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ORGANIC PREPARATIONS AND PROCEDURES INT. 2 0 ( 5 ) ,  465-474 (1988) 

THE CYANAMIDO MOIETY AS A NOVEL LEAVING GROUPt 

J6zsef REITER 

EGIS Pharmaceuticals 
P.O.Box 100, H-1475 Budapest, HUNGARY 

N-Benzyl-N'-a-hydroxyalkylthioureas posessed diuretic and saluretic activity.l In hope of 

lowering their long term toxicity, it was decided to synthesize the N -cyanoguanidine analogues (6) by 

converting dimethyl N-cyanocarbonirnidodithioate (1) either with a benzylarnine (2, R = H, CH3, C2H5, 

X = H, CI) or 2-ethanolarnine (3) to the corresponding derivatives of 4 (R = H, CH3, C2H.5, X = H. CI) 

and (5), respectively (Scheme 1). Derivatives 4 (R = H. CH3, C2H.5, X = H, CI) and 5 were then 

reacted with 2-ethanolamine (3) or the appropriate benzylamine (2, R = H, CH3, C2H.5, X = H, CI) to 

give the corresponding 1 -substituted benzyl-3-cyano-2-(2-hydroxyethyl)guanidine derivatives (6, R = 

H, CH3, C2H.5, X = H, CI). 

Scheme 1 

6a-• 4a-c 

CH3SCSCH3 
II 
NCN + 

X-@ CHNHC=H(CH2)20H 
1 1  
R SCH3 

7.-b (7c-c)  

CH3SCHH(CH 2 )20H 
I1 
WCN 

5 

2a-• = H ~ N C H - @ X  a R = X = H  d R = H ,  X = C 1  
I 
R b R = C H 3 ,  X = H  R = C H 3 ,  X = C 1  

3 = H2N(CH2)20H c R = C 2 H 5 ,  X = H  
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R E 1  TER 

The reaction of 4a (R = H, X = H) with 3 or the reaction of 5 with 2a (R = X = H) in boiling 2- 

propanol gives isothiourea derivative 7a (R = X = H) besides the main product 6a (R = X = H). The 

structure of 7a (R = X = H) was in accordance with its spectral data. Thus, the CN band was absent in 

the IR spectra, and in the H-NMR spectra the NH group was coupled with the benzylic CH2, and the 

=NCH2 and OCH2 groups appeared as a triplet and a quartet respectively. The isothiourea carbon atom 

of 7a appeared at 159.1 pprn in the 13C-NMR . The structure of 7a was corroborated by the synthesis 

of an authentic sample, by the methylation of the known 1 -benzyl-3-(2-hydroxyethyl)thiourea (8)l with 

methyl iodide; similar products were obtained with other benzylamines. 

@cH2NH-c-UH(CH2)20H + CH31 -b @CH2NH-C= U(CH2120H 
I1 I 
S SCH3 

8 7 a  (R = X = H) 

The formation of derivatives 7 can be explained by assuming a nucleophilic attack of the 

nitrogen atom of 3 or 2, respectively, at the central (and probably the most electrophilic) carbon atom 

of 4 or 5, respectively, followed by the elimination of the cyanamido group (NHCN) instead of 

methylthio (CH3S) moiety. 

+rJ / \ 
X-@- CH-NH-C-SCH3 + H Z ~ - ( C H ~ ) ~ O H  

I II 
R NCH 

4 3 

+a 
HO-<CH2)2-NH-C-SCH3 + H2N-CH-@-X - 

I1 I 
NCM R 

5 2 

The literature provides only one example where the [NHCNJ-moiety apparently behaves as a 

leaving group, namely the reaction of 1 with a-phenylenediamine (9) which leads to 2-methylthio- 

benzimidazole (11)384 in boiling 95 % ethanol for 48 hrs in the absence of triethylamine (Scheme 2 ) ;  

in this particular experiment, however, the formation of the benzimidazole is probably the driving force 

of the latter reaction. 

Scheme 2 

1 1  1 9 1 0  
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THE CYANAMIDO MOIETY A S  A NOVEL L E A V I N G  GROUP 

Once it was established that a new type of reactlon involving a new leavlng group was 

observed, we sought to determine its scope and limitations. The S-methyl group was changed to S-(4- 

chlorobenzyl) group to give again derivatives type 6a and 7 (13) (Scheme 3). 

Scheme 3 

Other examples illustrating to the rather general valldlty of the above process are shown in 

Scheme 4. 

In order to study the reaction conditions leading to the "normal" products of type 6 and those 

leading to the "abnormal" derivatives of type 7, the reaction of 1 -benzyl-3-cyano-2-rnethylisothiourea 

(4, A = X = H) with 3 was repeated at different temperatures in different solvents, such as acetonitrile, 

dimethylformamide. ethanol, 2-propanol and ethyleneglycol (Table 1). Non-protic solvents and low 

temperature favors the formation of the cyanoimino-guanidine derivatives of type 6 (i.e. the elimination 

of the alkylthio moiety), whereas protlc solvents and hlgher temperature promotes the 

formatlon of products of type 7 (i. e. the elimination of the cyanoimino moiety). 
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R E 1  TER 

TABLE t. Ratio d 6 to 7 (R = X = H) under Various Reaction Conditions 

Reaction Reaction Produds formed Product ratio 
Solvent temperature t i m  6 (R=H) 7 716 

(09 (hr) F 4  r4 
Acetonitrile 80 18 100 0 0 
DMF 90 18 100 0 0 

120 3 100 traces 0 
150 1 >99 <1 - 0.01 

Ethanol 80 18 68 32 0.47 
2-Propanol 80 18 73 27 0.37 

150 2 15 85 5.65 
170' 1 10 79 7.9 

Ethylene glycol 120 3 18 82 4.55 

'At this temperature and above, large amounts of decomposition products were observed 

EXPERIMENTAL SECTION 

Mps were determined on a Koffler-Boetius micro apparatus and are uncorrected. The infrared spectra were 
obtained using potassium bromide pellets on a Perkin-Elmer 577 spectrophotometer. The H-nrnr and the 13C-nrnr 
measurements were performed using Varian XL-100, Brudter WM-250 and Brucker WP-80 SY instruments. The 
hplc determinations were performed using a Varian 8500 pump, a Variscan spectrophotorneter, a Varian Stop-Flow 
sampler and a Varian A-25 recorder. All TLC determinations were carried out on DC-Alufolien Kieselgel 60 F154 
(Merck) plates using a 3:l (vlv) mixture of benzene and ethanol as eluent. The spots were detected by UV. 

J-CvanO- 7-/1-ohenv/ethv/l-Z-methv/isothioureea (4b, R - CH3, X = H ).- To a solution of 4.39 g (0.03 mole) of 

dimethyl N-cyanocarbonimidodithioate (l+ in 10 ml of 2-propanol was added with stirring a solution of 3.64 g (0.03 

mole) of 1-phenethylamine (2b, R - CH3. X = H)6 in 5 ml of 2-propanol at room temperature; during the reaction, 

methyl mercaptan was liberated. The crystallized product was collected and washed with 2-propanol to yield 4.9 

g (75 %) of the title product, mp. 98-99OC. The mother liquor was concentrated to about 5 rnl to give a second 

crop of crystals (1.3 g, 20 %). mp. 97-99OC increasing the total yield to 95 70. IR: 21 75 cm-l (CN). H-NMR 

(CDCI,): 6 1.58 (d. 3H, CH3), 2.50 (s. 3H. SCH3). 5.10 (dq, lH, CH), 7.23 (s, 5H, ArH). 

Ad .  Calcd.forC11Hl3NgS: C, 60.24; H, 5.98; N, 19.16; S. 14.62 

Found: C, 60.36; H, 6.11; N. 19.03; S. 14.49 

3-Cvano-I-/I-ohenv~orO~v/~-2-methv/-iSOthiOufea (4c, R - C2H5, X = H ).- The same procedure was used 

as in the preparation of 4b starting from 4.06 g (0.03 mole) of 1 -phenylpropylamine (2c. R - CzHs. X - yield 

5.9 g (84 YO). mp. 117-1 18OC; second crop 0.8 g (1 1 YO). mp. 115-1 16OC; total yield 95 %. IR: 2170 crn-l(CN). 

'H-NMR (CDC13): b 0.88 (1. 3H. CH3). 1.89 (dq, 2H, CH2). 2.50 (s. 3H. SCHB), 4.90 (q, lH,  CH), 7.30 (s ,  

5H. ArH). 

Anal. Calcd. for C12H15N3S: C. 61.77; H, 6.48; N, 18.01; S. 13.74 

Found: C, 61.81; H. 6.66; N. 17.89; S ,  13.60 
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THE CYANAMIDO MOIETY AS A NOVEL LEAVING GROUP 

, .  - -  % _ _  _ _  (4d. R - H. X I CI 1.- The same procedure was used as in 

the preparation of 4b starting from 4.25 g (0.03 mole) of 4-chlorobenzylamine ( I d .  R I H, X - C1);8 yield 6.45 g 

(90 Yo), mp. 189-191OC. IR: 2170 cm-l (CN). H-NMR (DMSOdd: 6 2.62 (s.3H. SCH3), 4.47 (t, 2H, NCH2). 7.32 

and 7.40 (dd. 4H, ArH). 8.9 (1. lH ,  NH). 

w. Cacd.forC10H10CIN3S: C, 50.10, H, 4.20. CI. 14.79. N. 17.53. S. 13.38 

Found: C, 50.23. H. 4.33, CI, 14.85, N, 17.44, S. 13.31 

. .  _ _ -  - _  7 (40, R = CH3, X = CI).- The same procedure was 

used as in the preparation of 4b starting from 4.67 g (0.03 mole) of 1-(4chbrophenyl)ethylamine (2e, R - CH3, X 

= CI);’ yield 6.87 g (90 %). mp. 146-14pC (ethanol); IR: 2170 cm-l (CN). H-NMR (DMSOd6): 6 1.54 (d, 3H. 

CCH3). 2.70 (s. 3H. SCH3), 5.20 (dq, 1H. CH), 7.43 (s,5H. ArH), 8.7 (d. 1H. NH). 

m. Calcd.forC11H12CIN3S: C, 52.07. H, 4.77, CI, 13.97, N, 16.56, S, 12.64 

Fwnd: C. 51.89, H. 4.92. CI, 13.88. N, 16.46, S. 12.55 

_ _  2 - -hv/) _ _  2 met hvlisothiour- (5).- The same procedure was used as in the preparation of 

4b starting from 1.95 g (0.03 mole) of 2-aminoethanol (3); yield 3.4 g (71 %), of the title product, mp. 135-137%. 

IR: 2160 cm-l (CN). ‘H-NMR (DMs0-d~): 6 2.60 (s, 3H, SCHs), 3.39 bs. 4H. CH2CH2). 4.7 (1. IH. NHCH2), 

8.0 (b, IH. OH). 

Cald.forCgHgN30S: C. 37.72, H. 5.70, N, 26.39, S, 20.14 

Found: C, 37.76, H, 6.33. N, 26.16, S, 19.99 

- -  - -  - (6e, R = X = H ) and J - B e f I W  _ _  ~ hvdr-v 11-2- . .  

. .  
(7a. R = X = H ) obtained by the readion of 4a with 3.- A mixture of 2.05 g (0.01 mole) of 

1 -benzyl-3-cyano-2-methylisothiourea (4a. R - X - H)l O, 0.74 g (0.01 2 mole) of 2-aminoethanol (3) and 15 ml of 

2-propanol was boiled under reflux for 16 hn. TLC of the reaction mixture showed spots of both derivatives, 6a 

(R - X - H) (Rf - 0.18) and 7a (R = X = H) (4 = 0.62). After cooling, the solution was evaporated to dryness and 

the residue was chromatographed on a silica gel column [eluent 1: 2 (v/v) mixture of benzene and ethyl acetate] 

to yield 0.81 g (37 %) of 1 -benzyl-3cyano-2-(2-hydroxyethyl)guanidine (6a, R = X = H ), mp. 74-75OC (ethyl 

acetate). IR: 21 60 cm-l (CN). H-NMR (CDC13): 8 3.27 (4. 2H, NHC&CH2), 3.63 (9. 2H, OCH2), 4.36 (d. 2H. 

NHCH2), 6.15 (1. lH, OH), 6.6 (1. 1H. NH), 7.30 (s, 5H, ArH). 

AMI. Caw.  for C11HldNqO: C. 60.53. H. 6.47, N. 25.67 

Found: C, 60.80. H. 6.72, N. 25.75 

Further elution with a 1: 2 (vI’v) mixture of benzene and ethyl acetate gave 0.22 g (10 46) of l-benzyI-3-(2- 

hydroxyethyl)-2-methylisothiourea (7a. R - X - H) mp. 88-89OC (2-propanol). IR: 1620 and 1570 cm-l (CN), 3320 

cm-l(OH). ’H-NMR (DMSOd6): 6 2.10 (S. 3H, SCH3). 2.55 (1. 2H. NC&CH2), 3.25 [q (+I320 t), 2H. OCH2]. 
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REITER 

4.25 [d (+D20 s), 2H, N H C k ) .  5.80 (t, lH,  OH), 6.55 (1. lH,  NH), 7.3 (9. 5H, ArH). 13C-NMR (CDC13): 8 

15.2 (SCH3). 34.7 (NCH2). 39.1 (NHCH2). 44.1 (OCH2). 127.0. 127.1 and 128.5 (Ar), 159.1 (N-C-S). 

m. Calcd.forC11H16N20S: C, 58.90. H, 7.19, N. 12.49, S, 14.29 

Found: C, 58.84, H. 7.07. N, 12.34, S. 14.42 

1 -Benzv/-3-cvano-2-12-hvdroxvethv/~auanidine (6s. R - X - H) and 1 -6enzv/-3-(2-hvdrox~ethv/l-2- 

rnethvlisothiourea (7s, R - X = H). From 2s ( R = X - H) and 5.- A mixture of 1.59 g (0.01 mole) of 3cyano-l- 

(2-hydroxyethyl)-2-methylisothiourea (S), 1.07 g (0.01 mole) of benzylarnine (2a, R - X - H) and 15 ml of 

2-propanol was boiled under reflux for 10 hrs. TLC of the reaction mixture showed spots for both derivatives, 6a 

(R - X - H) (b - 0.18) and 7s (R = X = H) (Rf- 0.62). After cooling, the solution was evaporated to dryness and 

the residue chromatographed on a silica gel column [eluent 1: 2 (v/v) mixture of benzene and ethyl acetate] to 

yield 0.44 g (20 %) of l-benzyl-3-cyan0-2-(2-hydroxyethyl)guanidine (6a. R - X - H). rnp. 73-75OC (ethyl 

acetate). The product is identical (mixed mp., IR) with that of 6s obtained above; and 0.36 g (16 O h )  of l-benzyl- 

3-(2-hydroxyethyl)-2-methylisothiourea (7a, R = X - H), mp. 88- 89OC (2-propanol). The product is identical 

(mixed mp.. IR) with 7a obtained above. 

3-Cvano-2-/2-hvdroxvethv/~- l-(l-ohenv/ethvl)auan;d;ne (6b, R = CH3, X H ) and 3-(2- Hydroxyeth y / ) -2 -  

(7b, R = CH3, X = H). From 4b (R = CH3, X = H) and 3.- A mixture of 

2.19 g (0.01 mole) of 3-cyano-2-methyl-l-(l-phenylethyI)isothiourea (4b, R = CH3. X = H), 0.74 g (0.012 mole) of 

2-aminoethanol (3) and 10 rnl of 2-propanol was boiled under reflux for 15 hrs. TLC of the reaction mixture 

showed the spots of both derivatives, 6b (R - CH3, X = H) (b = 0.45) and 7b (R = CH3. X - H) (Rf = 0.65). After 

cooling, the solution was evaporated to dryness and the residue chromatographed on a silica gel column [eluent 

1: 2 (v/v) mixture of benzene and ethyl acetate] to yield 1.05 g (45 %) of 3-cyano-2-(2-hydroxyethyl)-l- 

(1-phenylethy1)guanidine (6b. R - CH3, X - H ), mp. 97-98OC (ethyl acetate). IR: 2160 cm-l(CN), 1600 and 1570 

cm-l(C-N). lH-NMR(CDCI3): 8 1.47 (d. 3H, CH3). 3.29 (t, 2H. NCH2CH2). 3.62 (4. 2H. OCH2). 4.77 (dq. 

1H. CH). 5.75 (1. 1H. OH), 6.45 (d, 1H. NH). 7.25 (s. 5H. ArH). 

A d .  Calcd.forC12HlgN40: C. 62.05, H. 6.94, N. 24.12 

Found: C, 62.21, H, 6.84, N. 23.96 

- -  - 

Further elution with a 1: 2 (v/v) mixture of benzene and ethyl acetate gave 0.23 g (1 0 %) of 3-(2-hydroxyethyl)-2- 

methyl-1-(1-phenylethy1)isothiourea (7b. R - CH3. X - H), mp. 74-76OC (2propanol). IR: 1625 and 1570 cm-l  

(C-N). lH-NMR (CDC13): 6 1.45 (d. 3H, CH3). 2.13 (s. 3H, SCH3). 2.57 (1. 2H. NCH2). 3.30 [q (+D20 1). 2H, 

OCH21. 4.80 [dq (+D20 4). lH,  CHI. 7.2-7.4 (m, 5H, ArH). 

Aod. Calcd.forC12HlgN20S: C. 60.47. H. 7.61, N, 11.75. S, 13.45 

Found: C, 60.51, H, 7.80. N. 11.63, S ,  13.32 
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THE CYANAMIDO MOIETY AS A NOVEL LEAVING GROUP 
-vlJ - -  - _ _  1 f l  - (6c, R = C2H5. X = H) and 3-f7-- 

2-mefhvl-l-/l-~henvlor~vflisorhiourea (7c. R - C2H5. X = H). From 4c (R - C2H5. X = H) and 3.- A mixture 

of 2.33 g (0.01 mole) of 3cyano-2-methyl-l-(1-phenylpropyl)isothiourea (4c. R - C2H5. X = H). 0.74 g (0.012 

mole) of 2-aminoethanol (3) and 10 ml of 2-propanol was boiled under reflux for 15 hrs. TLC of the reaction mixture 

showed the spots of both derivatives, 6c (R = C2H5, X = H) (F$ = 0.49) and 7c (R = C2H5, X = H) (Rf = 0.68). 

After cooling. the solution was evaporated to dryness and the residue chromatographed on a silica gel wlumn 

[eluent 1 : 2 (v/v) mixture of benzene and ethyl acetate] to yield 1.4 g (57 %) of 3cyano-2-(2-hydroxyethyl)-l- 

(1 -phenylpropyl)guanidine (6c. R = C2H5. X - H), mp. 98-99OC (ethyl acetate). IR: 2170 cm-l  (CN), 1600 and 1565 

crn-'(C=N). 'H-NMR (CDC13): 6 0.93 (t. 3H. CH3). 1.90 (dq, 2H. CCH2). 3.45 (q, 2H, NCH2). 3.69 (q, 2H, 

. .  

OCHz), 4.70 (4, lH, CH), 5.9 (t, lH,OH), 6.65 (d, 1H. NH). 

hid. Calcd.forC13HlgN40: C, 63.39, H. 7.37. N. 22.75 

Found: C, 63.28, H. 7.43, N. 22.61 

1-14-Chforobenzvll-Scvano-2-12-hvdroxvethvllouanidine (6d, R = H. X = CI ) and 1-(4-Ch/orobenzv/l-3- 

@-hVdruahv / l  _ _  2 m W /  isofhioure2 (7d, R - H, X = CI ). From 4d (R - H. X - Cl) and 3.- A mixture of 2.39 

g (0.01 mole) of 1-(4-chlorobenzyl)-3-cyano-2-methylisothiourea (4d. R - H, X = CI). 0.74 g (0.012 mole) of 2- 

aminoethanol (3) and 10 ml of 2-propanol was boiled under reflux for 15 hrs. TLC of the reaction mixture showed 

the spots of both derivatives, 6d (R = H. X = Cl) (q = 0.42) and 7d (R = H. X = Cl) (v 0.71). After cooling, the 

solution was evaporated to dryness and the residue chromatographed on a silica gel column [eluent 1 : 2 (VIV) 

mixture of benzene and ethyl acetate] to yield 1.45 g (57 %) of 1-(4-chlorobenzyl)-3cyano-2-(2-hydro~yethyl)- 

guanidine (6d. R = H, X = Cl) ,  mp. 119-121OC (2-propanol). IR: 2160 cm-l(CN). 1580 cm-l(C-N). lH-NMR 

(CDC13): 6 3.30 (1. 2H. NCH~CHZ), 3.68 (t, 2H. OCH2). 4.31 [d (+ D20 s). 2H, NHCk] .  4.8 (1. 1H. OH), 

6.5 (1. lH,  NH), 7.3 (s. 4H, ArH). 

&Ed. Calcd.forC11H13ClN40: C, 52.28, H. 5.18, N, 22.17. CI. 14.03 

Found: C, 52.19, H, 5.03, N, 22.38, CI. 13.90 

(60, R = CH3, X = CI ) and j -11-/4- 

~hloro~henvlJ-ethvll-3-12-h~droxvethvll-2-methv/;sothiourea (70. R - CH3. X = CI ). From 4e (R = CH3. XI 

CI) and 3.- A mixture of 2.39 g (0.01 mole) of 1-(1-(4chlorophenyl)sthyI]-3-cyano-2-methylisothiourea (4e, R - 
CH3, X - CI), 0.74 g (0.012 mole) of 2-aminoethanol(3) and 10 ml of 2-propanol was boiled under reflux for15 hrs. 

TLC of the reaction mixture showed the spots of both derivatives, 60 (R = CH3, X = CI) (Rf = 0.39) and 7e (R = 

CH3. X = CI) (4 - 0.67). After cooling. the solution was evaporated to dryness and the residue chromatographed 

on a silica gel column [eluent 1 : 2 (vlv) mixture of benzene and ethyl acetate] to yield 1.42 g (53 %) of 1-11 44- 

chlorophenyl)-ethyl]-3-cya~-2-(2-hydroxyethyl)guanidine (60, R = CH3, X = CI ), mp. 99- 1 OO°C (ethyl acetate). 

If?: 2160~m-~(CN).  1600 and 1570~m-~(C=N). lH-NMR (CDCg): 8 125 (d. 3H, CCH3). 3.10 (q, 2H. NCH2). 

. .  - - _  4 Chlormhenv /)+-no _ -  2 (2 - 
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3.40(q. 2H, OCHz), 4.60 (dq. lH ,  NH). 6.1 (1. 1H. OH), 6.9 (d, l H ,  NH). 7.1 (s. 4H, ArH). 

h i d .  Calcd.for C12H15CIN40: C, 54.03, H, 5.67, N. 21.01, CI. 13.29 

Found: C, 54.14, H. 5.70, N, 21.08. CI. 13.12 

l -6enzvl-3-12-hvdroxvethvl)-Fmethvl isot  (7a, R = X - H) b y  Methylation of 8.- To the solution 

of 2.1 g (0.01 mole) of l-benzyl-3-(2-hydroxyethyl)thiourea (8)l in 10 ml of methanol 1.0 ml (2.13 g, 0.015 mole) of 

methyl iodide was added and let to stand at room temperature for 24 hrs. The solution was evaporated in vacuo to 

dryness, the residue was dissolved in 50 ml of water (charcoal), made alkaline with conc. ammonium hydroxide, 

the solution obtained was extracted with 50 ml of chloroform, the layers were separated. the chloroform layer was 

washed with water, dried over anhydrous sodium sulfate and evaporated in vacuo to dryness to yield 1.35 g (60 

%) of the title product, rnp 88-89OC (2-propanot). The product is identical (mixed rnp., IR) with 7a obtained in 

the reaction of 4a and 3. 

l-Benzvl-2-/4-chlorobenzvl~-3-cvanu~sothiourea (12).- To the solution of 7.34 g (0.02 mole) of di-(4chloro- 

benzyl) Ncyanocarbonimidodithioatel in 150 ml of acetonitrile 2.2 ml (2.14 g, 0.02 mole) of benzylamine (2a. R 

= X = H) was added and boiled under reflux for 2 hrs. After cooling the solution obtained was evaporated in vacuo 

to dryness and the residue recrystallized from ethyl acetate to yield 5.0 g (79 %) of the title product, mp. 154- 

156OC. IR: 2160 cm-'(CN), 1550 and 1535 crn-'(C-N). lH-NMR (DMSOd6): ti 3.41 (s. 2H. SCHz), 4.40 (d. 

2H. NHCH2). 7.15-7.3 (m, 9H. ArH), 9.3 (bs, 1H.NH). 

Am!. Calcd.forCtgH14CtN3S: C, 60.84, H, 4.47, N, 13.30, S, 10.15, CI. 11.23 

Found: C. 61.04, H, 4.62, N, 13.19, S, 10.31, CI, 11.18 

l - B e n z v l - 3 - c v a n o - 2 - f Z - h ~ ~ r o ~ ~ e ~ h ~ l l a u a n ~ ~ ~ n ~  (6a, R = X - H) and 1-Benzvl-2-/4-chlorobenzv/~-3-12- 

hvdroxvefhvllisothiourea (13). From 12 and 3.- The mixture of 3.16 g (0.01 mole) of l-benzyl-2-(4-chloro- 

benzyl)-3-~yanoisothiourea (12), 0.73 g (0,012 mole) of 2-arninoethanol (3). 40 ml of 2-propanol and 40 ml of 

dimethylformamide was boiled under reflux for 30 hrs. TLC of the reaction mixture showed spots of both 

derivatives, 6s ( R - X = H ) (R f - 0.1 8) and 13 (Rf = 0.57). The solution obtained was evaporated in vacuo to 

dryness and the residue chromatographed on a silica gel culunm [eluent 1: 2 (vM) mixtiire of benzene and ethyl 

acetate] to yield 1.23 g (56 "1.) of l-benzyC3-cyano-2-(2-hydroxyethyl)guanidine (6a, R = X = H), rnp. 74-75OC 

(2-propanol). The product is identical (mixed mp., IR) with that of 6a obtained in the reaction of 4a with 3; further 

elution with a 1: 2 (vlv) mixture of benzene and ethyl acetate gave 0.39 g (12 %) of l-benzyl-2-(4-chlorobenzyl)-3- 

(2-hydroxyethy1)isothiourea (13). mp. 126-128OC (2-propanol). IR: 1625 and 1570 cm-l (C=N). I H - N M R  (CDCI3): 

6 2.51 (s. 2H. SCH3), 3.39 (t, 2H. -NCH2), 3.62 (4. 2H, OCHz), 4.38 (d. 2H. NHCHz), 5.6 (b. lH ,  OH), 6.7 (1. 

lH,  NH), 7.1- 7.3 (m, 9H. ArH). 

An& Calcd.forC17H1gCIN20S: C, 60.97, H, 5.72, N. 8.37, S ,  9.58 CI. 10.59, 

h n d :  C. 61.13, H, 5.98, N. 8.44. S ,  9.65 CI. 10.45, 
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THE CYANAMIDO MOIETY AS A NOVEL LEAVING GROUP 

j-14-Chlorobenzv 1)-7-14-chlorobenzv 11-3-- (14).- To the solution of 5.51 g (0.015 mole) of 

bis-(4-chlorobenzyl) N-cyanocarbonimidodithioatel in 40 ml of ethanol 2.1 g (0.015 mole) of 4-chloro-benzyl- 

amine (2d. R - H, X - CI) was added and boiled under reflux for 3 hn. After cooling the crystals precipitated were 

filtered off to yield 3.15 g (60 %) of the title product, mp. 254-206OC. IR: 2150 cm-l  (CN). 1550 and 1535 

cm-l(C=N). lH-NMR (DMSOd6): 6 3.42 (s, 2H. SCHz), 4.54 (d. 2H. NHCHz), 7.15-7.55 (m, 8H. ArH). 9.4 

(bs, lH,  NH). 

. .  

u. Calcd.forC16H13C12N3S: C, 54.86, H, 3.74. N. 12.00, S. 9.15, CI, 20.24 

Found: C, 54.91, H. 4.01, N, 11.84, S, 9.35, CI. 19.98 

- _  - . .  1-14-Chlorobenzvll -3- &!a no-2-f.2- hvdrWthv l1 _ _  7 met- I (16) and l-14-chlorobenzyl) 2 14 

c h l o r o b e n z w  - -  - hvd roxvethv / ) - 3 - m t & k ~ U u o u r e a  (17).- The mixture of 3.5 g (0.01 mole) of 1-(4- 

chlorobenzyl)-2-(4-chlorobenzyl)-3-cyanoisothiourea (14), 0.90 g (0.012 mole) of 2-methylaminoethanol (I 5). 

40 ml of 2-propanol and 40 ml of dimethytformamide was boiled under reflux for 10 hrs. TLC of the reaction mixture 

showed the spots of both derivatives, 16 (p? - 0.34) and 17 (p? - 0.73). The solution was evaporated in vacuo 

to dryness and the residue chromatographed on a siliga gel wlumn [eluent 1: 2 (v/v) mixture of benzene and ethyl 

acetate] to yield 0.23 g (9 %) of 1 -(4chlorobenzyl)-3-~ano-2~(2-hydroxyethyl)-2-methylguanidine (16), mp. 

136-138OC (2-propanol). IR: 2180 cm-l (CN), 1600 and 1540 cm-l(C-N). lH-NMR (CDC13): 6 2.75 (t, 2H. 

NCH2). 2.86 (s, 3H. NCHs), 3.52 (q, 2H. OCHz), 4.23 (d. 2H, NHCH2). 5.1 (t, 1 H. NH). 7.2 (s. 4H, ArH). 

,!ha/. Calcd.forC12H15CIN40: C, 54.03, H. 5.67, N, 21.01, CI, 13.29 

Found: C, 54.11, H, 5.78. N, 20.88, CI. 13.20 

. .  

Further elution with a 1: 2 (v/v) mixture of benzene and ethyl acetate gave 0.45 g (12 %) of 1-(4-chlorobenzyl)- 

2-(4-chlorobenzyl)-3-(2-hydroxyet hyI)-3-methylisothiourea (17), mp. 74-75OC (2-propanol). IR: 3330 cm-l (OH), 

1610 and 1520 cm-’(C=N). ‘H-NMR (CDC13): 6 2.50 (t, 2H. NCH2). 2.82 (s. 3H. NCH3). 3.40 (q. 2H. OCH2). 

3.60 (5. 2H, SCHz), 4.30 (s, 2H, =NCH2). 7.15 (s. SH, AM). 

&GI. Calcd.for C ~ ~ H ~ O C I ~ N ~ O S :  C, 56.40, H, 5.26, N, 7.31, S. 8.36, CI, 18.50 

Fwnd: C, 56.52, H, 5.46, N. 7.45, S, 8.28, CI. 18.37 

S-Benzvl-N-cvano-thiocarbamovlmor~hotine (IS).- To the solution of 8.95 g (0.03 mole) of dibenzyl N- 

cyanocarbonimidodithioatel2 in 100 ml of ethanol 2.79 g (0.032 mole) of morpholine was added and let to stand at 

room temperature for 24 hrs. The mixture obtained was evaporated in vacuo to dryness and the residue 

recrystallized from 2-propanol to yield 6.2 g (79 %) of the title product, mp. 11 1-1 12OC. IR: 2180 cm-l  (CN), 

1115cm-l(COC), 1550cm*l(C=N). lH-NMR (CDCl3): 6 3.37 (t, 4H, NCH2). 3.69 (t, 4H. OCH2). 4.45 (s, 2H, 

SCHz). 7.28 (s, 5H, ArH). 

m. Calcd.for C13H15N30S: C, 59.75, H, 5.79, N, 16.08, S ,  12.27 

Found: C,59.78, H, 6.01, N. 16.05, S. 12.46 
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KEITER 

PJ-Cvano _ - _  N' (2 hvdro -llv Irnomhol ine (19) and 5-benzv /-N-/7-hvdrooxvethv/)-~biocarbamov/- 

morDholine (20). From 18 and 3.- The mixture of 2.61 g (0.01 mole) of S-benzyl-N-cyano-thiocarbamoyl- 

morpholine (18). 0.74 g (0,012 mole) of 2-arninoethanol (3) and 50 ml of 2-propanol was boiled under reflux for 10 

hrs. TLC of the reaction mixture showed the spots of both derivatives, 19 (q = 0.22) and 20 (Rf - 0.59). The 

solution was evaporated in vacuo to dryness and the residue chrornatographed on a siliga gel mlunm [eluent 1: 

2 (v/v) mixture of benzene and ethyl acetate] to yield 0.8 g (40 %) of N-cyano-N'-(2-hydroxyethy1)-guanyl- 

morpholme (IQ), mp. 167- 168OC (acetonitrile). IR: 2180 cm-l(CN), 1595 and 1540 cm-l(C=N). 1120 cm-l(C-0). 

lH-NMR (DMSOd6): b 3.25-3.75 (m. 12H. all NCHpOCHz), 4.65 (1. lH ,  OH), 7.05 (t, lH,  NH) 

m. Calcd. forCgH14N402: C, 48.47, H, 7.12, N, 2827 

Found: C, 48.63, H, 7.19, N, 28.03 

Further elution with a 1: 2 (vk) mixture of benzene and ethyl acetate gave 0.4 g (14 %) of S-benzyl-N-(Z-hydroxy- 

ethyl)-thiocarbamoylmorpholine (20). mp. 67-69OC (from a 1 :4 (v/v) mixture of cyclohexane and ethyl acetate). 

IR: 3335 cm-l(OH). 1625 and 1545 cm-l(C-N), 11 17 crn-l(C-0). lH-NMR (DMSO-d6): 6 3.19 (t, 2H, =NCH2), 

3.23 (1. 4H. NCH2). 3.35 (s. 2H, SCH2). 3.53 (t. 4H, OCHz), 3.74 (4, 2H, C&OH), 7.2-7.4 (m, 5H. ArH). 

13C-NMR (DMSOd6): 6 159.1 (N=C-S). 

Anal. Calcd. for C14H20N202S: C, 59.97, H. 7.19, N, 9.99, S ,  11.44 

Found: C. 60.08. H.7.40, N.10.12. S. 11.23 
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