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was then shaken in a separatory funnel containing 70 ml of water 
and 70 ml of ether until it dissolved. The ether layer was separated 
and the aqueous layer was washed once with 70 ml of ether. The 
combined ether extracts were dried and concentrated to yield 3.34 
g (80%)8 of colorless oil. Ahalysis by GLC showed the oil to contain 
94% 1-dodecanol and 6% 1-decanol. 
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Attempted reduction of N-formyl-3-methylindole (la) and 2,3-dimethyl-N-formylindole (lb) with complex 
metal hydrides leads to skatole and 2,3-dimethylindole, respectively. Diborane reduction of indole derivatives has 
furnished interesting results.l?* Further studies with this reagent are now reported. Diborane reduction of l a  gives 
1,3-dimethylindole (4a, 49.4%) and 1,3-dimethyl-3-(3’-methylindolyl-l’-methyl)indoline (6a, 35.8%). Similarly, re- 
duction of l b  with diorane affords 1,2,3-trimethylindole (4b, 52.4%) and two diastereoisomeric 1,2,3-trimethyl-3- 
(2’,~1’-dimethylindolyl-l’-methyl)indolines (6b, 36.7%, and 6c, 6.8%). This appears to be the first report on the 
successful reduction of an N-acylindole to the corresponding N-alkyl derivative. The formation of the indolyl- 
methylindolines (6) in the diborane reduction of N-formylindoles (1) implies that electrophilic substitution takes 
place primarily at the 3 position of 3-substituted indoles. These results are discussed in the light of the mecha- 
n ism of diborane reduction and electrophilic substitution in 3-substituted indoles. 

 indole^,^ 0xindoles ,3~?~,~  is at in^,^ indole-2-, and indole- 
3-carbonyl d e r i v a t i ~ e s ~ ~ . ~ ~ 6 - ~ ~  including indole-3-glyoxam- 
ides,3a,f,9,11 arid their N-methyl analogs have been reduced 
with diborane. However, to  our knowledge, there is no re- 
port in the  literature on the reduction of N-acylindoles 
with any reducing agent.12 In the present communication a 
simple method is presented for the reduction of N-formyl- 
indoles with diborane, partly from an interest in its syn- 
thetic implications and partly to  compare the reducing 
properties of cliborane with those of lithium aluminum hy- 
dride (LiAlH4). 

Jackson and his coworkers demonstrated that  electro- 
philic substitution takes place primarily at the 3 position of 
3-substituted i n d ~ l e s . ~ ~ J ~  However, recently Wolinsky and 
Sundeen14 ancl Casnati, Dossena, and Pochini15 claimed to  
have obtained evidence in favor of direct electrophilic sub- 
stitution a t  the 2 position of 3-alkylindoles. The work re- 
ported in the present communication was undertaken also 
with a view to  throwing further light on this subject. 

It has been observed that  complex metal hydrides are 
unsuitable for the reduction of N-acylindoles,12 presum- 
ably because of the tendency of the acyl groups of the latter 
to  undergo cleavage under basic conditions.lZagcJ6 However, 
N-acylindoles are generally more stable in acidic than in 
basic media (cf. preparations of 1 by Vilsmeier-Haack 
method1?. These facts and the pronounced aldehydic char- 
acter of the N-formyl groups of 117 led us to  assume that  

diborane would be the reagent of choice for their reduction, 
particularly because the danger of hydrolytic cleavage 
would be minimum, since the reaction medium would be 
acidic because of the Lewis acid character of both diborane 
and boron trifluoride (BF3).I8 

While attempted reduction of the N-formylindoles (1) 
with LiAlH4 or potassium borohydride (KBHd) under a va- 
riety of conditions always resulted in the formation of ska- 
tole and 2,3-dimethylindole, respectively,12* reduction of 
l a  with diborane afforded 1,3-dimethylindole (4a) and 
1,3-dimethyl-3-(3’-methylindolyl-l’-methyl)indoline (sa) 
(Scheme I). Similarly, diborane reduction of lb  gave 1,2,3- 
trimethylindole (4b) together with two diastereoisomeric 
1,2,3-trimethyl-3-( 2’,3’-dimethylindoly1-l’-methyl)indol- 
ines (6b and 6c). In  this connection, i t  may be pointed out 
tha t  this appears to  be the first report on the successful re- 
duction of an N-acylindole.12 

The origin of both the mono- and dimeric products in 
the diborane reduction of 1 may be rationalized by assum- 
ing that  the intermediate (3) may undergo further reduc- 
tion with excess diborane to  give 4 (Scheme I). 3 may also 
undergo nucleophilic attack by the initially formed indoles 
(4) to  afford the indoleninium cation (5)) which is then re- 
duced by excess diborane to  the dimers (6). 

The major dimeric product was assigned the trans con- 
figuration (6b) on the assumption tha t  reduction of 5 by 
the addition of a hydride ion a t  the 2 position takes place 



1258 J. Org. Chem., Vol. 40, No. 9, 1975 Chatterjee and Biswas 
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predominantly trans to  the bulky 3-indolylmethyl substitu- 
ent.lg Confirmation of these stereochemical assignments 
was obtained by examining their Dreiding models and 
NMR spectra. The methyl protons a t  the 2’ position of the 
cis isomer (6c) resonate a t  6 2.00 whereas those of the trans 
isomer (6b) resonate a t  an unusually high field (6 1.44). 
Owing to  greater interaction between the two methyl 
groups a t  the 2 and 2’ positions, the trans isomer (6b) may 
preferentially exist on the average in a spatial arrangement 
in which the methyl protons a t  its 2’ position experience 
the shielding effect of the benzene ring of the indoline moi- 
ety, resulting in the observed upfield shift (6 1.44). The 
methyl protons a t  the 2 position of 6b resonate a t  a lower 
field (6 1.44) than those of 6c (6 0.92). From Dreiding mod- 
els i t  appears that  the  methyl protons a t  the 2 position of 
only 6b can exist in the plane of the ring current of its in- 
dole moiety, and experience a deshielding effect, thus re- 
sulting in the observed downfield shift. On the other hand, 
the same protons of 6c are shielded by the indole moiety 
and resonate a t  a higher field (6 0.92). The methine proton 
at the 2 position of 6c resonates at 6 3.52, whereas the cor- 
responding proton of 6b resonates a t  6 3.01. Further, i t  ap- 
peared from the models that  the methine proton a t  the 2 
position of only 6c lies close to  the plane of the ring current 
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Mass Spectral Fragmentation Pattern of the Dimeric 
Products (6) Obtained in the Diborane Reduction of 

N-Formylindoles (1)  mCH2 \ R 

I 
H 

8a, R = H m/e 130 
b, R = Me; m/e 144 

t 

H 
7a, R = H; m/e 131 
b, R = Me; m/e 145 

Me Me 

Me Me 
9a, R1 = R2 = H; m/e 146 loa, R3 = H; m/e 145 

b, R’ = Me; R2 = H m/e 160 
c, R1 = H; R2 = Me; m/e 16,O 

b, R? = Me; m/e 159 

Me 
lla, R3 = H; m/e 144 

b, R3 = Me; m/e 158 

of its indole moiety. It thus experiences a deshielding effect 
and resonates a t  a lower field. 

The uv spectral data and broad mass spectral fragmenta- 
tion pattern of the dimeric products (6), which confirm 
their structures, are presented in the Experimental Section 
and Scheme 11, respectively. 

In this connection, i t  may be pointed out that, although 
i n d ~ l e , ~ ~ - ~  N-unsubstituted alkyl indole^,^^^^ 0xindole,3~9* 
N-methyloxindole,* and N-unsubstituted and N-methylin- 
do le-3-g lyo~amides~~ were reported to  give indolines on re- 
duction with diborane, we failed to  observe any indolines, 
either in our present work or in our earlier studies with in- 
dole-3- and indole-2-carbonyl  derivative^.^^,^^^-^^ 

The electrophilic attack a t  the 3 position of the 3-substi- 
tuted indoles (4) by 3 and trapping of the 3,3-disubstituted 
indolenines ( 5 )  by diborane reduction follow essentially the 
same mechanism as is involved in the formation of the in- 
dolylmethylindolines (12) in the diborane reduction of in- - 

I I I 
R1 R’ H 

12, R1, R2 = H or Me 
R3 = H or OH 

13 
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dole-3-carboxaldehydes19 and indole-3-carboxylic acid,3f 
and the spirocyclic indoline (13) in the diborane reduction 
of 3-(0-carbo~ybenzyl)indole.~~ Thus, our present results, 
though limited and not sufficient to  make any firm conclu- 
sion, tend to provide support to the theory of Jackson and 
his coworkers.13 Jackson’s more recent observations20 and 
those of ~ t h e r ~ $ ~ ~ s ~ ~ - ~ ~  also support this theory.13 

Experimental Section 
Light petroleum refers to the fraction boiling between 60 and 

80°, if not indicated otherwise. Melting points are uncorrected. 
NMR spectra were recorded in CDC13, if not otherwise mentioned, 
chemical shifts are given in 6 values relative to MeeSi, and s, d, q, 
and m indicate singlet, doublet, quartet, and multiplet, respective- 
ly. Mass spectra were recorded on an AEI MS-9 spectrometer. Te- 
trahydrofuran (THF), BF30Et2, and diglyme were dried and redis- 
tilled before use. 

Attempted Reduction of N-Formylindoles (1) with Com- 
plex Metal Hydrides. A solution of laz3 (223 mg, 0.0014 mol) in 
dry THF (2 ml) was added dropwise to a suspension of LiAlH4 
(210 mg, 0.0055 mol) in dry THF (4 ml), and the mixture was re- 
fluxed for 4 hr and then left at 25’ overnight. After usual work-up 
and crystallization of the product from light petroleum, skatole 
(180 mg), mp 96-97’, was obtained. Its identity was confirmed by 
mixture melting point determination and TLC comparison with an 
authentic sample. Attempted reduction of la with KBH4 in boiling 
absolute EtOH and of lbz3 with LiAlH4 or KBH4 also resulted 
only in the formation of skatole and 2,3-dimethylindole, respec- 
tively.12 

Hydrolysis of N-Formylindoles (1). laz3 (160 mg) was treated 
with alcoholic NaOH (42 mg in 1 ml) for 45 min at  25O. After re- 
moval of EtOH, the residue was extracted with ether to give ska- 
tole (105 mg). The ether-insoluble fraction afforded sodium for- 
mate as colorless, shining needles, mp 252-253’ (lit?4 mp 253’) 
from absolute EtOH. Similar treatment of l b  gave 2,3-dimethylin- 
dole and sodiuni formate.26 

1,3-Dimethylindole (4a) and 1,3-Dimethy1-3-(3‘-methylin- 
dolyl-1‘-methy1)indoline (6a). Diborane (0.015 mol), generated 
externally by the dropwise addition of a solution of NaBH4 (0.85 g, 
0.0225 mol) in dry diglyme (20 ml) to a magnetically stirred solu- 
tion of BFS-OE,tz (4.47 g, 0.0312 mol) in dry diglyme (13 ml) over 
35 min, was passed into a solution of la (0.95 g, 0.006 mol) in dry 
THE’ (50 ml) at  0’ in a slow stream of dry nitrogen. The apparatus 
was initially flushed with dry nitrogen, and after completion of the 
addition, the generator flask was heated at  60-65’ for 2 hr for driv- 
ing out the residual diborane into the reaction vessel. The reaction 
mixture, which formed a white, gelatinous precipitate within 30 
min, was left overnight at  25O, and excess diborane was destroyed 
carefully with MeOH. After addition of a further 25 ml of MeOH, 
the mixture was refluxed for 2 hr, the solvents were removed, and 
the residue was taken up in CHCL (50 ml). The solution was 
washed successively with aqueous NaHC03 (5%) and H20 and 
dried (MgSOd), and the solvent was distilled off under reduced 
pressure to give an almost colorless oil (0.94 9). TLC examination 
of the oil revealed it to be a mixture of two components, which 
were separated by chromatography on a silica gel column. Elution 
with light petroleum afforded 1,3-dimethylindole (4a, 0.43 g, 
49.4%) as a colorless liquid. The picrate was obtained as pink nee- 
dles (from EtOH), mp 143-144’ (lit.26 mp 142.5-143.5’). The 
1,3,5-trinitrobenzene charge-transfer complex was obtained as or- 
ange-red needles (from absolute EtOH): mp 169-170’ (lit.27 mp 
169O); NMR (60 MHz) 6 7.30 (m, 1, 7-H), 6.90-7.20 (m, 3, 4-, 5-, 

Hz), 9.03 (e, 3, ArH). 
Further elution of the column with a mixture of light petroleum 

and ether (173 v/v) gave the dimer 6a as a soft, colorless mass 
(0.31 g, 35.8%): ir (Nujol mull) 3000 (m), 2888 (s), 2813 (s), 2788 
(s), 1610 (8, C=C), 1480 (s), 1120 (m, 1020 (m), 765 (s), 750 cm-l 
(5); uv A,, (EtOH) 223, 230, 258, 289, and 295 nm (log t 4.30, 4.31, 
3.80, 3.70, and 3.71); A,, (concentrated HzSO4) 238, 243, and 294 
nm (log B 3.64, 3.63, and 3.70); NMR (Varian A-60) S 7.60 (m, 1, 
7-H), 6.66-6.90 (m, 3, 4-, 5-, 6-H), 2.81 (d, 1, %HA, JAB = 9 Hz), 
3.39 (d, 1, ~ - H B ,  JAB = 9 Hz), 2.75 (s, 3, NCH3), 1.38 (s, 3,3-CH3), 
7.10-7.35 (m, 4, 4’-, 5’-, 6’-, 7’-H), 6.53 ( 6 ,  1, 2’-H), 2.32 (d, 3, 3’- 
CH3, J = 1.2 Hz), 4.12 (s, 2, N’CHz); mass spectrum (70 eV) mle 
(re1 intensity) 290 (54, M e +), 147 (591, 146 (beyond chart), 145 
(beyond chart), 144 (79), 131 (loo), 130 (59); mass measurement by 
high-resolution mass spectrometry mle 290.17947 (calcd for 

6-H), 6.70 (5, 1, 2-H), 3.64 (9, 3, NCH3), 2.20 (d, 3, 3-CH3, J = 1.2 

Table I 
Mass Measurement of the Dimer 6c by 

High-Resolution Mass Spectroscopy 

Re1 in- 
Fragment Found, m I e Calcd, m 1 e For tensity 

6c M” 318.21241 
9c 160.11 23 
lob 159.1046 
1 l b  158.0969 

157.0885 
156.0820 

?b 145.0884 
8b 144.0802 

143.0730 
142.0642 
130.0654 

318.20959 
160.1123 
159.1048 
158.0969 
157.0891 
156.0813 
145.0891 
144.0813 
143.0735 
142.0656 
130.0656 

C22H2sN2 4.36 
CiiHiiN 100 
CiiHiSN 15.60 
CijHi2N 10.71 

2.03 
1.25 

CiOHiiN 12.70 
CioHiON 10.91 

2.76 
1.18 
1.41 

C2oH22N2, m/e 290.17829); also see Scheme 11. The 1,3,5-trinitro- 
benzene charge-transfer complex was obtained as pink needles 
with a metallic lustre (from MeOH), mp 133-134’. 

Anal. Calcd for CzoHzzN2 2CsH3N306: C, 53.65; H, 3.93; N, 
15.64. Found: C, 53.40; H, 3.65; N, 15.56. 

1,2,3-Trimethylindole (4b) and Diastereoisomeric 1,2,3-Tri- 
methyl-3-(2’,3‘-dimethylindolyl-l’-methyl)indolines (6b and 
6c). lbZ3 (1.038 g, 0.006 mol) was reduced for 4 hr with externally 
generated diborane (0.015 mol) following the foregoing procedure. 
The colorless, oily product, which indicated the presence of three 
components on TLC examination, was chromatographed on a col- 
umn of silica gel (60-120 mesh, Chemo Synthetics). Elution with a 
mixture of light petroleum and benzene (17:3 vlv) afforded 1,2,3- 
trimethylindole (4b, 0.5 g, 52.4%) as a colorless oil. The picrate was 
obtained as dark-red needles (from benzene), mp 148-149’ (lite2* 
mp 150O). The 1,3,5-trinitrobenzene charge-transfer complex was 
obtained as blood-red needles (from absolute EtOH): mp 170- 

(8 ,  3, 2-CH3), 3.48 (s, 3, NCHs), 6.75-7.06 (m, 4, 4-, 5-, 6-, 7-H), 
8.80 (s,3, ArH). 

Further elution of the column with more polar solvents gave 
only a mixture of two components, which was rechromatographed 
on a column of silica gel (60-100 mesh, Gouri Chemicals) in light 
petroleum. The first 12 fractions contained a mixture of two com- 
ponents (0.30 g), while the subsequent 24 fractions gave a pure 
compound (175 mg), which on crystallization first from light petro- 
leum and finally from MeOH, afforded the trans dimer (6b) as col- 
orless prisms: mp 123O; uv A,, (EtOH) 224,232,260,288, and 293 
nm (log e 4.36, 4.36, 3.86, 3.78, and 3.77); A,, (concentrated 
HzS04) 238, 242, and 287 nm (log e 3.74, 3.71, and 3.80); NMR 
(Varian HA-100) 6 7.43 (m, 1, 7-H), 6.40-6.60 (m, 3, 4-, 5-, 6-H), 

(d, 3,2-CH3, J = 8 Hz), 6.95-7.10 (m, 4,4’-, 5’-, 6’-, 7’-H), 1.44 (s, 3, 
2’-CH3), 2.12 (5, 3, 3’-CH3), 3.99 (d, 1, N’CHA, JAB = 14 Hz), 4.22 
(d, 1, N‘CHB, JAB = 14 Hz); mass spectrum (70 eV) mle (re1 inten- 
sity) 318 (28, M . +), 161 (451, 160 (beyond chart), 159 (loo), 158 
(84), 145 (68), 144 (73); see also Scheme TI. 

Anal. Calcd for CZZHZ~NZ: C, 82.94; H, 8.23; N, 8.80. Found: C, 

The residue (0.3 g) of the first 12 fractions was rechromato- 
graphed on a column of silica gel (60-100 mesh, Gouri Chemicals) 
in light petroleum, bp 40-60’. The first seven fractions furnished 
the cis dimer (6c) as a colorless, thick liquid (40 mg): uv A,,, 
(EtOH) 223, 231, 260, 288, and 294 nm (log e 4.35, 4.37, 3.86, 3.78, 
and 3.78); A,,, (concentrated HzS04) 238, 242, and 286 nm (log B 

3.74, 3.72, and 3.79); NMR (Varian HA-100) 7.48 (m, 1, 7-H), 
6.43-6.80 (m, 3, 4-, 5-, 6-H), 3.52 (9, 1, 2-H, J = 8 Hz), 2.79 (s, 3, 

(m, 4, 4’-, 5’-, 6’-, 7’-H) ,  2.00 (s, 3, 2‘-CH3), 2.23 (s, 3, 3’-CH3), 4.15 
(d, 1, N’CHA, JAB = 15 Hz), 4.32 (d, 1, N’CHB, JAB = 15 Hz); mass 
spectral data are recorded in Table I; see also Scheme 11. 

Continued elution of the column wih the same solvent gave 
mainly 6b (150 mg), mp 123’, together with an approximately 1:l 
mixture (50 mg) of 6b and 6c. Yield: 6b, 36.7%; 6c, 6.8% (approxi- 
mate). 
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The amino acids, proline and pipecolinic acid, have been converted into the 4-keto-4,5,6,7-tetrahydroindoles, 
5a and 5b, respectively, in three steps. This sequence involved the preparation of the corresponding N- (4-carbo- 
methoxybutyroy1)amino acids and their subsequent reaction with acetic anhydride and dimethyl acetylenedicar- 
boxylate, thereby yielding the pyrrole triesters, 4a and 4b. This latter transformation employed a 1,a-dipolar cy- 
cloaddition reaction of bicyclic munchnone derivatives generated in situ. The final step in this sequence involved 
a Dieckmann condensation of 4a and 4b using sodium hydride. The application of the sequence to acyclic amino 
acids was also investigated and with phenylglycine and sarcosine, the tetrahydroindoles, 15 and 16, respectively, 
were obtained. 

Munchnones (mesoionic oxazolium 5-oxides) have been 
successfully used in the preparation of pyrroles bearing 
simple alkyl, aryl, and/or carboalkoxy s u b s t i t u e n t ~ . ~ J  This 
paper will describe the synthesis of pyrrole derivatives pos- 
sessing a functionalized alkyl side chain capable of under- 
going further reaction to  yield 4-keto-4,5,6,7-tetrahydro- 
indoles. In particular, this involves the reactions of N-(4- 
carbomethoxybutyroy1)amino acids with acetic anhydride 
and dimethyl acetylenedicarboxylate. The  concept of util- 
izing functionalized 1,3-dipoles has recently been described 
by Lown and Landberg.4 

Results and Discussion 
Initially, the amino acids, proline and pipecolinic acid, 

were used in this study, and the reactions involving these 
compounds are listed in Scheme I. 

Treatment of these amino acids with methyl (4-chloro- 
formy1)butyrate in refluxing pyridine afforded the N- acyl 
amino acids, 2a and 2b, respectively. Attempts to  carry out 
this acylation reaction under Schotten-Baumann condi- 
tions failed to  give the desired N- (4-carbomethoxybuty- 
roy1)amino acids. When pipecolinic acid was treated with 
methyl 4-(chloroformyl)butyrate in dilute sodium hydrox- 
ide solution, a low yield of the N-acyl diacid, 2c, was ob- 
tained. 2a and 2b were isolated as viscous oils and were 
used in the next step without extensive purification, al- 
though 2b was converted into a crystalline dicyclohexylam- 
ine salt for the purposes of characterization. 

Reaction of 2a and 2b with acetic anhydride and dimeth- 
yl acetylenedicarboxylate furnished the tetrahydropyrroliz- 
ine 4a and tetrahydroindolizine 4b, respectively, as oils. 
The formation of these products involve the intermediacy 


