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Twenty 2-thiopseudoureas and related 2-aminothiazoles are shown to be four- to twentyfold more siirface 
anesthetic and two- to sixfold more anesthetic by infiltration in guinea pigs than lidocaine hydrochloride. Al- 
though most of the tabulated 2-thiopseudoureas are more toxic than lidocaine, nevertheless, 19 of them have 
substantially greater margins of safety (RA/RT = 1.3-2.8). A higher degree of anesthesiophoric specificity is 
noted for the 2-thiopseudourea moiety (12) compared with the similar guanidine moiet,y (13). Furthermore, 
wholly aliphatic-substituted 2-thiopseudoureas (21-23 and 25) are potent local anesthetics, and thus represent 
a significant deviation from the generally held concept of the essential structural requirements for local anesthe- 
tics. Thus, the 2-thiopseudourea moiety, -SC(=N-)N<, is a new and potent local anesthesiophore. Longer 
duration of anesthesia, but also greater irritancy, are generally asdociated with these 2-thiopseudoureas compared 
with lidocaine. The preparation of these anesthetics is described. Twenty-five of them are new compoiiiids. 

Such a variety of organic structures are anesthetics2 
that it is not surprising t o  learn of a new agent in this 
area. It does seem sigriificarit, however, t o  report 
the anesthesiophoric character of a class of compounds 
such as 2-thiopseudoureas. 

Most of the synthetic effort t o  produce local an- 
esthetics in the past has been guided by the concept 
that  the essential structural requiremerits are a lipo- 
philic end containing an aromatic nucleus, a hydrophilic 
end consisting of a tertiary aniiiio group, aiid ail inter- 
mediate all<>-1 or substituted-alkyl chain.2 An ob- 
jective of this report is to show significant deviation 
from this coiicept for certain aiiestethic 2-thiopseudo- 
ureas. A further objective is to demonstrate the 2- 
thiopseudourea moiety, -SC(=S-)S<, a5 a iiew and 
potent local auesthesiophore. 

Local anesthetic properties associated with 2- 
thiopseudourea and related compounds have been 
reported previously, but iioiie of these iiivestigatioris 
attributed these properties to  the 2-thiopseudourea 
moiety. BallowitzJ described 2-amirio-6-ethoxybeiizo- 
thiazole as equal to procaine in sensory arid motor nerve 
block, but inferior to  cocaine oil mucous membranes. 
Subsequently, Bhargava and c o - ~ o r l i e r s ~  prepared arid 
tested a number of 2-(dialkylaminoacetylamiiio)thi- 
azoles arid -benzothiazoles as well as 5-(dialkylamino- 
acetylamino)-2-imiiiothiazolidiiiones arid -2,4-thiazoli- 
dinedioiies. The most active of these have a 1.5-5 
times faster oiiset of anesthesia compared with pro- 
caine. Lately "K- (Bpseudo t hiouroiiiumet hy1)-endo- 
perhydro-4,7-methanoisoindoleJ' was allegedj to be 
anesthetic. 
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Experimental Section 
Materials.-l\Ielting points were determined on a Fisher- 

Johns block and are corrected. Ultraviolet spectra were ob- 
tained with a Beckman 1)U spectrophotometer. Elemental 
analyses were performed by Micro-Tech Laboratories, Iiic., 
Skokie, Ill. 

5-Phenylpentyl chloride,'j N-( 2-chloroethyl)-N-ethylaniline,' 2- 
chlor0-2-phenyIacetophenone,~ l-cyclohexyl-3-isopropyl-2-thio- 
urea,g and l-methyl-3-(2-methylben~yl)-2-thiourea~~ w-ere pre- 
pared as previously described. 

1 -Cyclohexyl-3,3-tetramethylene-2-thiourea.-Pyrrolidiiie ( 14.2 
g, 0.2 mole) was added portioiiwise to cyclohexyl isothiocyanate 
(28.2 g, 0.2 mole). \Vheii the exothermic reaction subsided, 
the product was crystallized twice from ethyl acetate; yield 
30.4 g (727,), mp 135-136". 

d n a l .  Calcd for CllHyaX&: C, 62.39; H, 9.62. Found: C, 
62.32; H, 9.51. 

1(2)-Benzyl-2( 1),3-dicyclohexylguanidine Hydrochloride (13). 
--Benzylamine hydrochloride (8.9 g, 62 mmoles), dicyclohexyl 
carbodiiniide (12.6 g, 62 mmoles), and 60 ml of dry pyridine 
were refluxed for 1 hr and concentrated in vacuo to dryness. 
The tacky residue was triturated with aiihydrous ether and 
crystallization occurred; yield 21.8 g, mp 175-185'. This product 
was recrystallized once from 95%, ethanol; yield 15.0 g (70%), 
mp lY5-1Y6'. Analyses are given in Table I. 

Preparation of 2-Thiopseudourea Salts (1-12 and 14-24).-The 
general procedure was to  reflux a 1-propanol solution of the 
appropriate alkyl or aralkyl halide arid 2-thiourea for 3-4 hr, 
concentrate in uucuo to dryness, and crystallize the product. 
Ocassionally water aided crystallization. Csually one or two 
recrystallizations gave 2-thiopseudourea salts of analytical 
purity. Other solveiits employed in the place of I-propanol 
were: (a) ethanol for 5,  (b) 2-propanol for 7 and 8, and (e) 
beiizene for 10 and 11. Compounds 9 and 12 were prepared in 
acetone solution refluxed aboiit 16 hr. Compound 21 was pre- 
pared in methyl iodide solution a t  room temperature for 16 hr, 
22 in refluxing (16 hr) ethyl bromide solution, and 23 in refluxing 
(30 mill) allyl bromide solution. The melting points, yields, 
recrystallization solvents, molecular formulas, and elemental 
analyses are given in Table 1. 

Preparation of 2-Aminothiazolium Salts (25-28).-The general 
procedure was to reflux an ethanol solutioii of the appropriate 
a-chlorocarboiiyl conipound and symmetrical 1,3-dialkyl-2- 
thiourea for 3-4 hr, coilcentrate, and crystallize the product. 
Usually one or two recrystallizations gave samples of aiialytical 
purity (see Table I). 

4,5-Diphenyl-4-hydroxy-3-methyl-2-methylamino-2-thiazoli- 
nium Chloride (29).-2-Chloro-2-phenylacetophenone (11.5 g, 
50 mmoles), 1,3-dimethyl-Z-thiourea ( 5 . 2  g, 50 mmoles), arid 
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TABLE I1 
~-THIOPSEUDOUREA SALTS AS LOCAL ANESTHETICS 

NR1 
// 
\ 

H X  R (CH2)nSC 

KR2R3 

651 

Surf 
ECso, 
m d m l  

1 . 1  
3 .1  
3 . 3  
0.90 
4 .3  
2.0 

3 . 8  
0.44 
0.60 
0.69 
0.38 

0.92 
1 . 0  
0.41 
0.74 
0.38 
1.1 
1 . 6  
1 . 3 
1 . 0  
0.91 
1 .4  
9 .2  

27 

. . .  

Infil 
ECso, 
m d m l  

0.41 
0.58 
0.53 
0.33 
0.79 
0.64 
0.95 
0.72 
0.12 
0.12 
0.19 
0.22 
1 . 8  
0.20 
0.19 
0.23 
0 .  13 
0.17 
0.22 
0.44 
0.28 
0.20 
0.22 
0.16 
0.74 

Toxicity 
LDsa, 

mg/kg iv 

36 
31 
58 
27 
57 
49 
52 
43 
5 . 9  
8 . 1  

17 
14 
25 
18 
16 
15 

1 5 
10 
24 
26 
17 
26 

32 

8 . 0  

7.2 

- RA-- 
Surf 

8 .4  
3 . 0  
2 .8  

2 . 1  
4.6 
0.34 
2 . 4  

10 

21 
15 
13 
24 

10 

22 
12 
16 

. . .  

9.2  

8 . 4  
5 . 7  
6 .1  
9 . 2  

6.6 
1 .0  

10 

Infil 

1,s 
1 .3  
1 .4  
2 . 2  
0 . 9  
1 . 2  
0.8 
1 . 0  
6.2 
6 . 2  
4.0 
3 .4  
0.4 
2 . .i 
3.9  
3 .2  
4 . 9  
4 . 4  
3 . 4  
1 . 7  
2 . 6  
3.7 
3 . 4  
4 . 6  
1 . 0  

u F. J. Bandelin, private communication, 1960, first reported this compound’s “good anesthetic activity.” 

TABLE 111 
2-AMINOTHI \ZOLIUM .IXD 2-AMINO-4-HYDROXY-2-THI.IZOLINlUM CHLORIDES ‘4s LOC ?L ANESTHETICS 

c1- 
NH Rz 

obtain the values given in the t,ables. Standard errors were 
generally about 10% of t,he estimated 

Five 0.15 
log graded doses were injected intravenously into ten mice per 
dose, and the median lethal dose, L&, was determined 7 days 
later. Standard errors xere generally about lo%, of the es- 
timated LIlj0. 

Relative activity, RA, is the ratio of the infiltration ECso’s of 
the standard, lidocaine hydrochloride, to the candidate anest,hetic. 
Similarly, relative toxicity, RT ,  is the ratio of the intravenous 
LI),,’s of standard to candidate. The ratio, RA/RT, gives t,he 
safety margin of the candidate anesthetic relative to lidocaine, 
whoAe RA, KT,  and RA/RT are, by  definition, unit,y. 

Irritation was measured11 in t,he rabbit by the trypan blue 
methodl4 following intradermal injection of the anesthetic agent 
dis.solved i l l  normal saline. 

A c i i t e  toxicity was est,imated” in male CF-1 mice. 

Infil 
ECso, 

rnxjml 

0.40 
1 .2  
0.56 
0.31 
0.42 

Toxicity 
LDso. R.l 

m./kg iv infil 

13 1 . 8  
28 0 .6  
38 1.3 
17 2 . 4  
33 1 .8  

Results and Discussion 

R T  
iv 

0 .9  
1 . 0  
0 . 8  
1 . 2  
0 . 6  
0 . 7  
0 . 6  
0 . 7  
5.4 
3 . 9  
1 .9  
2 . 2  
1 . 3  
1 .8  
2 . 1  
2.1 
4 .0  
2 . 2  
3 . 2  
1.3 
1 . 2  
1 . 9  
1 . 2  
4 . 4  
1 . 0  

R T 
iv 

2.4 
1 .2  
0 .8  
1.9 
1.0 

RA 
(infil)/ 
RT(iv)  

2 .0  
1 .3  
2 . 5  
1.9 
1.7 
1 . 8  
1 .3  
1.4 
1.1 
1 . 6  
2.2 
1 . 3 
0 . 3  
1.4 
1 . 9  
1 .5  
1.2 
2.0 
1.1 
1 . 3  
2 . 1  
1 . 9  
2 . 8  
1 .0  
1 . 0  

RA/RT 

0 . 8  
0.n 
1 .6  
1.3 
1.8 

Chemistry.-The familiar reaction between a 2- 
thiourea and an organic halide to form a 2-organo-2- 
thiopseudouronium halide (Scheme I) requires no 
elaboration except to  point out the possible existence 
of nonequivalent taut’omers when R1 differs from RS, 
and Rz is hydryl as in 10 and 18. 

The reaction between a 2-thiourea and an a-halo- 
carbonyl compound has been postulatedlSb t o  give first 
an a-thiopseudoureidocarbonyl compound which cy- 
clizes t o  a 2-imino-4-hydroxythiazolidine which, in 

(15) (a) P. M. Kochergin and M. N. Shchukina. J .  Gen. Chem. U S S R ,  26,  
683 (1956), English translation of Zh. Obshch. Khim. .  26, 458 (1956); (b) 
.I. Gen. Chem. I -SSR,  96 ,  3233 (1956), Enplish translation of Zh. Ohslich. 
Kkim., 26, 2905 (1956). 
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