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Abstract-The Nenitzescu reaction between 2,3dimethoxyquinone and 8-aminocrotonic ester gave an 
appreciable yield of the hydroquinone derivative 16 which was cyclized to the planar lactone 19 and 
oxidized to quinone 27. The same reaction appliai to the a-methyl-8-aminocrotonic ester afforded a 
dihydrobenzofuranol (frans- and cis 25) which is considered as evidence for the formation of an imino 
derivative (3) as transient intermediate of the title reaction. The double cyclization of the bbcnamino- 
quinone ZJ resulted in the formation of two benzo[l.2-b; 4.5~b’)dipyrrole derivatives 33 and 34. The 
assumed primary cyclization product is the S-1,5diazaindacene 32, which stabilizes itself by addition of 
acetic acid to 33 and 34. This finding is in favour of a quinoneimine structure (12) of the immediate 
precursor of the formation of 5-hydroxyindoles by the Nenitzcscu reaction. 

IN THE previous paper of this series’ a mechanism of the Nenitzescu reaction was 
described based on experimental evidence namely the isolation of several inter- 
mediates and by-products as well as their behaviour in various reactions. The main 
steps of this mechanism are (Chart I): a 1.4-addition of an activated enamine (1) to 
1.4~benzoquinone. the formation of an imino compound (3). its isomerization to an 
enamino derivative of hydroquinone (cis4). subsequent oxidation to the correspond- 
ing quinone (cis-5) by the initial still unreacted quinone or by 6. cyclization to a 
carbinolamine (6) and formation of the Shydroxyindole 7 by water elimination and 
concomitant reduction at the expense either of cis4 or of the hydroquinone resulting 
from reduction of the initial 1Abenzoquinone. 

The experimental evidence was based on the isolation as main product of a hydro- 
quinone derivative (truns4; R = Ph) which could not be made to cyclize to the indole 

7 (R = Ph) except in AcOH and the presence of a catalytic amount of l.Cbenzo- 
quinone. In the absence of the latter the corresponding benzofuran (9) was formed. 
The acid medium is necessary to induce a trans-cis isomerization through the inter- 
mediate of the immonium ion 8 (Chart 1). Further evidence was furnished by the 
reaction between 1Abenzoquinone and the amethyl-p-aminocrotonic ester which 
leads to a compound whose molecular formula corresponds to an imino derivative 
of type 3. This reaction was described in 1953.’ 

In 1966 Allen jr and Weiss3 independently proposed a mechanism also based on 

l , Part I. see ref. 1 
7 To whom all correspondence should be addressed 
$ Deceased. July 28. 1970 
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experimental evidence, essentially the same as that described by us. Using as starting 
materials monoalkylated 1Abenzoquinones and B-aminocrotonic esters they suc- 
ceeded in isolating in small amounts (@3-15”/,) as by-products. hydroquinone 
derivatives of type trans4 (R = alkyl). Geometrical isomers of compounds of the type 
truns4 or trans-5 were considered as intermediates of the reaction Actually both 
the enamino hydroquinones and -quinones could be cyclized to indoles in the presence 
of small amounts of their conjugate acids and of either 14benzoquinone or sodium 
hydrosulfite respectively. However these authors do not consider the imino derivative 
(3) as an intermediate, the hydroquinone adduct in their opinion being formed 
from the zwitterionic dienone 2 which is transformed into an enamino dienone 10. 
By aromatization of the latter the substituted hydroquinone 4 is formed directly. An 
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interesting feature was the formulation of the carbinolamine 6 as a quinoneimmonium 
ion (11). 

The afore mentioned mechanism’, 3 was confiied by Monti4 who added new 
experimental evidence to its support. Also in 1966 Domschke’ sustained, only on 
theoretical grounds, that the key intermediate should be the zwitterion 2 which by 
direct ring closure affords the carbinolamine 13 without an intermediate aromatiza- 
tion. A compound of this type (14). was recently isolated by Allen jr.6 and was proved 
to be not a true intermediate of the reaction. Carbinolamine 14 could be converted 
to the corresponding indole only by the prior opening of the ring with intermediate 
formation of the corresponding hydroquinone derivative. All attempts to eliminate 
a molecule of water from compound 14 in order to obtain the corresponding indole 
failed. Neither were attempts at dehydrogenation to the corresponding dienonic 
carbinolamine of type 6 successful. 

X6.7-Pimethoxyindoles 
The aim of the work described in the present paper was to find a Nenitzescu reaction 

in the crotonic series which would afford acceptable yields of hydroquinone deriva- 
tives or of enamino quinones of similar type to the supposed intermediates of the title 
reaction. It was found that the reaction between 2,3dimethoxy-1.4~benzoquinone 
(Chart 2) and the fl-aminocrotonic ester fulfills the former requirement: from the 
mixture the hydroquinone derivative 16 was readily isolated in yields of about 
24-28x besides the corresponding indole 15 obtained in yields of 23-36x. 

CHART 2 

OCH, 

CH,6 & CH,6 
18 ’ 19 

CH,b H 
17 

“o-<:“R 

a (R = R’ = H) 
b(R = CH,.R’= H) 
c (R = R’ = CH,) 
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CO*COOH 

OH 

21 22 R = CH,. OEt 
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These derivatives also present psychopharmacological interest for the synthesis 
of analogs of serotonine and mescaline. The parent compounds of this series were 
synthesized quite recently’; the 5,6,7-trimethoxyindole by reduction of the corres- 
ponding owdinitrostyrene (another Nenitzescu indole synthesis’) and the 4.5.6- 
trimethoxyindole by reduction of the corresponding isatin. 

The 2-methyl-3-carbethoxy-5-hydroxyd7-dimethoxyindole (15) was methylated 
to the corresponding 5,6.7-trimcthoxyindole 17. Changing the molar ratio between 
indole. methyl sulfate and NaOH from 1: 1.1: 1.1 to 1:4:4 resulted unexpectedly 
in the exclusive formation of the N-methylated indole 18 (81%). A mixture of 40% 17 
and 60% 18 (indicated by NMR) was obtained when the ratio was 1:2 :2 This methyla- 
tion takes place very smoothly at room temperature and preliminary experiments 
showed it to be applicable also in other cases although indole itself failed to react. 
This fact deserves attention since N-alkylation of indoles usually require much more 
drastic conditions (Na and liquid NHJ)g*10 and only a few cases are known by 
relatively mild conditions (e.g. with p-toluenesulfonic esters at temperatures over 
100”)~‘0.11 Our results in this respect will be published in a separate paper. 

The indole structures are confirmed by their spectra. UV absorptions indicate in 
all cases the existence of the indole chromophore and only small differences are 
registered from one compound to the other. IR spectra exhibit for 15 the existence 
of group OH and NH for 17 the existence of only the group NH and complete absence 
of any absorption in this region for 18. Taking into account the NMR chemical shifts 
of the c&H, and N-CH, groups in 18, an indolenine structure can easily be excluded 
unequivocally. Mention is deserved by the fact that trimethoxyindole 17 in Ccl, 
solution shows association through hydrogen bonds in the IR spectra The intensity 
of the band decreases on dilution without change in its position which indicates 
bimolecular association. 

Enamino hydroquinones 
The trans-cinnamic configuration of the hydroquinone derivative trans4 (R = Ph) 

as well as the non-coplanarity of the hydroquinone moiety with the rest of the mole- 
cule was previously discussed by us.’ It is worthy of mention that since in all cases 
when UV. IR and NMR spectra were recorded3*4 no iminoenamine tautomerism 
could be detected nor could an equilibrium between cis and trans isomers. The sole 
observed isomer was the one derived from the p-amino-trans-crotonic acid and 
characterized by the low IR frequency of the chelated carbonyl (for 16: vco = 1658 
cm-‘) and a normal value of the NMR chemical shift of the Me group attached to 
the double bond (a,, = 1.74 ppm). For the corresponding cis derivatives values 
should fall downfield about 6 = 2.5 ppm. 12* * The non-coplanarity of the hydro- 
quinone moiety with the rest of the molecule can also be observed in the crotonic 
series by comparing the UV spectra of enamino hydroquinones to the corresponding 
B-aminocrotonic esters (for 16 and p-amino- or p-N,Ndimethylaminocrotonic ester 
see the Table). 
l In the cinnamic series there is no Me group attached to the double bond so that the NMR measure- 

ments somewhat lose their reliability as based only upon a secondary splitting of the Et triplet and quartet. 
In order to obtain sharper signals the methanesulfonic dies& of the hydroquinone trons4 (R = Ph) was 

also prepared and neither in that case could any splitting of the Me or Et groups be observed. The OH 
groups being protected so as to make impossible a cyclization to benzofuran. addition of a small amount 
of TFA resulted in partial decomposition so that no conclusion could be drawn. 
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Lactonizarion products of enamino hydroquinones 
The satisfactory yields and easy isolation of the hydroquinone derivative 16 made 

possible. a closer examination of its behaviour. On treatment with methyl sulfate in 
alkaline a cyclization product wag formed, a coplanar la&one 19 of type previously 
described by us in the cinnamic series. l As the latter compounds had not been closer 
examined at the time we considered it useful to draw a parallel between the two series: 
esters and lactones. On ring closure the hydroquinone derivatives are forced to adopt 
a planar configuration and this fact is made obvious by a dramatic shift of the absorp- 
tion bands in the electronic spectra toward visible or even beyond. In the case of 
compound 16 on lactonization the longest wavelength UV maximum was shifted by 
49 rnp while in the cinnamic series (20) the corresponding band was shifted by 515- 
585 mp (see Table). Absorption in the cinnamic series is extended beyond the limit 
of the visible region. a fact which explains the yellow color of the F’h derivatives. 

This strong bathochromic effect is not even partly due. as one may suspect. to formation of a chromo- 

phorc of the isatin type whose extreme maximum of weak intensity (log E = 253) lies beyond 400 rnp.14 

In fact it can be seen from literature data. I5 that there is almost no differcnct between the UV spectra of 
the o-hydroxyphenylglyoxylic acid (21) [&,_ EoH (log E) = 291 mp (4.071)] and fhe corresponding lactone. 

the coumarandione-2.3 (22) [AZ (log e) = 292mp (4.083)]. Hence there is no analogy with the isatin 

case. The theoretical explanation of this phenomenon may probably be found in the hybridization of the 

heteroatoms as well as in their electronegativity. The nitrogen conserves its sp’ hybridization as in indole 

while the oxygen has its unshared pairs of electrons in 2p orbitals possessing also a certain amount of s 

character owing to the deformation of the valence angle. Even a sp3 hybridization may not be excluded. 

On the other hand the stronger electronegativity of oxygen weakens the mobility of the unshared electrons.* 

The IR spectra of these la&ones exhibit as it can be seen from the Table very low 
carbonyl absorptions as compared to literature data” which indicate a frequency 
range between 1740-1800 cm- ‘. This appreciable frequency decrease shows the exist- 
ence of a hydrogen bond to the amino group. therefore a trans-crotonic or -cinnamic 
configuration. similar to that of the corresponding hydroquinone derivative. Some 
saturated enamino la&ones are known” (23) which show still lower values for the 
carbonyl absorption (vco = 1675-1690 cm-‘) owing to the absence of the aromatic 
double bond. The lack of any higher absorption in this region removes the possibility 
of a detectable trans-cis equilibrium or of imino-enamine tautomerism. 

The NMR spectrum of the trimethoxylactone 19 shows an interesting phenomenon. 
namely the resonance between two canonical forms. which confer on the C-N 

6CH, &H, 

bond a partially double-bond character,? hindering the free rotation and resulting 
in the non-equivalence of the two protons of the amino group. In fact they actually 

l Sulfur which is less electronegative than both oxygen and nitrogen confers on the isatin analog in this 

series. the thianaphthenequinone only a yellow color as compared to the colorless o-mercaptophenyl- 
glyoxylic acid. l6 Therefore it may be concluded that both hybridization of tbe heteroatom and electro- 

negativity play an important part in this phenomenon. 
t Th$ is also reflected in the UV spectra and contributes. in part and together with the supplementary 

conjugation from coplanarity of the benzene nucleus to the large bathochromic effect observed. 
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TABLE I. 0ww~~~nnc UV and IR AESORFTIOW OF ENAMINO mmt.s, -HYDR~QUINONSS, +UINONBS AND 

-y-LAcmNes 

Compound 

UV:~“m)l(logz) 

Enamine band Other bands 

IR: v,,cm-” 

(R = H): 274 1665 (CO)‘9 

(4.31)” 1677 (CO)19 

(R = CH,): 284 

(4.51)” 

-- -_-. 

16 
286 (4.22) - 3540 (OH). 

3510 and 3328 

(NH,). 
1658 (CO) 

276 (4.29)b 370 (3.416). @xl,) : 3505 

470 (3.047) and 3310 (NH,). 

1667 (CO) 

335 (4.17) 218 (4.32). 3496 and 3305 

257 (4.17) (NH&. 
1712 (CO) 

CH,O 

302.5 (4.14)’ - (ccl,) : 
r: = 13.800 1670 (CO) 

wan.4 
(R = Ph) 

OH 
298.5 (4.16)’ 3550 (OH). 

3496 and 3320 

(NH,). 
1659 (COY 

, 
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TABLE I-Continued 
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Compound 

UV:e”mp(logs) 
---- 

Enamine band Other bands 

IR: ~~~cm-‘~ 

29 
295 (4.35) - 

E = 22,180 

3546 (OH). 

34% and 3323 

(NW 
1658 (CO) 

____- -- ._._- ---- 

COOEt 

NH, 

290 (4.1 I)* 236 (4.29). (KBr): 3546 

E = 12.980 470 (3.23) and 3324 (NH,). 

1662 (CO) 

290 (4.36)* 230 (4.35). 

E = 22.750 410-420 (3.86). 1662 (CO)’ 

480 (2.34) (sh) 

#)b 

CH3000$;Hz 350(4.05) 206 (443). 3487 and 

268 (4.00) 3303 (NH,). 

1705 (CO) 

me 
‘HA//J_;HCHJ 355(4.13) 206 (4.41) (KBr): 

268 (4.06) 3260 (NH). 

1713 (CO) 

a in CHCl, if not otherwise stated : * in dioxane: c new corrected values 
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show different chemical shifts arising as broadened bands at 6 = 758 ppm and 
6 = 884 ppm. the latter value corresponding to the chelated hydrogen. The phenome- 
non is reproducible in the cinnamic series although less obviously, one of the amino 
proton absorptions being overlapped by that of the Ph group. This type of non- 
equivalence has been described for formamide by Sunners et aLi who worked 
with DCO”NH 

It is also of intirest to mention the chemical shiA of the allylic Me group which is 
exposed to through space deshielding by the benzene nucleus of the molecule forced 
now to coplanarity. which was not the case for the uncyclizerl product 16. 

2.3-Dihydrobenzofuranol-5 derivatives as cyclization products of intermediate imino 
compounds 

Another reaction studied is between the 2.3-dimethoxy-1.4~benzoquinone and 
a-methyl-g-aminocrotonic ester. This was expected to give 24 a product of the type 
isolated by Beer et al.’ whose molecular formulae corresponded to imino derivatives. 
The quinoneenamine adduct initially formed cannot isomerize to an enamino 
compound in this case. The above authors made no spectral measurements and no 
other structural proof was brought in favour of the supposed structures. This has 
been done now for the dimethoxy derivative which was obtained from the above 
reaction (46%) and whose.analysis fitted the molecular formula of the imino com- 
pound 24. Its IR spectrum however indicates the presence of an NH, group (in 
ccl,: vN”, = 3415 and 3343; vOH = 3545 cm-‘). Therefore it was concluded that 
the real structure corresponds to a cyclization product. namely a stereoisomeric 
dihydrobenzofuran (cis- and nuns-25) which may be considered as strong evidence 
in favour of the existence of 24 as transient intermediate. 

tram-25 

OCH, 

COOEt 

Derivatives of this kind have been obtained from enamines derived from unconju- 
gated aldehydes or ketones and l.Cbenzoquinone by Domschke2’ and Brannock 
et aL2i but no stereoisomers were detected. 

In our case the existence of two stereoisomers was deduced from examination of 
the NMR spectra. The two Me groups of 25 in positions 2 and 3 may be trans or cis 
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to each other and the two stereoisomers actually represent approximately 78YJ and 
22% of the reaction product respectively. The NMR measurements were made in 
several solvents (CDCl,. Ccl,. Ccl, + 15% benzene. benzene and hexamethyl- 
phosphoramide) and the proportion of the two stereoisomers remained unchanged 
throughout. This shows that an equilibrium mixture can be excluded as well as 
‘ring-chain tautomerism’ which could make possible such an equilibrium. 

cis-25 + 24 + Pans-25 

Supplementary evidence in favour of structure 25 lies in the fact that no color was 
obtained on treatment with FeCI,. characteristic for hydroquinone derivatives. 

The identification of the stereoisomers was done on basis of the chemical shifts 
of the Me groups in positions 2 and 3 which when cis to each other have very similar 
environments (92 and 94 cps). when trans the carbethoxy group exerts a paramag- 
netic through space shielding effect on the 2-Me group (100 and 88 cps). 

The existence of an imino derivative as transient intermediate is also supported 
by the numerous unsuccessful attempts to obtain an adduct between 1.4~benzo- 
quinone and the fi-N.N-dimethylaminocrotonic ester in the normal conditions of the 
Nenitzescu reaction. Both reagents were consumed during the reaction but no 
products could be isolated. ” From the zwitterionic immonium ion of dienone 2 as 
a key intermediate.‘, 3* ’ the hydroquinone derivative should have been easily 
formed as well as the corresponding benzofuran. in case the reaction had taken place 
directly rather than through formation of an imino derivative. Actually benzofuran 
derivatives were formed but in the presence of AcOH which stabilizes the zwitterion 2 
by giving up a proton and leading thus by cyclization to benzofuran which does not 
occur in its absence. 

The a-methyl-p-amino-trans-cinnamic ester when reacted with 2.3dimethoxy-1.4- 
benzoquinone gave no product. as was the case with 1.4~benzoquinone in several 
solvents (CHCl,. benzene. EtOH. nitromethane and AcOH). 

Cyclization of enamino quinones 
Another problem which draw our attention was the structure of the immediate 

precursor of the indole. which until now has been formulated as a carbinolamine (6).’ 
a quinoneimine (12) or as a quinoneimmonium ion (ll).j Among these possibilities 
the first and last also explain the formation of N-alkylindoles. No such compounds 
have been isolated as yet. In the first place several attempts were made to cyclize the 
enaminoquinones 26 and 27 (Chart 4) obtained by silver oxide oxidation of the 
corresponding hydroquinones trans-4 (R = Ph) and 16. The NMR and IR spectra 
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of both enaminoquinones show the existence of one isomer. namely the trans. In 
both cases the quinone moiety shows no coplanarity with the rest of the molecule. 
The enamine UV-absorption band exhibits only small changes as a function of the 
a-crotonic or a cinnamic substituents and its molar absorptivity is increased almost 
two times when two unconjugated (because of non-coplanarity) enamino groups are 
introduced in the molecule (see Table). 

The quinones 26 and 27 when dissolved in AcOH or EtOH lose their characteristic 
red color after several hours. It seems quite probable that in these solvents an equilib- 
rium exists between the cis and trans. The former being very reactive. a ring closure 
takes place and a quinoneimine type of compound is formed. very unstable because 
of its strongly unsaturated character. and which in the absence of a reductive reagent 
converts to indefinitive products. In fact this is what was obtained after removing 

the solvents from the discolored solutions. These amorphous products could not be 
purified and on reduction with sodium hydrosulfite gave no indole but only tars. 

It seemed worthwhile to try the same reaction on the disubstituted quinone 28 
previously obtained by us as a by-product.’ A more stable product would be expected 
to result by cyclization which could throw light on the problem of the immediate 
precursor for 5-hydroxyindole formation. At first it was necessary to ascertain the 
assigned structure of 28. namely the positions of the side-chains. 

2.5-Substitution. as initially suggested by us seems reasonable in the case of 
nucleophilic attack on a quinone carrying an electron-donating substituent and 
supposing a mechanism with intermediate formation of the monosubstituted quinone 
26 which could further react with a second molecule of enamine. Although the elec- 
tronic effect of the quinone substituents does influence the isomer distribution in a 
predictable manner. mixtures of isomers are frequently encountered.3s 23 On the 
other hand tautomerism with an orrho-quinoid form can not be excluded and in that 
case the following reactive possibilities may be envisaged as shown in Chart 3. 

To our surprise in the usual conditions of the Nenitzescu reaction quinone 26 did 
not react with the p-aminocinnamic ester and the starting material was recovered 
unchanged. 

A comparative examination of the NMR spectra of the mono- and disubstituted 
quinones (26 and 28) was expected to furnish convincing evidence in this respect. 
However this was not feasible quinone 28 being practically insoluble in ordinary 
deuterated solvents except DMSO and pyridine when decomposition occurred. The 
corresponding hydroquinones trans4 (R = Ph) and 29 turned out to be more suitable 
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