HETEROCYCLES, Vol. 51, No. 2, 1999 265

NEW SCAFFOLDS FOR PEPTIDOMIMETICS. SYNTHETIC APPROACHES
TOWARDS 2,4-DIOXOOCTAHYDROPYRIMIDO(1',6":1,2]PYRIDO[3,4-5]-
INDOLE-6-CARBOXYLIC ACID DERIVATIVES
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Abstract— The synthesis of 6-substituted 2.4-dioxooctahydropyrimido[1'.6":1,2]pyrido-
[2,3-blindole derivatives from 1-(alkyloxycarbonylmethyletrahydro-f-carboline-3-carboxylic acid
derivatives is described. The construction of the pyrimidine ring competes with that of the
imidazole, w provide imidazo[1',5':1,6]pyrido[2,3-blindole derivatives, when an alkyloxycarbony]
group is placed in position 3 of the tetrahydro-f-carboline, but not when there is a carboxamide
function in such position.

Besides the broad screening and the rational design, a useful approach in the search of new
peptidomimetics for a given receptor is the combination of pharmacophoric groups of two different series
of ligands for that receptor.! In the cholecystokinin (CCK) field, this tactic led to the discovery of potent
and selective CCK-A and CCK-B antagonists?? as well as to the first examples of non-peptide CCK
agonists.* Following this approach, and with the aim of developing new non-peptide ligands for CCK
receplors, we designed compounds (1) as hybrid molecules combining key structural features of the
dipeptoid CCK antagonists (2) and compound (3), as prototype of a novel series of highly potent and
selective CCK-A antagonists containing the 2-benzyl-1,3-dioxoperhydropyrido[1,2-c]pyrimidine ring
(Scheme 1).3:6
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It is known that conformational restrictions of the key tryptophan residue in the series of dipeptoids, such
as a-mcthylation in compounds (2), lead to increased receptor-selective binding and potency. Based on
these facts, compounds (I) incorporate a highly restricted Trp moicty together with the 2,4-
dioxopyrimidopyride skeleton, closely related to the nitrogen bridged bicyclic ring of compound (3),
embedded within its structure.

As depicted in Scheme 1, two alternative strategies werc cnvisaged for the synthesis of the target
compounds (1) from suitably protected tetrahydro-pB-carboline derivatives as common starting materials. In
route a) the pyrimido| 1',6":1,2]pyrido[2,3-blindole skeleton is elaborated prior to the incorporation of the
B-Phe residue present in dipeptoids (2), while this sequence of reactions is reversed in route b). This paper
deals with the comparative study on the synthesis of compounds (1) by application of these synthetic
Toulcs.

RESULTS AND DISCUSSION

The starting l-alkyloxycarbonylmethyl substituted tetrahydro-B-carbolines (8-10) were preparcd by
modificd Pictet-Spengler reaction between the Trp derivatives (4} and (5} and the alkyl propiolates (6} and

(7) (Scheme 2).7 Although a moderate selectivity was observed in the formation of the cis-isomers (8a-
10a) (a/b from 1.5:1 to 2.9:1) the diastereomeric pair was always obtained. Tetrahydro-B-carbolines
(9ab} and (10ab) were chromatographically separated into its corresponding cis- 9a and 10a and trans-
diatereomers (9b} and (10b), while the Bab analogues were used as diastereomeric mixture in the followin g
step. The absolute configuration at C-1 in compounds (9) and (10) was established by the presence of a
significant NOE betwecn H-1 and H-3 protons in the cis-derivatives (9a) and (10a).
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Reaction of the tetrahydro-3-carbolines (8-10) with benzyl isocyanate afforded the corresponding
2-benzylcarbamoyl derivatives (11-13) in good yield (Scheme 2), The cis- and trans-isomers (11a) and
(llb),' obtained from the mixture (8ab), were easily separated by column chromatography. Although ihe
tert-butyl and trimethylsilylethyl (TMSE) esters were used to minimize cyclization through the 3-
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carboxylate group, the base-induced cyclizaﬁon of ureas (11-13) provided, in all cases, a mixture of the
pyrimido[1',6":1,2]pyrido[2,3-blindole derivatives (14) and (15) and the imidazo{1',5"1,6]pyrido-
[2,3-Flindoles (16-18), which were separated chromatographically (Scheme 3).% As shown in Table 1,
the predominant formation of the six- or five-membered ring in compounds (14) and (15) or (16-18) was
clearly dependent on the 3-carboxylate protecting group of the starting tetrahydro-B-carbolines, being the
3-trimethylsilylethyl esters (13) those leading to the desired pyrimidopyrido derivatives as major products.
It is interesting to note that in the cyclization of the trans-tetrahydro-B-carboline (13b), the expected
pyrimido[1',6":1,2]pyrido derivative (15b) was obtained along with its 6R,12bR diastereoisomer (15c¢),
resulting from the epimerization of 15b at the C-6 center. This epimerization was not observed either in the
cyclization of the terr-butyl protected analogues (11b) and (12b) or in that of the cis -isomers (11a-13a).
The formation of 55,11aR imidazo[1',5":1,6]pyrido[2,3-b]indoles (16¢) and (17¢), from 15.35 cis
tetrahydro-B-carbolines (11a-13a), can be explained by epimerization at C-11a of the initially formed
58,11aS-diasterecisomers, as previously described for related compounds.®

COQRI S CO2H1
: - . |
o +
N" 126 ~F
2 NvPh
RO,C 14-15 S

11-13
14:R'="Bu
15: R'= TMSE

Scheme 3

Atlempts to obtain the pyrimido[1',6"1,2]pyrido[2,3-b]indole derivatives by heating the 2-carbamoyl
tertahydro-B-carbolines in refluxing THF were unsuccessful. Under these conditions, only the slow
cyclization to the imidazo{1',5":1,6]pyrido[2,3-b]indole derivatives was observed.

To incorporate the B-Phe residue into the pyrimido[1',6':1,2]pyrido[2,3-blindole skeleton, the carboxylic
derivative (19b), quantitatively obtained by treatment of 14b or 15b with TFA, was coupled with
trimethylsilylethyl (35)- and (3R)-3-(benzyloxycarbonyl)amino-4-phenylbutanoate (20) and (21), using
BOP, to provide hybrid dipeptoid derivatives (22b) (48%) and (23b) (55%), respectively (Scheme 4). In
envisioning possible epimerizations at the asymmetric centers of the pyrimidopyrido ring, the
trimethylsilylethyl group, cleavable under mild conditions, namely TFA or fluoride ions,10 was selected as
C-protector of the B-Phe residue.
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Table 1.— Results of the NaH-Induced Cyclization of 2-Carbamoyl-tetrahydro-B-carbolines

Starting  Config. Rt R2 Final Config.  Config. R! R2 Yield
Compd 1,3 Compd 6,12b 5,11a (%)
11a 5,5 But Et 14a §.5 - Bl - 3
1;(: - S.R B Et 30
12a $:8 . But Me 14a s s - But - 3
1;c S R _ Mc 65
13a 5.8 TMSE Me 15a S8 - TMSE - 56
l;c - S.R - Me 38
11b RS Byl Et 14b S.R - Bl - 13
lzb - R.§ - Et 30
12b RS Bul Me 14b S.R - But - 31
l;b B RS - Me 18

+ _

18b R.S - H 25
13b R.S TMSE Me 15h S.R - TMSE - 20
];c R.R - TMSE - 3
l;b R.S - Me 42

In order to obtain the target hybrid dipeptoids following the alternative route b (Scheme 1), tetrahydro-p-
carbolines (9a) and (9b) were transformed into the 2-benzyloxycarbonyl-substituted 3-carboxylic acid
derivatives (25a) and. (25b) (Scheme 5}, These latter compounds were then condensed with the [i-Phe
derivatives (20} and/or (21), using BOP as coupling agent, to provide compounds (26a, 27a and 27b) in
low or moderate yield. Removal of the Z group by catalytic hydrogenation yielded derivatives (28a, 29a
and 29b), that were transformed into the desired pyrimido[1',6"1,2]pyrido[2,3-F]indole derivatives by
treatment with benzyl isocyanate followed by NaH-induced cyclization. During this cyclization reaction,
the pyrimido[1',6":1,2]pyrido[2,3-b]indeole derivatives (3la) (59%), (32a) (45%) and (23b} (39%) were
formed along with the corresponding methyl ester analogues (31a) (24%), (33a) (23%) and (34b) (27%),
respectively. This transesterification of the trimethylsilylethyl ester by the NaOMe, generated in situ, was
avoided by using DBU to promoete the cyclization. Using this base, compound (23b) was obtained in §9%
overall yicld from 29b. The formation of imidazo[1',5":1,6]pyrido[2,3-blindole derivalives was never
observed in this second synthetic strategy, indicating that the existence of a carboxamide group at C-3 of
the tetrahydro-f3-carbolines prevents the cyclization through this position.

Comparing the synthesis of the target compound (23b) from the tetrahydro-fi-carboline (9b) by the two
synthetic routes, it must be noted that, in spite of the smaller number of sleps, route a) involving the
formation of the 2,4-dioxopyrimido[1',6":1,2]pyrido skeleton and subsequent incorporation of the B-Phe
moiety resulted in lower overall yield (14% from 9b) than the alternative route b} (21%). The fact that, in
this second pathway, the formation of the pyrimido compounds does not compete with that of the



HETEROCYCLES, Vol, 51, No. 2, 1999 269

imidazo[1',5"1,6]pyrido[2,3-F]indole derivatives, as it occurs in the first route, takes account for the
difference in the overall yield obtained in these two alternative approaches.

Finally, treatment of the (6S5,11bR)-derivatives (22b) and (23b) with TFA, to remove the
trimethyisilylethyl protecting group, afforded the corresponding carboxylic acids (35b) and (36b) along
with the 1,12Zb-unsaturated compounds (37) and (38), respectively (Scheme 6, Table 2). These
unsaturated compounds were predominantly obtained from C-deprotection of the (65,12bS5)-
diatereoisomers (30a) and (32a), respectively, under similar conditions {Table 2}, Surprisingly, in both
cases the expected (65,12b8) diastercoisomers were not found but their 12bR epimers (35b) and (36b)
were isolated.
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Alternative removal of the trimethylsilylethyl protecting group by using tetrabutylammonium fluoride
resulted in complex mixtures of decomposition products. Attempts to remove the C-protecting group from
the B-Phe moiety by saponification of the corresponding methyl ester derivatives (31a, 33a and 34b)
were also unsuccessful. Thus, saponification of 34b afforded a complex mixture of products from which
the oxidized compound (38) (11%) and the imidazo[1',5":1,6]pyrido[2,3-f]indole derivative (18b) (23%)
were isclated. The formation of this latter compound could be due to the opening of the pyrimidine ring,
followed by cyclization to a more stable 5-membered imidazole ring. From the deprotection reaction
results, it appears that the pyrimido[1',6":1,2]pyrido[2,3-b]indole derivatives show a high tendency
towards the oxidation in both acidic and basic media. This oxidation, specially favored for the 65,12bS
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diastereoisomers, seems to indicate that the appearance of a double bond between 1 and 12b positions may

contribute to relieve the ring strain of the tetracyclic pyrimido[1', 6' 1 ,2]pyrido[2,3-blindole skeleton. !t
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Table 2.- Results of the C-Terminal Deprotection
Final Compd (%)
Starting Contig. Method?
Compd 6,12b,1' 3i5b 36b 37 38 18b
22h SRS A 40 20
23b SRR A 51 32
30a §,8.8 A 18 58
32a S.S.R A 7 71
34b S,R.R B 11 23

2 A: TFA, B: NaQOH.

In spite of the synthetic cfforts, none of the synthetic compounds, here reported, were able to bind to
CCK-A or CCK-B receptors at concentrations up to 10-3 M. This fact could indicate that, in the dipeptoid
series, only a certain degree of conformational constraint at the Trp moiety is tolerated to access both the
CCK-A and CCK-B receptor binding sites. However, we have recently found that replacement of the
o-Me-Trp residue of dipeptoids by a 2-amino-3-oxohexahydroindolizino[8,7-b]indole-5-carboxylate
skeleton leads to CCK-A antagonists with nanomolar binding affinities and betier selectivity for this
receptor subtype than the parent dipeptoid.!? These resuits suggest that the differences in conformational
features between all these closely related rigid skeletons derived from Trp are critical for binding w0 CCK-A
receptors. Therefore, a study on these differences could provide useful information about the optimal
spatial arrangement of dipeploid analogues containing restricied Trp moielies for high affinity and
selectivity for CCK-A receptors.

EXPERIMENTA]L SECTION

IH NMR spectra were recorded with a Varian Gemini 200 or a Varian XL-300 spectrometers operating at
200 and 300 MHz, respectively, using TMS as internal standard. 13C NMR spectra were registered on a
Varian Gemini 200 (50 MHz). The 12C NMR assignations were performed by means of heteronuclear H-C
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correlations (HETCOR). Elemental analyses were obtained on a CHN-O-RAPID instrument. Analytical
TLC was performed on aluminium sheets coated with a 0.2 mm layer of silica gel 60 F254 (Merck). Silica
gel 60 (230-400 mesh, Merck) was used for column chromatography. Analytical HPLC was performed on
a Waters Nova-pak Cig (3.9 x 150 mm, 4 pm) column, with a flow rate of | mL/min, using a tuneable UV
detector set at 214 nm. Mixtures of MeCN (solvent A) and H2O (solvent B) or MeCN (solvent A) and
(.05% TFA in HoO (solvent C) were used as mobile phases. Amino acid derivatives (5, 20 and 21) were
prepared as described.!?

Synthesis of 3-Alkyloxycarbonyl-1-(alkyloxycarbonyl)methyltetrahydro-B-carbolines (8-10)

A solution of the H-Trp-OBu or H-Trp-OTMSE (4 or 5) (10 mmol) in CHCl3 (20 mL) was treated, at 0°C,
with the comresponding alkyl propiolate (6 or 7, 20 mmol). The reaction mixture was stirred overnight at rt
and then TFA (10 mmol) was added and the stirring continued for 15 min. The obtained solution was
neutralized with saturated NaCQO3H solution and the organic layer was separated, dried over Nao§04 and
evaporated. The resulting residue was purified on a silica gel column as specified in each case.

(1RS,35)-3-tert-Butoxycarbonyl-1-ethoxycarbonylmethyl-1,2,3,4-tetrahydro-
B-carbolines (8ab).— Chromatographic solvent system: gradient from 1 to 16% EtpO in CHCly; 13%
(from 4 and 6; a/b ratio 1.6:1, measured by 1H-NMRY); syrup; Anal. Calcd for CagHrgN204: C, 67.02:
H, 7.31; N, 7.81. Found: C, 66.79; H, 7.38; N, 7.78.
3-tert-Butoxycarbonyl-1-methoxycarbonylmethyl-1,2,3,4-tetrahydro-[f-carbolines (9a
and 9b).— Chromatographic solvent system: gradient from 1 to 33% EtyO in CHClg; Isomer (15,35)
9a: 31% (from 4 and 7); syrup; tg= 11.0 min {A/C, 45/55); Anal. Calcd for C19Hp4N204: C, 66.26;
H, 7.02; N, &.13. Found: C, 65.89; H, 6.81; N, 7.96. Isomer (1R,385) 9b: 20% (from 4 and 7); syrup;
tr= 9.6 min (A/C, 45/55);, Anal. Calcd for CgH24N204: C, 66.26; H, 7.02; N, 8.13. Found: C, 65.93;
H, 6.96; N, 7.97.
1-(Methoxycarbonyl)methyl-3-(2'-trimethylsilyl)ethoxycarbonyl-1,2,3,4-tetrahydro-
B-carbolines (10a and 10b).— Chromatographic solvent system: gradient from 1 to 11% EtpO in
CH»>Cly; Isomer (15,35) 10a: 32% (from S and 7); syrup; tp= 14.3 min {(A/C, 54/46); Anal. Calcd for
CogHagN204Si: C, 61.83; H, 7.26; N, 7.21. Found: C, 61.56; H, 7.18; N, 7.05. Isomer (18,35} 10b:
11% {(from § and 7}; syrup; tr= 12.7 min (A/C, 54/46); Anal. Calcd for CroH2gN204Si: C, 61.83;
H, 7.26; N, 7.21. Found: C, 61.51; H, 6.99; N, 6.89.

Synthesis of 2-Benzylcarbamoyl-1,2, 3,4-tetrahydro- B-carboline Derivatives (11-13)

A solution of the corresponding 2-unsubstituted tetrahydro-B-carboline (8-10) (1.7 mmol) in dry THF
(12 mL) was treated with benzyl isocyanate (0.43 mL, 3.5 mmol) and stirred at rt for 24 h. After
evaporation of the solvent the residue was purified on a silica gel column as specified in each case.

2-Benzylcarbamoyl-3-tert-butoxycarbonyl-1-ethoxycarbonylmethyl-1,2,3,4-tetrahydro-:

(-carbolines (11a and 11b).— Chromatographic solvent system: gradient from 25 to 65% Et20 in
hexane; Isomer (15,35) 11a: 46% (from 8ab); syrup; tg= 17.9 min (A/B, 50/50); Anal. Calcd for
CogH33N30s: C, 68.41; H, 6.77; N, 8.55. Found: C, 68.19; H, 6.85; N, 8.30. Isomer (1R,35) 11b:
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22% (from 8ab); syrup; t(r= 17.9 min {(A/B, 50/50); Anal. Caled for CogHa3N305: C, 68.41; H, 6.77; N,
8.55. Found: C, 68.07; H, 6.97; N, 8.22.
(15,35)-2-Benzylcarbamoyl-3-teri-butoxycarbonyl-1-methoxycarbonylmethyl-1,2,3,4-
tetrahydro-B-carboline (12a).— Chromatographic solvent system: gradient from 1 to 3% Et;0 in
CH7Cla; foam, 84% (from 9a); tr= 12.7 min (A/B, 50/50); Anal. Calcd for Cy7H31N30s: C, 67.91;
H, 6.54; N, 8.80. Found: C, 67.88; H, 6.73; N, 8.65.

(1R ,35)-2-Benzylcarbamoyl-3-fert-butoxycarbonyl-1-methoxycarbonylmethyl-1,2,3,4-
tetrahydro-p-carboline (12b).- Chromatographic solvent system: gradient from 1 to 3% Et>O in
CH>Cla: 83% (from 9b); white solid, mp= 130-132°C (Et30); tr= 9.9 min (A/B, 5(/50); Anal. Calcd for
Cy7H31N3Os: C, 67.91; H, 6.54: N, 8.80. Found: C, 67.74; H, 6.50; N, 8.91.
(15,35)-2-Benzylcarbamoyl-3-(2'-trimethylsilyl)ethoxycarbonyl-1-methoxycarbonyl-
methyl-1,2,3.4-tetrahydro-f3-carboline (13a).—Chromatographic solvent system: gradient from
9 10 20% EtOAc in hexane; foam, 71% (from 10a); tg= 11.2 min (A/B, 60/40); Anal. Calcd for
CogHasN30481: C, 64.47; H, 6.76; N, 8.05. Found: C, 64.28; H, 6.70; N, 7.73.
(1R,35)-2-Benzylcarbamoyl-3-(2'-trimethylsilyl)ethoxycarbonyl-1-methoxycarbonyl-
methyl-1,2,3,4-tetrahydro-p-carboline (13b).— Chromatographic solvent system: gradient from
1 to 5% E10 in CH2Cly; 60% (from 10b);, white solid, mp= 155-157°C (Etp0); tp= 8.8 min
(A/B, 6(/40); Anal, Calcd for CogH3sN3Os5Si: C, 64.47; H, 6.76; N, 8.65. Found: C, 64.52; H, 6.57,
N, 8.15.

Table 3. Significant 14 NMR Chemical Shifts (5, ppm) of Tetrahydro-B-carboline Derivatives

Compd Config. C-1  H-13 1-CH* H-3b H-48. NH NHB«) CHyZ) T34
8a° S 4.55 2.85 365 2.70 8.85 (s) 109 4.0
8b" R 4.66 2.85 3.75 2.80 8.61 (s) 88 4.8
99 s 452 2.85 1.68 275 8.80 11.0 4.0
o R 4.66 2.87 3.74 2.80 8.56 79 22
10a° s 4.49 2,78 3.69 2.76 8.72 11241
10b° R 4.66 2.83 3.80 2.87 8.54 85 50
11a’ s 544 327280 5.11 3.43 3.02 8.77 535 67 1.7
116 R 548 328268 428 341304 836 5.64 47 6.7
12a° $ 547 326299 5.30 342301 8.79 5.30 69 1.5
120% R 547 327271 4.24 338 3.02 8.42 5.67 44 70
13a% s 550 331304 539 349305 876 5.39 7115
13b° R 5.48 321278 424 3.453.10 8.30 595 44 78
24a s 5.60 3.00 5.15 329303 1028 520 79 27
24b" R 5.43 2.90 4.78 3125290 1056 517 98 38
254" s 560 312289 527 3.123.00 1024 520 71 21
25h" R 545 305298 485 329298 1057 517 99 36

4 Multiplet. ® Double doublet. © Singlet. 4200 MHz (CDClI3). ¢ 300 MHz (CDCl3). f300 MHz (DMSO-dg, 90°C).
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Cyclization of 2-Carbamoyl-1,2,3,4-tetrahydro-B-carboline Derivatives (11-13)

Method A.— A solution of the corresponding 2-carbamoyl-1,2,3,4-tetrahydro-B-carboline derivative (11-
13) (0.3 mmol) in dry THF (5 mL) was treated with NaH (60% dispersion in mineral eil) (0.12 g, 0.3
mmol) and strirred at rt for 30 min. Then, the solution was neutralized with 1N HCl, and EtOAc and H20
were added. The organic layer was separated, dried over NaySQOy4 and evaporated to dryness. The resulting
residue was purified on a silica gel column, as specified in each case, L0 provide a mixture of the
pyrimido[1'.6":1,2]pyrido[2,3-b]indole derivatives (14 and 15) and the imidazo[1',5":1,6]pyride[2,3-
blindoles (16-18) (Table 1).

Method B.— A solution of the corresponding 2-carbamoyl-1,2,3 4-tetrahydro-B-carboline derivative (12)
or {13) (0.2 mmol) in dry THF (10 mL) was refluxed for 15 days. After evaporation of the solvent the
residue was purified on a silica gel column, as specified in each case, to provide the corresponding
imidazo[1',5":1,6]pyrido[2,3-b]indole derivative.

(65,12hS5)-3-Benzyl-6-fert-butoxycarbonyl-2,4-dioxo-1,2,3,4,6,7,12,12b-octahydro-
pyrimido[1',6':1,2]pyrido[3,4-blindole (14a).~ Chromatographic solvent system: gradient from
10 to 20% EtOAc in hexane; 3% (from both 11a and 12a, method A); foam; [o]p +75.8° (¢ 0.5 1in
CHCIR); tr= 26.2 min (A/B, 45/55); Anal. Caled for Cp¢H27N304: C, 70.09; H, 6.11; N, 9.43. Found:
C, 69.75; H, 5.98; N, 9.37.
{6S,12bR)}-3-Benzyl-6-tert-butoxycarbonyl-2,4-dioxo-1,2,3,4,6,7,12,12b-octahydro-
pyrimido[1',6':1,2]pyrido[3,4-bJindole (14b).- Chromatographic solvent system: gradient from
10 to 20% EtOAc in hexane; 13 and 31% (from 11b and 12b, respectively, method A); white solid,
mp= 170-172°C (EtQAc/hexane); [o]p +135.4° (¢ 0.5 in CHCl3); tr= 28.8 min (A/B, 45/55); Anal. Calcd
for CogHa7N304: C, 70.09; H, 6.11; N, 9.43. Found: C, 69.83; H, 6.02; N, 9.40,
(65,12bS)-3-Benzyl-6-(2'-trimethylsilyl)ethoxycarbonyl-2,4-dioxo-1,2,3,4,6,7,12,12b-
octahydropyrimidof{1',6':1,2]pyrido[3,4-b]Jindole (15a).— Chromatographic solvent system:
gradient from 5 to 20% Et2Q in CHCly; 56% (from 13a, method A); foam; [a]lp +182.0° (¢ 0.5 in
CHCI3); tg= 11.1 min (A/B, 60/40); Anal. Calcd for C27H31N3048i: C, 66.23; H, 6.38; N, 8.58. Found:
C, 66.45; H, 6.25; N, .49,
(65,12bR)-3-Benzyl-6-(2'-trimethylsilyl)ethoxycarbonyl-2,4-dioxo-1,2,3,4,6,7,12,12b-
octahydropyrimido[1',6':1,2]pyrido[3,4-blindole (15b).— Chromatographic solvent system:
gradient from 5 to 50% Et30 in hexane; 20% (from 13b, method A); white solid, mp= 150°C
(EtoO/hexane); [o]p +134.0° (¢ 0.5 in CHCl3); tr= 13.9 min (A/B, 60/40); Anal. Calcd for
Ca7H31N304Si: C, 66.23; H, 6.38; N, 8.58. Found: C, 65.97; H, 6.00; N, 8.61.
(6R,12bR)-3-Benzyl-6-(2'-trimethylsilyl)ethoxycarbonyl-2,4-diexo-1,2,3,4,6,7,12,12b-
octahydropyrimido[1',6':1,2]pyrido[3,4-blindole (15¢c).— Chromatographic solvent system:
gradient from 10 to 20% EtQAc in hexane; 31% (from 13b, method A); foam; [o]p -180.0°
(¢ 0.5 in CHCl3); tp= 11.1 min {A/B, 60/40); Anal. Calcd for Co7H31N3048i: C, 66.23; H, 6.38;
N, 8.58. Found: C, 66.21; H, 6.44; N, 8.63.
(5R,11a5)-2-Benzyl-5-ethoxycarbonylmethyl-1,3-dioxo-2,3,4,6,11,11a-hexahydro-
imidazo[1',5":1,6]pyrida[3,4-blindole (16b).— Chromatographic solvent system: gradient from
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10 to 20% EtQAc in hexane; 30% (from 11b, method A); syrup; tg= 6.7 min (A/B, 50/50); Anal. Caled
for CagH2aN3Qy4: C, 69.05; H, 5.55; N, 10.06. Found: C, 68.83; H, 5.4 N, 9.70.
(55,11aR)-2-Benzyl-5-ethoxycarbonylmethyl-1,3-dioxo-2,3,4,6,11,11a-hexahydro-
imidazo[1',5':1,6]pyrido[3,4-b]indole (16¢c}.— Chromatographic sclvent system: gradient from
10 to 20% EtQAc in hexane; 30% (from 11a, method A); syrup; tr= 6.7 min {(A/B, 50/5(); Anal. Calcd
for Co4H23N10y4: C, 69.05; H, 5.55; N, 10.06. Found: C, 69.12; H, 5.33; N, 10.16.
(55,11a8)-2-Benzyl-5-methoxycarbonylmethyl-1,3-dioxo0-2,3,4,6,11,11a-hexahydro-
imidazo{1',5":1,6]pyrido(3,4-blindole (17a).— Chromatographic solvent system: gradient from
10 1o 20% EtOAc in hexane; [7% (from both 12a and 13a, method B); [a]p -3.17 (¢ 0.6 in CHCl3);
syrup; tg= 15.7 min (A/B, 40/60); Anal. Calcd for Co3H21N1Oy4: C, 68.47; H, 5.25; N, 10.41. Found:
C, 68.63: H, 5.14; N, 10.35.
{5R,11a8)-2-Benzyl-5-methoxycarbonylmethyl-1,3-dioxo-2,3,4,6,11,11a-hexahydro-
imidazo[1',5':1,6]pyrido[3,4-blindole (17b).— Chromatographic solvent system: gradient from
10 to 30% EtOAc in hexane; 18 and 42% (from 12b and 13b, respectively, method A) and 46%
(from 12b, mcthod B); syrup; [o]p -256.8° (¢ | in CHCI3); tr= 15.7 min (A/B, 40/60); Anal. Calcd for
CoyHo1N3Oy: C, 68.47; H, 5.25; N, 10.41. Found: C, 68.25; H, 5.07: N, 10.29.
(55,11aR)-2-Benzyl-5-methoxycarbonylmethyl-1,3-dioxo-2,3,4,6,11,11a-hexahydro-
imidazo[1',5':1,6]pyrido[3,4-blindole (17¢).— Chromatographic solvent system: gradient from
10 to 50% EtOQAc in hexanc; 65 and 38% (from 12a and 13a, respectively, method A); syrup: [¢]p
+254.5° (¢ 0.6 in CHCla); tg= 15.7 min (A/B, 40/60); Anal. Caled for C23H21N304: C, 68.47; H, 5.25;
N, 10.41. Found: C, 68.51; H, 5.36; N, 10.27.
(5R.11a5)-2-Benzyl-5-carboxymethyl-1,3-dioxo-2,3,4,6,11,11a-hexahydroimidazo-
[1',5':1,6]pyrido[3,4-b]indole (18b).- Chromatographic solvent system: MeOH; 25%
(from 12b, method A); white solid, mp 273-275°C (MeOH/H20); tg= 3.0 min (A/B, 50/30).

Table 4. Significant *H and 13C NMR Chemical Shifis (8, ppm) of Pyrimido[1°,6":1,2]pyrido[3,4-blindole Derivatives
(CDC13)

Config.

Compd 6.12b H-18 3-CHgP H-6%¢ H-78%¢  H-12p0 NHd Jg7 €1 c4 C6 C12b
14a 5.5 337321 507 529 357308 500 852 5727 3637 15439 5586 46.66
14b S.R 272346 506 547 346320 521 798 6400 3876 - 15454 5356 46.63

15a (15¢) $,5 (RR) 297277 467 420 334270 555 902 5530 4031 15447 5371 4450
15b S.R 322276 530 559 355318 526 816 5200 3867 15466 5297 4658
19b SR 339268 497 558 353319 510 887 5900

4 Douyble doublet. P Multiplet. © Doublet. 9 Singlet

(65,12bR)-3-Benzyl-6-carboxy-2,4-dioxo-1,2,3,4,6,7,12,12b-octahydropyrimido-
[1',6":1,2]-pyrido[3,4-blindole (19b).— A solution of compound (14b) (43 mg, 0.2 mmol) in
CH»Cl; (1 mL) was treated with TFA (0.5 mL) and stirred at room temperature for 3 h. The solvents were
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evaporated to dryness yielding the title compound ( 79 mg, 97%) as a while foam, that was used without
further purification. tr= 32.4 min (A/B, 30/70). 1H NMR data recorded in Table 4.

Table 5. Significant LH and 13C NMR Chemical $hifts (5, ppm) of Imidazo[1°,5:1,6]pyrido[3,4-blindole Derivatives

Compd 511a HS*  5CHy® 2-CHy' H-11° HIi® NEC Jjpq C1 €3 G5 Cilla

16b" (16¢c) RS (S,R) 552 294276 464 331270 4]0 898 1115617234 15449 4456 53.63

17a A 533 420262 471 341281 420 8380 11442173.08 15521 4862 5830
17° (17¢) RS (S,R) 553 296278 465 331270 421 892 1115617241 15448 4463 5357
18b° RS 547 292284 463 323273 469 1104 1125417287 15399 5331 6283

* Multiplet, ” Double doublet. © Singlet, ¢ CDCl3. © DMSO-ds.

(65,12bR,1'S)-3-Benzyl-6-[1'-benzyl-2'-(2-trimethylsilylethoxycarbonyl)ethyl]-
carbamoyl-2,4-dioxo-1,2,3,4,6,7,12,12b-0octahydropyrimido[1',6":1,2]pyrido[3,4-b]-
indole (22b).— A solution of the carboxylic acid derivative (19h) (40 mg, 0.1 mmol} and the p-Phe
derivative (20) (32 mg, 0.11 mmol) in CHCly (3 mL}) was successively treated with BOP (50 mg,
0.1 mmol) and TEA (0.157 mL, 0.1 mmol). After stirring overnight at rt, CHpClp and H»O were added.
The organic layer was separated, dried over NapS0y and evaporated. The resulting residue was purified on
a silica gei column using a gradient from 10 to 20% EtOAc in hexane as eluent to give the title compound
(27 mg, 48%) as a syrup; tp= 53.1 min (A/B, 53/47); Anal. Calcd for C37H43N40551: C, 68.28; H, 6.50;
N, 8.61. Found: C, 68.45; H, 6.50; N, 8.34, IH NMR data recorded in Table 7.
(65,12bR,1'R}-3-Benzyl-6-[1'-benzyl-2'-(2-trimethylsilylethoxycarbonyl}ethyl]-
carbamoyl-2,4-dioxo-1,2,3,4,6,7,12,12b-octahydropyrimido[1',6':1,2]pyrido[3,4-b]-
indole (23b).— This compound (30 mg, 55%) was obtained as a syrup from 19b (39 mg, 0.1 mmol)
and 21 (32 mg, 0.11 mmol), following the above described procedure for the preparation of compound
22b; tp= 50.5 min (A/B, 53/47); Anal. Calcd for C37H43N40581: C, 68.28; H, 6.50; N, 8.61. Found:
C, 68.25; H, 6.73; N, 8.23. 1H NMR data recorded in Table 7.

(15,35)-2-Benzyloxycarbonyl-3-tert-butexycarbonyl-1-methoxycarbonylmethyl-1,2,3.4-
tetrahydro-[-carboline (24a).— A solution of tetrahydro-B-carboline (9a) (0.93 g, 2.7 mmol) and
propylene oxide (2.8 mL, 40 mmol) in CH2Cly (20 mL) was cooled to -20°C and treated with benzyl
chloroformate (0.36 mL, 3.2 mmol). After stirring at rt for 18 h, the solvents were evaporated to dryness
and the resulting residue was purified on a silica gel column using AcOEvhexane (1:10) as eluent. The title
compound (1.06 g. 82%) was obtained as a syrup; tg= 34.9 min (A/B, 50/50); Anal. Calcd for
Cy7H3gN70g: C, 67.77; H, 6.32; N, 5.85. Found: C, 67.65; H, 6.31; N, 5.63. 1HH NMR data recorded in
Table 3.

(1R ,385)-2-Benzyloxycarbonyl-3-tert-butoxycarbonyl-1-methoxycarbonylmethyl-1,2,3,4-
tetrahydro-f3-carboline (24b).— This compound (0.93 g, 72%) was obtained as an oil from 9b
(2.7 mmol) following the above described procedure. Purification was performed on a silica gel column




276 HETEROCYCLES, Vol. 5%, No. 2, 1999

using AcOEVhexane (1:5) as eluent; tp= 23.0 min (A/B, 50/50); Anal. Calcd for Co7H3gNz0¢: C, 67.77;
H, 6.32; N, 5.85. Found: C, 67.80; H, 6.25; N, 5.60. IH NMR data recorded in Table 3.

(15,35)-2-Benzyloxycarbonyl-3-carboxy-1-methoxycarbonylmethyl-1,2,3.4-tetrahydro-
B-carboline (25a).— A solution of compound (24a) (0.96 g, 2 mmol) in CH3Cly (3 mL) was treated
with TFA (1.5 mL, 20 mmol). After stirring at rt for 7 h, the solvents were evaporated to dryness (o give
the title compound (0.81 g, 96%) as a foam, thal was used without further purification; tg= 16.1 min
(A/B, 40/60)). TH NMR data recorded in Table 3.
(1R,35)-2-Benzyloxycarbonyl-3-carboxy-1-methoxycarbonylmethyl-1,2,3 4-tetrahydro-
B-carboline (25b).— This compound (0.61 g, 97%) was obtained as a foam from 24b (1.5 mmol)
following the above described procedure; tg= 10.3 min (A/B, 40/60). IH NMR data recorded in Table 3.

(15,38,1'S)-2-Benzyloxycarbonyl-3-[1'-benzyl-2'-[2-trimethylsilylethoxycarbonyl]-
ethyl]carbamoyl-1-methoxycarbonylmethyl-1,2,3,4-tetrahydro-p-carboline (26a).—

A solution of tetrahydro-B-carboline (24a) (0.5 g, 1.2 mmol) and the $-Phe derivative (20) (0.33 g,
1.2 mmol) in CH»Cl> (18 mL) was treated with BOP (0.53 g, 1.2 mmol) and TEA (0.17 mL, 1,2 mmol}
and stirred overnight at rt. After cvaporation of the solvent, the residuc was dissolved in EtOAc¢ and
washed with citric acid (10%), NaHCO5 (10%) and brine. The organic layer was dried over NapSQy4 and
evaporaled leaving a residue which was purified on a silica gel column using a gradient from 10 1o 20%
EtQAc in hexane. The title compound (0.28 g, 35%) was obtained as a syrup; tg= 9.8 min (A/B, 70/30);
Anal. Caled for CagHasN3O7S1: C, 66.74; H, 6.63; N, 6.14. Found: C, 66.63; H, 6.50; N, 6.11.
(15,35,1'R)-2-Benzyloxycarbonyl-3-[1'-benzyl-2'-[2-trimethylsilylethoxycarbonyl]-
ethyl]Jcarbamoyl-1-methoxycarbonylmethyl-1,2,3,4-tetrahydro-p-carboline (27a).— This
compound (43%, syrup) was obtained from 24a and 21 following the procedure described for the
preparation of compound (26a). Purification was done on a silica gel column using a gradient from 10 to
25% E1QAc in hexane; tr= 9.7 min (A/B, 70/30); Anal. Caled for CagHygsN107S1: C, 66.74; H, 6.63;
N, 6.14. Found: C, 66.49; H, 6.71; N, 6.15.

(1R .35,1'R)-2-Benzyloxycarbonyl-3-[1'-benzyl-2'-[2-trimethylsilylethoxycarbonyl]-
ethyl]carbamoyl-1-methoxycarbonylmethyl-1,2,3,4-tetrahydro-f-carboline (27b).— This
compound (40%, syrup) was obtained from 24b and 21 following the procedurc described for the
preparation of compound (26a). Purification was done on a silica gel column using a gradient froem 10 to
30% EtQAc in hexane; lg= 6.7 min (A/B, 70/30}, Anal. Calcd for C3gHysN307Si: C, 66.74; H, 6.63;
N, 6.14. Found: C, 66.72; H, 6.65; N, 5.92.

(15,35,1'S)-3-[1'-Benzyl-2'-[2-trimethylsilylethoxycarbonyl]ethylJcarbamoyl-1-
methoxycarbonylmethyl-1,2,3 4-tetrahydro-B-carboline (28a).- A solution ol the
Z-protected tertahydro-B-carboline (26a) (0.27 g, 0.4 mmoly in MeOH (15 mL) was hydrogenated at rt
and 35 psi of pressure for 2 h, in the presence of 10% Pd-C (30 mg) as catalyst. Filtration of the catalyst
and cvaporation give the title compound (0.16 g, 76%) as a syrup; tg= 13.9 min (A/B, 50/50); Anal.
Calcd for CagHagN3058i: C, 65.54; H, 7.15; N, 7.64. Found: C, 65.36; H, 7.28: N, 7.40.
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(15,35,1'R)-3-[1'-Benzyl-2'-[2-trimethylsilylethoxycarbonyl]ethyllcarbamoyl-1-
methoxycarbonylmethyl-1,2,3,4-tetrahydro-p-carboline (29a).— This compound (64%, syrup)
was obtained as a syrup from 27a following the above described procedure; tg= 15.5 min (A/B, 50/50};
Anal. Caled for C3gH3gN3058i1: C, 65.54; H, 7.15; N, 7.64. Found: C, 65.63; H, 7.02; N, 7.38.
(1R,38,1'R)-3-[1'-Benzyl-2'-[2-trimethylsilylethoxycarbonyl]ethyl]carbamoyl-1-
methoxycarbonylmethyl-1,2,3,4-tetrahydro-[-carboline (29b).— This compound (83%, syrup)
was obtained from 27b following the above described procedure for the synthesis of compound (28a);
ir= 13.5 min (A/B, 50/50); Anal. Calcd for Ca3pH39Ng058i: C, 65.54; H, 7.15; N, 7.64. Found:
C, 65.55; H, 7.01; N, 7.42.

Table 6. Significant 'H NMR Chemical Shifts (3, ppm) and Coupling Constants (Hz) of Compounds 26-29

Compd. L' HI1* LCHY  Ha3' H4' O WNES B roH " H2® oM cH, @° Taa

262" 5§ 559 288 505 317300 [032 239 277 427 305 517 6833
272 SR 556 293283 502 304300 1011 242 275 425 362 516 - 29
2! RR 548 296 470 310304 1049 223 260 410 352 Sl - -
28a° 5.8 450 285 354 320250 875 256 295 450 381 - 1164l
20" SR 450 288 353 319265 875 254 295 450 381 — 11242
29" R.R 454 287 355 321268 850 252 301 450 377 - 10246

? Double doublet. © Multiplet. © Singlet. ¢ 300 MHz (DMSO-dg). © 200 MHz (CDCl3). | 300 MHz (CDCly).

(65,12bS8,1'S)-3-Benzyl-6-[1'-benzyl-2'-[2-trimethylsilylethoxycarbonyl]ethyl]-
carbamoyl-2,4-dioxo-1,2,3,4,6,7,12,12b-octahydropyrimido[1',6':1,2]pyrido[3,4-5]-
indole (30a).- A solution of the tetrahydro-B-carboline (28a) (126 mg, 0.23 mmol) in dry THF (3 mL)
was treated with benzyl isocyanate (0.042 mL, 0.34 mmol), stirred overnight at rt and evaporated. The
residue was dissolved in EtOAc and washed with HpO. The organic layer was separated, dried over
NapS04 and evaporated. The resulting residue was dissolved in THF (4 mL) and treated with NaH (60%
suspension in mineral oil) (9.2 mg, .23 mmol). After 10 min of reaction thie solution was neutralized with
IN HCI and EtQA¢ and H2O were added. The organic layer was separated, dried over NapSQ4 and
evaporated leaving a residue which was purified on a silica gel column using a gradient from 10 to 60%
EtOAc in hexane as eluent to give the title compound (88 mg, 59%) as a foam, along with the
corresponding methyl ester derivative (31a) (31 mg, 24%); 30a: tr= 30.5 min (A/B, 53/47); Anal. Calcd
for C37H42N4058i: C, 68.28; H, 6.50; N, 8.61. Found: C, 68.25; H, 6.63; N, 8.52. 31a: tg= 18.2 min
(A/B, 42/58), Anal, Calcd for C33H32N405: C, 70.20; H, 5.71; N, 9.92. Found: C, 70.03; H, 5.84;
N, 10.00.

(65,12b8,1'R)-3-Benzyl-6-[1'-benzyl-2'-[2-trimethylsilylethoxycarbonyl]ethyl]-
carbamoyl-2,4-dioxo-1,2,3,4,6,7,12,12b-octahydropyrimido[1',6':1,2]pyrido[3,4-b]-
indole (32a).-This compound was obtained (45%, foam) from derivative (29a) following the above
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described procedure. Using this method the corresponding methyl ester derivative (33a) (23%, foam) was
also formed; 32a: (p= 31.2 min (A/B, 53/47); Anal. Caled for C37H4aN4058i: C, 68.28; H, 6.5(;
N, 8.61. Found: C, 68.10; H, 6.41; N, 8.57. 33a: Anal. Calcd for C33H32N405: C, 70.20; H, 5.71;
N, 9.92. Found: C, 69.87; H, 595, N, 9.66.

(65,12bR,1I'R)-3-Benzyl-6-[1'-benzyl-2'-methoxycarbonylethyl]Jcarbamoyl-2,4-dioxo-
1,2,3,4,6,7,12,12b-octahydropyrimido[1',6"':1,2]pyrido[3,4-Flindole (34b).— This
compound was obtained (27%, syrup) along with the expected derivative (23b) (39%) from 29b,
following the above described procedure for the synthesis of 30a. tp= 22.7 min (A/B, 42/58); Anal.
Caled for C33H32N405: C, 70.20; H, 5.71; N, 9.92. Found: C, 70.17;, H, 5.61; N, 9.75.

Removal of C-Terminal Trimethylsilylethyl Group from 22b, 236, 30a and 32a

A solution of the corresponding trimethyisilyl-protected derivative (50 mg, (.08 mmol) in CHyCly/TFA
{(2:1, 1.5 mL) was stirred at rt for 4 h. After evaporation of the selvents, the resulting residue was purified
on a silica gel column using a gradient from 1 to 25% MeOH in CH,Cly.

(65,12bR.1'S)-3-Benzyl-6-[1'-benzyl-2'-carboxyethyl]lcarbamoyl-2,4-dioxo-
1,2,3,4,6,7,12,12b-octahydropyrimido[1',6':1,2]pyrido[3,4-F]indole (35b).- Whiic
foam, 18 and 40% (from 30a and 22b, respectively); [0]p +67.0° (¢ 0.1 in MeQIH); tr= 11.9 min (A/B,
40/60); Anal. Caled for CapHagN4Os: C, 69.80; H, 5.49: N, 10.17. Found: C, 69.58; H, 5.62; N, 10.03.
{65,12bR,1'R)-3-Benzyl-6-[1'-benzyl-2'-carboxyethyl]Jcarbamoyl-2,4-dioxo-
1,2,3,4,6,7,12,12b-octahydropyrimido[1",6':1,2]pyrido[3,4-blindecle (36b).— White
foam, 7 and 51% (from 32a and 23b, rcspectively); [ot]p +46.1° {¢ 0.5 in MeOH); tr= 12.7 min (A/B,
40/60); Anal. Caled for Cq2HagN4Os: C, 69.80; H, 5.49; N, 10.17. Found: C, 69.73; H, 5.29; N, 9.83.
(65,1'S)-3-Benzyl-6-[1'-benzyl-2'-carboxyethyl]carbamoyl-2,4-dioxo-2,3,4,6,7,12,-
hexahydropyrimido[1',6':1,2]pyrido[3,4-bJindole (37).- While foam, 58 and 20% (irom 30a
and 22b, respectively); [ot]p -32.0° (¢ 0.5 in MeOH); (g= 27.1 min {A/B, 34/66); Anal. Calcd for
C32HogN4O5: C, 70.06; H, 5.14; N, 10.21. Found: C, 69.77; H, 5.32; N, 10.25.
(65,1'R)-3-Benzyl-6-[1'-benzyl-2'-carboxyethyl]ecarbamoyl-2,4-dioxo-2,3,4.6,7,12-
hexahydropyrimido[1',6':1,2]pyride{3,4-blindole (38).— White foam, 71 and 32% (from 32a
and 23b, respectively); [a]p -57.0° (¢ 0.8 in MeOH); tg= 30.3 min (A/B, 34/66), Anal. Calcd for
C3oHagN4O5: C, 70.06; H, 5.14; N, 10.21. Found: C, 69.91; H, 5.20; N, 9.98.

Removal of C-Terminal Methy! Group from 34b

A solution of the methyl-protected derivative (34b) (22 mg, 0.04 mmol) in MeOH (1 mL) was treated with
2N NaOH (0.08 mmol) and stirred overnight at rt. After evaporation of the MeOH, the remaining aqucous
mixiure was diluted with H20 and acidified with IN HCl to pH 3, and cxtracted with EtOAc. The extract
was dricd over NapSOy4 and evaporated. The resulting residue was purified on a silica gel column using a
gradient from 1to 25% MeOH in CHCly, to give compounds (38) (2.5 mg, [1%) and (18b) (4 mg, 23%).
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Table 7. Significant 'H NMR Chemical Shifts (8, ppm) and Coupting Constants (Hz) of Compounds (22, 23 and 30-38)

Compd. 126"  H-1®  3-CHp" H-6"°6.CONH® H-7™° Ha12v* NH' H-I" U-CHp" H-2®  Jg7

22p° R.S 252296 505 539 661 296330 4290 795 238 269 429 - 0.0
23p° R,R 265311 502 540 662 311324 516 802 234 265 429 61 -
30a° 5.5 326 502 500 £ 3.09344 486 886 230 270 430 5436
31a° 5.5 325 500 500 658 298332 480 902 231 265 427 53 32
32a° SR 332338 499 500 685 311326 485 860 235 272 430 52 39
33a° S.R 3.20 491 485 673 300315 485 876 229 266 425 58 -
34b° R.R 2700315 504 540 654 306315 511 825 235 265 430 6.2 00
350 RS 2.80 506 550 8 310346 505 1014 250 280 434 63 00
36hf R.R 275335 498 543 & 310341 536 © 243 272 429 66 00
37" -5 6.24 518 572 & 344374 - 1094 246 283 432 71 00
381r -.R 6.21 512 566 & 3.38 362 - 1073 245 275 430 6.8 00

% Multiplet. ° Doublet.  Double doublet, ¢ Singlet. © 300 MHz, CDCl3. | 300 MHz, (CD3)2C0. & Included within the
Aromalic proton signals.
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