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and poured into 15 ml. of ice water. The vhite solid that 
precipitated was removed by filtration and dried at 60" 
tn vacuo over phosphorus pentoxide; yield, 430 mg. (64%); 
m.p., 83.5". A,,,,, in mp ( e  X loe3): pH 1-238, 298 (15.9, 
14.3); pI l  7-288 (17.9); pH 13-288 (17.9). 

Anal. Cnlcd. for C8HllC1N4S: C, 4450, H, 4.51; CI, 
14.59. Found: C, 44.46; H, 4.50; C1, 14.52. 

llclLnowledgment. The authors are iiidcbted to 
Dr. W. J. 13arrrtt and the members of the Ailalytiral 

Sectioll of Souther11 Research Iilstitute who per- 
formed the spectral alld most of the microslla~ytical 
deterniiiiations reported, and to  N r .  C. L. Kussner 
for technical assistance. Sonie of the analyses re- 
ported were performed by the Galbraith IlIicro- 
analytical I,uborutories, Ilnoxville, Tenn. 
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The fluorination of aryl and alkyl isothiocyanates with iodine pentafluoride in pyridine solution has been found to produce 
thiobis-N-substituted iV-( trifluoromethy1)amines. The preparation and some of the reactions of these novel compounds are 
discussed. A unique rearrangement of a thioi)isaniinc to a diphenyl sulfide is reported. 

Although iodine pentafluoride is a mild fluori- 
nating agent , 2  very few fluorinations of organic 
compounds have been explored with this reagent. 
During the course of an investigation of the re- 
actions of iodin(. pentafluoride and organic com- 
pounds it mas found that aryl and alkyl isothio- 
cyanates were converted cleanly to  thiobis-X-(tri- 
fluoromethyl)ami~ies* (I) by iodine pentafluoride in 
pyridme solution. 

I'ormiilation of these products as thiobis amines is 
l m e d  on the aiialyt'icul dat,a gi\.cii in Table I, the 
XAIR spectra, and the other experiments discussed 
below. 
.- ... 

( 1 ) This rese:trcali \US c:m-icd out i i i i t l m  .\rmy 0rdn:incc 
C'onir:ic.t T~.4-Ol-UZI-O1< D-,51:35. 

(2)  11. C. Snecd, J. L. Maj.nart1, a i l t l  It. C. 13r:ist(!d, 
f 'oi?rpJrrheri.sice Inon~an ic  Chernislry, Vol. I I I ,  l 'he Halogens, 
\-:in Nostr:irid, NCW York, 1054, pp. 210--213, Gciicral 
( '1ic~mic:~I llivision, Allicti Chrniic:il m d  1 )yc Corporation, 
l't~chniral Ridletin TA-8532-2, Chlorine Z'ri$Euoricle and 
Olher Hnloyen Flitorides. 

( 3 )  Flnorinations utilizing iodinr pcntafluoride that have 
Lxwi rcported to lead to a trifluoromethyl group include the 
conversion of I C s  t o  CF,--S=X--CF, [O. Itiif and W. 
\Tilleiib[w, Her., 73, 724 (1940)] and thr formntion of tri- 
fliioroincstliyl disulfide from carbon disulfide [It. N. H:l 
d i n r  und J. &I. Kidd, J .  ('hem. So(.., 3219 (1953)J. 

14) In :t preliminary report, of this work [T. E. Stevens, 
Tetrahedron Letters, 17, 16 (1059)l these compounds wrrc, 
c d l d  bis-.V-( trifluoromethy1)amino sulfides. The name bis- 
:imino sulfide is used in E. E. Reid, Organic Chemistry o j  
Niaulenl Sl/lft(Jr, Chemical Publishing Co., Sew York, Vol. 11, 
i o  ticriote the, syninwtricsl d k y l  siilfitles c*ont:iining amino 
Ciii ictioii~.  .l rcx.tion on p. 3OG of this voliii1w tliscri 
i,liio:uiiiii(~,s, 

Prsparation. Fluorination of aromatic isothio- 
cyanatesb occurred much more readily than did 
fluorination of their alkyl counterparts, although 
this is not obvious from the yields reported in Tablc 
I. In all the aromatic cases, fluorination was com- 
plete after a few minutes at 75-90° and a product 
free of isothiocyanate was isolat'ed in almost quanti- 
tative yield. However, recrystallization of thesc 
products from ethanol or hexane was necessary to 
obtain thc melting points reported in Table I. 
Since the infrared spectrum of the crude product, 
rssentiallp was identical with that of t,he purified 
t,hiobis amine, the material removed by recrystalli- 
zation may have been the dithiobis-N-(trifliioro- 
methyl) amine .6 

Iodination of the ring of the aromatic isothio- 
cyanates n-as observed oiily with phenyl isothiocy- 
anate. Some of t he ,V-(p-iodophcnyl) thiobisamiiic 
was isolated in most cxpcrimriits. If any uiisym- 
metrical thioamine formed it \\-as not isolatrd. 
__~__ 

(5) Ti1 ail c:irlivr [:oiiiiiiiiiii(:LItioi11 i t ,  w a s  rc.j)ortt'd tl~itt t11(< 
fluorination of p-iiitropheiiyl> p-:icrt,ylpheii>.l ant1 p-diniet.li- 
ylaminophrnyl isothiocyanates did not yield thiot)ia:iininrs. 
Sincr then the conversion of the first two compoands to til(, 
desired procitict has been accomplished. The initial failure, 
with the p-nitrophenyl i sn th iocya~~ t~c  can be attrit)ut,ed to 
an  impurc samplr ; the lack of s u c c w  Tvitli the p-:tct:tyl 
m e n i h r  was due to  too stringrnt reaction conditions ( s w  
~xpr r in~cn ta l ) .  Ho\vevor, srvcwl :ittrnipts t3 flitorin:ttc, ? I -  

diiiirthylnrninoph~tiyl isothioc:yaii:itc lrtl only to intract,:tl>lr: 
tars. 

(6) It gencrall), was observed that ,ttteiiil)ts to C O I I C ( ~ I I -  

trate the niother liquors from the recrystallization of tlic. 
thiobisaniines led to oily produrts, the infrared spectra of 
which vere indistinguishable from those of the purified 
products or of tho c*rutlr p r o d i i v t P .  . t i 1  oily residuc froin t t i , ,  

p-chloro~~heiiyl isot Iiiocj.aii:itcx rc~action coiit;iincyl I O , ( i '  , 
sulfiir. The rel:itctl tliiol)i~aiiiiii,~ cont:liris 7.(:\;, si~li ' i~r,  1 I,(, 
dit,liiolii~nriiiii~, 1-1.1 <,[ siilf\ir. 
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TABLE I 
THIOBIS-N-( TRIFLUOROMETHYL)AMIKES 

CF3 CF3 

I1 

Phenyl 

p-Chlorophenvl 
p-Bromop heiiyld 
p-IodophrnJ.1 

~~i-Broniophen\~l 
p-Sit rophen yl f 

p-Fl\ioropheiiyl 

p-Tolyl' 

-__ F ~ Q N X I I ~ , ,  Found -_ Calcd. 
_ _ . . _ _ _ ~ _ _  Yield, 

M.P. (11.p.) '/o C H x C H 4 C.D.S. 

59 i o  50.52 3.71 7.37 50 52 :3.W 7.60  - !)X2 
125j0.5 inin.) 90 32 . !)tj I ,58 5.40 32.78 1 .!I3 5 4 i  
22 55 38.01 I .8L 1 2 . 6 7  37.09 1 !)5 12 7 5  

p - d c r t ~ ~ l p h e n ~ ~ l Q  ! ) 2  55 49.51 3 . 2 3  6 .4% 48.65 :3,24 ti 5( i  
Kthylh (44i30 llltll.) 48 28.13 3 . 0 2  10.!)4 28.54 4 36 I I  .:34 -iT(jl  
Butyl ' (80,/12 iiini.) 72 :38.45 5.81 8.97 38.71 5,)s 8 58 - 7ti:i 

I>otlc:ryl ca. 80 58.18 '3.39 5 .22  58.62 9 . 2 3  5 . 4 7  
Cyclohexyll (9310.3 nini.) 20 46.14  6.09 7.60 45.83 5 09 6 .  89 
1-Phenylethgl (12810.4 mm.) 25 52 . !Xj -4. 44 (i , 8(i 52 07 4.45 7.27 

amines. c Resonance a t  +I412 C.P.S. dur to aroiixitie C-F. 
found: F, 29.6; Calcd.: 30.0. f.Uso foiind: F, 25.9; Calcd.: 25.8. 
dlso found: F, 36.4; Calcd.: P, 36.50. 

--- Hept>.lJ ( 9 l j O . 5  mm.) 59 48 47 7 . 6 3  7 .07  47 .98  7.51 7 . 2 5  --iii 
h' 

- 
5 Relative to external trifluoroscetic arid, 40 nic. probe.* The crudr product) \vas :t iiiixturc of this a~ i t l  io~lophr~iylthiot~is- 

.41so 
n:; i.:36;%2. II'~;  1.:3880; 

. ~ I s G  found:  F, 22.0; S, 6.50.  C;lil(*tl,: F, 32.335: S, 6.20. 
Also fo l~nd:  F, 26.0; C:llcd.: 26.1. 

1.41 15. Also found:  &$, i.(iC). Cdcd. :  S, 8.0!). ir S:ii~il)lp i iot,  distill(Jtl. ' I,',: 1.4548. 

As Table I indicates, t,he reaction was less suc- 
cessful with secwiidary alkyl isothiocyanat,es. Also, 
only a small amount of thiobisamiiie could bc ob- 
t,aiiied from a tertiary alkyl isothjocpiiate such 
as t-oct'yl, and the separation of this from the other. 
products (isocyanat~c aiid carbamyl fluoride7) of t'he 
reaction mas not sucvessful. hppareiitly some stagc 
of the reaction is subject to steric hindrance. 

The manlier of formatioii of t8he thiobisamiiies I 
from isothioctyanat'es in pyridine solution is not, 
o b v i o ~ s . ~  It is conceivable t8hat, a carbonimidyl 
fluoride such as I1 is an intermediate in this re- 
action. I t  is well known that  aromatic isot,hiocyaii- 

(7 )  The infrared slircstra of thew carride reitctioii mixtiires 
from the fliioriiixtioii of :ill the alkyl isothiocjwiates pos- 
s (~ss td  :ihsorptiori :it ahout 4.5 p due to the isoc\wiatp and 
:it 5 . j  to  5.6 p due to  c~arharyyl fliioride. The p-ohloropheiiyl- 
csarbamyl fluoride, characterized in the espc~riiiwrital srctiori 
csxhihitd carl)oiiyl :il)sorptioii at 5.6 p .  Proin the ethyl iso- 
t hiocyaiiutr--iodinr. pc~iitaHuoritl(. rcortion was oht,:iinrd :t 

t'ra(*tioii, t1.p. -10' (65 nim.), which possessed the infrartd 
spwt r i m  c~xpr:c+cl for I, It = rthyl, (strong at)sorption, 
7.8 8.8 p )  c,oiit;rtiiiiiittc,ti 1)). iiititerid Libsorliiiig at 5.6, 6.5 
: i t i t 1  10.5 e.  (:hroiii:ttograj)h?. O I I  ai1ic:c ~ ' 1  rwiovrtl thv 
I:ittcr c .otupoi i i i t l .  Thc . \ ' -c t l i~~lfor inai i i id~~-iot l i~~e pt'nt;t- 
fliioritlc. rcwetioir xffortlcd i i  conipoiriid having th(. s m i t s  5.(i 
(i.5 :inti 10.5 p :it)sorptiori Ixirids in th(5 iiifrarcd. This n - w  
((%rial \vas cviivcirtcd t,o .~,:I-,-dit,th>.liirr.:c, in.11. I I I ', on 
rr:ictioii M it>h c~t~hyl:itniiic~ i l l  1wiimSii(*.  

iiiitlrryir 
110  reaction at teiiiyeratiircs 111) to 115' other lhari ail appar- 
ent complex formation. Addition of iodin(! peiitafluoridc 
to pyridine results in an exothermic reaction, and on cooliiig, 
a whitr solid is ohserved. S o  attempt \vas niadv to vhlrr- 
Jtrterize this ooniplex. A dioxaiic)--iodine pentafliioride rntii- 

I J k X  has been reported I)!, A. P. Soot,t a n d  J. b'. Brinncl t ,  
J .  . I) /! ,  C'h,c~)!. Soc.., 64, 2727 (1942), :ind ioditics pcnt:Lfliioritlc 
:%iitl cliinct,h~-lforiti:tiiii~c :tlso ;i1)pe:tr to coiiiplex (T. JC. Ste- 
Y ~ S ,  ('heti!.  dl. Intl., 1090 (1958)). 

(8) Iodiiics pwt:ifluoridc :tiid pyridiiic; : i p p c w  

a twg  aiid aromatic aiid aliphatic isoiiitrilw'" reactj 
with chlorine to  produc*e carbonimidyl chlorides. 
The isolation of 9-trifluolomethyl secondary arniries 
from the reac*tioii of hydrogen fluoridn aiid rarboni- 
midyl chlorides also was reported rec*cntly. 

('Fi 
I E'. 

S 
[1t-X===CF2] -+ iI<--S !y---S 

IT I 

H 
\ 

I 



triles, formamides, aiid isocyaiiatesl? also was 
cxplorrd. 'l'hiohis-LV- (n-butyl j-iir- (trifluoromet hyl) - 
amine was obt,ained from both n-butglisonitrilo 
(4:370j aiid N-n-hiitylformamide (alxj, but thrrc 
\vas iio cvidcncc for thiobisamine formation in the 
n-butyl isocyanate-iodine pentafluoride-sulfur re- 
achon. Aklthough p-bromophenylisonitrile could be 
converted to thiobis-N-(p-bromophenyl)-N-(tri- 
fluoromethy1)arniiie in low yield (IS%), this prep- 
aration was iiot sucrcssful with eit'hcr p-bromo- 
phenyl isocyaiiatc or p-bromophenylfornlamide. 

+ -  
Ii--S=C + 8 + IF; + I 

Sinc~c~ t hc isonitrile-sulfiir mixture is known to 
lead t o  i~othiocyanatesl~ this preparation of the 
t hiobisamincs caiiiiot' be taken as evideiicc for the 
direct fornintioii of a carbonimidyl fluoride, al- 
thoiigh it is probable t.hat such an  iiitermediatc is 
produced initially. 15 Dehydration of n-butylform- 
::niidc to n-butylisol~itrile probahly accounts for 
the formation of the thiohisamine from t'his sub- 
strate.I6 

1)eyraclation by basic reagents. During the analysis 
of these thiobisnniiiies, quantitative liberat,ion of 
fluoride i o i i  was observed on treatment of t8he tri- 
fluoromet hgl compound with aqueous ethaiiolic 
sodium hydroxide"; all the fluorine aiialyses re- 
ported in Table I were obt,ained in this fashion. 
I.:xaminat,ioii of t,he organic products of this hy- 
drolysis, coiiduct>ed i i i  75% aqueous ethanol con- 
taining an excess of sodium hydroxide, reyealed 
that  both t hr t hiobis-S- (p-rhloropheny 1 j-N- (t ri- 

( 13) St.vr:r;il isoyyariatc (diuty1, p-i)rolnopheri).~l 
phciiyl)-iodirie peiitafluoride reactions w r e  conducted, 
there was no c+drnce for the formation of any oxobis-X 
(trifluoromrthy1)itiiiined. At higher temperatures ( 1  15") 
intractable mixtures were formed. Under milder conditions 
the main prodiict isolated was the urea. fornied during hj-- 
tlrolysis of the reaction mixture. 

(14) J. Houbr~ii, Die Melhoden d e / ,  Oryanischen Chenric, 
(;eorg Thieme Vclrlag, Leipzig, Germany (1941), 5'01. 4, 1). :31. 

( 15) The resiilts obtained from several isonitrile-iodine 
pent aflrioride reactions can be explained on t,he Iiasis of x 
wr1)oniniitiyl Auoridr intrrmediatt.. t-Oc.t?lisonitrilt., itft#rr 
th( ,  iisu;tl h~,drolysis of thr rraction mistiirt., 

f -  H2O 
11.- x-=(: + IF', ---+ [It-- s -=(:V2l --+ 

II 

l ~ - ~ - x c o l ~  + I { N C : o  

\ { : w  c-oiivcsrttvl ~ ~ I ( ~ : I I I I J ~  i o  /-oraiyl i s o c ~ ~ . : t i i : i t c ~ ~ * .  o i i l ~ .  i t  tr:trc, 
( i f  (w-l)iiti i~~l Hiioritl[,  was iiidic:xtoti h!- the, ititr:irc,tl spcbc,triiiii 
o f  t h(b vriicl(, I)rodriot. However, c,y(.lohes?.l~,:trt)~iiiJ.l fliiorid(, 
\+as tho initid pro(luc*t of thc o,vc~loht~xyl isorlitrile-ioctiii(. 
pent~afluoritir reactiori, bu t  t,his fliioridt. dec:oinpostvl i o  
isoryanate tiriring distillatioil. 

( 16) The iodine pentafluoride-p?.ridirie dehydration of 
formamide t.o isonitriles is not surprising in view of other 
means of accomplishing the same results, see M'. R. Hertler 
itnd E. J. Corey, J .  O m .  rhem, ,  23, 1221 (1958), I. Ugi xiid 
1 1 .  Me)w, Be,., 93, 230 (1980). Of roiirsv, tht. cmi)i)licaatioiis 
iritrorliicwi ti\, iodine pentafliioritlr, prcvc-lit t h i s  iiir~i,liod 
f roin lwiiig :t route to isonitriles. 
i 17) An:tlyws aiid inetliod by Mr. It. l lonsl~l  S t r ~ l h n ~  

Huoromethy1)amiiie aiid the thiobis-N-(p-bromo- 
pheiiy1)-N-(trifluoromet8hyl)amiiie were converted 
to  :L mixture of the corresponding aromatic amine 
uiid urct'haii. FYhcii the thiobisaniiiies were exposed 
to  ail cthariol-\\.at,er-hydroohloric acid mixture, the 
same products n-ere isolated. 

The iV-p-chloropheiiyl- and N-p-bromophenyl- 
t.hiobisamiiies also \rere exposed t'o an aqueous 
sodium hydroxide-acetonitrile mixture,. Both were 
hydrolyzed readily aiid the respect'ive ureas were 
obtained. 

The results of t8hese cleavage reactions iiidicat'ed 
a rarboii-sulfur bond was iiot present in the thiobis- 
amines, aiid pointed to the following pat'hway for 
t he basic degradutioii. 

w,, CE',, 
~ 1- - 

(I<---N)!S --f Irt-s-SYl + llt~-s=cF?l 
I 

1.- T 
Y 

Y -  / 

\ 
ll--S=CFI + Il-S-C: ---+ I'rodiictr 

Y 
I1 I11 

It \vas possible to obtain the diethyl Y-subs& 
tuted imidocarbonat,es (IV) cleaiily from the reaction 
of the thiobisamiiies and excess sodium et'hoxide in 
ethanol. The iso1at)ion of two aromatic imidocarbon- 
ntcs (IV, R = phenyl and p-chloropheiiyl) and 
two alkyl imidocarbonates (ZV, It= n-butyl and n- 
heptyl) is deeailed in tthe Experiment'al section. 

(It--A)-?s __f lt--S=C 

CFs - O-CZH, 
I 

--f 
OC'rH\- / 

\\ 
-0-CJI; 

IY 
H 

l{--SC'( )s(:.H; 

(:hiwnatography o i i  a silica gel c.ol~iiiiii caused the 
imidocw-bonates to hydrolyze t,o uret.hans. 

The formation of diet,hyl .V-pheiiyliiiiidocarboi1- 
iIte (IV, Ti. = pbciiyl) f i w m  tbc interaction of sodium 
(>thoside :tnd .~-pheiiylc:trhoiiiniidyl dichloridr 
(111, I< = phciiyl, J7 = (:I) has hecii reported,lX aiid 
provides :II\ aiialogy for t hr suggwt ion of t,hr siih- 

stitiitrd wrboiiimidyl difluoridcs I I as iiitrrtncdiatcs 
i i i  t hcsc dcgratiatiotis. 

lr'cnctiorin ,with acidic r~aycrc./.s. T i l  additioii to  t h v  
hycirolysr~ of the thiohisatiiiiic~s by :ulrieoiis hydro- 
vhloric+ acid mciitioiied ~ ~ J I T ,  othrr acid-catalyzed 
reactions were explored. Cleu\rage of the X - S  
bond iii several of the aromatic derivatives of I, 
with t'hp formatioil of mi .~-(tsifliioroineth3.l)acet- 
amide, was acwniplished with ac*ct8ir aiihydridt' 
or acct,yl chloride wiihiiiiiig aiilftii*ic* :wicl. 'I'hv .1!- 
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TABLE I1 
x-TRIFLUOROMETHYLACETAMIDES 

Cf 0 

h1.Y. C I3 S C H X 
p-Fluoro- 

p-Bromo- 
phenyl 48.88 3.19 G . 3 3  49.21 3.81 G . 3 5  

phrnylb 52 38.32 2.50 4.96 38.38 2.43 4.64 

phenyl' 59 32.85 2 .15  4.25 33.29 2.27 4.20 
p-Iodo- 

p-Tolyl 34 55.30 4.64 6 .45  54.44 4.77 6 .35  
p-Chloro- 

phenyl 43 45.49 2.97 5.89 46.30 3.2;3 5.68 

1.4482. F'Q NMR, resonance a t  -875 cps ( -CFJ)  
and a t  +1332 cps (aromatic C-F). F: Calcd., 20.21; 
Found: 20.29; CF: Calcd., 17.32; Found: 16.53. 

(trifluorome thyl) ace tamides (V) prepared in this 
fashion are listed in Table 11. 

CF3 CF, 0 
1 

(R-N)ZS + (CH3CO)20 -+ 1L-k-~-CH3 
V 

The acetamide V, R = phenyl, also was prepared, 
but was not obtained analytically pure. Crude 
samples of V, R = n-butyl and H = n-heptyl were 
obt'ained (as evidenced by infrared spectra). 

On treatment with ethanolic sodium ethoxide, 
V, R = p-chlorophenyl, was converted to diethyl 
N-(p-chlorophenyl) imidocarbonate, undoubtedly 
via the same intermediates as postulated for the 
ethanolysis of I. 

Acid catalysis of acylation rimy t)o due cither to 
protoilation of the acylatirig agents or to acid- 
catalyzed cleavage of the thiobisamines prior t o  
acylation. The latter possibility suggested an at- 
tempt to prepare the trifliioroniethylamiiiesll by 
cleavage of thc thiobisamines with hydrogen fluo- 
ride, i.e., 

CE'r CF3 
I 

( I < -  -S),S + lit7 + I A H  + st2 

'Yreatiiieii t of aroniatic thiobisaniiiics \vitdi Iiy- 
drogeii fluoride c\it,her gave intractable products or 
iicw products having compositioiis indicating that, 
they were isomers of the starting materials. Infrared 
spectra of the new compounds showed S-H 
frequencies a t  2.93 ,u and had lost the absorption in 
the '7.8-9.0 1.1 region which is characteristic of thio- 
bisamiiies. The NMR spectra coataiiis doublets 
l i eu  -900 cps with a small splitting, indicating thc 
preseiice of -SH-CF3 groups (see Tablc I). The 
results indicate that rearrangements have occurred 
in such a way as to generate an S-H group and re- 
taiii both the sulfur and the N-CF, linkages. Since 
p ( ~ w  s i i b ~ t i t i i ( ~ i i ~ ~  (CI13> Ur aiid CI) were rctaiiied, 
i t  SCCIW lilitily that tlic i.cari~aii~riiic~nt iiivol\w mi- 
gtxt ion of siilfiir f i ~ m  iiitrogcn to an ortho posit,ioii. 

CF~-~-S-N--CF~ FF~-NH CF, 1 

C F3-K H 
I 

H 
N-CF, 
I 

X X 
VI 

Treatment of the products with sodium ethoxide 
gives urethans having compositions corresponding 
to VII. 

HNCOOC,H, 

x 
VI1 

The urethan, VII, with X = CH, has been re- 
ported previously. l9 Rearrangement of t>hiobis-N- 
trifluoromethyl-p- toluidiiie (I, R = p-tolyl) and 
degradation of the product> with sodium ethoxide 
gave a small amount, of a urethaii mcltiiig a t  110'. 
3' lower than the literature value. Since the yield 
was low it mould probably be advisable to base a 
rigorous structure proof on one of the other series of 
compounds. 

The rearrangement would be aiialogous to I<'ricls 
rearrangements and the acid-catalyzed rearrang('- 
ments of N-ha,loanilides. We have no real evidence 
as to whether the reaction is intramolrciilar or inter- 
molecular. However, several observations indicate 
that para positions may become involved. The N -  
pheiiylthiobisamine gave nii intractable mixturo of 
products; the N-(p-iodnphcnyl) conipouncl evolwcl 
iodine when trcatcd nit,h hydrofluoric w i t 1  ; :uld t,hv 
p-bromo conipoiind g a \ ~  a niisturc which, on t w:~t - 
nicnt, wit,h sodium ct hoxidr., ~ : L \ T  p-hroniopheuyl- 
iirethari and 2,~-dibl.omopheiiyliiret,}i~li i i i  additioi I 
to the expected product (VII, X = Br). The 1:ittt.i. 
two results suggest that elcct,rophilic displacciiiciit~ 
of positive iodine and positive bromine occur. 

EXPEIiIJIE N T h L  

hfclt,iiig points ant1 hil ing lwints :trc u i i c ~ ~ r r c ~ u k d .  Ioiliiii, 
pentafluoride was obtaincd froin the 1Zat)heson Co.; it wns 
pumped in vacuo from the cylinder, trapped in  a Kel-F test 
tube a t  -78", and allowed to  melt in :t stream of dry nitro- 
gen. The test tube then was detached from the vacuum lint, 
and the iodine pentafluoride ivas wit,hdrawn and measured 
iri :t g l ~ a a  pipet. The isothiocymates used Jvcr(' obtained 
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from commercial sources or prepared by standard methods.20 
The procedures used for the preparation of the thiobis- 

amines listed in Table I are illustrated by the examples 
given below. 

Reaction of p-chlorophenyl isolhiocyanab and iodine penta- 
fluoride ,in pyridine. d mixture of 35 nil. of pyridine and 
8.86 g. (0.052 mole) of p-chlorophenyl isothiocyanate was 
warmed to 65" and the dropwise addition of iodine penta- 
fluoride (4.0 ml., 0.057 mole) was carried out so as to main- 
tain a reaction temperature of 75-80'. The solution gradually 
darkened, and when about one-half of the iodine penta- 
fluoride had been added a more exothermic reaction oc- 
curred; the solution then was only slightly discolored. After 
the iodine pentafluoride had been added the solution was 
stirred at 80" for 10 min. The mixture was then poured 
over crushed ice and extracted with methylene chloride. 
When the methylene chloride solution had been washed 
with water, 10% hydrochloric acid and 15% sodium thio- 
sulfate solution, it was dried (magnesium sulfate) and con- 
centrated to 30 ml. This methylene chloride solution w-as 
placed on a 1 X G in. silica gel column and eluted with 260 
ml. of pentme-methylene chloride (1 : 1). The solid residue 
obtained on evaporation of this solvent, 10.3 g. (94%), was 
recrystallized from ethanol-water to give thiobis-N-(p- 
chloropheny1)-!V-(trifluoroniethyl)amine, 6.62 g., m.p. 5Fj- 
56". The infrared spectrum (Nujol mull) had only a very 
weak peak a t  6.3 in the 3.5 to 6.7 M region. Strong absorp- 
tion a t  7.80, 8.26, 8.46 and 8.85 p wus observed 

Preparation oJ thiobis-N-(p-acetylphenyl)-N-(trijiluoro- 
methy1)amine. The temperature of a solution of 2.0 g. of p- 
acetylphenyl isothiocyanate in 10 ml. of pyridine was main- 
tained ut GO-65" while 1.0 nil. of iodinc pentafluoride was 
added dropwise. The mixture WRS stirred a t  GOo for 15 min., 
and then was poured over crushed ice. The residue obtained 
from the methylene chloride extraction of the hydrolysis 
product was extracted with hot hexane. Upon chilling, this 
extract deposited thiobis-N-(p-acctylplieny1)-N-(trifluoro- 
methyl)amine, 1.36 g. (55%), m.p. 8587'. The sample 
was recrystallized from hexane, m.p. 92-93". 

Reaction of butyl iaothiocyanafe and iodine pentafluoride. 
A mixture of 8.1 g. (0.070 mole) of n-butyl isothiocyanate 
and 40 ml. of pyridine was stirred at 85-95' while 5.0 ml. 
(0.071 mole) of iodine pentafluoride was added slowly. The 
solution was heated a t  115' for 4 hr., cooled and poured on 
ice. The methylene chloride extract of the hydrolysate was 
concentrated to 25 ml., passed through a short silica gel 
column with methylene chloride-pentane (1  : 1) and distilled 
iii the Holzmann column. There was obtained thiobis-A--(n- 
butyl)-X-( trifluorornethyl)amine, 7.85 g. ( 72y0), b.p. 80" 
(12 mm.), n'," 1.3880, d:5 1.1725. 

Reaction of p-bromophenylisonitrile, suljur and iodine 
pentaJEuoride in pyridine. A mixture of 2.55 g. (0.014 mole) 
of p-bromophenylisonitrile, 0.20 g. (0.007 mole) of sulfur 
and 12 nil. of pyridine was warmed to 65" and 2.0 ml. 
10.028 mole) of iodine pentnfluoride was added dropwise. 
An exothermic reaction, controlled by external cooling and 
the rate of addition of iodinc pcntafluoride, occurred. The 
mixture was stirred a t  80" for 15 min. after the addition. 
The product was isolated as described above. The residue 
from the methylene chloride solution was extracted with 
pentane: a considerable insoluble residue was discarded. 
Evaporation of the pentane left a residue which was crystal- 
k e d  from ethanol. Initially a gum separated and was dis- 
carded. The ethanol solution then deposited 0.53 g. of 
thiobis-~'-(p-brornophenyl)-N-(trifluoromethyl)amine, m.p. 
61-63', mixed m.p. with an authentic specimen (m.p. G S  
69") 67-69". The infrared spectrum was identical with that 
of an authentic specimen. 

Sulfur, AT-n-butylformamide and iodine pentafluoride. A 
mixture of 40 ml. of pyridine, 0.73 g. (0.023 mole) of 

(20) L. Doub, et al., J. Am. Chem. Soc., 80, 2205 (1958), 
F. B. Dains, R. Q. Brewster, and C. P. Olander, Org. Syn- 
Iheses, Coll. Vol. I, 448 (1941). 

sulfur, and G.O ml. (0.084 mole) of iodine pentafluoride was 
stirred a t  85-95' w-hilt: 4.7 g. (0.047 mole) of n-butylform- 
amide hi 5 mi. of pyridine was added dropwise. After 1 hr. 
at 115' the solution wad coolcd, hydrolysed, extracted and 
chromatographed as usual. Distillittion gave thiobis-N-(n- 
butyl)->Y-( trifluoi~onicthyl)a~rdne, 1.50 g. (210jo) n'," 1.3892, 
infrared spectrum identical with that of material prepared 
from isothioeyanatc. 

n-Butylisonitrile, sulfur and iodine pentafluoride. The pro- 
cedure outlined for n-butylformainide was followed using 
3.9 g. (0.047 mole) of n-butylisonitrile, 0.057 mole of iodine 
pentafluoride and 0.024 mole of sulfur. After the addition 
of the isonitrile the solution was stirred a t  93' (steam bath) 
for 30 min., then processed as usual. In this manner was 
obtained thiobis- N- ( n  - butyl)-N- (trifluoromethyl)amine, 
3.13 g. (43'3), b.p. 83" (13 nim.), na: 1.3880, infrared spec- 
trum identical with that of samples prcpared previously. 

Hydrolysis of thiobits-hr-(p-bronzophenyl )-N-( trifluorometh- 
y1)amine. ( A )  With ethanolic sodium hydroxide. To a stirred 
solut'ion of 1.00 g. of the p-brornophenylthiobisamine in 40 
ml. of 95% ethanol w a ~  added 10 nil. of 20%, aqueous sodium 
hydroxide. The mixture was stirred a t  30-40" for 3 hr., then 
poured int,o wnter (150 ml,), acidifipd with dilute hydro- 
chloric acid and extracted with methylene chloride. The 
semi-solid obtuined upon evaporation of the methylene 
chloride was chromatographed on a silica gel column. The 
fraction eluted by 10yo ethyl acetate in mdiylene chloride, 
0.314 g. m.p. 82-83" (after hexane recrystallization) was 
identified as p-broriiopliciiyl~nethaii by infrared spectrum 
and ultimate analysis; reported*' m.p. 85". The acidic 
aqueous layer was basified and re-extracted. From the ex- 
tract there was obtained p-hroinoaiiiline, 0.35 g., m.p. 61- 
GS', mixed m.p. 63-64', infrared spectrum identical with 
that of an authentic specimen. 

(€3) Ethanolic hydrogen chbride. A mixture of 40 ml. of 
957, ethanol, 2.0 ml. of concd. hydrochloric acid and 1.00 
g. of the p-bromophenylthiobissmine was refluxed for 3 hr., 
then evaporated to dryness under reduced pressure. The 
residue was shaken with a methylene chloride-water mix- 
ture. Separation of the methylene chloride and evaporation 
to dryness gave 0.55 g. (57.570) of p-bromophenylurethan. 
The aqueous washes were made basic and extracted with 
methylene chloride to yield 0.22 g. (33%) of p-bromuaniline. 
Both compounds were identified as described above. 

( e )  With aqueous sodium hydroxide in acetonitrile. A solu- 
tion containing PO ml. of acetonitrile, 1.0 g. of the p-bromo- 
phenylthiobisamine, 2 ml. of water and 3 ml. of 20% aqueous 
sodium hydroxide was stirred a t  35" for 2 hrs. The mixture 
then was poured into water (150 ml.) and the resulting 
precipit'ate was filtered and washed with water. This solid, 
m.p. >240"; 0.43 g. (59%) was N,N'-bis-p-bromophenyl- 
urea, reported 330. The infrared spectrum was identi- 
cal with that of an authentic sample prepared from p -  
bromophenyl isocyanate and p-hromoaniline. 

illknline degradation of thiobis-N-(p-chloropheny1)-N-(tri- 
JEuoromethy1)unzine. ( A )  Ethanolic aqueous potassium hy- 
d r o d e .  A solution containing 1 .O g. of the p-chlorophenyl- 
thiobisaniine and 0.0029 mole of potassium hydroxide in 30 
ml. of 8070 et.hano1 was stirred for 3 hr. a t  30-35'. The 
reaction mixture was diluted with water, acidified, and 
processed as described above for the similar hydrolysis of the 
p-bromophenyl compound. There was obtained 0.216 g. 
(23%) of p-chlorophenylurethan, m.p. 65-66', reported*' 
m.p. 68", and 0.31 g. (51 %) of p-chloroaniline, m.p. 70-71 O ,  

identified by mixture m.p. and infrared spectrum. 
(B) Aqueous sodium hydroxide in  acetonitrile. A solution of 

1.0 g. of the p-chlorophenylthiobisamine in 20 ml. of aceto- 
nitrile containing 2 ml. of water and 3 ml. of 20Q/, sodium 

(21) S. Basterfield, E. L. Woods, and H. S'. Wright, .I. 

(22) Beilstein's Handbuch der Organischen Chemie, Julius 

(23) Ref. 22, p. 614. 

Am. Chem. Soc., 48,2371 (1926). 

Springer Verlag, Berlin, Germany, 1020, Vol. 12, p. 645. 
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hydroxide was stirred a t  35" for 2 hr. When this solution was 
poured into water, N,N'-bis-p-chlorophenylurea 0.46 g., 
precipitated. The sample did not melt at 255"; reported24 
m.p. 306'. The infrared spectrum was consistent with the 
urea structure. 

Anal. Calcd. for C13H&l?N20: X, 9.97. Found: 5, 10.00. 
(C)  Sodium ethozide in  ethanol. A solution of 2.10 g. (5- 

mmoles) of the p-chlorophenylthiobisamine in 10 ml. of 
ethanol was added dropwise to 25 ml. of ethanol containing 
40 mmoles of sodium ethoxide a t  20'. The mixture was 
stirred at 35-40' for 3 hr., then poured int,o water and ex- 
tracted with methylene chloride. The residue from the 
methylene chloride possessed an infrared spectrum identical 
with that of the sample of diethyl N-(p-chloropheny1)imido- 
carbonate prepared from sodium ethoxide and N-( trifluoro- 
methyl)-N-(p-ch1orophenyl)acetamide. This residue was 
chromatographed on a 1 X 12" silica gel column; eluents 
were pentane-methylene chloride (1 : I) ,  methylene chloride, 
and methylene chloride+thyl acetate (9: 1). Methylene 
chloride eluted 1.80 g. (90%) of p-chlorophenylurethan, 
m.p. 68-69' after one recrystallization from hexane, re- 
ported23 m.p. 68'. 

Reaction of thiobis-Ai-phenyl-X-( trifluoromethy1)amine and 
sodium ethoxide. A solut,ion of 2.0 g. (5.7 mmoles) of the N- 
phenylthiobisamine in 10 ml. of ethanol was added dropwise 
to a solution of 46 mmoles of sodium ethoxide in 25 ml. of 
ethanol a t  20'. After stirring a t  40-45' for 3 hr. the solution 
was poured into wat'er and extracted with methylene chlo- 
ride. The residue from the met'hylene chloride, diethyl N -  
phenylimidocarbonate, 2.11 g. (96%), was flash distilled at. 
100" (5  mm.) to give R colorless liquid, n y  1.5140, reportedlo 
b.p. 122" (12 mm.) 

Anal. Calcd. for CllH,5S02: C, 68.36; H, 7.83; N, 7.25. 
Found: C, 68.02; H, 7.38; N, 7.48. 

A 1.00-g. sample of this liquid was chromatographed on 
silica gel as described above. From the methylene chloride 
eluates, phenylurethan was obtained, 0.80 g. (940/0), m.p. 
49-50" after recrystallization from hexane. A mixed m.p. 
with an authentic sample of the same 1n.p. was 49-50"; 
the infrared spectra of the two samples v-ere identical. 

Reaction of thiobis-A'-( n-butyl)--%'-( trifluoroniethyl )amine 
and sodium ethoxide. To 40 ml. of ethanol containing 70 
mmoles of sodium ethoxide was added a solution of 3.125 g. 
(10 mmoles) of the A'-n-butylthiobisamine in 10 nil. of 
ethanol. The solution was refluxed for 3 hrs., then poured 
int'o 300 nil. of dist,illed water in which sodium chloride had 
been dissolved. The aqueous mixture was extracted with 
methylene chloride, and the methylene chloride extract 
was washed three times with portions of distilled water. 
The aqueous extracts were combined; they were found to 
contain 1.137 g. of fluoride ion (99.770 recovery). The 
methylene chloride extracts were evaporated a t  reduced 
pressure and the dark residue was distilled in the Holzmann 
columx Distillation gave diethyl N-(n-buty1)imidocar- 
bonate, 2.77 g. (80%) as a colorless liquid, n v  1.4217. 

Anal. Calcd. for CgHlsNOn: C, 62.39; H, 11.06; N, 8.09. 
Found: C, 62.04; H,  10.87; N, 8.39. 

Reaction of sodium ethoxide and thiobis-A'-(n-hepty1)-S- 
(trifluoromethyl)amine. The procedure outlined for the 
sodium ethoxide-n-butylt,hiobisarnine react'ion was followed 
using 3.97 g. (10 inmoles) of thc n-heptylthiobisamine and 
70 mmoles of sodium ethoxide. Distillation of the residue 
from the organic extract gave 3.63 g. (84%) of diethyl N-(n- 
heptyl)imidocarbonate, n y  1.4311. 

Anal. Calcd. for CI;HISNO~: N, 6.50. Found: 6.85. 
The N-(trifluoromethy1)acetamides listed in Table 111 

were prepared by the following procedures. 
(-4) Reaction of acetic anhydride and thiobis-iV-(p-chloro- 

p h e n y l ) - . ~ - ( t r i f l u o ~ o ~ ~ ~ e f h y Z ) ~ ~ i i ~ e .  A mixture of 5.0 g. of the 
p-chlorophenylthiobisamine, 25 ml. of acetic anhydride and 
2.0 ml. of concd. sulfuric acid was swirled and allowed to 
stand a t  ambient temperature for 2 hr. The mixture then 

(24) Ref. 25, p. 61 5. 

was poured into 800 nil. of water and stirred 1 hr. The 
aqueous mixture was extracted with methylene chloride; 
these organic extracts were washed with 10% aqueous 
sodium bicarbonate and with water and dried over magne- 
sium sulfate. Evaporation of the methylene chloride left 
5.21 g. (930j0) of N-( trifluoromethy1)-N-(p-chloropheny1)- 
acetamide as an oil. This oil was recrystallized from hexane 
to give the solid acetamide, 3.73 g., m.p. 42-43". 

(B) Reaction of acetyl chloride and thiobis-A'-( p-chloro- 
phenyl)-N-( trifluoromethy1)amine. A mixture of 1.0 g. of the 
p-chlorophenylthiobisamine, 5.0 ml. of acet,yl chloride and 
0.25 ml. of concd. sulfuric acid was allowed to stand a t  
ambient temperature for 2 hr. The mixture was poured on 
ice and then was extracted with methylene chloride. Evapo- 
ration of the methylene chloride left 1.07 g. of N-(trifluoro- 
methyl)-Ar-(p-chlorophenyl)acet8amide, m.p. 42-43' after 
recrystallization from hexane. 

Reaction of sodium ethoxide and N-( p-chloropheny1)-N-( tri- 
fl~0romethyl)acetamide. A solution of 2.38 g. (10 mmolcs) of 
the above acetamide in 10 ml. of ethanol was added drop- 
wise to 25 ml. of ethanol containing 40 mmoles of sodium 
ethoxide. The mixture was stirred a t  40-45" for 3 hr., 
poured into water, and the aqueous mixture was extracted 
with methylene chloride. The residue obtained on evapora- 
tion of the methylene chloride a t  reduced pressure left 
diethyl N-(p-chlorophenyl)imidocarbonate, 2.03 g. (89%) 
as a viscous oil. The sample was flash distilled a t  0.01 nim. 
prior to analysis. 

Anal. Calcd. for C11H14NO&1: C, 58.02; H, 6.20; N, 6.15. 
Found: C, 57.71; H, 5.85; R', 6.30. 

Hydrolysis of diethyl N-(p-ch,lorophenyl)imidocarbonaLe. 
A solution consisting of 0.51 g. of diethyl N-(p-chloropheny1)- 
imidocarbonate, 1.0 ml. of coucd. hydrochloric acid and 10 
ml. of 70% ethanol was warmed on the steam bath for 30 
min., then poured into 100 ml. of water and extracted with 
methylene chloride. Evaporation of the methylene chloride 
left 0.08 g. of diethyl carbonate, identified by infrared 
spectrum. The aqueous solution remaining was made basic 
with aqueous potassium hydroxide and extracted with 
methylene chloride. Evaporation of the methylene chloride 
left p-chloroaniline, 0.21 g., m.p. 64-66', identified by 
mixed m.p. and infrared spectrum. 

Oxidation of thiobis-N-(p-bromophenyl)-N-(tri$uoronLeth- 
yl)amine. A mixture containing 1.0 g. of the p-bromophenyl- 
thiobisamine, 2.6 ml. of 30% hydrogen peroxide and 15 nil. 
of acetic acid was refluxed for 1 hr., then allowed to stand 
a t  ambient temperature for 2 days. This solution was poured 
into water (50 ml.); a solid separated and was removed by 
filtration. A total of 0.44 g. of p-nitrobroniobenzene, m.p. 
118-120", reported25 m.p. 125", was collected. The infrared 
spectrum was identical with that of an authentic specimen. 

Reaction of hydrogen fuoride and thiobis-N-( p-chloro- 
phenyl)-l"i-(trzfluoromethyI)amine. A solution of 5.0 g. of the 
p-chlorophenylthiobisamine in 200 ml. of methylene chlo- 
ride in a polyethylene bottle was stirred magnetically and 
cooled to -20' while 5 ml. of anhydrous hydrogen fluoride 
was swept into the mixture by a nitrogen stream. Aft.er 
the addition of the hydrogen fluoride, the nitrogen strertin 
was continued and the cooling bath was removed and the 
solution was allowed to warm to 20" over 1 hr. The mixture 
then was stirred 30 min. a t  35-40'. The methylene chloride 
was removed a t  reduced pressure, and the residue was 
taken up in warm hexane (35 ml.). The hexane solution 
was filtered and then evaporated under reduced pressure to 
leave 4.81 g. of solid residue. The infrared spectrum of this 
residue had strong absorption a t  2.93 p ;  very xeak bands 
near 5 . 5 ~  (carbamyl fluoride) and 9.83 p (unchanged stnrt- 
ing material) were present. Absorption bands a t  7.80 
(strong), 8.10 (medium), 8.55 (mrdiun) and 9.05 p (strong) 
formed a characteristic pattern different from that of the 
starting thiobis amine. The residue v-as recrystallized (0') 
from 16 ml. of hexane. In this manner 3,3'-dichloro-G,6'- 

(25) Ref. 22, Vol. 5, p. 248. 
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bis [,Vi-( trifluoromethyl)aniino] diphenyl sulfide, 2.45 g., 
m.p. 69-71' was isolated. An additional 0.80 g. of product, 
m.p. 64-67', was obtained by chilling the filtrltte t o  -No, 
and then recrystallizing the solid from hexane. The sample 
melted a t  74-75" after additional recrystallization from 
hexane. 

-4nal. Calcd. for C~&N&'~C~ZS: C, 39.93; H, 1.91; K, 
6.65; F, 27.07; S, 7.61. Found: C, 40.07, 40.14; H, 2.06, 
2.27; N, 6.59, 6.94; F, 26.72,27.04; S, 8.27. 

The p-chlorophenylcarbamoyl fluoride formed in the 
reaction was less soluble in hexane than the diphenyl sulfide 
and was removed as the first crop of crystals formed during 
recrystallization from hexane. It melted a t  114-115". 

Ana!.  Calcd. for C&ClNOF: N, 8.07; F, 10.95. Found: 
N, 8.06; F, 11.23. 

The p-chlorophenylcarbamyl fluoride, 40 mg., was dis- 
solved in 5 ml. of absolute ethanol containing a trace of 
pyridine. The solution was warmed to 60', then stripped to 
dryness a t  reduced pressure. The residue consisted of p- 
c,hlorophenylurethan, 42 mg. (91%), m.p. 65-66'. The 
infrared spectrum was identical with that of samples pre- 
pared previously, and a mixed m.p. with a sample of m.p. 
68-69' was 67-68'. 

Reaction of hydrogen jluoride and thiobis-N-(p-$uoro- 
phenyl)-!Y-( tri$uoromethyl)atnine. A solution of 2.0 g. of the 
crude p-fluorophenylthiobisamine obtained directly from the 
p-fluorophenyl isothiocyanate-iodine pent,afluoride reaction 
in 80 ml. of methylene chloride was treated with 2 ml. of 
anhydrous hydrogen fluoride in the manner described 
above. A total of 1.73 g. of the residue obtained on evapora- 
tion of the methylene chloride was liesane souble. Thc: infra- 
red spectrum indicated s small amount of isocyaiiitte nnd a 
considerable amount of carl)ainyl fluoride was prrsrnt. The 

llizcd from hex:me (initial crops of the 
carbamyl fluoride were not characterized) t u  give 3J'- 
difluoro-6,6'-his- [ X-( triHuoroincthyl):Llniiio] diphcmyl sulfidc, 
m.p. 65-66'. 

. 4 n d  Calcd. for Cl4HsT2E'8s: ( 2 ,  4;$.:$0; H, 2.08: 1, 7.22; 
S. 8.3. Found: C, 44.31; H, 2.47: IT, 7.52; S, 7.7. 

The analysis and the infrared spccttrum pointed to a slight 
contamination of the sample by p-fliioroi)hrIiylc;trt).tinyl 
fluoride. 

H ydroyeri jtuoride u ti d th iob is-AV-p-lolyl-.Y-( 1 t .  ifluoro t t  ietliyl)- 
nmine. The procedure outliiied above \vas followed utilizing 
2.00 g. of the p-t,olylthiobisainine, 80 ml. of Ineth!hlc! chlo- 
ride and ahout 2 nil. of hydrogen fliioride. The iiifrared 
spectrum of the hexane-soluble prodiict (1.57 g.) showtl 
that the desired reaction had occ:urrcd ; alxwrptioii at 4.4 
and 5.54 p rt:vealed the presence of n t,r:ice of isoq :mate nnd a 
sniall amount of carbamyl Nuoritlr. This residiie \vas re- 
crystallized twice from hexane to give 3,X'-dinlethyl-tj,tj'- 
bis[S-(trifluoro~nethyl)amino]diphr~~ylsulfide as a lvaxy 
solid, n1.p. 54-56' after drying 16 hr. a t  1 mni. and 25". 

9nul. Calcd. for C L ~ H I ~ ? ; Z F ~ ~ :  C, 50.52; H, 3.71: ?;, 7.37; 
S, 8.43. Foiind: C, 50.38; H, 3.63; S, 7.23; S, 7.91. 

Ethanolic potassi7cni, hydroxide and S,S1-dichlo,o-6,6'-bis- 
[.~-(trc;Ri~o,on~eth7Jl)ccr,! i r~o]  diph,en!/l s d j k k .  To a solutioii of 
0.200 g. of t,hc above diphenyl sulfido in 10 nil. of ethanol 
W:IS nddod 0.2% g. of potassium hydroxide dissolved in 95C/b 
c,th:mol. The solution \V:LS stirred a t  50' for 2 hr., then 
p o i i r d  into water aiid ctstract,ed with methylene chloride. 
The 0.216 g. of rrsiduc: obtained oii evaporation of thc 
inethylene chloride was chromatographed on silic:i gel in 
the usual manner. The first fraction eluted appeared, froni 
its infrared spectrum, to be the unchanged diethyl imidc- 
carbonate. Methylene chloride eluted 3,3'-dichloro-6,6'- 
biscarbethoxyaminodiphenyl sulfide, 0.098 g., m.p. 210- 
21 3' (from hcxane). 

Ar~al. Calcd. for ClsH1&1~N204S: C, 50.36; H, 4.23; N, 
6.53; S, 7.45. Found: C, 50.34; H, 4.54; N, 6.77; S,  7.38. 

Hydrolysis of the reaction product of hydrogen fluoride and 
thiobis-'~-(p-bromophenyl)-N-(trifluoromethyl)amine. A 4.0- 
g. portion of the p-bromophenylthiobisamine in 160 ml. 
of methylene chloride was treated with about 5 nil. of hydro- 
gen fluoride as described for the p-chlorophenylthiobisamine. 
The mixture was processed as usual t o  give 3.05 g. of hexane- 
soluble residue. Attempts to recrystallize this inaterial from 
hexane were not successful. A 1.9-g. portion of this oily 
product was added to 25 ml. of ethanol containing 1.7 g. 
of potassium hydroxide. The ethariolic solution was stirred 
a t  50-60 for 2 hrs., then cooled and poured into water (200 
ml.). The aqueous mixture was extracted with methylene 
chloride. Evaporat,ion of the methylene chloride left 1.5 g. 
of non-volatile residue. This residue was chromatographed 
on silica gel as usual. The first fraction eluted was 2,4- 
dibromophenylurethan, 0.234 g. of m.p. 103-104", re- 
ported29 map. 101". 

Anal. Calcd. for CgH&OtBrz: C, 33.46; €I, 2.81; N, 4.34; 
Br, 49.5. Found: C, 33.44; H, 2.92; S, 4.24; Br, 49.5. 

The second fraction eluted was p-bromophenylurethan, 
0.154 g. of m.p. 82-83", mixed 1n.p. 82-83', infrared spec- 
trum identical with that of an authentic specimen. The last 
fraction eluted was presumably 3;3'-dibroniod,6'-bis( car- 
1,ethoxyamino)diphenyl sulfide, 0.210 g. of m.p. 215-217'. 
d ssiiiple recrystdlized from hexane-chloroform melted a t  

Anal. Calcd. for CIYH18S204BrS: C, 41.71; H, 3.50; S, 
219-220 ". 
5.41; S, 6.19. Found: C, 41.61; H, 3.50; N, 5.98; S, 5.69. 

uttiinoldiphenyl stdjde. A solution of 0.768 g. of the semi- 
solid product from tlir reaction of t h e  p-tolylthiobisamine 
and hytlrogeii fluoride in  10 nil. of absolute ethanol was 
added dropaise to 1.OU g. of pot;tssiuin hydroxide in 30 nil. 
of et,h:tiiol. The niixtiire \vas stirred 3 tir. a t  50--60°, and 
then was poiirtd iiito wuter. The aqueous iiiixture was es- 
trackd with inethyleiic! chloride. Thr residue obtained upon 
cvaporation of the inethylene chloride was chroriiato- 
graphed on a silica gcl column as usual. A syrupy fraction, 
0.527 g., wns elutcd by methylene chloride+Lthpl acetate 
(9: 1). On recr)-stallizatioil froiii hrxtne, this fraction initially 
deposited oily iiiaterial, then \vliitti crystals, m.p. 91-95', 
forined. These croljs \\'ere coin1)iiied :tnd chroniatographed 
on ncut'ritl alumina, activity gr:& 111; fractionation of the 
niisturc was not :iccc,inplislird. The material then was 
chroriiatograp~it1d on :I silicic acid-Celif e coliunii (:3 : 2 by 
weight) p:tck(:d irk 11es:~ne. The culriinn \ v a ~  eluted with 
21exane contailling iiicrrasing : ~ ~ i ~ o r r ~ i t s  oC ether (3%, 6yo, 

of material was eluted froni the cwluinri; a 0.125-g. portion 
of this, eluted by 157; ethrr, nielted a t  107-108". This Yaa 
chromatographed again oii a siinilar silicic acid-Celite 
column. The matmerial eluted I)y 15cj0 ether was recrystallized 
(hexane) t o  give whnt was presiimed to he 3,3'-dimethyl- 
~,6'-bis(carbethoxya11ii1io)dipticii~l snlt i t i~,  m.p. 109.5- 
110.5", reported1g 113'. 

Anal. Calcd. for C2~H?rxzOaS: C, 61.83; H, 6.23; N, 7.12; 
S, 8.25. Found: C, 61.93; H, 6.27; X, 7.21; S, 8.12. 
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s of S,S'-dinielh~I-6,6'-bis [N-( tTijtV0rotrlelhyl)- 

970, 1596, as.?,, 50% c3thc.r 1,)' volu~~ie).  .I total of 0.459 g. 

HUNTSVILLE, ALA. 

(29) Ref. 22, Vol. 12, Suppl. I. p. 328. 


