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68.24; H, 6.87; N, 9.85; Cl, 8.06. Found: 68.28; H, 6.77; N, 9.42; C],
8.02,

1,2,3,4-Tetrahydro-1-(3-indolyl)-2-(5,5-dimethyl-1-pyr-
rolin-2-yl)isoquinoline Hydrochloride (7a). The compound was
prepared from 2b with a procedure similar to the one used for 4a.
Recrystallization from isopropyl alcohol gave a 60% yield of a pink
solid, mp 281.5-283.5°. Anal. Caled for C,3H,;Ny - HCL: C, 72.71;
H, 6.90; N, 11.06; Cl, 9.33. Found: C, 72.60; H, 6.80; N, 10.84; Cl,
9.48.

The 1-Alkylindole Derivatives. Method A. 1,2-Dihydro-1-
(1-methyl-3-indolyl)-2-(1-pyrrolin-2-yl)isoquinoline (6a). A
solution of 1,2-dihydro-1-(3-indolyl}-2-(1-pyrrolin-2-yl)isoquino-
line (2¢, 4.6 g, 0.015 mol) in 110 ml of DMF (dried over molecular
sieves) was first treated under a nitrogen atmosphere, with sodium
hydride (57% mineral oil dispersion, 0.70 g, 0.015 mol), then stirred
for 3 hr, and finally treated with a solution of iodomethane (2.1 g,
0.015 mol) in 15 ml of DMF (dried over molecular sieves). After
being stirred for an additional 24 hr, the reaction mixture was fil-
tered. The clear yellow filtrate was poured into approximately 300
ml of stirred ice water, and the resulting precipitate was filtered,
dried (vacuum oven at 65°), and recrystallized from EtOAc to give
3.2 ¢ (65% vyield) of an off-white solid, mp 186-189°. Anal. Caled
for C..H. Ny C, 80.70; H, 6.47; N, 12.83. Found: C, 80.89; H, 6.21;
N, 12.71.

MethodB.1,2-Dihydro-2-(1-methyl-3-indolyl)-1-(5-methyl--
1-pyrrolin-2-yl)quinoline (3a). The compound was prepared
from 1-methylindole, 5-methyl-2-pyrrolidinone, and quinoline ac-
cording to the procedure given for the synthesis of 1e. Compound
3a, purified as the free base, had mp 175-177°. Anal. Calcd for
CiHouN: C, 80.90; H, 6.79; N, 12.31. Found: C, 80.75; H, 6.64; N,
12:48.
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A series of 1,2-dihydro-2-(3-indolyl)-1-[2-(1-pyrrolinyl)]quinolines (4) undergoes a novel rearrangement to 9-
(3-indolylvinyl)-1,2,3,9-tetrahydropyrrolo[2,1-b]quinazolines (10). The structures of the rearranged products
were assigned spectroscopically and further confirmed by a structure correlation scheme. A mechanism for the
rearrangement is proposed and discussed in terms of kinetic and structural data.

In the course of work with 1-imidoyl-2-(2- and 3-indol-
yl)indolines,?2 we reported?® the interconversion of 2-(3-
indolyl)-1-[2-(1-pyrrolinyl)}indoles, 1, to 2,3,5,6-tetrahy-
dro-5-(3-indolyl)-1H-pyrrolo-[2,1-b][1,3]benzodiazepines 3,
The postulated mechanism for this interconversion
{Scheme I) involves a reversible ring opening to give the in-
termediate 2, which undergoes ring closure after geometric
isomerization. Because of the novelty of this rearrangement
and a desire to determine its scope, we extended our study
to the reactions of 1,2-dihydro-2-(3-indolyl)-1-[2-(1-pyrrol-
inyl)]quinolines 4 and -isoquinolines 5 and the correspond-
ing tetrahydro derivatives 6 and 7, the preparations of
which are described in the Experimental Section.

Results

Present in all of the compounds investigated was the
structural fragment 8; yet we found that only the 1,2-dihy-
dro-2-(3-indolyl)-1-[2-(1-pyrrolinyl)jquinolines 4 under-
went rearrangement. Moreover, the structures of the rear-
ranged products were not the expected benzodiazocines 9
‘from analogy to the indolylindoline rearrangement, "but
were the stable pyrroloquinazolines, 10.

Scheme I
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The NMR and mass spectral data were consistent
with this structure assignment. The olefinic protons of
the starting dihydroquinoline isomer 4 exhibited a typi-
cal cis coupling of 9.5 Hz. The olefinic protons in the rear-
ranged product, however, exhibited a coupling constant of
15.8 Hz, more indicative of a trans double bond than the cis
double bond expected in benzodiazocine 9. The most sa-
lient piece of evidence from the mass spectrum of rear-
ranged products was that the 100% peak for each analog
corresponded to the ion left after the loss of the indolyl-
vinyl moiety. This would correspond to a predicted frag-
mentation of the pyrroloquinazoline structure 10 but
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a R=R,=H;X=Y=H

b,R,=H; R,=CH;; X=Y=H
¢Ri=R,=CH; X=Y=H

d R =R,=CH;; X=7-0CH,;; Y=H

e Ri=R,=CH;; X=78benzo; Y=H

f, R, =H; R, = CH;; X = 6-OMe; Y = 50Me
g R, =R, =CH;; X =6-OMe; Y =5-OMe

should not be so abundant in the fragmentation of the ben-
zodiazocine 9.

Various chemical studies were carried out with the pyr-
roloquinazoline structure. While treating 10 with ozone
caused extensive fragmentation of the molecule, no simple
cleavage products were isolated from the ozonized reaction
mixture, The milder Lemieux-Johnson oxidation4 and base
hydrolysis also failed to give a meaningful structural frag-
ment. The olefinic bond could be hydrated in acidic media
under mild conditions or catalytlcally hydrogenated. These
chemical studies failed to give any confirmatory data for
structure assignment. A structure correlation scheme was
therefore studied (Scheme II). In this scheme, hydrogena-
tion converted the indolylviny! group of 10a to a less trou-
blesome indolylethyl group in the correlation compound
11. At the other end of the scheme, an indolylchalcone 12,
prepared by condensing o-nitroacetophenone with indole-
3-carboxaldehyde, was hydrogenated to the hydroxyamino
compound 13, which was allowed to react with the 2-pyrro-
lidinone-POCl3 adduct. Although the expected hydroxy-
amidine compound was not isolated, we were able to isolate
and identify (TLC, ir, mass spectrum) a small amount of
the correlation compound 11 from the tarry reaction mix-
ture.® This scheme supported our pyrroloquinazoline struc-
ture assignment.

Mechanism

To begin our study of the rearrangement process, we ex-
amined the effect of substrate structure on the rearrange-
ment. Only the dihydroquinoline class of analogs rear-
ranged. Table I lists the structural variants which did not
rearrange.

We studied the kinetics of the rearrangement with NMR
using DMSO-dg as the solvent and 5-methylpyrrolinyl ana-
logs as the substrates, e.g., 4b, because they exist as pairs of
diastereomers. Diastereoisomerism gives added capability
for study of the reaction mechanism.

Experimentally, we found that the rearrangement is irre-
versible in contrast to the equilibrium process of the indol-
ylindolines to benzodiazepines.?b Although the rearrange-
ment appears to exhibit acidic as well as basic catalysis
(Figure 1), the rate enhancement varies inversely with acid
strength. Thus, 0.1 equiv of HC] enhanced rearrangement
rate to a greater extent than did 1.0 equiv of HCI and the
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Scheme I1
Structure Correlation Scheme
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use of trifluoroacetic acid retarded the reaction. Figure 1
shows that NH4OAc increased the rate of rearrangement
more than acetic acid.

The structural and kinetic data suggest the following

Scheme II1
Rearrangement Mechanism
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Table I
Imidoylquinolines and -isoquinolines Which Do Not
Rearrange
No. Structure Variation
H
N

Linear imidoyl moiety

N—R
(|,‘H
~ N
|
2 @ N O Indole N-methylation
hY
H

1,2,3,4-Tetrahydroquinoline
3,4 bond incorporated into
é benzo ring

N

1,2-Dihydroisoquinoline

1,2,3,4-Tetrahydroisoquinoline

mechanism for the rearrangement (Scheme IIT). When the
rearrangement occurs in acidic media, the dihydroquino-
line isomer B can be protonated. The extent to which this
occurs affects overall reaction rate by depleting the concen-
tration of the dihydroquinoline base B, the species that
undergoes ring opening to C. This is supported by the facts
that (1) NH4OAc enhances the rate more than HOAc, (2)
0.1 equiv of HC! enhances more than 1.0 equiv of HCI, and
(3) 1.0 equiv of HOAc enhances more than 1.0 equiv of tri-
fluoroacetic acid. In basic media, of course, this equilibri-
um can be ignored. The primary event leading to rear-
rangement is base abstraction of the indolic N-H to give
the ring-opened intermediate C. This process, denoted by
rate constant kg, seems subject to general base catalysis.
The reversibility of the ring-opening process is illustrated
by the experiment using only one of the two diasteromeric
pairs of 4b (Table II). The starting dihydroquinoline dia-
stereomer 4b-1 was completely equilibrated with the other
in a time span in which only 8% of the rearranged pyrrolo-
quinazoline was formed. The importance of proton abstrac-
tion is shown by complete inhibition of rearrangement
when the indole nitrogen is methylated. This is in agree-
ment with an earlier report® on related work in which indo-
lenine formation is required for elimination of a group from
the 3-indolyl « carbon.
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Figure 1. Remaining dihydroguinoline isomer vs. time.

Table I1
Rearrangement of 4b Diastereomer I

Pyrmroloquinazoline

Time, hr 4b -1, % 4b-11, % product 10b, %
0 100 0 0
1 80 20 0
7 52 40 8

Finally, ring closure to D oceurs in the slow step, denoted
by rate constant k3 Only the dihydroquinolines are
structurally capable of converting to the product indolyl-
vinylpyrroloquinazolines. This class of analogs is still
subject to some structural limitations. When the nucleo-
philicity of the attacking nitrogen in the slow step is less-
ened, e.g., by greater steric hindrance in linear imidoyl
groups’ (Table I, structure 1), the rearrangement does not
proceed. It also fails if the attacked 3,4 double bond is part
of an aromatic ring. Dihydroisoquinoline analogs do not
possess the requisite structure necessary for this type of
rearrangement. This applies also to the tetrahydroquinol-
ines and tetrahydroisoquinolines. These structures could
only rearrange to a benzodiazocine, the higher homolog of
the indolylindoline rearrangement. No rearrangement has
ever been detected in these cases, owing probably to the
difficulty of formation and instability of the large ring
product. According to our postulated mechanism, nothing
should prevent ring opening for any particular amidine 4-
7, since they each have incorporated into their structure
fragment 8. This was tested. Heating a diastereomeric mix-
ture enriched in one diastereomer (I) of either a tetrahy-
droquinoline or tetrahydroisoquinoline, as shown in
Scheme IV, resulted in the equilibration of the diastereom-
er. No rearrangement was observed even under vigorous
conditions, while forcing conditions resulted in decomposi-
tion.

The fact that this rearrangement is irreversible whereas
the indolylindoline-benzodiazepine interconversion is an
equilibrium process is explainable in terms of a structural
prerequisite for ring opening. The indolylvinylpyrroloqui-
nazoline structure D has lost fragment 8 as a structural fea-
ture and ring opening is not favored.

Experimental Section

Melting points were determined with a Thomas-Hoover capil-
lary apparatus and are corrected. Ir spectra were taken on either a
Beckman Mode] IR 8 or IR 18A. NMR spectra were from a Varian
A-60 or Varian XL-100 spectrometer. The mass spectra were ob-
tained from either a CEC 21-104 or Varian MAT 311 mass spec-
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Scheme IV
Isomerization of Tetrahydroisoquinoline Diastereomer

Time, hr 7b-L % -1, %
0 30 70
2 40 60
4 44 56
7 48 52
15 54 46
30 54 46

trometer. Satisfactory analytical data were obtained on all of the
compounds. but are not all inclusive in the Experimental Section.
Similar experimental procedures are given only for a representa-
tive of each class,

A. Pyrroloquinazoline Compounds (Table III). 1,1-Di-
methyl-9-(3-indolylvinyl)-1,2,3,9-tetrahydropyrrolo[2,1-
b]benzo[flquinazoline (10e). 3,4-Dihydro-4-(5,5-dimethyl-1-
pyrrolin-2-yl)-3-indol-3-ylbenzo[f]quinoline hydrochloride® (4e,
3.0 g, 0.007 mol), 95% EtOH (250 ml), and 56% KOH solution (25
ml) were combined, stirred, and heated to reflux for 1 hr, when a
white solid precipitated from the yellow solution. No starting ma-
terial remained (tlc) and the reaction mixture was chilled and fil-
tered, yielding a solid which gave 2 g (65% yield) of 10e, mp 262-
263.5° dec, upon recrystallization from EtOH.

B. Structure Correlation Compounds (Scheme II). 3-Indol-
ylvinyl 2-Nitrophenyl Ketone (12). The procedure used was es-
sentially that of Venturella, Bellino, and Piozzi.# A mixture of in-
dole-3-carboxaldehyde (8.8 g, 0.06 mol), o-nitroacetophenone (10.0
g, 0.06 mol), piperidine (18 ml), and EtOH (115 ml) was refluxed
for 2 hr, filtered hot, and then chilled to precipitate 10.7 g (61%,
after drying at 80°) of 12, mp 170-172°. Anal. Calcd for
C17H12N203: C, 69.85; H, 4.14; N, 9.59. Found: C, 70.06; H, 4.03; N,
9.43; m/e 292 (M*, C17H12N203 requires m/e 292).

3-[3-(2-Aminophenyl)-3-hydroxypropyllindole (13). A solu-
tion of ketone 12 in EtOAc-HOAc was hydrogenated (50 psi) over
PtO,, filtered, concentrated, and recrystallized from isopropyl al-
cohol to give 3.2 g (61%) of 2’-amino-3-(3-indoly!)propiophenone,
mp 165-167°. Anal. Caled for C;7HsN,O: C, 77.25; H, 6.10; N,
10.60. Found: C, 77.52; H, 6.02; N, 10.36. A hot stirred solution of
this propiophenone (6.5 g, 0.025 mol, in 400 ml of isopropyl alco-
hol) was first treated portionwise with NaBH, (1.5 g, 0.033 muol),
then refluxed for several hours, and finally chilled. The resulting
solid was stirred in 100 m! of Hy0O, filtered, and dried (80°) to give
4.0 g (61%) of 13, mp 164.5-167°. Anal. Caled for C;7HsN20: C,
76.66; H, 6.81; N, 10.52. Found: C, 76.62; H, 6.60; N, 10.55; m/e 266
(M*, C17Hi1sN20 requires m/e 266), 130 (100%, 3-indolyl-CHzt),
122 (52%, 2-NHy*-benzyl alcohol).

9-(3-Indolylethyl)-1,2,3,9-tetrahydropyrrolo[2,1- b]lquina-

zoline (11). 1. A solution of 9-(3-indolylvinyl)-1,2,3,9-tetrahydro-
pyrrolo[2,1-b]quinazoline (10a, 0.63 g, 2 mmol) in 50 ml of HOAc
was hydrogenated (50 psi) over PtOs, filtered, and concentrated to
an oil. After washing with benzene, the oil was precipitated in
water and recrystallized twice from isopropyl aleohol to give 0.1 g
(15%) of 11, mp 236-239°. Anal. Calcd for CyHy Ny C, 79.96; H,
6.71; N, 13.32. Found: C, 79.98; H, 6.74; N, 13.16; m/e 315 (M,
Co1H21Nj requires m/e 315).
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Table IIT
9-[1-(2-Indol-3-ylvinyl)]-1,2,3,9-tetrahydropyrrelo[2,1-b]quinazolines

Analysis, %

Molecular

Compd X Y Ry R2 Mp, °C Yield, % formula Caled Found

10a H H H H  228.5-232 56.0 C,H N, C,80.48;H,6.11; C, 80.44; H, 5.84;
dec (cor) N, 13.41 N, 13.44

10b H H H  CH, 229.5-231.5 13.5 CypHyN,  C, 80.70;H, 6.47; C, 80.76;H, 6.44;
dec (cor) N, 12.83 N, 13.00

10c H H CH, CH, 270-270.5  79.6 CyHyN,  C, 80.90;H, 6.79; C, 81.13;H, 6.93;
dec (cor) N, 12.31 N, 12.15

10d 7-MeO H CH; CH; 237.5-238.5 50.8 CyHyN;O C, 77.60;H, 6.78; C, 77.60;H, 6.56;
dec (cor) N, 11,31 N, 11.37

10e 7,8-Benzo H CH, CH, 262-263.5 64.8 CyHyN, C, 82.83;H, 6.44; C, 82.94;H, 6.33;
dec (cor) N, 10.73 N, 10.89

10 6-MeO 5-MeO CH, H  207.5-209.5 2.6 CoH,N;O, C,74.39;H, 6.50; C, 74.67;H, 6.60;
(cor) N, 10.85 N, 10.92

10g 6-MeO 5-MeO CH, CH, 244.5-2455 724 CyH,N,0, C, 74.78;H, 6.78; C, 74.58;H, 6.83;
dec (cor) N, 10.47 N, 10.49

2. A solution of POCl; (0.8 g, 5 mmol, in 5 ml of CoHyClp) was
trickled into a stirred solution of 13 (1.4 g, 5 mmol) and 2-pyrroli-
dinone (0.45 g, 5 mmol) in 25 ml of CoH4Clo. After the initial exo-
therm subsided, the mixture was refluxed for several hours. The
tarry reaction mixture was basified and the organic layer was re-
moved and concentrated to a residual foam. The foam was extract-
ed with benzene, dilution of which with hexane gave 0.5 g of a pink
solid which was vacuum sublimed and recrystallized from benzene—
hexane twice to give a small amount of solid which exhibited the
same tlc behavior, ir, and mass spectrum as 11 prepared above in 1.

C. Rearrangement Rate Studies. Solutions for the rate studies
were generally 5% (w/v). The sample tubes were kept in 75° oil
baths and withdrawn periodically for NMR scan and returned to
the bath. The shrinkage of the methyl peak of 4b and its analogs
and the growth of the methyl peak of 10b and its analogs were the
primary structural features used to evaluate relative concentra-
tions. In certain instances, the methyl peaks of each diastereomer
could be seen depending upon the experimental cenditions.
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