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Plieninger (1) reported that the phenywdrazone of a-keto-y-butyrolactone (I), when sub- 

jected to the conditions appropriate for the Fischer indole synthesis (treatment with hydrogen 

chloride in glacial acetic acid at 900), rearranged to form a product for which the structure 11 

was suggested. The latter substance yielded the indole III when heated in a mixture of glacial 

acetic acid and concentrated hydrochloric acid; it was regarded by Plieninger as representing 

an intermediate of a type which had been postulated to intervene in the course of the Fischer 

synthesis (2), but had not previously been demonstrated by isolation. 

In a more recent study (3), similar treatment of the phenylhydrazones of several l- 

Substituted-A-benzyl-2,3_dioxopyrrolidines (V) was found to lead to 3a-amino-8b-benzyl-l,3a,4,8b- 

tetrahydropyrrolo[3,1*-blindole-3(W)-ones (VIII). It seemed quite possible, therefore, that 

Plieninger's intermediate might be similarly constituted (as in formula IV); no spectroscopic 

characterization supporting structure II had been reported. 

In agreement with Plieninger's findings, we found that the action of hydrogen chloride in 

acetic acid on a-keto-y-butyrolactone phenylhydrazone (I) (4) yielded a rearrangement product 

which retained both nitrogen atoms. (Calcd. for CloHloN202: C, 63.15; H, 5.30; N, u1.73. 

Found: C, 63.11; H, 5.30; N, 14.99.) Our sample, which was purified by recrystallization from 
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absolute ethanol, shwed a slightly higher melting point (99-101') than that previously re- 

ported (86'), but the observations recordsd belar leave little doubt that we obtained the same 

substance. Perhaps our sample represents a second crystalline form. 

Ultraviolet and nuclear magnetic resonance data obtained in the present investigation 

appear to eliminate both II and IV as possible correct structures for Plieninger's intermediate, 

and to show that the compound is the la&one of 2-amino-3(o_aminophenyl)-l&vdrcqy-2-butenoic 

acid (VI), a tautomer of II. The ultraviolet spectrum (Table I) is clearly not that of an 

indome (3,5) of structure IV, which should have its long-wavelength maximum at=. 3OOmf.b 

Strong evidence in favor of structure VI ie found in the extremely simple n.m.r. spectrum (6) 

of the Plieninger intermediate (Figure 1 and Table I), which consisted of a downfield multiplet 

from four aromatic protons, a broad four-proton signal at 5.96rremovable by exchange with 

deuterium oxide, and a narrow signal at 5.18r frcm two non-exchangeable protons. The spectrum 

is consistent with structure VI (four protons on nitrogen, two like protons on carbon at 

position 5) but not with structures II or IV (three protons on nitrogen, three unlike protons 

on carbon at positions 4 and 5). No structure other than VI seems to provide an acceptable 

explanation for the conversion of the intermediate to the indole III and for the spectroscopic 

data (7). 

As outlined In Chart II, a pyrrolidine analogue (XIV, 3_aminc-&&aminophenyl)-l- 

cycloheql-3-pyrrolin-2-one) of Plieninger's intermediate (VI) has now been synthesized. The 

ultraviolet and n.m.r. spectra of XIV closely resemble those of VI, as is evident from the data 

presented in Table I. Compound XIV was not converted to the corresponding indole (XVII) when 

heated in methanol, but was so converted when heated in methanol containing acetic acid or when 

alloued to stand in dilute hydrochloric acid at room temperature. The last observation appears 

to account for the failure (8) to obtain compound XIV as an intermediate in the Fischer reaction 

of XVIII. +The methanolic acetic acid treatment failed to convert VI to the indole III. 

Formation of a compound with properties corresponding to the enol of a keto la&one (XIII) 

accompanied the preparation of the intermediate XII, snd XIII could be obtained in satisfactory 

yield by substituting triethylamine for cyclohexylamine in the reaction mixture. Unfortunately, 

efforts to convert compound XIII to the corresponding enamine y"l p-xluced no more than trace 

amounts of the latter substance. Except for XVI, all new compounds shcwn in Chart II were 

characterized by analysis and appropriate spectroscopic measurements. 
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TABlS I 
Ultraviolet and Xuclear Magnetic Resonance Batn 

Go q-pi 
VI 

c 2 b2’ c2 b xxv 

Ultraviolet Snectra in 95% Ethanol 

?liz?inncr's Intermediate (VI) ConTound XN 
zax1o.a minima r.axirr.a rr.ini..x 

mu 

235 4.09 222 4.02 
;g ;:E! 310 262 

230 4.23 4.1.8 

285 3111 27 

z 

. 302 ;*g 
l 

h&X Signals in Deutertsochloroform(a) 

Plieninaer's Intermediate (VI) comwund XIV - 

T-Si%Zl 1 ,-sip1 1 
Proton 
Position ZValue ; 

proton 
ofHs z Position ?YValue 

a 5.16 2 sin&e, a 6.00 
narrow, 
no effect 
by D20 

b 
C 

5.96 4 
bl 
cl 6*00 

NO. 

of H's m 

2 sinzie, 
narrcw 
after 320 
exchange 

d Loo- 
6.30 

4 f.s;sp. 

I 

# 
removed 
by J20 

1 broad, 
seen at 
base of 
the 2 
s&pal 
after D20 
exchve 

-signals from aromatic ring and upfield sign5l5 from qclohea@ not listed. 
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The requirement for acid catalysis to effect indolisation of either enamine VI or enamine 

XIV strongly suggests that imonium ions such as VII are normally involved in the final ring- 

closure stages of the Fischer.indole synthesis. Such might be the case whether, in a particular 

instance, hydrolysis to a keto compound (such as IX) intervenes in the cyclization process or 

direct cyclization to a 2-aminoindoUne (such as IV) represents the mode of cyclization. 

Imonium ions rather than imines (e.g., VII rather than II) may, in fact,, very well be the initial 

products which follow the aromatic ring substitution which occurs in the first stages of the 

Fischer indole synthesis. The Plieninger enamine would result from deprotonation of such an 

imoniuiz ion. The exceptional resistance of Plieninger's enamine VI to indoliaation seems to 

reflect a very low basicity of its enamine function (even leer than that of the lactm analogue 

XIV) and a consequent low concentration of VII in acid solutions. Monoprotonation of VI may 

occur alznost exclusively at the aromatic amine group. 

There have been other reports of acid-induced rearrangements of phenylhydrazones which 

occurred without spontaneous removal of the elements of amaonia to form an indole or indolenine 

(9a,b), but whether these products were enamines analogous to Pliminger's compound, 2-amino- 

indolines analogous to VIII, or still other 
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(a) H. Plieninger, Chem. Ber., SS 273 
&g., 88& 1964 (1955). 

types of isomers has not been determined. 
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