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facilitating the expression of biological activity by these 
materials. 

Cross Linking and Carcinogenicity.-The mono- 
functional epoxides are largely devoid of carcinogenic 
activity's2 but are potent mutagenic agents.lg Bifunc- 
tional epoxides, 011 the other hand, are carcinogenic112 
and exhibit mutagenicity on the same order as that  of 
nionoepoxides. l9  These characteristics raise the ques- 
tion of the role of the often-mentioned, cross-linking 
ability of bifunctional alkylating agents in accounting 
for their biological activity. 

It has been suggested, for example, that bifunctional 
alkylating agents cross link the strands of the double 
helix of DNA at two guanine moieties. This cross 
linking may then result in incomplete duplication of 
genetic material and these processes may be involved in 
carcinogenesis. 2o 

Xevertheless, it must be remembered that the classi- 
cal carcinogenic alkylating agent, /?-propiolactone, has 
only one active alkylating center. This compound is 
one of the few alkylating agents which has noticeable 
carcinogenic as well as mutagenic activity. 

In  order to evaluate the role of cross linking of DNA 
by these alkylating agents more accurately, the inter- 
atomic distances between the reactive centers in several 
epoxides were measured by use of scale drawings and 
Dreiding atomic models. Because of free rotation in 
the open-chain epoxides, the distances of closest ap- 
proach and of greatest separation between terminal 
reactive centers were measured and are listed in Table 
111. Several observations become apparent from these 
measurements. Thus, in glycidaldehyde, which has 
only one epoxide function, the distance between the 
terminal oxygen-bearing carbon atoms is only 2.6 A. 
which would make i t  impossible to reach from a guanine 

(19) Summarized In ref. 2. 
(20) P.  Brookes and P. D. Lawley, Brtt. M e d .  Bull., 20, 91 (1964). 

TABLE I11 
INTERATOMIC DISTAXCES Ilr; EPOXIDES 

Distance between reactive 
carbon atoms (A,) 

Closest Greatest 
separation Compd. approach 

dl-Diepoxybutane 2 . 5  4 . 0  
meso-Diepoxybutane 2 5  4 0  
1,2,4,5-Diepoxypentane 1 5  5 . 2  
1,2,5,6-Diepoxyhexane 0 . 0  6 6  

l-Ethyleneoxy-3,4-epoxy- 

Glycidaldehyde 2 6 (fixed) 

1,2,6,7-Diepoxyheptane Overlap 7 . 7  

cyclohexane 4.6 5 . 4  

moiety on one strand to the nearest base on the ad- 
jacent strand of the DKA helix. Similarly, for /?- 
propiolactone, cross linking of this type between bases 
cannot occur. The relatively short distances between 
epoxide functions in the diepoxybutanes and diepoxy- 
pentane also render cross linking between bases unlikely. 
Even without exact measurements of interatomic dis- 
tances between the K-7 positions on two adjacent base 
pairs it is immediately apparent that  cross linking can 
occur only when there is a much longer distance between 
epoxide functions. However, resorcinol diglycidyl 
ether, in which there are eleven atoms between the 
terminal epoxy-bearing carbon atoms, is inactive as a 
carcinogen. These considerations suggest a re-evalua- 
tion of the possible sites of action of alkylating agents 
concerned with carcinogenesis. 
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Several N-arylthioisopropyl-N-benzyl-2-chloroethylamines and their corresponding sulfones were obtained. The former 
do not have a sulfonium structure despite their rapid rate of hydrolysis, especially the disulfurated derivative. I n  general 
they lack adrenolytic activity as do the sulfones of low hydrolytic rate. From this it can be inferred that no relationship 
can be established between the rate of hydrolysis and the pharmacological activity of this group of substances. The hy- 
drolysis mechanism takes place probably via the sulfonium ion. 

The advent of dibenzyline, ?J-phenoxyisopropyl-S- 
ben~yl-2-chloroethylamine,~ and its promising activity 
as an adrenolytic agent induced us to attempt the 
synthesis of analogous sulfides, with the object of ArO(CHZ),CHR 

adrenolytic 2-haloethylamines were obtained with the 
following formula. The cited patent included only onc 

studying their properties and the possibility -of ob- I 
ArCH2NCH2CH2X 

It = alkyl, aryl, 01' :trylosy 
X = C I  or  Hr 

t8aiiiiiig irew drugs in this series. In 19502 R series of 

(1) .J. F. Kerwin, G. C. Hall, F. J. hlilnes, I. II. Witt, R. 4. McLean, E. 
Nacko,  E. J. Fellows, and G. E. Ullyot, J. Am. Chem. Soc.,  'IS, 4162 (1951). 

(2) Smith Kline and French International Co., British Patent  673,509 N-~heny1thioisopro~Y1-~-benzy1-2-ch10roethy1- 
(June 4 ,  1952). amine hydrochloride; its properties were not described. 



I 
CH,Ar 

I 
CH2Ar 

:; , !IS :; , s; 
4 20 4 2::) 

I 
CH~-S -cH~' 

CHOH socla, ~ H ~ - - S - C H ~ ,  CHCl 1 CH*-S-CHz, 

CH~--S-CH~/ I 



January 1966 0 - C H L O R O E T H Y L A M I N E S ,  SULFIDES, .4ND SULFONES 81 

TABLE I1 
N,N-DISUBSTITUTED ~CHLOROETHYLAMINES 

RCHzvHy CHzCHzC1 
I 

CHA 
R' 
Chloro- 

Form platinate 
Base/ Yield, m.p., 

R' hydrochloride % OC. 
CsHsCHz Oil/paste 75 155 
CaHsCHz Oil/hygroscopic 72 189 

amorphous solid 
CaHsCHz Oil/paste 92 . . .  
CsHsCHz Oil/paste 90 213 
CsHsCHz Oil/amorphous 82 216 

CsHsCHz Dense oil/hygroscopic 92 217 

CeHaSCHzCHCHa Dense oil/paste 84 ... 

solid (m.p. 41-43') 

I amorphous solid 

Formula 
C18HnClXS 
CisHzsClzNS" 

CioHaClNS 
CisHzzClNOzS 
CIOHZKC~ZNOZS' 

CIQHUCINOZS 

CzoHzaClNSz 

7 c ,  %-- 7 - H ,  %-- --N, %-- 
Calcd. Found Calcd. Found Calod. Found 
6 7 . 6  66 .9  6 . 8 8  6 . 7 0  4 . 3 9  4 . 3 6  
6 1 . 6  6 0 . 8  6 . 7 0  6 . 4 1  3 . 7 9  4 . 0 9  

6 7 . 6  6 6 . 8  6 . 8 8  6 . 7 0  4 . 3 9  4 . 4 0  
61 .5  6 2 . 0  6 . 2 5  6 . 0 2  3 . 9 5  3 . 7 2  
56 .7  5 6 . 9  6.21 6 . 6 6  3 .48  3 .43  

6 2 . 4  62 .5  6 . 6 1  6 . 6 0  4 . 0 6  4 . 0 4  

6 3 . 2  6 3 . 8  6 . 8 5  7 . 2 0  3 . 7 2  3 . 8 9  

CHCHOHCHzCl SOClZ H202 
RSH + RSCHzCHCHa + RSCHzCHCHa + RSOzCHzCHCHa 

I a c1 I KOH 

CeHaCHz~$CHzCHzOH 
OH / 

// H O C H ~ C H ~ N H ~  I CBHKCHZNHCHZOH 
(A) J. (B) 

RSCHzCHCHa CaHaCHzCl 
I -+ HNCHzCHzOH 

1 RSCHzCHClCHa 

RSCHzCHCH3 
I 

RSCHzCHNCHzCHzOH 

chloropropyl aryl sulfides or sulfones (Chart I) .  At- 
tempts to obtain the bis sulfones by treating 1-(4- 
methylphenyl sulfone)-2-chloropropane with mono- 
ethanolamine failed, giving only the corresponding 
alcohol. It was shown to be identical with a sample 

HzSCHzCHzOH 

KzCOa 
CH~C~H,SC~CHZCHCICH~ -- + 

CHaC6H&3OzCHzCHOHCHa 

obtained by aqueous alkaline hydrolysis of the chloro 
sulfone. 

N.m.r. Spectra.-The n.m.r. spectra (Table 111) of 
dibenzyline and sulfide XVI  (as bases) indicated that 
they exist in the open form and not in the cyclic thia- 
zonium structure. 

TABLE I11 
N.M.R.  SPECTRA^ 

a e  a e  
CsHsOCHzCHCHa CaHsSCHzCHCHa HzNCHzCHzCl 

Hydro- I I f d o  
gen CsHsCHzNCHzCHzCl CsHsCHzNCHzCHzCl 

a b  d o  a b  d c  

6 6 6 
H, 7 . 0  7 . 1  . . .  
Hb 3 . 7  3 . 6  . . .  
HO 3 . 2  3 . 2  3 . 3  
Hd 2 . 7  2 . 7  3 . 0  
H. 1.1 1 . 2  . . .  
Ht 1 . 2  
a Given in 6 values; 6 = 0 for ThIS internal standard; taken 

in CCll on a Varian A-60 spectrometer. 

RSCHzCHCH3 RSOzCHzCHCHa 

C~HsCHzikCHpCH~OH C ~ H ~ C H ~ ~ ~ C H ~ C H Z O H  
S0ClzJ I 

RSCHzCHCH, RSOzCHzCHCH3 
I I 

CaHsCHzNCHzCHzCl CsHjCHzNCH2CHzCI 

Rate of Hydrolysis.-The rate of hydrolysis (SN1 
solvolytic reaction) was carried out to establish the 
relative maximum per cent of hydrolysis (Figure 1 

90 

If 
-7 

I1 - -. 

3 9 26 74 160 250 
Time, hr. 

Figure 1.-Hydrolysis curves of N,N-disubstituted p-chloro- 
ethylamines (mole %/hour): 0-0, CBH~S;  0-0, C&50; 
O--U, p-CHaC6HaS; 
p-CHaCeHaSOz; 0-0, C6HsCH2S; O----O, C6HsCHzSOz. 

m - 4 ,  C6HbSOz; G-0, (CsH,S-)z; A-A, 

and Table IV). The experimental data allowed us 
to classify the compounds in three groups: (a) sulfides, 
showing the greatest hydrolytic rates especially the 
bis sulfide; (b) phenoxy derivative (dibenzyline), hav- 



C H ~  C,H CH- C ,  H, 

CbH,SCH,CHCH 
I + H- 

\dfol1es 1vher.e there 13 110 1)o~sibllity of a iulfoiiiuiii 
itructure, the hydrolyhii t:tkci place at a lower rate 
probably through an ethyleiif~imoriiuiii ion mechanism. 

Hetweeri the two alternative, of the SL 1 mechanism. 
foriliatioil of the ethylene-iiiioniuiri ion or of the thi- 
azoline-zulforiium ion, the latt ('1 I \  tlicii the fa\ ored o~ ic .  
It w : i ~  iiot possible to detect thc 1)resenre of :in ethyl- 
me-imoiiiuni iori by the niethotl of Golunibir, Frutoii, 
a i id  Bcrgiiiaiiri' 111 the tested d f i t i e  derivative. 

Pharmacological Tests.--The adrenolytic activity 
was determined in dogh arieithetized with iiembutal 
with iritraperitorieal doses of 50 mg./kg., prepared for 
direct carotid arterial pre-wrc recording. Actual 
r e v e r d  of thc pre\ior i ~ . p o i i v  1 o epiiieplirirtc v a, 

C,H,CHLNCHiCH-OH 

t i J  I ( roluini~i i  I 5 1 1 1 1 t o i i  al i i  \ i  Hriprii8ii I 0 , ~  Chtin 11, 513 

(8) \I Nil herson and \\ C i l l l i i I i  J I ' I ~ L ~ I M L C U I  I spll I i ' i a p  97, 2 i  
( IOlh )  

(lY4Y) 

Experimental Section 
Arylthiopropanols. General Method.--- A aoluti~iii of ) I  1 

(57 g.) ill 30 nil. of water and 120 ml. of ethanol was added slowly 
ivitli rtirritig to  0.91 niole of redistilled thiol. The mixture w t i  

boiled for 1 hr. after which time 0.95 mole oF propylene chloro- 
Iiydriii TVIS added. After refluxing for 3 hr., the solution n-a- 
cooled, the KCI m i d  removed, and the alcohol was distilled. 
The reiiiaiiiirig oil a-as poured iiito water, extracted with CCI,. 
washed with 10"; SaOH and again with water, and dried. After 
distilling the solvent, the product was distilled under wicuuln. 
\Tith thi-; procediire the following compounds were prepared : 
l-pheiivlthio-2-prop~ii~~l~ vehwoil ,  b.p. 115-1 16" (2-3 "I), yield 
72" ,  ; 1-(4-methylphen~lthio)-'2-propa~iol, YelloR- oil, h.p. 123- 
126' (2-:3 nixxi.), yield 7 j C  ; l-benz?.lthio-2-propanol, y e l l o ~  
oil, b.p. 126-128" ( 2 - 3  Inin. j ,  yield 63', . 

Arylthioisopropyl Chlorides . - - l -Phe~iyl thio-~-chlorupro~~~ 
w-a:: obtained by three methods. (1) To 0.36 mole of 1-pheliyl- 
thio-2-propanol ill :I tliree-necked flask equipped with a dry- 
:iir injector, :I cwiideiiser, :uid a separntory funnel, wis added 
s l o d y  :ii 0" 0.27 ~iiole of thionyl c~hloride. The gases were eliiiii- 

nated tiy air injection for 3 hr. ilnother t l . 3  ~ n u l e  of thioiiyl 
cshloride was added,  hen injection of air wis stopped, :in11 0 . i  
inl. of pl-ridine T V ~ S  added; the mixture was heated at, SO-00" Cor 
2 hr. and poured into vrnter. The oil was separated, washecl 
with Ill:; N:iOH, est.r:itted x i th  CCI,, washed with witvr .  
dried, :tiid distilled; b.p. 106-108° (5 mni.), yield 97' . 3  

To 50 nil. of dry CBCI3 aiid 22 r id .  of dry pyridiiie w:i; 
added 0.18 mole of l-pIieiiylthio-2-propai~ol aild the mixt itre wa* 
cooled iii :it1 ic*e batll, while 40 g. of t hioiiyl chloride \vas s1od.v 
added. hf te r  2 hr. r i f  stirriiig iintier refliix the, riiistiite w a ~  
r*ooled aiid treated :is i i i  iiirtlii~d 1, yield 35"l .  

( is) 'l'he (>oiivei,>ititi (J I  L ' - l i y ~ t ~ i i x y i ~ i ) ~ ~ ~ i ~ p ~ ~ l  ~)Iirii> I - i i l f i t l r  :t- 

i i  itliczt rcl hy Fu-i) i l  :it i t i  IG ~ r l  I iirkoy \v:L> u,etl. 
1-(4-R.lethylphenylthi0)-2-chloropropane \ V : I ~  ol,i:iiiiatl I)>, 

( 2 )  

d) I < .  ('. I I I ~ I ~  wiil . J .  11. liuelli~eke. ./. UIV.  C ' h e n ~ . ,  14, 706 (1949) 
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niethod 1; yellow oil, b.p. 114-116' (5 nmi.), yield 93(;{,. 
1-Benzylthio-2-chloropropane was obtained by method 1. 

Care should be taken not to heat above 60" during chlorination; 
yield 977,, yellow oil, b.p. 122-128" (5 mm.). 

1-(Phenyl sulfone)-2-~hloropropane.~-To 0.07 mole of 1- 
phenylthio-2-chloropropane and 70 ml. of glacial acetic acid was 
added (stirring) during 20 min., 23 ml. of 307, hydrogen per- 
oxide. Stirring and warming were maintained for 6 hr. a t  70- 
80". After distilling the solvents a t  reduced pressure, the re- 
maining oil was distilled in vacuo; colorless oil, b.p. 166-168" 
(5 mm.), yield 9 3 5 .  

1-(4-Methylphenyl sulfone)-2-chloropropane, using the previ- 
ous method, was obtained as a colorless oil, b.p. 154-158O (2 
mm.), yield 947,. 

1-(Benzyl sulfone)-2-chloropropane.-Using the previous 
method and after distilling the acetic acid, the residue crystal- 
lized on cooling. Crystallization from petroleum ether (b.p. 
60-80') afforded whit,e needles, m.p. 80". The yield was 85%. 
Distillation at 2 mm. occurred wit'h great decomposit'ion a t  176- 
182". 

N-(Phenylthioisopropyl)-6-hydroxyethylamine (VI).-To 
0.65 mole of boiling monoethanolamine was added 0.13 mole of 
1-phenylthio-2-chloropropane in 1 hr. The mixture was re- 
fluxed for 4 hr., cooled, poured into water, and diluted with ether. 
The separated organic layer was washed tnice with 2 S HC1, 
then with water, dried, and evaporated t'o give an oily product 
which was distilled in z~ucuo a t  152-158' (2-3 mm.); yield 89%. 
The dense oil was freely soluble in ethanol and insoluble in water. 

Anal. Calcd. for ClllH1&OS: S, 6.63. Found: N, 6.49. 
N-( 4-Methylphenylthioisopropyl)-p-hydroxyethylamine (VII). 

-Condensation was carried out in the same way, but the greater 
part of the monoethanolamine was distilled in vacuo and the 
residual oil was poured into water. The mixt,ure was made 
alkaline with 10% aqueous YaOH and extracted with benzene; 
oil, b.p. 162-164" (3  mm.), yield 96Yc. 

Anal. Calcd. for C12HlaNOS: N, 6.22. Found: X, 6.22. 
N-Benzylthioisopropyl-p-hydroxyethylamine (VILI) was ob- 

Anal. Calcd. for C12H,,NOS: K, 6.22. Found: N, 6.19. 
N-N-Disubstituted aminoethanols (Table I )  were obt,ained by 

two methods. (1) To 0.09 mole of VI, VII, or VI11 were added 
0.09 mole of benzyl chloride, 7 g. of anhydrous KzCO3, and 50 ml. 
of absolute ethanol. The mixture was heated under reflux for 
8 hr. After distilling 40 ml. of the solvent, the mixture was 
heated a t  120" for 3 hr., then cooled, poured into water, made 
basic with 10% SaOH, and extracted with benzene. The ben- 
zene solution was washed with xater, dried, and distilled under 
vacuum. 

(2) 4rylthio-2-chloropropane (0.08 mole) (including 1- 
benzylthio-2-chloropropane) was mixed with 0.08 mole of N- 
benzylaminoethanol, 7 g. of anhydrous KzCOI and 35 ml. of abso- 
lute ethanol. The mixture was heated a t  reflux for 8 hr., 25 ml. 
of the solvent was distilled, and the mixture was heated again 
in an oil bath a t  120" for 3 hr. The procedure n-as continiied as 
in 1. Compound XV, N,N-bis(phenylthioisopropy1)-&hydroxy- 
et'hylamine, was obtained in the same way by replacing the K- 
benzylaminoethanol with compound VI. 

N-(Aryl isopropyl sulfone)-N-benzyl-P-hydroxyethylamine 
(XII-XIV).-A mixture of 0.07 mole of N-benzylaminoethanol 
and 0.07 mole of the (aryl sulfone)-2-chloropropane [including 
1-(benzyl sulfone)-2-chloropropane] was cooled in an ice bath. 
Absolute ethanol (40 ml.) and 4 g. of anhydrous K2C03 were 
added and the mixture was heated under reflux for 2 hr. The 
alcohol was evaporated, and the heating was continued for 3 hr. 
Cold water was added to  the residue, and the mixture was 
extracted with ether. The organic phase was washed with 1 
S HCl, then with water. The ether was evaporated and the 
product again was dissolved in anhydrous ether. Anhydrous 

tained as TI; dense syrup, b.p. 170-175" (5 nim.), yield 76%. 

acetone saturated with HC1 was slowly added wit'h stirring. 
The hydrochloride of the products crystallized as soft flakes; 
they are very hygroscopic. The free bases were obtained by 
dissolving the salts in dilute YaOH and extracting with ether. 
They are undistillable syrups, soluble in organic solvents and 
concentrated HCl. 

N,N-Disubstituted P-Chloroethylamines (Table II).-The 
corresponding hydroxyet'hylamine (0.05 mole) in 40 ml. of dry 
CHC1, was cooled in an ice bath and saturated with HCl. Re- 
distilled thionyl chloride (0.06 mole) in 15 nil. of dry chloroform 
was added dropwise. The resulting solution was heated a t  
SO" for 3 hr., the solvent was removed, and the semisolid residue 
was dissolved by warming with 40 ml. of ethanol which contained 
10 ml. of concentrated HC1. The filtered solution, treated with 
charcoal, was cooled and adjusted to  pH 8 with dilute XaOH. 
The oil which settled to  the bottom was extracted with CHCI, 
and the CHC13 extract was washed with water, dried over sodium 
sulfate, and distilled under reduced pressiire. The yields are 
listed in Table 11. An attempt was made to distil the oily, free 
base at  0.025 mm. but decomposition took place. The hydro- 
chlorides were obtained by passing a stream of dry HCI over a 
cooled solution of the free base in dry ether. 

Chlorop1atinates.-To a lo%, alcoholic solution of the free 
base was added dropwise a 10% aqueous solut'ion of chloro- 
platinic acid and the mixture was left 24 hr. a t  room tempera- 
ture. The precipitate was collected, washed with water then 
acetone, and dried in vacuo. All of the chloroplatinates were 
yellow-orange crystals. 

Attempted Synthesis of N,N-Bis(4-methylphenyl isopropyl 
sulfone)-p-hydroxyethylamine.-l-(4-Methylphenyl su1fone)S- 
chloropropane (0.1 mole), 0.05 mole of dry monoethanolamine, 
6 g. of anhydrous K2C03, and 20 ml. of absolute ethanol were 
refluxed for 3 hr. After distilling the alcohol, the mixture was 
heated in an oil bath a t  120' for 2 hr., then cooled, poured into 
water, made alkaline, and extracted with CHC13. Removal of 
the CHC13 a t  reduced pressure gave an oil, b.p. 142-158" (3 mm.). 
The distilled product was cooled giving 15 g. of a crystalline solid. 
Crystallization from acetone-petroleum ether gave white nee- 
dles, m.p. 94". The product was identified (mixtiire melting 
point) as 1-( 4-methylphenyl sulfone)-2-propanol which was also 
obtained by alkaline hydro 

Anal. Calcd. for CloHl : C, 56.07; H, 6.54; mol. wt., 
214. Foiind: C, 55.94; H, 6.28; mol. wt., 210 (Rast). 

Hydrolysis Curves.'-The chloroethylamine (free base, listed 
in Table I V )  ( 2  mmoles) was dissolved in 70 ml. of acetone and 
diluted to  100 ml. with distilled water in a flask with a ground- 
glass stopper. The solution was maintained a t  37'. Aliquots 
of 20 ml. were extracted and ionic chloride was determined 
with 0.1 S AgNO3 using dichlorofluorescein (in 0.1% aqueous 
alcohol) as an indicator. 

Ethylene-Imonium Cation Test.'-To 20 ml. of 2 mM % 
aqueous acetone solution of the chloroethylamine, 10 ml. of 0.1 
M Ka2S203 was added, and the solution was allowed to stand 
for 10 niin. a t  37". Excess thiosulfate was determined with 
0.1 A'iodine. In every case the test was negative. 

Infrared spectra were made for one sulfide, one sulfone, and 
the bis sulfide, showing the following maxima: XVI, 2990, 
2980, 1700, 1650, 1490, 1450, 1385, 1110, 1090, 1080, 1030, 740, 
and 700 cm.-'; XIX, 3500, 2990, 2980, 1700, 1650, 1490, 1450, 
1385, 1300, 1150, 1110, 1090, 1080, 740, and 690 em.-': XXII,  
3000, 2990, 1750, 1650, 1480, 1450, 1385, 1300, 1250, 1120, 1090, 
1050, 1030, 740, and 690 cm.-l. 

of the starting material. 
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