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Condensations between diaminomaleonitrile (DAMN) and ketones in phosphorus pentoxide-ethanol gave the
open-chain adducts. Aromatic a-ketones and acyl cyanides gave the Schiff bases (1 and 5), several of which were
converted to alkyl DAMN (3 and 7), addition product with methyl vinyl ketone (4), and pyrazine derivatives (6
and 8). The condensation with 8-keto esters and with 8-diketones gave another type of adducts, enamines (9 and
12), which were converted to 2-substituted 4,5-dicyancimidazoles (10 and 11) and the fragmentation products by
«-C-C bond cleavage. Enamines 12 and phosphorus pentoxide in ethanol gave 1,4-diazepines 13.

In recent years diaminomaleonitrile (DAMN) has re-
ceived much interest as a source of nitrogen heterocy-
cles.~* The reactions most widely used in those syntheses
are condensations with carbonyl compounds. The conden-
sation of DAMN with aldehydes or amides gives Schiff
bases, which can be cyclized to imidazoles.256 Condensa-
tion of DAMN and ketones gives a greater variety of prod-
ucts. This reaction, however, is less clearly understood,
since cyclic products are generally obtained in one step and
the open-chain adducts have been isolated in few special
instances.278 Isolation of open-chain adducts and investi-
gation of their chemical properties have now been carried
out to extend the synthetic versatility of DAMN.

Schiff Bases of Diaminomaleonitrile and Ketones.
From preliminary experiments, phosphorus pentoxide—eth-
anol was found to be an effective reagent for the condensa-
tion of DAMN and ketones under mild conditions. Using
this system, condensations with a number of aromatic or

heteroaromatic ketones were carried out and Schiff bases 1-

were obtained. The results are summarized in Table I. The
reaction with dialkyl ketones or «,3-unsaturated ketones
under similar conditions gave dihydrodiazepines 2.
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The condensation proceeded smoothly to give 1 as stable
compounds. When a stronger acid (POCIls3) was used, it has
been reported? that the condensation of ketones, including
aromatic a-ketones, gave 2 exclusively, and that an isolated
Schiff base (1a) hydrolyzed in moist air.

In the present reaction, the electron-deficient ketones
condense readily with DAMN to give excellent yields of 1
(Table I). The reaction with p-methoxyacetophenone gave
an 8% yield of 2 (R! = CHg; R2 = Ph-p-OCHj) after 24 hr
of refluxing in ethanol. The reaction failed with 2- and 4-
acetylpyridine.

Reduction of the azomethine bond in 1d (R = Ar = Ph)
was carried out with sodium borohydride, giving 3 (Table
II) under similar conditions to the reduction of the alde-

hyde Schiff bases.2 Reaction of 1d with methyl vinyl ketone
afforded the N’-addition product 4a. Similarly, treatment
of benzylidene DAMN with methy! vinyl ketone gave 4b.
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X DO
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Condensation of acyl cyanides and DAMN gave the
Schiff bases 5 (Table I). This reaction was catalyzed by
acids, such as phosphorus pentoxide-alcohol, p-toluenesul-
fonic acid, or a trace of hydrogen bromide which was
present in the crude acyl cyanide.
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When 5d (R = Ph) was refluxed in ethanol, aminopyraz-
ine 6 was obtained; the other alkyl homologues, 5a~¢, were
not cyclized by this treatment. Sodium borohydride reduc-
tion of 5a, 5¢, and 5d gave the corresponding aminonitriles
7a, 7b, and 7c (Table II). Cyclization of 7a or 7b in reflux-
ing ethanol gave tetrahydropyrazines 8a and 8b, respec-
tively.

Enamine Derivative of Diaminomaleonitrile. Reac-
tion of DAMN and ethyl acetoacetate with acid catalyst,
phosphorus pentoxide-ethanol, or a drop. of sulfuric acid
gave an enamine 9a. The structure was evidenced by the
vinyl proton singlet at § 4.43 (1 H), the NH; protons broad
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Table Id
Schiff Bases of Diaminomaleonitrile

NC N——C/
X, ™
NC NH,

a
Compd Reaction Yield,

R! R? conditions % Crystn solvent Mp, °C Appearance
CH, Ph (1a) 1 hr, rt? 74 i-PrOH—-acetone 122-123
CH, p-NO,Ph (1b) 10 min, rt 98 EtOH-acetone 219-220 Orange needles
CH, 0-OHPh  (1c¢) 46 hr, rt 34 i-PrOH 180-182 Yellow needles
Ph Ph (id) 4 by, rt 93 50% aq EtOH 167-168 Yellow needles
0-OHPh 0-OHPh (le) 24 hr, rt 60 i-PrOH 182-183 dec Yellow crystals
CH, B-Naph  (1f) 30 min, rt 79 EtOH 187-188 Yellow needles
Ph B-Naph (1g) 37 hr, refc 46 20% aq EtOH 179-181 Yellow powder

9-Fluorenylidene (1h) 2.5 hr, refc 68 Benzene 155-156 Red crystals
CH, 2-Thieny! (1i) 2 hr, rt 77 EtOH 177-178 Yellow plates
CH, 2-Furyl (1}) 1 hr, rt 73 EtOH 174-175 Yellow crystals
CH, 3-Pyridyl (1k) 1 hr, rt 82 EtOH 228-~230 Yellow crystals
Ph 3-Pyridyl (11) 1 hr, refc 71 EtOH 215—-216 dec Yellow crystals
CH, CN (5a) 10 min, rt 41 ag MeOH 222-224 Colorless flakes
C,H, CN (5b) 10 min, rt 60 aqg MeOH 198-199 Colorless needles
CH(CH,), CN (5¢) 10 min, rt 76 ag MeOH 150-152 Colorless flakes
Ph CN (5d) 15 min, rt 52 MeOH 184185 Yellow powder

4 The molecular structures are supported by spectroscopic data (ir, NMR, and MS) of each compound. ® Excess of the ke-
tone with several drops of ethanol was used as the medium (rt = room temperature). ¢ Refluxed in ethanol. d Satisfactory
analytical data (0.2% for C, H, and N) for all compounds in this table and in Tables II and III were submitted for review.
Ed.

singlet at 8 6.45 (2 H), and the NH proton singlet at § 8.78
(1 H) in the NMR (in acetone-dg solution with Me,Si) ex-
hibited by the product.? Other enamines similarly prepared
are given in Table IIIL.
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It was found that 9a—e can be converted to the corre-
sponding 4,5-dicyanoimidazoles (10a-d) by refluxing etha-
nol or butanol. Enamine 9f gave the corresponding 2-valer-
ate 11. 4,5-Dicyanoimidazoles, 10 and 11, are important in-
termediates for the synthesis of purine derlvatlves,10 and

H
NC, N NC N
>< COOCH, — IW COOC,H;
NC NH, NC H
of n

this reaction gives the pure products in good yield by a sim-
ple procedure. Similar reaction, a sort of reverse Claisen re-
action, has been observed with several aromatic enam-
ines.)! A reaction of DAMN and ethyl acetoacetate with
pho2sphorus oxychloride gives tetrahydro-6H-1,4-diazep-
ine.

Condensation of DAMN with benzoylacetone or diben-
zoylmethane in phosphorus pentoxide-ethanol at room
temperature gave enamines 12a and 12b (Table III), re-
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(38% (837%)
+
CH,COPh + HCOPh
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spectively. The structure of 12b, for example, was evi-
denced by the vinyl proton singlet at 6 6.38 (1 H), the NH,
protons broad singlet at § 7.8 (2 H), and the NH proton sin-
glet at § 11.50 (1 H) in the NMR (in dimethyl sulfoxide-dg¢
solution with Me4Si). In chemical reactions, however, 12
showed rather ambiguous character. When 12a or 12b was
heated with phosphorus pentoxide in ethanol 1,4-diazepine
13a and 13b were obtained, respectively. Upon heating 12a
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Table H
Alkyl Derivatives of Diaminomaleonitrile
Starting
Compd4 compd Yield, % Mp, °C Crystn solvent
NC._ _NHCH(Ph),
)( (3) 1d 93 217-219 EtOH
NC NH,
CH,
Ne _NHCHS
)( N (Ta) 5a 54 224-226 aq MeOH
NC NH,
CH(CH,),
NC _NHCHT
)( & () 5¢ 68 229-231 ag MeOH
NC NH,
Ph
Ne__NHCH
j( CN (7¢) 5d 59 203-204 aq MeOH
NC NH, dec
2 The molecular structures are supported by spectroscopic data (ir, NMR, and MS) of each compound.
Table IIT
Enamine Derivatives of Diaminomaleonitrile
[ 1
NCj(NHC=CCOY
NC NH,
Compd?

R Y Reaction conditions Yield, % Crystn solvent Mp, °C
CH, OC,H, (9a) 1 hr,rt 97 i-PrOH 152—-153
CH, —N/:O (9b) 5 min, rt 98 EtOH 167-168
C,H, OC,H, (9¢) 4 hr, rtb 9.1 i-PrOH 133—-134¢
CH(CH,), OC,H; (9d) 30 min, 40°C? 62 i-PrOH 134-136
C.H, OC,H, (9¢) 1 hr, 1t 94 i-PrOH 141-142

NC NH

j[ chocH, (9f) 20 min, rt 79 EtOH 188-189

NC "NH,

CH, C,H, (12a) 1 hr, vt 87 i-PrOH 159-160
C,H, C,H, (12b) 1 hr,rt 86 EtOH 158-160

aThe molecular structures are supported by spectroscopic data (ir, NMR, and MS) of each compound. ? Neat reaction.

¢Crystal turns brown on standing in moist air.

in wet butanol,!? 4,5-dicyano-2-methylimidazole (10a), ace-
tophenone, and benzaldehyde were isolated. Similar treat-
ment of 12b gave benzoyl DAMN and hydrolyzed products.
In the latter reactions, the process giving the different type
of products is unclear, but both 12a and 12b undergo their
C—C bond cleavage by the treatment.

Experimental Section

Infrared spectra were obtained with KBr disks on a Hitachi
Model EPI-G3 spectrometer. NMR determinations were carried
out either on a Hitachi Perkin-Elmer R-20B or on a Varian HA-
100 spectrometer. The NH and NH> proton signals in the spectra
were identified from the diminution of the intensity by addition of
deuterium oxide. Mass spectra were determined at 70 eV on a Hi-
tachi RMU-6E spectrometer using a solid sample inlet (at 100~
150°C). Melting points were measured on a micro hot-stage appa-
ratus and were corrected.

General Procedure of Condensation of Diaminomaleoni-
trile and Ketones with Phosphorus Pentoxide in Ethanol,
Preparation of 1 (Table I), 9 and 12 (Table III). To a solution of
DAMN (3.0 g) and the ketone (an equimolecular weight or an ex-
cess) in ethanol (80 ml) was added portionwise phosphorus pent-
oxide (1.3 g). After the reaction (listed in tables), the insoluble

products were collected by filtration, washed with cold water, and
dried. The soluble products were isolated after concentration of
the reaction mixture by a rotary evaporator followed by treatment
of the residue with ice-water (50-100 ml).

Preparation of Alkyl Diaminomaleonitrile (3 and 7a—¢ in
Table II). Schiff bases (1d, 5a, 5¢c, and 5d) were reduced by three
equivalents of sodium borohydride in their solution in methanol-
tetrahydrofuran mixtures.? After stirring at room temperature for
15 min, reaction mixtures were poured into ice~water, giving the
corresponding products as fine crystals.

Reaction of Schiff Bases with Methyl Vinyl Ketone. N-Di-
phenylmethylene- N'-(3-oxobutyl)diaminomaleonitrile (4a). A
mixture of 1d (3.0 g), methyl vinyl ketone (70 ml), and phosphorus
pentoxide (1.5 g) was stirred for 20 min at room temperature. The
resulting semisolids were dissolved in ethyl ether (300 ml). The
ether solution was washed with water, dried over sodium sulfate,
and evaporated under reduced pressure. The resulting oil was
chromatographed by a column (silica gel-ether) to give yellow
crystals, mp 151-153°C from 2-propanol, in 21% yield (0.8 g):
NMR (Me2S0-dg) 6 2.11 (s, 3, CH3), 2.72 (t, 2, CH), 3.58 (q, 2
CHy), 7.2 and 7.5 (m, total 10, C¢Hs); ir 2215, 2180, 1718 em™L.

Anal. Caled for Co;H1sN4O: C, 73.66; H, 5.30; N, 16.36. Found:
C, 73.39; H, 5.35; N, 16.14.

N-Benzylidene- N'-(3-0xobutyl)diaminomaleonitrile  (4b)
was obtained similarly from benzylidene DAMN!2 (2.0 g), methyl
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vinyl ketone (20 ml), and phosphorus pentoxide (0.5 g), as yellow
needles: mp 156-157°C (from ethanol); yield 37% (1.0 g); NMR
(Me2S0-dg) 6 2.15 (s, 3, CHg), 2.88 (t, 2, CHy), 3.60 (q, 2, CHy),
7.44 and 7.94 (m, total 6, C¢Hs), 8.23 (s, 1, CH); ir 2230, 2220, 1740
cm™l; MS m/e 266 (M™, rel intensity 26), 223 (11), 209 (20), 208
).

Anal, Caled for CisH4N4O: C, 67.55; H, 5.30; N, 21.04. Found:
C,67.74; H, 5.32; N, 20.86.

Condensation of Diaminomaleonitrile with Acyl Cyanides!*
(Table I). a~Cyanoethylidenediaminomaleonitrile (5a). Meth-
od A, DAMN (10.8 g) and acetyl cyanide (10.0 g) were added suc-
cessively to a solution of p-toluenesulfonic acid (1.9 g) in dry ether
(100 ml). The resultant yellow solids were filtered and dried. The
crude product was dissolved in acetone (600 ml) and undissolved
solids were removed by filtration. Addition of water (900 ml) to the
filtrate gave 5a.

Method B. To a mixture of acetyl cyanide (22.1 g) and DAMN
(16.3 g) was added dropwise a solution of phosphorus pentoxide
(0.5 g) in ethanol (3 ml). The crude product was recrystallized
from agueous methanol to give 5a in 26% yield (6.3 g). 5b and 5¢
_were prepared by method B, -

a~Cyanobenzylidenediaminomaleonitrile (5d). Benzoyl cya-
nide (10.8 g) and then DAMN (5.4 g) were added to a solution of
phosphorus pentoxide (1.3 g) in methanol (50 ml). The resultant
yellow crystals were filtered. Ceoling the filtrate gave an additional
crop. :

2.Amino-5,6-dicyano-3-phenylpyrazine (6). 5d (1.5 g) was re-

fluxed in ethanol (80 ml) for 19 hr and then concentrated. The res-

idue was recrystallized from toluene to give colorless needles, mp

- 166-167°C, in almost quantitative yield: ir 3410, 3305, 3200, 2230,

1630, 1540, 1500 em™1; MS (150°C) m/e (rel intensity) 222 (9), 221
(M, '70), 220 (100).

Anal. Caled for C12H7Ns: C, 65.15; H, 3.19; N, 31.86. Found: C,
65.17; H, 3.18; N, 31.72. .

Cyeclization of a-Cyanocalkyldiaminomaleonitrile (7a and
7d). 5,6-Dicyano-3-methyl-1,2,3 4-tetrahydropyrazin-2-one
(8a). Phosphorus pentoxide (0.3 g) and 7a (1.0 g) were refluxed in
ethanol (30 ml) for 19 hr. Concentration of the mixture gave 8a as
a colorless powder: mp 241-243°C (from agueous ethanol); yield
72%; ir 2210, 1700-1690, 1660, 1630 cm™1; MS m/e 162 (M*).

Anal. Caled for C-HgN4O: C, 51.85; H, 3.37; N, 34.55. Found: C,
51.63; H, 3.78; N, 34.80.

5,6-Dicyano-3-phenyl-1,2,3,4-tetrahydropyrazin-2-one (8b)
was obtained similarly from 7d in 94% yield as a yellow-orange
powder: mp 220-222°C (from agueous methanol); NMR (Me2SO-
dg) 6 5.08 (d, 1, CH), 7.35 (s, 5, CeHs), 8.31 (d, 1, NH), 10.94 (s, 1,
NH).

Anal. Caled for C19HgN4O: C, 64.28; H, 3.59; N, 24.98, Found: C,
64.12; H, 8.60; N, 24.97.

Preparation of Imidazoles 10a~d and 11. General Method.
The precipitate obtained from the reaction mixture of DAMN and
ethyl acylacetates or N-acetoacetylmorpholine (see the prepara-
tion of 1) was washed with cold water and rapidly dried in vacuo.
The solid thus obtained was almost pure compound 9 (Table III)
and was refluxed in butanol (ca. 5 g/100 ml) for 24 hr. The reaction
mixture was concentrated under reduced pressure.!5 N-Acetylmor-
pholine was removed at 60-80°C (2 mmHg). The resultant tan
solid was washed with chloroform and recrystallized. 10a (R =
CH3)19 was prepared in 83% yield from 9a and in 92% yield from
9b, the adduct of DAMN and N-acetoacetylmorpholine. 10b (R =
C2H;)16 was prepared in 84% yield from 9¢, the adduct of DAMN
and ethyl propionylacetate.!” 4,5-Dicyano-2-isopropylimidazole
[10c, R = CH(CHj3),] was prepared in 33% yield from 9d, the ad-
duct of DAMN and ethyl y-methyl-B-oxovalerate.” Recrystalliza-
tion from water gave colorless flakes: mp 156-157°C; NMR
(Me2S0-dg) 8 1.29 and 3.0 (total 7, isopropyl protons), 8.0 broad s,
1); MS (100°C) m/e (rel intensity) 160 (M, 20), 159 (12), 145 ((M
— CHg]*, 100, M* 131.4),

Anal. Caled for CgsHgNy: C, 59.98; H, 5.03; N, 34.98. Found: C,
60.00; H, 4.87; N, 34.92.

10d (R = Ph)*3 was prepared in 77% yield from 9e, the adduct of
DAMN and ethyl benzoylacetate.

Ethyl 4,5-Dicyanoimidazole-2-valerate (11). 9f prepared
from DAMN and 2-ethoxycarbonylcyclopentanone was refluxed in
butanol. The evaporated residue was a syrup which was purified
by a column (silica gel, benzene-ethyl acetate) to give a colorless
oil in 46% yield. A 44% yield of 11 was estimated separately from
its silver salt, which was obtained from a methanol solution of the
crude syrup and aqueous silver nitrate. The silver salt is insoluble

- and can be purified by washing with hot ethanol. The ir spectum of
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the silver salt is similar to that of 11. The silver salt was heated in
an excess of trimethylsilyl chloride for 2 hr, Filtration and treat-
ment of the evaporated filtrate with methanol gave 11 as a color-
less liquid.

Anal. Caled for CyoH14N4Oqg: C, 58.53; H, 5.73; N, 22.75. Found:
C, 58.75; H, 5.64; N, 22.88.

One-step preparations of imidazoles 10 from DAMN and acyla-
cetates gave less satisfactory results. When a mixture of ethyl ace-
toacetate, DAMN, and phosphorus pentoxide was heated in etha-
nol without separation of 9a, 10a was obtained in a 38% yield. The
yields by the treatment using other carbonyl compounds. follow:
35% (10a) from N-acetoacetylmorpholine; 64% (10b) from ethyl
propionylacetate; trace (10¢) from ethyl v-methyl--oxovalerate;
70% (10d) from ethyl benzolyacetate.

2,3-Dicyano-5-methyl-7-phenyl-1,4,6 H-diazepine (13a). A
mixture of 12a (8.1 g), prepared from DAMN and benzoylacetone
(Table III), and phosphorus pentoxide (1.3 g) in ethanol (100 ml)
was refluxed for 16 hr and then evaporated. The residual brown
syrup was treated with water and extracted with chloroform. The
extract was dried with sodium sulfate and the solvent was re-
moved. The residue was crystallized from a small quantity of 2-
propanol to give light-tan crystals: yield 18% (1.2 g); mp 126~
127°C (from 2-propanol); NMR (MesS0-dg) 6 2.17 (s, 3), 7.5-7.7
and 8.1-8.3 (m, total 5); ir 3050, 2220, 1594, 1530 cm™!; MS
(100°C) m/e (rel intensity 284 (M*+, 100), 219 ([M ~ CHg]*, 76).

Anal. Caled for C14H;oNy4: C, 71.78; H, 4.30; N, 23.92. Found: C,
71.54; H, 4.04; N, 23.84,

2,3-Dicyano-5,7-diphenyl-1,4,6 H-diazepine (13b). A mixture
of DAMN (24 g), dibenzoylmethane (50 g), and phosphorus pent-
oxide (10.5 g) in ethanol (700 ml) was stirred for 1 hr at room tem-
perature. Additional phosphorus pentoxide (10.5 g) was added and
the mixture was refluxed for 2 hr. The mixture was concentrated
and cooled to give 13b as crystals. Recrystallization from benzene
or acetonitrile gave yellowish plates, mp 249-251°C, yield 73% (48
g). 13b can be obtained also from 12b (Table III) and phosphorus
pentoxide: ir 3080, 2250, 1607, 1593, 1540, 1460, 1333, 1262, 1200
cm™~1; MS (100°C) m/e (rel intensity) 219 (11), 193 (3}, 103 (100).

Anal, Caled for C10H39Ny: C, 77.01; H, 4.08; N, 18.91. Found: C,
76.89; H, 3.87; N, 18.75.

Fragmentation Reaction of 12, One gram of 12a or 12b was re-
fluxed in 20 ml of commercial butanol (containing water, ca. 0.5%)
for 24 hr. The reaction mixtures were analyzed by GLC (2-m col-
umn Pora Pak @, 225°C) and the presence of benzaldehyde and
acetophenone was detected. Evaporation of the mixtures left sol-
ids, which were crystallized from water and identified as 10a (from
12a) and benzoyl DAMN (from 12b) by comparison of spectro-
scopic data with authentic samples, respectively.
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Alkylation of indole with 5-chloro-2-pentanone ethylene ketal gave la. Attempts to hydrolyze the ketal gave 2
instead. The 3-substituted indoles 1b and 1d were hydrolyzed to the corresponding ketones le and le. Skatole
was alkylated with the same alkylating agent to give 1f. Hydrolysis gave the pyrido[1,2-a]indole 3.

The alkylation of indole! on nitrogen is a well-docu-
mented reaction in organic chemistry. As a model for fur-
ther studies we were interested in the preparation of 5-(1-
indolyl)-2-pentanone. It was our intention to obtain this
compound from the corresponding ethylene ketal via mild
hydrolysis in acidic medium. For this purpose indole was
treated with sodium hydride in absolute DMF followed by
the addition of 5-chloro-2-pentanone ethylene ketal. The
product of this alkylation, 5-(1-indolyl)-2-pentanone ethyl-
ene ketal (la), was obtained in 98% yield and gave ir,
NMR, and mass spectral data in agreement with the ex-
pected structure la.

Chart 1
R,
T
N
R,

1a, R, = H; R, = OCH,CH,0
b, R, = COOMe; R, = OCH,CH,0
¢, R, = COOMe; R, =0
d, R, = CH,COOMeg; R, = OCH,CH,0
e, R; = CH,COOMe; R, =0
f, R, = CHy; R, = OCH,CH;0

CH,

Attempts to remove the protecting group in la via hy-
drolysis in aqueous acetic acid did not yield the expected
ketone. Instead compound 2 of the molecular composition
CogH2sNoO (m/e 384, M*) was isolated in 63% yield. This
formally represents a condensation between 2 mol of the
product of the deketalization less 1 mol of water. One oxy-
gen atom was retained as a saturated keto group as indicat-
ed by the presence of an ir band at 1713 cm™! in the spec-
trum of 2 excluding the presence of an «,3-unsaturated ke-
tone formed via an aldol condensation. ,

The *H NMR spectrum of 2 indicated ten aromatic pro-
tons and no vinylic protons, ruling out a double bond in the
side chain and pointing to the structure 2. This product
was assumed to arise by intramolecular condensation of the
carbonyl group liberated in the hydrolysis of la at the in-
dole 2 position followed by alkylation at C-3 of a second in-
dole unit. Although electrophilic substitution should occur
more readily in the 8 position of indole! and particularly of
N-alkylated indoles, the 'H NMR spectrum of 2 did not
allow a definitive assignment of the position of the attach-
ment of the second indole nucleus. Thus it was decided to
study the '3C NMR of 2 in the hope of establishing the sub-
stitution patterns of the two indole nuclei.

Discussion of the !3C NMR Spectrum of 2. The fully
proton decoupled spectrum of 2 gave a total of 26 peaks ac-
counting for all the 26 carbon atoms of the product, indi-
cating at the same time that the product on hand consisted
of a single isomer.

Shift theory? and models from the literature? (the com-
pounds la, If, and 3, see below, serving as additional mod-
els) were used for the calculations. Peaks at 126.7 and 97.7
ppm (see Experimental Section) were assigned to the car-
bon atoms at position 2 and 10, respectively, based upon
the following arguments. The chemical shift for Cy of an
unsubstituted indole?® is documented to occur at 125.2
ppra. Methyl substituents in positions 1 and 3 are known to
shift the absorption by +4.1 and —2.5 ppm. This is in good
agreement with the observed value of 126.7 ppm (calcd



