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The hydantoin and tetrahydyB€arboline scaffolds appear 3
in a diverse array of biologically active compounds of both Figure 1. Traditional retrosynthesis of tetrahdydfeearboline-
natural and synthetic origin. Consequently, both these ring hydantoins.

systems are popular choices for combinatorial libraries Scheme 1.Synthesis of Tetrahydrg-carbolinehydantoins
targeted at drug discovery. The ring systénfFigure 1), via an Activated Carbamate

which represents thenionof these two pharmacophores, is

less well-known, although documented for therapeutic areas oO2Me oM
such as CNS activity,CCK receptor antagonistsand the NH A NH
inhibition* of cGMP-phosphodiesterase. In these cases, the ) N Ph
ring skeleton was constructed by the classical hydantoin N Ph H
synthesis whereby uréaundergoes intramolecular cycliza- cis-4 trans-4
tion. The intermediate ureawas in turn derived from the a a
reaction of3 (the product of an acid-catalyzed Pictet CO,Me CO,Me
Spengler reaction) with an isocyanate. As part of our program J(O NO, N _/(o NO,
on the combinatorial synthesis of hydantdiaad indoles, N\ N 0/@/ N/ 0/@/
we were interested in a new route to scaffalthat avoids N Ph N Ph
the reliance on isocyanates in favor of more accessible H is5 trans-5
building blocks and is adaptable to parallel solid-phase jb b
synthesis. 0

Our premise was that uréawould be obtained by an H N""Ph
alternative disconnection involving displacement of an N,&
activated carbamate. In a model study, the cis and trans N\ ©
diastereomers of the knowtetrahydrog-carboline4 (Scheme N Ph
1) were individually treated witp-nitrophenyl chloroformate trans-6 trans-6
to give the carbamaté. 5 proved to be quite stable to [odp +118 [a]p -101
reaction with benzylamine under several conditions, but 35% overall 24% overall
successful cyclization to the hydantdnvas achieved upon 2Reagents and conditions: (a) 3 equipdO,—CeHs—OCOCI, 5 equiv

. . . . . of EzN, 1:1 CHCI/THF, room temp, 3 h; (b) 4 equiv of PhGNHy, 4
heating with triethylamine. We are unaware of previous equiv of EsN, DMF, 90°C, 16 h.

examples of hydantoin synthesis proceedingowétrophenyl _ o
carbamates such & In this new method, the second Scheme 2.Sy|nthe3|s of Carbamateby N-Acyliminium
nitrogen is derived from primary amines, which as a Pictet-Spengler Reactidn

functional group are commercially available with higher CO,Me SOMe

diversity than isocyanates. N a N_/< /@/NOZ
In our present application, botlis- andtrans-5 produced N ( N 0

trans-6 but with optical rotations of opposite value. This is N Ph N Ph

prgsumably due 0 epimerization of the cis compgund aReagents and conditions: (a) 4 equiypaflO,—CgHs—OCOCI, 8 equiv
adjacent to the carbonyl center to the thermodynamically of py. 1 equiv of DMAP, CHCl,, inverse addition of imine, room temp,
more stabldranstetrahydrop-carboline. Similar isomeriza- 15 h, 40% isolated yield.

tions were reported in previous syntheses of scaffold
proceeding by the cyclization of uréa Carbamate was
also obtained more directly fromtryptophan methyl ester
(Scheme 2) by amN-acyliminium Pictet-Spengler process

in which the tryptophan imine was reacted witmitrophenyl
chloroformate under basic conditions.
After the feasibility of our approach for tetrahydfe-
carbolinehydantoin synthesis was established, the method
*To whom correspondence should be addressed. E-mail: ganesan@WaS adapted for solid-phase conditions (Scheme 3) with
soton.ac.uk. L-Trp immobilized on the polystyreré/Nang resin. In the
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Scheme 3. Solid-Phase Synthesis of
Tetrahydrog-carbolinehydantoins by Acid-Catalyzed or
N-Acyliminium Pictet-Spengler Reactién
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aReagents and conditions: (a) acid-catalyzed Pic®gengler, (i) 10
equiv of PhCHO, 1% TFA, CkCl,, room temp, 3 h; (i) 10 equiv of
p-NO,—CgHs—OCOCI, 12 equiv of BN, 1:1 CHCI/THF, room temp,
18 h or (a)N-acyliminium Pictet-Spengler, (i) 10 equiv of PhCHO, 1:1
CH,CI,/CH(OMe), room temp, 18 h; (ii) 10 equiv op-NO,—CgHs—
OCOCI, 14 equiv of py, 1 equiv of DMAP, Ci€l,, room temp, 18 h; (b)
8 equiv of PhCHNH,, 8 equiv of EtN, DMF, 90°C, 18 h.

Abs at
210 nm 6
a
b
- Al
0 min 14

Figure 2. Reverse-phase HPLC profile (C8 column, linear gradient

40—-70% MeCN/HO in 14 min, flow rate of 2 mL/min) o6 from
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Table 1. Solid-Phase Synthesis of
Tetrahydrog-carbolinehydantoing

R; R, yield,a %
la Ph— Bn— 31
1b Ph— c-CgH11CH,o— 38
1c Ph— Me,CHCH,— 32
1d  3,45-(MeO)CeHo—  Bn— 20
le 3,4,5-(M60306H2_ c-CeH11CHo— 33
1f 3,4,5-(Me0)CeH,— Me,CHCH,— 44
1g  p-NOCeHsm Bn— 15
1h p-NOZC6H4— c-CgH11CH,o— 35
i p-NOCeHs— Me,CHCH,— 30
1j Me,CHCH,— Bn— 17
1k Me,CHCH,— c-CeH11CHo— 22
1l Me,CHCH,— Me,CHCH,— 20°

a|solated yield based on manufacturer’s loading of Fmdap
resin. All compounds were fully characterized spectroscopically
(IR, *H and®3C NMR, MS).? Obtained as two diastereomers with
the following ratios: 1j, 64:36;1k, 63:37;1l, 51:49.

solid-phaseN-acyliminium Pictet-Spengler reactions, fol-
lowed by epimerization of the cis diastereomer.

The scope of our methodology was demonstrated by the
synthesis of a small library on solid phase (Table 1). Resin
7 was reacted with benzaldehyde, 3,4,5-trimethoxybenzal-
dehyde, 4-nitrobenzaldehyde, and isovaleraldehyde to form
the corresponding imines. After tiacyliminium reaction
with p-nitrophenyl chloroformate, cleavage was initiated with
benzylamine, cyclohexanemethylamine, or isobutylamine. In
all cases, the tetrahydy®-carbolinehydantoin was isolated
in >85% purity (HPLC analysis, UV detection at 210 nm)

solid-phase synthesis: (a) crude material after cyclative cleavage;after the agueous wash and silica filtration. While hydantoins

(b) product after rapid purification (aqueous &; wash, silica
plug).

solid-phase version, the carbamate analogous$ twas
generated by either protic PicteBpengler reacticdrfollowed
by reaction withp-nitrophenyl carbonate or thé-acylimin-

la—i were obtained as a single diastereomer, those arising
from isovaleraldehyde were cis and trans mixtures.

In summary, we have demonstrated a solid-phase route
to the tetrahydrgs-carbolinehydantoin scaffold. The route
features a new approach to hydantoins that proceeds via
amine addition to an activated carbamate and avoids the need

ium Pictet-Spengler reaction in Scheme 2. In both cases, for isocyanate building blocks. Interestingly, attempted solid-
parallel experiments were run with an Argonaut Quest 210 phase synthesis of a similar tetrahydroisoquinolinehydantoin
instrument in order to optimize solvent, reagent equivalents, py the isocyanate method was recently repdfted be

and reaction time.
The best overall yield of hydantoi® obtained with the

unsuccessful. The preparation of a larger tetrahyiro-
carbolinehydantoin library and its biological evaluation is

N-acyliminium Pictet-Spengler route was 31%, significantly ~ currently underway.

higher than the 11% isolated with the acid-catalyzed process.

Since the protic PictetSpengler reaction of is reported to
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