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Thioureidoquinazolin-4(3H)-ones 
1. Acid-induced recyclization of 3-(N',N'-dialkylthioureido)quinazolin-4(3It)-ones 

into 1,3,4-thiadiazoles 
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3-(N',N'-Dmlkylchioureido)quiaazolin-4(3H)-ones prepared by the reaction of 
3-aminoquinazolm-4(3//)-one with thiuram disulfides undergo the previously unknown acid- 
induced rec.x.ciization to give the corresponding 5-f2-aminophenyl)-2-dialkylamino-l.3,4- 
thiadiagoles. The structures o{ {he products obtained were confirmed by IR and !H and 
F.~C NMR data. A plausible mechanism of the recyclization is discussed. 

Key words: 3-aminoquinazolin-4(3H)-onc. 5-(2-aminophenyl)-2-diatkylamino- 1,3,4- 
Ihiadiazoles. acid-il~duced recyclizat~on, thiurarn disulfides, trisubstituted thioureas. 

Among 3-aminoquinazolin-4(3H)-ones, only 1,3-di- 
substituted thioureas, exhibiting fungicidal, t anticonvul- 
sant, 2 antiparkinsonian, 3 and antiinflammato .r.~ pmper- 
hcs, are welt studied, wiqle the corresponding trisubsti- 
rated derivatives hase not been described. Ahhough the 
method for the synthesis of trisubstituted thioureas by 
reacting primary., amines with thiuram disulfides has long 
been known, s similar reactions invoh'ing 3-amino- 
quinazolin-4(3H)-ones have not been carried out. In 
addition, recent studies have shown that trisubstituted 
aryl- and hetery'hhioureas easily decompose by inorganic 
acids to give isothioc.vanates. ~ which is an ahernative 
to the method of synthesizing isothiocyanates by 
thiophosgenation of aryl- and hetervtamines. For this 
reason, the goal of the present work was to synthesize 
trisubstituted quinazolinylthioureas with potential physi- 
ological activity and slud} tlleir reactions with strong 
acids. 

In the present communicauon, a two-step transfor- 
mation of 3 -aminoqu inazo l in -4 (3 t / ) -one  (1) into 

' Deceased. 

5- (2-aminophenyl) -2-d ia lkylamino-1 .3 ,4- th iadiazoles  
(2a--d) via a previously unknown acid-induced re- 
cyc[ization of 3-(N' ,N' -dia lkyl thioureido)quinazol in-  
4(3/q)-ones (3a--d)  is described (Scheme I). 

"Thioureas 3a--d  were obtained in good yields by the 
reaction of equimolar amounts of compound ! and the 
corresponding thiuram disulfides 4a--d in DMF at 
95--100'~C (the modified Nair method). 5 It turned out 
that the reaction course and the yield of the final 
product are virtually independent of the starting thiuram 
structure, which allows new trisubstituted thioureas with 
a quinazolinone fragment to be obtained east b in the 
same way. The structures of thioureas 3a--d were con- 
firmed by data of elemental analysis and IH NMR 
and IR spectroscopy (]able I). The IR spectra of 
these compounds show absorption bands from CO 
(v ~1680 cm - l )  and N - - H  stretching vibrations 
(v ~3250 cm-I) .  This suggests a cyclic structure of the 
reaction products rather than the betaine one formed in 
the reaction of thioanalogs ! with CS~ in the presence of 
an alkali. 8 The IH NMR spectra of thioureido-  
quinazolmones 3a- -d  contain a tow-field signal from the 

Scheme I 
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R = M e  (a ) ,  Et (b) ,  R2N - -  morpholino (c). R2N --- piperidino (d) 
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N - - H  pro ton  of  the t h i o u r e a  f ragment  05 ~ 10.7) and  a 
d is t inct  singtet f rom the  HC(2 )  p ro ton  o f  t he  qu inazo -  
Imone  f ragment  at 8 7.9. 

Whi le  s tudying the  reac t ions  of  c o m p o u n d s  3 a - - d  
with difl \ :rent i n o r g a n i c  acids (HCI (gas) ,  H3PO4. and  
H2SO4L we o b t a i n e d  unusua l  results. I ndeed ,  corn-  

pounds  3a - -d  react with HCI and  H3PO 4 to give normal  
salts that are stable even at 130 ~C, whereas heat ing with 
cone.  H2SO 4 in d ioxane  at 9 0 - - 9 5  ~ causes the i r  
recyclization into th iad iazoles  2 a - d  In the reac t ion  
with I|.?S()a, a,,, with HCI and  H3PO 4, q u m a z o t i n o n e s  
3 a - - d  initially produce salts in the  form of vo luminous  

Table i. Main physicochcmical characteristics of thiadiazolcs 2a--d and quinazolinones 3a--d 

Corn- Yield M.p.,,"~ Found (%) Molecular IR, IH NMR, 8 
pound (%) Calculated lormula v / c t n l  ~J/|-Iz) 

C H N 

~;C NMR, d 

2a 97 203--205 54.5i) 5.53 25.04 C~o/-I:2,N4S 3400, 332{t 7.35--660 (m, 4 t1, 
54.52 5.49 25.43 INI-I~ CH atom.); 6 80 (s, 

2 H, NH2}: 3.19 {s. 
6 H, N~CH3}2~ 

2b 98 115--I 16 57.90 6.30 22.40 Cj2HI6N4S 
58,04 6.49 22.50 

2c 73 132--- 133 55.09 5.43 21.25 Ci2HI4N4OS 
5~'.9,1 5 .3X 2136 

3410, 3325 7.25--6.55~m. 4 H, 
{NH,) CH arom.); 6.80 (s, 

2 H, NH2); 3.45 (q, 
4 H, CH,. J = 7.2}: 
1.20 {t, 6 H, CH 3, 
J = 72)  

3400, 3312 7.25--6.55 (m. 4 H. 
~NH 2) CH arom.); 6 80 (s, 

2 H, N/q2); 3.75 and 
3.45 {2 L 8 H, CH,) 

2d 92 217-218  _60_,04 6.2'2) 2_!_42 CI~H,6N4S 34,15. 3335 
59.97 o. 19 21.52 INH,) 

3a 88 21{.)--211 5Y0"4 .4_.52 P}--_ :_.7}9 CI,It}2N4OS 
53.21 4.87 22.56 

3b 742 168--170 56.37 5.75 2{).2{,~) CI)Ht(,N4OS 
56.50 5.1":4 -, "~'7 _ 0 . . ,  

3e 85.5 226--228 53.66 4.80 1{}.37 CIsH 14N402S 
53.7,"; ,1.86 19.30 

-" 4 3d 86 215--216 ~8.1 5.40 19.29 CI4H IoN4OS 
58.31 5.59 19.43 

7.25--6.60 (m, 4 H. 
CH arom.): 0.80 {s, 
2 H, N/-I2); 3.46 (s. 
4 H, CH2); Ib0  (s, 
6 H. CH 2) 

3250 
(--NH), 

1685 
(C=O), 

t322 
{C=S} 
3250 

t--NH}, 
1680 

tC=O), 
1325 

(C=S) 

3240 
(--NH), 

1690 
(C=O), 

1320 
{C=St 
3240 

t--Nl-I), 
1685 

(C=O), 
1320 

{C=S} 

10.7 Is. I H. NH}: 
7.9 (s, I H, 
CH---C(2)); 8.2--7.5 
{m, 4 H, CH arom.); 
3.5 (s, 6 H, NICH3} 21 

10.75 (s, 1 H, NH); 
79  (s, I H. 
CH--C(2));  8 .2-7 .5  
(nz, 4 H, CI4 atom.); 
3.8 {q. 4 H. CH> 
, /=  72);  1.3 It, 6 H, 
CH3, J =  7.2) 
10.8 (s, I H, NH); 
7.9 {s, t H, 
CIt--CI2)):  8.2--7.5 
ira, 4 H. CH arom.); 
4.0 and 3.75 (2 t, 
8 H, C:H e) 
10.6 {s. t H, NH}: 
7.9{s, I H, CH); 
8.2--75 (m, 4 H, 
CH a tom) ;  3.95 (s. 
4 H. CH2); 1.75 
(s, 6 H, CH-~ 

169.05 1C(2}}: 159.36 r 
111.S25 ICilalL 146235 
{C(2a)}; 115.,'455 ~'C(3al); 
12980 tC~4aH; 115.59 
{C(5a))" 129.69 (C(6a)); 
41.00 (N(CH3)2} 
167.43 {CI2)); 158.68 {C{5)); 
tl2.075 (C(la)); 146.43 
tC(2al}; 116.02 ICi3a}}; 
129.89 {C(4a}L I15.74 
{C(Sa}); 12989 {C{6a;): 
46.78 and 12.57 {NEt 2) 
169.55 (C(2)); 160.17 cC(5)}; 
111.34 (C(la)}; 146 3t 
(C(2a)}; 11586 {C(3a)); 
130.08 i'C{4a}); 115.54 
{C{5a)), I29.77 {C(6a)): 
65.19 and 49.37 (morpholmo) 
169.27 [C{2H; 159.56 (C(5)), 
I I 1.66 (C( la}}; I4.6.33 
(C(2a)); 115.855 (C(3a)); 
129.89 tC(4:D): I I5.54 
(C{5a});12N.29 (C(6a}), 
50.59. 24.57. and 23 41 
{piperidino) 
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precipitates.  With an increase  in temperature,  the pre- 
cipitates dissolve,  and th i ad i azo l ium sahs 2a--d cry'stal- 
}ize on cool ing.  Apparent ly ,  a proton first adds to the 
N ( I )  a tom o f  qu inazo l inone  to give salt A {Scheme 2). 
In the presence  of  an excess  o f  H2SO 4 at high tempera-  
ture there is an equi l ib r ium between salt A and open 
form B. In te rmedia te  B is noth ing  but l -benzoyl -  
th iosemicarbazide ,  whose ac id-ca ta lyzed  cyclization pro- 
ceeds acco rd ing  to the k n o w n  mechanism 9 (in our  case, 
via in t e rmedia te  salts C, D, E, and F). Form F changes 
to sah 2, probably,  as a result  o f  intramolecular  el imina- 
t i o n - a d d i t i o n  of  a water  m o l e c u l e  (intermediate G) and 
tau tomer iza t ion  ( in t e rmed ia te  H) li_}llowed by decar- 
bonylat ion.  The  mechan i sm proposed implies that the 
molar  ratio o f  H2SO 4 to 3 a - - d  should be at least 2 : I for 
recycl izat ion to occur. A sea rch  lbr opt imum reaction 
condi t ions  showed Htat a th ree fo ld  excess of  the acid is 
really needed .  

The  s t ructures  of  th iad iazo les  2a--d were confirmed 
by data o f  e lemental  analysis ,  II-t and t3C N M R  spec- 
troscopy, and IR spec t roscopy  (see Table I). Their  IR 
spectra, unl ike  those o f  qu inazo l inones  3a--d ,  contain 
no absorp t ion  bands from C O  stretching vibrations, but 
show vast N H 2) and vs(N H 2) bands. 

The IH N M R  spectra o f  thiadiazoles 2a--d show 
signals f rom the NH-, p ro tons  at 6 6.80. Such a downficld 
shili is due  to the desh ie ld ing  effect of an electron-  
wi thdrawing or6po-substituent (thiadiazolyl) and to the 
presence of" an in t r amolecu la r  hydrogcn bond linking tile 
- - N H  2 g roup  with ttle N(4)  a t o m  or  the thiadiazole ring 
(the o c c u r r e n c e  of this H bond  was proved by X-ray 
diffract ion analysis ~~ of  c w s t a l  2a). Our results are in full 
agreement  with the data o f  I H N MR study ofsubsl i tu ted 
anilines. I I , l z  It-I N M R  spec t ra  of  thiadiazoles 2a--d 
conta in  signals from the - - N R  2 protons. Signals From 
the p ro tons  o f  the N - b o u n d  methyl and methylene 

groups are sttil'ted upfield by ca. 0.4--0.5 ppm as c o m -  
pared to those for qt, inazolinones 3a--d.  This indicates,  
by anak)gy with the corresponding aromatic  deriva-  
tives, 13 that the deshielding effect of  the thiocarbamoyl 
group is higher than that of the heterocycle. 

In the ISC N M R  spectra of compounds  2,a--d, the 
number  of  resonance signals is equal to the number  o f  
nonequivalent  C atoms, and the chemical  shifts o f  the 
a toms correspond to their nearest envi ronment  and hy- 
bridization state 13 (see "Fable I). 

Thus, it was established that heating in the presence 
o f  conc.  H2SO 4 causes opening of the quinazol inone  
ring iq 3 - (N ' ,N ' -d i a lky l t h iou re ido )qu inazo l i n -4 (3H) -  
ones 3a- -d ,  which undergo unusual recyclization to give 
u n k n o w n  5 - ( 2 - a m i n o p h e n y l ) - 2 - d i a t k y l a m i n o - l , 3 , 4 -  
thiadiazoles 2 a - - d  

Experimental 

Meitiqg points were determined on a Boehus stage micro- 
scope. IR spectra were recorded on a Speeord 75 IR instrument 
(suspensions in Vaseline oil). I}t and i-~C NMR spectra ~,ere 
recorded on a Varian XL-4O0 spectrometer (399.95 and 
1005,t MHz, respech',cly) in DMSO-de. The course of the 
reaction wax monitored by TLC on Silufol UV-254 plates in 
hexane--acetone t5 : I)  

The staaling 3-anrirmquinazolin-4(3H)-one 11) was pre- 
pared according to the known procedure. 14 Thiur'lrn disulfides 
4a,b were commercial chemicals (reagent purity). Thiuram 
diaulfide,; 4c,d were synthesized a.', described in Ref. 15. 

3-CV,N'-Dialkylthioureido)quinazolin-4(3H)-one (3a). A 
mixture of compound I (I.bt g. 0.0] tool) and disulfide 4a 
(2.40 g, 0.01 tool) in l0 mL of DMF was heated m a boiling 
water bath for 3 h. On cooling, tl~e reaction mixture was poured 
into 40 mL of 25'; NaOH. The sulfur thai formed was filtered 
off, and the I'iltrale was acidified with conc. AcOH (2.5 mL). 
The resuhmg precipitate 3a was filtered off. washed repeatedly 

3 a - - d  

2 a - - d  

o. [ 
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on the filter with cold water, and dried in vacun at 70 ~ The 
product was recrystallized from ethanol.  

Analogously,  compounds  3b- -d  ~,ere synthesized. Their 
physicochemlcal  characteristics are given in Table I. 

5-(2-Aminophenyl)-2-dialkylamino- 1,3,4-thiadiazole (2a). 
Sulfuric acid (p = I ~-1 g c m  --~) (2.94 g, 0.f13 moo  was added 
drop~ise with vigorous stirring to a suspension of compound 3a 
(2.48 g, 0.01 moll ;n 15 mL  o f d w  1.4-dioxane The thickened 
reaction mixture was slowly heated wlth stirring to 95--100 " (  
to give a homogeneous  ,,olution, kept at this temperature lbr 
I h, and cooled to ll) ~ The  , 'htadiazolium sulfate that R~rmcd 
,xas filtered off. l-hen the sulthte wa.,, dissoived in 15 mL of 
�9 ~,,ater and treated with a concemra ted  solution of  NaOH. The 
precipitate of  2a was filtered off, wa:,hed ,,sith cohJ water, and 
dried in vacuo at 5!) ~ The  crude product was purified as 
follows. A batch of  I g was dissolved in 20 mL of  benzet:e, and 
the s~)lution was filtered through a layer of  A]20,,. Two thirds of 
the solvent was, removed, and the product was precipi!ated by 
adding hexane (5--7 mL~ 

-\nalogous]y.  the corresponding thiadiazoles 2b--d were ob- 
tained from compounds  3b--d .  The physicochemical  character- 
islics o f  c o m p o u n d s  2a--d are presented in 1-able 1. 
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