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STUDIES OF ACYL AND THIOACYL ISOCYANATES- XI’ 

THE REACTIONS OF BENZOYL AND THIOBENZOYL ISOCYANATES 
WITH 2-THIAZOLINES AND 2-OXAZOLINES* 

0. TsvaEt’and S. KANEMASA 
Research Institute of Industrial Science. Kyushu Uruversity. Fukuoka 812. Japan 

(Receioed in Japan I8 April 1972: Recewed in [he UK for publrcarron 24 May 1972) 

Abstract - Thiobenzoyl lsocyanate adds to 2-thiazoline and its 2-methyl derivative to alTord the corres- 

ponding (4 + 2) cycloadducts. Reaction of benzoyl isocyanate with 2-methylthiazoline gives 2.3-dihydro- 

S-phenyl-8-benzoylcarbamoylthiazold3.2-c]py~midin-7-one. Thiobenzoyl isocyanate reacts with 2- 

methyl-2-thiazoline and -2.oxazoline at 90” to form the corresponding 8-thiobenzoylcarbamoylthiazolo- 

and -oxazolo[3,2c]pyrimidin-7-ones, while reaction of benzoyl isocyanate with 2-mcthyloxazoline afTords 

a 2: I adduct, which with acetic acid gives the corresponding oxazolo[3,2-clpyrimidine. Benzoyl isocyanate 

reacts with 2-ethyl-2-thlazolme to afford 2.3-dihydro-6-benzoyI-8-methylthiazolol3.2-c~py~mtdine-S.7- 

dione and 2,3dihydro-S-phenyl-8-methylthiazolo[3,2~]pyrimidin-7-one; their acid and alkaline hydro- 

lyses are described. Formation of these products is shown to proceed via attack of both isocyanate-s on the 

f&carbon of the tautomenc enamines of 2-alkyl-2-thlazolinc and -2-oxazollne. 

RECENTLY WE REPORTED the cycloaddition reactions of benzoyl (1) and thiobenzoyl 
isocyanates (2) with anils, carbodiimides3 and benzaldazines.4 The reactivity of 2 
in 1,6cycloaddition to C==N bonds is somewhat higher than that of 1: with benz- 
aldazines, 1 gives criss-cross cycloadducts, while (4 + 2) cycloadducts are formed 
with 2. 

A few studies concerning the cycloadditions to 2-thiazolines and 2-oxazolines 
have been reported : reaction of diphenylketene with thiazolines and oxazolines gave 
the 2: 1 cycloadducts,5 while epoxide reacted with the oxazoline to afford the 1 : 1 
cycloadduct.6 On the other hand, the reaction of phenyl isocyanate with the thi- 
azolines and oxazolines did not give any cycloadducts, instead bis-addition products 
were obtained.’ Our interest in the reactions of acyl isocayanate with compounds 

N 

CA 
N-CONHPh 

+ PhNCO LA 
X CH,R X C- CONHF’h 
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R 

having a C=N bond prompted us to investigate the behaviour of both isocyanates 
1 and 2 toward cyclic C=N bonds. The present paper describes the reactions of 1 
and 2 with 2-alkyl-2-thiazolines (3) and -oxazolines (4). 

l _ Presented at the 3rd International Congress of Heterocyclic Chemistry, Sendai (Japan). August (1971) 

t To whom Inquiries should be addressed 
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RESULTS AND DISCUSSION 

While benzoyl isocyanate (1) does not react with 2-thiazoline (3a) under a variety 
of conditions, thiobenzoyl isocyanate (2) reacted easily with 3a at -70” to afford a 
1: 1 adduct, whose structure was confirmed to be that of the (4 + 2) cycloadduct 5a 
by spectral data. Reaction of 2 with 2-methyl-2-thiazoline (3b) gave different products 
depending on reaction temperature. At room temperature, 2 added to 3b to give the 
corresponding (4 + 2) cycloadduct 5b. 

i 
PhC-NC0 + 

Ph 

2 3 

a: R = H 

b:R=Me 

5 

a: R = H 
b:R=Mc 

Isocyanate 1 reacted with 3b at room temperature to afford a novel product (6) 
whose molecular formula corresponds to that of a 2: 1 adduct with loss of water. 
As mentioned above, 2 reacted with 3b at room temperature to form the (4 + 2) 
cycloadduct Sb, while at 90-95” a product (7) corresponding to a 2: 1 adduct with 
elimination of hydrogen sulfide, was obtained in a low yield. 

The IR spectra of 6 and 7 are very similar. Treatment of 7 with NH,OAc in AcOH 
yielded 6, indicating that 6 and 7 have the same ring structure. On the basis of their 
spectral data and the mode of formation of 6 and 7, either of two isomers, 6A, 7A 
and 6B, 7B, is thought possible for the structures of 6 and 7 respectively (Scheme 1). 

Although the spectral data did not present a clear assignment as to which types of 
structures (A or B) would be more reasonable for 6 and 7, the results of hydrolytic 
studies showed 6 and 7 to be 2,3-dihydro-5-phenyl-LMenzoylcarbamoyl- (6A) and 
-8-thiobenzoylcarbamoylthiazolo[3,2-c]py~midin-7-one (7A). 

PhCONCO (I ) 

/-- C,OH,,N,OJS (6) 
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- C, ,H, ,N,O,S,V) 
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7A (X = S) fH(X = S) 

SCHEME 1 
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Mild hydrolysis of 6 with HCl gave the corresponding carbamoyl derivative (8) 
which on further treatment with acid afforded carboxylic acid 9. The latter was also 
obtained directly by the hydrolysis of 6 under forcing conditions. Heating 9 with 
copper powder in N,N-dimethylaniline gave the decarboxylated product (10) in 
excellent yield. For compound 10, two structures are possible: one (10-l) arising 
from 6A and the other (10-2) from 6B (Scheme 2). 

The carbonyl band of the (4 + 2) cycloadducts of 1 and 2 (to C&N bonds) appear 
at 1670-1700cm-‘.*-4 while that of b-amino-a&unsaturated ketones appears at 
160@-1625 cm-‘.’ The IR spectrum of 10 showed the characteristic band at 1615 
cm-‘: which suggests the presence of a j3-amino-@-unsaturated ketone. Conse- 
quently, it seems reasonable to assume that the initial compounds and the degradation 
products are the corresponding thiazolo[3,2-clpyrimidin-7-ones 6A, 7A, 8.9 and 10-l. 

.x, 
6A - 

rj+ 

,X, .x, 

S ‘O- 
r-+ s ’ 0- 

rv s ’ 0 

CONH, COOH H 

6B - - - 

IO-2 

Furthermore, the structure of 6 was more clearly established by alkaline hydrolysis. 
Treatment of 6 with 20”/, KOHaq gave 2-phenyl-4,6-dihydroxy-5+mercaptoethyl- 
carbamoylpyrimidine (11). whose structure was established by spectral data and 
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identification with an authentic sample prepared by the method described below. 
Although the exact pathway for the formation of 11 is not clear, it can be viewed as 
arising by initial formation of amide 8, followed by dihydrothiazole- and pyrimidine- 
ring openings and subsequent dehydrative ring closure (Scheme 3).* 

The pyrimidine 11 was prepared as shown in Scheme 4. 2-Phenyl-4,6-dihydroxy- 
pyrimidine (12)9 obtained from benzamidine hydrochloride and diethyl malonate, 
reacted with urea in the presence of sodium cyanate, by the application of 
BudgSinsky’s method,” to yield 2-phenyl-5carbamoyl-4,6_dihydroxypyrimidine 
(13). Reaction of 13 with ethanolamine afforded hydroxyethylcarbamoyl derivative 
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14, which on treatment with SOCIZ was transformed to the chloroethylcarbamoyl 
compound 15. In the final step, the expected pyrimidine (11) was obtained by reaction 
of 15 with thiourea, followed by the treatment with 20”/, NaOHaq. The structures 
of pyrimidines 13-15 shown in Scheme 4 were confirmed by their spectral data and 
microanalyses. 

Similarly, reactions of 1 and 2 with 2-methyl-2-oxazoline (4) were investigated. 
Isocyanate 1 reacted with 4 at room temperature to give a thermally unstable 2: 1 
adduct whose structure was tentatively assumed to be 2-bis(benzoylcarbamoyI)- 
methyleneoxazolidine (17) by its IR spectral data. When a benzene or acetone 
solution of 17 was refluxed, 17 was transformed into isomer 18. which on treatment 
with AcOH was converted into the oxazolo[3,2-c]pyrimidin-7-one 19. On the other 
hand, 2 reacted with 4 at 90” to form directly the oxazolo[3,2c]pyrimidin-7-one 20 
in a low yield (Scheme 5). The structures of 19 and 20 were contirmed by their spectral 
data and chemical conversions. 

l 2.4-Dihydroxy-6-phcnyl-5-~mcrcaptoethylcarbamoylpyrimidine would be expected to form by the 

hydrolysis of 68 
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Under acidic conditions, 19 behaved differently from its thiazole analogue 6. 
Hydrolysis of 19 with HCI gave two products, l-chloroethyl-5-benzoylcarbamoyl- 
pyrimidine (21) and I-chloroethyl-5-carbamoylpyrimidine (22). Compound 22 was 
obtained on further treatment of 21 with HCI in a good yield : similarly, 20 was also 
hydrolyzed to 21. This indicates that both products 19 and 20 have the same ring 
structure (Scheme 6). 
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Alkaline hydrolysis of 19 was similar to that of 6 as shown in Scheme 6, and gave 
the hydroxyethylpyrimidine compound (14), which was also obtained by treat- 
ment of 22 with 20”/, KOHaq at 100”. However, on alkaline hydrolysis at room 
temperature, 22 afforded S-chloroethylcarbamoylpyrimidine (15). 1-hydroxyethyl-5- 
carbamoylpyrimidine (23) and 5-oxazolinylpyrimidine compound (24). Compound 
24 was also obtained by the treatment of 15 with Et,N. Compounds 21-24 were 
identified by their spectral data and microanalyses. 

In order to compare these novel reactions of 1 with 3b and 4, the reaction with 
2-ethyl-2-thiazoline (3c) was investigated. At room temperature, three products were 
formed (Scheme 7). Spectral data and microanalysis of the main product proved it 
to be 2,3-dihydro-6-benzoyl-8-methyIthiazolo[3,2-c]pyrimidine-5,7-dione (25). whose 
structure corresponds to the compound derived from a 2 : 1 adduct with elimination 
of benzamide. 

The other products were 2,3dihydro-5-phenyl-8-methylthiazolo[3,2~]pyrimidin- 
7-one (26) and 2,3-dihydro-6H-8-methylthiazolo[3,2c]pyrimidine-5,7-dione (27). 
The former (26) corresponds to a 1 : 1 adduct with dehydration, and the latter (27) 

0 
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dH, dH, 

3c 2s 26 

CH, 

n 

ScHEhie 7 

to the hydrolyzed product of 25. In fact, 25 gave an excellent yield of 27 by HCI 
hydrolysis. Compounds 26 and 27 were identified by their spectral data. 

From the structures of the products mentioned above, it is evident that, in the 
reaction with isocyanates 1 and 2, 2-alkyl-2-thiazolines (3b, 3c) and 2-methyl-2- 
oxazoline (4) behave as their tautomeric enamines* (Scheme 8). 

The formation of novel products 6.7, 19 and 20 from the reactions of isocyanates 
with 2-methyl derivatives 3b and 4 can be understood by initial attack of the iso- 
cyanate on the p-carbon atom of the tautomeric enamine A to yield the 1: 1 adduct B. 

l The structures of tautomeric enamines of 3 and 4 could not be recognized by the NMR spectroscopic 

measurements at various temperatures. 
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were formed immediately. Filtration gave 15 g (65 %) of 6,7dihydro-2-phenylthiazolo-[2,3-b)l$,5-thia- 

diazin4(8aHbone (Sa), pale yellow prisms from benzene, m.p. 14G141” dec. (Found: C, 5304; H, 3.95; N, 

11.11. Calc. for C,,H,,NrOS,: C, 52.80; H, 403; N, 11.20%). IRcm-i: vco 1695. 
Reaction of2 with 3b (i) The standard solution of 2 was stirred with 06 g of 3b at room temp for 25 hr. 

The mixture was evaporated in uacuo to leave a viscous oily substance, whtch solidified on standing over- 

night. The colourless solid (092 g, 672.) of 6,7-dihydro-2-phenyl-8a-methylthiazolo[2,3-b]-l,3,5-thiadi- 

azin4-one (Sb) was washed with benzene and ether, m.p. 90-91.5’ dec (Found: C, 54.83: H, 4.42: N, 

l@51. Calc. for C,zH,,N,OS,; C, 54.54; H, 4.58; N, 1061%). IR cm-‘: vcc 1660, NMR (CDCI,) 6 ppm: 

I.96 (3H. s, CH,), 3.77, 4.63 (each 2H, m, CH,), 7.6 (5H, m, aromattc protons). 

(ii) The same reactton was carried out at 90-95” for 4 hr. After cooling, red crystals were filtered, which 

on recrystallization from CHCI, $forded 017 g (17:;) of 2,3dihydro-5-phenyl-8-thiobenzoylcarbamoyl- 

thiazolo[3,2-clpyrimidin-7-one (7), m.p. 223.5 224” dec, as red prisms. (Found: C, 61.04: H, 3.73: N, 

1047. Calc. for Cx,H,sN~O,Sx: C, 61.07: H, 3.84: N, 1068U<,). IR cm-‘: vN,, 3200, vco 1690. NMR (TFA) 

d : 3.58.4.75 (each 2H, dd, C&), 7.76 (IOH, m, aromatic protons), 12.74 (I H, broad, NH). 

Reaction o/ 1 with 3b. A solution of I.0 g of 1 and 07 g of 3b m dry benzene (IO ml) was stirred at room 

temp for 2 hr, and colourless crystals were ftltered. Recrystallizatton from AcOH afforded 08 g (66%) of 

2,3-dihydro-5-phenyl-8-benzoylcarbamoylthlazolo[3,2-c]pyrimidin-7-one (6), m.p. 281” dec, as colourlcss 

prtsms. (Found: C, 63.79: H, 3.86: N, 11.12. Calc. for Cz,H,5N30JS: C, 63.66: H. 4.01. N, I l.l4”!). IR 

cm-‘: v NH 3200, vco 1720. NMR (TFA) 6: 3.65.4.85 (each 2H, dd, C&k 1.82 (IOH, m, aromatic protons). 

12.75 (III, broad, NHJ 

To a solution of @l g of 7 in 30 ml of AcOH was gradually added 2Q g of (NH&O,. The mixture was 
retluxcd for 2 hr. cooled and poured into water to precipitate a solid, which on recrystallization from 

AcOH gave 70 mg (73’?,.) of 6. 

2,3-Dihydro-5-phenyl-8-carbomoy/thiazolo~3,2-c]pyr~midi~-7-o~e (8). A solution of I.7 g of 6 in 30 ml of 

AcOH was heated with 30 ml of cont. HCl at loo” for 1 hr, and then the mixture was evaporated in WCIAO 
to leave a viscous oily substance, which solidified on trituration with EtOHaq Filtration gave 067g 

(54%) of 8, which on recrystallization from MeOH afforded colourless prisms, m.p. 296-297 dec. (Found : 

C, 57.17: H, 3.97: N, 15.28. Calc. for C,,H,,N,O,S: C, 57.14: H, 4%: N, 15.38%). IR cm-‘: v,.,,, 3320. 

3170: vcc 1665. 

2,3-Dihydro-5-phenyl-8-carhoxythiazolo[3,2-c]pyrimidi~-7-ofle (9). A solution of 08 g of 6 m 30 ml of 

cont. HCI was heated at loo” for I1 hr. and then evaporated ln cucuo to leave a residue. which was washed 

with benzene. From the benzene washings, a small amount of benzoic acid was obtained. Recrystallization 

of the benzene msoluble solid from EtOH afforded 04 g (73°C) of 9, m.p 2365-237”, as colourless prisms. 

(Found: C, 5683: H, 3.96: N, 1006. Calc. for C,,H,,N,O,S C, 5693: H, 3.68: N, 10220/:). IR cm-i: 

van 3400-2400: vo, 1720. NMR (TFA) 6: 3.83. 5.02 (each 2H, dd, CI-&), 7.% (SH, m, aromatic protons). 

Mass spectrum m/e: 274 (M ’ ), 273 (M--H), 230 (M * -CO,). 

2,3-Dihydro-5-phenylthia.zolo[3,2-c]pyrimidin-7-one (IO). A solution of 08 g of 9 in 6 ml of N,N-dimethyl- 

aniline was heated with 08 g of copper powder under rellux for IO hr. The mixture was filtered to remove 

copper and steam distilled to remove N,N-dtmethylamline: a brown resinous material was left which 

gave colourless crystals from EtOH (charcoal). Recrystallization from benzene afforded 053 g (9lyQ of 

10, m.p. 208-209* dec, as colourless prisms. (Found: C, 62.89: H, 4.71: N, 11.95. Calc. for C,,H,,N,OS: 

C, 62.69: H, 4.38: N, 12~173,). IR cm-’ : I’~ 1615. NMR (TFA) 6: 3.73.4.83 (each ZH, dd, CIJ,), 6.87 (IH, 
s, CH=), 7.82 (5H, m, aromatic protons). Mass spectrum m/e: 230 (M +), 127 (M ‘--PhCN, base peak). 

Hydrolysis of6 with aqueous potossium hydroxide. A suspension of 4.2 g of 6 in 200 ml of 2e< KOH aq 
was heated at IOO- for 3.5 hr. giving a clear solution Acidtficatton with HCI precipitated a colourlcss 

solid which was recrystallized from benzene giving I.45 g (47 %) of 2-phenyl+-dihydroxy-5+mercapto- 
ethylcarbamoylpyrimidine (11). m p. 238-238.5’ dec, as colourless prisms. (Found: C, 53.78: H. 4.79: N, 

14.21. Calc. for C,,H,,N,O$: C, 53.61: H, 4.59: N, 14.43~<.). NMR 6: (CsD,N): 2.39 (IH. m, SIl), 2.86 

(ZH, m, CH,), 3.73 (2H. dd, CH,). (TFA): 8.06 (6H. m, aromatic protons), I04 (2H, broad, OH). Mass 

spcctrumm/e. 291 (M’),29O(M+-H),244(M’-CH,SH), 215(244+-CHzNH, base peak). 
Preparation o/11. (i) 2-Phenyl-5-carbamoyl-4,6-dihydroxypyrimidme (13). A mixture of I4 g of 2-phenyl- 

4,6-dihydroxypyrimidine (12),9 35 g of urea and 5.0~ of NaNCO was stirred at 150” for 2 hr After cooling 

to IOO’, I00 ml of hot water was added and the resultmg solution acidified (HCI) to precipitate colourless 

crystals, which on recrystallization from AcOH gave l4g (907;) of 13, m.p. 315-316’ dec, as colourless 

needles. (Found: C, 57.36: H, 3.68: N. 18.15. Calc. for C,,H,N,03: C, 57.14: H, 3.92: N, 18.18X). IR 

cm-‘: vINH 3440, 3310: vcu 1675. 
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(ii) 2-Phenyl-4,6-dihydroxy-5_8-hydroxyethyI~rbamoylpyrimidine (14). A solution of 5Og of 13 in 
25 ml of ~-a~n~hanol was heated at 180” for 4 hr. After cooling, 100 ml of water was poured into the 
mixture and the resulting solution acidified with HCI to precipitate colourless crystals. Recrystallization 
from acetone gave 4.7 g (78%) of 14, m.p. 2495” dec, as colourless prisms. (Found: C, 5684: H, 4.69: N, 
15.08. Calc. for C,,H,,N,O,: C, 5672: H, 476: N, 1527%). IR cm-i: v,,,, 3500: van or vNH 3270: vco 
1645. NMR (TFA) 6: 417 (4H, m, C&k 478 (lH, m, OH), 8.07 (6H, m, aromatic protons and NH or OH), 
1023 (2H, broad, OH). Mass spectrum m/e: 275 (M+), 245 (M+ -CH,O), 244 (M+ -CH,OH), 215 
(244+ - CHzNH, base peak). 

(iii) 2-Phenyl-4,6-dihydtoxy-5-B_chloroethylcarbamoylpyrimidine (IS). Four grams of 14 were heated in 
25 ml of SOCI, under reflux for 20 min. Alter cooling, ether was added to the reaction mixture to precipitate 
a colourless solid. Recrystallization from benzene afforded 3.8g (890/,) of 15, m.p. 264.5-265” dec, as 
colourless prisms. (Found: C, 53.53: H, 420: N, 14.08. Calc. for C,,H,,N,O,CI: C, 5315; H, 4%9; N, 
1431°~). IR cm-‘: vNs or vou 3270: v co 1650. NMR (TFA) 6: 3.97 (4H, m, Clfz), 8.05 (SH, m, aromatic 
protons and N_ or GE), 1023 (2H, broad, OH) Mass spectrum m/e: 293 (M’), 257 (M’ - HCI), 244 
(M+ -CH,CI), 227 (257+ -C2H6), 215 (244+-C&NH, base peak), 111 (215+ -PhCHN), 104 

(PhC&H). 
(iv) 2-Phenyl-4,6-dihydroxy-5-P_mercaptoethylcarbamoylpyrimidine (11). A solution of l.Og of 15 and 

1326 g of thiourea in 5 ml of pyridine was refluxed for 6 hr. After cooling titration gave 085 g (68%) of 
colourless crystals, which on recrystallization from EtOH gave the hydrochloride 16, m.p. 226-227” dec. 
A solution of 05 g of 16 in 5 ml of 20% NaOHaq was heated at 100” for 1 hr. After cooling, the mixture 
was acidified with HCI to precipitate a colourless solid, which recrystallized from benzene as 023 g (58%) 
of 11, m.p. 238-238.5” dec, as colourless prisms. 

Reaction of1 with 4. A solution of 1.75 g of 1 and 1-O g of 4 in 20 ml of dry ether was stirred at room temp 
for 3 hr, during which time colourless crystals were formed. Filtration Save 1,59 g (58%) of 2-b~s(~nzoyl- 
carbamoyl)methyleneoxazolidine (17), m.p. 163-168” dec. (Found: C, 63.19: H, 5.12: N, 11.53. Calc. for 
C20H,7N305: C, 63.32: H, 452: N, 11.08%). IR cm-‘: vNH 3440: vco 1735, 1710, 1680. 17 was easily 
transformed into 3-benzoyl-2-carbamoyl-~nzoylcarbamoylmethyleneoxazolidine (IS), m.p. 2065-207” 
dec, by refluxing in benzene or acetone. Yield, 48%. An analytical sample was prepared by washing with 
hot CHCI,. (Found: C, 62.94: H, 4.62: N, 1@96. Calc. for Cz0Ht7N305: C, 63.32: H, 452: N, ll.OSo/,). 
IR cm-‘: vNH 3440,328O: vco 1715. 

2,3-Dihydro-5-phenyl-8-benzoylearbamoyloxuzo~o[3,2-c]py~im~d~n-7-~~ (19). A solution of 1.57 g of 18 
in 20 ml of AcOH was stirred at 100° for 20 min. The mixture was evaporated in uacuo to leave a residue, 
which on recrystallization from acetone gave 1.31 g (88’/,) of 19, m.p. 247-248” dec, as colourless prisms. 
(Found: C, 6669: H, 4.18: N, 11.34. Calc. for Cz,H,sN,O,: C, 6647: H, 4.18: N, 1164%). IR cm-‘: 
yco 1740. NMR (TFA) 6: 5.95.43 (each tH, dd, Clf,), 8.02 (lOH, m, aromatic protons), 12.56 (lH, broad, 
NH). 

Reaction of2 with 4. The standard solution of 2 was stirred with 045 g of 4 at 90” for 1 hr during which 
time red crystals were formed: recrystallization from acetone gave 012 g (loo/,) of 2,3-dihydro-5-phenyl-8- 
thiobenzoylcarbamoyloxazolo[3,2-c]pyrhnidin-7-one (20), m.p. 2205-221” dec, as red prisms. (Found : 
C, 63.72: H, 3-78: N, 11,13. Calc. for Cz,H,,N,OsS: C, 63.66: H, 4.01: N, 11.14%). IR cm-i: v, 1720. 
NMR (DMSO-d6) 6: 445,495 (each 2H, dd, CH,), 7-85 (lOH, m, aromatic protons), 15.0 (lH, broad, NH). 

Hydrolysis of19 with hydrochloric acid. A solution of 1.31 g of 19 in 30 ml of corm HCI was heated at 100” 
for 10 min. After cooling, filtration gave 079 g (55%) of colourless crystals, which on recrystallization from 
MeOH afforded 1-~-chloroethyl-2-phenyl-5-benzoylcarbamoyl-6-hydroxypyrimidin-4-one (21), m.p. 235” 
dec, as colourless prisms. (Found: C, 6087: H, 441: N, 1049. Calc. for C,,H,,N,O,Cl: C, 6038: H, 
403: N, 10570/,). fR cm-i: vco 1720. NMR 6: (TFA): 3*95,476 (each 2H, dd, C&k 7.87 (lOH, m, aromatic 
protons). (DMSO-de): 1404, 13.90 (each lH, broad, NH or OH). 

The filtrate was evaporated in uacuo to leave a residue, which solidified on trituration with water. 
Filtration gave 024 g (23%) of l-~-chloroethyl-2-phenyl-5-carbamoyl-6-hydroxypyri~din~-one (22), 
which recrystallized from EtOH as colourless prisms, mp. 201.5-2025”. (Found: C, 53.42: H, 420: N, 
13.95. Calc. for C,,H,zN,O,CI: C, 53.15: H, 409: N, 14.31%). IR cm-‘: vNu 3300,317O: v, 1650. NMR 
(CDCI,) 6: 3.73,4.47 (each 2H, dd, C&z), 7.57 (5H, s, aromatic protons), &08,1085,1596 (each lH, broad, 
NH or OH). Mass spectrum m/e: 293 (M+), 276 (M + -OH), 258 (M’ -Cl), 241 (276+ -Cl, base peak), 
214 (241+ -&Hz). 22 was also obtained by the treatment of 21 with cont. HCI at 100” for 1 hr. Yield, 94%. 

Similarly, IO mg of M WBS heated with 5 ml of cont. HCI at 100” for 5 min. The mixture was evaporated 
in uucuo to yield 9 mg (90 “/,) of 21. 
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Hydrolysis of19 with aqueous potassium hydroxide. A suspension of @5 g of 19 in 20 ml of 20”/, KOkl aq 
was stirred at 100” for 30 min, giving a clear solution which was acidified (HCI) to precipitate a colourless 
solid. Recrystallization from acetone gave 018 g (48x) of 14, m.p. 2495” dec, as colourless prisms (identical 
with an authentic sample prepared from 13 and ~-aminoethanol), 

Hydro~ys~ of 22 with aqueous potassium hydroxide. A suspension of 1.0 g of 22 in 10 ml of 20% KOH aq 
was stirred at room temp for 1.5 hr, giving a clear solution which was acidified (HCI) to precipitate a 
colourless solid. The solid was filtered and washed with hot benzene to leave 014g (16%) of 2-phenyl- 
4,4-dihydroxy-S-o~zolinylpyrimidine (24), which recrystallized from EtOH as colourless prisms, m.p. 
276” dec. (Found: C, 6068: H, 424: N, 16.05. Calc. for C,sH,,N,Os: C, 6069: H, 4.31: N, 1634%). IR 
cm-‘: rcu 3200-2900: Yap 1667. Mass spectrum m/e: 257 (M+, base peak). 

The benzene washings was evaporated in uacuo to leave 0 I2 g (12%) of crystals, which on recrystallization 
from benzene gave 15, m.p. 264.5265” dec, as colourless prisms. 

The filtrate was neutralized with HCI and the sotftion evaporated in uucuo. The residue was washed 
with a small amount of water to remove KCI and the residue was recrystallized from MeOH to give @4J g 
(48%) of 1-~-hydroxyethyl-2-phenyl-S-carbamoyl-6-hydroxypyrimidin-4-one (23), m.p. 205-206” dec, as 
colourless prisms. (Found: C, 5674: Ii, 4.59: N, 1500. Calc. for C,3H,3N304: C, 56.72: H, 4.76: N, 
15270/,). IR cm-‘: vo,~ 3340: vNn 3390,323O: vco 1672, 1638. NMR (TFA) 6: 4.0 (2H, m Cl&), 4.73 (3H, 
m, C& and Oa), 7.86 (6H, m, aromatic protons and NH or OB), 96, 103 (each lH, broad, Nfl or OS). 
24 was also obtained by reaction of 15 with Et,N: a solution of 50 mg of 15 and 5 drops of Et,N in 10 ml of 
MeOH was refluxed for 10 min. The mixture was evaporated in vuctw to leave 44 mg (100%) of 24. 

Reaction of1 with 3~. A solution of 2.6 g of 1 and 2.0 g of 3e in 30 ml of dry benzene was stirred at room 
temp for 8 hr. The mixture was evaporated in vucuo to leave a resinous material, *which solidified on 
trituration with EtOHaq. Filtration gave 078 g (31%) of 2,3-dihydro-6-benzoyl-S-methylthiazolo[3,2-cl- 
pyridimidine-5,7-dione (25), which recrystallized from EtOH as colourless prisms, m.p. 162.5”. (Found : 
C, 5852: H, 422: N, 970. Calc. for C,JH,2NZ03S: C, 58.33: H, 4.20: N, 9.72:<). IR cm-‘: vco 1740, 
1695,1645. NMR (CDCI,) 8: 1.92 (3H, s, C&J, 3.36,4.30 (each 2H, dd, C&k 7.62 (5H, m, aromatic protons). 
Mass spectrum m/e: 288 (M+), 260 (M+ -CO, base peak). The filtrate was evaporated in vncuo. The 
residue was separated into acetone soluble and insoluble parts. The acetone soluble substance was re- 
crystallized from EtOAc to give 051 g (12yo of 2,3-dihydro-5-phenyl-8-methylthiazolo[3,2-c]pyrimidin- 
7-one (26), m.p. 165”, as colourless prisms. (Found: C, 63.90: H, 5.14: N, 11-19. Calc. for C,,H,,N,OS: 
C, 63.92: H, 495: N,11*47%).IR cm-‘: vco 1610. NMR (CDCI,) 6: 2.05 (3H, s, C&), 3.39, 4.39 (each 2H, 
dd, C&r), 7-48 {5H, m, aromatic protons). Mass spectrum m/e: 244 (M’, base peak), 216 (M’ -CO). 

Recrystallization of the insoluble substance from acetone gave 80 mg (5%) of 2,3-dihydro-6H-g-methyl- 
thiazolo[3,2-clpyrimidine-5,7-dione (27), m.p. 305-306” dec, as colourless prisms. (Found : C, 45.91: H, 
4.49: N, 1542. Cake. for C,H,N,O,S: C, 45.65: H, 438: N, 15.21%). IR cm-‘: vNn or vou 3150, 3010: 
vco 1690, 1655. NMR (TFA) 6: 2.08 (3H, s, CH,), 3.62,460 (each 2H, dd, Cl&). Mass spectrum m/e: 184 
(M+, base peak), 141 (M’ - HNCO), If3 (141+ -CO). dwas also obtained by hydrolysis of 25: 90 mg 
of 25 was heated with 10 ml of cont. WC1 at 100 for 30 min, and the solution was evaporated in uacuo to leave 
residue, which on recrystallization from EtOH gave 55 mg (957;) of 271 
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