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Despite the presence of the ammonium salt moiety, 
which usually decreases stability,5 2 seems considerably 
more stable than the salt 1,4-bis(2-aminoethyldithio)- 
butane dihydrochloride (19-35%, 3 hr) and indeed 
seems comparable to the amide of this butane compound 
(>20% 72 hr) in being one of the most resistant to 
disproportionation we have encountered.5 Similarly, 
disulfide 3 disproportionated to the extents of 6% in 
22 hr and 13% in 72 hr. 

Experimental Section6 

2-Acetamidoethyl 2-(n-Decylamino)ethyI Disulfide Hydro- 
chloride (2).-2-(n-Ilecylamino)ethyl 2-(n-decylamino)etharie- 
thiolsulfonat,e dihydrochloride (1, 13.44 g, 25.0 mmoles)' was dis- 
solved in a boiling mixture of C H d X  arid EtOH (500 nil, 1: l), 
:tiid the soliiLion was cooled to room temperature. 2-Acetamido- 
cthaiiethiol (2.98 g, 23.0 mmo1es)s then was added in one portion 
with stirring. The mixture was stirred for 3 hr more and then 
was chilled at, ea. 10" overnight: filtration then removed traces 
of unreacted thiolsulfonate 1. Evaporation of solvent below 30" 
gave solid, which was dissolved in a minimum of CHCI, (23 ml). 
The CHC13 solution was placed 011 a chromatographic column 
(24 x 300 mm of AIerck acid-washed a1umiria)g aiid was eluted 
with CHCl,. Evaporation of the first 500 ml of eluate gave 
crude 2 (6.51 g). Recrystallization from dioxane gave 3.00 g 
(.i4%) of pure 2, mp 133-156", unchanged by further recrystal- 
lization. The infrared spectrum showed the expected absorp- 
tions (cm-1): 3420 (b), 3310 (s), 2440 (m) (characteristic of the 
n-decylamino hydrochloride moiety),Z 1650 (s) and 15,50 (s), in 
addition to a new absorption band a t  1430 (s) not shown by either 
symmetrical disulfide, and nearly complete absences of 773 (m) 
arid 760 (m)  (doublet), which appeared in n-decylaminoethyl 
disulfide dihydrochloride. Similarly prepared material with a 
somewhat lower melting point (identical infrared spectrum) was 
analyzed. Thin layer chromat,ography (95yc ethanol on East,man 
Chromagram Type K301R; silica gel) showed only a single spot 
after development by expositre to iodine vapor (Ri 0.52). 

Anal. Calcd for C16H3:C1?;10S;1: C, ,51.79; H, 9.51; N, 7..i.i; 
S, 17.28. Found: C, 31.64; H, 9.63; X, 7.36; S, 17.17. 

3-Acetamidopropanethiol.-In a modified procedure based on 
one for 3-amino-1-propanethiol of Turk and co-workers10 and 
oti an acetylation procedure essentially like one for 2-acetamido- 
ethaiiethiol,3 a solution of S a O H  (40 g, 1.0 mole) in NeOH (200 
nil) was thoroughly saturated with H& A continuous stream 
of H2S was maintained throughout the reaction. 3-Chloro- 
propylamine hydrochloride (65 g, 0.50 mole)11 dissolved in MeOH 
(70 ml) then was added during 0.5 hr with vigorous stirring a t  
30-60' (exothermic reaction). Solvent was then removed aiid 
CHC1, (350 ml) added, together with anhydrous RIgSOa (30 g) 
to  remove water. The mixture was heated under reflux for 13 
min under Sz and cooled, and solid then was removed by filtra- 
tion. Acetyl chloride ( 2 5  ml, 0.33 mole) then was added dropwise 
to  the rapidly stirred filtrate over ea. 20 min. After having been 
stirred for 3 hr more, the solut,ion was shaken with sat,urated 
SazSOl solution (20 ml) and the CHCl, layer was separated and 
evaporated (760 mm) to 12.0 g (367,) of oil, which on titration 
with 0.1 iz' 12-KI indicated 767, purity. 

( 5 )  L. Field, A .  Ferretti. and T. C. Olven, J .  O r g .  Chem., 29, 2378 (1964). 
( 6 )  Melting points are corrected. Elemental analyses nere  b y  Galbraith 

Microanalytical Laboratories, Knoxville. Tenn. Infrared spectra were ob- 
tained using a Perkin-Elmer Model 13713 or Beckman IRlO spectrophotome- 
ter with KBr  pellets; s, signifies strong; m. medium; w, weak; b, broad. 
Evaporation of solvents usually !vas done under reduced pressure using a 
rotating evaporator. 

(7)  Kindly provided by Dr. Thomas R. Sweeney of the  K a l t e r  Reed 
Army Insti tute of Research; 

(8) R. Kuhn and G. Quadbeck, Chem. Ber., 84, 844 (1951). 
(9) No difficulty was experienced with coliimns packed ~ i t h  CHCh. 

However, with a related series of decylaminoethyl disulfides, n.e occasionally 
got very poor arparations. which we attribute io loo basic a n  alumina. TVrt 

lilts when siich aluminas nere  stirred 30 xcc in CHCll satii- 
ani1 tlien I\ ere IJacked in the column rising tliis mediiim. 

Should separations with 2 or 3 give difficnlty, therefore. this procedure may 
eliminate the  dificulty. 

(10) S. D. Turk ,  R. P. Loritlian. R .  L. Cobb, and C. R .  Ijresson. J .  Org. 
Cirem.. 27, 2846 (1002). 

(11) u.  s. 'L't<rI~cll and u. 1'. Calncro11. J .  . l r n .  C'/ie?r~. S o c . ,  7 8 ,  2731 (1956). 

prepared by the  procedure of ref 2 .  

3-Aeetamidopropyl 2-(n-Decylamino)ethyI Disulfide Hydro- 
chloride (3).-3-Acetamidopropanethiol (5.50 g of 7670 thiol, 
equivalent to 31.4 mmoles of pure thiol) was added to an EtOH- 
CHzCla solution (500 ml, 1 : 1) of thiolsulfonate 1 (14.00 g, 26.0 
mmoles), and the reaction mixture was worked up exactly as 
described for the 2-acetamidoethyl derivative (2). The crude 
product after being washed with acetone crystallized from 
EtOH-EtOAc as prisms (6.48 g, 6 5 5 ) ,  mp 122-123", unchanged 
by further crystallization. Similarly prepared 3 (identical infrared 
spectrum) was analyzed. 

Anal. Calcd for C17H37C1S?OS2: C, 53.02: H, 9.69; S, 7.28; 
S, 16.6S. Found: C, 52.!)3;  H, 9.40; N, 7.41; S, 16.85. 

The infrared spectrrim showed absorptioris as expected and 
closely resembled the spectrum of 2. 

Disproportionation of 2-Acetamidoethyl and 3-Acetamidopropyl 
2-(n-Decylamino)ethyI Disulfide Hydrochloride (2 and 3).- 
The disulfide 2 (about 1 mmole, precisely weighed) in EtOH (10 
ml of 95yc) w-as heated a t  100' in a sealed vial wrapped with A. 
foil for either 22 or 72 hr, and the vial then was chilled in ice1 
Solvent was removed from the contents of the vial, and the 
residue was rubbed well with purified dioxane (15 ml), in which 
only acetylcystamine, of components present, is significantly 
soluble. The resulting slurry was filtered, the residue was washed 
with a little more dioxane (9 ml), and the filtrate was evaporated. 
The acetylcystamine left then n a s  dried to  constant weight under 
reduced pressure; its identity and purity were established by 
its siiperimposable infrared spectrum. Calculations of the extent 
of disproportionation were done as us~ial .~~>13 

Identity 
of the 3-acetamidopropyl disulfide was shown by melting point 
and mixture melting point and by comparison of the infrared 
spectrum with that of a sample prepared by reaction of HzO? 
or1 3-acetamidopropanethiol. With both 2 arid 3 the reaction 
mixtures were homogeneolls throiighont a t  loOD and a precipitate 
only appeared on cooling. 

The propyl derivative 3 wab doiie in the same way. 

(12) Validity of this means of estimating disproportionation was estab- 
lished b y  making three sample mixtures of 2,2-(n-decylamino)ethy1 disulfide 
dihydrochloride, and acetylcystamine, as  though disproportionation of 2 had 
occurred to  the extents of 10, 60, and 90%. Calculation of "disproportiona- 
tion, %" for these mixtures from acetylcystamine, isolated as  described, gave 
reasonable check results of 10, 61, and 85%.  X1-e are indebted to  Dr. J. D. 
Buckman for suggesting the  use of dioxane after a number of other separa- 
tions had given poor results. 

(13) L. Field, T. C. Owen, R. R. Crenshan, and A .  \I-. Bryan, J .  A m .  
Chem. Soc., 83, 4414 (1961). 
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Thiolsulfonates of the structure RS02S-aryl arid 
RS02SCC13 (R = alkyl or aryl) have been prepared 
by the reaction of metal sulfinate and sulfenyl chlo- 
ride. This paper, following our earlier brief reports, 
describes the synthesis by a similar procedure of the 
compounds RS02SCF3 and unique reactions of these 
compounds with mercaptans and with a i i i i i i e ~ . ~ , ~  
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( I )  Thip investigation was supported by 1'. S.  l'Lil>lir l l ~ a l i l i  Sor\-i(,e 
Research Grant IlII 00420, Division of Kndiolu~iral  I l ca l t l i .  
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and J. P. Weidner, 153rd National Meeting of the .\merican Cliemiral 
Society, hliaini I3eacli, Fla., 1967. .\l)stract 0 109. 

(:1) S. S. l'pluuk and J .  1'. N'tlidner, Xoture,  214, 478 (1'9ti i). 



gated for heveral years iri their ioles :th pt1-ticid~b.4 
Since the toxicity of the compounds heenii t o  involx-CJ 
the ttepwise reaction of the SCC1, group, it n 
terest to prepare the fluorine analog* and t o  
their activity against microorganisms. 
that the trifluoromethyl thiolsulforiitt 
a~itimicrobial.~ Thib finding led 115 to 
iiitture of the rractioii between trifluoromc~thyl t h i o l d -  
foiiates and mercaptan>, sirice the SH group I I I  thc  
living cell may be the site of attack :ii I- lielirvcd 111 tlic 
cithe of the SCCI, group I n  the 1:ittcr c i i ~ e .  thc .ti- 

quence of rextioii- between t n  )romethyl 3.1-dichlo- 
robenzeriethiolsuliorlate arid c iiie has heeii po\tii- 
lated to p r d u c c  ii *ulhnic : ~ cy-tiiicl. :iiitl thio- 
~ ~ h o s g e n e . ~  We looked for the fliionrie :iiialog of thio- 
phosgericl i n  reitction. brltn e w  mcwaptaii. : i t id  t i  I- 

fluoromethyl thiolsulfonates but could dc\tc>c.t i i o t i ( '  

Instead, J\ e isolated two wlid product. the disulf~(lr~ 
of the  mercaptan und :I thiolwlfoiicit c liSOLS1< ' 
\\-hew K came from the trifluo~omethyl thio1sulfoti:it c' 
:ind I<' from the niercaptaii. 

Thc general reaction ot thiolsulforiatei \z ith mer -  
c:iptaiis8 IS r:tpid. and oiic' c:iriiiot geiierally preparc 

ILSO~SI;' + I:"SII --- I M ~ I I  + i i ' -hr t{ '  1 1 )  

thiolsultonateb from hulfoiiyl chloride- aiid mercirpturiS 
because reaction 1 follow imniediately. When tri- 
fluoromethyl thiolsulfunateh were treated with mer- 
cuptans it waq obierved that :L \v:t- p rod~ced  Th(,  
reaction wab then run 111 :I rlc sp-teni :uid the ga- 
was collected arid csaniined by infrared :tiid m: 
5pectroscopy. The 1iia5q ipectrometric crac1,iiig pat- 
tern ol the h a m p l e  hhon ed ;I peril, corre-poiidiiig iii 

Kheii 

l't,.t- .110\1 ed 

to SC'Fj. -liggeitlng thnt t he  ~t:i. 

produced :~ccording t o  e(1 2 .  
I--\ 

H r ~ S O - S ~ C H  + CF SH ( 2 )  

solutions of trifluoromethyl thiolsulforiatc iiiitl incr- 
captan were added at  once, rather than drop\ii$e, thcx 
reaction proceeded nearly mole for mole a:, iii eq 2 
In this manner an SOYo yield of p-tolyl p-hromoben- 
zenethiolsulfonate obtained arid no p-tolyl di- 
d f i d e  was iyolstted. In thib reaction. which required 
less than 3 miii, the gas was noted effervescing arid an 
offerisive odor, attributed to CFiSH, was immediately 
apparent 

The cour-c of reaction 1 has tweii explained :IS being 
effected by ti  1oc:tlixatioii of cliiirge\ i t i  \howl i i i  eq : < . ' I  

8 -  6+ 
0 
1 6- 6 +  

1 
RS-SR' + 1i"b--H - RSO H + Ii'bdK" ) )  

0 
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T.4BLE 1. 
TRIFLUOROMETHY~ THIOSULFOKMES 

RSO~SCFI 

Coinpd 

1 
2 
3 
4 

5 
6 
7 
8 
(3 

10 

Infrared 
absorp 
(sod. u 

7.32 ,8 .33  
7 . 3 0 , s .  53 
7.38,8.50, 

8 . 5 8  
7.30, 8 . %  
7.32 ,8 .53  
7.37,8.60 
7.30,8 .33  
7 .32 ,8  .57 

7.30 ,8 .50  

--Carbon, 7c- ,Hydrogen, "7- -Fluorine, Yo- 
Calcd Found Calcd Found Calcd Foiind 

13.33 13.65 1.66 1.78 31.63 32.24 
27.20 27.8.5 4.08 4 .21  25.64 26.03 
38.83 38.88 6.1,5 6 .30  20.47 21.93 
52.68 53.43 7.80 8.74 14.70 17.91 

34.71 34.94 2.08 2.04 23.33 24.06 
37.49 37.41 2.75 2 .67  22.24 23.23 
39.99 39.88 3 .33  3 .37  21.08 2 2 . 2 3  
30.38 31.46 1 .45  1.49 20.31 21.03 
26.17 26.56 1 .22  1.49 17.74 14.24 
32.72 32.88 1.52 1.72 17.23 17.03 

-- Sulfur, ?h--- 
Calcd Found 

35.59 36.25 
28.83 28.95 
23.03 23.20 
16. ,54 13.39 

26 47 26 8 2  
25 02 23 90 
23 7 2  22 79 
23 20 22 76 
19 98 20 03 
19 41 

I n  rilro 
bactericidal 

act.. 
M L D ~  

120 
>lo00 

1000 
600 

120 
120 
120 
500 

120 
(1 Analyses performed by G. n'eiler arid F. B. Strauss, Oxford, England, and Galbraith Laboratories, 111c.~ Kno.wille, Tel i i i .  Mini- 

niuin lethal dose in parts per million to Staphylococcus aweus (see text). 

T ~ R L E  IIa 
ItE iCT1Oh BET\\ EEh TRIFLUOROMETHYL THlOLSULFONdTES A S D  1\IERC WT 1x5 

RSO~SCFB + HSR' + RSOzSR' + CF3SH 

No. 
1 
2 
3 
4 
.5 
6 
I 

8 

9 

10 

Yield, 
70 Alp, o c  

50-51 
104-105 

43 75-77 
39 130-132 

55-56 
67 93 5-94 5 
80 122-123 

---- RSO,SR'-____------- 
Lit. I r  --C, %----H, %-- --Br, 70- --S, %- 

mp, O C  (SO?), p Calcd Found Calcd Found Calcd Found Calcd Found 
52-54b 7 .50 ,  8. TO 

104-105c 7 . 5 0 , 8 . 7 2  
77-7gh 7 . 5 2 ,  8.78 

13OC 7 . 4 0 , 8 . 7 0  
5 5 d  7 . 5 0 , 8 . 7 5  

107  7 . 4 8 ,  8 . 7 4  45.48 4 5 . 5 0  3 . 2 3  3.OH 2:3.28 22 .82  18.67 18 .33  
7 . 5 2 , 8 . 7 2  45.48  4 5 . 5 0  3 . 2 3  3 . 3 4  23 .28  2 8 . 2 3  1 8 . 6 i  1 8 . i 5  

*:D 70 138-139 1411 7 . 4 2 , 8 . 6 8  

C6H4CHa-m 50 216-217 7 . 4 2  51 .12  50 .95  3 . 4 0  3 . 3 5  

CsHaRr-p l l i -118  7 . 5 5  3 1 . 4 5  3 2 . 9 0  2 . 6 4  2 . 6 1  
7 . 5 2 , 8 . 7 2  

7 . 5 9 , 8 . 7 7  

18 .19  18 .34  

24 .00  2 5 . 6 2  

a Nelting points are corrected. 

e Reference 12. 

Analyses were performed by Weiler and Strauss, Oxford, England, and Galbraith Laboratories, 
c G. Kresze and W. Kort, Chem. Ber., 94, 2624 (1961). E. Fromm and F. Erfurt, ibid., 

f D. Spinelli and A. Salvemini, Ann. Chim. (Rome), 51, 1296 (1961). 
Inc., Knoxville, Tenn. 
42, 3816 (1909). 

b Reference 15. 

frared spectral data indicate the production of their 
mixed thiolsulfonates. 

Like other thiolsulfonates the trifluoromethyl thiol- 
sulfonates possess antibacterial activity. As may be 
noted in Table I, the aromatic members demonstrated 
moderately high bactericidal power but, except for the 
methyl derivative, the aliphatics were low in activity. 
Sone of the trifluoromethyl thiolsulfonates exhibited 
the very high bactericidal potency shown by the tri- 
chlorovinyl thiolsulfonates.13 

Experimental Section 

Trifluoromethyl Thiolsu1fonates.-Purified zinc p-toluene- 
bulfinate dihydrate ( 7 5  g, 0.184 mole), 500 ml of ethyl ether, and 
10 drops of dimethylformamide were stirred and 50 g (0.368 mole) 
of trifluoromethanesulfenyl chloride14 was slowly introduced 
over a period of 2.5 hr a t  a rate which maintained the temperature 
between 23-31'. Stirring was continlied for another 0.5 hr after 
addition and then the solution was filtered through a sintered- 
glass funnel. Aboiit half of the ether was removed by aspirator 
and the remaiiiirig ether aolut,ion was washed well with water. 
The ether was dried (Na2S04) and then removed (vacuum). 
The residue of 73 g (78yo) of yellowish product had strong in- 

(13) J. P. Weidner and S S. Block, J .  M e d .  Ckem , 7, 671 (1964). 
(14) Available commercially from Penineular Cliemresearch, Inc., 

Gainesville, Fla. 

frared absorption at  7.3, 8.5 (typical of SO, in trifluoromethyl 
thiolsulfonates), 9.05, and 9.13 (CF3) F.  A sample of the com- 
pound was purified (tlc). A dilute (ea.  574) ether solution was 
chromatographed on silica gel GFZja (Brinkman) and developed 
in benzene. Usually one strong band was present on the plate 
which was easily visible under uv light a t  about. Rr 0.4. 
This band was extracted with et'her, and the ether was removed 
(vacuum). 

Reactions of Trifluoromethyl Thiolsulfonates with Mercaptans 
and Amines. A. Reactions with Mercaptans (Table II).- 
Since relatively large amounts were used, the crude RSOzSCF3 
used after chromatography showed it to contain a minimum 
of impurities. All mercaptans and disulfides used in the experi- 
ments were available commercially from Aldrich Chemical Co. or 
Eastman Kodak Co. 

The general method of preparation of mixed thiolsulfonat es 
can be illustrated by the reaction between trifluoromethyl p -  
toluenethiolsulfonate and p-bromot,hiophenol. To a solution of 
2.36 g (0.01 mole) of the crude trifluoromethyl p-toluenethiol- 
sulfonate in 10 nil of absolute EtOH was added in one addition 
1.89 g (0.01 mole) of p-bromot.hiopheno1 (Aldrich, recrystallized 
t,wice from absolute Et,OH) in 10 ml of absoliite EtOH. The 
soliition was swirled aiid polired into a cryst,allizing dish aiid with- 
in d min small, flat When precipi- 
tation had stopped, the product was removed by filtratioii, dried, 
and weighed, giving 1.73 g of material, mp YOo, infrared 7.48 
(s)  and 8.74 p (a) (SO2 in luisnbstituted t,hiolsulfonates). This 
compound was recrptallized once froni l?t,OtT :inti twice frtrm 
isopropyl ether aiid had nip (38.5-94.5'. 

The initial filtrate was chromatographed 011 silica gel GFr;4 
using a solvent system of 30-60" petroleum ether-benzeiie 1 : 1 
by volurne. Under LIV light two distiiict, marly equal sized 

,lals hegaii to precipitate. 




