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Ph enanth ro [3,4-d]th iazole and ph enanth ro [3,4-d]- 2 ' - m  ethylth iaz ole we re  synth es iz ed by the 
oxidative cycl izat ion of 3-phenantbryl th iooxamic acid with subsequent decarboxylat ion and by 
the oxidative cycl izat ion of 3- th ioacetamidophenanthrene ,  respec t ive ly .  

Continuing our  study of the re la t ionship between the chemica l  s t ruc tu re  and carcinogenic  action of 
phenanthrothiazoles ,  we have obtained two new phenanthrothiazoles  f rom 3-aminophenanthrene  (I) [2]. 
Phenanthro[3,4-d]thiazole,  which does not contain subst i tuents ,  was obtained by the s ame  route that we 
used  to synthes ize  phenanthro[2,1-d]thiazole in [3]. 

A subst i tuted phenanthro[3,4-d]thiazole with a methyl  group in the 2 position of the thiazole ring was 
obtained by the route prev ious ly  
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* See [1] for  communicat ion II. 
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Fig. 1. UV absorption spectra: 1) phenanthro[3,4-d]tMazole; 2) 3,4- 
benzophenanthrene; 3) 1,2-benzanthracene; 4) phenanthro[2,1-d]tMazole. 

Fig. 2. PMH spectrum of phenanthrene. 
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Fig. 3. PMR spectra:  a) p]~e- 
nanthro[3,4-d]thiazole (VI); 
b) phenanthre[2,1-d]thiazole (X). 

descr ibed  for  phenanthro[9,10-d]-2 ' -methyl tMazole  [4] and for  phe- 
nanth ro[2, l - d ] -  2 ' -methyl tMazole  [1].* 

The s t ruc tu res  of the phenanthrotMazoles that we obtained r e -  
qui red  additional confirmation,  since,  as in the case  of the thiooxamic 
acid (IV), which resul ted in the format ion of the i somer ic  phenanthro- 
[3,2-d]tMazole (VIA), the 2 position of the phenanthrene ring ra the r  
than the 4 position might have par t ic ipated in the cyclizat ion of the 
thioacetyl  der ivat ives  of 3-aminophenanthrene.  
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A s imi la r  problem a rose  in the synthesis  of phenanthrotMazoles f rom 2-aminophenanthrene [3], when 
it was neces sa ry  to choose between the phenanthro[2,1-d]tMazole (X) and phenanthro[2,3-d]tMazole (Xa) 
s t ruc tu res .  We then decided in favor  of the X s t ruc tu re  on the basis  of the great  s imi la r i ty  between the 

*In [1], this compound was called 2-methylphenanthro[2,] -d] tMazole .  
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UV spect rum of the substance obtained and the s t ruc ture  of chrysene as compared with the spectrum of 
1,2-benzanthracene,  as well as f rom the close analogy with the cyclization of 2-naphthylthiooxamic acid, 
which leads exclusively to the angular naphtho]2,1-d]thiazole [5]. 

However, the slight resemblance  between the UV spect rum of VI and the spect ra  of 3,4-benzophenan- 
threne (XI) and 1,2-benzanthraeene (XII) (Fig. 1) does not provide a basis  for  choosing between s t ructures  
VI or  Via. 

The s t ruc tures  of phenanthrothiazoles VI and X were established by means of the PMR spectra.  The 
assignment  of the signals in the PMR spect ra  of these compounds was based on a compar ison with the spec-  
t rum of phenanthrene XIII [6] (Fig. 2). In the latter,  the signals of the 1-, 2-, and 3-protons and the equiv- 
alent 6-, 7-, and 8-protons are  a complex multiplet at 7.4-7.9 ppm. The signals of the 9- and 10-protons 
are  found in the same region but can be isolated as a singlet with an intensity of two proton units at 6 7.63 
ppm. The weakest-f ie ld  signals at 8.4-8.7 ppm were assigned to the 4- and 5-protons in the spectrum of 
phenanthrene. The reason for this sor t  of isolation of the signals f rom the overal l  group is apparently the 
effect of the ring currents  of the neighboring aromat ic  rings on the shielding of the 4- and 5-protons.  

F r o m  its PMR spectrum,  the VI s t ructure  can be assigned to the phenanthrothiazole synthesized in 
this study. This is a consequence of the following data (Fig. 3a). In this spectrum, a doublet of broad s ig-  
nals with J 7.5 Hz and an intensity of one proton unit is observed at weak field, and two distinct doublets 
(8.30 ppm and 8.04 ppm) with J 7.5 Hz, each with an intensity of one proton unit, which are  caused by in ter -  
action of two protons (an AB system),  are  observed at s t ronger  field. The presence  of such signals co r -  
responds to s t ructure  VI, in which the doublet at 8.88 ppm corresponds to H(5 ), while the other two doublets 
correspond to H(1 ) and H(2 ). The signals of the H(5 ) proton are broadened due to interaction with the m -  and 
p-protons  of its own righ, while the signals of the H(1 ) and H(2 ) protons do not undergo broadening because 
of the absence of other protons in the ring to which they are  attached. 

The signals of the 6-, 7-, and 8-protons are  situated in approximately the same region as in phenan- 
threne and are  displayed as a complex multiplet.  The 9- and 10-protons in this sys tem are  no longer equiv- 
alent, so that a sys tem of AB signals,  of which we observe only the centra l  p o r t i o n -  a slightly resolved 
doublet at 7.91 ppm - corresponds  to them in the spectrum. 

Structure VIA assumes  an entirely different form of spectrum.  In this case, two signals - a doublet 
f rom H(5 ) and a singlet f rom I-i(4 ) - should be observed at weak field, and one singlet corresponding to H(1 ) 
should be observed at s t ronger  field. 

An entirely different picture is observed in the spectrum of X (Fig. 3b): two doublets (just as in the 
case  of phenanthrene) are  observed at weak field at 8.78 and 8.83 ppm with J 7.5 Hz. One of the doublets 
consis ts  of broad signals s imi la r  to those for  the H(5 ) proton in s t ructure  VI, while the other  doublet con- 
s is ts  of narrow sol i tary signals that are  probably the A part  of the AB system (the symmet r i ca l  doublet at 
8.17 ppm corresponds  to part  B). This sor t  of cha rac te r  of the signals can correspond only to s t ructure  X, 
in which the weak-field doublets can be assigned to H(5 ) and tt(4), while the sol i tary s t rong-f ie ld  signal can 
be assigned to H(3), which is in the ortho position relative to H(4 ). The broadening of the lines in the doub- 
lets is explained by analogy with the spect rum of s t ruc ture  VI. The signals of the 9- and 10-protons in the 
spect rum of X prove to be markedly  drawn together  in t e rms  of their  chemical  shifts and are  displayed in 
the spect rum as a singlet at 8.05 ppm. The signal of the proton of the thiazole ring in VI and X is a sol i tary 
singlet at weakest field at 9.4 and 9.3 ppm, respectively.  

Thus a study of the PMR spect ra  confirmed our initial assumptions regarding the s t ruc tures  of both 
ph enanth ro [2,1-d]th iazole (X) and ph enanth ro [3,4-d]thiazole (VI). 

EXPERIMENTAL 

Ethyl 3-Phenanthryloxamate (If). A mixture of 2.93 g (0.015 mole) of 3-aminophenanthrene and 5.86 
g (0.038 mole) of dry diethyl oxalate was refluxed for I h and cooled. The reaction product was recrystal- 
lized from alcohol to give 2.22 g (69%) of II as long, fine, colorless needles with mp 133-135 ~ (from alcohol). 
Found: C 73.3; H 5.2; N 5.0%. CIsHi5NO 3. Calculated: C 73.7; H 5.1; N 4.8%. 

Ethyl 3-Phenanthrylthiooxamate (Ill). Water (0.I ml) was added to a solution of 0.I g of ester II in 
boiling xylene, and 0.I g of powdered phosphorus pentasulfide was then added gradually with vigorous stir- 
ring. The mixture was refluxed for 1.5 h, and the hot xylene solution was decanted from the small amount of 
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resinous precipitate.  The solvent was removed in vacuo, and the substance was recrys ta l l i zed  f rom ben-  
zene-pet ro leum ether  to give 70% of elongated orange p r i sms  with mp 114-115 ~ Found: C 69.7; H 5.0; 
S 10.8%. Ci81415NO2S. Calculated: C 69.9; H 4.9; S 10.4%. 

3-Phenanthryl thiooxamic Acid (IV). Crude es te r  III, obtained f rom 0.1 g of es te r  II, was t rea ted  in 
the cold with 90 ml of 10% NaOH, and the mixture was allowed to stand overnight. The solution was f i l tered 
and acidified with hydrochlor ic  acid to give 84% of orange needles with mp 195-196 ~ (from benzene). Found: 
C 68.2; H 4.0; N 5.3; S 11.3%. C16HiiNO2S. Calculated: C 68.3; I4 3.9; N 5.0; S 11.0%. 

Phenanthro[3,4-d]thiazole (VI). A solution of 0.78 g (0.0024 mole) of potassium ferr icyanide  in 4 ml 
of water  was added dropwise with s t i r r ing  to a solution of 0.12 g of acid IV in 12 ml of 10% NaOH, and the 
mixture  was allowed to stand overnight at room tempera ture .  The result ing precipi tate  of the sodium salt 
of V was removed by filtration, washed with a small  amount of water,  and refluxed for  2 h with 10 ml of 
15% HC1. The hot acid solution was f i l tered and neutral ized with ammonium hydroxide, and the base was 
extracted with ether.  The ether  was removed and the residue was dissolved in benzene. The solution was 
decolorized with activated charcoal  and diluted with an equal volume of petroleum ether  to give 0.09 g 
(89%) of color less  needles of VI with mp 138-139 ~ Found: C 76.6; H 4.0; N 6.0; S 13.4%. C15149NS. Cal-  
culated C 76.6; 14 3.8; N 6.0; S 13.6%. The picrate  was obtained as yellow needles with mp 184-185 ~ (from 
alcohol). Found: bI 11.8%. C15H9NS.C6H3N30 7. Calculated: N 12.1%. 

3-Thioacetamidophenanthrene (VIII). l=~osphorus pentasulfide [1.38 g (0.0062 mole)] was added with 
s t i r r ing  in the course  of 2 h to a refluxing solution of 1.38 g (0.0058 mole) of 3-acetamidophenanthrene 
(VII) in 100 ml of anhydrous benzene. The hot benzene solution was decanted, concentrated to a small  vol-  
ume, fi l tered,  and diluted with n-hexane until it became turbid. Cooling yielded 0.46 g (31%) of VIII as 
light-yellow pr i sms  with mp 129-130 ~ Found: C 76.5; H 5.4; N 5.5; S 12.8%. C16HI3NS. Calculated: C 
76.5; 14 5.2; N 5.6; S 12.8%. 

Phenanthro[3,4-d]2 ' -methyl thiazole  (IX). A total of 1.5 ml of 5% aqueous NaOH was added to a reflux- 
ing solution of 0.1 g of VIII in 1 ml of alcohol. The c lea r  solution was cooled to 5 ~ and a solution of 0.28 g 
(0.0009 mole) of potassium fer r icyanide  in 1.5 ml of water  was added dropwise to it with s t i r r ing.  The mix-  
ture  was allowed to stand overnight at room tempera ture ,  and the product was extracted with ether.  The 
ether  was removed,  and the picrate  was obtained f rom the residue as yellow needles with mp 190-191 ~ (from 
alcohol). The yield was 0.15 g (79%). Found: C 55.5; H 3.1; N 11.6; S 7.1%. CI6141iNS-C6H3N30 7. Calcu-  
lated: C 55.2; 14 2.9; N 11.7; S 6.7%. A suspension of the picrate  in benzene was shaken severa l  t imes with 
5% ammonium hydroxide and then washed with water.  The benzene was removed, and the residue was de- 
color ized with charcoal  and crys ta l l ized  f rom methanol to give a quantitative yield of color less  needles of 
IX with mp 122.5-123.5 ~ Found: C 77.0; H 4.7; N 6.0%. C1614~1NS. Calculated: C 77.1; H 4.4; N 5.6%. 

The analyses were per formed under the supervis ion of A. D. Chinaeva. The PMR spect ra  were r e -  
corded with a JNM-4H-100 spec t romete r  with dimethyl sulfoxide as the solvent and te t ramethyls i lane  as 

the internal standard. 
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