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cator, then recrystallized from methanol to provide 4.6 g. (46%) 
of white needles, n1.p. 111.5-112'. 

Anal. Calcd. for C1SH20S?02: C, 72.88; H, 6.80; S,  9.45. 
Found: C, 72.78; H, 7.18; S, 9.42. 

Acid Hydrolysis of VII1.-To a solution of 1 ml. of concentrated 
sulfuric in 40 ml. of viater was added 0.20 g. of 1,2-bis-[3-(3,4- 
dihydro-1,3,2H-benzoxazino)]-ethane. The solution which re- 
sulted on warming was distilled into a slightly saturated dilute 
alcohol solution of excess methone. The distillation vas  stopped 
when the distilland ivas about 3-5 ml. The yield of the fornial- 
dehyde methone derivative was 0.35 g. (88c/;), n1.p. 188-189" 
(lit.'o m.p. 189"). The distillation residue x i s  treated with l0yo 
sodium hydroxide to p H  6-7 and filtered free of resinous-like 
material. Treatment of the filtrate with 2 ml. of 10% sodium 
carbonate follon-ed by seeding and cooling produced a pale tan 
solid product of m.p. lli-122'. A mixture melting point with 
N,?;'-bis-(o-hydroxybenzyl)-ethylenediamine was not depressed; 
the yield of recovered Y,N'-bis-(o-hydrosybenzy1)-ethylenedi- 
amine was 0.16 g. (8,5%). 

Reaction of N,N'-Bis-(0-hydroxybenzyl)-ethylenediamine I 
with Ketones. (A)  Acetone.-A mi\;ture of 1.0 g. (3.7 ninioles) 
of I tind 15 nil. of acetone was refluxed for 1 hr. The reaction 
mixture was refrigerated and the crystalline product (0.8 g , )  
which formed was removed by filtration. A second crop of 0.3 g. 
was obtained after concentration of the mother liquor. Both 
crops were combined and recrystallized from absolute ethanol. 
The yield of 2,2-dimethgl-l,3-bis-(o-h~droxpbenz~l)-imidazoli- 
dine was 0.9 g. (84c;L), white needles, m.p. 146.5". 

A n a l .  Calcd. for C19H249202: X, 8.94. Found: X, 8.88. 
This derivative was also prepared, in 90% yield (m.p. of crude 

product was 145.5'), a t  50" in absolute ethanol in the same way 
as described previously for the isobutyraldehyde react,ion in which 
a 1.6 M excess of acetone was used. 

(B)  Methyl Ethyl Ketone.--A solution of 6 g. (22 mmoles) of 
I in 50 ml. of methyl ethyl ketone was reflused for 5 hr. The 
condenser used had a drying tube containing Drierite in its open 

(10) E. H. Huntress and S. P. RIulliken, "Identification of Pure Organic 
Compounds," John Wiley and Sons, Inc., Keu York. S. T., 1941, p. 50. 

end. The reaction mixture was refrigerated and the resulting 
precipitate was filtered, rinsed with methyl ethyl ketone, and 
dried: 5.2 g., m.p. 129.5-135'. The crude product v a s  purified 
by refluxing it, in 30 ml. of fresh methyl ethyl ketone on a hot 
plate for 2.5 hr. The hot solution was filtered and crystallization 
was induced by cooling. The yield of 2-methyl-2-ethyl-l,3-bis- 
(0-hydrosybenzy1)-imidazolidine was 3.5 g. ( 5 3 5 ) ;  vhite prisms 
melting a t  133-134". 

A n a l .  Calcd. for C2,,He&?02: K, 8.58. Found: S, 8.62. 
(C) Other Ketones.-Condensation reactions of acetophenone, 

benzophenone, methyl ethyl ketone, and cyclohexanone with I 
were conducted in the same general nianner as described for 
aromatic aldehydes. In  the first three cases, the diamine reagent 
was recovered essentially unchanged. In  the cyclohexanone 
reaction a solid product was obtained vhich melted slon-ly a t  
107-111"; a misture melting point with I (m.p. 124") n-as de- 
pressed. Recrystallization of this solid from anhydrous tetra- 
hydrofuran gave a material of m.p. 103-107". The cyclohes- 
anone reaction was repeated using a benzene solution in M-hich 
water formed in the react,ion was removed as its benzene-water 
azeotrope. The product resulting when the theoretical amount 
of water was removed melted at  105.5-10Y.5°. Recryst,allizat'ion 
from benzene-petroleum ether (b.p. 40-60") or carbon tetra- 
chloride gave products of loner melting points without improve- 
ment in the ranges (e.g., 99.5-105.5"). 
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2-(2,6-Sylyloxy)ethylguanidine sulfate is a potent hypotensive agent which acts by blocking the symptttlietic 
Related compounds have been synthesized and structure-activity relationships in the series nervous system. 

have been investigated. 

Treatment of hypertensive disorders has been revolu- 
tionized in recent years by the discovery and use of 
agents which inhibit the release of neurohormones from 
the postganglionic sympathetic nerve endings. The 
first compound discovered to have this effect was cho- 
line 2,6-xylyl ether bromide' (I), which effectively 
blocks transmission a t  peripheral sympathetic nerve 
terminals but suffers from muscarinic side-effects. 
Subsequently, bretyliuni (11) was developed and in- 
tensive investigation showed it t'o be selectively ac- 
cumulated in postganglionic sympathetic nerve fibers3b 
and t3 prevent the release of neurohormones from the 
sympathetic nerve endings following neural stimula- 
tion.Yb More recently guanethidine (111) was intro- 
duced for the treatmelit of hypertension. This com- 

(1) T o  alioni inquiries should he  addressed. 
(2) P. Hey and G. L. Willey. Brit. J .  Pha~macol. ,  9, 471 (19.54). 
(3) (a) A .  L. A. Boura, F. C. Coup, W. G. Dunconihe, .1. F. Green, and 

(b) A .  L. A .  Uoura and A .  F. Green, >.. LIcCoubrey, ibid., 17, 265 (1960); 
ibid., 14, 536 (1959). 

\ C H ~ G ( C H ~ ) ~ C ~ H ~ T O ~ -  

I1 
0 + 

\ OCHLC!-12N(CH3)3Br- G; I 
pound has been shown to exert its effect on the sympa- 
thetic nervous system by depleting the norepinephrine 
stores at the postganglionic sympathetic nerve ei idi i ig~.~ 

(CH2),SCH2CH2SHC( SH1)=KH 
I11 

I, 11, and I11 have certain c3niimn structural fea- 
tures. Each contains a strongly basic terminal group 
connected via a side chain to a carbocyclic or hetero- 
cyclic ring. These factors suggested that replacement 
of the poorly absorbed quaternary group of I by the 
guanidine residue might lead to compounds acting a t  the 
pxjtganglionic sympathetic nerve fibers. 2-(2,6-Xylyl- 
0xy)ethylguanidine (IT) which is the guanidine analog 

14) R Cas.. R. Kuntatiian. and 13 13.  Brodle, Proc Soc. Eaptl  BzoE. .\fed.. 
105, 871 (1960). 



( ~ f  1 \\a\ preparcti aiitl 4ion i i  t,) tw a3 nctii-e a- guaiictlii- 
t l i i w  n l i r i i  t c h t d  hy it- rc,laxaiit nctioii 011 tlic iiictitatiiig 

a f i 2 c H 2 N H c ( N H I ) = N H  

IV 

~iiciiit)iaiie of tlic conscious cat aiid to haye nii activity 
c*o~nparal)lc to that of guanethidiiic 011 the arterial 
hlootl pressure of aiiesthetizcd dogs.' C'liiiical evalua- 
tion has d ion  11 the autiliyperteiisive activity in maii 
to t)c of the saiiie order as that of' guanethidiiic. T l i c  
detailed pharmacology of thw compouiid \\ill lw puli- 
lishcd clsewherc.. 

S u i i i c r ~ u ~  aiialogs of I \. Iiave i m i i  syiitlicsized and 
(,valuated for  their activity i i i  khckiiig the sympathetic. 
Iicrvous system (Table I). 

Blockade of the Sympathetic Nervous System.- 
Each compouiid was administered liy subcutaneous 
injection to coiiscious male or female cats a t  a dose level 
not excccdiiig 40%; Of thc cqtiinated LDjo in mice. 
.\I1 coliipoiiiidi \vcrc either dissol~-cd or suspended i l l  :I 
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the nictitating membrane went into a sustained con- 
traction which did not recover throughout the maximum 
period of 5 hr. used in these experiments. The hyper- 
tensive phase then gave way to a pronounced hypo- 
tension which was slow in onset, but of long duration 
( > 5  hr.). During this hypotensive phase, the injection 
of amphetamine and the application of the bilateral 
carotid occlusion reflex stimulus no longer elicited a 
pressor response, whereas the pressor response to 
injected epinephrine and norepinephrine were po- 
tentiated. Compounds XX and XXIV produced quali- 
tatively the same effect when similarly examined. 

The hypertensim has been demonstrated to be due to 
the release of endogenous sympathomimetic amines, for 
it is potentiated by the prior administratim of pyro- 
gallol, which inhibits catechol-0-methyl transferase. 
This technique was used by Wyliefi to shorn the pressor 
action of guanethidine to be due to the release of endo- 
genous sympathomimetic amines. 

Some cats were pretreated on each of 2 days with 
reserpine (2.5-5 mg./kg.) intraperitoneally. The in- 
travenous injection of IV in the subsequently anes- 
thetized animals produced little or no pressor response. 
This would appear to confirm that  the hypertensive 
phase of the cardiovascular response to I V  depends 
on the presence of endogenous sympathomimetic 
amines, which are depleted by treatment with reserpine. 

(b) Pentobarbital-Anesthetized dogs.-The effects 
of these same compounds on the blood pressure of 
mongrel dogs, anesthetized by the intravenous injec- 
tion of pentobarbital sodium (30 mg./kg.), were quali- 
tatively similar to  those in cats. Some dogs were 
pretreated with IV (10 mg./kg.) intravenously. Forty 
eight hours later the animals were anesthetized with 
pentobarbital sodium and the blood pressure was 
recorded. Saline-treated control animals exhibited a 
marked pressor response to iiitraveiiously injected 
tyramine or amphetamine, whereas the animals treated 
with IV showed a greatly reduced response. The slow 
intravenous infusion of 4 mg. of norepinephrine7 prior 
to tyramine or amphetamine injection, however, re- 
sulted in a normal response being obtained. 

It is concluded, therefore, that  the compounds under 
iiivestigation as represented by Is’, cause blockade in 
the sympathetic nervous system in a manner similar 
to that  described for guanethidine4 which depletes the 
postganglionic sympathetic stores of their norepine- 
phrine content. 

Structure-Activity Relationships.-The biological re- 
sults for sympathetic blocking activity revealed an 
interesting structure-activity pattern which may be 
expressed in terms of the various structural features 
(A, B, C, and D) of IV as follows 

, I  

a 3 0 - i c H g H 2 - i  NHqNH,)=NH 

A I B !  C I D 
N 

A.-For optimum activity, presence of the flanking 
methyl groups is essential. hnalogous compounds with 
the 2,G-xylyl group replaced by phenyl, o, m-, and p-tolyl, 
o-chloro, o-bromo, and p-methoxy substituents are 

( 6 )  D. W. Wylie, .Yature 189, 490 (1961). 
(7)  J. H. Burn and  hl.  J. Rand, J .  Physzol . ,  144, 314 (19.33). 

much less active (V, VI, VII, VIII, IX,  X, and XI, 
respectively, Table I). The corresponding p-chloro 
compound XI1 is, however, more active than these 
latter compouiids, but the trisubstituted compound XIS’ 
formed by introduction of a p-chloro substituent into 
structure IV is less active than either 2-(2,G-xylyloxy)- 
ethylguaiiidine or 2-(p-chlorophenoxy)ethylguanidine. 
Increase in size of the flanking methyl groups to  ethyl 
XV or isopropyl XT’I causes a progressive decline in 
activity. Xaphthalene analdgs XXIII  and XXIT’ 
also possess a moderate degree of activity, the a isonier 
being slightly the more active. 

B.-Replacement of oxygen by sulfur in IT- yields a 
compound of comparable activity, relaxation of the 
nictitating membrane being observed at  10 mg./kg. 
(XT’II). As expected, uilsubstituted 2-(phenylmer- 
capto)ethylguanidine (XYIII) is much less active. 
Replacement of oxygen by S H  in I Y  leads to an equally 
active compound (XIX). Methylation of this nitrogen 
atom causes only a slight drop (XX) in activity but the 
analogous compound containing an ethyl substituent 
is less active (XXI).  ?;-hlethylpheiiylaniinoethyl- 
guanidine (XXII) is also less active. 

C.-Introduction of a p-methyl substituent into 
structure IT’ causes no apparent reduction in activity 
(XXV) . The structure containing an  unbranched 
three-carbon chain is slightly less active (XXT’I) and 
activity of the analogous n-butyl compound is of a very 
low order (XXVII). 

D.-Alteration of the terminal guanidine group 
invariably leads to less active compounds. Cyclization 
of the terminal atoms into an imidazoline ring (XXT’III) 
or phenyl substitution on the terminal nitrogen atoms 
(XXIX) causes a fall in activity. Reduction of the 
basicity of the terminal nitrogen atoms by mono- and 
dibenzoylation also causes a decline in sympatholytic 
activity (XX and XXI, respectively). Boura, et C T L . , ~  
have reported that methylation of these nitrogen atoms 
is accompanied by loss of adrenergic neuroiie blocking 
activity. 

The optimum structural requirements for blocking 
the sympathetic nervous system would, therefore, 
appear to be the 2,B-xylyl group linked cia an oxygen, 
sulfur, or nitrogen atom to a two-carbon side chain, 
optimally containing a p-methyl substituent and 
terminating in an unsubstituted guanidine group. 

Miscellaneous Structures.8-iYumerous miscellane- 
ous guanidines were prepared and evaluated for ac- 
tivity in a similar manner (Table 11). 2-(Benzhy- 
dry1oxy)ethylguanidine (XXXV) is inactive and pheno- 
thiazinylal kylguaiiidines with three-carbon side chains 
(XXXS’I and XXXVII) including a 2-trifluoromethyl 
substituted derivative are also inactive. 

Guanethidine analogs with the nitrogen atom outside 
the ring, v i x .  ?;-methylcyclooctylaminoethylguanidine 
sulfate (XXXII) and the cycloheptyl analog (XXXIII), 
also give evidence of causing blockade of the sympa- 
thetic nervous system. The presence of a heterocyclic 
ring is apparently not a prime requisite for activity 
with this structure. The bicyclic octahydroisoindole 
XXXIT’ is also highly active, indicating that the bridg- 
ing of guanethidine-like compounds is acconipaiiied 
by retention of activity. 

(8 )  btructure-acti,itb relationships amonjz p1ien)lalkylguanldines (bretyl- 
iuin analogs) ulll be publialied separately. 
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Cornpound 
IV 
v 
V I  
VI1 
VI11 
IX 
X 
XI 
XI1 
XI11 
XIV 
XV 
XVI 
XVII 
X V I l I  
X I X  
xx 
X X I  
X X I I  
xxv 
XXVI 
XXVII  

R 
2,6-(C H3)z 
H 
2-CH3 
3-CH3 
4-CHs 
2-c1 
2-Br 
4-OCHa 
4-c1 
2,4,6-(CH3)3 
2,6- (CHa) z-4-CI 
2,6-(CzHs)a 
2.6- (i-CaHi) z 
2,6-(CHdi 
H 
2,6- ( CHI) 2 

2,6-(CHdz 
2,6-(CH3)2 
H 
2,6-(CH3)z 
2,6-(CHa)z 
2,6-(CH3)! 

X  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
S 
S 
" 
NCHa 
NCzHs 
NCH3 
0 
V 
0 

Mp. ,  
0c.a 

234-236 
199-202 
2 13-2 14 
186-187 
195-196 
237-241d 
230-232 
187-188 
228-229 
246 
210 
252-253 
260-262 
223-224 
169-170 
163-166 
223-225 
221-224 
156-158 
208-210 
185-188 
210-214 

Molecular formula 
( CI iHiiNs0)zHzSOa 
(CsHisN3O)aHzSOa 
(CiaH1sNa0)iHzSOa 
(CioH1sNiO)zHzS04 
(CioHisNa0)rHaSOa 
(CsHizC1NaO)pHzSOa 
(CsHizBrNaO)zHzSO4 
(CiaHisNaO)rH?SO4 
(CeHizC1NsO)aHiSOa 
(CiaHi sN3O)ZHzSOa 
( CiiHisClNsO) aHzSOa 
(CiaHziNsO) aHaSOi 
(CisHisNaO)rHzSO4 
(CIIHIIN~S)ZHZSOI 
(CsHiaN3S)zHaSOa 
(CnHlsNd zHzS01 
(CizHwN4)aHaSO4 
(CiaHz?Na)zHaSO4 
(Cia HuNn) zH zS Oa 
(CiiHisNaO)zHaSO4 
(CizHisNa0)zHzSOa 
(CisHniNaO)aHzSO4 

C 
Calcd. Found 
Rl.54  51.70 
47.36 47.21 
49 57 49.50 
4 9 3 7  49.34 
49 .57  49.62 
41.14 41 .23  
35.19  35.38  
46.50 46.17 
41.14 41.32 
53 .32  53.16 
45.43 45 .18  
5 4 , 9 2  54.83 
57.67 5 8 . 0 1  
48.50 49.15 
4 4 . 2 6  44 .22  
51.74 51 .45  
53 .51  53.42 
56.09 55.16 
49.78 49.62 
53 .32  5 3 . 3 1  
53.32 53.55 

_ _  Analysis, %- 
H 

Calcd. Found 
7 . 0 8  7 .31  
6 . 1 8  6 .70  
6 . 6 6  6 . 4 9  
6.66 6 . 5 3  
6 . 6 6  6 . 4 4  
4.99 5 .17  
4 . 2 7  4 . 5 0  
6 .24  6 . 6 2  
4 .99  5 .37  
7 .46  7 . 2 8  
5 . 8 9  5 .85  
7 .80  7 .99  
8 .37  8 .97  
6 .66  6 . 7 3  
5 . 7 8  5 .80  
7 . 5 0  7 . 4 3  
7 . 8 6  7 . 8 2  
8 .18  8 .17  
7.10 7.40 
7 . 4 6  7 . 3 7  
7 .46  7 . 7 5  

? 

Other analyses 
Calcd. Found 
19.13' 18.91 
21.48b 21.54 

17.36' 17.47 
20.24b 19.94 
13.50e 13.16 

18.48b 18.53  
13.50' 13.18 
5 .  9Zf 5.89 

14.45' 14.50 
14.78' 14.80 
13.4.Y 1 3 . 1 8  
18 .0b  18.23 
20.07h 1 9 . 0 5  
21.95' 21.25 
20.8' 20.99 
19.78' 19.89 

15.54' 16 .39  
5 .  9qf 6 .22  

1 4 . 7 Q C ~ Q  14.79 

20.24h 20.05  

. .  . .  

. .  . .  

a Decomposition frequently occurred. HzSO,. K. From water. Other compounds recrystallized from methanol-isopropyl 
alcohol. e C1. f S. 0 H2S04: Calcd. 17.25. Found 17.55. 

TABLE IV 
N-SCBSTITGTED PHEXOXYETHYLGUANIDINES, 2,6-(CH&CeHa0(CH2)2NHC(NHR1)=SR2 - H X  

7 Analyeis, 70 -7 

C H N 
Compound R' RZ X  ALP. ,  "C. Molecular formula Calcd. Found Calcd. Found Calcd. Found 

xxv1115 C H ~  CHz I 116-119 Ci3HigX30.HI 43.23 43.51 5.58 4.95 11.63 12.02 
XXIX C6Hs C6H6 C1 163-166 C2aH26Ns0.HClb 69.71 68.84 6.62 6.19 10.61 10.87 
xxx H COCeH6 C1 162-164 Ci8H2iN30z*HClc 62.15 62.02 6.38 6.74 12.09 11.70 
X X X I  COCsHs COCeHb . . 147-148 C2&Na08 72.27 72.54 6.06 6.37 10.12 10.03 

a XXVIII is 2-[2-(2,6-x~lyloxy)eth~llamino-4,5-dihydroimidazole hydriodide. * Equiv. wt.: Calcd. 396.5. Found 388.1. Equiv. 
wt.: Calcd. 347.8. Found 349.0. 

TABLE V 
MISCELLANEOUS GGAZIID~NES (R-( CH2),,-NHC(SH2 j-=SH), * H2SU4 

__ .Inalysi s , yo 
Other analyses Com- C H 

pound R n hI.p., "C. Molecular formula Calcd. Found Calcd. Found Calcd. Found 
XXII I  a-CiOH70 2 240-242' (CisHi6Na0)2H~S04 56.10 56.45 5.80 5 .87  17.62' 17.53 
XXIV P-Cii"0 2 245-24Ta ( C I ~ H I ~ N ~ O ) ~ H ~ S O ~  56.10 56.21 5.80 6.13 
XXXII  (CHz),CHNCH3 2 255-260" (Ci2H*EX4)2H2S04 52.34 52.43 9.88 10.60 17.80h 17.82 
XXXII I  (CH2)sCHNCHa 2 230d ( C~~HZ~NI)PH~SOII  50.06 49.91 9.64 9.84 18.82h 19.41 

XXXIV 50.06 49.76 8.96 9.37 18.58' 18.31 

From methanol-isopropyl alcohol. H~SOI.  From aqueous ethanol. From isopropyl alcohol. e From ethanol. f ?;. Q H2S04: 
' R. P. 11~111, 11. E. Eybert, and M. R. Dapero, J .  O r g .  Chem., 25, 1053 (19601, record Calcd. 15.40. Found 15.47. 

m.p. 127-130" for the anhydrous compound. 
From methanol. 

3 From methenol-ether. 

ketone, was reacted with potassium phtlialimide (74.0 g., 0.4 
mole) in dimethylformamide (180 ml.) a t  120' for 2 hr. The 
addition of the mixture to water precipitated a solid, which, after 
washing with cold water and drying, yielded the phthalimide 
( 114 g.), m.p. 90.5-92.5'. 

Anal. Calcd. for C19H1&03: C, 73.76; H, 6.19; X, 4.53. 
Found: C,73.67; H ,  6.29; 5,4 .29 .  

3-(2,6-Xylyloxy)propylamine.-The phthnlimide derivative 
(113.6 g., 0.37 mole) was dissolved in ethanol (600 ml.) with 
warming. Hydrazine hydrate (lOOyo, 58.5 g., 1.15 moles) was 
added and the solution wts heated on the steam bath for 30 niin. 
Precipitated phthalhydrazide was renicived by filtration and the 

filtrate was concentrated in vneuo yielding 3-(2,6-xylylouy)propyl- 
amine (48.4 9.) which was converted directly t o  its hydrochloride 
using a solution of dry hydrogen chloride in isopropyl alcohol. 

3 4  2,6-Xylyloxy)propyl Cyanide.-A mixture of sodium cyanide 
(13.35 g., 0.27 mole) and dimethyl sulfoxide (120 ml.) was heated 
with stirring to an internal temperature of 80' and 3-(2,6-uylyl- 
oxy)propyl chloride (49.6 g., 0.25 mole) was added during 20 min. 
After addition, the mixture was slowly heated to a temperature of 
135" and maintained at this temperature for 10 min. On cooling, 
the mixture was diluted with water (300 ml.) and extracted 3 
times with ether. The combined ether extracts were washed with 
water and 6 LV hydrochloric acid (50 ml. j followed by 2 more water 
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Guanidine Sulfates.-The following example is illustrative of 
the general method used to prepare the guanidine sulfates listed 
in Tables I11 and V. 

2-(2,6-Xylyloxy)ethylguanidine Sulfate.-2-Methyl-2-thio- 
pseudourea sulfate (157.7 g., 1.21 moles) was dissolved in water 
(300 ml.) and 2-(2,6-xylyloxy)ethylaniine (200 g., 1.21 moles) was 
added. A vigorous reaction occurred, accompanied by the 
formation of methyl mercaptan (trapped in a cooled mixture of 
aqueous sodium hydroxide and hydrogen peroxide.). The 
aqueous solution was boiled for 2 hr. and then cooled. The solid 
which separated was filtered, washed with ice-cold water and 
dried. Tw-o recryst,allizations from methanol-isopropyl alcohol 
followed by drying in vacao a t  125' for 6 hr., yielded 195 g. of 
pure anhydrous salt, m.p. 234-236'. 

2- [2-(2,6-XylyIoxy)ethyl]amino-4,5-dihydroimidazole Hy- 
driodide.-2-(2,6-Xylyloxy)ethylamine (15.0 g., 0.091 mole) 
was added to a solution of 2-methylmercapto-4,5dihydroimid- 
azole hydriodideZ6 (22.2 g., 0.001 mole) in ethanol (100 ml.). 
Tlie solution was heated under reflux for 2 hr., the evolution of 
nietliyl mercaptan being completed during this time. After 
cooling, the solution was concentrated to low bulk and left a t  
- 10" for 48 hr. The crystals deposited (16.1 g.) were recrystal- 
lized twice from isopropyl alcohol-ether, affording 11.6 R. of _ _  
product, m.p. l 1 6 - l l ~ o .  

N- [ 2 4  2,6-XyIyloxy)ethyl] -N',N"-diphenylguanidine Hydro- 
chIoride.-2-(2,6-Xvl~loxy)ethvlamine (3.8 g., 0.023 mole) xas  
added l o  a solutjon of N,~'-diphenyl-S~methylisothiourea27 
(5 .5  g., 0.023 mole) in xylene (30 ml.). The mixture was heated 
under reflux for 24 hr. and then evaporated to dryness zn uacuo. 
The residue crystallized slonly a t  0" and was finally recrystallized 
froni petroleum ether (SO-SO") affording 3.6 g. of material, m.p. 

Tlie hydrochloride was prepared using isopropyl alcoholic 
hydrogen chloride and was recrystallized from isopropyl alcohol- 
ether, nip. 163-166". 

A.-2-( 2,6- 
Xyly1ouy)ethylamine (8.5 g., 0.052 mole) was added to a solu- 
tion of K-benzoyl-S-methylisothiourea** (10.0 g., 0.052 mole) 
in chlorobenzene (100 nil.). The solution was heated under 
reflux for 24 hr. and concentrated to an oil which gradually crys- 
tallized. Recrystallization from aqueous ethanol followed by 
recrystallization from benzene-petroleum ether afforded 7.5 g. 
of the guanidine, m.p. 111-114'. 

Anal. Calcd. for C18H21Nz04: C, 69.42; H, 6.80; ?;, 13.40. 
Found: C,69.26; H,6.01; N, 13.34. 

The hydrochloride \vas prepared using isopropyl alcoholic 
hvdrogen chloride, and 15 as recrystallized from isopropyl alcohol- 
ether, 1n.p. 162-164". 

90-94". 

N- [ 2 4  2,6-Xylyloxy)ethyl] -N'-benzoylguanidine. 

(?6) S. R. .ispinall and  E. J. Ilianco, J .  Am. Chem. SOC., 13,  602 (1951). 
(27) K. Will, Ber., 14, 1489 (1881). 
(28) G. I to ,  Chem. Pharm. Bull. (Tokyo), 9, 245 (1961). 

B.-2-(2,6-Xylyloxy)ethylguanidine sulfhte (20.0 g., 0.04 mole) 
r a s  suspended in ethanol (500 ml.) and an ethanolic solution of 
sodium ethoxide, prepared from 1.8 g. of sodium, was added 
with stirring. The mixture was stirred for 1 hr., filtered, and 
then concentrated zn u a c w  to yield the free base, 2-(2,6-xylyl- 
oxy)ethylguanidine (17.0 g.) as a viscous yellow oil. Ethyl ben- 
zoate (13.0 g., 0.085 mole) was added and the mixture heated on 
the steam bath for 45 min. The product was dissolved in ben- 
zene, filtered, and diluted with petroleum ether (SO-SO"), yielding 
the crude nionobenzoyl derivative which was recrystallized twice 
from aqueous ethanol, finally affording 2.8 g., m.p. 113.5-115.5". 
The melting point was undepressed on admixture with a sample 
from the first preparation and identical infrared and ultraviolet 
spectra (A,,, 262 mp (emnA 27,673)) were obtained. 

N- [Z-( 2,6-Xylyloxy)ethyI] -N',N"-dibenzylguanidine. A.- 
2-(2,6-Xylyloxy;ethylamine (3.3 g., 0.02 mole) was added to 
a solution of X,S'-dibenzoyl-S-niethylisothiourea** (6.0 g., 
0.02 mole) in xylene (20 ml.). The solution was heated under 
reflux for 8 hr. and then cooled. Crystals were deposited which 
were filtered and recrystallized from benzene-petroleuni ether 
(60-80") affording 5 1 g. of product, m p.  147-148". 
B.-2-(2,6-Xylyloxy)ethylguanidine sulfate (10.0 g., 0.02 

mole) was suspended in 20 ml. of 10% sodium hydroxide solution 
and then rapidly stirred during the addition of 5.5 g. (0.04 mole) 
of benzoyl chloride. Stirring was continued for 1 hr. and the 
solid formed was recrystallized from ethanol followed by further 
recrystallization from benzene-petroleum ether (60-80"), finally 
affording 2.9 g. of the product, m.p. 147-149'. The melting 
point was undepressed on admixture with a sample from the 
previous experiment and identical infrared and ultraviolet (A,,, 
253 nip (ernax 31,035), 277 mp ( 26,272)) spectra were obtained. 

In  a previous experiment in which an excess of sodium hy- 
droxide was used, the major product from the Schotten-Baumann 
reaction was the benzoate salt of 2-(2,6-~ylyloxy)ethylguanidine, 
m.p. 147-148'. 

Anal. Calcd. for CllH17N30 CCH,COOH: C, 65.63; H. 7.04; 
S,  12.76. 

An authentic sample of 2-(2,6-xylyloxy)ethylguanidine ben- 
zoate which was prepared from 2-( 2,6-xylyloxv)ethylguanidine 
free base (made from sulfate and sodium ethoxide in ethanol) and 
benzoic acid, had m.p. 148-149". There was no depression of 
melting point on admixture of these samples and infrared and 
ultraviolet (A,,,, 263 nip ( elnnX 22,673)) spectra were identical. 

Found: C, 65.4; H, 6.77; S, 12.65. 
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A number of derivatives of benzo[b]thiophene related to serotonin and gramine have been prepared and 
tested for pharmacological activity on a variety of smooth muscle preparations and on intact animals. Anti- 
histamine, antiacetylcholine, antiserotonin, and in some cases spasmogenic properties have been demonstrated. 
The replacement of the indole ring system by the benzo[b]thiophene system in the compounds studied leads to 
a reduction in agonistic activity and to  the emergence of variable nonspecific antagonistic properties t o  sero- 
tonin, acetylcholine, and histamine. 

The application of the concept of bioisosterism to the 
preparation of pharmacologically active substances, 

pounds, has proved fruitful in several fields of pharma- 
cological endeavor.2 While the isosteric replacement 

which antagonize or mimic the active parent corn- (2)  H. L. Friedman in "Influence of Isosteric Replacements upon Biologi- 
cal Activity." Syniposiuni on Chemical-Riolopical Correlation. Natl. .4cad. 

(1) Par t  111: A I .  AIactin-Smith and S. T. Reid. . J .  Cliem. Soc., 938 Sci.. Xatl. Research Council, Publication No. 206, \I-ashington, 1). C., 1!151. 
(1960). p. 29.5. 


