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Abstract - Hindered 3-substituted pyrido[3,4-blindoles (1 - 3} were
quaternized in good yield using various alkyl trifluoromethanesul-
fonates generated in situ from the corresponding alcohel and
trifluoromethanesulfenic anhydride in the presence of diisoprepyl-

ethylamine in CH,Cl

,CL,. The resulting salts (4 - 13} were allowed to

react with C52C03 in refluxing DME to give the corresponding
B-carboline anhydro-bases {14 - 23). While attempts to N-acylate
compounds (1 - 3) intermolecularly with different acylating agents
failed, intramolecular acylation of the carboxylic acid derivative
24 using trifluoromethanesulfonic anhydride and diisopropylethyl-
amine at - 78°C succeeded, to give the 1l,4-benzodiazepine 28. The
intermediacy of the mixed sulfonic-carbexylic anhydride in this
acylation reaction was strongly supported by the novel, direct

acylation of benzene with benzeic acid under the same conditions.

Relevant spectroscopic data of these new compounds are discussed.

3-Substituted pyridel[3,4-b]indoles {or R-carbolines, e.g. 2 and 3) are known to interact with

the benzodiazepine receptor1 of the mammalian central nervous system.
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Various studies of the structure-activity relationships in this series have shown the influence
of substitutions on all but the 2-position (pyridinyl nitrogen} of B-carbolines 2 and 3 on their
binding affinities. We report herein the results of our attempts tc alkylate and acylate
3-substituted B-carbolines in the 2-position.

We first tried to quaternize compound 3 by use of an excess of methyl iodide in dichleromethane
at room temperature. However, after 144 hours of reaction, only traces of salt could be
detected, This can be easily understood in terms of steric hindrance and electron withdrawing
effects of the C-3 substituent. Similar problems have been reported in the quaternization of

»

ortho-substituted pyridines To overcome these difficulties, we decided to use the highly
reactive trifluoromethanesulfonate (triflate) group, rather than iodide, as the leaving group.

The trifiates of varicus alcohols (RZOH, Table I} were generated in situ (except for commer-

Table I
R
| ~ Procedure A (R =CH, };
N =N Procedurc B*
H
1-2
L n° R, R2 ime | temp. yield |mp (solv)b o Hy dH4 | Vo=N+
h °C % °C ppm ppm em-l
4 H CHn 7 25 80 M (E) 941 8.84 1645
5 COpCHj3 CH3 7 23 96 183 (E) 9.83 9.16 1638
6 | COCHaCHy CHj 7 25 9i 182 (E) 980 | 913 | 1640
7 | COCHCHy | CHaCHpCHy | 22 | 0w25 92 102 (P) 971 | 900 | 1638
3 CO>CH>CH3 CH2CH=CH3 3 Dto25 99 il6 (P) 8.70 8.93 1640
9 CO2CH2CH3 | CHaCHpOCHy 30 01025 88 143 (E) 9.66 8.96 1640
10 | COCHCHA CHyCgHs 4 |781025 | 83 127 (E) 995 | 896 | 1638
i1 CO2CH7CH, o-FCgH4CHy 4 -181025 63 161 (E) 8.83 8.95 1640
12 CO2CHzCH3 | m-FCgH4CHy 4 78 10 25 68 161 (E) 1003 | 9.06 1642
13 CO2CHCH3 p-FCgH4CH7 4 781025 70 160 (E) 10.00 | 896 1640

aSec experimental section.
bRc:t:ry:stallismion sotvent : (E) =Ethanot , (P} =Propanol.
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cially available methyl triflate) using a published procedureb and were allowed to react with 1
equivalent of B-carbolines 1, 2 or 3, giving the quaternized salts5 in good to excellent yields
(65-99%). For example, the quaternization of 3 by methyl triflate could be achieved in %1% yield
in 7 hours. Tt is interesting to note that the allyl and benzyl triflates react more rapidly
than their alkyl counterparts. This 1is possibly explained by the greater stability of the
cations formed in the first twe cases.

The conversion of the salt 4 (having an iedide as counterion) into its so-called anhydrobase6
has been achieved using hot 20% sodium hydroxide. Because these drastic conditions were
completely incompatible with the ester function present in our salts, we investigated milder
methods of generating these anhydro-bases. We found that treatment of the quaternized
B-carbolines 4 - 13 with cesium carbonate in dimethoxyethane at reflux gave the corresponding

anhydro-bases 14 - 23 in good yield (Table IT). These dipoles give a characteristic Cl=N2

Table I
R,
R
| = Cs,C0O; / DME = 1
=N Reflux i N
N - 2 NS
N R, N \Rz
a-13 50 M- 2

n R1 R2 yield 8H; | 6Hy v C=N
% ppm ppm om’!
14 H CH3 63 8.62 8.16 1620
15 | COsCH3 CH3 92 0.02 | 9.02 1622
16  [CO,CHoCH3 CH3 84 912 | 878 1620
17 {COsCHCH3 CHyCH,CH3 67 904 | 878 1622
18 |COxCHoCH3 CH7CH=CHj3 65 9.04 é.78 1618
19 |COXCH,CH3 CHCHOCH3 91 903 | 8.83 1620
20 {CO,CH,CH3 CHaCgHs 50 900 | 893 1620
21 JCOpCHCH4 o-FCgH4CH 55 9.08 8.83 1620
22 COyCHaCH3 m-FCgH4CHy 77 9.11 | 885 1620
23 ICO9CHCH; p-FCgH4CH 70 872 | 852 1620
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stretching vibration { 1620 cm_l), mid-way between the C=N stretching vibrations of the parent
salts (1640 cm-l) and of the starting B-carbolines { 1805 cm_l). The incomplete character of
this iminium bend of the dipoles 14 - 23 is also reflected in their nmr spectra (Table II)} in
which the H-1 protons (and, to a lesser extent, the H-4 protons} are considerably shielded with
respect to those in the quaternized salts (Table I).

The mass spectra of anhydro-bases are also quite characteristic (Scheme I). For example, when R

is a methyl group, the major fragmentation pathway is initiated by a loss of ethylene

(Caled for G, H, O N, : mfz = 226.0811. Found : m/z = 226.0776) followed by decarboxylation

137107272
(Caled for CqallgN, mfz = 181.0591. Found : m/z = 181.0678) and the loss of the methylene
diradical (Caled for CIIHTNZ : mfz = 167.0551. Found : m/z = 167.0580). On the other hand, when

R is feor example, a fluorobenzyl group, the first fragmentation occurs at the carbonyl-

heterocycle bond (Caled for ClBH13N2F : mfz = 276.1010. Found : m/z = 276.1036). This is

followed by loss of the fluorobenzyl radical to alsc give the ion typical of the anhydro-bases

(Calcd for C t mfz = 167.0551. Found : miz = 167.0505),

11#MN;
We also attempted to acylate the N-2 position of B-carboline. Though such N-acyl compounds are

known to be stable in the pyridine series7, no correspending products were formed by the
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reaction of acetyl chloride, benzoyl chloride or benzoyl t‘.riflate8 with even neon-hindered
B-carbolines such as 1 ; only starting material and N-9 {indolyl) substituted compounds could be
isolated. Nevertheless, with the knowledge that compounds such as 28 are stableg, it seemed
reasonable to assume that an intramolecular acylation of the pyridinyl nitrogen of B-carboline
could be achieved. Indeed, when the carboxylic acid derivative 24 was allowed to react at - 78°C
with trifluoromethanesulfonic anhydride and a non alkylating base such as diisopropylethyl-
amine, compound 28 was obtained in 957 yield. This compound, which fermally can be considered to
possess a dipole structure, was identical to that synthesized previously by a different methodg.

Compound 28 is presumably formed via a mixed sulfonic-carboxylic anhydride 25 (Scheme II) which

Scheme J1
O 0
H H
N (CF380,),0 / CH,Cl, N
= -78°C 10 room temp. ~
N =N diisopropylethylamine N =N
H CO,H H C0,50,CF,
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dissociates into the unstable acylium ion 26, Attack of this ion by the neighboring nitrogen
atom leads to the salt intermediate 27 which, under the basic reaction conditions, gives the
anhydro-base 28 directly. The intermediacy of salt 27 was confirmed by the negative fast atom
bombardment (FAB) mass spectrum of an aliquot of the reaction mixture (m/z = 14%9).

The use of mixed swulfonic-carboxylic anhydrides in the acylation of aromatic rings has been

reported8 »10 .

Thus, the reaction of benzene with benzoyl triflate, prepared separately by the
action of silver triflate on benzoyl chloride followed by lengthy purification, yielded benzo-

phenone. If the mechanism proposed for the synthesis of 28 is correct, then the direct one-pot

coal COLSO,CF, ©
+ CPSO0Ag — 5 @/
2 l
./?K.
CO,H
EN —]

+  (CF80,0 + © —

acylation of benzene wvia the anhydride should be possible using benzoic acid as starting
material. Indeed, treatment of benzoic acid with triflic anhydride in benzene at reflux effecti-
vely gave benzophenone in 817 yield after work upll. The intermediacy of the miwxed anhydride 25
in the formation of 28 is thus confirmed.

In conclusion, we have developed a mild and efficient method of quaternizing hindered, pharmaco-
logically important B-carbelines with a variety of alkyl trifluoromethanesulfonates and their
consecutive transformation into anhydro-bases. Although analogous intermolecular acylations of
the N-2 position of B-carbelines did not succeed, this reaction could be achieved intramo-
lecularly by use of a mixed triflucromethanesulfonic-carboxylic anhydride intermediate to yield

a cyelie N-2 acyl anhydro-base in one step. Biological evaluation of these novel compounds will

be reported elsewhere.
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EXPERIMENTAL

Melting points were determimed on a Biichi open capillary apparatus. Infrared spectra (ir) were
obtained in ¥Br with a Perkin-Elmer 297 instrument. Ultraviolet (uv} spectra were recorded in
methanol on a Perkin Elmer lambda 5 UV/VIS spectrophotometer. Proton nmr spectra were recorded
in CDCl3 on a Brilkker WP 200 MHz instrument. Chemical shifts are given as & values relative to
tetramethylsilane. Thin-layer chromatography was performed on Merck silica gel 60 or aluminum
oxide 60 plates with fluorescent indicator. Merck aluminum oxide 90 was used fer all column
chromatography unless otherwise indicated. Electron impact (EI) and fast atomic bombardment
(FAB) mass spectra were obtained respectively on a AEI M5-50 and on a Kratos M5-80 spectrometer.
High resolution mass spectroscopy was performed at the S5.C.A., C.N.R.S., Vernaison, France and

elemental analyses were determined at the I.C.5.N., C.N.R.5., Gif-sur-Yvette, France.

General procedure for the preparation of the salts 4 - 13.

Procedure A : Te a stirred solution of the PB-carboline (C.5% mmol) in methylene chloride

(CH,Cl,, 6 ml) was added dropwise methyl trifluoromethanesulfenate (0.12 ml, 0.71 mmcl) under a

27
nitrogen atmosphere. The mixture was stirred for the time shown in Table I. The reacticn mixture

was then concentrated in vacuo leaving a powder which was crystallized in alcchol {(cf. Table I).

Procedure B : To a stirred solution of trifluoromethanesulfonic anhydride (84 ul, 0.50 mmol) in
(JHZCI2 (2 ml) chilled to the temperature indicated in Table I was added dropwise under a
nitrogen atmosphere a solution of diisopropylethylamine (87 ul, 0,50 mmol) and the corresponding
alcohol (0.50 mmol) in CH2C12 (2 ml). Stirring was continued for 15 min after which the
B-carboline 3 (0.42 mmol) was added portionwise. The reaction mixture was allowed to gradually

warm to rcom temperature and was then concentrated in vacuo. The resulting brown gum, which

solidified on standing, was crystallized in alcohol.

General procedure for the preparation of compounds 14 - 23.

To a hot sclution of dimethoxyethane (D.M.E. 2 ml} and cesium carbonate ((35.2(203 , 35.7 mg, 0.11
mmol} was added 0.11 mmol of the quaternized salt. The reaction mixture immediately became

orange and was refluxed for 5 h, The mixture was then filtered, the solid was washed with CH2012

— 371 —




(4 ml) and the combined filtrate and washings were washed with water (4 ml). The organic layer
was recovered, dried over anhydrous scedium sulfate and evaporated leaving an amorphous yellow
solid which was either crystallized in the appropriate solvent (see individual compounds) or was

subjected to column chrematography.

3-N-(2-Carboethoxy}phenyl-B-carboline-3-carboxamide (24).

A suspension of B-carboline-3-carboxylic a.cid12 (0.7 g, 3.3 mmel) in dry tetrahydrofuran (150
ml) was refluxed fer 30 min in the presence of triethylamine (0.5 ml, 3.6 mmol)}, The mixture was
cocled to room temperature and a solution of freshly distilled ethyl chloroformate (0.32 ml, 3.3
mmol) in tetrahydrofuran (20 ml) was added dropwise over 1.5 h. After the addition was complete,
the solution was stirred for a further hour after which ethyl anthranilate (0.49 g, 3.3 mmol)
was added. The reaction mixture was refluxed 3 h, cooled and evapcrated to dryness under vacuum.
The residue was taken up in chlorcform and washed with saturated aqueous sodium hydrogen
carbonate and water. The organic phase was then dried with sodium sulfate, the solvent removed
in vacuo and the residue was chromatographed on a column of silica gel using toluene/ethanol
(9:0.5) as developer, yialding 3-N-(2-carboethoxy)phenyl-B-carboline-3-carboxamide (25%) which
1

was crystallized from ethanol : mp : 234-236°C ; El mass spectrum, w/z = 359 ; "H omr (Hezso-dﬁ)

8 1.52 (t, J =9 Hz, 3H, CHy), 4.55 (q, J = 9 Hz, 20, CH,), 7.38 (t, J = 7 Hz, 1H), 7.48 (¢, J =

k]

7 Hz, 1H), 7.91 - 7.71 (m, 3H), 8.24 (d, J = 8 Hz, 1H), 8.61 {(d, J = 8 Hz, 1H), 9.11 {d, J 9

Hz, 1H), 9.21 (s, 2H, H-1, 4), 10.95 (s, 1H, D,0 exchangeable, NH), 1:.68 (s, 1H, D,0

exchangeable, NH), Anal. Calcd for 021H17N303. 1/4 H20 + G, 69.32 ; H, 4.81 ; N, 11.55. Found

¢, 69.61 ; H, 4.97 ; N, 11.35. To a solution of this ester (1 g, 0.28 mmol) in 10%Z aqueous
ethanel (20 ml) was added 0.2 N aqueous sodium hydroxide (2 ml). The reaction mixture was
refluxed for 1 h, cooled and concentrated in vacuo. The resulting residue was dissclved in a
minimum of water and treated slowly with glacial acetic acid until a precipitate formed. This
precipitate was collected by filtration, washed with cold water and dried (96%7). Recrystal-
lization from ethanol gave pure 24: mp 325-327°C ; EI mass spectrum, m/z = 331 ; 1H nmr
(Me,50-d,) & 3.49 (bs, HDO + CO,H), 7.35 (t, J = 7 Hz, 1H), 7.48 (t, J = 7 Hz, 1H), 7.92 - 7.68
(m, 3H), 8.21 {(d, J = 8 Hz, 1H), 8.61 {(d, J = 8 Hz, 1H), 9.1% (d, J = 9 Hz, 1H), 9.15 (s, 1H,

H-4), 9.21 (s, 1H, H-1), 12.28 (s, 1H, D.C exchangeable, NH), 13.34 (s, 1H, D20 exchangeable,

2

NH). Anal. Caled. for 019H13N303 : C, 68.88 ; H, 3.93 ; N, 12.69. Found : C, 69.07 ; H, 3.91 ;

N, 12.75.
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8,14-Dioxo-13,14-dihydro-8H-indolo[3"',2':4,5]pyrido[2,1-c][1,4] benzodiazepine (28)

To a stirred solution of compound 24 (3.3 mg, 0.01 mmol) in CH,C1, (0.5 ml) was added under a
nitrogen atmosphere 0.012 mmol of diisopropylethylamine at room temperature. Stirring was
continued for 30 min after which the reaction mixture was cooled to - 78°C before the dropwise
addition of trifluoromethanesulfonic anhydride (1.8 ul, 0.012 mmol), The resulting solution was
stirred 2 h at -78°C. The solution was then allowed to warm to room temperature and was washed
with water (1 ml). The organic phase was recovered, dried over anhydrous sodium sulfate and
evaporated to give a pale yellow solid (2.7 mg, 0.0095 mmol) which crystallized in dioxane-

ethanol : mp 338-340°C (lit.g

340-342°C) ; lH nmr (DHSO-dé) 8 7.38 (1H, t, HZ’ J = 7 Hz), 7.68
to 7.80 (m, 4H), 8.05 (t, 1H, J =7 Hz), 8.21 (4, lH, H-1, J = 8 Hz)}, 8.54 (d, IH, H-4, J = 8
Bz), 9.13 (s, iH, H-15), 9.27 (s, 1H, H-6), 12.28 (1H, s, DZO exchangeable) ; EI mass spectrum,

miz = 313 ; uv (log e), 343.9 (4.294), 281.6 (4.438), 231.6 nm (4.467).

Benzophenone.

A solution of trifiuoromethanesulfonic anhydride (180 pl, 1.07 mmol) and benzeic acid (0.1 g,
0.82 mmol) in dry benzene (1.5 ml) was refluxed for 4 h. After cooling to room temperature, the
solution was taken up in chloroform (10 ml) and washed with agueous 0.2 N sodium hydroxide and
brine. The organic phase was dried with anhydrous sodium sulfate and evaporated leaving a pale
0il which was chromatographed on silica gel using dichloromethane/hexane (1:1) as developer to
give benzophenone (0.:121 g, 0.66 mmol, 81%). Nmr, ir, uv spectra were identical with published

spectra. EI mass spectrum, m/z = 182.

2-Methyl-9H-pyride[3,4-b]lindolium trifluoromethanesulfonate (4) :

Tr 3170 (N-H), 1645 (C=N'), 1300-1220, 1160, 1035, 640 cm 1 (CFB—SOB_) : Woamr 8 4.70 (s, 38,

CHB)’ 7.50 (t, 1H, H,, J = 8.3 Hz), 7.85 {m, 2H, H_ + HS)’ 8.50 (4, 1H, HS’ J = 8.3 Hz), 8.70

7!
(da, 1H, H,, J=6.6 Hz), 8.80 (d, I1H, H

6

J = 6.6 Hz), between 8,50 and 8.83 (1H, broad, H,, DO

3’ g9* T2
exchangeable), 9.41 (s, 1H, Hl) : FAB mass spectrum, m/z = 183 ; uv {log €), 377.2 (3.445),

307.5 (4.061), 253.5 (4.256), 218.5 {4.004), 206.9 nm (4.097), Anal. Caled for Cy4H;{N;0,F,4S

C, 46.99 ; H, 3.33 ; N, 8.43 ; S, 9.65. Found : C, 47.04 ; H, 3.33 ; N, 8.26 ; 8, 9.87.
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2-Methyl-3-methoxycarbonyl-9H-pyrido[3,4-b]indolium trifluoromethanesulfonate (5) :

Ir 3150 (N-H), 1730 (C=0), 1638 (C=N'), 1300-1220, 1150, 1030, 640 cm ' (CF,-50,7) 5 'y nor s

or H J=7Hz), 7.88 {m, 2H, H_ or

4.18 (s, 3H, O-CHB), 4.76 (s, 3H, N-CHB), 7.56 (t, 1H, H6 20 5

H? and H5), 8.31 (d, 1H, HB’ J = 8 Hz), 8.71 (s bread, 1H, Hg, 1,0 exchangeable), 9.16 (s, lH,
HA)’ 9,83 (s, 1H, Hl) ; FAB mass spectrum, m/z = 241 ; uv (log €), 379.6 (3.387), 279.3 (4.140),

242.1 (3.812), 216.3 nm (3.900). Anal. Calcd for C15H13N205F3S : C, 46.15 3 H, 3.36 ; N, 7.17

S, 8.21. Found : C, 46.25 ; H, 3.33 ; N, 7.35 ; 5, 8.04.

3

3-Ethoxycarbonyl-2-methyl-9H-pyrido[3,4-b)indolium trifluoromethanesulfcnate (6)

Ir 3220 (N-H), 1730 {(C=0), 1640 (C=N+), 1290-1210, 1150, 1028, 645 cm'1 (CF3503_) H 1H nmr &

1.56 (t, 3H, CH,, J = 8 Hz}, 4.63 (g, 2H, CH or

J =8 Hz), 4.75 (s, 3H, CH3), 7.58 (t, 1H, H

qs 2 6
HT’ J =7 Hz), 7.73 (m, 2H, HG or H7 and HS)’ 8.34 (d, 1H, HB’ J =8 Hz), 8.76 (s broad, 1H, Hg,
D,0 exchangeable), 9.13 (s, 1H, HA)’ ¢.80 (s, 1H, Hl) 3 FAB mass spectrum, m/z = 255 ; uv (log

e), 380.5 (3.836), 278.5 (4.509), 241.4 (4.259), 216 nm (4.359). Anal. Calcd for 016H15N205F3S :

C, 47.52 ; H, 3.74 ; N, 6.92 ; S, 7.93 ; Found : C, 47.48 ; H, 3.92 ; N, 6.72 ; 5, 7.85.

3-Ethoxycarbonyl-2-propyl-9H-pyrido[3,4-b]indolium trifluoromethanesulfonate (7) :

Ir 3200 {N-H), 1725 (C=0), 1638 (C=N+), 1310-1220, 1160, 1035, 640 en’! (CF3503') : 1y nmr s

1.05 (t, 3H, CHS’ J = 7.5 Hz), 1.53 (t, 3H, CH,, J = 7.5 Hz}, 2.09 (sextet, 2H, CH J=7.5

Hz), 4.60 {(q, 2?H, CH

3)
J = 7.5 Hz), 5.05 (t, 2H, CH

2,
o 20 J = 7.5 Hz), 7.50 (&, 1H, H6 or H7, J=28
Hz), 7.80 (m, 2H, H6 or 1-17 and HS)’ 8.28 (d, 1H, HS’ J =8 Hz), 9.00 (s, 1H, HA)’ 9.71 (s, 1H,

Hl)’ 12.36 (s broad, 1H, Hg' D20 exchangeable) ; FAB mass spectrum, mfz = 283 ; uv (log &),

382.6 (3.461), 279.9 (4.241), 240.8 (3.923), 216.3 nm (4,025}, Anal. Caled for CIBHIQNZOSFBS'l

HZO : C, 47.99 ; H, 4.69 ; N, 6.22 ; §, 7.11 ; Found : C, 48.06 ; H, 4.45 ; N, 6.10 ; S, 7.12,

2-A11y1-3-ethoxycarbonyl-9H-pyride[3,4b]indotium trifluoromethanesulfonate (8) :

Ir 3180 (N-H), 1720 (C=0), 1640 (C=N+), 1310-1220, 1160, 10353, 640 (:m_1 (CFBSOB-) H 1H nmr §

1.50 (t, 3H, CH,, J = 7.5 Hz), 4.56 (g, 2H, CH,, J = 7.5 Hz), 5.40 {(d, 1H, J = 15 Hz)}, 5.45 (d,

3° 2’

M, J =7 Hz), 5.63 (d, 20, J = 6 Hz), 6.08 (m, 1H), 7.46 (v, IH, J = 8 Hz, H, or H,), 7.76 (m,

6
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2H, H6 or H7 and HS), 8.28 {d, 1H, H8’ J =8 Hz), 8.93 (s, IH, H4), 9.70 (s, 1H, Hl), 12.33 (s,

1H, Hg’ D,C exchangeable) ; FAB mass spectrum, mfz = 281 ; uv (log e), 387.7 (3.,388), 280.3

2

(4.171), 241.1 (3.841), 216.6 nm (3.%946). Anal, Calcd for C18H17N205F35.1/2 H20 £ G, 49.26 ; H,

4,02 ; N, 6,38 3 5, 7,30 ; Found : C, 49.56 ; H, 4.22 ; N, 6.65 ; 8, 7.32.

3-Ethoxycarbonyl-2-(1l-ethyl-2-methoxy)-9H-pyrido[3,4b]indolium trifluoromethanesulfonate (9) :

1

Ir 3205 (N-H), 1738 (C=0), 1640 (C=N+), 1300-1220, 1160, 1038, 642 cm (CFBSOB_) ; Y onmr s

1.53 {t, 34, CH,, J = 8 Hz), 3.30 (s, 3H, CH3), 3.85 {(t, 24, CH,, J = 5.8 Hz)}, 4.56 {g, 2H, CH

3+ 2? vl
J =8 He), 5.33 (&, 2H, CHZ' J = 5.8 Hz}, 7.50 {m, 1H, Hﬁ or H7), 7.83 {m, 24, Hﬁ or H7 and H5)’
8.26 (d, 1H, HS’ J =8 Hz), B.76 {s broad, 1H, Hg' D20 exchangeable), 8.96 (s, 1H, HA)' $.66 (s,

1H, Hl) ; FAB mass spectrum, mfz = 299 ; uv {log e), 382.4 (3.811), 278.6 (4.537), 241.0

(4.234), 215.9 nm (4.326). Anal. Caled for C18H19N206F35 : G, 48.21 ; H, 4.27 ; N, 6.24 ; §,

7.15 ; Found : C, 48.20 ; H, 4.28 ; N, 6.12 ; 5, 7.12.

2-Benzyl-3-ethoxycarbonyl-9H-pyrido[3,4-b]indolium trifluoromethanesulfcnate (10) :

1

Ir 3220 (N-H), 1730 (C=0), 1638 (C=N+), 1310-1220, 1165, 1032, 640 cm (CFBSOB_) H 1H nmr &

1.31 (t, 3H, CH,, J = 8 Hz), 4.40 (g, CH,, J = 8 Hz), 6.28 (s, 2H, CHZ)' 7.25 to 7.46 (m, 6H),

3’ 2'
7.66 (m, 2H, H6 or H7 and HS), 8.28 (d, 1H, HB'

8.96 (s, 1H, Ha), 9.95 {s, 1H, Hl); FAB mass spectrum, mfz = 331 ; uv (log ), 384.8 (3.600),

J = 8 Hez), 8.73 (s, 1H, HQ_DZO exchangeable),

280.9 (4.418), 240.3 (4.119), 214.7 nm (4.268). Anal. Caled for C 0.F,5.1/2 H

2281 9M,05F 5 9
H, 4.11 ; N, 5.74 ; 5, 6.55 ; Found: C, 53.99 ; H, 3.98 ; N, 6.02 ; 5, 6.79.

0 : C,53.98;

3-Ethoxycarbonyl-2-{o-fluorobenzyl)-9H-pyrido[3,4-b]indolium triflucromethanesuifonate (11} :

Ir 3118 (N-H), 1722 (C=0), 1640 (C=N"), 1310-1230, 1162, 1038, 640 cm’ ' (CFy80;7) 5 4 ome &

1.45 (t, 3H, CH,, J = 8 He), 4.53 (q, ZH, CH,, J = 8 Hz), 6.30 (s, 2H, CH,), 7 to 7.46 {(m, 5H},

3)
7.80 (m, 2H), 8.26 (d, lH, H

o+

J =8 Hz), 8.70 {s, 1H, H_ , DO exchangeable)}, 8.95 (s, 1H, HAL

8’ 9* 72
9.83 (s, IH, Hl) ; FAB mass spectrum, m/z = 349 ; uv (log e}, 384.8 (3.565), 281.6 (4.326),

241.6 €4.003), 212.7 nm (4.187). Anal. Calcd for C22H18N205F43 : G, 53.01 ; H, 3.64 ; N, 5.62;

S, 6.43 ; Found : C, 53.31 ; H, 3.63 ; N, 5.52 ; S, 6.62.
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3-Ethoxycarbonyl-2-(m-fluorobenzyl)-9H-pyrido[3,4-b]indolium trifluoromethanesulfonate (12} :

Ir 3150 (N-H}, 1720 (C = 0), 1642 (C=N+), 1310-1230, 1168, 1039, 640 cm—l (CFBSOB-) ; lH nmr &

1.45 {t, 3H, CH,, J = 8 Hz), 4.55 (q, 2H, CH2, J =8 Hz), 6.31 (s, 2H, CHZ)' 7 to 7.73 (m, 5H},

3

8.11 {m, 2H), 8.43 (d, 1lH, 4, HS’ J =8 Hz), 8.85 (s, 1H, Hg, DO exchangeable), 9.06 {s, 1H,

2
34)' 10.03 (s, 1H, Hl) i FAB mass spectrum, mfz = 349 ; uv (log e), 386.0 (3.667), 282.0

(4.461), 241.7 {4.135), 215.6 nm (4.303). Anal. Caled for C22H18N205F45 + C, 53.01 ; H, 3.64

N, 5.62 3 5, 6.43 3 Found : €, 53.05 ; H, 3.47 ; N, 5.52 ; 5, 6.22.

H

3-Ethoxycarbonyl-2-(p-fluerobenzyl)-9H-pyridof3,4-blindolium trifluoromethanesylfonate (13) =

Ir 3120 (N-H), 1720 (C=0), 1640 (C=N+), 1320-1220, 1165, 1040, 640 cm_1 (CFBSO3-) ; 1H nmr &

1.45 (t, 3H, 3H, CHy, J = 8 Hz), 4.51 (q, Z2H, CH,, J = 8 Hz), 6.25 (s, 2H, CH,), 7.06 (m, 2H),

2?

7.36 (m, 3H), 7.83 (m, 2H), 8.26 (d, 1R, HB’ J =8 Hz), 8.70 (s, 1H, Hg’ D0 exchangeable), 8.96

2
(s, 1H, HA)' 10.00 (s, 1H, Hl) ; FAB mass spectrum, m/z = 349 ; uv (log €), 387.0 {3,350), 271.7

(4.320), 239.7 (4.071), 216.5 nm (4.155). Anal. Calcd for ¢ N,O.F,5.1/2 H20 : C, 52.07 ; H,

22118M,05%
3.77 ; N, 5.52 ; S, 6.31 ; Found: €, 51.98 ; H, 3.68 ; N, 5.76 ; S, 6.50.

2-Methylpyrido[3,4-b]indole (14) :

Ir 1620 <:m_1 (C=N) ; 1H nmr & 4.34 (s, 3H, CH3), 7.23 {t, 1H, H6 or H7, J = 8 Hz), 7.50 (4, itH,

He, J

g 8 Hz), 7.64 (&, 1H, H7 or H6, J =8 Hz), 7.90 {d, 1H, HB’ J =8 He), 8.16 (t, 2H, H3 and
Hy, J = 7 Hz)}, 8.62 (s, 1H, Hl) ; EI mass spectrum, m/z = 182 ; uv (log e), 377.9 (3.328), 307.2
(3.944), 283.1 (3.679), 253.8 (4.123), 217.8 {3.922), 207.5 am (3.967) ; mp (acetone/hexane),

213-215°C (1it.6 212-214).

2-Methyl-3-methoxycarbonylpyride[3,4-b]indole (15) -

Ir 1725 {C=0}, 1622 cm_l (C=N) ; 1H nmr & 4.07 (s, 3H, CHB)’ 4.62 (s, 3H, CH3), 7.36 (t, lH, Hﬁ

or H7, J =7 He), 7.68 (t, 1H, H6 or H7, J =7 Hz), 7.97 (d, 1H, H., J = 7.2 Hz), 8.20 (d, LH,

HB’ 3 = 7.2 fiz), 9.92 (s, 2H, H

5!
" and Hg) ; EI mass spectrum, m/z = 240 ; uv {log ), 374.8

(3.419), 279.5 (4.065), 241.7 (3.832), 217.3 nm {3.934) ; mp(toluene), 222-224°C., Anai. Calcd

for C14H12N202.l/2 H20 + C, 67.46; H, 5.23 ; N, 11.23 : Found : C, 67.46 ; H, 4.87 ; N, 11.05.
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3-Ethoxycarbonyl-2-methylpyrido{3,4-b}indole (16} :

1

Tr 1720 (C=0), 1620 cm > (C=N) ; 'H nmr & 1.51 (t, 3H, CH,, J = 8 Hz), 4.56 (q, 2H, CH,, J = 8

37
J =8 Hz), 7.73 (¢, 1H, H

2?

or H J =8 Hz),

Hz), 4.60 (s, 3H, CH3), 7.38 (¢, lH, H or H

6a
5 J = 8 Hz), 8.36 (d, 1H, R

7’ 6 77

8.11 (d, 1H, H g 1 =8 Hz), 8.78 (s, 1H, H), 9.12 (s, 1H, H) ; EI

mass spectrum, m/z = 254 ; uv (log e), 379.0 (3.107), 278.7 (3.847), 240.56 {(3.666), 215.1 mm

(3.816) ; mp (toluene/hexane), 158-160°C dec. Anal, Caled for C NZOZ.‘U'?_ HZO 1 C, 68.43 ; H,

15914
5.74 3 N, 10.63 ; Found : C, 68.79 ; H, 5.79 ; N, 10.38.

3-Ethoxycarbonyl-2-prepylpyrido[3,4-blindole (17) :

Tr 1690 (€=0) 1620 cm > (C=N) ; 'H nmr 8 1.05 (t, 3H, CH,, J = 7 Hz), 1.52 (t, 3H, CH

3¢ 3’
p» 3= 7 Hz), 4,97 (t, 2H, CH,, J = 7 He), 7.30 (t, 1,

J=1
Hz), 2.03 (m, 2H, CH)), 4.50 (q, 2H, CH

H, or H

6 70 J

7.5 Hz), 7.65 (t, 1M, He or Hy, J = 7.5 Hz), 8.03 (4, 1H, Hg, J = 8 Hz), 8.27 (d,

70
1H, HB’ J = 8 Hz), B.78 (s, 1H, H[‘), 9.02 {s, 1H, Hl) ; EI mass spectrum, m/z = 282 ; uv (log
e), 376.9 (3.440), 278.0 (4.191), 240.5 (3.943), 217.2 nm (4.020} ; mp {ethyl acetate),

191-193°C. Anal. Caled for C17H18N202 ¢ €, 72.32 y H, 6.42 ; N, 9.92 ; Found : C, 72.11 ; H,

6.37 ; N, 9.74.

2-Allyl-3-ethoxycarbonylpyrido{3,4-b]indole (18} :

Ir 1700 (€=0), 1618 cm * (C=N) ; 'H nmr & 1.51 (t, 3H, CH,, J = 8 Hz), 4.51 {q, 2H, CH,, J = 8

o
J = 4 Hz), 6.16 (m,

3¢

Hz}, 5.16 (d, 1H, J = 17 Hz}, 5.40 {(d, 1H, J = 10 Hz), 5.65 (d, 2H, CHZ’
or H J=7.5Hz), 8.06 (d, lH, HS’ J

1H), 7.35 (t, 14, H 23 J =7.5 Hz), 7.70 {t, 1H, H_  or H

€& 7!
g 4 = § Hz), 8.78 (s, 1H, HA)’ 9.04 (s, 1H, Hl); EI mass spectrum, mfz =

6
=g Hz), 8.31 (4, 14, ®
280 ; uv (log €), 375.8 (3.942), 281.5 {4.275), 242.5 (3,974), 217.7 nm (4.095}); mp(ethyl
acetate), 166-168°C dec. Anal. Calcd for 017H15N202.1/2 H20 + G, 70,57 ; H, 5.97 ; N, 9.70;
Found : C, 70.50 ; H, 5.97 ; N, 10.19.

3-Ethoxycarbonyl-2-{1-ethyl-2-methoxy)pyrido[3,4-blindole (19) :

1 1

Ir 1718 (C=0), 1620 em - (C=N) ; H nmr & 1.53 (t, 3H, CH,, J = B8 Hz), 3.26 (s, 3H, CH3), 3.86

k%

(t, 2H, CH2, J =5 Hz), 4.50 (g, 2H, CHZ’ J =8 Hz), 5.16 (¢, 2H, CHZ’ J =5 Hz), 7.31 (t, 1H,
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Hg or Hy, J =8 Hz), 7.66 (t, 1§, H, or H,, J = 8 Hz), 8.01 (d, 1H, Hy, J = 8 Hz), 8.26 (4, 1H,

HB’ J =8 Hz), 8.83 (s, 1H, HA)’ 9,03 (s, 1H, Hl) ; EI mass spectrum, m/z = 298 ; uv (log &),
381.6 (3.452), 279.5 (4.203), 241.4 (3.872), 215.5 nm (3.963) ; mp (ethyl acetate), 173-175°C.

Anal. Calcd for 017H18N203.3/4 HZO : C, 65.46 3 H, 6,30 ; N, 8.99 ; Found : G, 65.16 ; H, 6.16;

N, 8.99.

2-Benzyl-3-sthoxycarbonylpyrido[3,4-blindole (20) :

1

Ir 1700 (C=0), 1620 cm * (¢=N) ; 'H nmr 5 1.35 (t, 3H, CH,, J = 8 Hz), 4.38 {q, 2H, CH,, J = 8

3,
Hz), 6.25 (s, 2H, CH,), 7.11 {(m, 2H), 7.33 (m, 4H), 7.65 (t, lH, Heor H

2!
5, 1 = 7.6 Hz), .00 (d,

1H, HS’ J = 8 Hz), 8.26 (4, M, H,, J = B Hz), B.83 (s, 1H, H&), 9.00 {s, 1H, Hl) ; EI mass

8’
spectrum, mfz = 330 ; uv (log €), 375.7 (3.614), 302.5 (4.328), 284.5 (4.316), 241.6 (4.043),

211.4 nm (4.227) ; mp (diethyl ether) 165-167°C. Anai. Caled for C21H1802N2.1 H20 : €, 73.39 ;

H, 5.20 ; N, 8.04; Found : C, 73,39, H, 5.20 ; N, 8.51.

3-Ethoxycarbenyl-2-(o-fluorobenzyl)pyrido[3,4-blindole {(21) :

1

Ir 1700 (€=0), 1620 em (C=N} ; "H nmr &6 1.46 (t, 3H, CH,, J = 8 Hz), 4.50 (g, 2H, CH,, J =8

3 27

Hz), 7 to 7.36 {m, 5H}, 7.70 (t, 1H, H_ or Hy, J=38 Hz), 8.03 (d, 1H, Hg, I = 8 Hz), 8.31 (d,

6

1#, H,, J = B Hz), 8.83 (s, lH, HA)’ 9.08 (s, 1lH, Hl) ; EI mass spectrum, m/z = 348; uv (log &),

8)
376.4 (3.463), 302.2 (4.197), 289.9 (4.150), 244.0 (3.858), 217.6 nm (4.037) ; mp (diethyl

ether), 188-190°C. Anal. Caled for CZIH”NZOZF.UZ Hzo : ¢, 70.57 ; H, 5.07 ; N, 7.83 ; Found

C, 70.66 ; H, 5.40 ; N, 7.90.

3-Ethoxycarbonyl-2-{m-fluorgbenzyl)pyrido[3,4-b]indole (22) :

1

Ir 1700 (C=0), 1620 Cm_l (C=N) ; "H nmr & 1.41 (t, 3H, CH J =8 Hz), 4.42 (q, 2H, CH,, J = 8

3) 2!
Hz), 6.26 {s, 2H, CH,), 6.90 to 7.33 (m, 5H), 7.71 {¢, 1H, B or Hy, J = 8 He), 8.02 (d, 1H, H,

J =8 Hz), 8.33 (d, 1H, H J =8 Hz), 8.85 (s, 1H, H4)’ 9.11 (s, 1H, Hl) ; EI mass spectrum,

8’
mfz = 348 ; uv (log ¢), 376.8 (3.630), 303.4 (4,349}, 291.0 (4.314), 242.0 {(4.036), 218.4

(4.237), 208.4 nm (4.260) ; mp (diethyl ether), 188-190°C. Anal. Caled for CZIH17N202F.1/2 H20 :

¢, 70.57 ; H, 5.07 ; N, 7.83 ; Found : C, 70.71 ; H, 5.32 ; N, 7.63.
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3-Ethoxycarbonyl-2-(p-fluorobenzyl )pyrido[3,4-b]lindole (23) :

Ir 1700 {€=0}, 1620 cm_l {C=N) ; 1H mmr & 1.36 (t, 3H, CH3, J = 8 Hz), 4.28 (g, 2H, J = 8 Hz),
6.00 (s, 2H, CHZ)’ 6.78 to 7.10 {m, 5H), 7.41 (t, lH, H{, or H;,., J =8 Hz), 7.75 (d, lH, HS' J =
8 Hz), 8.00 (d, 1H, HB' J = 8 Hz), 8.52 (s, 1H, Hh)' 8.72 (s, 1H, Hl) ; EI mass spectrum, mfz =

348 ; uv (log &), 377.5 (3.611}, 300.4 {(4.282), 283.3 (4.326), 242.4 (4.031), 210.4 nm (4.245) ;

mp {diethyl ether), 188-190°C. Anal. Caled for C,.H N, O,F.1 H,0 : C, 68.84 ; H, 4.22

218178202 2 i N, 7.64

Found : C, 68.41 ; H, 4.08 ; N, 7.39.
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