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Amidines and Related Compounds. 6.1 Studies on Structure-Activity Relationships of 
Antihypertensive and Antisecretory Agents Related to Clonidine 
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Research and Development Division, Smith Kline & French Laboratories, Philadelphia, Pennsylvania 19101. Received August 5, 1974 

Correlations of antihypertensive and antisecretory activities with various structural modifications of the antihyper­
tensive agent clonidine [2-(2,6-dichlorophenylimino)imidazolidine] are described. Eleven chemical classes of com­
pounds containing an "amidine" moiety were prepared in this study. The antihypertensive activity of these com­
pounds was evaluated in metacorticoid hypertensive rats and unanesthetized neurogenic hypertensive dogs fol­
lowing oral administration. Antisecretory activity was evaluated in fistula rats by measuring pH and volume of 
gastric secretion. Two compounds, 2-(2,6-dirnethylphenylimino)imidazolidine and 2-(2,6-dichloroDhenylimino)pyr-
rolidine, are particularly effective antisecretory agents with minimal antihypertensive activity. 

Many cyclic amidines possess interesting biological 
properties particularly as antihypertensive agents.2-3 The 
discovery of clonidine [2-(2,6-dichlorophenylimino)imida-
zolidine] as a centrally acting antihypertensive agent4 ,5 

with antisecretory activity6 (reduction of gastric acidity) 
prompted us to initiate a broad investigation of structures 
containing an "amidine" moiety [the term "amidine" is 
used here to include the system - N H C ( X ) = N - in which 
X = C, N, O, or S]. In previous papers we reported the 
antihypertensive activity of a series of 1,2,3,5-tetrahydro-
imidazo[2,l-i>]quinazolines7-8 and certain thioureas.9 We 
now describe the structure-activity relationships (SAR) of 
other "amidines" related to clonidine. A particular objec­
tive of the present study was to develop selective antisec­
retory agents having minimal antihypertensive activity. 

CI 

cWb -\ N_ 

ci H 

clonidine 

Chemistry. The majority of compounds prepared for 
this study may be represented by the general structure I 
in which the dotted line denotes the variations involving 
either cyclic or open forms, ring size, or unsaturation. 
These compounds may exist in two tautomeric forms. aH 
and 13C nmr spectral studies on representative examples 
suggest that except for 2-aminoimidazoles, -oxazoles, and 
-thiazoles the imino form is the predominant tautomer in 
cases where potential tautomerism exists.10 For the conve­
nience of SAR discussion, the compounds are grouped into 
five general structural types: (1) cyclic guanidines (Table 
I), (2) cyclic amidines (Table II), (3) 2-aminoimidazoles 
(Table III), (4) guanidines and amidines (Table IV), and 
(5) cyclic isoureas and isothioureas (Table V). Each type 
may be divided into different chemical classes. 

" " / " V - N ^ ) ^* ^ £ ~ \ _ N H _ / \ 

I, imino form I, amino form 

X = C, N, O, or S 
R = H, CI, CH3, or CH30 (mono or disubstituted) 

With the exception of lb, li, and l j , the imidazolidines 
and tetrahydropyrimidine (1, Table I) were prepared by 
method A. The appropriate S-methylphenylisothiuronium 
iodide was heated with the appropriate diaminoalkane. 
Treatment of la with acetic anhydride under different 
conditions gave selectively the mono- or diacetylated 
products li or l j . The structures of li and lj are support­
ed by nmr spectral data. The triplets at 5 3.42 and 3.96 in 
the spectrum of li are due to the nonequivalent C-4 and 
C-5 protons, respectively. The alternative structure hav­
ing the acetyl group on the exocyclic nitrogen atom is ex­
cluded by the absence of a four-proton singlet. The chem­
ical shifts of the C-4 and the para aromatic protons (<5 6.80 
q) also support the imino form.10 In the spectrum of l j , 
the proton signals of the methyls (5 2.30, s, 6 H) and the 
methylenes (o 3.95, s, 4 H) are consistent with the assign­
ment of the two symmetrical acetyl groups. 

The pyrrolidines and piperidines (2, Table II) were pre­
pared by method B: treatment of 2-pyrrolidinone or 2-pi-
peridinone with POCI3 followed by the appropriate ani­
line. Acetylation of 2d gave 2i. The position of the acetyl 
group in 2i is assigned on the basis of nmr data: the 
chemical shift of the C-5 protons (<5 3.90 t) is similar to 
that of li (5 3.96) and lj {8 3.95). 

The pyrroline 3 was .prepared by treatment of 2d with 
Mel. The position of the TV-methyl group in 3 was de­
duced from its different physical and spectroscopic prop­
erties in comparison with those of 2h in which the methyl 
group is on the endocyclic nitrogen atom. In the nmr 
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spectrum, the C-5 proton signal of 3 (5 3.76) appears at 
lower field than that of 2h (5 3.43) due to the anisotropic 
effect of the endocyclic imino bond. 

The imidazolines (4) were prepared by method C. The 
appropriate phenylacetonitrile was heated with ethylene-
diamine mono-p-toluenesulfonate. 

With the exception of 5b the imidazoles (5, Table III) 
were prepared by method D: condensation of the appro­
priate S-methylphenylisothiuronium iodide with aminoa-
cetaldehyde diethyl acetal followed by acid-catalyzed cy-
clization (Scheme I). It is interesting to note that cycliza-
tion of II (where R = H) gave a mixture of two products 
(5a, 5d), but with R being 2,6-Cl2 or 2,6-Mea the reaction 
apparently led to a single product of one type or the other 
(e.g., 5c or 5e). Compound 5b was prepared from 2,6-di-
chlorophenylcyanamide and aminoacetaldehyde diethyl 
acetal followed by acid-catalyzed cyclization. Although 
this synthetic route is expected to involve the same guani-
dine intermediate II as in method D, no detectable 
amount of 5e was found in the crude product by tic analy­
sis. The two types of cyclization products were distin­
guished by nmr analysis. The C-4 and C-5 imidazole pro­
ton signal of one type (5a-c) appears as a two-proton sin­
glet whereas that of the other (5d, 5e) appears in the ex­
pected AB pattern. 

Scheme I 
SMe 

V - NHC=NH-HI + 

Scheme II 

H,NCH2CH(OEt) • - R ^ y -
NH, 

CNHCH2CH(OEt)2 

"O^-d 
5a,R = H 

c,R = 2,6-Me2 

5d,R = H 

e,R = 2,6-Cl2 

2-(2,6-Dichlorophenylamino)benzimidazole (6b) was 
prepared by condensing 2,6-dichlorophenyl isothiocyanate 
with o-phenylenediamine and cyclodesulfurization of the 
resulting thiourea 6a with yellow mercuric oxide. At­
tempts to prepare 6b from o-phenylenediamine and S-
methyl-2,6-dichlorophenylisothiuronium iodide gave only 
intractable material. 

The guanidines and amidines (7, 8, Table IV) were pre­
pared by one of the following methods: the appropriate 
urea or amide was treated with POCl3 followed by the ap­
propriate aniline (method E); the appropriate urea was 
treated with COCI2 followed by the appropriate aniline 
(method F); the appropriate phenylcyanamide, obtained 
from the corresponding phenylthiourea and Pb(OAc)2, 
was treated with the appropriate aniline (method G); the 
appropriate S-methylphenylisothiuronium iodide was 
treated with the appropriate alkylamine (method H). 

The oxa- and thiazolidines and tetrahydrooxazines and 
-thiazine (9, Table V) were prepared by one of the fol­
lowing methods (Scheme II): cyclodesulfurization of the 
requisite thiourea III with yellow HgO (method I) and 

ArNCS + H2N(CH2)„OH ArNHCNH(CH2)„OH 

III 
IHCI 

ArN=C y.CH2)„ ArN 
\ 

:(CH,)„ 

acid-catalyzed cyclodehydration of the appropriate thio­
urea III (method J) . 

The thiazole 10b was obtained by treating 2,6-dimethyl-
phenylthiourea with 1,2-dichloroethyl ethyl ether. 

The benzothiazole 11 was prepared by treating phenyl 
isothiocyanate with 2,6-dimethylaniline and cyclization of 
the resulting thiourea by sulfuryl chloride. 

Pharmacological Methods and Results. Antihyperten­
sive activity was evaluated in metacorticoid hypertensive 
r a t s l l a and unanesthetized neurogenic hypertensive dogs l l b 

following oral administration. In rats, the mean systolic 
blood pressures (control) of groups (four each) were deter­
mined (tail pulse) on three separate days prior to dosing. 
The test compound was generally administered to each 
group for two consecutive days and the systolic blood 
pressures were determined 5 and 24 hr after each dose. 
The lowest dose causing a decrease in mean systolic blood 
pressure which is less than or equal to the lower confi­
dence limit (95%) of the control value in the same group 
is referred to as the minimum effective dose (MED). The 
statistical method for calculation of the confidence limits 
is based on a modification of Student's t test.12 

In other experiments, trained dogs were used. Control 
values were determined from six systolic and diastolic 
pressure readings taken over a period of several weeks. 
The test compound was given by capsule to groups of two 
or three dogs on two consecutive days. Blood pressures 
were determined 3 hr after each dose by femoral arterial 
puncture. Mean arterial blood pressure (MBP) was calcu­
lated by adding one-third of the pulse pressure to the dia­
stolic pressure. The lowest dose of a compound for which 
there is a statistically significant difference (p < 0.05) be­
tween control MBP and postdrug MBP is referred to as 
the MED. 

The antihypertensive test results are summarized in 
Tables I-V. The MED (as previously defined) or its range 
is used whenever possible so that a comparison of the rel­
ative potencies of the compounds can be made. For inac­
tive compounds the highest dose tested is indicated fol­
lowing NA (not active). In cases where the MED cannot 
be determined because of insufficient data, the symbols > 
(equal to or greater than) and < (equal to or less than) 
are used to show the probable MED. 

The antisecretory activity of the compounds was evalu­
ated in rats with permanent gastric fistulas.13 A stainless 
steel cannula was implanted in the gastric rumen several 
weeks before an animal was used in drug studies. Male 
Charles River Farms rats fasted for 18 hr were used. The 
vehicle (control) was administered by gavage to rats with 
the cannula stoppered. After 45 min the cannula was un­
stoppered and gastric secretion collected for 2 hr. Then 
the cannula was restoppered and the test compound ad­
ministered by gavage. Forty-five numutes later the cannu­
la was unstoppered and a second 2-hr collection was 
made. Drug-induced changes in pH and volume of the se-
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R, 

- N = < ^(cn.,)„ 

K, 

A n t i s e c r e t o r y 

Compd ii 

l a 2 2 ,6-Cl , 

l b 
l c 
Id 

le 

If 
l g 

2 
2 
2 

2 

2 
2 

H 
2-Me 
2 ,6-Me, 

2 , 6 -
(MeO) 

2,6-Cl2 

H 

lh 2 ,6-Cl , 

l i 2 2,6-Cl2 

l j 2 2.6-Cl2 

Ik 3 2-C1. 6-Me 

R, 

H 

H 
II 
H 

H 

Me 
Me 

Me 

Ac-
Ac 
H 

R;: 

H 

H 
H 
H 

H 

H 
Me 

Me 

II 
Ac 
H 

Anlihype r t ens ive 
ac t . , mg/kg" 
- -
Rat 

•0.1 
0.5 

NA 80 
• 0.1 

10 
40 

20 
80 

• 10 
NA 80 

NA 40 

• 0.5 
NA 80 
.«- 80 

Dog 

0.2 

NA 20 
0.1 0.2 
NA 10 

NA 5 

2 -4 
NA 10 

NA 40 

5 1 0 
NA 15 
NA 20 

ac t . . 

• p H 

•-2 

0.08 

('"50) 
0.4 
0.4 

50 

10 

( -50) 

10 
50 
50 

mg/kg" 
- - — 

A vol 
~50'£ 

0.08 

1 50 
NA 10 
2 

f 50 

2 

50 

2 
NA 50 
1-50 

Meth-

PA'a 

7.11 

9.30 
9.83 
9.40 

6.17 

5.23 

10.19 

od" 

A 

/ 
A 
A 

A 

A 
A 

A 

A 

Yield 

/c. 

45 

47 
29 

39 

12 
47 

17 

53 
47 
20 

Mp or bp 
r 

Base 

137 139* 

1 3 6 - 1 3 7 ' 
136 140 
156 157'" 

145 147 

85 88 
98 -100 ' ' 

(0.2) 
8 1 - 8 3 
152 154-" 

(0.5) 
165 168 
113-115 
117 118" 

(mm), -C 

Salt 

3 0 8 - 3 1 1 

180 182 

234 237 

303 305 

2 3 8 - 2 3 9 

Crys tn solvent 

Base Salt 

CRH f i-hexane E t , 0 

H 2 0 
EtOAc 
EtOAc 

EtOAc 

/ -BuOH 

E t , 0 

Formula 1 ' 

C9H,,C12N3 

C 9 H U N, 
CnH1 3N3-HCl 
C n H 1 5 N 3 

CiiH 1 : ,N 30 2-HCr 

2 - P r O H H 2 0 2 - P r O H EUO C10HHC12N3-HC1 

Hexane E t , 0 

EtOH 
EtOH 

CiiH15N : j 

C11H1 

R e f 

MeOH E t 2 0 

C U H U C1 2 N 3 0 
C13H13C12N302 

CnH^ClNj -HCl ' h 

"See Pharmacological Methods and Results in text. "The general synthetic method indicated 
for the compound is exemplified in the Experimental Section. Experimental procedures for those 
compounds without indication of synthetic method are described in the Experimental Section. 
'Based on immediate precursor. "Unless otherwise noted, the melting points (if known) are 
consistent with those reported in the literature (see reference in the Table). •'The formula in­
dicates the form in which the compound was tested. Unless otherwise noted, satisfactory ele­
mental analyses for 0. H, and N (within ±0.4% of calculated values) were obtained for the corre­
sponding formula. 'Literature references to the compounds are given. Because some were 

published after we had completed our work, the literature methods of preparation of certain 
compounds may not necessarily be the same as ours. "Lit. base mp 130°, H O salt mp 305°. "K. 
Zeile, K. H. Hauptmann. and H. Stahle, U. S. Patent 3,202,660 (1965). 'Method of S. R. Aspinal! 
and E. J. Bianco. ,1. Amcr. Chem. Soc. 73, 602 (1951). T-it. mp 122°. "W. Lehmann and H. Rinke, 
German Patent 842,065 (1952). 'H. Najer, R. Giudicelli, and ,1. Sette. Bull. Soc. Chim. Fr., 2114 
(1961). "'Lit. mp 143". "C: calcd, 50.10; found, 50.58. "K. Zeile, K. H. Hauptmann. and H. Stahle, 
U. S. Patent 3.236,857 (1966). "Boiling point. "Lit. base mp 130°, HC1 salt mp 305°. 'Belgium 
Patent 632,578 (1963). "Lit. mp 133-135°. 'Analyzed as the free base. 
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cretion were determined by comparing pre- and postdrug 
collections in the same group of rats. 

The antisecretory testing results are summarized in Ta­
bles I-V. The potency of a compound is expressed in 
terms of the dose which elevated gastric pH by about 2 
units. In our experience this corresponds to a decrease in 
titratable acidity of about 50%. For compounds with min­
imal activity (1-2 pH unit increase), the highest dose 
tested is shown in parentheses. Inactive compounds are 
shown with NA (not active) preceding the maximum dose 
tested. The effect on secretion volume is shown in terms 
of the lowest dose which produced a decrease of about 
50%. Compounds causing a smaller effect are considered 
inactive (NA). Compounds which increased secretion vol­
ume are shown with a " + " preceding the smallest dose 
that produced a 50% change. 

Structure-Activity Relationships (SAR). With respect 
to antihypertensive activity, lc is the most potent com­
pound of type 1 (Table I). In this series, it appears that at 
least one ortho substituent in the phenyl ring is required 
for activity. However, the influence of the electronic effect 
of the substituents on activity is not certain. The fact that 
If and li showed good activity whereas lh and lj failed to 
do so suggests that at least one iV-hydrogen is required for 
activity. The same correlation was reported in another se­
ries of amidines.7 Ring expansion appears to reduce po­
tency. In the cyclic amidinesj (2-4, Table II), 2b is the 
most potent compound. Surprisingly, the dichloro analog 
2d failed to show activity in either species. Ring expanded 
modifications, 21 and 2m, similarly showed poor activity. 
Many 2-benzylimidazolines (4) had been studied by other 
workers.14 Our data show that the dimethyl analog 4e is 
one of the most potent compounds tested in both species. 
The requirement of ortho substituents for activity is also 
true for aryl-2-aminoimidazoles (5, Table III). The di­
methyl analog 5c is the most potent compound in this se­
ries. Surprisingly, the 1-substituted imidazole 5e is active 
in the dog. The benzimidazole analog 6b showed poor ac­
tivity. Particularly in the dog the arylguanidines (7, Table 
IV) generally had poor activity. The dichloro analog 7h is 
the most potent compound in this series. In the amidines 
(8), only the dimethyl analog 8b showed appreciable ac­
tivity. The cyclic isoureas and isothioureas (9-11, Table 
V) generally demonstrated poor activity. The sulfur ana­
logs are slightly more active than the corresponding oxy­
gen analogs. The dimethyl congener 9g (Bayer 1470), 
which has been claimed to possess various pharmacologi­
cal activities,15 is the most potent compound in this 
group. 

On the basis of our testing of structurally modified clo-
nidine derivatives, the following generalizations of SAR 
with respect to antihypertensive activity can be made: (1) 
replacement of one of the nitrogen atoms by a methylene 
group (e.g., 2 or 4) gives compounds retaining much of the 
potency, while compounds with other hetero atoms (0 or 
S) have greatly diminished effectiveness; (2) expanding or 
opening the imidazolidine ring diminishes potency; (3) 
aromatization of the imidazoline ring (imidazoles) affords 
slightly less potent compounds (5), but fusion with a ben­
zene ring (6b) nearly abolishes activity; (4) ortho substi­
tution in the phenyl ring appears to be an essential struc-

tAntihypertensive activity of a series of cyclic amidines, including sever­
al described in the present paper, has been reported by Hershenson and 
Rozek (footnote k to Table II). These authors found antihypertensive ac­
tivity for 2d in the rat at 10 mg/kg po, whereas in our test it failed to show 
significant activity at 40 mg/kg po. Differences in time of blood pressure 
measurement (1, 2, 3, 4, and 24 hr in the reported study and 5 and 24 hr in 
ours) and method of measurement (direct cannulation us. tail cuff) may 
account for the discrepancy. By the same token, 2k was active in our ex­
periments but considered as inactive in the previous report. 

tural requirement for activity, but the influence of elec­
tronic effects is not clear; (5) although it is not possible to 
directly correlate activity with pKa values, compounds 
with pifa values significantly higher or lower than cloni-
dine are much less potent or inactive. 

Two measurements of antisecretory activity were made: 
a decrease in acidity (i.e., an increase in pH) of the secre­
tion and a reduction in volume of the secretion. As vol­
ume reduction data are often erratic, the following SAR 
discussion is based on the pH data only. In evaluating the 
potential of a compound with antisecretory activity as a 
clinically useful agent, minimal antihypertensive activity 
is desired. Compounds of interest should have a good sep­
aration of antihypertensive from antisecretory activity 
(AH/AS ratio§). However, due to the differences of condi­
tions (e.g., time of measurement and animal species) 
under which these data were obtained, only rough esti­
mates of AH/AS ratios are possible. 

Although clonidine (la) is the most potent compound of 
type 1 (Table I), the dimethyl analog Id has a better 
AH/AS ratio. Among type 2 compounds (Table II), 2g is 
the most potent, but the dichloro analog 2d has a better 
separation ratio. Of all the amidines in this study, 4i is 
the most potent in decreasing the acidity of secretion. 
However, it also increases basal secretion volume and con­
stricts peripheral blood vessels.* Compound 4e is quite po­
tent but has an unfavorable AH/AS ratio. The most po­
tent imidazole is 5b (Table III); other members of this se­
ries did not show significant activity. The guanidines and 
amidines (Table IV) and the cyclic isoureas and isothi­
oureas (Table V) have poor activity except for 7e which is 
potent and has a favorable AH/AS ratio. 

The overall SAR for antisecretory activity are similar to 
those previously described for antihypertensive activity. 
Compounds Id and 2d appear to be the most effective an­
tisecretory agents among which Id has the additional ad­
vantage of reducing secretion volume. 

Experimental Section** 

Method A. T h e app rop r i a t e a ry l i so th iuron ium iodide was hea t ­
ed with t h e app rop r i a t e e thy l ened i amine (2.2 mol equiv) to a 
t e m p e r a t u r e (130-165°) causing evolut ion of M e S H . After gas ev­
olut ion ceased (30-120 min ) , hea t ing was cont inued for ano the r 
30-60 m i n . T h e mix tu re was cooled and the residue dissolved in 
H2O. After basifying the solut ion, it was ex tac ted wi th CH2CI2. 
T h e CH2CI2 solut ion was washed wi th br ine , dr ied, and evapo­
ra ted to dryness . T h e p roduc t in t h e res idue was e i ther purified 
by crystal l izat ion or d is t i l la t ion. 

For p r epa ra t i on of l b and l e , the reac t ion was conduc ted in re-
fluxing M e O H . T h e s t a r t i ng i so th iuronium sal t for l e was pre­
pa red by refluxing the corresponding th iou rea 9 wi th M e l . 

Method B . 2 - (2 ,6 -Dimethoxyphenyl imino)pyrro l id ine (2f). 
T o a s t i r red solut ion of 2-pyrrol idinone (8.7 g, 0.104 mol) in CsH6 
(20 ml) was slowly a d d e d a solut ion of P O C l 3 (8.0 g, 0.052 mol) in 
CeH6 (10 ml) , keeping t h e t e m p e r a t u r e below 25°. After s t i rr ing 

§The separation ratio AH/AS is the ratio of the antihypertensive mini­
mum effective dose (MED) in the dog and the antisecretory MED which 
causes an increase of 2 pH units in the gastric secretion. A large ratio re­
flects a large separation of these two activities in favor of the antisecretory 
activity. 

& Compounds 4g (xylometazoline, Otrivin) and 4i (oxymetazoline, Afrin) 
are used as nasal decongestants and 4h (naphazoline, Privine) is used as a 
topical ocular vasoconstrictor. To our knowledge gastric antisecretory ac­
tivity has not been previously reported for these compounds. 

**Melting points were determined with a Thomas-Hoover apparatus and 
are uncorrected. Elemental analyses were performed by the Analytical De­
partment of Smith Kline & French Laboratories. Mass spectra were ob­
tained on a Hitachi Perkin-Elmer RMU-6E spectrometer. Nmr spectra 
were obtained on either a Varian T-60 or a Jeolco 60-MHz instrument 
(Me4Si). pKa values were provided by Mr. W. Hamill of these laboratories 
and were determined by potentiometric titration of the compounds in 
methyl cellosolve-H20 (4:1) solution on a Sargent titrimeter Model D, The 
general synthetic methods are exemplified by either specific examples or 
general procedures. 
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NA 50 

NA 2 

50 

NA 50 

NA 3 0 

NA 3 0 

NA 30 

NA 10 

40 8c NA NA 

4 a 

4 b 

4 c 

H 

2 - C I 

2 - M 

NA 40 
NA 10 

NA 100 NA 10C 
NA 50 NA 50 
50 30 

4d 2.6- 40 !0 

4e 
4f 

2.6-Mo, 
2.4,6-Me NA 

(1 

Vi Me 

R: 

N" 

H 
4 

P'v\, 

8 .65 

7 . 3 8 

8 .86 

5 .88 

9 .02 

9 . 6 6 

7 . 5 0 

5 .13 

7. !j 

8.06 

9 .35 

9 .65 

8 . 8 8 

9 4 7 
t 7'.; 

Meth­

o d " 

B 

B 

B 

B 

15 

B 

B 

B 

H 

B 

B 

B 

c 
C 

{ 

Y i e l d , 

''; 

30 

50 

60 

36 

3 0 

12 

90 

26 

12 

50 

26 

91 

5:i 

4 8 

43 

4-1 

M p o r lip 

B a s e 

114 115 

121 123 

125 1 3 5 ' 

( 0 . 1 ) 

1 2 4 - 1 2 6 

150 1 6 0 ' 

( 0 .25 ) 

122 1 2 6 ' 

(0 .1 ) 

114 115 

137 140 

( 0 . 0 2 5 ) 

50 51 

95 1 3 5 ' 

(1 .5 ) 

154 156 

138 140 

- 6 0 , 

115 128 

(0 .1 ) 

88 91 

185 186 

152 159 

154 • ' 5 0 

( m m ) . c" 
S a i l 

2 1 7 -

2 1 7 

163 

188 

203 

221 

2 2 8 

187 

2 2 2 

287 

190 

2 0 6 

2 i < 

253 
•yjl] 

2 1 8 

2 1 9 

164 

189 

204 

2 2 2 

2 3 0 

190 

2 2 3 

2 8 9 

192 

2 0 8 

213 

255 

27i . 

C r y s t i 

B a s e 

C,,Hi; l i g -

r o i n e 

E t O A c 

E t O H E l 2 0 

C y c l o h e x -

a n e 

E t O A c 

h e x a n e 

2 - P r O H 

H,( ) 

C.;ll , hex 

'Ant: 

C H C l he:-, 

a n e 

C'.H 

s o l v e n t 

S a l t 

E t , 0 

2 - P r O H E t , 0 

E t O H E t 2 0 

E t O H E l 2 0 

E t O H E t . , 0 

M e X O E t , 0 

2 - P r O H 

M e O H 

E t O H - E U O 

2 - P r O H E i . O 

2 - P r O H E l , 0 

M e , C O iiu, 

r o i n c 

F IOH 

2 - P r O H 

E t O H 

F o r m u l a ' 

C 1 ( ,H 1 2 N 2 -HC1" 

C i „ H l l C l N 2 ' H C l 

C , j H 1 4 N 2 - H C l 

C l n H , 0 C l 2 N 2 

C, 2 H l i ; N ; , -HCl 

C 1 2 H , , ; N 2 0 2 - H C 1 

C 1 ,H l ; i ClN. , -HCI 

C i I H 1 , C l 2 N 2 - H C ! 

C 1 2 H , 2 C 1 2 N , 0 

C 1 : i H, ,N 2 - fum;n - -

a t c ' ' 

C 1 2 H ( . ; N 2 -HCI 

C u H u C U N j - H C l 

C, : !H, N,"HC1 

( . , H « 2 C ! 2 N , - r [ C ; 

( ' , „ ! ! I J N ; -

( . ' i^H^CiNj-WC:?' 

C n H u N o - H C i - ' 

C, .H,„C!,N.- ' 

. ; , - : H ; ,N. - ! l i . " : 

."-, :H,. 'N.-HC '•' 



4g 

4h 
4i 

2 ,6-Me 2 , 
4 -/ -Bu 

/ 
2,6-Me 2 , 

3-OH, 
4 - / -Bu 

<5 

s l O 

r 2 

2 
0.08 

NA 2 

1-0.4 
l 0.016 

/ 

/ 
it 

a 'See corresponding footnotes to Table I. fiNo analyses. hH. Bredereck and K. Bredereck, 
Chem. Ber., 94, 2278 (1961). 'H. Wollweber, R. Hiltmann, and K. Stoepel, U. S. Patent 3,563,994 
(1971). -<Boiling point. *F. M. Hershenson and L. F. Rozek, J. Med. Chem., 14, 907 (1971). 'Sup­
plied by Ciba Corp. ">A. Sonn, U. S. Patent 2,161,938 (1939). "Supplied by Sahyun Laboratories. 
"J. A. Faust, L. S. Yee, and M. Sahyun,,/. Org. Chem., 2fi, 4044 (1961). "C. Van der Stelt, A. B. H. 

C I 6 H 2 4 N 2 - H C P -

C14H14N2< 
C1( !H,,N,0-HCr f 

Funke, H. M. Terstuger, and W. Th. Nauta, Arzneim.-Forsch., 15, 1251 (1965). «K. Zeile 
and H. Stahle, U. S. Patent 3,300,511 (1967). Increase in MBP at 5 mg/kg dose. SA. Huene, 
U. S. Patent 2,868,802 (1959). '2-(«-Naphthylmethyl)-2-imidazoline. "Supplied by Schering 
Corp. "W. Fruhstorfer and H. Mueller-Calyan, German Patent 1,117,588 (1961). 
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a. 
O 
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• a 

3 

T a b l e I I I . 2-Aminoimidazoles- -Chemical a n d Pharmacological Tes t ing D a t a 

N - 3 

R, 

H N — - ^ N 

^•XJ N" 
H 

6b 

" 'See corresponding footnotes to Table I. sCyclohexylsulfamate. ''Lit. base mp 225-228°, salt mp 273-274°. 'Belgium Patent 693079 (1967). ^Lit. mp 117-121°. *B. A. Tertov and V. V. Burykin, 
Khim. Geterotsikl. Soedin., I, 180 (1969).'l-(2-Aminophenyl)-3-(2,6-dichlorophenyl)-2-thiourea. 

S-. 

Compd 

5a 

5b 
5c 
5d 

5e 
6a 
6b 

1 Rj 

C6H5 

2,6-Cl2CGH ; i 

2,6-Me2C i ;H3 

H 

H 

/ 

R2 

H 

II 
H 
C,;H5 

2,6-Cl 2 C G H 3 

Ant ihyper tens ive 
ac t . , m g / k g " 

— 
Rat 

= •80 

> 1 < 20 
5 20 
NA 80 

=;-80 
NA 80 
?-40 

Dog 

NA 40 

NA 4 
-1 
NA 20 

5 - 1 0 

A n t i s e c r e t o r y 
ac t . , 

f- pH 
- 2 

(>50) 

2 
10 
50 

(>50) 

NA 50 

m g / k g " 

A vol 
- 5 0 

NA 50 

NA 50 
10 
NA 50 

NA 50 

NA 50 

Ptfa 

6.83 

7.31 

6.42 

4.84 

Meth­
od6 

D 

// 
D 
D 

D 

Yield. 

% 

18 

20 
30 

31 
90 
76 

Mp, 
c 

Base 

119-120 

2 3 3 - 2 3 5 " 
2 3 6 - 2 3 8 
1 2 4 - 1 2 5 ' 

2 1 5 - 2 1 7 
189-192 
2 6 5 - 2 6 7 

°c 

Salt 

164 -165 

2 7 9 - 2 8 1 " 

C r y s t n solvent 

- — 
Base 

C H C l 3 - h e x a n e 

CHCL, 
CHC13 hexane 
C 6 H G - cyc Io -

hexane 
C H C l , - h e x a n e 
EtOAc 
MeCN 

Salt 

MeOH 

2 -P rOH 

Q 

O 

5: 
g. 

F o r m u l a 6 Ref' 3 ' 

C9H9N3-
C 6 H 1 3 NO 3 S* 

C,H7C12N3-HC1 / 
CnH I 3 N 3 

C9H,,N3 /, 

C,H7C12N3 

Ci3H1iCl2N2S 

C l 3 H 9 C 1 2 N 3 

C
he 

3 

Q 

975, V
ol. 

00 

s 



Table I\*. Guanidines and Amidines Chemical and Pharmacological Test ing Data 

R 

/NR.R.. Q-x 
NR.R-, 

Antihypertensive 
act . , nrnVkc;" 

A n t i s e c r e t o r y 
a c t . , mg/kp," 

Compd 

7a 

7b 

7c 
7d 

7e 
7f 

7g 

7h 
7i 

7i 

7k 

71" 
7m'' 

8a 
8b 

8c 

R, 

H 

H 

2-C1 
2, 6-CI. 

2 . 6 - C b 
3 , 4 - C b 

2, 6 -Cb 

2 , 6 - C l , 
2, 6 -Me, 

2 , 6 - M e , 

2.6-C1-, 

2. 6-CI. 
2 , 6 - M e 

2 ,6 -Cl . 
2 , 6 - M e , 

2 , 6 - M e , 

R, 

Me 

Me 

Me 
H 

Me 
Me 

Me 

Me 
Me 

Me 

Me 

Me 
2 ,6-

c, 
Me 
Me 

2,6 

c, 

Me,-

H, 

-Me,-
Ho 

R-

II 

Me 

H 
H 

H 
H 

Me 

H 
H 

H 

Me 

M( 
H 

R, 

Me 

Me 

Me 
H 

H 
H 

II 

Me­
lt 

M f 

Me 

Me 
II 

R, 

H 

Me 

H 
II 

H 
H 

II 

II 
H 

H 

l | 

Me 
fl 

Rat 

•80 

NA 80 

--80 
10 
v 80 

• 80 

40 

20 

NA 80 

•80 

80 
1 
• 10 

•80 

Dog 

NA 20 

NA 40 

NA 20 
NA 20 

NA 10 

NA 10 

: a 

NA 20 

JO 
20 

NA 20 
20 40 

NA 20 

-2 

NA 50 

( 3 0 ) 

NA 50 
50 

• - 2 

50 

NA 2 

50 
10 

NA :"7'> 

30 

NA 6 
( 10) 

NA 50 

-50',, 

NA 50 

•4-30 

NA 50 
10 

10 
4,30 

2 

NA 50 
NA 50 

NA 50 

NA 30 

NA 10 

50 

" 'Sri., t on'espondini» footnotes to 'i al>!e ' -Fnaiara!'.. i;See footnote h in Tabu- li. Lit. 'op 
87-89 id.:'! mm). .'No analyses. 'Netherlands l-'aiem 7 207.^69 U97i>. TiC-l salt '"N: calcd. 
16.51; found. 16.06. "N. S .loharv. S. S. Cuba, and l». ('. Guha. Citn: Sri , 31, 18-t 11952e "Ob­
tained in low vield; insufficient lb' o-stin;/. .'Obenned unexpectedly ni an attempt to prepare 7i 

O—C 

pi 

9. 
8. 

7. 

8. 
10. 

v ' I 

26 
39 

73 

14 
78 

79 

Melh 
od<" 

F 

F 

E 
G 

II 
G 

II 

r: 
H 

b 

V 

V 

- Yie 

1 

14 

42 

28 
85 

14 
42 

70 

16 
31 

50 

42 

16 

20 

Mp or 

Irt '' 
K l , 

Rase 

115-125 

105 ' 
(0.7) 

143-145 

148-149 

78-80 

113 114 

105-107 

102- 105 

78 -80 
263 -266 

91-96 

144-145 

bp (mm). 

Salt 

187-190 

243-244 

230-235 ' 
215-217 

148-151 ' 
168-169 

240-24? 

185-188 

215 -217 

291 -293 

C r y s t n 

Base 

CHCl : j-
hexane 

CHCb, 

CHCR 

C y c l o -
hexane 

C-IR 

C.H.. 

Cycle,--
hexaiif 

Hexane 
MeOH 

Hex;,iv 

b'l ,0 

solvent 

Salt 

EtOH 

2 - P r O H 

EtOH-
Eb.O 

2 - P r O H 
P r , 0 

CHCb, 
hexane 

2 - P r O R 

MeOH 
Et.O 

Me..CO 

Formula* 

C.H,oN : )-C,H,0/ 

C n H , 7 N , J 

C,H,oClN :! 

C,H?C1,N,-
HCl 

CBH,,CRN:i 

CSH„C1,N,-

Her 
C ,11,,CRN, 

C H ^ C l i N , 
Cb,H i : :N,-HCI 

C, H ;-N :,-HC' 

' , .H- .CRN -
C.H.O:" 

C, H, ,Cb,N ; 
C.'.-.H..,N,'; 

c .H , i ; CbN. 
C.i:H, N.-IICi 

C. Si. N,-HC-

i.y method I-.. •'('-
i'uska. and S !!,k. 
• 1969). 

Ibiitld '..67 M: 
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Table V. Cyclic Isoureas and Isothioureas—Chemical and Pharmacological Testing Data 
o 

I 
Ri 

X^—N=< J^(CH2)„ 

Antisecretory 
Antihypertensive act., mg/kg" 

/N-i i 

10 

Compd 

9a 

9b 
9c 
9d 
9e 
9f 

9g 
9h 

10a 
10b 
11 

n 

2 

2 
2 
3 
3 
3 

3 
3 

X 

O 

S 

s 
o 
o 
s 

s 
s 
o 
s 

Ri 

2 ,6-Cl 2 

2,6-Cl 2 

2,6 -Me 2 

2,6-Cl 2 

2 ,6-Me 2 

2,6-Cl 2 

2,6-Me 2 

2,6 -Me2 

2,6 -Me 2 

2 ,6-Me 2 

R2 

H 

H 
H 
H 
H 
H 

H 
Ac 

ac t . , 

Rat 

NA 80 

=-80 
< 8 0 
>80 
NA 80 
NA 80 

<20 
NA 80 
NA 80 
NA 80 
>80 

m g / k g 

Dog 

2=20 

NA 20 
NA 8 
>20 
NA 20 
NA 20 

>10 
NA 40 
NA 20 
NA 20 
NA 40 

+ pH 
~2 

NA 50 

NA 50 
10 
50 
50 
NA 50 

10 
50 
(>50) 

A vol 

~50% 

NA 50 

NA 50 
£-50 
NA 50 
+ 50 
NA 50 

NA 10 
£ 5 0 
NA 50 

P^a 

5.82 

8.40 
4.62 

7.19 

Meth­
od" 

I 

J 
J 
I 
I 
J 

J 

m 

Yield, 

% 

50 

62 
86 
67 

29 

18 
25 
75 
40 

= Mp, ° C 
base (salt) 

135-165 
(198-201) 
184-185 
106-108 
184-185 
130-132 
168-172 

(239-241) 
135-137 
64-66 

119-123 
153-156 
214 216 

Crystn solvent 

Base 

CHCl3-hexane 

C 6 H 6 
Cyclohexane 
C H C l 3 - h e x a n e 
C 6 H 6 - cyc lohexane 

C B H 6 

2 - P r 2 0 
Hexane 
EtOH 
EtOH 

Salt 

EtOH 

Et2Q 

F o r m u l a 6 

C 9 H 8 Cl 2 N 2 OHCl 

C9H8C12N2S 
CUH1 4N2S 
C10H10Cl2N2O 
C 1 2 H 1 6 N 2 O J 

C10H10C12N2S-HCF 

C 12 H 16 N 2S* 

C I4H18N2OS 
C n H 1 2 N 2 0 
CnH1 2N2S 
Ci5H14N2S 

Ref' 

g 

h 
i 

k 
I 

I 

n 

•h urnal 

is: 
g_ 

3 ' ilC
h
 

" 'See corresponding footnotes to Table I. «H. Wollweber, R. Hiltmann, and W. Stendel, Ger­
man Patent 1,963,192 (1971); Chem. Abstr., 75, 118302b (1971). "L. Toldy, P. Sohar, K. Farago, 
I. Toth, and L. Bartalits, Tetrahedron Lett., 2167 (1970). >G. Sagner and O. Behner, U. S. Patent 

3,651,053 (1972). >No analyses. *H. Najer, P. Chaprier, and R. Giudicelli, Bull. Soc. Chim. Fr., 
611 (1959). 'See ref 15. ""See footnote n. "H. Najer, R. Giudicelli, and J. Menin, Bull. Soc. Chim. 
Fr., 2052(1960). 
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at 25° for 5 hr, a solution of 2,6-dimethoxyaniline (8.0 g, 0.052 
mol) in CeH6 (10 ml) was added and the mixture was refluxed for 
18 hr. The CeH6 solution was decanted from the oily residue and 
was replaced with a fresh portion of OeHe. The mixture was basi­
fied (2.5 N NaOH) and stirred. The CeHs extract was washed 
with H2O, dried, and evaporated to dryness. The product was 
isolated by crystallization. 

For preparation of 2e e,g,j,m by this method, the products 
were isolated by distillation and the bases (oil) were converted to 
crystalline salts. 

Method C. 2 (2,6-Dimethylbenzyl)-2-imidazoline (4e). A mix­
ture of 2.6-dimethylphenylacetonitrile16 (2.1 g, 14.5 mmol) and 
ethylenediamine mono-p-toluenesulfonate was heated at 190° for 
2 hr when the evolution of NH3 ceased (indicated by pH paper'). 
The cooled mixture was dissolved in H2O and basified with 10 ;V 
NaOH. The free base of 4e (1.2 g, 43%) solidified (in some cases, 
extraction with EtaO was necessary). It was converted to the H(T 
salt by treatment with ethereal H O . 

-Method D. (a) 2-Phenylaminoimidazole (5a) and 2-Amino-
1 -phenylimidazole (5d). A stirred mixture of .S-methylphenyli-
sothiuronium iodide (65 g, 0.22 mol) and 2-aminoacetaldehyde di­
ethyl acetal f35.1 g. r'.264 mol) was heated at 100-110° for 3.5 hr. 
The mixture was cooled, made alkaline (NaOH). and extracted 
with CH2CI2. The extract was washed with H2O, dried, and 
evaporated to a red oil (69.5 g) which was treated with concen­
trated HOI (147 ml) and heated at 90° for 30 min. The solution 
was chilled, basified with NaOH, and extracted with CH2CI2. 
The extract was washed with H2O, treated with activated 0, fil­
tered, and dried. Evaporation of the solvent gave a brown oil 
(26.2 g) which gradually solidified. This material was indicated 
by tic analysis (silica GF, MeOH) to contain two major compo 
nents: A, R\ 0.65; B. ft 0.82. These two components were sepa­
rated by dry column chromatography.17 eluting the column 
(Grade II alumina! with EtOAc and extracting the fractions with 
MeOH. Component A (9.5 g) was identified as 5d by nrnr analysis 
and its melting point which was in agreement with the reported 
value. Component B (6,3 g) was characterized as 5a by nmr anal­
ysis. 

(b) 2-(2,6-DimethylphenyTamino)imidazole (5c) was prepared 
by the same procedure. The appropriate isothiuronium salt and 
acetal were heated at 160° to give the guanidine intermediate (II. 
R = 2.6-Me2, Scheme I) which was isolated as a solid. The ana­
lytical sample, recrystallized from cyclohexane. had mp 74-77°. 
Ana!. KasFI^sNW) C, H, N. This material underwent rycliza-
tion in concentrated HC! to give only a single component od (tic 
analysis). 

Method E. l-(2-Chlorophenyl)-2,3-dimethylguanidine (7c). A 
solution of 1,3-dimethylurea (10 g, 0.114 mol) in C6H6 (50 ml) was 
treated slowly with POCI3 (18.3 g. 0.12 mol) in C6H6 (15 ml), 
keeping the temperature below 25°. After the mixture was stirred 
for 5 hr at 25°. a solution of 2-chloroaniline (15.7 g, 0.12 mol) in 
C<jHg (50 ml) was slowly added and the mixture was refluxed for 18 
hr. The C^e was decanted and the residue dissolved in hot H2O. 
The cooled aqueous solution was washed with CijHe and basified 
with 2.5 iV NaOH. The precipitated oil gradually solidified on 
cooling and trituration. The mixture was filtered and the residue 
washed with Et20, Recrystallization gave 6.2 g of 7c. 

Method F. l-Phenyl-2,3-tetramethylguanidine (7b). A solu­
tion of 1.3-tetramethylurea (58 g, 0.5 mol) in toluene (75 ml) was 
added slowly to a stirred solution of COCI2 (60 g, 0.6 mol) in tolu­
ene (100 ml) under Nj. keeping the temperature below 25° by ex­
ternal tooling. The chloroformamidinium chloride gradually pre­
cipitated. The mixture was stirred for 18 hr. The supernatant liq­
uid containing unreacted COCI2 was decanted and replaced with 
a fresh portion of anhydrous toluene The procedure was repeated 
twice with caution to avoid exposing the hygroscopic salt to mois­
ture. A solution of aniline (18.6 g, 0.2 mol) in MeCN (50 ml) was 
added and the mixture was shaken repeatedly. A viscous oil was 
Conned. The mixture was heated at 40° for 1 hr and at 60° for 2 
hr. The solvent was evaporated and the residue was dissolved in 
H2O (100 ml). The aqueous solution was basified and extracted 
with EtaO. The extract was washed with brine, dried, and evapo­
rated to dryness to give 7b (16 g) which was isolated by distilla­
tion. 

Method G. 2,6-Dichlorophenylguanidine (7d). To a suspen­
sion of 2.6-dichlorophenylthiourea9 (10 g, 0.045 mol) in boiling 
H 2 0 (80 ml) was added a solution of KOH (25.2 g, 0.45 mol) in 
boiling H 2 0 (70 ml) and then a solution of Pb(OAc)2 (17.5 g. 
0.054 mol) in boiling H2O (80 ml). The mixture was refluxed for 
10 min, cooled, and filtered. The filtrate was acidified with AcOH 
to precipitate a solid materia! which wa« recrystallized from 

MeCN to give 6.75 g (80%) of 2,6-dichlorophenylcyanarmde. mp 
132-135°. Anal. (C7H4CI2N2) C, H. N. 

To a solution of the above cyanamide (5 g, 27 mmoli in a mix­
ture of MeOH (25 ml) and THF (10 ml) cooled to -70° was added 
liquid NH3 (15 rnl). The mixture was heated in a steei bomb at 
100° for 5 hr. After the solvents and NH3 were evaporated, the 
solid residue was dissolved in a mixture of Et20 and 2-PrOH. 
Treatment of the solution with ethereal H O and recrystallization 
of the precipitate gave 5.5 gof 7d. 

Method H. l-(2,6-Dichlorophenyl)-2-dimethylguanidine (7g). 
An aqueous solution of dimethylamine (90 ml, 25% solution) and 
>"-methyl-2,6-diohlorophenyiisothiuronium iodide (20 g, 55 mmol) 
was heated in a steel bomb at 160° for 2 hr. The cooled mixture 
was extracted with EtaO. The extract was washed with H2O. 
dried, and evaporated to dryness. Crystallization of the residue 
from cyclohexane gave 9.0 g of 7g. 

Method I. 2-(2,6-DichlorophenyIimino)tetrahydro-l,3-oxa 
zine (9d). A mixture of 2.6-dichlorophenyl isothiocyanate (15 g. 
0.07 mol, see 6a for preparation) and 3-aminopropanol (6 g, 0.08 
mol) in EtOAc (50 ml) was refluxed for 45 min. Concentration of 
the solution gave 19.4 g (99%) of l-(2,6-dichlorophenyl)-3-(3-hv-
droxypropyDthiourea, mp 125-128°. 

To a stirred solution of the above thiourea (7.4 g. 27 mmol) in 
CeH6 (400 ml) and EtOH (200 ml) was added yellow HgO (80 g) 
in portions. The mixture was refluxed for 45 min and filtered. 
Evaporation of the filtrate and recrystallization of the solid resi­
due gave 4.3 g of 9d. 

Method J . 2-(2,6-DimethylphenyTimino)thiazolidine (9c). A 
solution of 1 -(2,6-dimethylphenyl)-3-(2-hydroxyethyl)thioureals 

(12 g, 0.054 moli in concentrated H O (25 ml) was heated at 90 ; 

for 45 min. The cooled mixture was basified with 10 N NaOH and 
the precipitated gummy residue was extracted with E t 2 0 . The 
extract was washed with brine, dried, and evaporated to dryness. 
The oily residue solidified on cooling and was recrystallized. 

l-Acetyl-2-(2,6-dichlorophenylimino)imidazolidine (li) . A so 
lution of la (5.0 g, 21.8 mmol) in CeHe (100 ml) was treated with 
AC2O (2.42 g, 24 mmol) at 25° for 18 hr. The insoluble material 
was removed by filtration. The filtrate was washed with NaHOO.-i 
solution and HjO Evaporation of the solvent left a solid residue 
which was recrystallized. 

1.3-Diacetyl 2-(2,6-dichlorophenylimino)imidazolidine (Ij). 
A solution of la i5,() g, 21.7 mmol) in AC2O (15 ml) was heated at 
100° tor 2 hr. The mixture was poured into ice-H;0 and the pre­
cipitate was filtered and recrystallized. 

I -AcetyI-2-(2,6-dichlorophenylimino)pyrrolidine (2i). A solu­
tion of 2<i (3.0 g. 13.1 mmol) in Ac20 (6 ml) was kept at 25° for 18 
hr and then poured into ice H2O. The precipitate was filtered. 
washed with H 2 0 , dried, and recrystallized. 

2-(Methyl-2,6-diehlorophenylarnino)-l-pyrroline (3). A solu­
tion of 2d (4.5 g. 19.6 mmol) in MeOH (80 ml) was refluxed with 
Mel 11.3 ml) for 18 hr. The solvent was evaporated and the resi­
due crystallized from 2-PrOH-Et20 to give 6.8 g of HI salt (mp 
--155°!, The aqueous solution of this material was basified (10 .V 
NaOH) and extracted with E t 2 0 . The extract was washed with 
H2O. dried (MgS04 i . and filtered. The filtrate was treated with 
ethereal H O to precipitate 5.0 gof 3 • H O . 

!-(2-Aminophenyl)-3-(2,r!-dichlorophenyl)thiourea (6a). A 
solution of 2,6-dichloroaniline (25 g, 0.154 mol) in CHC13 (140 ml) 
was added dropwise to a refluxing solution of CSCI2 (25 g, 0.218 
moli in CHCI3 (80 ml) during 1.5 hr. The evolved H O was 
trapped by NaOH solution. The mixture was refluxed for 18 hr 
(the reaction was incomplete after 6 hr as indicated by ir analysis 
of an aliquot). The H O salt of the aniline was removed by filtra­
tion and the filtrate evaporated to dryness. Unreacted 2.6-dichlo-
roaniline was removed by distillation at 75° (3-4 mm). The prod­
uct. 2,6-dichlorophenyl isothiocyanate, was collected at 106-109° 
! 1.5-1.7 mm). The oil solidified to give 7.4 g (24%) of the product, 
mp 39-42° 

A solution 01 o-phenylenediamine 12.16 g, 20 mmol) in KtOAc 
(20 ml) at 55° was treated with 2,6-dichlorophenyl isothiocyanate 
(4.08 g. 20 mmol). The reaction temperature rose to 65°. After 
being stirred for 5 mm, the product began to crystallize. The mix­
ture was kept at 65° for 30 min. cooled, and filtered. The residue 
was washed with Et20 to give 5.6 g of 6a. 

2-(2,6-Dichlorophenylamino)benzimidazole (6b). To a stirred 
and refluxing solution of 6a (4.9 g, 15.7 mmol) in EtOH (450 ml) 
was added yellow HgO (20 g). Two additional portions of HgO (20 
and 10 g each) were added 15 and 45 min after the initial reac­
tion. Heating was continued for another 30 min when the reaction 
was completed. The progress of the reaction was monitored by 
treating pn aliquot of the supernatant liquid with fresh HgO. 
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Completion of the reaction was indicated by the absence of a 
black color (HgS). The reaction mixture was cooled and filtered. 
The filtrate was evaporated to dryness and the residue was dis­
solved in boiling MeCN (100 ml). Insoluble material was removed 
by filtration. The filtrate was concentrated and cooled to give 3.3 
g of crystalline 6b. 

7V,iV'-Bis(2,6-diinethylphenyl)acetamidine (8c). A solution of 
2,6-dimethylaniline (50 g, 0.41 mol) in THF (50 ml) was treated 
slowly with Ac20 (102 g, 1 mol). The mixture was stirred for 10 
min and poured into ice-H20. The precipitated material was fil­
tered, washed with H2O, and recrystallized from EtOH to give 51 
g (76%) of iV-(2,6-dimethylphenyl)acetamide, mp 180-181°. 

A solution of the above amide (50 g, 0.31 mol) in CHCI3 (300 
ml) at 0° was treated slowly during 20 min with POCI3 (56.3 g, 
0.37 mol) in CHCI3 (70 ml). The mixture was stirred at 25° for 4 
hr, treated with an excess of MeNH2, and heated in an autoclave 
at 140° for 18 hr. Solvent was evaporated and the residue dis­
solved in H20. The aqueous solution was basified and extracted 
with CHCI3. The extract was treated with activated C, filtered, 
and evaporated to a brown oil which crystallized on standing. A 
small sample, recrystallized from Et20, had mp 144-145°; the 
nmr spectrum of this material was consistent with 8c. The re­
maining material was converted to the HC1 salt by treatment 
with ethereal HC1. Recrystallization of the salt (45 g) from 
EtOH-Et20 and Me2CO gave 7.3 g of 8c • HC1. 

3-Acetyl-2-(2,6-dimethylphenylimino)tetrahydro-l,3-thiazine 
(9h). A solution of 9g (10 g, 52.5 mmol) in Ac20 (35 ml) was kept 
at 25° for 48 hr and then poured into ice-H20 to decompose the 
excess Ac20. The mixture was extracted with CeH6 and the ex­
tract was washed with H20, NaHCC>3 solution, and brine and 
dried. Evaporation of the solvent left a viscous oil which slowly 
crystallized. After washing the residue with hexane, it was recrys­
tallized to give 2.5 g of 9h. 

2-(2,6-Dimethylphenylamino)thiazole (10b). To a stirred and 
refluxing suspension of 2,6-dimethylphenylthiourea9 (12 g, 66 
mmol) in H20 (50 ml) was added dropwise 1,2-dichloroethyl ethyl 
ether (10 g, 70 mmol). After 2 hr, the cooled mixture was basified 
(NaOH). The product was filtered and recrystallized from EtOH 
to give 10.1 g (75%) of 10b. 

2-(2,6-Dimethylphenylamino)benzothiazole (11). To a chilled 
solution of phenyl isothiocyanate (20 g, 0.148 mol) in EtOAc (60 
ml) was added slowly 2,6-dimethylaniline (24.9 g, 0.21 mol). The 
mixture was refluxed for 25 min. The precipitated product, 1-
(2,6-dimethylphenyl)-3-phenylthiourea (mp 203-205°), was col­
lected by filtration (34.9 g, 91%). 

A suspension of the above thiourea (25 g, 0.097 mol) in C6H5CI 
(175 ml) was treated slowly with sulfuryl chloride19 (17 g, 0.126 
mol), keeping the reaction temperature below 50°. The mixture 

Appropriately substituted tetrahydroisoquinolines have 
shown a variety of pharmacological actions including lipo­
lytic,1-4 bronchial relaxant,8 and hypotensive activity.3 In 
continuing our investigations of tetrahydroisoquinolines as 
agonists1 '2 and antagonists6-7 in adrenergic systems we 
have initiated a program in determining the relationship 
of chemical structure to the production of biological ac­
tions. One portion of this program involves delineating the 
importance of an intact tetrahydroisoquinoline ring sys­
tem for adrenergic activity with a goal toward the devel­
opment of selective and/or potent /3-adrenergic stimu-

was maintained at 50° for 2.5 hr. The precipitated solid material 
was filtered, washed with CeH6, and dissolved in H20. After bas-
ifying the aqueous solution with NH4OH, the precipitated prod­
uct was filtered and recrystallized to give 10.35 g of 11. 
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lants. This report is concerned with the modification of 
l-benzyl-6,7-dihydroxytetrahydroisoquinoline (1) which is 
known to possess /3-adrenergic act ivi ty.1 , 2 8 The analogs 
prepared in this study may be considered tetrahydroisoqui­
nolines in which the bond between C4 and the aromatic 
ring is broken, as shown in 2. Modifications were also 
made in the catechol portion of the structure. It had been 
shown previously that elimination of either the 6- or 7-
hydroxy group in 1 greatly reduced the bronchodilator ac­
tivity.8 In order to examine the importance of aromatic 
ring substitution in the fragmented derivative series, the 
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