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PHOTOLYSIS OF AMINO-SUBSTITUTED 1,4-NAPHTHG(;UINONES 

A NOVEL SYNl'ESIS OF HETEROCYCLIC QUINONES 
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Tokvo Collem of Pharmacy. 1432-1 Horinouchi. Hschioji. Tokyo. 192-03. J a m  

Irradiation of the 2-amino-substituted 1,4-naphthoquinones (& 

and ld) having an active methylene group at the 3-position with 

high-pressure mercury lamp resulted in the formation of 11,ll-bis- 

ethoxycarbonyl-l,2,5,10,11 ,lla-hexahydro-5,10-dioxo-3~-pyrrolo~1,2- 

a) benzCfJindole or 12,lZ-bisethoxycarbonyl-1,2.3,4,6,11,12,128- 

octahydro-6.11-dioxopyrido(1,2-a)banz~f)indole 0 the oxazo- 

line k). 
The solvent effects were also examined. 

1,4-Benzoquinones bearing certain secondary amino substituents have been 

shown to photoisomerise readily in the sunlight to the benzoxazoline and benz- 

oxazole deri~atives.''~'~ Recently we have observed the results of photolysis 

of aminonaphthoquinones 0 and (a in hydroxylic These inves- 

tigations pointed to the formation of a zwitter ion intermediate b) followed 
by the intermolecular nucleophilic attack to give the ring-opened aminoquinon- 

es &) and &) or &&) and 0 as the main products. Therefore, photolysis 
of the substituted aminoquinones possessing sufficient nucleophilic character 

followed by its intramolecular ring closure would provide a versatile pathway 

to a number of heterocyclic quinones @. 

We now wish to report an example of this novel type of the photoinduced 

intramolecular cyclization of (&) and in various solvents. 
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The aminoquinones (1) [ (h), mp. 121-122'; ir. 1743, 1735 (ester), and 1676 

(CO) &?; nmr. (CIZ13) 8 2.00-2.33 (411, m. ~r-H), 5.26 (lH, s, c~(cooE~)~), 

5.73 (4H, q, ~COOC$CKJ), 6.23 (411, m, ~N-cH~), 8.09 (411, m, 2CH2), and 0.73 

(6H, t: 2COOCH C ); ms. m/e 335 (M'); 0, oil; ir. 1740, 1720 (ester), and 
2% 

1665 (CO) om-'; nmr. (CDC~ ) 7 1.94-2.32 (4~. m, APH), 5.20 (l~, s, C~(COO- 3 
Et)2), 5.72 (411, q, ~COOC~CB~), 6.70 (a, m, 2~-CH~), 8.32 ( 6 ~ ,  m, 3cH2), and 

8.72 (611, t, ~COOCH~C+,): m s .  m/e 399 (M+)) were readily prepared from Fchlo- 

6 ro-2-bisethoxycarbonylmethyl-1,,4-naphthoquinone and found to be exceedingly 

photosensitive. .. 

Photolysjs of ( d ,  a violet-red compound, in benzene using a high pressure 

mercury lamp through Pyrex glass gave a colorless photoisomer. However, the 

product could not be isolated owing to the instability. Monitoring of the pho- 

toreaction of (d in CDCl by nmr. spectroscopy suggested that the intermedi- 
3 

ate, the oxazoline (&, would be first formed and then degradated into sever- 

al compounds by lapse of time. [w, nmr. (CDC~ ) 9 1.42 (lH, s, OH, disap 3 
peared upon the addition of ~~0). 1.70-2.60 (411, m, Ar-8). 3.W (IH, t, 0-CH-N 

), 4.95 (lH, s, c~(cooE~)~), 5.70 (411, q, 2CooCp3), 6.48-6.92 (2% m, N-CH2 

), 7.60-8.00 (48, m. 2cH2). and 8.72 ( 6 ~ .  q.  ~COOCH~C~)]. 

After standing the irradiated solution of for 12 hr at room tempera- 

ture, three new products were obtained. The major product (8.3%). a red crys- 

talline compound, was =signed as (a [mp. 15~155'; ir. 1745, 1719 (ester), 

and 1679 (CO) om-'; nmr. (cDc~~) 'C 2.06-2.46 (411, m, APH), 5.21 (lH, d,d, N- 

CH), 5.76 (411, q, ZCOOC&CKJ), 6.36 (28, t, N-CH~), 8.00 (4H, m, 2CH2), and 

8.72 (6H, t, ~COOCH~C+,); ms. m/e 333 (M')). The second product (4%), a yellow 

oil, was shown to be the pyrroloquinone (1) cir. 1735 (ester) and 1670 (CO) 
-1 cm ; nmr. (CDX3) 7 1.84-2.22 (411, m, APE), 3.20-3.64 (4H, ABq, N-CH=CH), 

5.32 (lH, s, c&(coOE~)~), 5.80 (411, q, ~COOC~$CI~), and 8.73 t, 2COOCH2- 



CH ); ms. m/e 381 ()I+)]. The third product (3.5$), a yellow crystal, was as- 
-3 
signed as the aminoquinone (a [mp. 1 4 ~ 1 4 5 ~ ;  ir. 3440, 3330 (NH2), 1739, 1705 

(ester), and 1680 (co); nmr. (ccc~~) T 1.-2.30 (a, m, Ar-H), 3.76 (2~, 

broad, NH2, exchanged in ~~0). 4.38 (lE, s, c~(cooE~)~), 5.78 (4~. q, 2COOC%- 

C ), 8.72 (68, t, ~COOCH~C~); ms. m/e 331 (M+)]. The structures of (1) and 
H3 
@ were also confirmed by their syntheses which were achieved by ready nu- 

cleophilic displacement of 3-chloro-2-bisethoxycarbonylmethyl-l,4-naphthoqui- 

3 none by d -pyrroline and aqueous ammonia, respectively. We have also examined 

the photolysis of in various solvents. The results @.re summarized in 

Table I. 

Table I. Influence of Solvent on the Fhotolysis of the Aminoquinone 0 

Reaction Time Products ($1 
Solvents 

(mid W (1) @) 

benzene 40 8.3 4 3.5 

chloroform 40 10 3 5.8 

ethanol 30 23 - - 

acetic acid 30 45 - - 
ethanol-acetic acid 30 30 - - 

In polar and acidic media, which favour the formation of a ewitter ionic 

species (1) and the subsequent intramolecular cyclization reaction, the only 

product isolated was as shown in Table I. Similar arguments may be appli- 

ed to the piperidinoquinone w. Photolysie of in benzene gave a number 

of products; the starting material (d (3.7$), the ring closed quinone &) 

(2.95b) [mp. 155-151°; ir. 1752, 1718 (ester), and 1679 (CO) cm-l; nmr. (cDc~?) 
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7 2.10-2.50 (48, m, Ar-H), 5.00 (u, d, 14-CH), 5.W (4~. q, ~COOC~&CKJ), 5.70- 

6.92 (28, m, N-CH2), 8.06-8.40 (6H, m, 3CH2), and 8.80 (6H, t, ~coOCH~CI+); ms. 

m/e 397 (M+)], and the aminoquinone @ (6.5%) were isolated. Photolysis in 

ethanol gave (1%) and (&) (49.7$). The piperidinoquinone &) isolated 

might be resulted from the photoreduction of 0 followed by oxidation. 
From these experiments, the following mechanism appears reasonable for the 

formation of @, (1), and @. The reaction prooeeds through 7-hydrogen ab- 

straction on photo-excitation of the aminoquinone (&) and (& leading to a 

cycloaziridinoketone intermediate ,7 which affords the naphthoxaeoline @ . 
In non-polar solvents, under conditions which might be expected to favour @, 

(2) undergoes hydrogen-transfer (the formation of 0) and presumably photo- 

oxidation to form (1). (a and (8) presumably arise from the intramolecular 

cyolization of &) end the nuoleophilic attack of water present in the solvents 

on (2). respectively. A zwitter ion (1) affords the intermediates &') and @), 

the latter of which may undergo re-photolysis to form @). 

In an attempt to trap an intermediate in the photoreaction, &) was 

photolysed in acetic anhydride-pyridine. and the diacetate &) were o& 

tained (5% and 56.7$ kspeotively). c(:(q), mp. 16%162~; ir. 1765 and 1720 ( 

ester) cm-l; nmr. (CDCl3) T 2.46 (4~. m, Ar-5). 5.18 (lH, d,d, N-CH), 5.70 (211, 

q, co0cgp13), 5.78 (ZH, q, COOC~&C~~~), 6.34-6.74 (28, m, N-Cn2), 7.56 ( 3 ~ .  s, 

OCOCB ), 7.60 (3~, s, 0COCH3), 8.02 (411. n, 2CH2), 8.66 (3, t ,  GOOCB CH ), and 3 2 -3 

8.74 (3~. t, COOCH~C+); ms. m/e 469 (M+)J. 

We believe that this photo-induced reaction of the mino-substituted quinon- 

es may be of great utility in the simple synthesis of heterocyclic quinones. 

Further study on the intr- and inter-molecular nucleophiljc substitution and 

its implications in the photolysin of the aminotoluquinones are being carried 

out. 
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