S4 WESTLAND, INARGER, GREEN, AND Dicn Vol 1

1-Alkyl-1-(2-mercaploethyl)guanidines and the Corresponding Thioureas,

Disulfides, and Thiosulfates as Anlibacterial Agenls!

Rocer D, Westuany, Eva R, KNawcer, Binuie Greex, axp Joux R, Dice

Research Laboratories, Parke, Davis and Company, Ann 1rbor, Michigan

48106

Received May 29, 1967

A new class of antibueterial agent has beeu found, having good in vitre seriviiy against Streplococcus pyogenes

und Staphylococcus aureus.

Certain compounds possess in eivo activity against S. aureus at nontoxie levels.

The preparation and anribacterial activity of an interrelated series consisting af 2-[2-(alkylamino)ethiyl]-2-
thiourea dihydrobromides (V), 1-alkyl-1-(2-mercaptoethyljguanidine salts (I1I), and S-2-(1-alkylgnanidino)ethyl

thiosulfates (IV) are reported.

Mercaptoethylamine has been variously substituted
by many workers in attempts to develop a useful anti-
radiation agent.? In the present study some new de-
rivatives of mereaptoethylamine have unexpectedly
been found effective againgt the microorganisms  Strep-
lococeus pyogenes and Slaphylococcus aureus.

Structures which have stimulated much interest as
antivadiation agents are S-2-(alkylamino)ethyl thio-
sulfates (I)® and analogs of 1-(2-mercaptoethyl)guani-
dine (I1I).* Long-chain alkyl derivatives of type III
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(T'able I) have not been reported, although compounds
possessing R groups as large as isopropyl are known.? In
the case of IV (Table IT), only the ungubstituted, parent,
S-2-(1-guanidino)ethyl thiosulfate has been reported.
1-Alkyl derivatives III of 1-(2-mercaptoethyl)guani-
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(1) This investigation was supported in part by the G. 8. Ariny Mediral
Research and Development Command, Contract No. 1) A-49-193-MD-2306.
We appreciate tbe interest and support of Drs. D. I’. Jacobus and 'T. R.
Sweeney of Walter Reed Army lnstitute of Research.

(2) For leading references see W. O. Foye in "Annual Reports in Medi-
cinal Chemistry, 1965,"" C. K. Cain, Ed., Academic Press Inc., New York,
N. Y., 1966, Chapter 30.

(3) D. L. Klayman and W. F. Gilmore, J. Med. Chem., T, 823 (1964),

(4) J. X. Khym, D, G. Doherty, and R. Shapira, J. Am. Chem. Soc., 80,
3342 (1958). These agents generally are formulated as thiopseudoureas
which readily rearrange under very slightly basic conditions to give mer-
captoethylguanidines.

(5) R. Shapira, D. G. Dolierty, and W. 'T. Burnett, Radiation FRes.. T, 22
(1957).

dine were prepaved (Chart I) either by rearrangement.’
of isothiouronium salts (Table IIT) or by reaction” of
Z-methyl-2-thiourea henusulfate with suitable 2-alkyl-
aminocthanethiols.  The practical suecess of the
method involving 2-methyl-2-thiourea appeared to
depend on the degree of insolubility of I1T in the reac-
tion medium. A pure product was readily isolated
when a solid appeared immediately on mixing the two
reqctants in ethanol solution.  When a solid did not
iminediately appear, oily mixtures were obtained which
were difficult to purify. Oxidation and substitution of
the thiol are side reactions which probably oceurred,
The substituted mercaptoethylguanidines III were
partialiy oxidized by air to the eorresponding disulfides
(erude) (Chart I1) and further oxidized by ammonium
sulfite in the presence of wir to thiosulfate esters I'V.
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Biological Activity (Table IV)S—I'or the 1-alkyl
derivatives of 1-(2-mercaptoethyl)guanidine (IIT), high-
est 7 vitro activity against S. pyogenes and S. qureus
was found where the alkyl group was hexyl, heptyl,
octyl, 2-ethylhexyl, and nonyl. The antibacterial
activity was found to diminish with either longer or
shorter alkyl groups. The most active compound in
the series wus the 2-ethylhexyl derivative. I'or the
8-2-(1-alkylguanidino)ethyl thiosulfates (IV), optimum
activity was found with heptyl, oetyl, nonyl, and deeyl
as alkyl substituents.

Some of the compounds exhibited n vitro activity
against other baeteria. Compound 9 (2-ethylhexyl
derivative of III) had the broadest antibacterial spee-
trum, giving complete inhibition of the growth of
S. aureus, S. pyogenes, Salmonella typhimurium, Kleb-
siella pneumoniae, Escherichia coli, Diplococcus pneu-

(6) A. Kaluszyner, Bull. Resevwrch Couarsl Israel, 94, 3D (19601, Chewmn.
Abstr., B8, 3427 (1961).

(7) Dr. T. R. Sweeney, personal comnanjcation, 1963,

(8) I'or the genera) in vitro and 4n vivo test procedures see M., W, Fisher,
M. C. Manning, L. A. Gagliardi, M. R, Gaetz, and A. L. Erlandson in "'Anti-
bioties Annual 1959-1960," Anlihiotica, lne., New York, N. Y., 1960, pp
203-303.,
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TasLE I
1-ALRYL-1-(2-MERCAPTOETHYL)GUANIDINES (III)
NH
HgNéNCH2CH2SH-HX
R
Yield, Caled, % Found, %

No. R Metliod® % Mp, ¢C Formula C H N SH C H N SH?
4  CHi(CHs As 43 213-215  CHpNsS-0.5H,S0¢  37.46 8.09 18.74 14.75  37.19 7.76 18,90 15.15
5  CHs(CHys Ad 43 208-210  CoHnN:S-0.5H:80s  42.99 8.42 16.72 13.16  42.85 8.69 16.51 12.43
6  CHi(CHs ad 92 204-207  CpHuNaS-0.5H:S0s 45.08 9.08 15.77 12.41  44.92 9.01 15,71 12,11
7  CHi(CH:hr Ac 56 195 CuHuNsS-0.5H:805  47.11 9,34 14,98 11.81 47,40 9.21 14.99 11.90
8  CHi(CHa) B 77 102-104  CuHaxNsS- HBr 42.30 8.39 13.46 10.60  42.00 8.18 13.41 10.09
9  CHi(CH2)sCH(C:Hs)CH: B 31 106-109  C)HxN:S HBr 42,30 8.39 13.46 10.60  42.41 8.26 13.40 10.04
10 CHi(CHas Ad 23 198-201  C):HuN:S-0.5H:S0, 48.93 9,59 14.27 11.23  49.26 9.60 14.15 10.19
11 CHi(CHas Ae 60 202-204  OuHwxNsS.0.5H:S0s 50.61 9.81 13.61 10.73  50.75 9.76 13.43 9.78
12 CHs(CHou B 54 119-123  CuHaNsS-HBr 48.89 9.30 11.41 8.70  48.65 9.03 11.35 8.96

NH NH

|
« A, RNHCH,CH,SH + H,NCSCH; 0.5H,80,; B, RNHCHzCHzSéNHzQHBr -+ NaOH. ? Iodine titration; for a similar assay

see J. W. Kimball, R. L. Kramer, and E. E. Reid, J. Am. Chem. Soc., 43, 1199 (1921).
Occasionally repeated recrystallization served only to increase the disulfide con-
¢ For the 2-(alkylamino )ethanethiol, see D. D. Reynolds, D. L. Fields, and D. L. Johuson, J. Org. Chem., 26, 5125 (1961). ¢ For

was present in some samples as a minor component.
tent.
the 2-(alkylamino )ethanethiol, see ref 13.

It is apparent that the corresponding disulfide

TasrLe II
S-2-(1-ALKYLGUANIDINO)ETHYL THI10sULFATEsS (IV)
NH
%
H,N lTTCchHzSSOaH
R
Yield, Caled, % - Found, %
No. R T Mp, °C Formula C H N S C H N S
13 CH;(CHo,); 20 197200 CrH17N;0;8; 32.92 6.71 16.46 25.11 33.20 6.60 16.59 24.92
14 CH;(CH,)s 53 202-205 CoHuN;305S, 38.13 7.47 14.83 22.63 38.37 7.42 14.82 22.38
15 CH;(CH,)e 20 175-178 CioHysN;0,58, 40.38 7.79 14.13 21.536 40.65 7.62 14.16 21.31
16 CH;(CH,), 69 128-130 Ci1 H,5N3058: 42.41 8,09 13.49 20.39 42.65 7.89 13.20 20.48
17 CH;3(CH,)s 72 149-152 C1oHyrN30;58, 44.31 8.36 12.91 19.10 44.59 8.31 13.08 19.37
18 CH;(CHa,), 75 152-154 Ci3H,oN30;S, 45.99 8.61 12.38 18.89 46.05 8.50 12.12 18.60
19 CH;(CH,)u 69 123-126 CisH3 N 3058, 49.01 9.05 11.43 17.45 49.32 9.05 11.55 17.20
TasLE III
2-[2-(ALKYLAMINO)ETHYL]-2-THIOUREA DIHYDROBROMIDES (V)
NH
|
RNHCHzCHzSéNHz -2HBre
Yield, Caled, % Found, %
No. R % Mp, °C Formula C H N s C H N S
1 CH;3(CH,)r 80 108-110 CiHyeN,S.2HBr  33.60 6.93 10.69 8.16 33.65 6.64 10.68 8.18
2 CH;(CH,);CHCH, 81 165-168 CuH2N;S-2HBr 33.60 6.93 10.69 8.16 33.89 6.87 10.56 8.33
2H5
3 CH3(CH;)i 75 250252 CisHy NS 2HBr  40.00 7.83 9.33 7.12 40.00 7.40 9.45 7.29

« RNHCH,CH,Br-HBr + H,NCSNH..

moniae, and Shigella sonni and partial inhibition of
Pseudomonas aeruginosa and BMycobacterium t{uber-
culosts.

Compounds were tested against S. aqwreus in mice
by oral and by subcutaneous administration. General
i vivo activity was demonstrated, but dose levels
required were very close to toxic limits, A minimum-
protective dose of 12.5 mg/kg given as a single sub-
cutaneous injection was found for 1, 5, 6, 17, and 18.
Similarly, the minimum protective dose was 10 mg/kg
for 10 and 50 mg/kg for 15. Compound 7 was tested
in mice (subcutaneous injection) against S. aureus. It
exhibited a protective effect at 3.1 mg/kg.

Experimental Section®

2-(Octylamino)ethyl Bromide Hydrobromide.—To 900 g of
489, HBr was added 232 g (1.34 moles) of 2-(octylamino)-

ethanol,® and the resulting solution was heated under reflux
for 2 hr. Approximately 250 ml of solvent was removed by dis-
tillation, and the remaining solution was again heated under
reflux for 2 hr. The distillation of 250 ml of solvent and heating
under reflux for 2 hr were repeated once more, and the solution was
cooled and diluted with about 200 ml of Et;O. The solid 2-
(octylamino Jethyl bromide hydrobromide was isolated and re-
crystallized from MeOH-Et,0 to give 180 g (429,) of product,
mp 212-215°.

Anal. Caled for CoHp,BrN-HBr: C, 37.88; H, 7.31; N,
442, Found: C, 37.83; H, 7.23; N, 4.55.

2.(2-Ethylhexylamino)ethyl Bromide Hydrobromide.—From
82 g (0.47 mole) of 2-(2-ethylhexylamino)ethanol®® and 450 g
of 48, IBr was obtained 12 g (8¢) of pure product, mp 167—
168° (in addition to erops of less pure material) in a manner
identieal with that used for 2-(octylamino )ethyl bromide hydro-
bromide above.

(9) Melting points, determined using a Thomas~loover melting point
apparatus, are uncorrected.

(10) J. R. Reasenberg and 8. D, Goldberg, J. Am. Chem. Soc., 67, 933
(1945).



S6 WesrLany, araer, GreeN, Axv Dick

TasLe 1N
{1 Vitro ANTIBACTERIAL AcTiviTyY
~-——-Min lthib conen, pg. uih ~

No. S, pyogeres S.oveurees

2-{2-p Alkyvlamina jethyvl]l=2-thiourens Dihvdrobromides
! 25 N
0 fs h
1-Alky -1 2-merpapioethyl jguanidines, Hewmisalfates,
or Hydrobromides

4 20 h
i} D 1t
1 200 2.5
7 0.5 2.0
i <t s 0.3
1 2.0 N
H 1t) 211
|3 b h
N-2-(1-Alkylguanidine jethyl Thiosulfares
I h b
14 b h
15 D 20
16 N 20
17 i) 211
t~ 20 h

* Ree ref N for 1est procedures. * No inhihition ar highesi con-

centration wsed (20 pg/ml).

Anat, Caled for CoHyBrN-HBr: €, 37.88; I, 7.31; N,
4.42. Found: C, 38.17; H, 7.24; N, 4.41.

2-(Dodecylamino)ethyl bromide hydrobromide was prepared
i 277 vield from 2-(dodecvlamiuo)ethanol* in a manner
idetnical with that uxed for 2-(oetylamino)ethyl broniide hydro-
bromide; mp 22-235°.

Anal. Caled for CiHypBrN -HUBr: €, 45.00;
3.76. Found: C,45.35; H, 8.13: N, 3.50.

2-{2-(Octylamino)ethyl]-2-thiourea Dihydrobromide'* (1).-—
To 24 g (031 mole) of thiourea in 125 ml of --PrOH heated to
O0° was added 100 g (0.31 mole) of 2-(octylamino)ethyl bromide
hydrobromide, and the resulting mixture was heated under

11, 838 N,

(111 0. 8. Pierce, Jo M. Salshury, aod J. M. Fredericksen, J. .. Chem.
See., 64, 1601 (1042),
12y The general procedure is illustrated by this preparation.

Vol. 1]

reflux for 40 min.  The mixture was cooled, and 1he solid thmn
precipitated was isolated, washed successively with -PrOTl and
IXtOAc, aud dried to give 100 g (80°¢) of 1, mp FOS-110°.
1-(2-Mercaptoethyl)-1-octylguanidine Hydrobromide'- {8).

A solution of 100 g (0.25 mole) of T in 1.3 1 of .0 wis treated
with 1.V NaOIT until the pd was adjusted to 7.5 The whiie
solid thur precipitated wuas isolated, washed with 110, dried,
and recrysiallized from MeOI =[50 10 give 61 g (770¢) of prod-
net, mp 102-104°, infrared absorption (KBr) at 2520 cm -t (S11).

1-Hexyl-1-(2-mercaptoethyl)guanidine Hemisulfate> (5).-~
To u stirred solution of 8.6 g (0.062 mole) of 2-methyl-2-thiourea
hemisulfate in 60wl of Mo} at room 1emperature was added
dropwixe 1 =olmion of 10 g (1,062 mole) of 2-(hexylamino -
ethanethiol® in 125 mlof MeOH. The resulting mixture was kept
al ooy tempentture for 18 hr, and the solid that precipitaied
was iwolnted and recrvstallized frow MeOll to give 7 g 1457 0) of
produer, uip 208-211°, infrired absarprion TIKBr) nr 2520 eni !
(=110

S$-2-({1-Octylguanidino)ethyl Thiosulfate* (16).--Air waxs
bubbled for 4% hr 1ilirough a solution of 15 g (0.048 mole) of 8
i 2 Loof MeOTIL The MeO1Il was removed at reduced pressnre,
and the viseons oil was solidified hy the addition of Ei.0). The
solid was recrysiallized from MeOH-Ltu0) to give 10 g of crude
disulfide dihyvdrobronide, mp 126-128°,

To a <olution of 13 g 70.024 mole) of the ubove ernde disultide
i 1otk ml of MeOH was added 350 uil of 107, aqueons (NT14),80;
firexhly prepared by bubbling SO, into 11,0 aud nentralizing the
resulting solution wiult concenmrrared N1LOMHMY), and air wis
passed througl the <olution at roon esuperaiure for 16 he. The
misture witk evaporated to dryness under reduced pressure, and
the residne wax extracied with boiling MeOll.  The hor extirie
wis filered, and the filtrale was evaporated ro dryness under re-
duced pressure.  The =olid residue wuax washed well with 11,0
and recrystallized frapr MeOH 10 give 9 g (69¢,) of produer, op
128-130°,
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