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A NEW ROUTE FOR THE TRICYCLIC INDOLE SYSTEM: A USEFUL
INTERMEDIATE FOR ERGOT ALKALOIDS'
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Abstract - Cyclization of 4-bromoindole derivatives which have o,B-unsaturated
esters or aldehydes in the Cs-side chain, were accomplished using intramolecular
palladium-catalyzed cyclization (Heck reaction) or radical cyclization using
Bu;SnH and AIBN. A cyclohexa[c,d]indole system was formed by the radical
reaction, while a cyclohepta[c,d]indole system was obtained using the Heck
reaction.

Intramolecular cyclization of the Cs-side chain at the Cs-position of indoline derivative (1) to make a
tricyclic system such as Uhle’s ketone (2) is an important step for the total synthesis of lysergic acid (3).
Many attempts for the similar cyclization of indole derivatives (4) have been made using various methods
(Heck reaction,’ photo-reaction, Friedel-Crafts acylation,’ or other electrophilic reactions®) Although
there have been many successful examples of the formation of cyclohepta- (5; n=2) or ¢ycloocta[c,d]indole
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(5; n=3)" or the corresponding aza derivatives,* ® only few studies have reported™ ’ the formation of
cyclohexa[c,dlindole  skeletons (5, n=1). The present report involves a new methodology for the
synthesis of the tricyclic system (7) using intramolecular Pd-catalyzed vinylation (Heck reaction) or radical
reaction of 4-bromoindole derivatives (6) which have an o,B-unsaturated ester or aldehyde in the Cs-side
chain.

Various a,B-unsaturated carbonyl compounds (10, 15, and 16a) were prepared from 4-bromo-1-tosyi-
{8a) and 4-bromo-2-ethoxycarbonylindoles (8b) (Scheme 2).  With respect to the preparation of 10,
which is a starting material for cycohepta[c,d]indole, Friedel-Crafts acylation of 8 with acid chloride® (12)
was carried out.  Interestingly, the regioselectivity of the acylation® varied with the combination of
indoles (8a, b} and Lewis acids. The acylation of N-tosylindole (8a) with AICI; gave the Cs-acylated
product (9a), while the acylation of 2-ethoxycarbonylindole (8b) with AICI; gave the undesired C,-
acylated product (11) as the main product.  The desired Cs-acylated product (9b) was obtained using
TiCly as the Lewis acid.  The reduction of the acylated products (9) with Et;8iH gave the desired
substrates (10a, b).  The preparation of the substrates (15 and 16a) for the cyclohexa[c¢,d]indoles was
rather tedious. Because the required acid chloride (18) was not commercially available, the saturated

acid chloride {(17) was used for the Friedel-Crafts acylation. The acylation and reduction of the carbonyl
group proceeded smoothly to give the saturated esters (13). Introduction of a conjugate double bond to

Scheme 2 MeO,C MeO,C,
. COC A coMe 12 Ve ,
éﬁ/& Lewis Acid 1n (CHzCl)2 N Et3SiH in CF3CO2H . s,
N 9a : Lewis Acid=AICls, 54% N 10a: 54% N
Rq 9b : Lewis acid=TiCls, 42% R 10b: 70% R
8 Br 9 10
' Ry~ COoEt
R1=H, R2=002Et N
- + o,
Lewss Acid=AICls, 40% H 9b (13%)
Q COoMe
1
R1=H, R2=002Et
MGOzc
1) 10% Hy804 1n ACOH
[ ClOC~~CO:Me (18) ] r 2) NaBH¢-BF Et,O in THF
1) CIOC._~_-CO2Me (17)Lewis Acid in (CH2Cl)2 N—R 3) PCC in CHCh 68%
- 2 . — ol
2)ESIHIn CFaCOH  13a: Lewis Acid=AICl; 79% N Rr:fb?;;[im Toluone
13b: Lewis acid=TiCly 62% 1 L 9
4 13 2) PCC in CH,Cly 76%
OHC OHC— Me2C—
Br r
_ Ry=Ts, Ry=H Br
=Ry 1) PhSeClin AcOEt =—Ry 1) Jones Oxidation o
. N e
N 2) Hz0; in THF Ry 2) HCIMeOH ¥
14 15a° 37%, 15b . 70% 15 55% 16a

a.Ry=Ts, Ry=H, b.Ry=H, Ry=CO,Et




HETERQCYCLES, Vol. 46, 1997 135

the esters (13) was unsuccessful. Therefore, the ester group was converted to an aldehyde (14) and
the double bond was then introduced by selenenylation followed by syn-elimination of selenides o give the
conjugated aldehydes (15). The N-tosyl derivative (15a) was converted to the ester (16a) using Jones
oxidation and subsequent esterification.

The cyclizations of 10, 15, and 16a were carried out using Heck and radical reactions.  The general
procedure was as follows. The Heck reaction was achieved by heating a mixture of 0.1 eq.
PdCI(PPh;), and starting material in DMF-Et;N, and the radical reaction was carried out by refluxing the
mixture of starting material and Bu;SnH and AIBN in toluene.  Scheme 3 shows the results of the
cyclization.

The kind of substituent of the indole ring, namety N-tosyl group or 2-ethoxycarbonyl group, did not atfect
the results of cyclization. = However, the reactivity depended on the length of the side chain and the
method used to achieve the cyclization. Heck reaction of 10a, b afforded the cyclohepta[c,d]indole
(19a, b) in moderate yields, whereas that of 15a, b or 16a did not give the desired cyclohexalc,dlindole
(21) but formed many unidentified products and naphthalene derivative (22), which may have formed from
the cyclized product (21) via isomerization of the double bond. In contrast, the radical cyclization of
15a, b and 16a resulted in good to moderate yields of cyclohexa[c,dlindole (23a, b and 24a), while
reaction of 10a and b did not give any desired product.

Hegedus has reported™ the cyclization of 3-allyl-4-bromo-N-tosylindole under Heck conditions to give a
naphthalene derivative and Horwell has reported® the Pd-catalyzed cyclization of o-allyl-4-
bromotryptophan to give a mixture of cycloocta- and cyclohepta[c,dlindole. Thaose results were
compatible with our results for the cylization of 10a, b and 16a under Heck conditions. = However, we
have reported’ that the Heck reaction of the o, B-unsaturated ester of a 4-bromotryptophan analogue (25)
gave the cyclohexa[c dlindole system (26), a key intermediate for the synthesis of optically active
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chanoclavine-I (27}, but that the radical reaction of the same compound (25) did not afford the cyclized
product under similar conditions. The above results’ are in conflict with the results of the present
cyclization of 15a, b and 16.  One possible reason for this conflict may be an instability of the formyl
group of 15a, b under Heck conditions. However, it is not clear why the product was not obtained by
the reaction of 25 under radical conditions.
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