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Abetmct-The Fischer indole synthesis with 3-substituted cy~lmones leads to only ow of two formally 
possible isomers. A diision of the regioselectivity is based on results from “Extended Hiickel” calcula- 
tions on cyclohexene derivatives and on a comparison with various experimental factors. Structures are 
establishal by use of the shift reagent Eu(DPM),. 

FROM THE FWHER condensation’ of a phenylhydrazine with a 3-substituted ketone 
two isomeric indoles, 2 and 3, are expected. 

In a recent reexamination of work by Baeyer and Tutein: G. R. Allen has shown that 
cyclohexanone-3carboxylic acid reacts with phenylhydrazine to give a single indole 
4; the isomeric compound 5 could not be detected.3 At the time of Allen’s publication 
we had arrived at the same conclusion by similar methods. Moreover, we have carried 
out the Fischer indole synthesis with diverse cycloheptanones and cyclopentanones 
and the products have been identified by their NMR spectra interpreted with the aid 
of a paramagnetic shift reagent. A discussion of the regioselectivity of the reaction 
constitutes the object of this communication. 

1 2 

COOH 

4 5 

FIG. I. 

Derivatives of cyciopenf+)-indole 
The Fischer condensation of phenylhydrazine with cyclopentanone-3-carboxylic 

acid leads to the isolation of a single product having structure 6 or 7, A comparison 
of the shifts (As) induced by trisdipivaloylmethanatoeuropium Eu(DPM),~*~ in 
the spectrum of the methyl ester 6b is listed in Table I along with the analogous data 
obtained for indole 8, the structure of which is unambiguous since it has been pre- 
pared by indolization of 2-carbomcthoxycycloptanonc. 
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668 B. Lamum, G. Mem and A. OUVIJIX 

The indole skeleton being inert to the shift reagent,6 the latter is oriented in the 
neighbourhood of the carbomethoxy group and since the deplacement induced 
varies with the distance,6 only structure 6 is compatible with the data from Table I : 
in the case of 8 there is a single proton cis-vicinal to the carbomethoxy function, H,,, 
having a high AL? value while in the case of 6b there ate two protons, Hi, and H,,, 
which behave analogously; 7 would show only one cis-vicinal proton. 

TABLE 1. EFFLKX OP THJJ sm REAOEM Eu(DPM), ON THE NMR SPECTRUM OF COMPOUNDS 6b AND 8. 

8 

___----- 
d CDCI, 8+03M M 6 ma, 6 + 0.3 M A6 

Eu(DPM), Eu(DPM), 
-- - - 

MC 3.70 6.25 2.55 Me 3.70 6.50 280 
*, 1 33-3.8 6.2 -6.7 2.9 *a, 3.7-4 2 6.3 -6 7 2.5 

*I, or bp 2.4-27 5.6 -6.0 3.2 H ZP 2.7-29 4.6 -5 1 2.0 

*,, 01 *I, 24-2.7 5.2-56 2.8 H fm 2.7-2.9 3.8-43 1.3 
*I, or *3m 2.4-2.7 4.3 A.7 1.9 *I, 2.7 -29 3.4-3.8 0.8 

*,, or *,a 2.4 -2,7 4.04.4 1.6 H IP 2.7-2.9 3.4-3 8 0.8 

The introduction of a substituent (X = OMe) allows the identification of the 
aromatic protons and their behaviour under the influence of the shift reagent con- 
firms structure 6. The weak A6 values for the Me protons of the OMe group indicate 
that the latter is not the site of a complex with Eu3 ‘. This point has been verified in the 

$OOR 

qco: xJ-J--flcooRor xQJyfi 
6 r:R=H,X=H 

b:R=Me,X=H 
e:R=H,X=OMe 
d: R = Me,X = OMe 

7 

FIG 2. 

case where the molecule possesses no other group which might act as a complexing 
centre (i.e. lib) Data for 6d (X = OMe, R = Me), 93 and 10’ are listed in Table II. 
In the case of 9, the centre of the complex is too far from the aromatic protons for 
ti to be seen. With 10, the Eu3’ is closest to HA which thus has the largest fG of the 
three aromatic protons Since for 6d the AJ is not significant, the carbomethoxy 
group must be distant from the aromatic ring This is not consistent with structure 7. 



T
A

B
L

E
 II

. 
E

m
cr

s 
O

F
 T

H
E

 SH
II

T
 

R
E

A
G

E
N

T
 

E
u

(D
P

M
),

 
O

N
 T

H
E

 A
R

O
M

A
T

IC
 

~
~

o
’r

o
re

i 
M

 
N

M
R

 
F

O
R

 S
U

B
S

T
A

N
C

E
3 

9.
10

 
A

N
D

 
7.

 

A
rO

M
e 

H
* 

H
B

 
H

C
 

C
O

O
M

c
 

-.
.-

. 
._

__
 

d 
C

D
cl

, 
6+

@
3M

 
A

6 
d

 m
a,

 
6 

+
 

0.
3 

M
 

A
d 

6 
C

D
C

I,
 

a 
+

 0
.3

 M
 

A
d 

E
u

(D
P

M
),

 
E

u
(D

P
M

),
 

E
u

(D
P

M
),

 
-.

 
M

’ 
3.

85
 

40
5 

02
0 

3.
85

 
4.

20
 

0.
35

 
3.

85
 

4.
05

 
0.

20
 

E
 

I.
 

69
5 

7.
05

 
0.

10
 

7,
05

 
8.

65
 

16
0 

6.
95

 
7.

10
 

@
I5

 
P

 

68
0 

69
0 

@
IO

 
6.

80
 

7.
20

 
0.

40
 

6.
80

 
69

0 
0.

10
 

7.
15

 
7.

15
 

0 
7.

10
 

74
0 

0.
30

 
7.

15
 

7.
15

 
0.

00
 

3.
75

 
5.

70
 

1.
95

 
3.

75
 

6.
05

 
2.

30
 

3.
75

 
5.

80
 

ii
 

2.
05

 
f 



670 B. La~awua G. MULENT and A. OLWIER 

Derivatives of cyclohept-(b)-indole 

The condensation of phenylhydrazine with 3cyanocycloheptanone gives lla 
which, on acid hydrolysis followed by esterification with CH2N, furnishes the ester 
12b. The NMR spectrum of 12h or of l&I shows four allylic protons (6 = 25-3.1). 
Addition of 0.2 mole of Eu(DPM)s causes two of these protons to shift downfield by 
ca, 1.2 ppm. Only structure 12 is compatible with this result. 

oclcN +* “qQ 
11, I: R’ = CN,X = H 

b: R’ = CN,X = OMe 
12, a: R’ = CO0H.X = H 

b: R’ = COOMe,X = H 
c: R’ = CO0H.X = OMe 

FIG 3. 
d: R’ = CO0Me.X = OMe 

Condensation of pmethoxyphenylhydrazine with cycloheptanone-4-carboxylic 
acid gives a mixture of two indoles separable by fractional crystallization. They are 
converted to their methyl esters by CH,N,. Examination of the NMR spectm suggest 

o~coo~o~cooR + Meoay-COOR 

13 14 

FIG 4. 

the structures 13 and 14 and use of Eu(DPM), removes any doubt about these assign- 
ments. Table III shows that two allylic protons and two alicyclic protons of 13 are 
very sensitive to the shift reagent whereas in 14 it is the four alicyclic, non-allylic, 
protons which are most affected. Thus 13 and 14 are easily distinguished. 

TABLE III. EPWCT OP THE SHlFT REAGENT Eu(DPM), ON IHE NMR SPECIXA OF CObIPOUNDs 13 AND 14. 

Meo~-~ooMe Meo~-f&~Me 

6 ’ 13 * ’ I4 
-.- __- ._ _-_. 

6 am, 6+@4M AS(-) KDCl, 6+@3M A6 (-) 
Eu(DPM), Eu(DPM), 

-- __-.- _. _._.__. ._-.- ~- .___..__~ ~._ 

COOMe 3.7 6.6 29 COOMe 3.7 5.7 2.0 
H9 2.7-29 5.6-5.8 2.9 H, 2.6-2.8 4.6-5.0 2.1 
2 x Hm 28-3.2 5.1-5.6 2.3 2 x H9 1.7-2.4 3.2-3.8 1.4 
2 x H, 1.6-2.5 4.4-5.0 24 2 x H, 1.7-2.4 3.2-3.8 1.4 
2 x H, 1.6-2.0 2.3-3.1 1.0 2 x HIO 27-30 3.2-3.8 @7 
2 x H, 2.6-2.8 3.1-3.5 0.5 2 x H, 27-3.0 3.2-38 @7 



Regiosektivity in the Fischer indole synthesis using 3-substituted cyclanones 671 

Discussion of the regioselectivity of the Fischer indole synthesis 
According to the preceding results, it seems that a 3-substituted n-membered-ring 

ketone leads to indoles which result from cyclixation toward the position n_ A priori 
this selectivity is unexpected but, in addition, we have noted that bromination of 
cyclohexanone-3-carboxylic acid gives mainly 15, the product substituted at position 
6, and that the enol acetate obtained from 3-carbomethoxy-cyclohexanone is mainly 
the AlS6 isomer 16. 

COOH AcO 1 COOMe 

ls 16 
FIG 5. 

The relative stabilities of equatorial 3-methyl and of 4-methylcyclohexenes have 
been calculated (Extended Hiickel).’ Using the parameters chosen by Bucourt for 
cyclohexene,Q it has been found that equatorial 4-methylcyclohexene is more stable 
than pseudo equatorial 3-methylcyclohexene by 0.8 kcal/mole. The same calculations 
applied to the enolates of 3-methylcyclohexanone showed a difference of 04 kcal/mole 
in favour of the 4-methyl form. 

Although the method of calculation used lacks precision for this sort of study, it 
does tend to confirm the preceding observations and is in accord with the energy 
differences evaluated by Malhotra et al. lo for the case of 17 and 18 (06 kcal/mole) 
and by Descotes et al. l1 for the case of 19 and 29 (077 kcal/mole) in favour of 17 
and 19 respectively. 

N 
C-J 

N 

g Q / \ 
Me Me 

17 16 19 20 

FIG 6. 

According to the recognized mechanism of the Fischer indole synthesis,’ the inter- 
mediate hydrazone A tautomerixes to the enehydrazine form B. This is the product- 
determining step of the reaction and could formally proceed toward C, or Cg. The 
above results indicate that it proceeds preferentially toward C,. 

FIG 7. 
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Rcgiosekctivity in the Fischer indole synthesis using 3-substituted cyclaoones 673 

Yields in these reactions are far from excellent and the crude products may contain, 
as a minor component, the indole which results from tautomerization toward C2. 
However we have never been able to detect this second isomer. 

From the simultaneous formation of both 13 and 14, it is clear that this effect does 
not operate in the case of Csubstituted ketones. 

EXPERIMENTAL 
Unless otherwise stated, m.ps wm taken on a Reichcrt microscope and were not corrected. NMR spectra 

welt run as S-loD/, solutions in CDCI, at 35” with a 60 MHz Pcrkin-Elmer R12 A apparatus Chemical 
shifts are expressed in units of6 (ppm) with internal TMS as reference The amount of shift reagent Eu@PM), 
used was limited by the solubility of the complex. Correct elemental analyses were obtained for the com- 
pounds mentioned and IR (Perkin-Elmer 237) and UV (Beckmam~ DE) spectra were in agreement with 
proposed structures. Purity of the esters was checked by VPC @E-30,4”/, 1.80 ml Because of decarboxyla- 
tion or decarboxyalkylation as primary fragmentation processes mass spectrometry was of no use in the 
establishment of structures. 

Preparation of the indoles 
An outline is given in Tabk IV. In method A, equimolar amounts of the ketone and of phenylhydrazine 

hydrochloride were refluxed in EtOH. In the case of pmethoxyphenylhydrazine it is preferable to use 
free base and to add a catalytic amount of gaseous HCI. The EtOH ~8s evaporated and the residue taken 
up in water and extracted with ether. Usually this procedure led to the ethyl ester; in this case the product 
was refluxed in EtOH aq containing KOH for two hr. After the usual work up, the product was recrystal- 
lized. 

In method B, equimolar amounts of the ketone and of the hydrazine or its hydrochloride were refluxed 
in AcOH. Afta cooling the indok was filtered off or extracted with CHCl, after dilution with water. The 
nitriles were converted to carboxylic acids in either Soo/, H,SO, or KOH in EtOH aq at reflux. 

All the carboxylic acids were converted to their methyl esters with CH,N, in ether. 

4-Bromocyclohexonone-3-corboxylic acid 15 
Br, (12 B w75 mole) in CHCl, (100 ml) was added dropwise with stirring to an ice-cooled solution of 

cyclohexanonc-3-carboxylic acid (10 g a070 mole) in CHCl, (100 ml). Afta the addition was complete, 
the solution was stirred for a further 15 min while warming to room temp., then washed with three portions 
of brine. Drying and evaporation of solvent gave a viscous yellow-brown oil (15 g). Slow crystallization 
from ether-petroleum ether gave the bromo derivative 15 (72 g, 47%; 1 (EtOH) 293 nm (115): Y CH,CI, 
350&2500, 1705 cm-‘). In the NMR (CDCI,), the proton geminal to Br appears as a triplet (J = 7 Hz) 
centred at 463 6. 

Enol ocetote of 3-cmbomethoxy-cyclohexonone 16 
A solution of3carbomcthoxycyclohexanone(215 &0014molz prepared by treatment ofcyclohexanone- 

3-carboxylic acid with CH,N, in ether)” in Ac,O (20 ml) containing few crystals of gTsOH was refluxed 
for 3 hr. Ac,O was removed by evaporation under vacuum addition of&,H, and distillation at atmospheric 
Pressure. The. resulting oil (248 g) was not purified and contains CP 10% of starting material (VPC). The 
NMR spectrum (CDCl,) displayed a vinylic proton BS a 16 Hz wide multipkt centred at 5.49 6. 
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