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ratories) for the 100-MHz NMR and field ionization mass 
spectral studies, respectively. 
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17-3; 6a, 5100-23-2; 6b, 18928-48-8; 7a, 55043-81-7; 7b, 55043-82-8; 
8a, 23829-79-0; 8b, 23829-80-3; 10, 1904-58-1; 12,) 30386-01-7; 13, 

84-0; 23,55043-85-1; 24,55043-86-2; 25,55043-87-3; methylhydraz- 
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10-Trifluoromethyl-2,3-dihydro-l~-pyrimido[5,6,l-kl]phenothiazine-3-one-l-thione (6) was prepared start ing 
f rom 8-trifluoromethylphenothiazine-1-carboxylic acid (3) by thermal  cyclization o f  the acid isothiocyanate. Th is  
was converted t o  tee 1,3-dione by acid hydrolysis o f  the 1-methy l  mercaptan derivative. A lky la t ion and oxidation 
t o  sulfoxide and sulfone derivatives are described. Pyrolysis o f  the anhydride of 3 gave 3,13-bis(trifluoromethyl)- 
6H,  16H- [1,5]diazocino[3,2,1-k~:7,6,5-k'l']dipher~othiazine-6,16-dione. 

Quinazoline-2,4-diones ( l ) ,  derived from flufenamic acid, 
were recently described as anti-inflammatory agents1 

0 

Since we previously observed anti-inflammatory properties 
with 8-trifluoromethylphenothiazine-1-carboxylic acid (3) ,2 

an analog of flufenamic acid, we undertook preparation of 
some pyrimidinediones (2) derived from 3. 

Typical syntheses of quinazolinediones such as 1 involve 
fusing the N-arylanthranilic acid, ester, or amide with 
urea, thiourea, or ethyl carbamate a t  200°.3 However, these 
reaction conditions using 3 returned unreacted starting 
material. Also treatment of the ethyl ester of 3 with sodium 
cyanate in trifluoroacetic acid, another quinazoline-1,3- 
dione synthesis: also failed. A possible cause for these fail- 
ures was a low reactivity of the diary1 nitrogen owing to  i t  
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COR 
3, R = O H  
4, R = CI 
5. R = K C S  

7 

9. R = CH,CH, 
10, R = CH,CH,OH 
11, R = CH?CHOHCH,OH 
12. R = CH,CHOAcCH,OAc 

8 
0,) 

13, n = 1 
14, n = 2 

being part  of the phenothiazine ring system. I t  appeared 
tha t  building the new ring in a stepwise fashion using reac- 
tive intermediates might overcome this problem. 

Reaction of 3 with phosphorus trichloride and dimethyl- 
formamide ir. chloroform gave the acid chloride 4 in 86% 
yield. Treatment of 4 with potassium thiocyanate in ace- 
tone gave 5 in 97% yield, which on heating to  220' in diphe- 
nyl ether cyclized to  form 6 in 91% yield. Since attempts to  
hydrolyze 6 with chloroacetic acid failed, 6 was alkylated 
with iodomethane and potassium hydroxide in acetone to  
give 7 in 93% yield. Hydrolysis of this with HCl in aqueous 
ethanol gave the target compound 8 in 98% yield. 

In order to obtain compounds likely to have the desired 
biological activity, 8 was alkylated using alkyl halides and 
sodium hydride in DMF to obtain 9 and 10. Alkylation of 8 
with 2,3-diacetoxy-l-chloropropane and subsequent hy- 
drolysis with methanolic hydrochloric acid led to  11. Oxi- 
dation of 8 and its N-alkylated derivatives with m-chloro- 
perbenzoic acid gave the sulfoxides 13 shown in Table I. 
Oxidation with excess hydrogen peroxide in glacial acetic 
acid gave the sulfones 14 also shown in Table I. 

Table  I 
2-Alkyl- lO-trifluoromethy1-2,3-dihydro- 1H- 
pyrimido[5,6,1 -kl]phenothiazine- 1,3-dione 

Sulfoxides (13) a n d  Sulfones (14) '' 
C oniprl Q R n Y i < , l d , ?  l i l p , * c  SC 

__ 

13a H 1 76 302-304 M 
14a H 2 85 29C-293 M 
13b CH,CH, 1 75 184-186 M 
14b CH,CH, 2 89 208-210 M 
1 3 ~  CII,CH,OH 1 77 205-206 E 
1 4 ~  CH2CH,0H 2 58 189-192 B 
13d CH,CHOHCII,OH 1 36 224-225 CM 
14d CHZCHOHCH2OH 2 gob 223-226 BM 

a The compounds were characterized by ir (Nujol): sulfoxides 
-9.5 fi and sulfones -8.5 fi. Crude yield. (' Solvents of crystalliza- 
tion: B, 1-chlorobutane; C,  chloroform; E, ethanol; M, methanol; 
CM, chloroform-methanol; HM, l-chlorobutane-methanol.d Satis- 
factory analytical data  (*0.3% tor C ,  H ,  N) were reported for com- 
pounds 13a-d and 14a-c; the  data  for 14d agreed with the formula 
Cit lHi3F~NzCsS.~/~Hz0.  Ed .  

15 16 

C=O 
l 

I I I  

C=O o=c c=o 

17 18 

CF , J3R 

19 
In an at tempt  to form the isatoic anhydride 1.5, which is 

an oxygen analog of 2, the triethylamine salt of the carhox- 
ylic acid 3 was treated with ethyl chloroformate.5 This gave 
the mixed anhydride 16 in 81% yield. In an attempt to force 
the formation of 15, 16 was heated a t  260' for 20 min. How- 
ever, the cyclic dilactam 18 was formed in about 30% yield. 
The  structure of 18 was established by elemeiital analysis, 
absence of NH bonds in the ir, and correct M+ ion in the 
mass spectrum. When the mixed anhydride was allowed to 
reflux with excess ethyl chloroformate, a red product was 
formed which was identified as the symmetrical anhydride 
17. Heating this in diphenyl ether gave 18 in 54% yield. I n  
addition, 17 was seen in the reaction mixture during the 
pyrolysis of 16 to 18, suggesting that it was an intermedi- 
ate. An 0 to N acyl group migration in 17 could form 19, 
which in turn could lose water to give 18. Thus the conver- 
sion of 17 to 18 is facile because only intramolecular reac- 
tions are involved. 

Experimental  Section 
Melting points (uncorrected) were determined usiiig a 'I'homas 

Hoover capillary melting point apparatus. NMR specl.ra were ob- 
tained in a Varian 1'-60 instrument, and i r  on a I'erkin-Elmer 736 
infrared spectrophotometer. Mass spectra were determined using a 
Hitachi Perkin-Elmer RMN-6E spectrometer. For thin layer chro- 
matography the following solvent systems were used: chloroform 
for 4 and 5;  75% chloroform-cyclohexane for 16, 17, and 18; and 
95% chloroform-methanol for all the other compounds. 
8-Trifluoromethylphenothiazine-I-carboxylic Acid Chlo- 

ride (4) .  8-'~rifluoromethylphenothiazine-l-cart~oxylic. acid (62.2 
g, 0.20 mol) was added to  a stirred mixture of chloroform (300 ml) 
and phosphorus trichloride (300 ml). The  resulting brown suspen- 
sion was cooled in an ice hath while dimethylformamide (50 ml) 
was added slowly until a reddish brown solution formed. After the 
mixture was stirred for 4 hr a t  room temperature, the chloroform 
and excess phosphorus trichloride were evaporated under reduced 
pressure. The  resulting reddish-hrown solid residue was dissolved 
in boiling n-hexane (1.5 I . ) .  The hot clear reddish solution was de- 
canted from a viscous, insoluble material, and on cooling, large red 
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needles formed. The solid was collected by filtration and washed 
with hexane to  give 57.0 g (86%) of the desired product: mp 124- 
126'; ir (Nujol) 3.00 (NH), 5.86 p (C=O). 

8-Trifluoromethylphenothiazine-1-carboxylic Acid Iso- 
thiocyanate (5). A solution of 56.5 g (0.172 mol) of 8-trifluo- 
romethylphenothiazine-1-carboxylic acid chloride in 450 ml of ace- 
tone was added over a 15-min period to a stirred solution of 25.0 g 
(0.257 mol) of potassium thiocyanate in 200 ml of acetone. The re- 
sulting reddish-brown suspension was stirred at  room temperature 
for 1.5 hr. The reaction mixture was concentrated under reduced 
pressure to approximately 300 ml and then diluted with 700 ml of 
water. The product was collected by filtration and washed thor- 
oughly with water to give 58.7 g (97%) of light brown crystals: mp  
145-150'; ir (Nujol) 5.10 (N=C=S), 5.86 p (C=O); NMR (CDC13) 
6 6.55-7.39 (m, 5 H ,  3,4,6,7,9-H), 7.60 (d, I H ,  2-H), 10.6 (s, 1 H,  
"1. 

l0-Trifluoromethyl-2,3-dihydro-lH-pyrimido[5,6,l-kJ]phe- 
nothiazin-3-one-1-thione (6). A slurry of 53.7 g (0.168 mol) of 5 
in 30 ml of diphenyl ether was heated in an oil bath a t  210' for 1 
hr. The reaction mixture first became a homogenous liquid and 
then turned into a solid mass. The cooled reaction mixture was re- 
fluxed for several minutes in 100 ml of toluene and cooled to room 
temperature, and the insoluble material was collected by filtration 
and washed with several small portions of toluene to give 48.7 g 
(91%) of a yellowish product, mp  296-299'. The material was suffi- 
ciently pure for use in the next step. A small sample was recrystal- 
lized from ethanol for analysis: mp 297-299'; ir (Nujol) 3.12 and 
3.22 (NH), 5.85 p (C=O); NMR (CDC13-DMSOd6) 6 7.20-8.15 
(m, 5 H,  4,5,6,8,9-H), 8.49 (s, 1 H,  11-H), 13.00 (s, 1 H,  NH). 
I-Methylmercapto- l0-trifluoromethyl-3H-pyrimido[ 5,G,1- 

klIphenothiazin-3-one (7). A 53.6-g (0.152 mol) sample of G was 
added to a stirred solution of 8.95 g (0.160 mol) of potassium hy- 
droxide in 1680 ml of acetone and 720 ml of water. After all the 
solid had dissolved and a clear yellow solution formed, 22.8 g (10 
ml, 0.160 mol) of methyl iodide was added all a t  once. A slight rise 
in temperature was noticed, and 2 min later the product began to 
precipitate. The reaction mixture was stirred a t  room temperature 
for 18 hr, diluted with 1 1. of water, and then chilled in an ice bath 
for several hours. The resulting light yellow solid was collected by 
filtration and washed with water to  give 51.5 g (93%) of product, 
mp  225-228". The material was used in the next step without any 
further purification. A small sample was crystallized from ethanol 
for analysis: mp 229-231'; ir (Nujol) 5.91 /I (C=O); NMR (CDC13 6 
2.75 (s, 3 H ,  CHaS), 7.44 (m, 4 H) ,  8.00 (m, 2 H). 

l0-Trifluoromethyl-2,3-dihydro-l Wpyrimido[5,6,1-kJ]phe- 
nothiazineW1,3-dione (8). A stirred buspension of 53.6 g (0.146 
mol) of 7 in 240 ml of concentrated hydrochloric acid and 800 ml of 
ethanol was heated under reflux f9.r 4 hr. After the reaction mix- 
ture was concentrated to approximately one-half its original vol- 
ume by boiling off the excess solvents, and then chilled, the prod- 
uct was collected by filtration and washed thoroughly with water 
to give 47.7 g (98%) of pale yellow needles, mp  278-280'. A sample 
was crystallized from ethanol: mp  278-280'; ir (Nujol) 3.12 and 3.3 
(NH) ,  5.80 and 5.89 p (C=O); NMR (CDC13--DMSO-ds) 6 7.60- 
8.00 (m, 5 H),  8.10 (s, 1 H, 11-H), 11.80 (s, 1 H, NH). 
Alkylation of the Pyrimidophenothiazine-1,3-dione (8). 

Preparation of 2-Ethyl-lO-trifluoromethyl-2,3-dihydro-lH- 
pyrimido[5,6,1-kl]phenothiazine-1,3-dione (9). A 4.2-g (0.100 
mol) sample of 57% sodium hydride in mineral oil was added to a 
stirred solution of 28.0 g (0.0834 mol) of 8 in 220 ml of dry di- 
methylformamide. The mixture was stirred for 1 hr a t  room tem- 
perature, then 16.8 g (8.6 ml, 0.108 mol) of ethyl iodide was added. 
The resulting greenish-yellow turbid mixture was stirred for 4.5 hr 
a t  room temperature and then filtered to give a clear yellow solu- 
tion, The filtrate was evaporated to  dryness under reduced pres- 
sure, and the pasty residue was triturated with petroleum ether to 
remove the mineral oil. The crude solid product was precipitated 
from a methanol-water mixture to give 28.8 g of a yellow powder. 
The material was crystallized from ethanol to give 23.2 g (73%), mp  
148-150'. A further crystallization of a small sample raised the 
melting point to 150-152': ir (Nujol) 5.82 and 5.95 /I (C=O); NMR 
(CDC13) 6 1.40 (t, 3 H,  CH3) 4.21 (q, 2 H,  C H d ,  7.10-7.70 (m, 6 H) 
7.85-8.2 (m, 2 H). 

A twofold excess of sodium hydride and a fourfold excess of 2- 
bromoethanol were used to prepare 10. The crude material was pu- 
rified by column chromatography (silica gel, chloroform, and then 
90% chloroform-methanol). The product crystallized from metha- 
nol in 47% yield: mp 90-93"; ir (Nujol) 2.95 (broad OH), 5.82 and 
6.00 p (C=O); NMR (CDC13) 6 2.75 (s, broad, 1 H,  OH), 3.92 and 
4.40 (2 t, 4 H, CHzCHz), 7.00-7.80 (m, 5 H),  7.90 (s, 1 H,  11-HI. 

3-Chloro-1,2-diacetoxypropane,6 bp 80-83" (0.1 mm) (0.112 
mol), and sodium hydride (0.0801 mol) were used to prepare 12. 
The reaction mixture was heated a t  100-110' for 40 hr in the pres- 
ence of a catalytic amount of potassium iodide. The product was 
isolated as an oil and was used in the next step without purifica- 
tion. A small amount was purified by column chromatography (sil- 
ica gel, chloroform) for spectral studies: ir (neat) 5.70 (C=O, ace- 
tyl), 5.80 and 5.95 I( (C=O, dione); NMR (CDC13) 6 2.08 and 2.12 
(2  s, 6 H,  2 CH3), 3.6-4.8 (m, 5 H,  CHzCHCHz), 7.40 (m, 4 H),  8.00 
(m, 2 HI. 
2-(2,3-Dihydroxypropyl)- 10-trifluoromethy1-2,3-dihydro- 

lH-pyrimido[5,6,1-kJ]phenothiazine-1,3-dione (11). A mixture 
of 48.1 g (0.0975 mol) of the crude 12 in 200 ml of methanol and 25 
ml of concentrated hydrochloric acid was heated under reflux for 
0.6 hr, then allowed to stand overnight a t  room temperature. The 
white solid that precipitated was isolated by filtration and washed 
with water to give 12.9 g of crude 11. Additional material was ob- 
tained from the mother liquor. Overall crude yield was 24.6 g 
(62%). The first crop was recrystallized twice from chloroform to  
give 10.13 g of product: mp 159-162'; ir 2.96-3.06 (broad OH), 5.82 
and 5.95 b (C=O); NMR (CDC13-DMSO-ds) 6 3.60 and 3.66 (2 s, 2 
H,  2 OH), 3.8-4.68 (m, 5 H,  C H ~ C H C H Z ) ,  7.00-7.60 (m, 4 H),  
7.70-8.10 (m, 2 H). 
Oxidation of the Pyrimidophenothiazine-1,3-diones. Prepa- 

ration of the Sulfoxides. A 10% excess of m-chloroperbenzoic 
acid was added in small portions to a stirred, cold (0-5') solution 
or suspension of the substrate (1 g/10 ml) in absolute methanol. 
The resulting mixture was stirred for 0.5-1 hr in the cold and then 
for an additional 1-4 hr a t  room temperature. The product precipi- 
tated from the reaction mixture, and after chilling was collected by 
filtration and washed with ice-cold methanol. 
Preparation of the Sulfones. A solution of the substrate in gla- 

cial acetic acid (1 g/20 ml) and 3 equiv of 30% hydrogen perioxide 
was heated at  75-85O for 3-6 hr, cooled, and diluted with water to 
precipitate the product. The product was collected by filtration 
and washed with water. 
Carbonic Acid Monoanhydride with 8-Trifluoromethylphe- 

nothiazine-1-carboxylic Acid Ethyl Ester (16). Triethylamine 
(3.04 ml, 0.022 mol) was added dropwise to a cold (0-5'), stirred 
suspension of 8-trifluoromethylphenothiazine-1-carboxylic acid 
(6.22 g, 0.020 mol) in 40 ml of ethyl chloroformate. The resulting 
orange suspension was stirred a t  room temperature for 15 hr, then 
diluted with dry benzene (100 ml), and the insoluble triethylamine 
hydrochloride was removed by filtration. After the filtrate was 
evaporated under reduced pressure, the bolid, orange residue was 
suspended in light petroleum ether (50 ml) and filtered to give 6.22 
g (81%) of the mixed anhydride: mp  91-94'; ir (Nujol) 3.02 (NH),  
5.55 and 5.85 (C=O); NMR (CDC13) 6 1.40 (t,  3 H, CH3), 4.40 (9, 
2 H, CH2), 6.60-7.29 (m, 5 H), 7.50 and 7.60 (2 d, 1 H,  2-H), 9.81 (s, 
1 H,  NH). 

8-Trifluoromethylphenothiazine-1-carboxylic Acid Anhy- 
dride (17). A solution of 3.0 g (0.00785 mol) of 16 in 10 ml of ethyl 
chloroformate was heated under reflux for 18 hr. The dark red so- 
lution was chilled in an ice bath, and the resulting orange precipi- 
tate was collected by filtration and washed with a small portion of 
ethyl chloroformate and then with light petroleum ether to give 
0.87 g (50%) of product, mp 207-208'. The mother liquor was' 
evaporated under reduced pressure, and the oily residue was found 
to be unreacted starting material. A small sample of 17 was crys- 
tallized from chloroform for analysis: mp  207-209'; ir (Nujol) 3.2 
(NH), 5.71 and 6.90 p (C=O); NMR (CDC13) 6 6.60-7.20 (m, 10 H,  
3,4,5,6,7,9- and 3',4',5',6',7',9'-H), 7.55 and 7.69 (2  d ,  2 H,  2- and 
2'-H), 9.80 (5, 2 H ,  2 NH). 
3,13-Bis(trifluoromethyl)-GH,lGH-[ 1,5]diazocine[3,2,1-kk 

7,6,5-k'J'ldiphenothiazine-6,16-dione (18). A mixture of 1.50 g 
(0.00239 mol) of 17 and 2 ml of diphenyl ether was heated in an oil 
bath a t  260-265" for 45 min, producing a dark, olive-green solution 
which solidified when cooled to room temperature. Light petrole- 
um ether (30 ml) was added to the cooled reaction mixture, and 
the insoluble material was collected by filtration and washed with 
a small portion of petroleum ether to give 1.22 g of yellow powder. 
This was dissolved in 50 ml of chloroform, and the resulting solu- 
tion was extracted with 5% sodium bicarbonate to remove some 
acid 3. The chloroform layer was dried with anhydrous sodium SUI-  
fate and the resulting dark amber solution was decolorized with 
Norit. The resulting yellow solution was concentrated to approxi- 
mately 15 ml and diluted with 50 ml of petroleum ether. After the 
mixture was chilled in an ice bath for several hours, the light yel- 
low, crystalline product was collected by filtration and washed 
with petroleum ether to give 0.75 g (54%) of 18: mp 295-297'; ir 



Thiadiazinones, Thiazolidinedione Hydrazones, and Hydroxythiazoles J .  Org. Chem., Vol. 40, No. 13,1975 1917 

6.90 (C=O); NMR (TFA) 6 7.20-7.80 (m, 10 H, 
1,2,7,8,9,11,12,17,18,19-H), 8.10 (s, 2 H, 4,14-H); mass spectrum 
mle  586 (M'). 

Compound 18 was also prepared by pyrolyzing 17 at 260'; the 
yields, however, were lower. 
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Phenyl(trichloromethy1)carbinol reacts with thiosemicarbazide under basic reaction conditions to form dihy- 
dro -2-imino-6-phenyl-2H-1,3,4-thiadiazin-5(6H)-one (5 ,  18% yield) and 5-phenyl-2,4-thiazolidinedione 2-hydra- 
zonle (4, 10% yield), with acetone or benzaldehyde thiosemicarbazones to form derivatives of 4 (65% yield), and 
with thioacetamide to form 4-hydroxy-2-methyl-5-phenylthiazole (1 1,18% yield). In the first step of the synthesis 
of these compounds, phenyl(trichloromethy1)carbinol is postulated to be converted into a dichloro epoxide 2, and 
this is attacked by the thioenolate anion of the nucleophile to  form an amino acid chloride which then undergoes 
ring closure to  form the heterocyclic ring. The chemistry of the various compounds is discussed. 

We have reported two reactions of phenyl(trich1oro- 
methy1)carbinol (1) with nucleophiles resulting in the for- 
mation of heterocyclic  ring^.^,^ The  thiourea case2 provides 
an  excellent example of a nucleophile with two reactive 
sites reacting initially a t  the a carbon of the carbinol fol- 
lowed by a subsequent ring closure to form the heterocyclic 
ring. The  purpose of this research was to extend the thio- 
urea work to  other nucleophiles likewise having two reac- 
tive sites. The mechanisms by which methoxide reacts with 
phenyl(trichloromethy1)carbinol to form a-methoxyphe- 
nylacetic acid have been elucidated: and by analogy, the 
nucleophiles s,tudied here are believed to react by the 
mechanism given below in Scheme I. 

Thiosemicarrbazide. The first nucleophile examined 
was thiosemicarbazide. The  initial step in the reaction of 
this with phenyl(trichloromethy1)carbinol dissolved in eth- 
ylene glycol containing potassium hydroxide involves the 
attack of the thioenolate anion a t  the a carbon of the inter- 
mediate epoxide (2) formed in situ from the carbinol (1). 
The  postulated intermediate 3 has three -NH- groups 
available for reaction with the acid chloride and two (4 and 
5 )  of the three possible compounds were formed. Com- 
pound 5,  dilhydro-2-imino-6-phenyl-2H-l,3,4-thiadiazin- 
5(6H)-one, wa'3 easily isolated (as the monohydrate) in 18% 
yield because of its insolubility in the reaction mixture in 
the p H  range of 9.4-5. The structure of this new compound 
was proven as, follows. Hydrolysis with dilute acid gives 
ammonia and dione 6; elemental analysis of 6 shows tha t  i t  
must contain the hydrazine moiety so that the ring closure 
must occur by the acid chloride (3) reacting with the hydra- 
zine function. ICompound 6 is neutral as would be expected 
for a diamide; this rules out the 3-amino-2-imino-5-phenyl- 
4-thiazolidinone structure and establishes the presence of 
the thiadiazinone ring. This was further collaborated by 
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methylation of 5 with dimethyl sulfate and alkali; only a 
monomethyl derivative ( 7 )  could be isolated whereas the 
aminothiazolidinone should form a dimethyl derivative. As 
expected, 7 could be hydrolyzed to a neutral dione with 2 N 
hydrochloric acid. The position of the methyl group in 7 
was established by desulfurization with Raney nickel to 
N-methylphenylacetamide. Upon refluxing 7 with 20% hy- 
drochloric acid for 3 hr the diazine ring opened and re- 
closed to form 5-phenyl-2,4-thiazolidinedione in 85% yield 


