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Abstract — Three methods have been newly developed for the synthesis of
1,2,3,3a,8,8a-hexahydropyrrolo[ 2,3-b]indoles. Employing them, 3a-chloro-, 3a
bromo-, 3a-hydroxy-, and various 3a-alkoxy-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-
bJindoles are now readily available.

Himastatin® (1a), iso-himastatin® (1b), FP1® (2), and (+)-okaramine J (3) are typical examples belonging
to 1,2,3,3a,8,8a-hexahydropyrrolo[2,3-blindole akaloids having an akoxy group at the 3a-position
(Figure 1). We have been much interested in the alkaloids from the point of creating our own biologically
active lead compounds® and challenged for some time to develop new and simple synthetic methods for
the compounds shown in general formula® (4). Now we have found three kinds of useful synthetic
methods for 3a-alkoxy-1,2,3,3a,8,8a-hexahydropyrrol o[ 2,3-b]indoles.

The first method is the treatment of 1-hydroxy-N-methoxycarbonyltryptamine’ (5) in refluxing Ac,0
resulting in the formation of 3a-acetoxy-8-acetyl-1-methoxycarbonyl-1,2,3,3a,8,8a-hexahydropyrrolo-
[2,3-b]indole (8) in 72% yield (Scheme 1). The formation of 8 can be explained by a series of reactions,
1) acetylation of 1-hydroxy group of 5 to afford 6, 2) followed by the [3,3] sigmatropic rearrangement® to
give the imine (7), and 3) finally, cyclization of the nitrogen on the aminoethyl substituent to the imine
carbon. The structure of 8 was determined unequivocally by X-Ray single crystallographic analysis and
the results are shown in Figure 2.° Mild hydrolysis of 8 with agueous NaHCO, provided the
corresponding 8-acetyl-3a-hydroxy-1-methoxycarbonyl-1,2,3,3a,8,8a-hexahydropyrrolo[ 2,3-b]indole (9a)
in 96% yield. Further akylation of 9a with Etl in dry DMF in the presence of NaH (1 mol eg.) produced
the 3a-ethoxy compound (9b) in 31% yield together with 46% yield of recovery of starting material.
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As the second method, we examined the halogenation of 1-methoxy-N-methoxycarbonyltryptamine’ (10)
and N-methoxycarbonyltryptamine (11) as substrates in the presence of alcohols. No matter which
substrates were employed, we found the yields of 3a-bromo- and 3a-akoxy-1,2,3,3a,8,8a-hexahydro-
pyrrolo[2,3-b]indoles were extremely poor together with many kinds of brominated compounds, as long
as bromine was employed as a brominating reagent under various tested reaction conditions.™

In contrast to the above results, the reaction of 10 with NCS (1 mol eg.) in MeOH afforded 3a-chloro-
1,2,3,3a,8,8a-hexahydro-8-methoxy- (12a) and 1,2,3,3a,8,8a-hexahydro-3a,8-dimethoxy-1-methoxycar-
bonylpyrrolo[2,3-b]indole (14a) in 64 and 4% yields, respectively. The same reaction in MeCN gave 12a
as a sole product in 92% yield. When NBS (0.9 mol eq.) was employed in MeOH instead of NCS, 3a
bromo-1,2,3,3a,8,8a-hexahydro-8-methoxy-1-methoxycarbonylpyrrolo[ 2,3-b]indole (12b) and 14a were
produced in 12 and 59% yields, respectively. The same reaction in MeCN produced only 12b in 85%
yield. In a similar reaction of 10 in EtOH, 12b and 14b were obtained in 8 and 39% yields, respectively.
The reaction of 10 with NIS in MeOH afforded 14a in 58% yield, while the formation of 12c was not
observed at all. The same reaction with NISin MeCN formed only tar.

It should be noted that the results of halogenation of 10 are always superior to those of 11 in every
corresponding reactions. For examples, the reaction of 11 with NCS in MeOH or EtOH afforded 15a and
15b in 49 and 15% yields, respectively, together with concomitant formation of tar. In the reactions of 11
with NBS in MeOH or EtOH, yields of 15a and 15b dropped down to less than 10% in addition to much
quantity of tar. These findings suggest that the presence of the methoxy oxygen at the 1-position on the
indole nucleus makes the intermediate (16) more stable than the corresponding immonium salt (17) and
makes it possible for the first preparation of the 3a-halogeno-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]in-
doles (12a and 12b).

With 12a and 12b in hand, we next tried to convert them into 3a-hydroxycompound (13) with silver salt.
Among the examined reagents, silver cyanide was found to be the reagent of choice. Thus, in MeCN-H,0O,
12a and 12b were transformed to 13 in the respective yields of 85 and 94%. Subsequent treatments of
13 with Mel, Etl, and allyl bromide in the presence of NaH afforded 14a, 14b, and 14c in 94, 68, and
92% yields, respectively.

As the third method, we have examined the direct one step conversion of 10 to 14a-e. After various
trials,® we have succeeded in finding that the treatment of 10 with iodine and morpholine in an
appropriate acoholic solvent at room temperature meets our end, and the results are summarized in Table
1. As can be seen from the Table, the quantity of iodine governs the yields of the desired products (14a-€).
Thus, treatment of 10 with about 1.5 molar eq. of iodine generated 14a-ein the range of 11—37% yields
in addition to the unreacted 10 (Entries 1—5). On the other hand, when the amount of iodine was
increased to ten molar eg. (Entries 6—10), the yields of 14 were dramatically improved. Consequently,
14a, 14b, 14c, 14d, and 14e are now availablein 98, 97, 96, 97, and 92% yields, respectively.
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Even when the above best reaction conditions were employed for the reaction of 11 with iodinein MeOH
and alyl alcohol in the presence of morpholine, the yields of 15a and 15c were 60 and 4% yields together
with much quantity of tars, respectively.

Table 1
NHCOOMe . oR
o, Q_NH (83 mol eq.), rt

N > NN + Recovery

| Solvent (ROH) | H ‘COOMe

OMe 10 14 OMe

Entry lodine Solvent Reaction Product Yield (%) of Recovery Total Yield

(mol eq.) (ROH) Time (h) 14 R Product (%) (%)
1 15 MeOH 21 a) Me 36 45 81
2 1.6 EtOH 5 b) Et a7 55 92
3 n AN 5 o) ANF 17 79 96
4 15 ©/\O” 24 d) A@ 28 26 54
5 " Ho~\~CH 24 e) A~OH 11 48 59
6 10 MeOH 116 a) Me 98 0 98
8 T EtOH 1/6 b) Et 97 0 97
7 n A~ 1/2 c) ANF 06 0 96
9 " ©/\OH 1/6 d) /\© 97 0 07
10 " Ho”~~CH 3/2 e) A OH 92 0 92

The structure of 14b, as a representative of 14a-e, was confirmed by leading it to 9b. First, 14b was
hydrogenated to 15b in 81% yield in the presence of 10% Pd/C at room temperature and 1 atm hydrogen.
Subsequent treatment of 15b with acetic anhydride provided 76% yield of 9b, which was identical with
the sample derived from 8. As aresult, we could develop a simple direct synthetic method for 3a-alkoxy-
1,2,3,3a,8,8a-hexahydropyrrol o[ 2,3-b]indoles from 10.

In conclusion, 3a-halogeno-, 3a-hydroxy-, and 3aakoxy-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indoles
are now readily available. Biological evaluations of them and their synthetic applications for natural

products are now in progress.
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