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CHEMOTHERAPY OF MALARIA
Part VII.‘ Phenylenc-Diguanidine Derivatives

By K. GaNAPATHI, F.A.Sc. AND B. S. KULKARNI
(Department of Chemotherapy, Haffkine Institute, Parel, Bombay)

Received September 5, 1952

In view of the fact that some guanidine derivatives show distinct antimalarial
activity® and that paludrine is also a biguanide, it was thought worthwhile
to prepare and test compounds of general formula (I), with two guanidine
groups separated by a benzene ring. Compounds of this type in which one
of the guanidine residue is replaced by amidine residues have been prepared

R {<m>NH-ﬁ-NH<—”>NH-C-NH-R'
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where R = H, 0.Cl; m.Cl; p.Cl; m.Br; p.Br; o.Me; m.Me; p.Me 0.MeO; p.MeO.

R’ = H; isoPropyl—; =.Butyl
by the English workers and found to be devoid of activity.? Since this
work was started, compounds of type (I) have been prepared by Safer and
Kushner® and some of these have been reported to possess trypanocidal

activity.

Attempts were first made to work out a general method for the synthesis
of a compound (I, R = Cl; R’ = H), so that this could be used to synthe-
sise series of the type (I). p-Aminophenylguanidine did not react with either
p-chlorophenylcyanamide or S-methyl-p-chlorophenylisothioureas hydro-
iodide. This is not unexpected because the free amino group in p-amino-
phenylguanidine has been found* not to react with S-methyl-isothiourea
sulphate to furnish the diguanidine derivative. The same negative results
were obtained by using p-aminophenylthiourea in place of p-aminophenyl-
guanidine. On the other hand, p-aminophenylguanidine and p-amino-
phenylthiourea condensed with p-chlorophenylisothiocyanate to furnish
respectively-4 (4'-chlorophenylthioureido) phenyl guanidine (II) and 4 (4
chlorophenylthioureido) phenyl phenylthiourea (III).

S-Methyl-p-chlorophenylisothiourea hydriodide reacted with p-phenylene-
diamine to furnish 4 (4’-chlorophenylguanidino) aniline (IV) which could
also be prepared by the action of p-chloro phenylcyanamide on acetphenylene-
diamine and hydrolysing the resulting acetaminoguanidine derivative.> The

643




644 K. GANAPATHIE AND B, S, KUk

guanidine derivative (IV) obtained did not reavt with S~mctIzylimthiourea
sulphate to furnish the diguanidine but on the other hand with thiocyanic
acid  yielded 4 (+'~chloropheny lpuaniding) phenyl thiourey (VY. The best
method of converting these thiourea and dithiourea derivagiae into guani.
dines proved to be to treat the Samethyvl derivatives with ammoniy, Treat-
ment of the dithivurea derivatives with aleoholic wmmoniy and mereyrie

oxide furnished the corresponding direa derivative mstead of the diguani- i

dine. U
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In view of the above observations, the following peneral methad was
adopted to prepare a series of digusmidimmtwnyl derivittives of formula (I.
The thiourea derivatives (VI, wherein R H, isoPr, n.Bu) were prepared
(Table 1) by the methads described in (he cxperimental part. These thio- .
urcas were in turn condensed with u number of othiocyanates 1o furnish
the dithioureas of formula (VID, which are listed in Table . These
dithioureas reacted with two moleculur equivalents of methyliodide (o yield '
the di-S-methyl derivatives (Table I which by the prolonged action of
ammonia furnished the guanidine derivatives of formula (I The com-
pounds obtained are presented in Table Iv.
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Eleven compounds (Nos, 63, 66, 68, 70, 71, 72, 75, 76, 78, 79 and 82)
were tested for their antimalarial action on Plasmodium berghi in mice and
were found to be devoid of activity,
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TABLE T
Phenylthioureas

R1—< N - NH.CS.NH.R?

Serial R? R? Molecular M.P./°C. Nitrogen %

No. Formula Req. Found
1 Acetamino- H- C,H;;N,;0S 211-12 20-09  20-07

2 Acetamino- iso-Propyl- C;.H;;N;0S 212~ 16-73 16-71

3 Acetamino- n-Butyl C,sH;pN;0S 185-86 15-09 15-23

4 Acetamino- Di-ethyl- Cy5H sN 3OS 213-14 15-85 16-10

5 Acetamino- p-Chlorophenyl- C;H,;,N,0SCl 202- 13-01 13-14

6 Nitro- iso-Propyl- C1H;3N;0,8 197-98 17-80  17-50

7 Amino- H-1 C,H,N,S 201-02 25-14  25-00

8 Amino- iso-Propyl-2 C,oH NS 147-48 20-08  20-36

9 Amino- n-Butyl- 3 CiH;, NS 123-24 18-83 19-01
10 Amino- p-Chlorophenyl- C,3H,;,N,SCl 241-43 15-19 14-91

1. Hydrochloride, m.p. 278-80° ; Picrate, m.p. 190-92°,
2. Hydrochloride, m.p. 231° (dec.); Picrate, m.p. 129-31°.
3. Hydrochloride, m.p. 238° ; Picraté, m.p. 166°.

EXPERIMENTAL

Isothiocyanates.—These were prepared according to the standard method
by the action of carbon disulphide on the amines in ammonium or sodium
hydroxide solution, the ammonium or the sodium salt of the dithioformic
acid formed in the reaction dissolved in water, treated with a solution of
copper sulphate and steam distilled or extracted with a solvent. Thus were
prepared: isopropyl-, n-butyl-, phenyl-, p-chlorophenyl-, m-chlorophenyl-
o-chlorophenyl-, m-bromophenyl-, p-bromophenyl-, o-tolyl-, m-tolyl-, p-tolyl-
o-methoxyphenyl-, p-methoxyphenyl-isothiocyanates. p-Acetaminophenyl-
isothiocyanate had m.p. 198-99° (Found: N, 14-38. CyH;;N,OS requires
N, 14-56%).

Phenylthioureas.—The various derivatives listed in Table I were pre-
pared by the action of different isothiocyanates on the appropriate amines
in an inert solvent. 2:4-dinitroanilihe and p-acetaminophenylisothio-
cyanate did not react to furnish the thiourea derivative.

N-p-Nitrophenyl-N'-isopropylthiourea (No. 6).—A mixture of p-nitroaniline
(13-9 g.) and isopropylisothiocyanate (12-1g.) was heated in an oil-bath
at 130° for 30 minutes and then at 150° for 30 minutes. The reaction
mixture was cooled and diluted with ether, where by the thiourea derivative
crystallised out in needles (yield, 15g.). It was recrystallised from alcohol.
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To a boiling solution

of p-acetaminophenylisothiocyanate (19-2 g} in acctane (130 ¢.c.) was added

isopropylamine (10 ¢.c.) and the mixture refluxed for one hour,
line solid that had separated was collected, washed (yield,
crystallised from alcohol.

The crystal-
23T

and

The same compound was obtained by the action of isopropyl isothio-
cyanate (10-1g) on p-aminoacctanilide (15-0g) in acetone (L30cec);

Yield, 22 g.

N-p-Aminophenyl-N

“isopropylthiourea (No. R).

This was prepared

(i) by

the hydrolysis of the abovementioned acctaminothiourea derivative in alco-

R
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TABLE 111
Dimethyl derivatives of N'-aryl-N Z-alkylthiocarbamidophenylthioureas

RI-NH-C=N~¢ \-NH-C_N-R22H1

| N/’
S-Me S Me
Serial R? R? Molecular M.P./°C. Nitrogen %

No. Formula Req.  Found
36 H" iSO-PIOpyl C13H22N4S 212 .. ..
37 Phenyl- iso-Propyl- CoH 5N, S, 1, 189-90 .
38 Pheny]." n'Butyl“ CgoH 27N4S 212 185“86 . ..
39 p-Chlorophenyl- H- C6HoNS,1,Cl 193-94 8-99 8-51.
40 p-Chlorophenyl- iso-Propyl- C1oH 35N, S,1,Cl 180+82 8-45 7-88
41 p-Chlorophenyl- r-Butyl- CyoH 7N, S,I,Cl 175-76 .. .
42 o-Chlorophenyl- iso-Propyl- CyoH 5N, S,1,Cl 179-80

43 o-Chlorophenyl- n-Butyl- C,oH 5, N,S,1,ClL 175-76

44 m-Chlorophenyl- iso-Propyl- CyoHpsN,S,1,Cl 174-76

45 m-Chlorophenyl- n-Butyl- CyoH 27 N,S,1,Cl 173-74 .. ..
46 p-Bromophenyl- iso-Propyl- CsH 5 N,S,I,Br 176-77 7-92 7-89
47 p-BIOInOpheIlyl— ll-Butyl- C 20H 27N4S 2I 2BI‘ 1 80"‘82 .o o«
48 m-Bromophenyl- iso-Propyl CoH 5N, S,1,Br 179-80 7-92 7-93
49 m-Bromophenyl- n-Butyl- CyoH 37N, S,1,Br 176-77 .. ..
50 p‘TOlyl‘ [SO"PI'Opyl" 020H27N4S 2I2 187-88

51 p-Tolyl- n-Butyl- Co HogN,S,1, 183-85

52 0'T01y1‘ iSO'PrOpyl' CgoH 27N4S 21 2 1 93"‘95

" 53 o-Tolyl- n-Butyl- Co H 2oN,S, 1, 174-75

54 m-Tolyl- iso-Propyl- CooH 27N, S, I, 190-92

55 m-Tolyl- n-Butyl- Cy1H 09N S,1, 172-74

56 p"Anisyl" iSO-PI‘OpYI- Con 27N4,S 2I00 186—87

57 p-Anisyl- n Bu yl- Co H N, S,1,0 188-89

58 o-Anisyl- iso-Propyl- CooH N, S,1,0 186-89

59 O'Anisyl' n'Butyl" Cle 29N4S 21 20 175“"77

60 iso-Propyl- iso-Propyl Cy6H 5N S,l, 221-22

holic hydrochloric acid and (ii) by the catalytic hydrogenation of the corres-
ponding nitroderivative described above with Raney nickel and hydrogen at
room temperature at 45 Ib.

4 (4'-Substituted phenylthioureidio) phenylthioureas ( formula VII).—These
compounds were prepared by the action of the isothiocyanates on p-amino-
phenylthioureas in acetone or benzene solution. The dithioureas were
thrown out. The compounds obtained are listed in Table II.

N-p-Chlorophenyl-N'-p-isopropylthiocarbamidophenylthiourea (No. 15).—
p-Chlorophenylisothiocyanate (9-3 g.) was added to a clear solution of
p-aminophenylisopropylthioureas (10-45 g.) dissolved in acetone (100 c.c.).
On shaking the flask for about 5 minutes, a bulky precipitate was thrown out.
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TapLe IV
N1-Aryl-N2-(p-alkylguanido) phenyl-guanidines dihydrochlorides ‘
RI-NIJ-C-N1I— < = NH~C=N-R? 21 :
I memen i
NI NII ;
Serial R1 R Molccular M.P./°C. Nitrogen % M.P./°C. ;
No. ) Formula Req. Found of Picrate .
R |
61 H- iso-Propyl-  CyHyzNCl, 208-09 27-36 27-54  212-14
62 Phenyl- iso-Propyl-  Ci7HNgCl, 26566 21-93 20-89 210-13 ’
63 Phenyl- n-Butyl- CaH 2Ny Cly 254-55 21-14 20-94  212-13 ¢
64 p-Chlorophenyl- H- CuH 2N Cly 27273 2237 22-13 273-74
65 p-Chlorophenyl- iso-Propyl- CpHggNgCly 280--82 20-11 20-32 165-67 '
66 p-Chlorophenyl- n-Butyl- C s Hy;NgCly 23536 1946 19-06 217-18
67 o-Clilorophenyl- iso-Propvl- C 7H>;N0C‘l 3 279-80 20-11 19-86 130-32
68 o-Chlorophenyl- »-Butyl CmH o5 NG Cly 253 19-46 19-64 120-21 b
69 m-Chlorophenyl- iso-Propyl- CWH,«,N,,CI, 28990 20-11 20-23 190-92 )
70 m-Chlorophenyl- n-Butyl- C H,,;N,,(l 229-30 19-46 19-39 240-45
71  p-Bromophenyl- iso-Propyl- C17 s NGClLBr 26566 18-18 18-20 ..
72 p-Bromophenyl- #-Butyl- CsH o NG Cl,Br 245--46 17-64 17-32 219-20
73 m-Bromophenyl- iso-Propyl- CjH,3NyClyBr 27374 18-18 18-63 151-52
74 m-Bromophenyl- n-Butyl- CisH ;NG Cl,Br 21718 17-64 17-83 210-12
75 p-Tolyl- iso-Propyl-  Ci3HyNgCl, 260-61 21-14 21-08 118-19
76 p-Tolyl- n-Butyl- CoHagNGCly 255--56 20-48 19-82  209-10
77 o-Tolyl- iso-Propyl-  C3HyNgCly 287 21-14 20-60  217-19
78 m-Tolyl- iso-Propyl  C,gH4sNCl, 25657 21-14 20-80 195-97
79 m-Tolyl- n-Butyl- CoH N Cl, 230-31 20-48 20-80 22324
80 o-Anisyl- iso-Propyl-  CiyHgaNyCl,0 259-60 20-32 19-94 165-66
81 p-Anisyl- iso-Propyl-  CyyHyNyCILO 243-44 20-32 20-04 197-98
82 p-Anisyl- n-Butyl- C,oH N Cl1,0 24142 19-67 19-47 183-84
83 zso—PropyI- iso- Propyl- C H N Cl, 292-93  24-00  23-76 .. L

The mixture was rc[luxcd for about 20 minutes, the contents cooled in an ice
bath, the solid collected, washed with more cold acetone and dried (yield,
17-5g). On crystallisation from alcohol, it had m.p. 2(4-17°.

The same compound was prepared by the action of N-(p-chlorophenyl)-
N’-p-amino-phenylthiourea on isoprophyl isothiocyanate in acetone.
The Di-S-methyl derivatives of the dithiourca derivatives

Thesc were prepared by allowing two molccular equivalents of methyl
iodide to react in alcoholic solution with the dithiourca derivatives of
formula (VII) listed in Table II. The mixturc was shaken and gently
refluxed for about 10 minutes and then cooled. The solution was diluted
with ether, whereby an oil scparated which solidified. The solid was
collected.
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The majority of the compounds prepared were susceptible to action by
light and turned dark. Only a few numbers could be crystallised from
alcohol. On heating with higher boiling solvents or even in contact with
cold alkalies, these di-S-methyl derivatives suffered decomposition. The
compounds prepared are listed in Table IIL

Preparation of the diguanidine derivatives of formula (I)

The abovementioned hydriodides of the S-methylisothioureas were
dissolved in alcohol, and ammonia gas passed into the boiling solution.
After about 20 hours, the reaction mixture was filtered, and concentrated to
a small bulk. The free guanidines were liberated by the addition of 209
alkali; the oil that separated was collected, dissolved in ether, dried and
mixed with alcoholic hydrochloric acid whereby the hydrochloride sepa-
rated out as an oil or gum which after separation and trituration with acetone
solidified. They were crystallised from acetone and alcohol mixture.

The diguanidines prepared are listed in Table 1V.

Action of mercuric oxide and alcoholic ammonia on the dithiourea
derivatives.—N-p-Chlorophenyl-N’-(isopropylthiocarbamido) phenylthiourea
(3-79 g.), mercuric oxide (4-7 g.) and alcoholic ammonia (75 c.c. of 18%)
were refluxed on the steam-bath for 2 hours. The black mercuric sulphide
that was formed was separated and the filtrate after treating with a little
charcoal was concentrated to a small bulk. On dilution, a solid was thrown
out (1-1g.). On crystallisation it had m.p. 97-98° (Found: N, 16-30). The
analytical figure agrees with that for the diurea compound (C,;H,;,N,0,Cl)
which requires N, 16-157%.

Similarly the action of mercuric oxide and alcoholic ammonia on
N-m-chlorophenyl-N'-(p-isopropylthiocarbamido) phenylthiourea furnished
the corresponding diurea derivative, m.p. 115-17° (Found: N, 16-20;
C,7HgN,O,Cl requires N, 16-15%).

N-p-Thiocarbaminophenyl- N'-isopropylthiourea.—p-Amino phenyl-iso-
propylthiourea (10-45 g.) was dissolved in water (120 c.c.) containing con.
HCl (4-2c.c.) and to this was added ammonium thiocyanate (4-2 g.) dis-
solved in water (15c.c.). The reaction mixture was concentrated to about
a third of its original volume and then cooled in ice-bath. The solid that was
thrown out was collected (yield, 9-6 g.) and on crystallisation from alcohol,
it had m.p. 200°.

N-p-Aminophenyl-N'-p-chlorophenylguanidine hydriodide (IV).—A mixture
of p-phenylenediamine (10-8 g.) and S-methyl-p-chlorophenylisothiourca
Ab
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hydriodide (328 &) i alcolol 2000 o ) woas retluned on 1 steam-hath for
12 hours, the methylmercaptan 1 o oh e Ao absorhed gy alkali
trap.  The solvent was removed 1o 1), PR e and he residue
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N 14270 CoHp NOHT reguires N Bl 0 The piorate b nLp. 206"
The acetyl derivative had mop S4s thound - N an: CrHEN, 1
requires N, 13-00° ).
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pound.  On crystallisation fromn aleohol, 1 had anp. 191wy {tFound: N,
15-287 C HNLSCH requires N, Ts.nd

- A mix
Lopechliiophenylisothio-
el b one hoyy, The

The S-methylisothivurea Bydiadude of the aboyve vompound was pre-
pared by the action of methylisdnle m teetone solution. On erystallisation
from acetone, it had DL IRS 8O (hound N, 1T NSO, requires
N, 11-55%).
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The S-methylisothiourey
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on mto the diguanidine dervative,
SUMMARY
Phenylenediguanidine dertvativ
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phenylthiourea derivatives of Fornyuly (VY with o weries of isothiocyanates,
to obtain the dithiourey derivatives (Vi]), (he di-S-methyl derivatives of which
reacted with ammoniy to furnish the diguanidine derivitives {hy, The other
methods tried to prepare diguanidine derivitives are also deseribed,  Eleven
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of the derivatives of formula (I) showed no antimalarial activity when tested
against P. berghi infections in mice.
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