September, 1963

35 (23-52) mg./kg., respectively. Subsequent doses
depressed the polysynaptic pathway to a greater degree
than the monosynaptic reflex. The duration of the
effect was from 40 to 60 min.

Potentiation of the loss of righting reflex induced by
hexobarbital (100 mg./kg.) was observed in the mouse
while ether-induced loss of righting reflex was much
more influenced in the rat., 'When administered to mice
just recovering from hexobarbital hypnosis!® recurrence
of the loss of righting reflex resulted in 1009 of the
animals tested.

Discussion

The exact mode of action of these substituted
biurets on inhibition of gastric secretion and incidence
of ulcer formation is not clear. Various classes of
compounds will inhibit these gastric parameters in the
ligated rat (¢.e., anticholinergics, antispasmodics,
carbonic anhydrase inhibitors, CNS depressants).
While no data are available on possible inhibition
of carbonic anhydrase, no evidence of diuresis {(qual-
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itative observed with acetazolamide) was noted at
near-lethal doses. Phenethylbiuret did not demon-
strate properties of anticholinergic or antispasmodie
agents as tested by the antichromodacryorrhea and
charcoal meal test in animals. It possesses some action
at the level of the central nervous system as evidenced
by anticonvulsant activity, inhibition of poly- and mono-
synaptic reflexes, and conditioned avoidance response.
The potentiation and recurrence of hexobarbital-
induced loss of righting reflex is further evidence of a
central effect, according to the interpretation of Brodie,
et al.®® However, by comparison with other central
nervous system agents, such as phenobarbital and
meprobamate, these effects are relatively weak. Doses
of phenobarbital and meprobamate required to produce
comparable protection against ulcer formation pro-
duced signs of neurological depression not observed
with phenethylbiuret.

(15) B. Brodie, P. A. Shore, S. L. Silver, and R. Pulver, Nature, 175, 1133
(1955).
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A number of guanidine derivatives were prepared for screening for antibacterial activity. Some of these

derivatives were quite active against both Gram-positive and Gram-negative bacteria.

The bacteriostatic

activity of 1,10-di(3,4-dichlorobenzylguanidino)decane dihydrochloride was comparable with Hibitane.

The performance of 1,6-di(4-chlorophenyldiguanido)-
hexane (Hibitane)? as a bacteriostat prompted the
synthesis of a number of guanidines for screening as
antibacterial agents. Although it was reported® that
1,6-di(4-chlorophenylguanidino)hexane possessed !/

The guanidine derivatives generally were prepared
by condensing amines with the corresponding S-methyl-
isothiuronium iodides. New thioureas and isothiuron-
ium salts prepared during this investigation are listed
in Tables I and II, respectivly. Tables III to VII,

Tasre 1
Tra10UREAS, (RNH),CS

Analyses, % -

Yield. Empirical C —H N S

R M.p.. °C. % formula Caled. Found Caled. Found Caled. Found Caled. Found
4-Methylbenzyl 135-136¢ 100 CiH0N-S 71.80 72.02 7.09 7.33 9.8 9.81 11.28 11.26
3,4-Dimethylbenzyl 98-99p 99 CioHaN2S 73.03 72.87 7.74 7.66 897 8.78 10.26 10.36
3,4-Dichlorophenethyl 124-125¢ 82 C:H,eCLN,S4 48.36 48.54 3.82 3.96 6.64 6.82 7.59 17.58
a-Naphthylmethyl 168-169¢ 70 C.sHo NS 77.48 77.34 565 562 7.8 7.35 8.99 8§.60
3,4-Dimethoxyphenethyl 135-136¢ 93 CaHaN o048 62.35 62.20 6.98 6.90 6.93 7.22 7.93 7.98
2,5-Dichlorobenzyl 169-170/ 76 CsH2ClN.S 45.71 46.08 3.07 3.13 7.11 7.39 8.13 8.05
Furfuryl 83-85P 88 CiuH12N:0:8 55.90 55.51 5.12 5.33 11.86 11.60 13.57 13.35

¢ Crystallized from ethanol. ? From aqueous ethanol. ¢ From ether-hexane. ¢ Caled.: Cl, 33.86. Found: Cl, 33.60. ¢ Crystal-

lized from aqueous dimethylformamide. / From acetone.

the antibacterial activity of Hibitane, the benzyl-
guanidine derivatives were expected® to exhibit higher
bacteriostatic activities than the corresponding phenyl-
guanidines.

(1) (a) Paper V: D. L. Garnaise, R. W. Kay, R. Gaudry, H. A, Baker,
and A. F. McKay., Can. J. Chem.. 89, 1493 (1961); (b) Contribution No. 39,
Monsanto Canada Limited.

(2) G. E. Davies, J. Francis, A. R. Martin, I. L. Rose, and G. Swain.
Byit. J. Pharmacol.. 9, 192 (1954),

3) A, Y. McKay, Soap and Chemical Specialtics, 38, No. 11, 99 (1960).

9 Caled.: Cl, 35.98.

Found: Cl, 36.06.

inclusive, describe the properties of the substituted
guanidines.

In the disubstituted guanidine series, n-nonyl, n-
decyl, n-undecyl, and n-dodecyl derivatives of 4-
chlorobenzyl- and 3,4-dichlorobenzylguanidines dis-
played the highest bacteriostatic activities while in the
benzylguanidine series, the undecyl and dodecyl deriva-
tives were the most active (see Table VIII). N-Nonyl-
N’-3,4-dichlorobenzylguanidine hydrochloride exhibited
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outstanding activity against both Grawm-positive and

Analyses,

((RRIEHLESE LBLERRS=% Cirs wative bacteris
= ~ g AR A wrant-negative bactera.
L R : ) : . , o
|mEowrene menseey Among the trisubstituted guanidines listed i Table
7 IN,  NN-did3A-dichlorobenzyl3-N""-benzyl-, - NN
1 C . . N . R . B
TIRIZEI[E Azt i di(3,4-dichlorobenzyD)-N "~ { @-naphthylmethyl)-, N, N7 -
Boarbe s 1eimmnatd g N7-tri(3 A-cdichlorobenzyl)gnanidines were most
- active agahist Chram-positive microorganisins.  These
T e en e em trisubstitnted  guanidines were comparable in anti-
Eoocxgonme = X . L . R
UMM oM e Mo amas bactertal activity with Hibitaue but their performanee
= w SR == T o o+ TR O . } - ) o s
LEmmE e T m the presence of 105 sernm was nch lower (¢f.
?5 values 1 Tables 1X and XD, Serun drastically fow-
R o B S S R U R L ) . . . .
Lé SoTmmefnNs Mo sSac eredd the buacteriostatie aetivities af all di- and ti-
A substitited guanidines evaluated. -
The  a.w-ditd f-dichlorobenzylalkanes  (Table N)
T Y [ = enlr i oy D H S - e . N } . . TS N
{z °{° —“ TomEs T8558 £ a2l exhibited quite <imilar bacteriostatic activities against
WEDHHAZET SHE8ERES both  Gram-negative and  Gram-positive  bacteria.
P2 1.10-Di(3,4-dichlorobenzylguanidino)decance — exhibited
S L @ o o antibacterial activity comparable with Hibitane both
ECEISDIZT CmenoT in the absence and presence of 109 sernm. The o
S AR o= ?lv—%— [«1“:?:7{& m 10 absence dand pres & oI LU § . .
~ ) S RO - e ': = b 1 1 1 1 ;e 2 1 e 3} LR A
cT e l di(substituted-benzyviguanidino)alkanes in general pet
- formed better in the presence of sernm than the simple
T 2 =z S = o - . R . .
‘f R I L A R di- and trisubstituted guanidines,
fETemERaT mesnns < The aminognanidine molety 1equired a longer-chain
¥ aliphatic subztitnent to reach optimunm bacteriostatic
EAES =5 T&F=R = activity compared with the henzyl- and substitnted
[ R e - benzylguanidines, Tetradecylaminoguanidine displayed
. L . . N .
the highest aetivity in this series (¢f. Table X1).
[E8=%38xdz 2232 Sowe af the gianidine derivatives histed i lz.ﬂ?l(-.\
SERSATER FAEESEZ HI to VIT were evaluated for fungistatic activities.
< A few of the more active cotnpounds are listed m Table
ity rpomins Zzmmmo NIl N-n-NonvlN'-34d-dichlorobenzylguanidine  hiv-
ST LS —~Aa= = L on ™o 51—~ . ) RN T
P& s i N N = o drochlovide possessed oustandiug activity against both
Coomeas T s s s e e 2 Acrospocam giypscian and Trichophyton grigudosum.
Experimental*
:,-‘ .
= o LT T <, . , Symmetrically Substituted Thioureas.—4-Methylbenzylinine
% o é s LS :_f pZ (121 g., 1.0 mole) was added to a solution of earbon disulfide (38
o A — =I5 R o Tz, - . - i G X 3 1
Z& = g : PV 7z =7 g., 0.50 mole) in ethanol (500 1wl.? at 0-30° over a 30 min. period,
TOERQTORRY mRw=Eks and the suspension was heated under reflux for 22 hr. - The sola-
ZEZEERESE SEIZS DS S tion on concentration and cooling gave 1{137d1(4—11101ll)'lb(.:nz‘\.'l )~
SSSEELCSS SSSESSS £ thiourex, m.p. 130-135°, vield 142 g. (100¢5).  Recrystallization
by from ethanol raised the m.p. to 135-136°. o
- . mrm m gL = The thioureas listed in Table T were prepared in the samc
SEFERFE = = SERTR general way. Insome cases the reagents were reflnxed in butanol
2 rather than ethanol. . )
= 2,5-Dichlorobenzyl Isothiocyanate.——z,S—[,)1clllon')l)c_1u_§"l ig0-
S, - = t thiocyanate, h.p. 150-151° (1 mm.), was prepared in .1()‘,1 )'1.0111
CEL.EZLERRS 2= o2 8T by the method proviouslys described for the preparation of iso-
S22 ST ZmoZCoHaD s 2 an e
T R T N A A R N D S (hocyanates. ' ] N W
AZFECINE FFES%Z22R Anal. Caled. for CiHCLNS: C, 44105 H, 231 Cl, 32,50,
IR N, 6,42 & 14.67. Found: C, 44.22; H, 2.30; Cl, #2.52; N,
— 6.82; S, 14.64. . '
< -3 2,5-Dichlerobenzylthiourea.-- Aqueous ammoniunm ll)’flrllxl.(l"
T 2 3 “’;’ BN (10 ml. of 287 solution) was added to 2,5-dichlorobenzyl isothio-
=D = G A " | 7 .
= é T g = < 5 = cvanate (10.0 g., 0.05 mole) in ethanol (50 ml.) and the snlutmu
= 8= § B T EES = was allowed to stund for 1 hr.  After evaporation of tln: suln(l«fn‘
TET_x2Z % =25= z the residue was crystallized fron dilute ethanol to give material
TESEREEEE E¢ 76-177°, vield 8.8 g. (829).
T ERZ2ESEE s E of m.p. 176-177°, vield § 27).. . .
Z 3 £T3I= EEEEE ¢ Anal.  Caled. for CHCLINy: C, 46.55; H, 331 halogen,
SLEEELTIZLSE 11.65; N, 6.51. Fonnd: C, 46.56: H, 5.36; halogen, 41.10;
bt etV " ] ~ = Py P s d
e THS2D) 'Téomttlz...«m :\,().81)4
= N-~(2-Tetrahydropyranomethyl)~-N '—({3,4—d}ch10robenzy1}th10-
B z urea.~-A solution of 3,4-dichlorobenzyl 1soth11)c_\‘un{zte (10.9 2.
- T - = e Tz = 05 mole) and 2-uninomethyltetrahydropyran (5.8 g., 0.05
$§_FE SEZT : le) in ethanol (20 wl lowed to stand overnight. The
B 2= s 5= 3 z mole) in ethanol (20 w1 was allowed to ~rnight. g
S E~2 2 —Z&S & g (
.2 ET % % 2228 L ~ — —_—
= 5 % ’3‘ ; % —5 EE =“:4x % .TE = = 74) All teeting pobits are uncovrected.  1'ids work was cotnpleted iw‘furr-
& ;5 ] ,_:?" ? z é ? E __? _E = : the reqbirement fov correctad melting points was introduced hy A\nmrl.t';m
§ E E z 3 E jd é = = "5 ;‘3 =, c Chentigal Society jowrbals.  Alicrowialyses were performed hy Alicco-Teck
== E == :’:‘) = = E = %R g E = Lahoratories, Skakie, Hhnois, abnd by Dreo O Daessle, Aontreal, Qneec.
EETIETII =2 T IS E G1ACF MeKay, DL Givtaise, R Gagdsy, 1AL Baker, G Y. ac,
21553 v LI E BOWL Bay, G L Juat, and T Scliwateiz, 1o L. Cherm. Soc., 81, 1128 <1050
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R
4-Chlorobenzyl
4-Chlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
Benzyl
Benzyl
Benzyl
Benzyl
Benzyl
Benzyl
Benazyl
Benzyl
Benzyl
Benzyl
Benzyl

e Hydriodide.
aueons cthanol.

Rl
4-Chlorobenzyl
4-Chlorobenzyl
4-Chlorobenzyl
2,4-Dichlorobenzyl
2,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
n-Propyl
n-Butyl
n-Amyl
n-Hexyl
n-Heptyl
n-Octyl
n-Nonyl
n-Nonyl
n-Decyl
n-Decyl
n-Undecyl
n-Undecyl
n-Dodecyl
n-Dodecyl
n-Nonyl
n-Nonyl
n-Decyl
n-Decyl
n-Undecyl
n-Undecyl
n-Dodecyl
n-Dodecyl
n-Hexadecyl
n-Heptyl
n-Octyl
n-Oetyl
n-Nonyl
n-Nonyl
n-Decyl
n-Decyl
n-Undecyl
n-Undeeyl
n-Dodecyl
n-Dodecyl

b Crystallized from acetone-ether.
! From water.

N,N’-DisussmiTuren GuaNipiNes RNIIC(=NH)NHR’

M.p.. °C.
150-151°°
150-151.5¢
166 .5-168°"
189-190%°
160--161%¢
148-150"7
153-154°¢
117.5- 118.5%¢
110-1112¢
124-126%¢
107-108%*¢
109.5-11147
109110/
95-96.
65-67°7
98-100%*
69-71°7
94 .5-95%4
67-69°/
96-97°.7
60-70°¢
85867
67687
85.5-86.5%7
62-63°¢
94-94 .5%¢
65-67°7
92-93.¢
65-67°7
85-86/
92-93°.f
70-7287
85867
84-850/
102-103°/
90-91e/
106107/
87894
110-111¢/
85.5-86.52/
113-114°/

¢ Hydrochloride.

Yield.

%o
70
86
79
42
93
64
93
95
66
88
88
81
67
99
95
84
99
85
95
67
98
96
99
69
100
95
98
93
99
67
56
90
74
98
91
06
09
90
90
98
100

@ Crystallized from ethanol- chloroforin.

Tasie IIT

Esnpirical
fornlula
CisH16CLINg
CisHisCLN3
CusHisCLING
CisH ClIN;

CisH14CL N3
CisHuCLIN;
Cys11,ClsN;
CnH\6CLIN;
C2H,5CLIN;
C1;HaCLIN;
CillClIN;
CisHxuCLIN;
CisH2CLIN,
Ci7112CLIN;
Ci7H:5Cl:N;
CisHaCLIN;
CisHyCL:N3
CieH3ClLINg
CisHa:CLN;
CuHyCLIN,
CaHuCLN;
Ci7H2sCIING
Ci7H2Cl:N;
CisH1 CIIN3
C.sHaClaNy
Col1;3CIING
CiyHyClN;
Cal1CIIN;
CaH3ClaN;
Cadl1,3CHN;
C1sH26CIN,
CieHzsINs
(j;gHzgclNa
CH3INy
ChH5CING
CysH3IN;
CislLCIN,
CyoH3uIN:
Ciol134CIN,
CuoHyIN;
CyH3CIN,

~—-—— Analyses, %

c 5
Caled. Found Caled. Fonnd
41.27 41.37 3.70 4.05
52.14 52.09 4.68 4.55
38.27 38.41 3.21 3.40
35.67 35.52 2.79 3.04
43 .46 43.40 3.41 3.50
35.67 35.21 2.79 3.08
43.46 43 .43 3.41 3.62
34.04 34.13 4.16 4.13
35.84 35.90 4.51 4.51
37.52 37.72 4.84 4.82
39.09 39.28 5.16 5.23
40 .56 40.59 5.45 5.60
41.94 42 12 5.72 5.91
43.23 43.16 5.98 6.01
53.62 53.42 7.41 7.13
44 .46 44 .62 6.22 6.21
54.75 54 .49 7.66 7.65
45 .61 45 .53 6.45 6.40
55.81 55.89 7.89 7.90
46.70 46 .65 6.66 6.46
56 .80 56.40 8.10 8.16
46.63 46.92 6.68 6.71
58.95 58.79 8.44 §.35
47 .84 47 .92 6.92 6.92
59.99 59.70 8 .67 8.6Y
48 .98 49.27 7.14 7.33
60.95 61.05 8.88 8.85
50.05 50.12 7.35 7.40
61.84 61.53 9.08 9.15
53.78 53.66 8.09 8.23
63.48 63 .21 9 .24 9.23
49 .36 49 .47 7.25 7.09
64.51 64 .34 9.47 9.29
50.62 50.43 7.50 7.56
65 .46 65.18 9.70 9.53
51.79 51.72 7.74 7.72
66.33 66 .31 900 09.76
52.8% 52.88 7.94 8.00
67.13 67.14 10.08 9.07
53.92 h4.25 8.15 8.00
67 .86 68.19 10.25 10.27
¢ Front ethanol. 7 From ethanol--ether.

—

Caled.

45
30

53

53
42
50

47
45
44

41
27
40
26
39
26
38

20
35
19
34
18
33
18
30
12
32
11
31
11
30
10
20
10
28

.35
.86
49.

56

.20
42.

77

.20
77
97
49.

19

.54
08
.53
43.
.90
03
.68
Rz
.44
.02
.47
25.

37.

17

15
09

.47
.94
.68
.85
.94
.84
.26
.29
.49
.60
00
A7
.37
.41

.88
42
.43
.49

10.02

X

TFound

45
30

52

53
42
50
44
47
45

43
41
28
40
27

19
34
18
30
12
32

31
11
30
11
29
10

10

.10
.96
49.

78

.94
43.

16

.32
.96
.85
.20
.25
.85
44.

54

.34
.50
.00
.67
.15
39.
26 .
38.
24.
36.
20.
36.
19.5!
34.
.04
.03
.32
A48
.57
.60
12.

11

.60
A8
.42
.16
.24
.68
28.

70

07
v Irom ethyl acetate-ether.

Caled.

9

12.

8
8

10.

8

10.

10
10

10.
0.
9.
9.
8.

11.
8.

10.
8.

10.
8.
0.
9.

12.
9.

11.

.02

.22

9
11
8
10
7
14
10

10
13
10
12

9.

12
0
11

.64
19
.93
.32
16
.32
16
.83
.45
10

.76
.82
.84
.81

.79
14,

11
42
A7

07
.89

74
.36
43
.87

Found

9
12

10

14

14

13

10.
.82
.62
.25
.22
.89
% From

12

12

11

.70
.21
.44
.32
.16
.62
.84

=

.57
.44
.96
.83
.31
98
18
.35
.64
.43
.50
.40
.39
.74
.55
.95
.08
.34
.97
.35
.65
.84
.74
.59
10.
.56
10.
.59

71

50

26

2961 ‘1oquisydeg
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NONON CTrisesstireTed GuaNipiNes, RNTTCE=NR)NHIR ™

Yield, Epirical I R T e it § SRR - - X - o N

R R’ R Mo, o€ % formnnla (Caled, Foand  Caled.  Foand  Caled.  Foand Caled.  Yound
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl Metlhyl 108200 73 Gl LisClLING 37.02 3V.22 3011 348 5176 51.8H% 810 $.05
3,4-Dichlorobenzy! 3,4-Dichlorobenzyl Methyl 98- 100° 00 CrlLiCLNG-CoHZOTT 15,64 4573 4.68  4.70 3743 37.700 887 0.9
3,4-Dichilorobenzyl 3,4-Dichlorobenzyl ISthyl 1241254 76 CalyCLING 3830 3791 3.40  3.64 H02 5061 7.8 7.91
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 2-Tiydroxyethyl 1581507 47 CHisCLIN;O 3718 3743 3.30 3.53 4803 48.69%  T.65 749
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 2-Hydroxyecthyl 11811950 99 CysCLNO - T1.0 1203 4315 4.24 410 37.927 37.35 883 862
3,4—Dichlorol)enzyl 3,4-Dichlorobenzyl n-Propyl 149-150"" 79 ChsHaoCLING 3052 3058 3.69  3.02 4012 40 .04 T.08 7.76
3,4-Dichlorobenzyl 3,4-Dichlorobenzy| n~Propyl 104--105¢ 98 CisHxCLN, 17,46 47,03 1.43  4.05 35.02 38.8%5 023 915
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl Allyl 13914077 40 CielL:CLLIN, 30,66 30.78  3.33  3.21 49.31 4806 7.7l 7.45
3,4-Dichlorobenzyl 3,4-Dichlorohenzyl 3-Hydroxypropyl 139 -140°* 55 CisHayCLN,O 43 .84 4556 428 437 3759 377t SO 8.099
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl n-Butyl 112-114% 92 CrolCLING 40.67 4082 3.95 414 47 .88 4811 749 7.53
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl n-Butyl 9406 94 CelClINy 48558 4813 .72 473 3775 3510 K05 802
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl n-Octyl 131-132%" 44 CoaHoCLING 44.80 44 .85 4090 5H.03 43.58 4334 (.82 7.13
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl n-Octyl 129-130°* 48 CoH30CLN, 52.54 525t 5.75  H.O94 33.72 33.21  7.99 K08
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl n-Hexadecyl 1381394 32 CHgCLING 51.01 5098 (.36 6.62 36.8F 36.62 5H.76 5.7l
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl B-(Dimethylaminoethyl) 1 24«1'_’5)“-"_ 94 CrofL3CLIN, 39.61 30.61 .02 447 4664 46.3%  9.72 9 .92
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl Benzyl 175176 67 Coolly(CLIN; 1130 44.63  3.39 347 4516 4193 T.06 7.09
3,4-Diclhlorobenzyl 3,4-Dichlorobenzyl Benzyl 179-18147 85 CpHaCLLN; 5246 52.37  4.00 4.01 35.20 3507 831 841
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 3,4-Dichlorabenzyl 04 05 H 87 (i H,ClgN3 4028 4045 3.20 3.30 30.67 39.6>0 T8 7.0
3,4-Dichlorobenzyl 3,4-Dichlorobenzy! 3,4-Dichlorobenzyl 220230 83 CaIT)CLING 3070 1005 2.73  3.00 5114 H0.98 (.33 6 .45
3,4-Dichlorobenzy! 3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 2172194 83 CyeH 1 5CLlN 4614 46 .11 307 200 43.3) 43.60  7.34  7.32
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 2,4,5-Trimethylbenzyl 208-210"" 74 CasHugCLING 47124725 111 4023 4217 4229 650 650
3,4-Diclhilorobenzyl 3,4-Dichlorobenzyl 2,4, 5-Trimethylbenzyl 232-933" 96 CaHeCLN, 5501 5526 4.80 108 32499 3230 770 709
3,4—1,)inhloroben7.yl 3,4-Dichlorobenzyl 4-Tsopropylbenzyl 178-170" 72 ConlLagClLIN 4712 4697 111 410 4217 4207 6.50  6.5H3
3,4-Dichlorobenzyl 3,4-Dichlorobenzy]l 4-Isopropylbenzyl 178-180" 74 CuHaClsN 55,01 5482 1.80 L8 3249 32501 7.70  7.59
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 3,4-Dimethoxyphenethyl 152--153% 83 CorHaCLIN;O. H8T 4 1h 0 3,020 404 4015 30905 628 642
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 3.4-Dimethoxyphenethyl 136 138" 51 Cas HogCLING O 195 51.67 451 448 30.67 3010 727 715
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl a-Naplhithylmethy! 2262274 73 Crael T CLING IRAL A8 45 344 368 41,65 4136 6.1 (.38
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl e-Naphthylhnethyl 200-2107F 90 CaglLe Ny - HLO .62 5469 1230 3.07 31.01 3110 7.35 7.43
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl Ifurfuryl 135-136"" a3 Caa H)sCLINZO 41,06 4086 3,10 3258 45393 4601 TN 737
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl I'urfuryl 148--1407" CaHixCLNLO IS 66 868 3.67 0 3.09 35001 4616 S.54 N4
3,4-Dichlorebenzyl 3,4-Dichlorobenzyl 2-Tetrahvdropyranastethy!  02-047° 9% CapHauClsN;O 19,28 48,90 173 4097 3466 31,92 K21 SN.1H
3,4-l)ichlnrnbenzyl 3,4-Dichlorobenzyl Phenethyl 120 -130"" 4.4 CosHe CLLN 53.35 53.23  1.25 0 423 3124 3419 S 120 K10
3 4-Dichlorobenzyl  Benayl Benzyl 183 1847 09 CuHaCLIN, HO20 5052 121 438 3TAN 3757 T.00 TS5
3,4-Dichlorobenzyl Benzyl Benzyl 188 -1 808 07 Caal 10.CI3N G077 6051 510 H.02 2447 2160 966 047
3,4-Dichlorobenzyl e-Naphthylmethyl a-Naphthylmethyl 190--201"" 04 CalTgCLIN:, HT.H2 HT A3 118 4260 3158 3155 6.71 6.5
3,4-Dichlorohenzyl ce-Naplithiyhnethyl -Naphthyhunethy! 24 (=241 0% ConlTo6ClLN 67.36 67.20 400 506 1980 19.61  7T.86 748
3,4-Dichlorobenzyl 2-Tetrahydropyranomethy!  2-Tetraliydropyranomethyl  120-1227% 80 CagHyCLIN O, Ho12 5080 534 3648 3657 T.7H T.61
3,4-Dichlorophenethyl 8-(3,4-Dichlorophenylethyl) 3,4-Dichlorophenethyl 140141 78 CosITClI N, 42 .66 3.43 343 AN .09 4796 595 617
3,4-Dichlorophenethyl  8-(3,4-Dichlorophenylethy!)  3,4-Dichlorophenediyl 11-115" 98 CuHyCEN SRS 300 127 4037 3087 6. 602
2, 5-Diclilorobenzyl 2,5-Dichlorobenzyl n-Decyl 1651667 60 CplTClLING 46 .06 5 .31 536 1165 1119 651 G.8)
4-Methylbenzyl 4-Methylbenzyl I-Methylbenzyl RN S 95 CaHaa Ny 80.61 78T 7.47 11.31 11.33
4-Methylbenzyl 4-Methylbenzyl 4-Methylbenzyl 211202 80 U I N 6016 605 6.03 2501 2510 S22 860
4-Meth:ylbenz_vl 4-Methylbenzyl 1-Methylbenzyl 237-23%" 01 Ca5CIN; T3.00 T304 741 T893 R.69 SS1O10.30 In.12
3,4-Dimethylbenzyl 3,4-Dimethylbenzyl 3,4-Dimethylbenzyl 1821847 s CagHyelNy G210 6221 G.70 668 23 .43 23.35  T.76 7.63
3,4-Dinsethylbenzyl 3,4-Dimethylbenzyl 3,4-Dimethylbenzyl M5-21607 S6 CosHzCIN 173 7134 S060 797 TR 7050 931 a2y

3.4-Dimethylbenzyl 3,4-Dime(hylbenzyl Lyl 150 -152"" 90 CaHyI N AMKT N 37T 6700 6.6 2511 2524 931 907
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3,4-Dinethylbenzyl 3,4-Dimethylbenzyl Lthyl 164-165°° 88 CaH3CIN, 70.08 69.83 8.40 8.38 9.85 10.09 11.68 11.40
3,4-Dimethylbenzyl 3,4-Dimethylbenzyl n-Butyl 102-104%¢ 68 CysH 3 IN; 57.61 H57.60 T7.15 7.27 26.47 26.46 8.77 8.96
Furfuryl Furfuryl Furfuryl 173-175%" 60 Chet1sIN 05 44 .99 45.26  4.25 4.43 20.71 30.07 9.84 10.04
Furfuryl Furturyl Tturfuryl 138-130%. 93 Ci6H,sCIN;0, 57.23 56.96 5.40 5.42 10.56 10.55 12.51 12.75

2 Hydriodide. ? Recrystallized from ethanol-ether. ¢ Hydrochloride. ¢ Crystallized fromn ethiyl acetate—ether. ¢ ¥rom aqueous ethanol. 7 From acetone—cther. ¢ From ethanol—chloroform.

B Ivee base. ¥ Crystallized fraom dimethylforinamide—etlier. 7 From ethanol. * From aqueous dimethylformamide.

TasLE V: a,0-Di(cuaNiDINO)ALKANES, RNHC(=NR")NH(CH,),NIIC(=NR')NITIR
Yield, Empirieal e G — =11 — — X - ~N---
n R R’ M.p.. °C. % forsnula Caled. Found Caled. Found Caled. Found Caled. Found
2 3,4-Dichlorobenzyl H 24824970 56 C.sl15CLIN 30.10 30.16 3.09 3.21 55.10 54.95 11.70 11.53
2 3,4-Dichlorobenzyl H 205-206"-° 100 CisHa:ClgNg 40 .40 40.53 4.14 4.34 39.75 39.57 15.71 15.59
2 3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 276-2774¢ 56 C3oH3ClgIo N 37.10 37.32 2.92 3.04 51.88 51.60 8.11 8.23
2 3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 253-254°4 46 C3:H;30Cl4N g C.H;OH 45 .41 45 .86 4.04 4.31 9.35 9.35
2 Benzyl H 212.5-213%° 12 CsHI:Ng 37.25 37.27 4.52 4.52 43.74 43.73 14 .48 14 .48
4 3,4-Dichlorobenzyl H 200-201° 92 CopH;6ClgN 42 .65 42 .60 4.65 4.85 14.92 14.63
4 3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 145-147%° 60 CayH3yCligN 46 .34 46 .08 3.89 4.10 40 .24 40.14 9 .54 9.48
6 3,4-Dichlorobenzyl H 168168 .55 81 CayH3CLN 014 41.81 4201  3.51 353 14.53 14.68 17.22  16.98
6 4-Chlorobenzyl H Amorphous**® CoeH;3.CLI,Ng 37.46 37.26 4 .57 4 .82 46.04 46 .28 11.92 11.72
6 Benzyl H 1651677 76 CoeHyI:N 41.52 41 .62 5.39 5.45 39.89 40.07 13.21 13.04
10 3,4-Dichlorobenzyl H Amorphous®-® 100 CasH3CLI,Ng 37.61 37.88 4.61 4.72 47 .70 47 .61 10.12 9.91
11 3,4-Dichlorobenzyl H Amorphous®® 90 CuHyoCLIoN, 38.41 38.86 4.77 4.86 46 .87 46.55 9.95 9.83
12 3,4-Dichlorobenzyl H 167.5-169.5%° 76.5 C.gH;ClyI:N, 39.18 39 .47 4.93 4.95 46.10 46 .08 9.79 9.95

£961 ‘tequiejdeg
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¢ Hydriodide. ° Recrystallized from ethanol. ¢ Hydrochloride. ¢ Reerystallized from dimethylformamide-ethanol. € From ethanol-cther. 7 Picrate.
Tasie VI: Mono- aNp DisusstiTutED AMINOGUANIDINES, RNHC(-=NR')NHNH,
Yield, e C- —— —X e e N

R R’ M.p.. °C. % Esnpirieal formula Caled. Found Caled. Found Caled. TFound Caled. Found
n-Decyl H 83-85°" 50 CnHguIN, 38.59 38.81 7.95 8.01 37.08 37.01 16 .37 16.15
n-Decyl H 1181202 83 CuHx»CIN, 52.68 52.73 10.85 10.91 14.14 14.17 22.34 22.04
n-Undecyl H 123-124°¢ 66 C\2H»3CIN, 54 .42 54.40 11.04 11.01 13.39 13.43 21.16 21.16
n-Dodecyl H 88-90%" 13 Ci;H3IN, 42 .17 42.13 8.44 8.28 34.28 34.18 15.13 14.96
n-Dodecyl H 118-120%¢ 91 C,;H;,CIN, 55.98 55.76 11.20 11.16 12.72 12 .46 20.09 19.86
n-Tetradecyl 11 118-120°¢ 61 C:H35CIN, 58.70 58.26 11.49 11.40 11.55 11.76 18.25 17 .90
n-Hexadecyl H 118-120¢¢ 55 CrH 5 CIN, 60.95 60.63 11.73 11.40 10.58 10.42 16.73 16 .68
n-Octadecyl it 115-117°¢ 25 CyH3CINg 62 .86 62.94 11.94 11.90 9.77 9.48 15.44 15.67
4-Chlorobenzyl H 147-148° 64 C1H 1, CIN;0), 39 .30 39.24 3.30 3.50 8.29 8.37 22.92 23 .00
4-Chlorobenzyl H 1571584 94 CgH12CLN, 40 .86 41.29 5.15 5.48 30.16 29.96 23 .85 23 .87
3,4-Dichlorobenzyl H 162-163%7 86 C1H,;CLN;0, 36.38 36.55 2.84 2.96 15.34 15.46 21.21 21.15
3,4-Dichlorobenzyl H 167-168"¢ 34 CsHi,Cl3 Ny 35.63 35.75 4.11 3.84 39 .45 39.93 20.78 20.64
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 207-208"" 02 Ci;HiCliIN, 34.63 34.80 2.91 2.90 51.67 51.70 10.77 10.90
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 178 .5-180° 4 94 CoI1.CLNy 42 .03 42.30 3.53 3.49 41.37 41.67 13.07 13.44
4-Chlorobenzyl 4-Chlorobenzyl 170-170.5%¢ 94 Ci:H,:Cl,IN, 39.93 39.83 3.80 3.63 43.85 43.85 12.42 12 .41
n-Dodecyl n-Dodecyl 61.5-62.5"7 46 Cosld,IN, 55.74 55.54 10.29 10.27 23.56 23.67 10.40 10.35
n-Dodecyl n-Dodecyl 91.5-93 .5°¢ 55 C;H5.CIN, 67.08 6.83 12.45 12.55 7.92 7.97 12.52 12 .57
4-Chlorobenzyl n-Dodecyl 107-108 .5 89 CaoHyCIIN, 48.53 48 .50 7.33 7.17 32.80 32.91 11.32 11.45
4-Chlorobenzyl n-Dodecyl 89-91°¢ 04 Cogl136C1N, 59 .54 59 .24 8.99 .26 17.58 17 .81 13.8Y9 13.65

% Hydriodide. ? Recrystallized from water.
Y

¢ Hydrochloride. ¢ Recrystallized from ethanol-ether. ¢ Picrate.

TRecrystallized from ethanol,

¢ From aqueous ethanol.
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TasLe VI
a,w-DI(AMINOGUANIDINO JALKANES, NILNHCT =N ITNHOCH ), NHCE=NEDN N1

Andlyses,

Yield, Fopiriceal o " AN N
% M.p.. °C. . fortea Clielendd Feutrsel [N (Vorerinmi Caled]. ol Culie], Feononld
2 202-203° 37 CsHeIoN .17 1127 3.7 3 Ni 30 0 3883 2606 2625
2 240.5-241.5"° 100 CH16CLN; 19 44 19.72 633 6t 286y 28700 1534 1567
4 161-162°¢ 35 CeHoy LNy 15.73 S 1.1 Los2 G 31T CEAG 21,63
6 201 .5-203" ¢ 87 CeHaul. Ng 19.76 19,77 b7 Tns oAt 5107 2305 9332

¢ Hydriodide. ? Recrystallized from methanol-cther.

product (n.p. 89-90°) was isolated by the addition of petrolewn
ether, yield 14.2 g. (85%).

Anal. Caled. for CHisCLN:0S: C, 50.45; H, 5.44; (1,
21.28; N, 8.41; S, 9.62. Found: €, 50.25; H, 5.11; Cl, 21.75:
N, 8.61; S, U.46.

S-Methylisothiuronium lodides.—1,3-Di(4-methylbenzyljthio-
urea (28.4 g., 0.1 mole) was added to methyl iodide (28.4 g., 0.2
mole) in ethanol (40 ml.) and the solution was allowed to stand
overnight. TEvaporation of the solution gave S-methyl-N,N -
di(4-methylbenzyl)isothinronium iodide, m.p. 129-130°, yield

2.6 g. (1009). Recrystallization from cthanol-ether solution
did net change the melting point.

‘T'he other igothiuronium salts listed in Table II were prepured
by this general method.

S-Methyl-N,N'-di(3,4-dichlorobenzyl Jisothiuronium chloride
was prepared by passing the corresponding hydriodide through a
column of Amberlite IRA 400 in the chloride form.

Preparation of Guanidines.—A solution of S-inethyl-N,N -
di(4-methylbenzyl)isothinronium iodide {42.6 g., 6.1 mole) and 4-
wethylbenzylamine (12.1 g., 0.1 mole) in ethanol (70 ml.) was
heated under reflux for 1 hr.  Addition of ether (70 ml.) pre-
cipitated N,N’, N’ <tri(4-methylbenzy 1 jguanidine hydriodide, m.p.
D05-200°, vield 41.2 g. (830, .

The hydriodide salt (39.6 g., 0.0% mole} in ethanol (300 ml.:
wis passed thraugh a column of Amberlite IRA 400 in the chlo-
ride form {250 ml.}, and the colnmn wus washed with ethanol
(250 qwl). Lvaporation of the elnate gave the hydrochloride
salt, .. 236-238°, yield 305 ¢. (95°¢). Recrystallization from
cthiznol-ether raised the melting point to 237-238°,

The disubstitnted gnanidines (‘Table ITI}, trisubstituted guani-
dines (Table IV), and «,e-di(gnanidino)alkanes (Table V) were
all prepared by this general method.  To obtain optimum yields
individaal preparations were varied with regard to time, tem-
perature, and solvent. Butanol and isoamyl alecliol were nsed
as well as ethanol, while in some cases the reagents were heated
(ogether withont solvent,

3,4-Dichlorobenzylguanidine Hydrochloride.-——A sgolution of
Sd-dichlorobenzylamine (35.2 g., 0.2 mole) and S-methyliso-
Chinronimn iodide (43.6 g., 0.2 molel i1 ethanol (100 ml.) was
heated under reflux for 3 hr.  ‘The solution was evaporated aud
the residue was crystallized from ethanol-ether to give 3.4-di-
chlorobenzylguanidine hydriodide, ni.p. 167-168°, yvield 52.1 a.
(739

Anal.  Caled. for CsHioClI Ny C, 27.77; H, 2.91; lhalogen,
5707, N, 12.15. Found: C, 27.80; H, 2.01; halogen, 56.77;
N, 11.66.

A solution of the hydriodide (10.5 g.. 0.03 mole) in etlinol
(50 mL) was passed through a column of Amberlite IRA 400 in
the chiloride form, and the coluihn was washed with ethanol (200
wl.). The ecluate was evaporated and the residiie was crystal-
lized {rom ethanol-ether to give 3,4-dichlorobenzylguanidine
liydrochloride, m.p. 165-166.5°, yield 5.9 g. (749, 1.

Anal.  Caled. for CGsH,oClyNy: C, 37.73; H, 3.06; Cl, 4).75;
N, 16,50, Found: C,37.70; H, 4.02; Cl, 42.00; N, 16.04.

N,N'-Di(3,4-dichlorobenzoyl jguanidine.—A solution of 3,4-
dichlorobenzoyl chloride (4.2 g., 0.02 mole) in ether (50 ml.)
was added to guanidine hydrochloride (3.82 g., 0.04 mole) in N
sodium hydroxide (40 ml.), and the mixture was stirred at room
temperature for 4 hr.  The praduets was obtained by evapora-
tion of the ether solution,; m.p. 224-225°, vield 3.3 g. (81%%). Re-
erystallization from aqueous dintethylformamide did not change
the melting point.

Jnal. Caled. for CpHCLNO.: C, 44.36; H, 2.24; (I,
35.00; N, 10.37. Found: C. 44.31; H, 2.562; Cl, 35.01; N,
10.47.

N-(3,4-Dichlorobenzoyl;~N ‘-(3,4~dichlorebenzyljguanidine
Hydrochloride.—-A solution of 3,4-dichlorobenzylguanidine hy-

¢ Hydrochloridle.

? Reervstallized from bhatanol.

driodide 15.46 g., 0.0] moele! in etliuel (20 ml. ) was neutralized
with sodium hyvdroxide 0.40 g., 0.01 wole} in water (40 ml.).
The solntion was extracted with ether (70 ml.), and the ether
layver was washed with water and dried.  3,4-Dichlorobenzoyl
chloride (210 ., 0.1 moler was added and the solution was
allowed to stand overrnight.  The precipitate was filtered and
recrystallized from ethanol ta give the prodnet as the hydro-
chiloride, m.yy. 225-224° vield 0.71 g. (1691,

Anal. Caled. for C:HwCLN:O: €, 4213, H, 2.53; Cl, 41.47;
N, 0.83. lound: C,41.92; H,2.78; Cl,41.40; N, 10.00.

11-Bromo-~N,N-dimethylundecanoamide.—11-Bromoundec~

anote aeid $29.4 ¢, 0,11 mole) in thionyl chloride (30 g.t was
Leated under reflnx for 1. The solution was evaporated and
the residne «f ernde 11-bromoundecanoyl chloride was distilled,
Dop. 125-125° (0.1 ) IHEE bop, 174-175° (10 wan. Y, vield
W g (01 5

A solution of dinsethylaimine (4.50 g., €.10 melei in ether (25
wly was wdded dropwise to 11-bromoeuundecanoyl chiloride (10.0
g., 0,04 moled i ether (25 mly st 0°.  After being allowed 1o
st al room tempersture for 1 hr, the solution was evaporated.
Crystallizatbon of (he residire Trom squeous ethanol gave 11-
Lromo-N, N-dimethvinndecaneamide, m.p, 51-53°, vield 8.3 g.
IDSRPEN

Jdaal. Coled, for CuHeBrNO: (), 53,42, 1, 8.97; Br, 27.54;
N, 4790 TFonnd: 3347 11, 3.51; Br, 26.95; N, 4.58.

11-Amino~-N,N-dimethylundecanoamide.-—A solution of 11-
rcano-N, N-dimethyhindecanoamide (6.6 g., 0.02 molet and con-
centrated smmoninm hydroxide (200 ml) in dintethylformamide
(A0 mlr was stirred for 3 days at 25° Lvaporation of this
solution ia rucuo vielded o crystalline residue af 1l-amino-N,N-
dimethyhindecanonmide bydrmbromide (mup. 110-112°, vield 5.0
¢ The salt on addition to .\ sodinm hydraxide (20 ml.) gave
the base, vip. 38-40°, vield 4.2 g (S0¢ 1,

durel. Caled. for CuHeNCO: ) 68,56, H. 1256, N, 12.27.
Ivamd:  C,68.84 H,12.21; N, 12,46,

11-Guanidino~N,N-dimethylundecanoamide.~A solntion ul
1 -umino-N, N=dimethy himdeeanoamide (3.6 g., 0.02 moler and
S-methvhsothinroriam pdide (344 ., 0.02 mdel in ethanal
20 ml. ¢ was heated nnder reflux for 3 hr. The solution was
evaporated and (he residne was erystallized from, ethand-ether
giving (he prodnet as the hydriedide, m.p. 100-102°, vield 2.95 g.
A7 5 A pertioa of (he product was weated with agueous pieric
aeid o give ogmpidinoe- N, N-dimethyvlundecanoamide pierate,
e 42

A, Caled, Tor CallgN-Og 0 O, 48105 11, 6.66; N, 1065,
Fonnd: O, 48320 H,6.65; N, 19440

N,N’-Disubstituted-N'’~aminoguanidines.-—A solntion of N,-
N -di(4-chlorobenzyvl -S-methylisothiuronium  iodide  (10.0 g,
0.02 moele’ and 8767 hydrazine hyvdrate (1.25 a., 0.02 moles in
Pitanoel (20 mb} was stirred a6 100=105° for T hir. Tl solution
wis cooled wnd dilnted with ether 100 ml.) to vield N, N'~di(1-
chlorobenzyl =N =aminognanidine  hydriodide, m.p. 160-170°,
vield 9.0 g, ¢940. ¢ Recrystallization from e(hanol-cther raised
the m.p. (0 170-170.57,

The other N,N -disnbstituted-N “~aminaguanidines listed in
Tuble VI were prepared by the sume pracedure.

N-Substituted-N’-aminoguanidines.-——A solution of dodecy!-
amine (18,5 g., 0.1 wole) and S-methylisothiosemicarbazide hy-
driodide 123.3 .. 0.10 mole) in ethanol (100 ml} was heated
under reflux for 1 e, The solution was cooled and dilnted with
ether, giving a gummy pink precipitate (12 g.).  The crnde prod-
ael was extracted with hat ethanol (100 ml.) giving a small
qaantity (018 g} of iascluble 3,6-diamino-1,2,4,5-(ctrazine.

Gi Food, BaeKe, 33 AL DasGsen, and 130 CL Saandecs, Jo Chim. Sae.,
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Tasir VIII

Bacreriosraric AcniviTies (M.rc,, 1/X X 1073)* or MoNo- aNb DisustiToTEd GUuaNipINES, RNHC(==N11)NHC’-11Cl

€961 ‘Toquisgdeg

M. M.
pyogenes® pyogenes® Pseudo-
var. var. Surcina Strept. E. coli A. S. monas Proteus I'roteus
R R aureus (3) aureus (R) lutea Sfaecalis No. 198 aerogenes pullorum aeruginosa mairabilis vulgaris
n-Dodecyl H 2560 2560 2560 1280 320 160 320 160 160 80
3,4-Dichlorobenzyl £ 80 80 40 20 40 20 80 20 20 20)
3,4-Dichlorobenzyl 2,4-Dichlorobenzyl 320 320 640 320 160 80 80 40 40 10
3,4-Dichlorobenzyl 4-Chlorobenzyl 320 320 320 160 80 20 20 40 20 40
3,4-Dichlorobenzyl 3,4-Dichlorobenzyl 640 640 640 320 160 40 40 80 50 80
4-Chlorobenzyl 4-Chlorobenzyl 160 80 80 40 40 20 20 40 40 40
3,4-Dichlorobenzyl n-Propyl 10 20 10 10 10 20 20 40 20 20
3,4-Dichlorobenzyl n-Butyl 80 40 80 40 40 20 20 20 20) 20
3,4-Dichlorobenzyl n-Hexyl 20 20 20 20 20 80 80 320 160 160
3,4-Dichlorobenzyl n-Heptyl 640 640 320 320 640 40 80 40 40 40
3,4-Dichlorobenzyl n-Octyl 1280 1280 1280 640 640 80 320 80 80 80
3,4-Dichlorobenzyl n-Nonyl 10240 2560 40960 40960 1280 640 1280 80 160 80
3,4-Dichlorobenzyl n-Decyl 2560 2560 5120 2560 320 320 2560 160 80 80
3,4-Dichlorobenzyl n-Undecyl 1280 1280 5120 2560 1280 320 5120 40 80 20
3,4-Dichlorobenzyl n-Dodecyl 640 1280 2560 2560 320 160 160 20 80 20
4-Chlorobenzyl n-Nonyl 640 640 1280 640 160 80 320 50 S0 40
4-Chlorobenzyl n-Decyl 1280 640 1280 1280 320 640 320 80 160 80
4-Chlorobenzyl n-Undecyl 640 640 2560 640 320 160 320 20 40 40
4-Chlorobenzyl n-Dodecyl 1280 1280 2560 2560 160 80 320 10 40 40
4-Chlorobenzyl n-Hexadecyl 320 320 640 1280 10 10 10 10
Benzyl n-Heptyl 40 40 80 40 10 10 160 10 10 10
Benzyl n-Octyl 80 80 160 80 10 10 160 20 10 10
Benzyl n-Nonyl 160 160 640 320 20 20 20 20 20
Benzyl n-Decyl 320 320 640 640 80 80 40 40 20
Benzyl n-Undeeyl 1280 640 1280 1280 160 160 80 80 40
Benzyl n-Dodecyl 640 640 2560 1280 160 160 80 40 40
3,4-Dichlorobenzyl 3,4-Dichlorobenzoyl 640 1280 1280 640 160 20 10 10 40 40
3,4-Dichlorobenzoyl 3,4-Dichlorobenzoyl 20 10 80 10 10 10 10 10 10 10

¢ Minimal inhibitory concentration determined by serial dilution technique, e.g., the value 80 is equivalent to a dilution of one part in 80,000.
variations in results and the relative order of activities is more meaningful than the absolute values listed, ? (8) indicates penicillin sensitive. © (R) indicates penicillin resistant,

The serial dilntion technique can give quite wide
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R
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl

In presence of 10¢ serum
3,4-Dichlorobenzyl

In presence of 107 sernm
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl

In presence of 10¢; sernm
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichloroplenethyl
3,4-Dichlorobenzyl
4-Methylbenzyl
3,4-Dimethylbenzyl
3,4-Dimethylbenzyl

ML, (8), and (Rimean the snne as in Table V1T,

TaBLe
P R

Tapir IXN: Bacteriostarmic Acnvimes (More,” 1/X X 1073%) or Trisuestitured Grasises, RNT1C(

R/
3,4-Diclilorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlarobenzyl

3,4-Dichlorobenzyl

3,4-Dichlorobenzy1
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl
3,4-Dichlorobenzyl

3,4-Dichlorobenzyl
3,4-Dichlorobenzyvl
Benzyl

3,4-Dichlorophenethyl

a-Naphthylinethyl
1-Mcthylbenzyl
3.4-Dimethylbenzyl
3,4-Dincthylbenzyl

R
Methyl
lathyl
2-Hydroxyetlhyl
n-Propyl
3-Iiydroxypropyl
n-Butyl
n-Octyl
n-Hexadecyl
B-( Dimethylaminonsthyl)
Benzyl

3,4-Dichlorobenzyl

2.4.5-Trhnethylbenzyl
4-Tsopropylbenzyl
3,4-Dimethoxyphenethyl
e=Naphthylmethyl

2V etrahy dropyranomethyl
Furinryl

Benzyl
3.4-Dichlorophenethyl
a-Naphthylmethyl
+-Methylhenzyl
3,+-Dimethylbenzy)

Ithyl

M.
pyogenes

var,

aureus (S)*

640
160
160
640
160
640
G40
S0
320
5120
160
2560
80
0640
640
320
25060
160
10
1280
G4
640
640
G:4)
640
10

M.

pyogenes

var.

aureus (R)?

320
320
160
320
160
640
610
10
640
2560
S0
5120
80
320
(G40
160
2560
160
10
610
G40
640}
640
1280
G410
SO

Sarcina

lutea
640
320
640
1280
320
2560
1280
160
2560
5120
160
20480
S0
2560
1250
320
2560
160
10

2560
>5120
2560
1280
1280
S0

Strept.
fuecalrs
16O
160
160
320
50
G40
1280
10
640
640
160
20480
&0
640
2560
16O
320
40

10
2560
320
>5120
1280
320
2560
20

N:  Bacrermosrarie Acriviries (Moees 1N X 10 77 Cor aw-IntGranmine)ankanes, BNHU

R’

2 3,4-Dichiorobenzyl

Tu presence of 10¢¢ sernm
3,1-Dichlorobenzyl

1 3,4-Dichlorobenzyl

G 3,4-Dichlorobenzy]
In presence of 10, sermn

6 3,4-Dichlorobenzyl

6 4-Chlorobenzyl
6 Benzyl

16) 3,4-Dichlorobenzyl
In presence of 10¢, sermmn

11 3,4-Dichlorohenzyl

12 3.4-Dichlorobenzyl

1 N-(4-Chloropheny])giany!
T presence of 10¢ serun
AT Shoand (DY aana

the convees wain Ea e V(T

H

3, 1-Dichilorobenzyl
H
11

3, 4-Dichlorobenzyl
H
13
11

14
H

N-(4-Chlarophenyljgnany!*

Iibitane ™.

1280
320
160

1250

1280
160
610

1280
160

2360
640

1280
640

5120

1000

1250
160
320

1280

1280
160
640
640

80
2560
640

1280
6-101

2560

1OO

2560
640
640

2560

2560
610
640

2560
320

20480

1280

1280

1250

2120

H120

I cold

No. 148

320
80
40

320
40

320
S0
S0

320

(G40

160

G-H)
20

160

320

160

320
10
10

160

320

160

320
S0

160
20

NRONHCH O, N

NRONHR'HC

AL abro- S, opull-
genes oeum
40 40
20) 20
10 40
S0 160
20 20
160 160
S0 €10
=0 10
S0 10
160 160
2() 20
160 160
20 20
40 10
40 S0
40 40
60 40
10 10
10 10
320
160 160
S0 40
10 10
20 10
20 10
16 <10

Neo colntmC heselings o Table TX abave

640
10
160
610
1280
320
2560
160
20
10240
320
2560
2560
5120
160

320
160
K0
G610
320
160
160
160
20
(40
160
610
(461
320
G100

160 160
40 40
S0 H)
S0 40
80 10
- 20
S0 40
S0
10 10

320 1280
S0 K0

320 160

160 160

320 320
S0 16G

Pseudo-

MoniLs

aeruginosa

20
20
10
40
2()
40
2()
10
S0
160
20
S0
10
20
40
20
20
10
10

R0

20
40
20
10

NRONHR - 2HC

160
20
H)
40
R0
20
40
10
10
S0
20
160
S0
320
10

Protens
marnhilis
80
20
80
50
10
40
20
10
40
50
40
160
1o
20
40
20
10
10
10
R0
A
S0
10
20
10
10

=0
20
10
S0
0
20
S0
10
10
160
46
160
N0
160
=0

I'roteus
rulgaris

40
20
10
20
20)
40
20
10
40
K0
40
160
10
40
10
10
20
10
10
40
S0
S0
20
20
10
10

~0
20
10
N0
=0
A1
20
10
m
N()
20)
<D
160
160
10
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Tasre XI
BacteriostaTic ActiviTiEs (M.1.c.,” 1/X X 10-3%) or AMINOGUANIDINES, RNHC(=NR')NHNH,-HCl
M. M.
pyogenes pyogenes Pseudo-
var. var. monas Proteus Proteus
aureus aureus Sarcina Strept. E. coli A. aero- S. pul- aeru~ mira- rul-
R R’ (8)e (R)* lutea faecalis No. 198 genes lorum ginosa bilis garis
n-Undeeyl H 160 160 320 320 40 40 160 40 40 20
n-Dodecyl H 640 640 1280 640 160 80 40 40 40
n-Tetradecyl H 1280 1280 >35120 >5120 320 160 160 40 80 40
n-Octadecyl H 160 160 5120 2560 20 10 40 10 20 10
4-Chlorobenzy! H 20 40 20 40 10 10 80 10 20 40
3,4-Dichlorobenzyl H 160 160 40 20 20 10 320 10 10 10
¢ M.i.c., (8), and (R) mean the same as in Table VIII,
Tasre XII
FunaistaTic AcmviTies (M.1.c., 1/X X 107%) oF SOME GUANIDINE DERIVATIVES
Candida A1, Tr.
Compound albicans gypseum granulosum

N-Nonyl-N’-3,4-dichlorobenzylguanidine 128 1024 1024
N-Dodecyl-N’-3,4-dichlorobenzylguanidine 256 256 128
N,N',N""-Tri(3,4-dichlorobenzyl)guanidine 320 320 640
N,N’-Di(3,4-dichlorobenzyl )-N’'-(4-isopropylbenzyl)guanidine 640 640 640
1,10-Decamethylenebis(3,4-dichlorobenzylguanidine) 256 256 128
1,11-Undecamethylenebis(3,4-dichlorobenzylguanidine) 1280 400 640
1,12-Dodecamethylenebis(3,4-dichlorobenzylguanidine) 256 256 128

This substance, which was isolated as a microerj stalline red solid,
was sublimed for analysis at 180° (0.25 mm.).

Anal. Caled. for C;HNs: C, 21.43; H, 3.539; N, 74.98.
Found: C,21.62; H,3.61; N, 74.42,

The isolation of 3,6-diamino-1,2,4,5-tetrazine from this type of
reaction hag been previously described.”®

On cooling, the ethanolic solution deposited crystals of the
hemihvdriodide salt of guanazine (3,4,5-triamino-1,2,4-triazole),
m.p. 192-193°, yield 2.71 g.

Anal. Caled. for CH;IN: C, 13.49; H, 3.68; I, 35.63;
N,47.20. Found: C,13.62; H,3.76; I,35.85; N, 47.19.

The ethanolic filtrate was evaporated to dryness and the
residue was crystallized three times from water, giving N-dodecyl-
N'-aminoguanidine hydriodide, m.p. 88-90°, yield 4.71 g. (13%).

The other monosubstituted aminoguanidines listed in Table VI
and the a,w-di(aminoguanidino)alkanes described in Table VII
were prepared in the same manner.

Guanazine.—A solution of the hemihydroiodide salt of guana-
zine (1.20 g.) in ethanol (50 ml.) was passed through a column of
Amberlite IRA 400 in the hydroxyl form (50 ml.), and the col-

(7) F. L. Scott and J. Reilly, Chem. fnd. (London), 908 (19562).
(8) C. H. Lin, E. Lieber, and J. P. Horwitz, J. Am. Chem. Soc., 76, 427
(1954).

umn was washed with ethanol (50 ml.). Evaporation of the
eluate yielded guanazine, m.p. 254-257° dec. (lit.? m.p. 257°).

The conversion of S-methylisothiosemicarbazide to guanazine
was demonstrated as follows: S-methylisothiosemicarbazide
hydriodide (2.33 g., 0.01 mole) in water (50 ml.) was passed
through a column of Amberlite IRA 400 in the hydroxyl form,
and the column was washed with water (150 ml.). The eluate
was concentrated to 10 ml., and the solution was heated on the
steam bath for 1 hr. Evaporation of the solution and recrystal-
lization of the pink residue from ethanol (10 ml.) gave guanazine,
m.p. 2563-255°, yield 0.16 g. (28%,).

The product was characterized by its picrate, m.p. 284° (lit.?
m.p. 276°) and its benzaldehyde condensation product, m.p.
199-201° (lit.* m.p. 196°).

An attempted preparation of the triacetyl derivative, m.p.
240°, described by Pellizarri and Repetto,® gave a product,
m.p. 223-225°, which appears to arise from the dehydration of the
triacetyl derivative.

Anal.  Caled. for GsH,(N¢O,: C, 43.23; H, 4.54; N, 37.82.
Found: C,643.13; H,4.62; N, 37.97.

(9) G. Pellizarri and A. Repetto, Gazz. Chim. Ital., [2] 8T, 317 (1907).



