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TABLE I 
SULFONYLUREAS a A-SO~NHCONHB~ 

X 

Yield, 
X A RI.p., O C .  %" 

4-CI -CHZ- 180-181 62 
4-NO2 -CHs-- 193.5-194.5 50 
H -CH*CH*- 159-161b 53 
&NO2 -CHgCHz- 153-155 59 
2-NO2 -CH&H*- 154-156 40 
4-"2 -CH*CHz- 129-131 55 
4AcXHz -CHzCH*- 206 dec. 47 
4-CY -CHZCHZ- 143-148 dec. 45 
4-CONHz -CHZCHz- 197-199 dec. 55 
4COOEt -CH*CH*- 127-130 dec. 60 
4COOH -CHsCHZ- 172-174 dec. 48 
4-CFa -CH*CHz- 158-159 37 
H -CH=CH- 128-130' 33 
4NOz -CH=CH- 190-190.5 30 

Based on sulfonamide. L k g  m.p. 164-166'. c Lit.10 m.p. 127-128'. 

veniently prepared from the 4aminosulfonamide (XH2 

lowed by reaction with butyl isocyanate, rather than 
by a similar conversion of 4aminophenethylsulfonyl- 
urea. 

Ruschig6 has reported that in compounds of the type 
A, optimum activity is present when n = 0 (X = H). 

+- CY -+ COOH -+ COCl -+ CONH2, COOEt) fol- 

x e ( C H z ) ,  SOzNHCONHR 

A 

When n = 1 activity is destroyed; when n = 2 only 
minimal activity is observed.6a He and many others 
have also described the effect of modifying X when n 
= 0. Some examples of substituents which produce 
high hypoglycemic activity in such compounds are X 
= 4-NH2 and 4-CF3,' whereas when X = S O n ,  the 
compounds are inactive.6 

The relative hypoglycemic activities of the sulfonyl- 
ureas which we have prepared are presented in Table 
1 1 1 . 8  

Surprisingly, in the phenethyl series, when X = 
4x02 or 4-CS, highly potent compounds result, 

(6 )  H. Ruschig, G. Korger. W. Aumuller, H. Wagner, and  R. Weyer, 
Arzneimittel-Forsch.. 8 ,  448 (1958). 

(ea) The reieree has called our attention to  a paper b y  B .  Hockielt and  
A .  Jonsson, J .  M e d .  Pharm. Chem., S, 231 (1962), which appeared after our 
paper had been completed, describing certain results conflicting with those 
obtained b y  Ruschig, et al .  Our test results confirm those of Ruschig. 

(7) B. Blank, F. A .  Farina, J. F. Kerwin, and  H. Saunders, J .  Org .  Chem., 
26, 1551 (1961); 

(8 )  Male guinea pigs weighing 110-150 g.  were fasted for 18 hr. prior to 
and  during testing. The compounds were administered orally a t  various 
doses (12.5 to  100 mg./kg.). After a predetermined time of peak-effect the 
blood was analyzed for glucose with the aid of a Technicon Auto-analyzing 
Unit  using the modified method of W. S. Hoffman, J .  Biochem., 120, 51 
(1937). The  relative hypoglycemic activities in Table I11 refer to  relative 
potency as compared to chlorpropamide, which is designated as  4 + ,  with a 
descending scale ending in zero which is assigned to  compounds without 
hypoglycemic activlty. A more comprehensive report on the  hypoglycemic 
activity in various species will be given in a separate publication. 

(9) G. Iiorger, H. Wagner, and  W. Auiniiller, German Patent 1,032,734 
(1958). 

(10) W. M. McLamore and G. D. Laubach, U. S. Patent 2,979,437 (1961). 
This patent claims t h a t  styrenesulfonylureas as a class have hypoglycemic 
activity. The two styrene derivatives tha t  we have tested (Table 111) 
showed no significant activity. 

(11) E. Miller, J. 11. Sprague, L. kV. Iiissinger, and L. F. RIcBurneS-, J .  
Am.  Chem. Soc., 62, 2099 (1940). 

H. L. Yale and F. Sowinski, ibid., 2S, 1824 (1960). 

x 
4-sOz 
2-5-02 
4-CN 
4-AcSH2 
4-COSH2 
4-COOEt 
4-COOH 
4-CF3 
4-NO2 

-~ C a 1 c d . p -  -Found--- 
C H C H 

47.29 5.62 47.44 5.47 
45.70 5 .43  45. ai 5.40 

47.40 
47.40 
52.15 
52.77 
54.35 
51.36 
53.91 
51.20 
47.72 
55.30 
47.70 

5.81 
5.81 
7.07 
6.79 
6.19 
6.47 
6.79 
6.14 
5 .43  
6.43 
5.23 

47.47 
47.35 
52 22 
53.04 
54.09 
51.58 
53.65 
51.14 
47 87 
55.24 
47.73 

TABLE I1 
ARALKYLSULFON AMIDES 

X Q-A-SO~NH~ 

Yield, 
-4 %" 

-CH&HZ- 85 
-CH2CH2- 44 
-CHzCHz- 52 
-CHzCHz- 33 
-CHzCH2- 81 
-CHZCHZ- 87 
-CH*CHz- 99 
-CHzCHz- 84 
-CH=CH- 82 

5.80 
5 .69  
7.01 
7 .03  
6 .46  
6 .42  
6 .53  
6.15 
5 .59  
6 .30  
5 .23  

hI.p., "C. 

118-121* 
125-127 
io5-ioa 
159-1 60 
197-199 
103-110 
232-235 dec. 
110-1 13 
188-190' 

a Based on sulfonyl chloride. Lit." m.p. 120.5-122'. LiL5 
m.p. 193-194". 

TABLE I11 
HYPOGLYCEMIC ACTIVITY~ 

A - S O ~ N H C O N H B ~  
x 

Relative 
activity 

x A (guinea piga) 

4 4 1  . . . .  4+b 
4-CF3 . . . .  4 f C  
4-NHz . . . .  4+ 
4-NOy . . . .  
H -CH2- 0( 
4-c1 -CH2- 0 
4-502 -CH*- 0 
H -CH*CH*- + 
4-NO2 -CHZCH*- 4+ 
2-N02 -CH*CH*-- 0 
4-NH2 -CH*CH2- 0 
4-,4cSH -CHSCH2- 0 
4-CN -CHzCH*- 4+ 
4-COiYH2 -CH2CH>- 0 
4-COOEt -CHzCHZ- 0 
I-COOH -CH2CH2- 0 
4-CF3 -CH2CH?- 0 
H -CH=C €1- - 01 
4-so~ -CH=CH- 0 

" See ref. 8. Chlorpropamide; has propyl in  place of butyl 
group. Lit.' value. Lit.6 value; carbutamide. e See ref. 6. 
1 See ref. 10. 



wliercas when X = 4-N& or 4-CF3, the compounds 
have very little hypoglycemic activity. In view of 
what has previously been known regarding structure 
activity relationships in this area, the high activity of 
the 4-nitro and 4-cyano compounds is most surprisiiig. 
The remarkable specificity of these inodifications c a i i  

be seen further from the fact that the 2-nitrophei1etliyvl 
and 4-nitrostyryl compounds are inactivi.. 

Experimental l 2  

General Pro~edure.3-~4 mixture of 
0.1 mole of aralkylbromide, 0.11 mole of thiourea, and 100 ml. of 
alcohol was heated a t  reflux for 1 hr. The solution was then 
concentrated, in vucuo, until a solid started to separate, and then 
cooled. The thiuronium bromide precipitated and was filtered. 
The following new compounds were prepared : 8-(p-nitrophen- 
ethyl)-thiuronium bromide, m.p. 105-196" ('3% yield) and S-(0- 
nitrophenethy1)-thiuronium bromide, 1n.p. 147-149' (99% yield ). 
All of the other thiuronium bromides, prepared the same way, 
were known compounds. These salts x-ere recrystallized from 
2-propanol or 2-propanol-ether. 

Sulfonyl Chlorides. General Pr~cedure.~-Chlorine gas x a s  
passed into a solution of 0.1 mole of thiuronium salt in 260 ml. of 
50% aqueous acetic acid (maintained at 15') for 1.5 hr. The 
sulfonyl chloride separated and was filtered and then washed 
with cold water. The following new compound was prepared: 
2-(o-nitrophenethyl)sulfonyl chloride, m.p. 69-71 O ,  707, yield. 
The other sulfonyl chlorides are known compounds. 

Sulfonamides. General Procedure.-Anhydrous ammonia was 
passed into a solution of 0.1 mole of sulfonyl chloride in 500 mi. of 
benzene for 45 min. The mixture was then concentrated and the 
residue was treated with 500 mi. of water. The product was 
insoluble and was filtered and washed thoroughly with water, 
then rearystallized from alcohol-water. The yields and physical 
constants of the new sulfonamides arc listed in Table 11. The 
other sulfonamides are known compounds. 

Sulfonylureas. General Procedure.--.4 solution of 0.1 mole oi 
n-butyl ivocyanate in 10 ml. of acetone was added dropwise with 
stirring and cooling to  a solution of 0.1 mole of the sulfonamide 
in a mixt,ure of 100 ml. of N sodium hydroxide and 100 ml. of 
acetone. After the isocyanate was all added, the solution was 
maintained at 0" for 1 hr. and at room temperature for 2 hr. 
The acetone was removed under reduced pressure and any butyl- 
urea that  separated was filtered off. On acidification {J f  tht. 
filtrate, the sulfonylurea separated :md was recrystallized from 
ethanol or ethanol-water. The yields and physical constants 
of the new products are listed in Table 1. 
Z-(p-Trifluoromethylphenyl)-ethylsulfonamide.--Tlie Grignard 

reagent was prepared froni 100 g. (0.44 mole) of p-bromobenzo- 
trifluoride (Pierce Chemical Compan arid 10.7 g. (0.44 mole) of 
magnesium in ether by standard pro A cold solution of 
26 g. (0.44 mole) of ethylene oxide in ether vas  alowl>- added to  
t,he well stirred Grignnrd reagent, maintained at 10". The result- 
ing red-brown solution was allowd to warm up to room tempera- 
tjure, then dry benzene m:zs added arid the ether was distilled 
out,. The solution was heated at reflux (pot temperature 65") 
fur 2 hr., then i t  w:ts cooled and poiired into cold dilute hydro- 
chloric acid. The organic layer was dried, concentrated, and 
the product was distilled, b.p. 125130' (27  mm.), 1 z z 5 ~  1.4629; 
yield 43 g. 

A solution of this alcohol (24.0 g., 0.13 mole) in pyridine w:is 
slowly added to  a chilled solution of 24.8 g. (0.13 mole) of p -  
toluenesulfonyl chloride in pyridine, while the temperature w,w 
maintained at 0 to  5". The solution w-m stirred for 10 hr. a t  room 
temperature. Most of the pyridine was then removed in VUCUO; 
the remaining solution was then poured into dilute hydrochloric: 
acid and the oil that  separated was extracted m-ith ether. Evap- 
oration gave 22.4 g. (50%) of crude tosylate. This was wed 
without, further purification. 

A solution containing Y g. (0.023 niole) of the tosylate and 2.5 g. 
(0.032 mole) of thiourea in 60 ml. ethanol was refluxed for 18 hr. 
The solvent wag distilled out; the residual tacky thiouronium 
I.osyl;tte on stirring with ether was t.r:insposed to a white powdery 

Thiuronium Bromides. 

durea. 

(12)  AI! melting points are corrected.  .ina!,-srs a e r e  carried ant  by  Sir,. 
I). Rolston and  her staff of tliese laboratories. 811 infrared ahsorption 
spectra ae ro  recorded on a I'erkin-Elmer Infrarorti as mineral oil mulls. 

solid, j-ield 4.T g (56L/bj, 1u.p. 136-140". 'l'hc tliiuroniuiii tosyl- 
at,e ma8 dissolved in 50 ml. of 50%, aqueous acetic acid and cooled 
to 5". Chlorine m-as bubbled through the solution a t  a rapid ratc, 
while maint:bining the temperature below 10". solid soim 
prec*ipitatecl, Clilorint: was passed in until the tisothcrniii: re:ii'- 

wit,li water. 2.9 g.; i 1 i . p .  02-64'. 
Ammonia was llubbied through ii solution of the sulfonyl clilo- 

ride in ether. 'I'tie ether was then distilled off and the residual 
white solid was stirred with dilute hydrochloric acid. The sulfon- 
imide was obtained in 83.5%) yield, m.p. 11&113", atid converted 
t o  tlie sllfonylurea f Ttiljle I) by the  general procedure already 
described. 

pAcetamidophenethy1 Sulfonamide.---A solution of 0.025 iiiole 
of p-nminophenethj-1 sulfonamide" in 10 ml. of glacial acetic acid 
and 10 nil. of acetic mhj-dride was refluxed for 0.5 hr., and thcii 
poured into 500 ml. of water. The product was extracted wit,h 
inethylene chloride; the extract was dried and evaporated to give 
2.6 8. r r f  ctrudr product, n ~ . p .  153--154". Recrystallization from 
:I mi:ill ::nioiint of h o t  witer gave pure material, 1.5 g., i i i .17.  

1.59-160'. The compnund showed 3 strong characteristic: r : ~ -  
lro.;~-l absorption at 6.02 p in the infrared. 
N-Butyl-N'-(p-aminophenethyl)sulfonylurea.--.4 solutioii oi 

0.0:30-1 I i i C J k  of N-biit?.l-S'-(T-,-nitrophenethyl)suli'onylurea in 100 
nil .  iil' watc'r :ind 30.4 nil. of .Y sodium hydroxide was hydro- 
gen:tttd over 10'  1 jJ:Lllatliurn-ciri-car1)(jn catalyst at 3.5 kg. /crir. 
and 25". The  tlieurctical :mount of hydrogen n ~ m  :tl)sorbcd in 

tlyst was  filtered; on acidification of the filt 
id the product precipitated. Recrystalliza 

from etlianol-water gave the pure product,, 5.0 E;., rri.1). 12!1-1 
This material was identical 1%-ith the siilfon>-liirea prepared ily 1 he 

iuu of  ~,-niniiirrphr:iieti.iyl sii1fon:iniide" with hutyl i w i -  

c3y:in::te. 
1,-C'yanophenethyl Sulfonamide.---A,l conccntrated aquwiis 

ng 3.72 p. (0.0530 mole) of sodium nitritt: W:E 

1 1  i t  nis t i i re  C J ~  1O.S g. (0.0530 molej of p- : tni i l io-  
miidc!l in  22.4 nil. oi concentrated li~-drorhloric. 

'I'hc ri~su1t:tnt siispension \\-:is stirred ai 
idded dropwise :mil w i i t i  

iiirii c>-:initle, and 2 i . 2  g. 
200 ml. of water, nmin- 

ire was stirred a t  5" for :in :xticfi- 
tion:Ll l,.j lir, : ~ n d  t l i i s n  filtered. 'Tlie brown resitfur n:ts dried 
a i d  rerr\-stalIized froni et hy1 :icet:ite--hesline to give t h e  prodiii+ 
(T:ahle 11). It showti ;i strong c1iar:acteristic nitrile :tbsorption 
:it -1 5 i.1 in t h e  itifrarcc!. 'Phis conipound was converted t o  t l w  
su1fonylure:t (Table I ) l r y  the standard procedure. 

p-Carboxyphenethyl Sulfonamide.--11-Cyanophenethyl sulfoti- 
miitlc ( 2 . 5  g,. 0.012 niolc) i m s  dissolved in 50 ml. of loc;; sodinrti 
hydroxide :id 1ic~:ttc~l at, reflux for 2 lir. The solution \\:E 
cooled :md :iciclified t i c  give the acid (T:hle TI). The prodlict 
showed :t strtmg 1.1i:ir:icteristic. czrhosyl abscirption :i,t 5.!) i.1 i n  tlie 
infrared. This rulforiariiidc wits corivt?rted to the sliifony1urc~:L 
! Tullle I i 11). thr. sttind:trit prwcdurt:. 

I+Carboxamidophenethyl Sulfonamide.--The :ic,iti ( 4 : 3  c . 
U.Ol0 mole) was 1ie:itetl wit11 50 nil. 
I lie volatile m:tierid n-:is reniovecl 
ride cqstallized :is :L t : i i i  sulid~ ,4.1 g. 
; h rnon ia  w:~s bubhlcd in to  :L solution acid chloride (2.0 
0.008 iiiole) in 200 n11. uf inethylene chloride. The solv 
wm distilled uti' :]rid the residue crj-stallized. The conipou 
showxi n strong characteristic amide absorption a t  6.0 p iii (he 
iiifrared. Tlie miide iTable TI) d t r r  recrystallizat'iori from 1101 
water was converted t u  the sit lfun~~lures (Table I) by the stand- 
ard procedurcb. An attempt to prepare this amide by acid-c:ita- 
lyzed hydrolJ.sis of the nitrile failed. 

1 Sulfonamide.--Pyridine (0.64 g.,  0.0OS 
ution of 2.0 g. (0.007 mole) of tlie acid 
*ril>cd) in 50 ml. of anhydrous ethancil. 

hfter reflusing frlr :;O rnin., the voltitile msterials were removcd 
in LTJCUO. The rcGtlri:il oil crystallized on stirring wit,h water. 
It sliuin-ed : L  strong ihar:~cicristic ester ahsorption a t  5.85 i.r in the 
inti-:wed, The sulfnnariiide (T:ililc IT) wrw convcrted t o  t t lc 
s\dfonJ-l\Lre:l (T:il)!e 11). tlie st:antl:ird procedure. Xttctripts to  
prep:ire i,his c.stc:r (1  t . 1 1 ~ -  froni llic nitrile (['in ;in iinirio c.5tc.r 
i r i  tern icdi:ite i F : i i l i ~ l .  

si. Tlie strlici sulfonyl chloride \v:ts filtered :mtl riri 

id, iii:tint:iincd :it O*. 
fc,r :1ii :~ldi t i~r~i : t I  5 ii.in. :ti 

( 0 . 0 5 ~ ~  rlllllC!) U f  ~ ~ l l ~ J l ' O l i 8  

I 7  
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