October, 1980] (© 1980 The Chemical Society of Japan

Bull. Chem. Soc. Jpn., 53, 2885—2890 (1980) 2885

Cyclization Reactions of 2,3-Bis(2-cyanophenyl)propionitriles. III.”
Substituent Effect on the Carbanion Reactivies of the
Propionitriles and Tautomerism of 5-Acetamido-
11-cyanoindeno[1,2-clisoquinolines
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The substituent effect in the base-catalyzed cyclization reaction of 2,3-bis(2-cyanophenyl)propionitriles (1)
to 5-amino-11-cyano-11H-indeno[1,2-c]isoquinolines has been studied and the result is discussed in terms of the

dichotomic carbanion reactivities of 1.

Preparation of 1 and the tautomerism of 5-acetamido-11-cyanoindeno-

[1,2-c]isoquinolines between 5H and 11H structures are described.

When 2,3-bis(2-cyano-3-methoxyphenyl) propionitrile
(1a) was allowed to react with sodium ethoxide and
diethyl carbonate in ethanol, a red pigment was obtained
in 79.39%, yield, to which we assigned the structure 2
(Scheme 1).2
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The formation of 2 from 1a involves the preferential
attack of C-3 carbanion to the cyanc group on aromatic
ring.

The cause for the less stable C-3 carbanion par-
ticipating exclusively in the cyclization deserves further
study. We have confirmed that the cyclization product
derived from the more stable C-2 carbanion is also
obtained and examined the relative reactivity of the
dichotomic carbanions in terms of the substituent effect.
We have found an interesting tautomerism between
11H- and 5H-indeno[1,2-c]isoquinoline systems, which
is markedly influenced by the substitution patterns of
the aryl rings.

Results and Discussion

Preparation of 2,3-Bis( 2-cyanophenyl) propionitriles (1).

The reaction of 2-cyano-3-methoxybenzyl bromide
(3a) with sodium cyanide afforded 2,3-bis(2-cyano-3-
methoxyphenyl)propionitrile (la) in variable ratios
to the normal product, 2-cyano-3-methoxybenzyl
cyanide (5a), depending on the conditions. Formation
of the former compound is accelerated in the case of
low cyanide concentration and in a polar aprotic
medium such as DMSO. Since the reactivity of the
benzyl cyanides (4) initially produced is affected to a
large extent by the substituents in aryl rings, a proper
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modification of the reaction procedure was necessary
in order to prepare propionitriles (1) in acceptable
yields. The following methods were investigated.

A. A solution of a bromide and NaCN in ethanol-
water (2: 1) was allowed to stand at —20 °C for 48 h.

B. A solution of a bromide and NaCN in ethanol-
water (4: 1) was refluxed for 6 h.

C. A mixture of a bromide, NaCN, a trace of Nal,
and acetone was stirred at room temperature for 48 h.

D. A mixture of a bromide, NaCN, a trace of Nal,
and acetone was stirred and refluxed for 24 h.

The results obtained in the reactions of the substrates
3a—3f are summarized in Table 1. Method D was
generally applicable (3a, 3b, 3¢, and 3f) except when
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TaBLE 1. PREPARATION OF 2,3-BIs(2-CYANOPHENYL)
PROPIONITRILES (1)
. Sub. Reaction conditions Yield (%)
ntry . —
strate e 1od Ratio 1 4 5 6
(NaCN/3)
1 3a B 1.5 17.2 58.8 0 0
2 3a D 2.0 78.0 O 0 0
3 3b D 3.5 58.9 18.9 O 0
4 3c D 5.5 42.4 0 7.4 0
5 3d A 12.7 54.0 25.0 O 0
6 3d C 4.7 0 0 27.0 22.8
7 3e A 19.7 71.5 20.0 O 0
8 3f D 3.0 77.0 O 0 0

the intermediary benzyl cyanides (4) were unusually
reactive as in the case of compounds 3d and 3e with
chlorosubstituents. For example, the reaction of 3d by
method C (entry 6) gave only the disubstituted com-
pound 5d and 6d, which would be formed by cycliza-
tion of 5d. Method A was introduced in such cases.
Use of protic solvents and a large excess of sodium
cyanide suppressed the disubstitution.

Cyclization Reactions of 2,3-Bis(2-cyanophenyl ) propio-
nitriles (1). Of the reactants used in the original
red pigment formation,? diethyl carbonate does not
seem to be essential for the cyclization reaction.

Thus, when a solution of the propionitrile (1a) in
ethanol was refluxed in the presence of two molar
equivalents of sodium ethoxide under nitrogen atmos-
phere for 2h, a dark brown reaction mixture was
obtained. This mixture was warmed with 19, sodium
hydroxide solution for a short time in order to confirm
the dissolution of the acidic product. It was then filtered.
After acidification of the filtrate with dil. hydrochloric
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acid solution, the cyclized product 9a was isolated as a
colorless hydrochloride (10a) in 559, yield¥ The
undissolved material was separated by silica gel chro-
matography to afford a product in 39%, yield, identified
as 13a. 13a was obtained from 2 by treatment with
alkaline hydrogen peroxide and the subsequent reduc-
tion with zinc-acetic acid.?? The formation of 13 is
best interpreted by the cyclization of 1 via C-2 anion 11
followed by aromatization of the resulting heterocyclic
ring with loss of the cyano group (Scheme 2). The
possibility of the formation of 13 via 9 was excluded
by the fact that cyclization of the propionitrile (1g)
afforded 13g and not 13h. The substitution pattern
was confirmed by the derivation of 13g from 9h through
the reaction sequence used for the conversion of 2 into
13a (Scheme 3). Thus the cyclization reaction of the
2,3-bis(2-cyanophenyl)propionitriles (1) with a base
is dichotomic.

Cyclization experiments carried out in the same way
as above for variously substituted 2,3-bis(2-cyanophen-
yl)propionitriles (1) have confirmed this to be the case.

TaBLE 2. CYCLIZATION REACTIONS OF 2,3-BI13(2-
CYANOPHENYL)PROPIONITRILES (1)

Reaction conditions Yield (%)

Sub- —_—— Ratio
strate. NaOEt  Time 5——“—13 9/13
(mol eq.) (h)
1la 2 2 55 3 18.3
1b 14 2 0 81 0
1c 2 2 66 7 9.4
1d 2 2 34 40 0.85
le 2 2 61 6 10.2
1f 2 2 32 45 0.71
1g 4 4 23 46 0.50
1h 2 2 27 50 0.54

The results are summarized in Table 2. Formation of
the dual products 9 and 13 takes place, with the excep-
tion of 1b, which is extremely nonreactive, giving only
13b upon reaction with use of excess base (14 molar
equiv.). In the case of the propionitrile with unsub-
stituted aryl rings (1f) and the p-substituted analog
(1d), the molar ratios of 9 to 13 are smaller than 1.
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On the other hand, the molar ratios of m-substituted
compounds (la, 1lc, and le) are larger than 1. Thus
the formation ratios of 9 to 13 are considerably affected
by the substitution patterns of the aryl rings, especially
by the position of the substituents.

This should be interpreted in terms of the substituent
effect on the relative reactivity of the intermediate
anions 7 and 11. The C-3 carbanion 7 would be formed
in much smaller amount as compared to the C-2
carbanion 11.

However, the cyclization of 7 gives the product 9,
which is in turn converted into a stabilized anion 15.

15
Fig. 3.

In contrast, the reaction of 11 leads to the formation
of unstable cyclization product 12, which could be
aromatized only by the loss of the angular cyano group;
12 would be mostly reverted to 11. The results obtained
for the compounds 1g and 1h, in which the two aromatic
rings are substituted in different ways, indicate that the
formation ratios of 9 to 13 can not be explained by the
substituent effect on the relative stability of the inter-
mediate anions 7 and 11. Unless the C-3 carbanion
formation is extremely depressed by the presence of an
electron-releasing group in para position as in the case
of 7b, the formation of 9 is considered to become
comparable to that of 13 (1d and 1f). The promoting
effect of m-substituents, especially m-methoxyl group for
the cyclization to 9 is remarkable (la, 1c, and 1e) but
it is difficult to give an explanation entirely in terms of
inductive effect.

Tautomerism of the Acetamides 18 and 19 Derived from 9.
For the purpose of identification, analogs 9 substituted
in various ways were converted into acetamides by
treatment with acetic anhydride and a catalytic amount
of concd. sulfuric acid. The resulting solution of
isoquinolinium salt (16) was poured into ice-water,
yielding the colored acetamides (18). The 5H-indeno-
[1,2-c]isoquinoline structures (18) were characterized
by coloration and strong absorption near 2160 cm—1.
The specific formation of 18 from 16 can be accounted
for by the mechanism shown in Scheme 4. The
hydrolysis of 16 is initiated by the release of the proton
at position 11 rather than that on ring nitrogen atom,
which is trapped by strong hydrogen bonding.

When compounds 18 were dissolved in chloroform,
one of them gave a colorless solution, while the others
gave solutions with the same color as the original
compound or a diflerent one. Crystallization from the
solutions gave either the original 5H-indeno[1,2-c]-
isoquinolines (18), or a colorless compound. The IR
spectrum of the latter compound exhibits a weak
absorption band due to the nitrile group at 2250 cm—?,
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TaBLE 3. TAUTOMERISM OF 5-ACETAMIDO-11-
CYANOINDENO[ 1,2-¢]ISOQUINOLINES

5H-isomer (18) Coloration 11H-isomer (19)
—_—— of CHCI, —_——

Parent
Group amino

compd. Color y/cm-1%  soln. Color y/cm-1®
1) 9a red 2165(s) red
(i1) 9d dark 2160(s) pale
green yellow
9e red 2160(s) pale
yellow

(1ii) 9f purple 2180(s) colorless colorless 2250(w)

a) (s): strong, (w): weak.

indicating that it represents the 1l1H-indeno[l,2-c]-
isoquinoline structure (19), tautomeric with 18. The
behavior of 9 by the above treatment in relation to the
substitution patterns of the aryl rings can be classified
into three groups (Table 3).

(i) No color change on dissolution in chloroform
and recovery of the 5H-isomer on crystallization.

(ii) Color change to pale yellow and recovery of the
5H-isomer.

(iii) Change to colorless and conversion into 11H-
isomer.

The correlation between the relative stability of
5H- and 11H-isomers, and the substitution patterns of
the aryl rings is not clear from the data available.

Experimental

Melting points were uncorrected. IR spectra were meas-
ured in Nujol mull. NMR spectra were determined at 60
MHz unlesso therwise stated. Chemical shifts are given in 6-
values, using TMS as an internal standard. The instru-
ments used are the same as those reported.?®

2, 3-Bis( 2-cyano- 3-methoxyphenyl ) propionitrile  (1a).  Method
B: A solution of 3a (8.93 g) and NaCN (2.9 g) in ethanol-
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TaBLE 4. 2,3-Bis(2-CYANOPHENYL)PROPIONITRILES (1) AND 2-CYANOBENZYL CYANIDES (4)
. Calcd NMR
Compd (é\g})v/. for  Formula (Found) (%) u/{:ﬁ‘l Solv.» 3/ppm (J/Hz)
recryst.)® c H N -CN y
ArH >CH -OCH )»CH,
T o, (U 1% By e oo i 69 1 08
b PG GO, 15 Tan 1aag 280 TP TP B sess L
T B s U R
w U e, B 30BN o o, TR G g s
T oo (1 BE) me e TED R gl s
o RN B
w5 oo 1% e 2
mo SR o B3 1% 10 2
UG cammo @718 IH
B MEE csno (BT LH B
@ ChES nma G2 BE w0
o R omxo @3 R BE

a) B: benzene, C: chloroform, D: diethyl ether, M: methanol, P: petroleum ether, T: tetrachloromethane,

TFA: trifluoroacetic acid.
114 °C.

water (4 :1, 250 ml) was refluxed for 6 h. After extraction
with chloroform and evaporation of the solvent. the residue
was chromatographed on silica gel. Elution with benzene—
chloroform (1 :1) afforded 4a (4.02 g). Further elution with
the same eluent gave la (1.08 g). The physical data of
la—1h, 4a, 4b, 4d, and 4e are summarized in Table 4.

Method D: A mixture of 3a (1 g), NaCN (434 mg), Nal
(45 mg), and dry acetone (12 ml) was stirred and refluxed
for 24 h. After addition of water, extraction with chloroform
and evaporation of the solvent, the residue on crystallization
from methanol gave 1a (547 mg).

2,3-Bis( 2-cyano-£-methoxyphenyl ) propionitrile (15). Method
D: A mixture of 3b (7.0 g), NaCN (5.25 g), Nal (420 mg),
and dry acetone (60 ml) was treated in the same way as
described for la. After evaporation of the solvent, the
residue was chromatographed on silica gel.

Elution with benzene afforded 4b (1.06 g). Elution of
the column with benzene-chloroform (1: 1) gave 1b (2.89 g).

2, 3-Bis( 2-cyano-5-methoxyphenyl) propionitrile  (1c).  Method
D: 3c (6.76 g) was cyanated as above. After evaporation
of the solvent, the residue was crystallized from methanol-
benzene to give 2-cyano-1,2,3-tris(2-cyano-5-methoxyphenyl)-
propane (5¢) (307 mg), mp 211—212 °C; »,,, 2220 cm™!
(-CN); 6(CF,CO,H) 4.12 (4H, s, 2x ArCH,-), 3.89 (3H,
s, ArOCHj;), and 3.85 (6H, s, 2xArOCH,). Found: C,
72.80; H, 4.87; N, 12.00%,. Calcd for C,H,,N,O,: C,
72.71; H, 4.79; N, 12.12%,. The filtrate was chromato-
graphed on silica gel.
Elution with benzene-chloroform (1: 1) gave 1c (4.0 g).

2,3-Bis( 2-cyano-4-chlorophenyl) propionitrile  (1d). Method
4: A solution of 3d (5.74 g) in ethanol (92 ml) was added to
a solution of NaCN (15.5 g) in water—ethanol (1 : 1, 186 ml)

b) The NMR spectra of 1d and le were measured at 100 MHz.

c) Ref. 5, mp

and mixed. The resulting solution was allowed to stand at
—20 °C for 48 h. After addition of water (300 ml), extraction
with chloroform and evaporation of the solvent, the residue
was chromatographed on silica gel. Elution with benzene-
petroleum ether (1: 1) gave 4d (1.1 g). Further elution with
the same eluent gave 1d (2.19 g).

Method C: A mixture of 3d (1 g), NaCN (1 g), Nal (20
mg), and dry acetone (10 ml) was stirred at room temperature
for 48 h. After addition of water, extraction with chloroform
and evaporation of the solvent, the residue was chromato-
graphed on silica gel. Elution with benzene gave 2-cyano-
1,2,3-tris(2-cyano-4-chlorophenyl) propane (5d) (186 mg), mp
210—211 °C (from benzene-petroleum ether); v ,, 2230 cm™!
(-CN); 6(CDCl;) 4.22, 3.80 (4H, ABq, J=14.0 Hz, 2x
>CH,). Found: C, 63.41; H, 2.90; N, 11.59%,. Calcd for
C,;H,;N,Cl;: C, 63.11; H, 2.75; N, 11.78%,. Elution of the
column with chloroform gave 5-amino-11-cyano-3,8-dichloro-
11-(2-cyano-4-chlorobenzyl) - 11H-indeno [1, 2-¢ ] isoquinoline
(6d) (157 mg), mp 209—210 °C (from methanol); AH:50Et0H
208 (ex10-3, 61.4), 225 (55.9), 233 sh (49.6), 341 (18.2)
372 (13.2), and 390 nm (10.0) ; v, 3490 and 3380 (-NH,) and
2230 cm~! (-CN); 6(CDCl;) 8.10—6.77 (9H, m, ArH), 5.57
(2H, s, -NH,, dissappears on D,O exchange), 4.00 (1H, d,
J=14.0 Hz, >CH,H;) and 3.45 (lH, d, Jj=14.0 Hz,
>CH, Hg). Found: C, 62.66; H, 2.76; N, 11.639%,.

Calcd for Cy;H,,N,Cl;: C, 63.11; H, 2.75; N, 11.789,.

2,3-Bis( 2-cyano-5-chlorophenyl) propionitrile (Ie). Method
A: 3e (1.58 g) was treated in the same way as described for
1d. Elution of the silica gel column with benzene-petroleum
ether (1:1) gave 4e (245 mg). Elution of the column with
benzene—chloroform (1: 1) gave le (800 mg).

2,3-Bis( 2-cyanophenyl) propionitrile (If). Method D: 3f
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TasLe 5. 5-AminNo-11-cyano-11H-INDENO[1,2-c]1ISOQUINOLINE HYDROCHLORIDES (10)
AND 5-AMINO-11H-INDENO[ 1,2-¢]1s0QUINOLINES (13)
a)
Caled ) /iﬁ N NMR %FSSQZH)
0,
Collelgd Mp/°C? Formula (Found) (%) NH,——‘*’ — SCH
¢ H N Ny, -oNam L -ocH,
64.50 4.56 11.88 3300 8.27— 4.34s
102 249dec  CyuHiN:O:Cl (64715 4176 11.72) 3080—2760 22%  7.20m  9-30s 4713
64.50 4.56 11.88 3290, 3190 8.42— 4.13s
10c  268dec  CyuHiNO.Cl (64797 4779 11.66) 2620 248 "7 0m 22 405
56.30 2.78 11.59 3405, 3180 8.49—
104 290dec  CyHyoNyCly (56.64 2.80 11.44) 2760 2240 T550m  9:27s
56.30 2.78 11. 8.48—
10e  290dec  Cyi7HyN,Cly (56.24 3185 11.??) Sosy 2120 2200 SO 5ss
69.51 4.12 14.30 40, 31 8.55—
10f  278dec  CyyHyN,Cl (0943 g 14;’7) sans 3100 9940 BI% 5 395
10g  279dec  CyHpN,OCI (gg'gf 4.0 g:gg) 31802740 2240 5%~ 5405 4.33s
66.77 4.36 12.98 3420, 3260 8.27—
10h 275dec  CuHuN,OCI (074 e 13.76) glgoj S20y amas BT 5975 4.7
229230 73.95 5.52  9.58 8.03— 4.13s
13a dec  CusHuN:0, (73.73 5.63 9.35) 9000, 3370 6.90m 375 4036
73.95 5.52  9.58 3460, 3370 8.08—
18b  262dec  CyHiN:0, (73.95 5.57 9.54) 3290, 3130 6.95m 5-Ps 407
207—208 73.95 5.52  9.58 3460, 3360 7.86— 3.92s
13¢ dec  CisHuN:Oq (73.50 5.33 9.32) 3160 6.88m 5-80s  3ggg
244245 63.81 3.35 9.30 3480, 3380 8.20—
13d dec  CuHuNCl  (63'53 3739 9.36) 3280, 3140 7.26m  3-98s
63.81 3.35 9. 480 8.34—
13e 295 CieHuNaCl, 53779 5% 9.38) a0 0 7.48m  *:00s
207—208 82.73 5.21 12.06 3300, 3100 8.32—
13 dec  CrHulNe (82.61 5.32 12.06) 7.39m 3-89
193.5— 77.84 5.38 10.68 3480, 3280 8.03—
13g 195.5 CiHuN:O (77.79 5.49 10.49) 3160 7.00m 3-73  4.08s
13h  209—211 C,H,N,O (;ZIET 338 ;8:2?) 3360, 3200 B2 3.07s  4.03s
a) The spectrum of 13¢ was measured in CDCl;.  b) Recrystallized from methanol. dec: decomposition.
TaBLE 6. 5-AcCETAMIDO -11-cYANO-5H-INDENO[ |,2-c]1soQuINOLINEs (18) AND
5-ACETAMIDO-11-cYANO-11H-INDENO[ 1,2-¢]1s0QUINOLINE (19f)
Caled IR NMR (CF,CO,H)
A -1 b
C«ol\r;lol?d Mp/°C»  Formula (Found) (%) v/em~! J/ppm
C H N >NH -CN )CO ArH >CH -OCH, -COCH,
292293 70.18 4.77 11.69 8.40— 4.37s
18a nee CuHluNiOy (load 4730 11797, 3300 21655 1680w Oy s.sss {37 2.73s
18a 255 ¢l N0, (gé:f}g 3o ;(1):3‘1}) 8210 2160s 1695w O/%-  5.62s 2.74s
280.5— 61.20 3.01 11.41 3200 8.74—
18 " ogldec C1oHuN:OCL (61706 2,92 11.26) 3120 21608 1690w "5 56, 5.60s 2.74s
9—270 76.24 4.38 14.04 3180 8.70—
9 29210 ¢ mN0 (7581 464 13.93) 3100 2290w 1690s O5'o0 5 5s 2.74s

a) Recrystallized from chloroform. b) s: strong, w: weak.

(10.5 g) was treated in the same way as described for la to
give 1f (5.54 g).

2-( 2-Cyano-3-methoxyphenyl ) - 3-( 2-cyanophenyl ) propionitrile (1 g )
and 2-( 2-Cyanophenyl ) - 3-( 2-cyano- 3-methoxyphenyl) propionitrile
(1h). A mixture of 4a (2.0 g), 3f (2.27 g), K,CO, (1.6
g), Nal (150 mg, and dry acetone (30 ml) was refluxed for
24 h. After filtration and evaporation, the residue was
crystallzed to give 1lg (2.76 g, 82.6%,). 1h was similarly
prepared in 729, yield from 4£% and 3a.

Gyclization Reactions of the Propionitriles (1). General

Procedure: A solution of sodium ethoxide (2 mmol; 14 and
4 mmol for 1b and lg respectively) in ethanol (5 ml) was
added to a mixture of 1 (1 mmol) and ethanol (10 ml). The
mixture was stirred and refluxed for 2 h (4 h for 1g). When
the reaction was completed,” 19, NaOH aqueous solution (30
ml) was added and warmed for 30 min. The solution was
then cooled and allowed to stand in a refrigerator overnight.
The precipitates were collected by filtration and chromato-
graphed on silica gel. Elution with chloroform gave 13. By
acidification of the filtrate with an excess of dilute hydrochloric
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TasLE 7. UV spEcTRAL DATA OF 10, 13, 18, anD 19

10 Amax®/nm (X 10-3) 18 or 19»
(H,SO,~EtOH)® (stO;:l;*]tOH)”) (EtOH)

a 220 (32.5), 263 (19.6) 220 (36.9), 259 (21.3) 217 (23.8), 250 (36.2), 279s(24.3), 286 (25.4)
3325(10.3), 344 (13.2) 328 (13.5), 342 (16.2) 325 (15.3), 384 (17.1), 520 ( 4.5),

380 (16.3), 398 (15.0) 386 (17.6), 405 (16.5)

b 228 (41.4), 327 (19.0)

340 (19.4), 392 (11.6)
410 (10.7)
c 216 (25.2), 252 (21.8) 212 (25.9), 253 (22.5)
280 (38.0), 338 (18.8) 280 (38.7), 340 (20.3)
3545(16.2), 370s(14.3) 370 (15.7)

d 223 (41.0), 233 (36.7) 223 (53.0), 234s(35.4) 220 (30.7), 234 (29.9), 265 (32.2), 282 (28.0)
325s(16.0), 337 (17.2) 324 (22.9), 338 (23.5) 303 (20.3), 320 (16.8), 330 (15.7), 366 ( 8.4)
372 (11.0), 390 ( 8.3) 380 (13.0), 400 (10.8) 428 ( 3.6), 460s( 2.5)

e 213 (27.8), 260 (32.2) 212 (28.4), 258 (29.6)  230s(27.6), 243s(28.2), 272 (42.0), 330 (15.3)
327s(18.2), 335 (19.7) 324 (19.3), 337 (20.8) 3565 (8.3), 422s( 3.8), 458s( 2.8), 540s( 1.0)
366 (13.4), 384 (10.6) 375 (13.8), 392 (10.5)

£ 213 (31.4), 239 (27.4) 213 (33.0), 244 (23.5) 212 (30.2), 261 (33.9), 293 (12.8), 301 (13.0)
316 (16.0), 330 (16.5) 316 (14.7), 330 (14.9) 314 (13.7), 357 ( 6.7), 420 ( 1.8), 460s( 1.3)

364 (11.3), 382 ( 9.6) 374 (10.0), 388s (8.2)
g 218 (40.5), 245 (28.9) 216 (30.7), 2255(29.4)
342 (19.8), 372 (12.6) 250 (19.7), 257 (18.9)
3885(10.0) 318 (13.4), 332 (14.4)
380 (18.4), 400 (17.9)

h 227 (29.8), 248 (16.6) 216 (35.0), 245 (25.7)
262 (16.9), 320 (10.5) 329 (16.6), 341 (18.5)
334 (11.7), 372 (16.6) 381 (10.7), 396s( 8.8)
392 (15.8)

a) s: shoulder.

b) 18:a,d and e; 19: £,

c) Containing two drops of 0.5 mol dm—3 H,SO, per 10 ml.

acid, 10, a hydrochloride of 9, was obtained as a colorless

precipitate.
Tables 5 and 7.

The physical data of 10 and 13 are given in

Oxidative Degradation of 10h with Alkaline Hydrogen Peroxide.

To a solution of 10h (600 mg) in a mixture of 10% NaOH-
EtOH (1: 4, 50 ml) was added 3% H,O, (40 ml) and the
mixture was stirred at 0 °C for 30 min. After dilution with
water (400 ml) the resulting red precipitate was collected
by filtration and recrystallized from chloroform to afford
5-amino-4-methoxy-11 H-indeno[1,2-¢]isoquinolin-11 -one
(14h) (396 mg, 77.59,), mp 247.5—248 °C; v, 3500, 3290,
and 3130 (-NH;) and 1685cm-! (CCO); &(CF,CO,H)
8.47—7.17 (7TH, m, ArH) and 4.22 (3H, s, ArOCH,). Found:
C, 73.74; H, 4.46; N, 10.19%,. Calcd for C;;H,;,N,O,: C,
73.90; H, 4.38; N, 10.14%,.

Zinc Dust Reduction of 14h. 14h (440 mg), zinc dust
(2.2 g), and glacial acetic acid (20 ml) were mixed and
refluxed for 2h. The insoluble material was removed by
filtration. The filtrate was made basic by the addition of
ammonia solution under ice-cooling. The resulting precipi-
tate was collected by filtration and recrystallized from metha-
nol to give pure 5-amino-4-methoxy-11H-indeno[l,2-c]iso-
quinoline (375 mg, 90%), mp 193.5—194.5 °C, which was
identical with 13g produced by the cyclization of 1g in com-
parison of their TLCs, mps, and IR spectra.

Acetylation of 9. General Procedure: 'To a mixture of
10 (100 mg) and Ac,O (10 ml) was added a few drops of
concd. H,SO, at room temperature. After being left to
stand for a certain time (1 h for 10a, 10d, and 10f; a few min
for 10e), the mixture was poured into ice-water.
precipitated pigment was collected by filtration and crystal-
lized from chloroform. The physical data of the acetamides 18
and 19 are summarized in Tables 6 and 7.

The
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