,13.8.

Anal. Calcd for CigH,,NO: C, 78.97; H, 8.70; N, 5.76. Found: C,
78.72; H, 8.67; N, 5.76.

1-(1H-1ndol-3-yl)dodecan-1-one (3d)
Mp 131-132 °C.

IR (nest): 3125, 2918, 2847, 1614, 1527, 1439, 1313, 1237, 1150,
936, 873, 746, 635 cm ™.
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IH NMR (DMSO-d;): 3 =8.63 (br s, 1 NH), 8.41 (d, J = 6 Hz, 1 H),
7.87(d, J = 3Hz, 1 H), 7.43-7.40 (m, 1 H), 7.31-7.26 (m, 2 H), 2.86
(t, 3= 6 Hz, 2 H), 1.80-1.57 (m, 2 H), 1.34-1.23 (m, 16 H), 0.87 (t,
J=6Hz, 3H).

13C NMR (DMSO-dy): § = 195.4, 136.3, 130.8, 123.7, 122.5 (over-
lapping peaks), 118.9, 111.2, 40.0, 31.9, 30.9 (overlapping peaks),
29.6 (overlapping peaks), 25.2, 22.7, 14.1.

Anal. Calcd for C,)H,NO: C, 80.22; H, 9.76; N, 4.68. Found: C,
79.84; H, 9.48; N, 4.49.

1-(1H-1ndol-3-yl)hexadecan-1-one (3e)
Mp 124-125 °C.

IR (nest): 3148, 2946, 2918, 2843, 1614, 1523, 1439, 1237, 1134,
1087, 932, 742 cm ™,

IH NMR (DMSO-dy): 5 = 10.58 (br s, 1 NH), 842 (d, J=6 Hz, 1
H), 7.97 (d, J = 3Hz, 1 H), 7.50 (s, 1 H), 7.43-7.40 (m, 1 H), 7.25—
7.21(m, 1H), 2.87 (t, J = 6 Hz, 2 H), 1.78-1.75 (m, 2 H), 1.35-1.23
(m, 24 H), 0.87 (t, J = 6 Hz, 3 H).

13C NMR (DMSO-dy): § = 195.9, 136.3, 131.4, 125.3, 122.6, 121.7
(overlapping peaks), 117.1, 111.2, 39.2, 31.4, 29.2 (overlapping
peaks), 24.6, 22.2, 13.5, 9.1.

Anal. Calcd for C,,H4/NO: C, 81.07; H, 10.49; N, 3.94. Found: C,
80.99; H, 10.59; N, 3.97.

1-(1H-1ndol-3-yl)-2-methylpr opan-1-one (3f)
Mp 127-129 °C (lit.%® 127-128 °C).

IR (neat): 3231, 2953, 2870, 1629, 1522, 1435, 1241, 1157, 932,
745 cm™,

IHNMR: §=9.25 (br's, 1NH), 844 (t, J= 6 Hz, 1H), 7.86 (d, J = 6
Hz, 2 H), 2.40-2.31 (m, 1 H), 1.01 (d, J = 6 Hz, 6 H).

13C NMR: § = 2045, 136.5, 131.6, 125.5, 123.7, 123.1, 122.6,
122.4, 1115, 49.0, 22.9.

1-(1H-1ndol-3-yl)-2,2-dimethylpr opan-1-one (3g)
Mp 160-162 °C (lit.%” 170 °C).

IR (nest): 3283, 3056, 2968, 2875, 1805, 1705, 1604, 1516, 1420,
1362, 1239, 1123, 1012, 908, 750 cm 2,

IHNMR: 5 =8.86 (br s, 1 H), 8.51 (d, J = 6 Hz, 1 H), 7.34 (s, 1 H),
7.22-7.13(m, 1 H), 7.18 (d, J= 6 Hz, 1 H), 6.91 (t, J = 6 Hz, 1 H),
1.23 (s, 9 H).

13C NMR: § = 191.2, 136.5, 135.4, 130.2, 127.3, 126.6, 1235,
1191, 111.1, 441, 27.2.

1-(1H-Indal-3-yl)-3-methylbutan-1-one (3h)

Mp 125-127 °C (lit.® 123-125 °C).

IR (neat): 3231, 2953, 2870, 1629, 1522, 1435, 1241, 1157, 932,
745 cm,

HNMR: § =9.25 (br s, 1 NH), 8.44 (t, J=6Hz,1H), 7.86(d, J=6
Hz, 1H), 7.43-7.39 (m, 1 H), 7.32—7.25 (m, 2 H), 2.73(d, J = 6 Hz,
2 H), 2.40-2.31 (m, 1 H), 1.01 (d, J= 6 Hz, 6 H).

13C NMR: & = 194.3, 136.5, 131.6, 125.5, 123.7, 123.1, 122.6,
122.4,111.5, 49.0, 26.0, 22.9.

5-Chloro-1-(1H-indol-3-yl)pentan-1-one (3i)
Mp 178-181 °C.

IR (neat): 3853, 3151, 2949, 2366, 2335, 1843, 1621, 1522, 1439,
1237, 936, 753 cn L.

IH NMR: 8 = 9.23 (br s, 1 NH), 8.41 (s, 1 H), 7.80 (d, J=3 Hz, 1
H), 7.38 (d, J=3 Hz, 1 H), 7.27 (m, 1 H), 7.24 (m, 1 H), 3.64 (t,
J=12Hz, 1H), 2.88 (t, J= 12 Hz, 1 H).
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13C NMR: § = 194.1, 131.3, 124.8, 122.0, 121.0, 120.8, 116.8,
114.4, 110.8, 43.7, 37.2, 31.2, 21.3. Anal. Cdcd for C;3H,,CINO:
C, 66.24; H, 5.99; N, 5.94. Found: C, 65.87; H, 6.19; N, 6.06.

2,2,3,3,4,4,4-Heptafluor o-1-(1H-indol-3-yl)butan-1-one (3j)
Mp 172-175 °C.

IR (neat): 2914, 2844, 1705, 1685, 1462, 1408, 1293, 1208, 934,
742 cm ™,

IH NMR: = 8.37 (br s, 1 NH), 7.51 (d, J= 6 Hz, 1 H), 7.47 (s, 1
H), 7.42(d, J= 6 Hz, 1 H), 7.17 (t, I = 9 Hz, 1 H), 7.03 (t, J = 9 Hz,
1H).

13C NMR: § = 199.3, 131.2, 127.8, 127.2 (m), 125.7, 123.4, 121.3
(m), 121.2, 120.9, 120.1, 113.0, 109.6 (m), 103.5.

Anal. Calcd for C,HF;NO: C, 46.02; H, 1.93; N, 4.47. Found: C,
45.83; H, 1.59; N, 4.61.

1-(1H-Indol-3-yl)but-2-en-1-one (3Kk)
Mp 172-175 °C (decomp., lit.?® 173-174 °C).

IR (neat): 3279, 2968, 1701, 1658, 1524, 1424, 1320, 1243, 1158,
1012 cm ™.

IH NMR: § =841 (br s, 1 NH), 7.83 (s, 1 H), 7.37 (d, J=6 Hz, 1
H), 7.26 (d, J=6 Hz, 1 H), 7.14 (m, 1 H), 7.05 (m, 1 H), 6.84 (d,
J=9Hz, 1H), 584 (d, J =9 Hz, 1 H), 1.60 (d, J = 6 Hz, 3 H).

13C NMR: § = 197.7, 142.1, 139.0, 129.8, 129.0, 123.8, 122.8,
122.6, 122.2, 111.8, 102.1, 21.3.

1-(1H-1ndol-3-yl)undec-10-en-1-one (31)
Mp 128-131 °C.

IR (neat): 3041, 2923, 2854, 1614, 1435, 1235, 1133, 934, 901, 750
cm.

IH NMR: & = 8.62 (br s, 1 NH), 8.40 (d, J=6 Hz, 1 H), 7.87 (d,
J=6Hz, 1H), 741 (t, J= 6 Hz, 1 H) 7.40 (t, J = 6 Hz, 1 H), 7.30
(s, 1H), 5.79 (m, 1 H), 5.01 (t, J = 4 Hz, 1 H), 4.93 (m, 1 H), 2.87
(t, 3=9Hz, 1 H), 2.01 (m, 1 H), 1.33 (m, 4 H).

13C NMR: & = 192.3, 139.2, 137.6, 131.0, 125.7, 123.6, 122.6,
122.4,118.0, 114.1, 111.3, 39.8, 30.5, 29.5, 29.5, 29.3, 29.1, 28.9,
25.2.

Anal. Calcd for CigH,sNO: C, 80.52; H, 8.89; N, 4.94. Found: C,
80.73; H, 8.67; N, 5.03.

(1H-Indol-3-yl)phenylmethanone (3m)
Mp 243-245 °C (lit.% 241-244 °C).

IR (neat): 3140, 3088, 2918, 1780, 1594, 1565, 1487, 1431, 1206,
1138 cm™.

IH NMR: § = 10.86 (br s, 1 NH), 8.42 (d, J = 6 Hz, 1 H), 7.84-7.78
(m, 3H), 7.62 (s, 1 H), 7.55-7.49 (m, 4 H), 7.27 (t, J = 6 Hz, 1 H).

BC NMR: § = 189.2, 141.3, 134.1, 130.3, 127.9 (overlapping
peaks), 127.5 (overlapping peaks), 122.8, 121.5 (overlapping
peaks), 111.1, 110.6, 108.7.

Anal. Calcd for CisH,;NO: C, 81.43; H, 5.01; N, 6.33. Found: C,
81.07; H, 4.97; N, 6.32.

(4-Chlorophenyl)-(1H-indol-3-yl)methanone (3n)

Mp 239-242 °C (decomp., lit.%° 241242 °C).

IR (neat): 3302, 2917, 2850, 1704, 1637, 1479, 1403, 1265, 737
cm,

'H NMR: § =837 (br s, 1 NH), 8.03 (s, 1 H), 7.95(d, J=6 Hz, 1
H), 7.34 (d, J=6Hz, 1 H), 723 (d, J=6Hz 1H),720(d, J=6
Hz, 1 H), 7.17 (d, J=6 Hz, 1 H), 7.00 (d, J= 6 Hz, 1 H), 6.98 (t,
J=6Hz, 1H),6.82(t, J=6Hz 1H).
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13C NMR: § = 221.9, 136.5, 132.6, 131.9, 131.5, 129.4, 128.9,
127.9, 126.4, 120.2, 118.5, 103.1, 100.2.

Anal. Calcd for C;5H4oCINO: C, 70.46; H, 3.94; N, 5.48. Found: C,
70.11; H, 4.07; N, 5.69.

(1H-Indol-2-yl)-(2-methoxyphenyl)methanone (30)
Mp 242-245 °C (decomp.).

IR (neat): 3151, 2917, 2846, 1613, 1526, 1439, 1312, 1237, 1150,
936, 745 cm™.

IH NMR: 5 = 8.99 (br s, 1 NH), 8.14 (s, 1 H), 7.71(d, J=6 Hz, 1
H), 7.64 (d, J= 6 Hz, 1 H), 7.41 (d, J= 6 Hz, 1 H), 7.35 (m, 1 H),
7.30(s, 1H), 7.19(d, J= 6 Hz, 1 H), 7.17 (t, I = 6 Hz, 1 H), 7.15 {,
J=6Hz, 1H), 3.78 (s, 1 H).

13C NMR: & = 187.3, 159.9, 131.5, 130.6, 129.5, 130.2, 128.0,
122.6, 120.4, 119.7, 118.9, 118.1, 116.5, 114.4, 111.6, 55.4.

Anal. Calcd for CyH,sNO,: C, 76.48; H, 5.21; N, 5.57. Found: C,
76.71, H, 4.92; N, 5.39.

(1H-Indol-3-yl)-(4-methoxyphenyl)methanone (3p)
Mp 88-89 °C (lit.*! 89 °C).

IR (neat): 3389, 3060, 3009, 2937, 2842, 1605, 1498, 1447, 1300,
1257, 1169, 1106, 1031, 844, 741 cm™,

IH NMR: § = 10.08, 8.06 (s, 1 H), 7.34 (d, J = 6 Hz, 1 H), 7.25 (d,
J=6Hz, 1H),7.21(d, J=6Hz, 1H), 7.18 (d, J = 6 Hz, 1 H), 7.07
(m, 1H), 6.97 (M, 1 H), 6.90 (d, J = 6 Hz, 1 H), 6.73 (d, J =6 Hz, 1
H), 3.86 (s, 3 H).

13C NMR: & = 180.3, 136.5, 132.3, 128.8, 127.2, 126.5, 126.3,
123.1, 122.1, 121.9, 119.6, 118.6, 113.6, 112.3, 111.2, 55.6.

(1H-Indol-3-yl)-(4-nitr ophenyl)methanone (3q)

Mp 233-237 °C (decomp.).*?

IR (neat): 3033, 2428, 1936, 1639, 1593, 1431, 1204 cm ™.

H NMR: § = 8.77 (br s, 1 NH), 8.34 (d, J=6 Hz, 1 H), 8.35 (d,
J=6Hz, 1H),833(s 1H),808(d,J=4Hz, 1H), 7.96 (d, J=6
Hz, 1 H), 7.64 (d, J=6 Hz, 1 H), 7.56 (d, J= 6 Hz, 1 H), 7.48 (t,
J=6Hz, 1H), 7.37 (t, J= 6 Hz, 1 H).

13C NMR: & = 185.4, 158.6, 131.7, 131.3, 129.5, 128.7, 128.2,
127.6, 127.0, 126.2, 125.8, 124.5, 123.6.

Anal. Calcd for C;sH,oN,O4: C, 67.67; H, 3.79; N, 10.52. Found: C,
67.32; H, 3.97; N, 10.75.

1-(1H-1ndol-3-yl)-2-phenoxyethanone (3r)
Mp 206-208 °C.

IR (neat): 3172, 3053, 2902, 2252, 2125, 1923, 1792, 1650, 1523,
1428, 1313, 1237, 1154, 1059, 936, 797, 746, 690 cm L,

IH NMR: § =851 (s, 1 NH), 8.16 (d, J= 9 Hz, 1 H), 7.51 (d, J= 6
Hz, 1H), 7.31-7.19 (m, 5 H), 6.99-6.91 (M, 3 H), 5.29 (s, 2 H).
13C NMR: & = 189.7, 158.2, 136.4, 134.0, 129.4, 1254, 123.1,
122.0, 121.2, 120.7, 114.5, 113.4, 112.3, 69.9.

Anal. Calcd for C;gH,3NO,: C, 76.48; H, 5.21; N, 5.57. Found: C,
76.56; H, 5.19; N, 5.70.

(1H-Indol-3-yl)-(3-trifluoromethylphenyl)methanone (3s)
Mp 252-255 °C.
IR (neat): 3400, 1663, 1508, 1333, 1170, 1129, 1068, 917, 815cm™.

IH NMR: = 9.08 (br s, 1 H), 8.39 (s, 1 H), 8.30 (s, 1 H), 7.88 (d,
J=6Hz,1H),7.81(d, J=6Hz, 1 H), 8.06 (d, J = 6 Hz, 1 H), 7.34
(d, J=6Hz, 1H), 7.24 (m, 1 H), 6.98 (m, 1 H).

13C NMR: & = 207.3, 168.5, 141.3, 134.6, 130.6, 129.8, 129.1,
127.6,127.0, 125.4, 124.6, 124.2, 122.8, 119.3 (q), 111.6.

Anal. Calcd for CygH4oF3NO: C, 66.44; H, 3.48; N, 4.84. Found: C,
66.27; H, 3.34; N, 4.57.

(1H-Indol-3-yl)-(4-trifluor omethylphenyl)methanone (3t)

Mp 202-204 °C.

IR (neat): 3410, 1667, 1511, 1338, 1167, 1078, 815, 752 cnm™.
IHNMR: § =9.27 (br s, LH), 8.15(s, 1 H), 7.76 (d, J = 6 Hz, 2 H),
761(d,J=6Hz,2H),754(d,J=6Hz, 1H),7.32(d,J=6Hz,1
H), 7.26 (m, 1 H), 6.99 (m, 1 H).

13C NMR: § = 191.4, 134.7, 134.1, 133.4, 130.1, 127.8, 124.7,
124.0,123.2,121.3, 121.2, 118.3(q), 102.7.

Anal. Calcd for C,gH,oF3NO: C, 66.44; H, 3.48; N, 4.84. Found: C,
66.52; H, 3.59; N, 4.49.

(1H-Indol-3-yl)pentafluor ophenylmethanone (3u)
Mp 183-186 °C.

IR (nest): 3314, 1616, 1512, 1435, 1239, 1166, 1131, 988, 742 cr™.
IH NMR: = 9.08 (br s, 1 NH), 845 (s, 1 H), 7.59 (d, J=6 Hz, 1
H), 7.47 (d, J = 6 Hz, 1 H), 7.40 (m, 1 H), 7.26 (m, 1 H).

13C NMR: & = 194.4, 137.0, 136.0, 135.3, 126.1, 124.9, 123.8,
122.3, 115.3, 111.7, 104.5, 101.6, 98.8.

Anal. Calcd for C;sHgFsNO: C, 57.89; H, 1.94; N, 4.50. Found: C,
57.54; H, 2.27; N, 4.71.

(1H-Indol-3-yl)thiophen-2-ylmethanone (3v)
Mp 180-183 °C (lit.* 181 °C).

IR (neat): 3056, 1735, 1616, 1524, 1408, 1354, 1296, 1192 cm.

IH NMR: § =9.12 (br s, 1 H), 8.41(t, J= 6 Hz, 1 H), 7.88 (d, J= 6
Hz, 1 H), 7.70 (d, J =4 Hz, 1 H), 7.60 (d, J = 6 Hz, 1 H), 7.30 (d,
J=6Hz 1H), 7.19(s, 1 H), 7.18 (t, J= 6 Hz, 1 H), 7.16 (t, J= 6
Hz, 1 H).

13C NMR: § = 179.0, 165.0, 157.4, 147.9, 146.4, 131.7, 1314,
127.6, 124.0, 123.3, 122.4, 111.4, 99.7.

(1H-Indol-3-yl)pyridin-3-ylmethanone (3w)

Mp 203-207 °C (lit.3* 210-211 °C).

IR (neat): 3376, 1648, 1501, 1431, 1373, 1331, 1254, 1089, 992,
800, 746 cmr ™.

'H NMR: 6 =9.85 (br s, 1 NH), 8.83 (d, J=6 Hz, 1 H), 8.71 (d,
J=6Hz, 1H),7.98(d,J=6Hz 1H),7.68(d, J=6Hz 1H),7.35
(d,J=6Hz, 1H),7.24(d, J=6Hz, 1H), 6.94 (s, 1 H), 6.55(m, 1
H), 6.42 (m, 1 H).

BBCNMR: § =181.2,157.9, 153.1, 136.2, 134.7, 129.4, 128.4 (over-
lapping peaks), 123.8, 121.5 (overlapping peak), 108.4, 101.9.

Anal. Calcd for C,4H,(N,O: C, 75.66; H, 4.54; N, 12.60. Found: C,
75.31; H, 4.16; N, 12.29.

1,6-Bis-(1H-indol-3-yl)hexane-1,6-dione (3x)
Mp 284-289 °C [decomp., lit.%5 290 °C (decomp.)].
IR (neat): 3168, 2929, 2422, 1621, 1407, 1125, 742, 742, 595 cmL.

IH NMR (acetone-dy): & = 10.31 (br s, 2 H), 8.26 (s, 2 H), 7.58-7.15
(m, 8 H), 2.44 (m, 4 H), 1.56 (m, 4 H).

13C NMR (acetone-dg): § = 195.9, 135.4, 134.7, 125.0, 122.3, 121.4
(overlapping peaks), 116.1 (overlapping peaks), 111.6, 102.1, 38.7,
38.4,23.9, 23.7.

Anal. Calcd for C,,H,N,O,: C, 76.74; H, 5.81; N, 8.14. Found: C,
77.13; H, 5.67; N, 7.81.

1-(1H-1ndol-3-yl)ethanone (3y)
Mp 192-193 °C (lit.% 191-193 °C).
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IR (neat): 3314, 3041, 1673, 1372, 851 cm ™.

IHNMR: 5 =9.53 (br s, 1H), 8.37 (s, 1 H), 7.71-6.81 (m, 4 H), 2.47
(s, 3H).

13C NMR: § = 1983, 132.7, 131.9, 122.3, 121.5, 119.2, 111.9,
111.2,28.1.

2,2,2-Trifluoro-1-(1H-indol-3-yl)ethanone (3z)
Mp 207-211 °C (lit.% 209-212 °C).

IR (nest): 3407, 1650, 1527, 1450, 1339, 1246, 1196, 1158, 1092,
1046, 896, 728 cm™.

IH NMR: & = 9.12 (br s, 1 NH), 8.41 (d, J=9 Hz, 1 H), 7.86 (d,
J=6Hz, 1H), 7.64(d, J= 6 Hz, 1 H), 7.41 (m, 1 H), 7.29 (m, 1 H).

13C NMR: § = 196.9, 137.8, 128.4 (t), 127.1, 123.0, 121.3, 120.9,
120.3, 109.6, 101.5.
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