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Abs t rac t -  Two representative built-in hydroxyguanidine tricycles 

containing 1.2.4-benzothiadiazine 1 , l  -dioxides (3) and quinazolin- 

ones @) were prepared by reductive cyclization of 1-(2-nitrophenyl- 

sulfonyl)-2-benzylthio-2-imidazoline ( 1-(2-nitrophenylsulfonyl)- 

2-benzylthio-1,4,5,6-tetrahydropyrimidine 1-(2-nitrobenzoyl). 

2-benzylthio-2-imidazolidine W and 1-(2-nitrobenz0yl)-2-benzyl- 

thio-l.4,5,6-tetrahydropyrimidine hydrobromide respectively with 

zinc dust in acetic acid under ice-cooling. 2.10-Dihydro-10-hydroxy-3H- 

imidazo[l,2-h][1,2,4[benzothiadiazine 55-dioxide ( and 2,3,4,11- 

te t rahydro- I  1 -hydroxypyrimido[l,2-bl[1,2,4lbenzothiadiazine 6,6- 

dioxide 0 were found to be active against solid tumor cell lines such as 

KB. Colo 205. HeLa. and Hepa-2. 

Hydroxyguanidine (1). hydroxyurea (2) and their derivatives constitute a class of anticancer and 

antiviral agents3 It has been repwted that these agents inactivate ribonucleotide reductase which is an 

essential enzyme for the DNA synthesis and cell replication and is considered as an important target for the 
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development of chemotherapeutic agent via an inhibition of DNA synthesis.4 However, due to the 

hydrophilicny and low molecular weight of these types of compounds, the disadvantage of these compounds 

such as a short half-life, rapid metabolic transformation to inaclive forms. and myelosuppression has 

limited their application in the clinic.5 Hydrophobicity is known to play an imporlant role in binding a 

substrate or inhibitor to the active site of enzyme or receptor and such a hydrophobic region adjacent to 

the active site of enzyme or receptor has been observed on dihydrofolate redeductase.6 guanase.7 thymidine 

pho~phor~lase.8 purine nucleoside pho~ph0ryla~eQ and af-adrenergic recept0rs.l 0 After our careful 

examinations, we suggested that tricycles with built-in hydroxyguanidine such as 2.10-dihydro-10 

hydroxy-3Kimidazo[ l  .2-~[1,2,4lbenzothiadiazine 5,5-dioxide , 2.3,4,1 1 - tetrahydro-I  l- 

hydroxypyrimido[l.2~[1,2.4]benzothiadiazine 6.6-dioxide (UP), 2,lO-dihydro-10-hydroxyimi- 

dazo[2,1Qlquinazolin-5(3~-one &J and 2,3.4.11-tetrahydro-11-hydroxy-5H-pyrimidol2.1- 

blquinazolin-&one appear to be more stable and hydrophobic while possessing a rigid structural 

feature is essential to elicit the biological activities of hydroxyguanidine. This paper describes on the 

synthesis of this type of compounds and their antitumor activilies. 

&l, n=2, Y= so2 
n=3, Y= so, 

& n=2, Y= C=O 
n=3, Y= C=O 

RESULTS AND DISCUSSION 

It is well known that nitroarenes can be convened into their corresponding amines with many reducing 

agents via an intermediary formation of hydroxylamine and the reduction can be stopped at the Stage of the 

hydroxylamines.1 1 Accordingly, we reasoned that the preparation of 3ah and &A could be achieved by 

careful reduction of nitroarene (9gS) and il!&.Q with zinc followed by a simultaneous nucleophilic 

displacement of alkylthio group in the juxtaposition for the intramolecular cyclization with the resulling 

hydroxylamino group. 

The synthetic route for the compounds (3) and (4) is outlined in Scheme. 2-Benzylthio-2-imidazoline 

hydrobromide 0, prepared by the benzylation of 2-mercapto-2-imidazoline mi(), was treated with 2- 

nitrobenzenesulfonyl chloride Q to give 1-(2-nitrophenylsulfonyl)-2-benzylthio-2-imidaz0line 
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( W ,  which was then treated with zinc in acetic acid at 0 oC for 30 min. After the mixture was stirred at 

room temperature for a further 60 min, the crude product was isolated and was found to be complexed with 

one equivalent of zinc on the basis of elemental analysis. The product was then dissolved in hot ethanol 

containing 0. lN EDTA. After cooling to room temperature, a nice crystal of 2,t 0-dihydro-10-hydroxy- 

3H-irnidazo[l.2-h][l.2,4]benzothiadiazine 5.5-dioxide ( M  was obtained in 7g0h yield. Meanwhile. 

2.3-dihydro-1H-imidazoll ,2Q][t ,2,4]benzothiadiazine 5.5-dioxide (Ila) was isolated in 6.8% yield 

from the filtrate. 

At the outset, we reasoned that the products of this reaction could be not only and U but also be a 

prodUCt of N-hydroxy nucleophilic displacement of alkyithio group such as G To confirm the structure of 

the major product (a, following experiments were carried out. However, when the reaction mixture of 

9a after reduction with zinc was allowed to stir at room temperature for further 2 days, the deoxygenated 

product (U was obtained exclusively: the major product ( M  was reduced by triphenylphosphinel 2 to 

afford +la. (followed by tlc). Accordingly, alternative structure =for the major product was rejected. 

The mass spectra of the product ( M  exhibited a molecular Ion peak at 239 (Mf) together with a fragment 

ion peak at 223 (MC-16). whereas the compound showed the molecular ion peak at 223 (MI) 

indicating a loss of oxygen from a. On the basis of me fragment ion peak at M+ -16, it initially appeared to 

Figure 1. Thermal ellipsoid plot of the molecule showing the atom numbering and the intermolecular 

H-Bond within dimer. 

be the N-oxide a. However, the 1 3Cnmr spectrum obtained for LLa showed the chemical shin for the 

C-9a at 146.4 ppm which is in agreement with the values reported by Jackobsen and Treppendahl.1 3 

indicative Of a double bond existing between N-10 and C-tOa. Meanwhile, the 1 342 nrnr spectrum of 

showed the C-9a chemical shin at 138.4 ppm which illustrates a hydroxy group at N-10 position with a 
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double bond located between C-lOa and N-1 is in agreement with previous data.1 4 This would lend some 

SUPPOR to the fact that the major product obtained by a reductive cyclization of &a wlh zinc in acetic acid 

at low temperature would exist as built-in hydroxyguanidine W instead of the alternative structure 

(M. To confirm the configuration of 3a. an X-ray structure analysis of a was performed. As expected. 

the thermal ellipsoid plot shows a hydroxy group located on N-10 position. The hydroxy group at N-10 

position donates a strong intermolecular hydrogen bond to N-1 of and two molecules form a dimer by 

two intermolecular hydrogen bonds between N-OH and N-1 position. Similarly, treatment of 1,4.5.8 

tetrahydro-2-pyrimidinethiol W with benzyt bromide gave Pbenzylthio-l,4,5.6-tetrahydro- 

((CH2))n 
i i i  ay- "vN - y. n 

a : l r ~ ~ ) n +  U N a N j n 2 ) n  

~4 s-ch-Q I 
OH H 

!h, n=2, Y= SO2 & n=2, Y= SO, n=2, Y= SO2 
% n=3, Y= SO, n=3, Y= SO, Ilb. n=3, Y= SO, 

n=2, Y= C=O & n=2, Y= C=O n=2, Y= C=O 
10b. n=3, Y= C=O & n=3, Y= C=O 1Zb. n=3, Y= C=O 

i. benlyl bromide. CH30H, reflux: ii. 2-nitrobenzenlsulfonyl chloride K) 
or 2-nitrobenzoyl chloride (a, CH2C12, TEA, room temperature; iii. Zn. HOAc, O'C 

pyrimidine hydrobromide (6h) which was then reacted with Z to furnish I-(2-nitrophenylsulfonyl)-2- 

benzylthio-1.4.5.6-tetrahydropyrimidine 0. Reduction of $!iz under the condition analogous to the case 

of 9a afforded 2,3.4,11-tetrahydro-ll-hydroxypyrimidoll.2-~11.2,4]benzothiadiazine 6,6-dioxide 

(m in 30% yield and 1,2.3,4-tetrahydropyrimidol1.2~-11.2,4lbenzothiadiazine 6.6-dioxide (u 
in 10% yield. A prolonged reaction time (for 2 days) caused the exclusive formatiin of The 1 3C nmr 

spectra for the products W and showed the chemical shift for the C-lOa at 138.50 and 145.02 

ppm, respectively, which are in agreement with their structures. Although arylhydroxyamines are tra- 

diiionally made by careful reduction of nitroarenes, the synthesis of m is probably due to either the 

inductive effects of the sulfonyl group which stabilize the hydroxylamine intermediates during the 

reduction or the propensity of the hydroxylamine group and alkylthiol moiety. Friary et 81.1 5 have 

reported the reduction of 1-(2-nitrophenylsulfonyl)-2-methylthio-2-imidazolidine U5j with SnC12 in 

hydrochloric acid or acetic acid caused the intramolecular cyclization by an elimination of methanethiol to 
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give the compound Analogous resuits were obtained in the reduction of 4- l (4.5-dihydro-2- 

methylthio-1H-imidaz01-1-yl)carbonyl]-l-methyl-5-nitro-1H-pyrazoie (16) with zinc in acetic acid 

under ice-cooling leading to the formation of the tricyclic 1.6.7.8-tetrahydro-I-methyl-4H- 

imidazo[l.2-il]pyrazolo[3.4Qpyrimidin-4-one (+Z) instead of built-in hydroxyguanidine tricycle.16 

In contrast to these results, careful reduction of l5 with zinc in acetic acid under the mild condition 

resulted in the formation of 3a in 77% yield, together with +l_a (14%). 

In the field of medicinal chemistry, a carboxamide group is considered as a bioisoslere of the sulfonamide 

moiety.1 7 From this point of view, the quinazoline derivatives (!la& were prepared by the synthetic 

method similar to that for m. Treatment of 2-nitrobenzoyl chloride (8) with &a and @2 afforded 1-(2- 

nitrobenzoy1)-2-benzylthioimidazolidine (a and 1-(2-nitrobenzoy1)-2-benzylthio-1,4,5.6-tetra- 

hydropyrimidine hydrobromide (LQbI in good yield. The reduction of -and IQh with zinc dust in acetic 

acid in ice-cooling furnished &a. and 4iz instead of 2,3-dihydroimidazo~2,1-h~quinazolin-5(1H)-one 

( and 1.2,3,4-tetrahydro-6H-pyrimido[2,l-~quinazolin-6-one Toconfirm the structures 

of these two isolated products 0 and (m, l2a 16 and L2h 1 9 were prepared in a good yield by a 

treatment of isatoic anhydride with 6aand&respectively in the presence of potassium carbonate in DMF 

at l o o  CC. The structural determination of compounds 0 and (4h) was mainly based upon the the 

elemental analysis and mass spectral data. The mass specuum of &a and 4iz illustrated that in addition to 

the molecular ion peak, a molecular fragment ion peak appeared at M+ -16, indicative of the presence of a 

built-in hydroxyguanidine moiety in the molecule as well. 

Cytotoxic evaluation of the compounds by the MTT m e t h d o  showed good activity against cancer Cell 

lines including KB, Colo 205, HeLa and Hep-2 with LDg 0 down to 2.0 uglml (Table 1). Interestingly, the 

compounds (4a.b) did not exhibit a significant cytotoxic activity against above cell lines, though the 

structural skeletons of 1,2,4-benzothiadiazine 1.1-dioxide and quinazolinone are bioisosteric to each 
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other.1 This indicates that the sulfonamide moiety in the tricycles might be essential to the biological 

activity. A recent synthetic studies on the structural modification of certain hypoglycemic agents led to a 

discovery of a new class of sulfonylurea as anticancer agents.2 1 The mechanism of action of this type of 

compounds is different from the current anticancer therapeutic agents. The agent primarily accumulates in 

mitochondria instead of blocking the DNA synthesis and especially for the treatment of solid tumws.22 

More interestingly, the built-in hydroxyguanidine tricycles described herein are potent against solid 

tUmWS as well. The initial results indicated that these cumpounds did not inhibit protein synthesis. 

Table 1. Cytotoxic Activity of compound a a n d a b y  the MTT method 

Table 2. Atomic coordinates and isotropic thermal parameters of 3a (Biso).E.S.Ds 
refer to the last digit printed. 

'Biso is defined as one third of the trace of the Mthogonalised Bij tensor 
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Table 3. Bond lengths (A) of a 

Table 4. Bond ~ngl@J of 
.................................. 
O(ll1-Sll) -0112) 117.93118) 
O(ll) -Sill-N(13) 109.98i191 
0 1 - S l - 1 1  108.591221 
0112 S l N l 3  107.91(211 
0112 I - C l l l  111.53(20) 
N(131-Sll) -C(llI 99.30(19) 
0113) -Nill) -C1161 118.2(4) 
0131-N11)-C17 115.013) 
Cl16)-NIlll-C(171 126.814) 
C117)-N1121-C(181 107.813) 
S121 -NlZ3l -C(29) 118.7 13) 
S(l1 -N1131-Cl17) 117.6(3) 
Sll) -N1131-Cl191 118.1(3) 
Cll7)-Nll3) -Cll9) 106.3131 
I C C 2  120.413) 
I - C  1 6  117.9(3) 
C l l - C 2 C 3  121.2(4) 
Cll2)-C(l3) -C(l4) ll8.0(5) 
Cl131-C114)-C(15) 121.6(5) 
C(141 -C(15) -C'(161, 120.7(41 
N1211 -C126) -Ci25) 122.4141 
N(ll~-C1161 -CIll) 119.7(4) 
Nllll-Cl16) -Cll5) 122.914) 
C(l1)-Cl16) -C(151 117.4(41 
N(111 -C(17) -N(121 127.9(41 
N1ll)-C(171 -Nil31 118.0141 
Nl12)-Cl18)-C(19) 105.0(4) 
N(13)-Cl191-C(181 101.313) 
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EXPERIMENTAL 

General methods: Melting points were obtained on an Electrothermal apparatus and are uncorrected. Uv 

Spectra were recorded on a Beckman UA 50 spectrophotometer. 1 H and 1% nuclear magnetic resonance 

Spectra were recorded on a Jeol FX-100 or Jeol JNM-EX400 spectrometer from National Taiwan Normal 

University or on a Bruker Model AM 300 spectrometer from National Taiwan University. Taipei, and are 

reponed in parts per million with DMSO-& as internal standard on a 6 scale. El mass spectra were 

recorded on Jeol JMS-Dl00 mass spectrometer from National Taiwan University. Elemental analysis was 

Carried OUT either on a Heraeus Elemental Analyzer in Cheng-Kong University, Tainan, or on a Perkin. 

Elmer 240 Elemental Analyzer in National Taiwan University. Taipei. X-Ray structure determination: the 

x-ray diffraction data were collected at 21°c with a Rigaku AFCSR(RU-300) rotating anode. X-ray 

diffractometer by using the 01-20 scan mode with graphite-monochromated CuKa( A = 1.5418A) radiation. 

2036 Reflection intensities up to 28=120° were measured. Cell parameters, a=39.286(7), 

b=11.2159(7). ~=9.1284(22)A, were determined by least squares refinement, the setting angles of 24 

accurately centered reflections (3~l~c20<509 being used. Throughout data collection the intensities of 

three Standard reflections ([3,5,-21,[2,-7.-2.[3,6.-11) were monitored every 2 h and this indicated no 

Significant crystal decomposition. The intensity data were corrected for Lorentz and polarization effects and 

for absorption by a procedure based on azimuthal p-scan2 3 1567 reflections with F > 3o(F) were used 

for Structure solution and refinement. The structure was solved in the onhorhombic space group P bca by 

the direct methods using the program SHELXS-86.24 Full-matrix least squares refinement was carried 

OUT on positional and anisotropic thermal parameters of all non-hydrogen atoms by wing the NRCVAX 

pa~kage.25Thefunction minimized was Zw(JFoJ-JFcJ), where w = $( Fd+0.0001 (FJ '1- '. Positions 

of the hydrogen atoms were all located in difference Fourier map and also included in the refinement with 
isotropic temperature factors. In the last stage least-squares calculation, goodness of fit = 2.47, (Ap) max 
= 0.17 e A-3, (Alo) maF0.052, final R values were R = 0.042, = 0.051. Final atom coordinates, 

bond lengths and bond angles are listed in Tables 2-4. Tabulations of hydrogen atomic coordinates, 

anisotropic thermal parameters, structure factors are available from the author Y.-C. L. 

2-Benzylthio-2-imldazollne Hydrobromlde (6a) 

To a mixture of 2mercaptoimidazoline (10 9. 98 mmol) in methanol (200 ml) was added benzyl bomide 

(23 ml, 100 mmol). The mixture was allowed to reflux. After 1 h, the mixture was concentrated in vacuo 

to an oily residue. The residue was dissolved in methanol (10 ml) and then ether (206 rnl) was added to the 

solution to afford 6a (26.2 g, 98%). An analytical sample was recrystallized from acetone. mp 172-175 

oC (decamp.). 1H nmr (1M) MHz, DMSO*): 6 3.86 (s, 4H, CH2). 4.59 (s, ZH, CH2), 7.31-7.41 (m, 
5H, Ar-H), 10.27 (br s, NH. HBr): ms: mlz 192 (Mt). W. Clcd for C1 OHI 3N2SBr: C, 43.95; H, 

4.79: N, 10.25. Found: C, 44.01; H, 4.81; N, 10.13. 

l - (2 -Ni t rophenylsul fonyl ) -2-benzyl th lo-2- imldazol id lne (Sa) 

To a mixture of 6a (6.2 g, 22.7 mmol) and triethylamine (8 ml, 57 mmol) in dichloromethame (150 ml) 

wasaddeddropwise 2-nitrobenzenesulfonyl chloride (5.0 g, 22.6 mmol) under ice-cooling. The mixture 

was allowed to stir at room temperature for 1 h and then was evaporated in vacuo to afford a white solid. To 
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the residue was added methanol (25 ml) and water (50 ml). The white solid was then collected by 

filtration and recrystallized from methanol to give 9a. (8.2 g, 96%), mp 112 W(decomp.). 1 H nmr (100 

MHz, DMSO-a): 6 3.91 (s, 4H, CH2), 4.26 (s, 2H. CH2), 7.29 (s, 5H, Ar-H), 7.90-8.04 (m, 4H, Ar- 

H); 1 3C nmr (25 MHz, DMSO-dg): 6 35.80, 45.53, 49.45, 53.32, 124.69. 127.09, 128.14, 128.73, 

129.08. 129.84. 132.77. 135.41. 136.41, 147.54. 153.63; ms: mlz. 377 (M+): m Calcd for 

C1 6H1 5N304?~ : C, 50.92; H, 4.00; N, 11.10. Found: C, 50.72; H, 3.83; N, 10.97. 

2 ,10 -D ihydro -10 -hydroxy -3H- imidazo [1 ,2 -b ] [1 ,2 ,4 ]benzo th iad iaz ine  5,s-Dioxide 

( 3  a )  
The compound W (3.0 g, 7.96 mmOl) was dissolved in acetic acid (80 ml) and treated with zinc dust 

(2.5 g, 38 mmol) in an ice bath for 30 min. The minure was subsequently allowed to stir at room 

temperature for furiher 30 min and then was evaporated in vacuo to an oily residue. To the residue was 

added ethanoi (15 mi) and the mixture was evaporated to dryness i n  vacuo at 50 oC to remove excess 

amount of acetic acid. The resulting white solid was then collected and the crude product was dissolved i n  

ethanol (20 ml) and then treated with 0.1 N EDTA (5 ml) to furnish needle crystals of a (1.51 g, 79%). 

and 2.3-dihydro-1H-imidazo[l .2-~[1,2,41benzo-thiadiazine 55dioxide (Ila. 0.12 g, 6.8%) was 

isolated from the filtrate. However, conducting reaction for 2 days resulted in exclusive formation of U a  
(1.59 g, 83%). Compound &% mp 195 oC (ethanol); uv A nm (E x 104): (MeOH) 275 1 . 3  (pH 1) 

252 1 4  (pH 13) 296 (1.3); 1 H nmr (300 MHz. ~ ~ S o - d g ) :  6 3.85 (m. 2H, m 2 ) .  3.97 (m. ZH. 

Gi2), 7.25 (t. J=7.7 Hz, lH,  Ar-H), 7.47 (d. J=8.6 Hz, lH, Ar-H), 7.75 (m, lH, Ar-H), 7.83 (d, 

J=8.6 Hz, lH, Ar-H); 13C nmr (75 MHz, DMSO*): 6 44.01, 51.11, 113.41, 120.70, 122.28, 

122.72, 135.16, 138.53, 149.59; Ms: m/z 239 (M+). 223(M+-16). &a!. Calcd for CgHgN3QS: C, 

45.18: H, 3.79; N, 17.56. Found: C, 45.18: H, 3.81; N, 17.48. Compound 114: mp 267 oC (ethanol); ms: 

m/z 223 (M+), 166, 158; 1 H nmr (300 MHz. DMSO-dg): 6 3.57 (t. J=7.9 Hz. 2H. CH2). 4.03 (t, 

J=7.9 Hz, 2H, CH2). 7.17 (t, J=8.2 Hz, 2H, Ar-H), 7.57 (t, J=7.8 Hz, lH, Ar-H), 7.78 (d, J=7.8 Hz, 

IH, Ar-H), 8.23 (s, lH,  NH) ;~  3C nmr (75 MHz, DMSD*): 6 39.55, 41.78, 122.46, 122.87, 

123.34, 125.51, 134.94, 146.37, 155.10. Aaal. Cakd for CgHgN3QS: C, 48.42: H, 4.06; N, 18.82. 

Found: C. 48.78; H. 4.03; N, 18.95. 

2-Benzylthio-1,4,5,6-tetrahydropyrimidine Hydrobromide (6b) 

The compound (m was prepared in 97% yield according to a procedure similar to that of &.An analytical 

sample was recrystallized from acetone, mp 152 W.  1 H nmr (100 MHz, DMSO46): 6 1.78 (t, J=5.6 Hz, 

2H, CHZ), 3.34 (t, J=5.8 Hz, 4H, 2 CH2). 4.58 (S, 2H, CH2). 7.34 (s, 5H, Ar-H), 9.98 (br s. 2H, 

NH+HBr); Ms: mlz, 206 (M+). W. Cakd for C1 1Hj 5N2Br.S: C, 45.99; H, 5.26; N, 9.75. Found: C, 

46.16; H. 5.29; N, 9.75. 

1 - ( 2 - N i t r o p h e n y l ~ u l f o n y l ) - 2 - b e n z y l t h i o - l , 4 , 5 , 6 - t e t r a h y d r o p y r i m i d i n e  (9b)  

The compound (9Q was prepared in 97% yield according to a procedure similar to that of 9a.. An analytical 

sample was prepared by recrystallization from ethanol. mp 85 9: (decamp.). 1 H nmr (100 MHz, DMSC- 

66): 6 1.83 (m, 2H, CH2). 3.48 (m, 2H, CH2), 3.54 (m, 2H, CHz), 4.05 (s, 2H, CHz), 7.20 (s, 5H, 

Ar-H), 7.81-8.00 (m, 4H. Ar-H); 1 % nmr (25 MHz, DMSO-dg): 6 22.50, 35.39, 46.05. 46.35, 
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124.69, 126.70, 127.97, 128.55, 129.79, 131.66, 132.60, 135.00, 136.81, 145.25, 146.96; ms: 

m/Z 391 (M+)  Calcd for C1 7H1 7N3Q52 : C. 52.16; H, 4.38; N, 10.74. Found: C, 52.14; H, 4.42; 

N, 10.93. 

2 ,3 ,4 ,11 -Te t rahydro -11 -hydroxy~~r imido[1 ,2 -b1 [1 ,2 ,4 ]benzoth iad iaz ine  6,6- 

Dioxide (3b) 

Reduction of @I under the conditions similar to the case of afforded and 1.2,3,4- 

tetrahydro~yrimido[l.2~[1.2,4lbenzothiadiazine 6,6-dioxide (Ilbl in 30% and 11% yields. 

re5PeCtiVdy. However, it afforded exclusively Llb in 62% yield when the reanion was run for 2 days. 

Compound 3 2  mp 180-182 9: (ethanol); uv A max nm(E x 104): (MeOH) 278 (1.6); (pH 1) 263 

I .  1H nmr (300 MHz. DMSOa):  6 1.83-1.97 (m, 2H. CH2). 3.43 (1. J=5.6 Hz. 2H, CH2). 3.79 

(t, J=56 Hz, 2H. CH2), 7.22 (t. J=7.5 Hz, IH, Ar-H), 7.56 (d, J 4 . 4  Hz, l H ,  Ar-H), 7.67-7.85 (m. 

2H. Ar-H).; 1 3C nmr (75 MHz, DMSO*): U 21.36, 39.88, 41.84, 114.40, 121.32, 121.85, 134.59, 

138.50, 141.46.; MS: mlz 253 (MC), 237 (M+ -16), 172; N. Calcd. for C1 OH> jN303S: C, 47.42; 

H, 4.38; N,16.59. Found: C, 47.50; H, 4.24; N, 16.54. Compound Ilh: mp 245-248 9: (ethanol); 1 H 

nmr (300 MHz, D M S W ) :  6 1.95 (m, 2H, CHz), 3.28 (t, J=5.8 Hz, 2H, CH2), 3.80 (t, J=5.5 Hz, 2H, 

Gi2). 7.07 (t, J=7.9 Hz. 2H, Ar-H), 7.52 (t, J=7.7 Hz, IH, Ar-H), 7.64 (d, J=77 Hz. IH, Ar-H). 

8.05 (br s, IH, NH, D20 exchangeable); 13C nmr (75 MHz, DMSOa): 6 21.64, 38.95, 41.95, 120.78, 

120.97, 122.86. 124.11. 133.79, 145.02, 148.83; rns: mlz 237 (M+), 209, 172, 155: m . C a l c d  

for C1 OHI lN3QS: C, 50.62; H, 4.67; N, 17.71. Found: C, 50.41; H, 4.36; N, 17.53. 

1-(2-NitrobenzOyl)-2-benzylthio-2-imidazoiine (10a) 

To a Solution of 613 (6 g. 22 mmOl) in dichloromethane (150 ml) contained triethylamine (7 mi, 50 

mmOl) was added 2-nitrobenzoyl chloride (4 g. 22 mmol) and the mixture was allowed to stir at room 

temperature for 2 h. The mixture was then concernrated in vacuo to soild residue which was poured into a 

solution of ethanol (25 mi) and water (50 ml). The resulting white solid was collected by tinration and 

was recrystallized from ethanol to afford U a  (7.2 g, 96%). mp 131 9: ;I H nmr (300 MHz, DMSO-a): 6 

3.63 (br s, 2H, CH2), 3.86 (t, J=8.4 Hz, 2H. CH2). 4.23 (s. 2H, Gi2). 7.32-7.41 (m, 5H, Ar-H), 

7.76 (t. J=7.5 Hz. 2H. Ar-H), 7.90 (1. J=7.2 Hz, IH, Ar-H). 8.24 (d. J=8.4 Hz. IH, Ar-H); ms: mlz 

341 (M+). M. Calcdfor C1 7Hl ~ N ~ Q S H Z O :  C, 59.81; H, 4.43; N, 12.31. Found: C, 59.73; H, 4.49; 

N, 12.29. 

2 , 1 0 - D i h y d r o - 1 0 - h y d r 0 ~ y i m i d a z o [ 2 , 1 - b ~ q u i n a z o i i n - 5 ( 3 H ) - o n e  (4a) 

Toa mixture of lQa (3 g. 8.8 mmol) in acetic acid (60 ml) in an ice bath was added zinc dust (2 g. 31 

mmol) and the mixture was allowed to stir for 30 min. The temperature was then raised to room 

temperature and the mixture was stirred for further 30 min. The zinc dust was filtered and the filtrate 

was evaporated in vawo to oily residue. To the residue was added acetone (5 mi) and ether (25 ml) to give 

crude solid (1.71 g. 96%) wniih was subjected to column chromatography (silica gel. 1.5 x 21 cm, 

chloroform/methanol=8/2) to isolate Q (0.74 g, 42%). mp 230 oC; uv A max n m ( ~  x 104): (MeOH) 

278 (1.0); (pH 13) 293 (1.1) 1H nmr (400 MHz, D M S W ) :  6 3.77 (m, 2H, W2) ,  4.05 (m, ZH, 

W), 4.33 (br s, IH, OH), 7.17 (t. J=7.8 Hz, IH, Ar-H), 7.45 (d, J=8.3 Hz. 1H. Ar-H), 7.67 (t. 
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J=78 Hz. lH ,  Ar-H), 7.84 (d, J=7.8 Hz, lH,  Ar-H); 1 %  nmr (75 MHz, DMSOG): 6 42.4 (t) , 44.7 

(1) , 113.3 (dl, 115.7 (s), 125.8 (d), 127.3 (d), 136.0 (d), 139.4 (s), 151.0 (s), 156.9 (s) ; rns: 

mlz, 203 (Mt, 85%), 187 (Mf -16, 100%). 159. A!W Calcd for C1 oHgN3Q.HzO: C, 54.30: H, 5.01; 

N, 18.99. Found: C, 54.03; H, 4.95; N, 18.74. 

1 - (2 -N i t robenzoy l ) - 2 -benzy l th io -1 ,4 .5 .6 - t e t rahydropyr im id ine  ( l o b )  

Compound (UU was Prepared in 97% yield using a procedure similar to that which afforded m. An 

analytical sample was Prepared by recrystallization from ethanol, mp $00 oC (deCOmp.); 1 H nmr (400 

MHz, DMSO-a): 6 1.82 (s, 2H, CH2). 2.50 (1, 2H, CH2), 3.56 (m, 2H, CHz), 4.02 (s, 2H, CH2), 7.23 

(S, 5H. Ar-H), 7.60 (d, J=7.3 HZ, 1H. Ar-H). 7.71 (1, J=6.8 Hz, 1H. Ar-H), 7.75 (d, J=1.7 Hz, IH, 

Ar-H), 7.83 (1, J-6.8 Hz, lH,  Ar-H), 8.21 (d, J=7.3 Hz, lH ,  Ar-H); 13Cnmr (100.4 MHz, DMSO- 

d6): 6 22.50, 35.34, 44.80, 46.41, 124.72, 126.78, 127.91, 128.14, 128.89, 13100, 131.77. 

134.89, 137.22, 144.90, 149.47, 166.13: ms: mlr  355 (Mf). Anal. Caicd for C1 8H1 7N30JS: C, 

60.83: H. 4.82; N. 11.82. Found: C, 60.83; H, 4.90; N, 11.87. 

2 , 3 , 4 , 1 1 - T e t r a h y d r o - l l - h y d r o x y - 6 H - p y r i m i d o [ 2 , 1 - b ] q u i n a z o i i n - 6 - o n e  (4b) 

To a solution of i0h (3.0 g, 8.44 mmoi) in acetic acid (40 mi) in an ice bath was added zinc dust (2.0 g. 

31 mmoi) and allowed to stir for 20 min. The mixture was stirred at room temperature (25 OC) for 

additional 30 min. The mixture was then filtered by filtration to remove zinc dust and the filtrate was 

evaporated in vawo to oily residue. To the oily residue was added ethanol (20 ml) and then evaporated again 

in vacuo repeating for several times to remove acetic acid. Finally, the oily residue was dissolved in 

ethanol (20 ml) and cooled at -20 oC. The solid was then collected by filtration to obtain 1.32 g (72%) of 

crude product. This crude product was recrystallized from a mixture of ethanol (15 ml) and water (15 

ml) in the presence of 0.lN EDTA (3 ml) to obtain Q (0.51 g. 28%). mp 240 oC. uv h nm (E x 

104): (MeOH) 285 (1.4) (pH 13) 291 (1.1); 1 H nmr (400 MHz, DMSO4j): 8 1.95 (rn, 2H, CH2) , 

3.41 (t, J=5.90 Hz, 2H. CH2), 3.96 (t, J=5.90 Hz, 2H, CH2). 7.23 (1, J=7.9 Hz, l H ,  Ar-H), 7.74 (t, 

J=8.5 Hz, IH,  Ar-H), 7.87 (d, J=8.4 Hz, IH,  Ar-H), 7.96 (d, J-7.8 Hz, IH ,  Ar-H), 8.89 (br s, 1 H, N- 

OH. 4 0  exchangeable); 1 3c  nmr (100 MHz, DMSOQG) : 6 1 9 1 (  38.2 (I), 113.5 (s), i 15.1 (d), 

122.8 (d), 126.7 (d), 134.9 (d), 141.7 (s), 144.3 (s), 156.7.(s); ms: mlz 217 (Mt), 201 (Mt- 

16, 80%), 200 (Mf-17, 100%). Calcd for C1 1H1 1N3Q: C, 60.82; H, 5.10; N, 19.34. Found: C, 

2 , 3 - D i h y d r o i m i d a z o [ 2 , 1 - b ] q u i n a z o l i n - S ( 1 H ) - o n e  (12a) 

The compound (m was prepared according to a known procedure approach.1 9 mp 265.266 oC(ethano1) 

[ l i t . , l  8 266-268 %I.  Ms: mlz 187 (Mt): 1H nrnr (300 MHZ, ~ M s O a g ) :  6 3.61 (t, J=80 Hz, 2H, 

CH2). 4.09 (t, J=8.0 Hz, 2H, CH2). 7.09 (t, J=7.8 Hz, IH,  Ar-H), 7.20 (d, J=82 Hz, lH,  Ar-H), 7.50 

(m, lH,  Ar-H), 7.76 (s, lH,  NH), 7.88 (dd. J=13 Hz, J=78 Hz, lH,  Ar-H); 13C nmr (100 MHz, 

DMSO-a): 6 46.47, 121.49, 125.86, 128.55, 130.01, 138.13, 155.45, 158.91, 164.48. 
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The compound (W was prepared according to a known procedure approach.1 9 mp 227-228 oC 

(ethanol) [lit..19 227-229 oC1. 1H nmr (300 MHz, DMSO-a): 5. 3.27 (t, J=5.7 HZ. 2H. CH2). 3.38 

(m, 2H, CH2), 3.90 (t, J=5.9 Hz, 2H, CH2), 6.99 (t, J=8.0 Hz, lH,  Ar-H), 7.10 (d, J a . 0  Hz, lH,  Ar- 

H). 7.48 (m. IH, Ar-H), 7.67 (s, IH,  NH). 7.83 (d, J=6.4 Hz. lH,  Ar-H); 13Cnmr (100 MHz, DMSO- 

46): 619.86, 38.37, 115.80. 120.53, 123.35, 126.18, 133.90, 149.80, 150.11, 161.39; ms: m/z 

201 (M+).  
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