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Summary. Several synthetic processes for some new pyrimidine derivatives of cyanimidodithio- 
carbonates are reported. Due to the formation of by-products, the optimization of reaction conditions 
is of importance. 
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Neue Pyrimidinderivate von Cyanimidodithiocarbonaten 

Zusammenfassung. Es werden einige Methoden zur Darstellung verschiedener neuer Pyrimidin- 
derivate von Cyanimidodithiocarbonaten vorgestellt. Wegen der Entstehung von Nebenprodukten ist 
die Optimierung der Reaktionsbedingungen sehr wichtig. 

Introduction 

Cyanimidodithiocarbonates containing the S-CH2-X-R' system (X = O, S; R' = al- 
kyl, aryl, heteroaryl) are known as fungicides [1-3]. Their synthesis was carried out 
either by the reaction of potassium cyanimidodithiocarbonate monoester and 
chloromethylethers/thioethers or by (S-alkyl, S'-chloromethyl)-cyanimidodithio- 
carbonate and thiophenols. 

On the other hand, cyanimidodithiocarbonic acid dimethylester is an important 
intermediate for the synthesis of compounds of medical interest with a N-cyano- 
isothiourea or N-cyanoguanidine structure [4-6]. The preparation of these ma- 
terials can be carried out by nucleophilic substitution when the methylthio group is 
attacked with amines in a stepwise procedure. First, N-cyanoisothiourea [7-13] is 
formed and subsequently the guanidine [11, 14, 151. 

The cyanimidodithiocarbonates show especially good reactivity in several ring 
closure reactions. The cyclocondensation of cyanimidodithiocarbonic acid 
dimethylester with substituted hydrazines (R-N1H-N2H2) affords amino-methyl- 
thio-l,2,4-triazoles [16]. Similarly, several diamino-l,2,4-triazoles can be syn- 
thesized from isothioureas depending on the reaction conditions [17]. 

There are some references for the synthesis of triazine derivatives from cy- 
animidodithiocarbonic acid dimethylester: thio-bis-(formamidine) gives amino- 
dithio-s-triazine derivatives in the presence of NaOEt [18], whereas chlorine 
produces in dichloromethane at - 1 5  °C chlorinated amino-s-triazine derivatives 
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[19]. By application of acetamidine, a new process [20] was elaborated for the 
production of the important intermediate 2-amino-4-methoxy-6-methyl-l,3,5- 
triazine. 

With knowledge of the above mentioned results, the aim of the present work 
was to introduce a series of variable syntheses for new pyrimidine derivatives of 
cyanimidodithiocarbonates which may have biological activity. 

Results and Discussion 

The pyrimidine ring can be introduced into the cyanimidodithiocarbonate molecule 
by nucleophilic substitution reactions: either by means of alkylation (dialkyl esters) 
or by an exchange between the alkylthio group and an amine derivative (iso- 
thioureas). 
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Seheme 1. Synthesis of (S-methyl, S'-(pyrimidin-2-yl)-thio/oxyalkyl)-cyanimidodithocarbonates la-f 
and cyclization with hydrazine monohydrate 

Two methods (A and B) are developed for the preparation of (S-methyl, 
S'-(pyrimidin-2-yl)-thio/oxyalkyl)-cyanimidodithiocarbonates (1). Method A was 
carried out according to Eq. 1 (Scheme 1) which required the synthesis of pyrimidine 
derivative 3. The preparation of chloroalkyt thiopyrimidines (3, X = S) is possible 
either by chlorination of hydroxymethyl-pyrimidine derivatives with thionyl chlor- 
ide or by alkylation of pyrimidine thiol with bromochloroalkanes [21]. The 
(chloroalkyl)-oxypyrimidines (3, X = O, n = 2, 3) were synthesized from 2-methyl- 
sulfonyl-pyrimidines and 2-chloro-ethanol or 3-chloro-propanol in the presence of 
Nail.  

The application of method A is limited; in the case of n = 2, product 1 could 
neither be isolated in the case of X = S nor of X -- O. An inseparable complex 
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reaction mixture was obtained due to an unexpected process. The ethylene bridge 
seems to be responsible for a side reaction which probably involves a cyclization. 

This problem can be avoided by method B in the case of X = S. After preparing 
the chloroalkylthio derivatives of cyanimidodithiocarbonates (4) according to 
Eq. 2 a reaction is carried out with 2-thio-pyrimidine (5, Eq. 3, Scheme 1). The 
2-hydroxy-pyrimidine, however, does not give the desired product even in this way 
(it is present in its oxo tautomer form). The products (la-f)  are summarized in 
Table 1. 

Utilizing the ability of cyanimidodithiocarbonate for ring closure with hydrazine 
derivatives, the synthesis of compound 7 was attempted from ld; however, no pure 
product could be isolated (Eq. 4, Scheme 1). Since the S-CH2-S system seems to be 
sensitive to basic conditions, another pathway was used to obtain this derivative. 
After successful synthesis of the triazole potassium salt 6, product 7 was prepared as 
described in Eq. 6 (Scheme 1). 

The isothiourea derivatives of pyrimidine have been described previously [-22]. 
However, their ability for ring closure has not yet been studied. When the (5- 
chloropyrimidin-2-yl)-oxyethyl derivative 8 was reacted with hydrazine monohyd- 
rate, the desired triazole 9 was isolated (Eq. 7, Scheme 2). Since the NH-CH2-CH2-O 
system is stable under basic conditions, it is likely to take part in other cyclizations as 
well. For this reason, a reaction with acetamidine hydrochloride was carried out in 
the presence of Na/EtOH resulting in triazine 10 (Eq. 9, Scheme 2). 
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2. Cyclization reactions of N-cyano-S-methyl-N'-(2-(5-chloropyrimidin-2-yl)-oxyethyl) 
isothiourea (8) 

Amidines are rarely applied in ring closure reactions of cyanimidodithio- 
carbonates [18, 20]; their reaction with isothioureas is completely new. Diamino- 
1,3,5-triazines (substituted with OCH 3 or SCH3) were obtained by the cyclization of 
cyanimidodithiocarbonic acid dimethylester with guanidine [23]. 
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The pyrimidine derivatives of cyanimidodithiocarbonic acid showed fungicidal 
activity according to in vivo tests, la proved to be the most valuable product: it killed 
Podosphaera leucotricha in a concentration of 125 mg/1. 

Experimental 

Melting points were determined on a Bo~tus hotstage apparatus. A Varian EM 360A NMR spec- 
trometer and a Pye Unicam SP-2000 IR spectrometer were used for spectroscopic studies. Starting 
materials having no reference number were purchased from Aldrich GmbH and used without further 
purification. 

(S-methyl, S'-3-( 5-chlorop yrimidin-2-yl )-o xoprop yl )-cyanimidodithioearbonate (lf) 

Method A. 11A g (0.06 tool) 5-chloro-2-methylsulfonyl-pyrimidine [-24] and 18.9 g (0.2 tool) 3-chloro- 
1-propanol were dissolved in 60 ml dimethylformamide. 4.8 g (0.2 mol) N a i l  were added to the solution 

in small amounts under stirring. After one hour the precipitate was filtered and the filtrate was 
evaporated under vacuum. The residue was diluted with 100 ml chloroform and then washed with 
3 x 50ml of water. After drying over MgSO~, it was chromatographed over 60g Kieselgel 60 
(0.063 0.2 ram, eluent: hexane). After evaporation of the solvent, white crystals formed from a diethyl 
e the r -hexane  mixture. Yield (intermediate 3, X = O, n = 3, R ' =  H, R " =  5-C1): 5.4g (44%); mp.: 

55 58 °C; 1H NMR (CDC13/TMS , 6): 2.3 (2H, qi, O C H z - C H 2 - C H  2 C1), 3.75 (2H, t, O CH2-CH 2- 
CH2-C1), 4.5 (2H, t, O - C H 2 - C H 2 - C H  2 C1), 8.45 (2H, s, 4,6-H) ppm; IR (KBr): v(pyrimidine) -- 950, 
1440, 1542, 1571, V(CAr--O-CA1 ) = 1043, 1324cm 1. 

3.4 g (0.02 tool) potassium S-methyl-cyanimidodithiocarbonate (2, [-25]) and 3.0 g (0.015 mot) 5-chloro- 

2-(3-chloropropoxy)-pyrimidine(3, X = O, n = 3, R' = H, R" = 5-C1) were refluxed for 23 hours in ethyl 
methyl ketone in the presence of 0.1 g KI. The precipitate was filtered at room temperature and the 
filtrate was evaporated. The residue was crystallized from chloroform petroleum ether. Yield: 1.7 g I f  
(38%); rap.: 79-82 °C; spectroscopic data are collected in TaNe 1. 

(S-methyl, S'-2-( 4,6-dimethylp yrimidin-2-yl )-thioethyl-cyanimidodithiocarbonate (le) 

Method B. To a solution of 8.5 g (0.05 mol) potassium S-methyl-cyanimidodithiocarbonate (2, [25]) 

and 50 ml acetone, 16.5 g (0.115 mol) bromochloroethane were added under stirring. The mixture was 
allowed to stand for 3 days, then filtered and evaporated. The residue was diluted with 50 ml benzene 
and washed with 3 x 25 ml of water. After drying over MgSO 4 and evaporation of the solvent, white 
crystals were obtained from a diethyl ether - hexane mixture. Yield (intermediate 4, n = 2): 6.0 g (62%); 

m.p.: 50-52.5 °C; 1HNMR (CDC13/TMS , 6): 2.65 (6H, s, CH3); 3.3 3.9 (4H, m, CH2-CHz)ppm; IR 
(CC1¢: CS 2 = 1:1): v'(N)-C=N) = 2198, v(C=N) = 1505 cm-  1. 

To 20 ml of an acetonic solution of 3.0 g (0.015 tool) S-methyl, S'-(2-chloroethyl)-cyanimidodithio- 
carbonate (4, n = 2), 2.1 g (0.015 tool) K2CO a and then 2.1 g (0.015 tool)4,6-dimethyt-2-thio-pyrimidine 
in 20 ml acetone were added under stirring at room temperature. This reaction mixture was refluxed 
and stirred for 1 hour, then filtered, evaporated, diluted with 25 ml chloroform, and washed with water. 
After drying over MgSO4, the organic phase was filtered, evaporated, and diluted with chloroform - 
diethyl ether. An oily precipitate was formed which was adsorbed on charcoal. The mixture was then 
filtered, and 1.9 g (43%) white crystals of le  were obtained from the filtrate. Mp.: 73-77 °C; spectro- 
scopic data are collected in Table 1. 

5-amino-lH-3-( (5-chloropyrimidin-2-yI)-thiomethyl)-thio-l,2,,4_triazole (7) 

8.5 g (0.05 tool) potassium S-methyl-cyanimidodithiocarbonate (2, [25]) and 2.5 g (0.05 tool) hydrazine 
monohydrate (98%) were refluxed in 50ml ethanol for 5 hours. After cooling to ambient temperature, 
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the crystals were filtered and washed with 10ml ethanol. Yield (triazole salt 6): 6.2g (80%); mp.: 
288 290 °C; IR (KBr): v(C S-) = 450, v(triazole) = 1025, 1265, 1315, 1440, 1540, v(NH ...... ) = 2700, 
2880, 3100, 3210, v(NH2) = 3320, 3410cm-1. 

1.8g (0.012mol) 6 were heated with 2.3 g (0.012mol) 5-chloro-2-(chloromethyl)-thiopyrimidine (3, 
X = S, n = 1, R' = H, R" = 5-C1, [21]) at the acetonitrile reflux temperature for 8 h 30 min. After cooling 
to 20 °C, the suspension was poured into cold water; the formed crystals were filtered, dissolved in 
chloroform-ethyl methyl ketone, and precipitated with diethyl ether. Yield: 2.0g (61%); mp.: 
172-175 °C; 1H NMR (DMSO-d6 /TMS , 6): 4.75 (2H, s, CH2), 6.05 (2H, s, NH2), 8.8 (2H, s, 4,6-H) ppm; 
IR (KBr): v(triazole)=1008, 1290, 1390, 1528; 1580, v(NH ...... )=2780, 2860, 3120, 3250, 
v(NH2) = 3370, 3480 cm- i. 

5-amino- l H-3-(  2-( 5-c h lor o p yrimid in- 2- y l )-o x yet h y l )-amino- l ,2, 4-triaz o le ( 9 ) 

3.4g (0.0125mol) N-cyano-S-methyl-N'-(2-(5-chloropyrimidin-2-yl)-oxyethyl) isothiourea (8, [22]) 
were reacted with 0.7 g (0.014 mol) hydrazine monohydrate (98%) at reflux temperature of acetonitrile 
(50 ml) for 4 h 30 min. The precipitated crystals were filtered at room temperature and washed with 
3 x 5 ml acetonitrile. Yield: 2.8 g 9 (88%); mp.: 203 205 °C; 1H NMR (DMSO-d6 /TMS , 6): 3.5 (2H, t, 
NH-CHz-CH2-O) ,  4.4 (2H, t, NH-CH2-CH2-O) ,  5.4 (2H, bs, NH2), 5.7 (1H, bs, NH), 8.6 (2H, s, 
4.6-H) ppm; IR (KBr): v(heterocycle) = 800, 1430, 1555, 1570, v(NH ...... ) = 2990, 3100, v(NH2) = 3300, 
3440 cm- 1. 

6-amino-2-( 2-( 5-chloro p yrimidin-2- yl )-o x yeth yl )-amino-4-meth yl-1,3,5-triazine (10) 

0.3 g (0.013 mol) Na was added in small amounts to 10 ml of absolute ethanol in which, after cooling to 
room temperature, 1.3 g (0.014 mol) acetamidine hydrochloride was dissolved. NaC1 precipitated and 
was filtered off. To the filtrate, 3.2g (0.12mol) N-cyano-S-methyl-N'-(2-(5-chloropyrimidin-2-yl)- 
oxyethyl) isothiourea (9, [22]) were added. The mixture was refluxed for 6 hours. White crystals were 
obtained at room temperature which were filtered and washed with 3 x 5 ml ethanol. Yield: 1.9 g 10 
(56%); mp.: 191-193 °C; 1H NMR (DMSO-d6/TMS,  6): 2.1 (3H, s, CH3), 3.7 (2H, t, NH CH2-CH2-O), 
4.4 (2H, t, N H - C H  2 CH 2 O), 6.7 (2H, bs, NH2), 7.3 (1H, bs, NH), 8.7 (2H, s, 4,6-H)ppm; IR (KBr): 
v(heterocycle) = 815, 1435, 1560, v(NH2) = 3340, v(NH) = 3190 cm-  1. 
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