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Regioselective Fischer Indole Synthesis Mediated by Organoaluminum Amides
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Summary: Amphiphilicreagentssuch as organoaluminum
amides are found to be highly effective for the Fischer
indole synthesis. In particular, diethylaluminum 2,2,6,6-
tetramethylpiperidide (DATMP) is the reagent of choice
for regioselective Fischer indole synthesis. For example,
treatment of the (E)-N-methyl-N-phenylhydrazone of
5-methyl-3-heptanone with DATMP affords 3-sec-butyl-
2-ethyl-1-methylindole as the sole isolable product; its
Z-isomer affords 1,3-dimethyl-2-(2-methylbutyl)indole
with high regioselectivity under similar reaction conditions.

Since the discovery of the synthesis of indoles from
- arylhydrazones by Emil Fischer et al.,! the Fischer indole
synthesis has undoubtedly been the best known and most
thoroughly investigated of all indole syntheses because of
the continuing interest in its mechanism and its numerous
synthetic applications to pharmacologically active indole
alkaloids.2® However, the usefulness of this indole syn-
thesis for selective organic synthesis has never been
developed because of the lack of appropriate reagents.
Development of a regioselective Fischer indole synthesis,
in which the carbon-carbon bond-forming reaction pro-
ceeds with high regioselectivity, would provide a new and
efficient route to various indoles of synthetic and phar-
macological significance. Here we wish to disclose the
first example of regioselective Fischer indole synthesis
mediated by organoaluminum amides as illustrated in
Scheme I.

The mechanism postulated for the Fischer indole
synthesis comprises the initial isomerization of arylhy-
drazones to the corresponding enehydrazines, subsequent
intramolecular [3,3] sigmatropic rearrangement of the
resulting enehydrazines, and final loss of ammonia to
furnish the indole nuclei.’ The firststep could be achieved
regioselectively with certain amide bases. The subsequent
rearrangement could be accelerated by certain Lewis acids.
The combination of amide bases and Lewis acids brings
to mind amphiphilic reagents such as aluminum amides,
which seem to be most suitable for the regioselective indole
synthesis from arylhydrazones under mild conditions. To
this end, we screened a series of organoaluminum amides
to effect the formation of indoles from 3-pentanone
N-methyl-N-phenylhydrazone (1) (R! = Et, R2 = R3 =
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Table I. Metal Amide-Promoted Fischer Indole Syntheses*

reagent® condns (°C, h) % yield®

EtAI(TMP)¢ -40, 2; -20, 3 78
Et:Al(TMP) 0,05 75
Et;AIN(c-Hex),¢ 0, 1.5; 25, 24 78
i-BuAl(TMP)4 0,1; 25,36 76
Et,AINPrigd 0, 0.3; 25, 20 58
PCly 25,17 53
BrMg(TMP) 25,21 47
BrMgNPriz® 25,2 36
EtMgBr/ 25, 20 17
Et,AINPh, 25, 21 3
Et,AIN(SiMes). 25, 24

Et,AINEt, 25, 24

Et;AIN(Me)Ph 25,17

@ Unless otherwise noted, the conversion of hydrazone 1 (R! = Et,
R? = R8 = Me) to indole 2 (R! = Et, R? = R3 = Me) was carried out
inbenzene/hexane. ® TMP = 2,2,6,6-tetramethylpiperidide. ¢ Isolated
yield. ¢ In toluene/hexane. ¢ In ether/hexane. / In benzene/ether.

Me), and the yields of 1,3-dimethyl-2-ethylindole (2) (R!
= Et, R? = R? = Me) under the given reaction conditions
are indicated in Table 1.6 As revealed in Table I,
diethylaluminum 2,2,6,6-tetramethylpiperidide (DATMP)
is the most efficacious reagent.” Magnesium amides
lowered the yields of the indoles, and aluminum amides
derived from hexamethyldisilazane and aromatic amines
gave only trace amounts of the desired indole.
Although unprotected 3-pentanone N-phenylhydrazone
(1) (R! = Et, R? = Me, R? = H) did not afford indole 2 (R!
=Et, R2= Me, R3 = H), its N-allyl and N-benzyl derivatives
1 (R1=Et,R2= Me, R? = allyl or benzyl) were transformed
cleanly to indoles 2 (R! = Et, R2 = Me, R3 = allyl or benzyl)
in 82 and 74% yields, respectively, with DATMP.
With the effective DATMP reagent in hand, we set out
to study the regiochemistry of the DATMP-mediated
formation of indoles from arylhydrazones of unsymmet-
rical ketones. 5-Methyl-3-heptanone N-methyl-N-phen-
ylhydrazones (4) (E/Z ratio = ~1:1) were prepared in
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sponding lithium amides and a dialkylaluminum halide. See: Mole, T.;
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Table II. Regioselective Fischer Indole Syntheses

Promoted by DATMP+
condition % yield?
entry arylthydrazone ©C,h) indoles  (ratio)®
W - i R @jé/
.H'N m N
PRMENT 4 Me 5 Mo 6
1 Z-isomer (E/Z = 4:96) 0, 0.5; 25, 3.5 93 (>99:<1)
2 [PCl 25,24 50 (97:3)1¢
3 E-isomer (E/Z = 96:4) 0, 0.5; 25, 17 42 (7:93)
4 [PCl3 25, 30 59 (97:3)1¢
5 [Znlg 25, 20 24 (91:9)}¢
Ph
Ph(Me)N" N N
Me Me
6 Z-isomer (E/Z = 6:94) 0, 0.5; 25, 3 67 (98:2)
7 E-isomer(E/Z=92:8) 0,0.5; 25,16 32 (14:86)
Y — O W
Ph(Me)N "’ N N Z N
Me Me
8 Z-isomer(E/Z =10:90) 0,0.5;25,1 62 (84:16)
9 E-isomer (E/Z = 94:6) 0, 0.5; 25, 18 74 (8:92)
Bu Bt
— O, O
N N e N
Ph{Me)N* Ms Me
10 Z-isomer (E/Z = 9:91) 0, 0.5; 25, 14 95 (91:9)
11 E-isomer (E/Z = 95:5) 0,0.5; 25,18 70 (23:77)
HY\R ‘ R
N E I ]
Ph(Me)N” N
Me
12 R=H 25, 24 32
13 R = SiMe;But 25, 24 57
14 R=Et 0, 0.5; 25, 12 54

¢ Unless otherwise noted, the arylhydrazone was treated with
DATMP (5 equiv) in toluene/hexane under the given reaction
conditions. ? Isolated yield. ¢ The regioisomeric ratio of indoles was
determined by 200-MHz !H NMR and/or GLC analysis. ¢ Reference
8.

the usual manner, and the E/Z isomers were easily
separated by column chromatography on silica gel.®
Treatment of (Z)-4 (Z/E ratio = 96:4) with DATMP (5
equiv) at 0 °C for 30 min and at 25 °C for 3.5 h yielded
1,3-dimethyl-2-(2-methylbutyl)indole (5) as the sole isol-
able product in 93% yield (entry 1 in Table I). None of
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the isomeric indoles were detected by tH NMR analysis.
Similarly, (E)-4 (E/Z = 96:4) was transformed to 3-sec-
butyl-2-ethyl-1-methylindole (6) almost exclusivelyin42%
combined yield with the ratio of 5/6 = 7:93 (entry 3). It
should be noted that reaction of an E/Z mixture of 4 with
conventional Lewis acids gave rise to indole 5 exclusively,
as has been reported previously.? Indeed, attempted indole
formation from (E)-4 with PCl; or Znl; resulted in
predominant formation of 5 (entries 4 and 5), indicating
the facile E/Z equilibration caused by Lewis acids before
the enehydrazine formation. Hence, the superiority of
DATMP as a regioselective agent over previously known
catalysts is apparent. Other selected examples are listed
in Table II, which also includes the results of classical
Fischer indole synthesis for comparison.? These results
clearly support regioselective enehydrazine formation by
preferential abstraction of the a-methylene hydrogen anti
to the hydrazone by DATMP, as shown for 7. The slightly

R2

low reactivity of hydrazone E-isomers is partially ascribed
to slow enehydrazine formation via conformationally less
favorable hydrogen abstraction by DATMP in the ster-
ically congested E-hydrazone-DATMP complex. Indole
synthesis with acetaldehyde phenylhydrazones, which is
reportedly unsuccessful in the presence of various Lewis
acidic catalysts,? was achieved with the DATMP reagent
(entry 12). The yield was improved when (tert-butyldi-
methylsilyl)acetaldehyde phenylhydrazone was used (en-
try 13).
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