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During the past decade, oxtiuin chamical ressarch Las been unisre
taken with the objeet of elucidating the role of neighvoring greups in
displacement and rearrangment reactions, perticularly those involving
& so-galled 1, 2~ehift, In & foraul sense, many such transforsstions can
be expresssd by the gensral equation

A-U-C;-O.-z « X ) I‘C“ﬂ-ﬁ 2°

Here the greup A which wes originally attashed to C, migrastes to an
sdjacent atam, Cy. Ths above equstion is not intended to deseride ia
any way the true mechanism of the rearrsngment, bul marsly to sxpress
as sixply as possidls the signifieant struotural shanges invelved in such
a displagement-rearrangement reaction,

Thie presently accepted mechanism in these resctions can be forsulated
9 followe ’

& A A i
| < U ¥
~famCa > [\ ——»,,g,.cg o Xy = C3

z Fa=Ca X b S
X o 111

This involves the partioipation of the group 44 (meigiboring ) in the
displacament of Z %0 yield the oyclis intarwediate, II, wioh om opening
Tialds the procust IIX. The partieipating group i¥ may be of the type



whers W 13 & hetare atom such a8 O, K end S, vhils & may be an alkyl
or aryl group, The intermeiiste II will then be an oxondum, immonium
or sulfonium ion,

The twportant implications of such & mechaniss has to do with ths
sterochanistry of the ever-all displacement process. In the formation
and opening of the gyelis intermediate s Waldsa imversion eesurs in each
step and as & result Wwo such inversions are involved in going frem I
% I,

The investigstion herein reported was undertaken to study seme
sdditional eases of displacamest~resrrangmment resstiens izwelving sromatio
and beterocyelis hydroxy sulfides and arcmatic hydroxy ethere, These
cmpounds sin be represented by the general formula

.k R
E R

Ia the present study, -}':- represents either oxygen er sulfur, 4 13 either
phenyl, £ =nsphtiyl or J=thienyl and K was one of tires alkyl groups,

amely, methyl, ethyl e@ n=propyl, A systematic attempt was made to
¢ateruine the effect of varistions 1n 4, ¥, snd & on the displacement~

remrrengmment reaction whien the hydroxyl group in aleohols of the above
general Sype is repleced by ghlorine.

In the present work 5o sttempt hes Lsen mais to study the sctual
moshaimm of the reaction invelwved, but only thet resrrangement does or
does not socwr and to what extent,



HISTORICAL

I bas been reported recently (2) that when 2-hydroxyethyl-ze
hydroxyisopropyl sulfide, Ho«CHgeCHgn3<CH({CHy)«CHOR, 48 treated with

hydrogen ehloride %o replage the hydroxy group by chlorine,

Ciy
HOCHyaCTiguS-CHeCHgOR  Edoy  C1-CHgeCHgaS<CHCR-CH,
a1

& rewrrmgenent oocurs 1o yield 2-gllorosthyle2-ghlore-a-propyl sulfide,
That this resction may be & specific sxamples of a ganeral phenomena was
indigeted by experiments with ethyle2-hydroxyisepropyl sulfide and ethyl

edehydroxy=n=propyl sulfids, These sempounds when treated with lydree
chlorie ssid or thion;l clilaride resulted in the same protuct, amely,

2=ehlore-n-propyl ethyl sulfide.

cH
CHCH g~B~CIXC U 0 |

?r%n" CHyCH g=S~CHq=CR=CH,
cn,cn,-s-ci.-g-ca. aQ

The migraticon of the thiocetiyl group to the Serminal carbon of the propyl

greup results ia the cenversion of an isopropyl Lo & m«propyl structure,
This rerrangment ¢an e explained Ly sesuming that masleophilis re-
plesament reactions in & ~hydroxy sulfides of the above type prodably
osowr threugh & eyulis sulfonium intermediate.
CH
R~8-CH-CH 408 "
CR L I .
 y® bt Wad\gP. «1 ReS3=CR geCHCH
S g = o
Be8<CHgCE-CH, 8 ’
CR



Domustt ()) eites evidence for such a mechariss in his studies on the
veloaity of the reastion betwean lydrobromic asid and W <hydroxy sule
fides of varying chainm length in which there was ebserved an extremely
n@muonrmmimwmmwmowmmmm
stom by four ssrben stoms, a8 &n HOw(CHg) (=5, Ths sbnormal resctivity
of such mulfides wss explained as being dus to the eass with which the
sulfur atos and the «CHLOH grewp eould spprosch one ancther which eculd
regult in & eyclis sulfonium saly as en intermediste, |

KIe(Clg) oS~k ¢ EBP amep [fa.-cu.‘r.J .

gy P gmmp Bre(CHy) SR
] .

in extension of Bernett's eyclis sulfonium fon interwmediats to the re-
plassment of the hydroxyl group by a halogen in /& <iydroxy sulfides finds
stroag suppert in the theery developed by Winstein sed his collsboretors
in & series of papers (k) to sccount for the ebssrved sterscchamical
relsdionships in certsin muoleophilie veplasement resstions.

Ia the musleophilis attack of the cyulis sulfoniwm ica intermediats,
Pesuliing when etlyl 2-hydroxylsopropyl sulfide is treated with hydrogen
ehloride, the ring eculd theoretically be broken on either side of Uwe
sulfur atom resulting ia the fomation of & mixturs of two fsomeric chlare



Furthar, it is conceivable that tie tw isomeris ohloro oampounis eould
oogur tegethar 88 an equilibrium mixture, in which cese the isolstien of
oither of tham in & pure state might be quite diffioult or impossible.
Nowever, in the cases cited thus far, the 2-glloroisopropyl sulfides, if
formed at all, sre themsclves intormedistes,

Certain 1,2=-dialiyl minochlorcpropanes, nitrozsn anslogs of toe
sulfur compounis, have been ovserved (5) to undergo s similar rearranges
ment involving the interneciste formation of etlyylene irmordum cowpounds,
By the uss of this t/pe of rearrengement in the nitrogan series it has
been possible to ef hct ring enlargenent; lestlyl 2-chloromstiylpyrroliiine
having bsan found te {sonarise to leetiiyl=3=chiloropiperiiina (6),

) c2
l lcn 1 l CHLL l k H 0
e Wl _Ha l) = X %l g ¥
CHe \CH,

Cola 2| ooty Cafly

unmtmmnwicuemwtumncm-mht&
sulfur seriss, but in the one example se far studisd (7), ring contrsction
escourred instead of ring enlargement, Trestment of Sehydroxyel li=
ditliacyclonsptane (I) with thionyl etloride 4n ohlee. . orm produced
2-chloroueth 1=l Li-dithisne (IV),

fﬁr'-‘?ﬂa at Ixly [(‘:a,-a-cn:c .
CilgmBeCHp
() (1)

1] —



—~ 3\ - 8
Cdy CH' ‘CI:. ?H'
Cig _CH Jd T CHLL

L sl =aa g AR

L g

(13I) ()

It 48 belisved that the Gechlore«l liedithiscyclohsptane (XI), 4f formed
rearranges to give the bicyslis sulfonium ion intermediste (III), The
foomerisation of ths n-propyl strusture to the isoprepyl Las alse been
observed in the resctions of l-dialkylemino=gechleropropanes (2,9).
Hydrolysis of distilled 2echlorometiyylel lLedithisne (IV), afforded a

k1% yield of the eorresponding hydroxy sulfide (V), ne ether product being
fsolated.

78 -8
e o
D e 4 ~
cHg . _CICEQCL CHg CHCHgH
(1v) (v)

Henca, in this exmmple, 8 revarse rearrangsment of ihc isopropyl to the
propyl strueturs d1d mot escur,

Some observations recorded in the litsrsture (1C,11) 4indioste that
the Lsmmerisation of the {scpropyl structure to the m=propyl structure,
enoountersd in open chain 8lkyl, S «ehlorosulfides, may not ecour if an
sryl group is sttached ¢o tha sulfur atam, In order to detarmine whethar
the preseace of ez aryl group would prevent reasrrangement, Fuscn and
Esshneke (12) studied the reastion of 2-hyrroxyisopropyl pheryl sulfide (VI)



with tidonyl chloride which resulied in the furmation in £3f yleld of
the rearrsnged product, 2-ghloro-m-propyl planyl sulfide (VII) instead
of 2-chlorcisopropyl phenyl sulfide (VIXI),

Ciig Chig
C gtig=3-Ci=CH 4 H C ollg=S=CHLIICH, C gHg=S-CH=CHa=C1
ci
(v1) (v1I) (vin)

Thus 4t hss beun shown thet a phenyl group does W% prevent partisipstion
of the sulfur stom, to which 1t is attached, in the nuclecphilie die=
placeent of the Lydroxyl group with cldorine. |

One mizht expect that in the oxygen analogs of tle guapounis discussed
seve, the oxygon atam, wilch becones the seighboring group, would be
capudls of participating in the mucleopldlie displecement of sn adjscent
hydroxyl group. A recent article by Winstein and Ingrehams (13) dees
support this expectstion, ab lsast ia the ssse whare s metlyl growp (s
stiached to the exygen stam, These suthors bave conduoted experiments
invelving the solvelysis of 2-methyl-2-methioxy-3-bremobutans (XI) to give
Yemothoxye2-methyle2-butanel (XIII),

CHaQ ¢ ety o2 Hou m’q Sl
» ‘ Hy
c ‘ﬁﬁ"" %2 e, e cH |
n.a:;%-c: oy 2 T T
(xx) (x11) (x1x1)

Participation of the neighboring methoxyl group to form the intermediste
etiylens cwonivm 1on (XII) essily sccounts for its migrstion, Ions of

e Yype represant strwctures whish are usually preferentislly displaced






or oronel at the most alkyl substituted carbon atom folloving an atlaok
by a nuclacphilis don,

The first concern of this investigatiun waa to find sultadle
synthetic matinds for tha preperation of the compounis which were remilred
for 8 study of the resrrangmaent of the & -hy-iroxy sulfides and ethars,

A ltoraturs gearch waa male in ordar to £4nd raactions which could da
slxpted to the preparation of the dasired comnounds and thoss which proved
to ba of swms vilue 7 the ovyrezll smthetiec schame will ba discusesdt,

The 8d<iti:n of mercapts comncunis %o olofins 1s known o procaesd
according to Markovmilov!s ruls ir tne prosasnce of milfur (1), and tuns
sonstitates & peneral method of synthesis of Zehyviraxy sulfies. Mizon
and Kyshenics (12) hawe arplied this mathiod %o the preparation of 2-hy roxy-

isoproprl rhenyl sulfide,

CH,
-84 {s) HeCH
@ + Cily » CHaCH 8 K i o

The rearrangemant of the primary alcohol was sccomplished by trestment
with thionyl chloride usins chloroform as the solwvent.

The preparation of 2-phemoxy=l=propansl dy the reducticn of ol =phenoxy=
propionsldenyde with hydrogen sver plstimm oxice has been reported by
Sexton and Britten (15) to give a 170% yleld of the primary slcohol,

cH, CH,

@.—o-cn-cao red. @—o-cma,on

Eurd and Perlets (16) have reported the resction of phanol end
G «usphthel with shloroscetons in the pressnce of potassium iodide as &



satalyst to give good yields of phenoxy acetone and /< -naphttoxy scetons,
These emmpounds wers subsequently reduced {0 lephensxy-Re-propaml and
3e{ Gensphthoxy) ~2-propancl by hydrogenstion at 100 stmospheres pressure
i the preeense of a niskel cstalyst.

o)
(i“’“ 9 kI Heel<CHg ¢ K01
e CleCHyelCHy ™ @ iy
rod. :
‘Q-Cﬁ «CH
@-o-cn. s = @-o o~CiCiy

This eompound had been previeusly prepared oaly by the interaction of
leshlore«-2-propancl snd sodium phensxtds (17),

Similerly, Fuson and Koshneke (12) prepared 2-hydrexy-a-propyl phenyl
sulfide by & mild sluminum iscpropoxide redustion of scetonyl phenyl
sulfide obtained from sodium phenyl meresptide snd chloroscetons,

0
«8<Na w8l el <CH red,,
@ L 4 cl-CK,-ﬁ-CB‘ _—-’ @ .-é :
<CHCB<CH,y
OH
Setwets (18) hnmthdmﬂmumwumiuumlm

exide in the presence of a basis catalyst produces the pure secondmey
aleohol ,

«SH CHa » CHeCH B «H
@0\'0’6""“""[:]'%3'
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Alse 4he resction ef phenols with prepylene exide in the presence of
aqueous sodlim hydroxide is rsported (15) te give sscondary alschol
sthere,

Powsll (19) prepared Y -phenoxypropyl slechel by a mediffoation of
the methed dmibodhyw (20) wiwo ebtained 1% in 75% yleld by
treating en sbsolute alooholis selution of scdium phienoxide with tri~
nethylens ehlorohydrin., Powsll used an squsous solution of sodium
phenoxide in which the chlorchydrin is cempletely soluble and the re
sstion wes oompleted in & much shorter tixe snd in better yield,

: Hg=Cig=CHa=CH
@a o ClCHg~CH LH 08 e (] oo

Kirner and Rishter (21) wsed a sixiler resstion to prepsre
Gebydroxyethyl and Y =hydrexypropyl phenyl sulfides.

@-sa o ClaCHyCHg=OH o () SaCla®

They alse prepared the eorresponding o{ ead /7 -pephthexyl esmpounds in
goed yields,

AT« congrn —s Q™

The Mpdrexy compounds were thea somverted 10 the shlorides by Darsens®
nothed (22) weing thienyl ehloride and pyridine,

m-o-cs.-ca.oa _s_;c;h_, u,-ca.-cx






Bemnets and Baddeley (23) report a similar resstion for the
preparstion of J ~nsphtiyls Sehydroxyethyl sulfide by adding etlylens
ehlerohydrin to & selution of S-thionaphthal 4n a slight excess of
equeous potessium hydroxide st 60-70°C and hesting a short time on o
water bath, The hydroxy sulfide was converted to the chloride by the
sstion of phosphorus pentaclloride.

m‘“ + ClCHg=CHqeNH "i’ﬁ" “mrcg
M, m—*-curcarcl

Houff and Schusts (2L) prepared 2-hydroxyen-propyle3-thienyl sulfide
by an analagous reaction of }«thiopheonsthiol and propylene ehlorchydrin,

-t HyCi-CHy
[ 8\l + CLCHCH-cHy Yo ‘ )

The reactions which have just been surveyed were sarefully considered
in an attempt Yo develop 8 general synmthetic scheme for prsparing the
desired sulfide and ether aloohols. It was concluded that the resctions
represented by the following genersl equstions sbould reaiily lead to en
unequivacol synthesis of compounds wiich were nesled for a study of tle

rearrangment resctions,

2 R
ANH ¢ XCHeCHgelH —  AWCHCF y=0H

AN 4  ZeCHgeCH-R a3 AWCHg=CH=R
ol CH



In thesa equetions, / reprosents & pheyl, & ~nsphthyl or J-tidanyl
group, W is efther a sulfur or oxyz:n atom, R is an alk;l growp and
X 12 a halogen etoa,
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DISCUS3TNA

' The direct condemsation of merceptans and phencle with 1,2-¢hloro-
hydrins £n basie solution wss eonsidered %0 lead t0 sn unequivieal
synthesis of the aryl-2<hydroxy alkyl sulfides snd ethers.

AriH » Cl<CHg«CH-R X ? 1 3-CHg=CH-R

OR CH

The possibility of & side reaction invelving epoxide ring formation and
furtber resction with mercsptan to yield a mixture of prinary and
sescondary alocoiols wes discounted, This 19 in view of the repert (15)
preferential opsning of the aliyl substituted epoxids ring by mercaptans
ond phenols in the presence of a basic sstslyst te produce pure sscondary
aloohols.,
‘ The oondensation resction was carried out both in aqueocus alkali
tnd i snlydrous sedium ethoxide solulion with ecmparsble yields. The
resotion in squecus alkali hes the advantage of eliminsting the prepars-
ticn of sodium ethexide solutions and allowe & somevhat easier isolation
of the procduct, Yields ranging from 56 to 84 percent were obtained by
sarrying out the resotion in ten percent sodiwm hydroxide solution with
the redotions inwelving mercaptans giving the higher yields. The mere
ssptns aleo gave better results than phencl when the resction was carrisd
oud in alechelie sodium ethexide, In the one attampt to prepare
A=phenexy=2-propencl in sodium sthoxide solution, s considsrable quantity
of phencl was recovered and a poor yleld (20%i) of product resulted.



1

This mathod was of partionlsr sivantrrs in the sondansation otﬁ-thio-
naphttol with proprlans chlarohydrin hesmiss of ths inseludility of
B=thionephthol in aqueous alkali, In the resctions ewploying alooholic
mediux, sodium chloride precipitated and provided a mesns of quantite=
tively estimating the extent of the resction, 4 slight exoess of clloroe
kydrin was generally use? and the hydroxy sulfides or ethers wers obtained
88 eolorless liguids by vacuum ddstillation,

The hydrexy sulfides were converiad to the corresponcing ciloroe
sulfides by means of the Darzens® resction (22) using dry chloroform as
e solvent, TYields ranging fram 50 to {0 per cent were odtsined by
Srsating the lydroxy compound with & slight excess of \hionyl chloride
whieh had beon purified ty distilling frem quinoline followed by & secord
distillation from linseed oil, It was further found to be sdventarecus
to sweep 8 current of dry air sercss the resciie: surface to resve sulfur
dioxide and hydrogsn glloride, Two attempts were mars to spply this te- -
sstion %o the oonvsreion of l-phenaxy-2-propancl t0 l-phenoxy=2-chloroe
propane but in esch instencs the product gave & negative test for chloride
ion after fusion with sodimm, However, this eomversion wss acoomplished
by earrying out the reaction in pyridine giving a 55 percent yleld of
$he chlorsether, Jttexrpis to prepare penitre and },5 dinitrobenzostes
from vids chlerids by the geners) metlod of refluxing the chloride with
the soifus salts ef the scids in sloohol were unsuccessful, In contrast,
the sorresponding derivatives of the chilorosulfides were reaiily ebtained
by Shis method. Gix of the hydroxy and siloro compournis prapared in the
oourse of this work have nod besn previcusly reported ant some of their
physical properties ere recordsd i{n Tables I, II and III,
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The orly =ethod previnusly descride’ which wee avsilable for the
preparstion of 2«(B«Atlcsryl)-l-prrpancle irwlved the aditton of the
spproprists moresptan to allyl alcotol in the presancs of sulfur,

(s) CH,
ArSH + CHg = CHCHgOH ar=SCH-CHZH

Rowever, mprlicetion of this method resulted in poor yilelds and proved
to be of liuited synthetis value, Vhen J=thiocphenethiol was reflumed
with allyl alcohel {or periods of twent =four and forty-eight hours
in the pressnce of sulfur, only & 273 yleld of 2~(/O «thiothienyl)ele
propanol was ebtaine:i, Tlie reosction wus slso carried cut in a nitrogen
strosphare ¢ prevent pocsitila polymerization of the allyl aslechol and
disulfide Lormailon from J-tlioplLenctidol, but this reawltad 4n only a
slight incresse in ylald, Under the sae reaction econditlons, @ -illio-
nephtho) failsd to aid to either allyl alcolol or allyl shlorice amd She
waresctsd merespten was recovered along with some S S—dinglitlyl disulfide,
I% would sppear that mors drastic rsactiem oonditions are nocssssry to
force the &ddition, such as, carrying out the reaction in a seale: tubls,
Tie preparation of 2-phenoxy=l-propanol using the wethod employed
by Sexton and Britton (15) 48 difficult ind time consucing. It wse
erigirally planned to stiempt s straightforward synttesis by the intere
astion of phencl snd 2=chlerc=l-propancl, the lstier eampound was prapared
from the interaction of elramyl elloride and propylens following the
Bethod of Cristol st Lller (25). TlLs condensation rosstion was sttempted
first in aqueous alkall and then in iscpropyl ether conteining socium
phenoxiie using reflux periods of one hour and eizht hours rospectively,
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Evicently the shlorine ef the reverse chlorciy:rin gannot bs replesed
under these condiitions sincs the product isolated fros botlh resctions
vas prissrily unreagted phencl,

At this point it was evident that otler synthetis means must be
devised in erder to obtain the desired compoundis, ifter some delibera=
ticn 4% wee envisioned that a very general gynthetic method would be
sveilaols Af the esters of the dssired alcolwls could first be prepared
end then recdused to ths alcohols by means of litlium aluminum hydride.

(1) Arsi + RCHCORT  cmwm) Lr-sagu-co,m'

&

(2) Lr-&-gH-CO,?-ZI' ._’4.;‘...“;_, Iar-s-:ﬂd:ﬁ'ﬂﬂ
The redustion step was investigated first using metlyle3l-thiophenyle
propionats shich wss essily preparsd by the method of Hurd and Gershbein
(26), By an spplication of the gensral method of Nystrom snd Brown (27)
for Ahe redustion of ether selubls sompounds, md 81S yisli of J-thioe -
phenylel-propancl was sbtained,

@ ~5CHgCAgCOgte  JLMEg, @ §<CHg=CHguCH yoO

Ammummwﬁhmnmwpmdum
othy) ether by erushing the hydride in a mortar in s nitrogen stmosphere,
sdding 4% 40 the ether nd sbirring for several hours with sn efficient
wire stirrer, . oemdideradbls mount of the material did mot dissolve
and Whe hydride solution was used in the form of a slurry.



In erder %o further tesd the general spplicability ef the mev
syntheais, 8 fow additionsl known oompounds wers prepered. Thwe etlyl
«f-ALiophenylpropionate was prepsred by refluxing sedium Shiophenelate
ad ethyl A~bromopropionste in ankydrous xylens which resulted in o
S&% yleld of the desired ester. It was aext decided %0 try the abeve
oondensation resction in anhydrous sodium ethoxide selution in which
the reaction procecded smoothly %0 give & better yleld (74i%) of etiyd
2=thiophenylpropionate,

CHy
«SH Rad:? CD—S—CH-C!‘ P 3
@ ¢ CHyaCH«COQT <70 + Kalr
Br

The eondensation, when derried eut in alcohol, had the adventage of pro=
paring the salt ef the meremptin {n sitys and the precipitatics of
oodium balide during the resction could be used te estinste the extent
of resctien, The redustion step wes earried ouwd by means of the gemeral
Jrocedare and gave & 725 yleld ¢f 2«ihiophenyl«lepropansl.

CH,

cH 18 A1H
@-ua!co.m —_—1 @~s43-cn.nn . s

The appliestion of this umequiwveocsl synthesis to ths destred oome
pounds was sussesaful and greatly facilitated their preparstion, Yields
of 66 to €5 percent were obtained in the aondensation resstion involving
sevespians with 62 40 85 peroent yields baing obteined ia the subsequent
recdestion reagtions. Slightly smaller ylelds resulted for both resctions
wheo phenol was substituted for the mercaptans, The 2-phenoxy=lepropancl



a

prepared in this manner had @ density and refractive index which varied
eonsiderably from those reported by Sexton and Britton (15) fer tie

smme gompoundj see Table IV, Howsver, the boiling point and the melting
poiot of the Kenephthyloarbamate derivative of the eompound were in
good sgreement, The density end refrsctive index of the 2-phanoxy-le
propanel 88 prepared sbove was in good sgreement with Abe lsomeris 1~
phenoxy=-2-propsncl a8 48 the sase vhen tis physicsl oconstants of the
soalegous Leomers, 2-hydrexylsopropyl pheryl sulfide and 2«hycroxywn
propyl phanyl sulfide are ecapared (12), Also three other sinilar imc-
merie pairs of alcohals wers prepared by the same resctions as tiose
wied %o prepare 2-phenoxy-l-propmnol and they possess physisal eonstants
which are very nsarly alike, In view of thase analogies as well as the
wasquivosal method of synthesis, it seoms likely that the physical cone
stamts cbtained for 2-phenoxy=lepropancl in this investigation are mors
relisble than those reported by Sextom mnd Britton which varies markedly
from the physical sonstants of its isomer, l-phenoxy-2-propancl,
Altogether, in ths course of this work, eight new alsohols and esters
0§ previcusly reported were prepared and seme of their physical proper-
Sies are swnmarised l.n"flbln ¥V ad VI,

The alookols prepared by the two step synthesis deserided above
ware treated with thienyl chleride in order to determine if resrrangement
would oceur when the lydroxyl group was replaced by chlorine, V¥hem
2{ 4 sAhiothienyl) «lepropancl was subjectsd to tho rearrangement resction °
eonditions,

CHy
E—Jd-cu-cn.ca Skla, E—J-s-cs.-cn-cn,
s s
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the product had ths plysical properties (see Table IT) of tls chloro=
sulfide prepared by the analogous treatment of l{/Sethiothienyl)=le
propenol with thienyl chleride.

w§CH g=CHCH 8c1 =SCH g7 HeCH
U7 a 0 @ — ()T
s s

Both products of the sbove resctions gave a correct sulfide sulfur (27)
malysls for the formula ColoS.C1, To prove the fdemtity of the two
ehlorosulfides, both their p-nitro snd 3,5 dinitrobessoste derivstivea,
see Tables VII and VIII, wers prupared by & modification cf the general
method of Fuson (12), The melting points of the derivatives from the
W coepounds were ideniical and 8 50«50 mixture caused no depression
of the melting point. Furthermore the melting points and mixed melting
padnts of She derivatives prepared from ths chlorides and from le{S-thice
thienyl)=2-propanel wers identical which proved the ehlorides to be of
the amne structure &8s the alovhol eontsining the S-hydroxy-n-propyl
eide ehain, Thus on the basis ef melting point dsta, it has been estabe
Uished that 2+( /Bethiothionyl)=l-propascl upon treatsent with iionyl
ehleride does rearrange to producs le( <5 ~tliothienyl)=2-chloropropane,
The resrrgenent reaction wes also carrizd out uwsing pyritine a8 a
smlvemt instead of shloroform and resulted in a 26% yield of the chloroe
sulfide which likewiss preved to be identicel with the rearranged
shlorosul fide prepared in ehloreform,

chg

w8 i~CRynCH i TaeCiicly
|! s“ s SKlg """""" I ﬂ o S0 + HCL
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Sizilarly, 2-(ﬂ dﬁ&omphtlvi)-l—pmp‘ml was founi to rearrange
to 1e{ & «thionaphtlyl)=Z~chloroproprne ia 775 yleld when Sreated witl
tudoryl ohloride in ohlorcform, TLat resrrsngement d1d eccur was again
establisiies by 8 corparison of ths 3, S-ilnlirchenzoate derivatives of
the two Llsameris az.er)mu 1 & ~tidonsphtiyl) ~2-propancl and 2=( 3 «tido-
naphithyl) =lepropanal with 154 smo ‘erivstives of the chlorosulfide pre-
pared from the remrangwment reaction; sse Table IX, As in the previows
case 3 nixed melting point of tle derivetive prepared from the cliloroe
sulfide with the seme derivative prepared from 1l( &S -tuionsphtiyl)=2-
propancl was mot deprassed, flms proving the darivstives to be identical,

» Slwl. * 304 ¢+ KC1

It was not possible to smalyse the lerivelives from the isomerie alcoicls
ay titration of sulfice sulfur due to thelr Lusolubility in acetic acid-
water mixtures snd their spparent slov resctivity with bromine, 4 earbon-
hydrogen analysis was made of the derivatives and gave good results oome
pared 0 the salculated values,

AS & result ef the difficulty encountered in replecing the hydrexy
group of lephauoxy-2-propancl with gllorina in cllorcform, the atianpi
to resrrange 2-phandxy-l-propa;l was sarriad out in p;ridns, Tha ro-
action was garried out in tlis same manner &5 Las boan described for the
conversion of lephenoxy=2-propancl %0 lephsnoxy=2-chloroprepars. In
both instances attempts to prepare the penitro or ),S=dinitrobonzoates
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from tie cidorides were unsuccesaful, hencs the usuel method of come
parison of tiw clloriles fram tia lscieris &lcolols was not aveilailes,
& @irbon-tyirosen anal/sis of the two cliorlies gave results for carbon
‘which wme spprixinately & percent Lizh in voth cesss, Solely on tie
basis of plyalcel constsnts, see Table IIT, 1t wuld apesr that the
2plisouxy~lepropawl dil wt rearrage 6ince LUm cldord e prupered frum
it kad plyzicel proparties vidch were in betiwr agreament with thwse
roported fur 2-phenox,=l=chloropropane (25) than thoss determined for
l-phenoxy=g=clidloropropans, However, this evidence s mot oonclusive
sinee tls exach purity of the phamexychlorides is ia qusstion, enc it
wuld be necessary to first obtain derivatives of the shlerides in order
%o prove or disprove the rearrangement conclusively, The p-ritrobenzoxtes
of R-phenoxy=l=propancl and l-plLenoxy-2-propsmol were both obtainsd in
esuall ylelds snd tiolir melting points are reported in Talls IV,

| The rearrangament of 2«(, 2 ethiotifonyl)=1-butarol when treated with
tiioryl cldordi’e resuitad 1g the forwatlon of a mixturs of the twe
possitle lscweric ohleriies, 1={ (F-tiictidenyl)=2=shlorobutans apd 2-
( A-Antotitenyl)-l-chlarcbutane,

cH,
Cily - + SHIX CHy
Chig 5 ks 2807, [C] =5l Ciighd
—>1Rs >\

U-&-GK « CHatH s
g
S .

C D=ty
S cl

Iikevise Whien 1o{/F ~thiothlenyl)=2-butancl wes treated with thionyl
chlorids, a siniler mixture resulted having almost identical physical

properties, see Table I.
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ET
U-S-CHCH.CI
pBCillgeCHelT _LHT | .<fm c;‘i : '
Hew o ’ *
[ /i T |! I \te, «3<CHg=CHCI,
8 l! D cl1
' L]

The fect tl:at the productis sre mixturcs of tle isomeric chloriies was
established by preparing the ), S5-dinitrcbermoste derivatives, ses

Table IX, of the two mixtures and taking & mixed melting point of these
derivetives with the 3},Sedinitrovensoste prepsred fram 1-{<% ~thiotidenyl)
efetmtancl. The derivatives prepared from the two ehlordde mixtures
esch had a meltding point of 103-105°C and & §3=50 mixture of the two hsd
the same melting point which proves the mixtures to be fdentical, 7This
1s to be expected since the postulated intermediate sulfonium ion whigh
forms during the conversiocn of the alcohols to the chlorides would be
the smme regardiless of Wiioch alcolwl was involved, The 3, 5-dimitroe
bensoate prepared from 1-(/3 «thdothienyl)=2-butanol had a melting point
of 10L=105% and a 5050 mixture of this derivative with eithor of the
derivatives from tle chlorids mixtures resulted in a dopression of the
melting point %0 96=96°C. A study of tie Tsble IT and the melting point
ourve in Figure 1 indicates that such s lowering 4s possible only £f the
derivetive from tis ghloride mixture consdsts rougily ;t 104 of ths une
rearranged ghloride and 30% of the rearranged ehloride, The mixture of
derivatives widch melts at 103-105°C sorresponds to two possible poinmts
on the melting point ourve, C and C!, Point (a) represents the melting
point of the pure },S-dinitrobansoate of 2+{ G ethiothiemyl)el-butanol
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and (b) ecrrespends % the melting puint of the pure ),S-dinitre=
bensests of Lo{ 2 “Ahiothienyl)«febutanel, If the mixture 1s of the
sempogition represented by C them further addition of (b) sheuld ssuse
8 8light inerease in the melting poimt ainoe (o), esting 8¢ em fmpurity
1n (b), weuld besome 1006 comemtrated. lNowsver, if C' represents the
tres omposition of the wixture, the addition of mere (b) should semse
& lowering of $he melting poisd and the addition e2 were (8) sbeould sause
m edavation of the melting pednt. The ladter wae sotmally fownd to Vo
the esse, en sdditien of (a) st (D) % the minbures sbtained, A sulfide
silfer (29) analysis ves meds on all of the derivatives snd in eash esse,
s good amalysis wes shbained, Ain slemental amalysis of the Vww devive-
tives obbained from the e shleride mixtures geve surrest results for
peresntages of C, H, ¥ and 8, see Table II,

Similer results were encountered when the isemerie alsohels, 2
(/4 Anistiionyl)=lepontensl ant 1o{ @ “Ahtothionyl)-R-pantancl were
Arested with thiemyl chlaride. The formation of the misdwre of Lsemerie
ahlerides frem sither of the alechels may be represeated ss fellew

l'l: - / !l] (43 §
* Iw » C1”
or Gy
“ ) Daitatecias
8

The melting peints of the },S-dimitrebenssates, see Teble IIX, prepered
frem the niztare of chlorides ctAained from either of the isomeris
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aleohols were the sme (79-61°C), and a mixture of these two derivatives
_melted ot 79-81°C wiloh proves that the two derivatives were identical
and of course that the two ghloride mixtures frcm wideh Shey werse pre-
pared must have bean identical. TuLis is eonfirmed by the plysicel
properties of the two eclilorice mixtures which are identisal within the
linite of sxperimental errorj ses Table I, As in the preceding cass, the
formation of idontical irtermediste sulfonius jons during the conversion
ef the alcohols to the ehlorides sccounts for the identity of the
chloride mixtures obtained, A study ef Table XIT and the melting point
curvs, Figue II, for the mixture indicates that the mixturs must be

of spproximately 50+50 in oc-puiuan,_ eorresponding to point C* en the
greph, Points(a) and (b) represent the pure 3,5-dinitrobemscats
dorivatives of 2-( «tidothienyl)=l-pentancl and 1+( 8 =thiothienyl)
«fepentancl respectively. It can be sesn that an spproximate 50-50
wixture of pure (o) snd (b) bas & melting point of 80=£2° (determined
experimentally) whish corresponds faworably with the 79-8) melting point
of the mixture in quastion, indicatei by point C" on the curwe. Further,
the addition of either (a) or (b) to (d) sauses an elevation of the
melting point (£0-86°) whish 1s to be expected if (d) 4s of an spprexie
mate 5050 camposition. 4ll of the derivatives gavs a correct analyeis
for sulfide sulfur and the two derivativas prspared from the ghlorile
ndixtures were analysed for C, K, ¥, end 8 giving results which were in
very good sgresment with the ealculated valuse, see Tsbls IIX, The
poseibility was considered that the derivetives obtsined from the chlorides
(n.p. 79-81%) might be Lsemorphie forms of the derivatives chtained from
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the sloohols {m.p. 94-95°), The derivatives melting et 79-61° were
molted, allowedi $0 cocl end erystallize, rameltod and the process
ropeatsd, In each case the meliing point was 79«17 and there wes ro
inilertion of a thanga to tha ligier melting point, Furtheruore, tis
3,5-dinttrobensoate derivative praparsd fram the product obtiined frem
the trestmant of 2+( ¢ ~tidotlitanyl)-l-pertanol with thionyl chlorile,
was Lydrolysed with alooholis potash, and the mixture of alcohiols thereby
isclsta! ware converted back to the 3,5=dinitrobangostss by the usual
mothod of preparing the darivatives from the aloohols. The melting
poim of tids derivetive was £1-83° and when mixed with the origin:l
derivative moliing at 79-819, there wes no depression of the melting
point,
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Etlyle2 «Thiothienvl
op)ie and

£ttyl 2-( 2 «thiothienyl) propionate
CHy

US-C HCOgiT
8

Indo & 3OO0 ml tiree necked flask fitted with a stirrer, reflux
condenser and dropping funnsl was pleced 120 ml of sbsolute ethanol.
The flask was cooled 1in sn dce bath and 6.9 g (0.30 mole) of metallic
solium wes sdded while stirring, ifter the sodium hed dissolved, 3L.8
g (0.30 mole) of 3-thiophenethiol wes added rapidly and stirring was
ocontinued & half hour, The solution wes then hested to its reflux
temperature and 60 g (0.3) mole) of etiyl o ~bromopropionate was adied
dropwise to the stirred solution in & one Lour period. Precipitstion
of sodium bromide ensued after the first few drops of the halo ester
had been added, Followdrg the addition ef the halo ester the mixture
was refluxed gertly for two hours to complete the reaction, The reaction
sixture wes thea cooled end filtered to remove salt. Additionsl selt wvas
removed by eveporating alcohcl until dissolved salt azsin began precipi-
tating, allowing the sclution to oocl and filtering a second time, The
filtrate was taken wp in 300 xl of ether, washad first with 53 ml of
water, then with two 50 ml portions of & 5% sodium hyiroxide solution,
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and finally with SO ml of water, Aifter drying the ether solution with
snhydrous sodium sulfate overnight, and removal of the ether, the
product wes distilled through a small Vigreux column under vacuum %0
yield Lk g (0.20 mole, 6F3) of an almost colorless lijuid having a
pleasant odor, Its physical constants were: b.p, 115-116°/1 mm; ngs
1.5L10; ¢25 11645, inalysis of the compound for sulfide sulfur (27)
gave the following rosultas

Cale'd, for Col 43509t S, k.61, Founds S, 1L.33; 1L.83.

In & second preparation of the ssme gompound, 250 ml of sbsolute
aloshol was heated with 13.8 g (0.50 mole) of metallic socium. To this
solution of sodium ethoxide were adied £7.6 g (7.60 mole) of I=thio-
phenethdol and 127 g (2.70 mole) of ethyl oK -uromopropionste, After
removal of sodiun bromide and consentration of the above resstion mix-
ture, the product was extracted with ether, washed with water and 5%
sodium hydroxide solution, driec and vacuum distilled, The yield of
sthyl 2-( @ ~tuiotlienyl) propionste wss 111 g (0.52 mols, £33). Its
physical constants wers: b.p. 132-134%/5 am; ngs 1.5L10,

In s third preparstion of ethyl 2-( 7 ~thiothienyl) propionate,

s solution of 6.9 g (0.30 mole) of sodium in 150 ml of sbeclute aloohol
wes treated with 34,8 g (0,30 mole) of J-thiophenethiol followed by the
addition of 63.5 g (0.35 mole) of ethyl OC=bromoprepionate. The resstion
was earried out and the product isclated as was described above to yleld
SL.5 g (0.25 mole, §4.27) of & pure matarial which hai a boiling point

of 113-115°/1 =,
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Etiyl 2+( B-Ahiotllenyl) butyrate

ci,
CHy

US-CEI-CO.‘::‘

3

Using the spparatus aad procecure describsd above, 15 g (0,70 mols)
of metallic sodium were dissolved in 352 ml of absolute ethanol and 81 ¢
(0.70 mole) of 3-thiophenethiol was adied to the solution, ifter
stirring for fifteen mimites, 1L5 g (.74 mole) of sthyloA -bromodutyrate
vas added slovly te the hot solution. The mixture wrs refluxed gently
for an hour snd 8 half, sooled and filtere! to remove the inorganio
salt, The sodium dromide was wash:ed with ether and after drying it
weighed 65 g (90X of the theoreticsl mmount). The filtrste was concen=
trated to 150 ml, taken up in 300 ml of ether, and washed with two £0 ml
portions of 5% soiium hydroxide eclution and one 130 xl portion of water,
iMter drying with sodium sulfete, and removing the ether, the product
was vacumm distilled through a small Vigreux column to yiaold 133 g (2,56
mole, 837) of an almost colorless liquid hsving a plesssnt odor, Its
physical constants were: b.p. 116-118"(2/0 .5 ma (o0il bath tumporature
160-117°C); ngs 1.5357 e 1.1L49, Znslysis of the compound for
sulfide sulfur (27) gave the following resultst

Cale'd, for Cyofie%0st S, 13,91. Founds 8, 14.05; 1..32,
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ithyl 2-( @ -thiotidenyl) valsrate

CH,
Cig

WH-CO‘CT

By tollmdn'g the sase goneral proce urs discussed sbove, 23 ¢
(1.0 mole) of soiium was dissolved in LSO ml eof stdolute alcohol, an
146 g (2.0 wole) of I-thiophenethiol was sdded to the hot sodium
ethoxide sclution, Following the addition of the K-broemovalerete am
8 reflux psriod of %wo and one half hours, the solution was coolad,
filtered and tue filtrate congentrated to 150 ml. The erude product
was extractel with ether, washed and dried, ifter romoval of the ether,
the ester was distilled under reduced prossure {n a small Vigreux
¢olwmn, 4 forerun of 25 g of ethyl <-bromovalersts was recovered
bolling st 55°C/0.5 mm. The remsining materisl vas dfstilled using
85 01l bath (temperature, 175-199°C) acd beiled st 120-122°C /0.5 »m to
yield 160 g (0.66 mole, 65%) of pure product. The pure ester pesses.ei
2 plsasant edor and o 1ight ysllow color, Its dengity and index of
refrastion wers as followss ngs 1.5293; d25 1.1202, Analysis of the
oowpound for sulfide sulfur (29) gave the following resultss

Cala'd, for CulaeSslst S, 13.11. Founds 5, 13.28; 13.22,

Ethy) 2-phenoxyprocplonate

Ciig
@-o-cn-co,ar
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The same techniqus was employel as dascrived previously for the
analogous thlo esters, A& quaitlity, 2.7 g (5.12 mola), of sodium was
dissclved in SO ml of sbeoluts ethanol and 10,9 g (0.12 mole) of phenol
vas adled %o the hot solution, The mixture wag stirrel for tweaty
minutes to asmuire camplete furmation of eodium phenoxids and then 23.8 g
(3.13 nole) of et 1 Flbromuproplonste was a’ded drupvise to tue
solium pienoxide solution, Precijftation of sodiua bromize did nt
bacome appar-nt untll mwost of the Ol~hdlo ester Led beon azdsd, Tie
mnixture was refluaxed for ons hour, cooleld and filtersd to rewovs socium
braside, The filtrats wes taxea up in ether ani wasaald with tiree 30 ml
portlons of 5f sodium hylroxide solution and oucs witu watar, afver
sllowing the etiwr sclution to sta:d in contact with sulydrous sodium
sulfute overnight, the ether wes rexcvsd and the resicual pruduct
distilled, A mmell forerun of 2 g was collected whickh boiled over a
broad renge, 80-120%/5 ma, Tue remaining materisl was distilled and
yislled 11,2 g (2,06 wole, 537) of ester having & plessant odor, It
possesssd tls following piysical constantst b.p. 1?0—122°/$ =} ngs
1.4932, The previously raportad (37) boiling point for this ester wss
120°/6 e,

4 second prsparstion of the estor was carried out under slightly
differeat sonditions. The quantity, 11.8 g (7.52 mole), of sodium was
added te 225 ml of sniydrows ethyl alcolol, followed by the addition
with stirring of L3.5 g (0,52 mole) of phenol to the scdiuwm ethylate
selution, stirring being eontinued for an additional half hour after the
sdditien of the phemel, The l.olntioa of sodim phenylate wss hested o
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19 reflux Sempersture and 107 g (0,57 mols) of «-halo ester adied
slewly, After ocompleting the additiom of ester the resction mixture was
refluzed for four snd & half hours. The mixture was then ccoled,
filtered, weshed, and dried in the same manner s the first run. Follow-
ing vemovel of the ether, the impure product was distilled to yleld

¢5.4 g (0.3h mole, 65.L%) of She pure ester. The compound boiled at
128-130°/10 mm (041 bath tempersture 165-170°C),

Ethyle2-Thiophenylpropionsts

CHg
@-s-cu-co,;ﬂ

The precedurs used wes Lhe ssme 88 thet employed in the previocus
preparstions. A quantity of 2.990 g (0.13 mols) of sodium was dissolved
in M0 m) of abeolute ethanol, snd 1k.1 g (0.1) mole) of thiophenol wes
sddad $0 the solution., The condensation reaction was then oarried out
by adding 29 g (0.16 mole) ef ethyl ol =bromopropionate slowly while the
nixture wes being stirred, The rapid reaction resulted in the immediete
preaipitation of #o:idum bromide with the evolution of Lesb, Following
the addition of the o ~hale ester, the mixture was refluxed gemtly for
oms howr, then cooled, and filtered to remove the inorganic selt. The
£41%rets wes dissolved in 150 ml of ether snd washed in the ususl memmer,
follewd by drying over anhydrews sedium gsulfate, The sther was removed
by distillatioa and the yellow oil remaining was distilled under reduced
pressure, There wers 3 g of forerun followed by 20 g (0,09 mole, TLS
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yield) of a elightly yellew, elesr oil which boiled at 1L5°/13 ma, The
refrective index of the eompound was alse determined, ngo 1.5323. Its
pravicusly reported (31) boiliag petnt iss b.p. 139°/1k ms,

A secon? preparation of the ester was carried out by a modification
of the gensral condensation resction ussd previcusly, with a resultant
decrease in the yleld. The quantity, 3 g (0,13 mole), of socium was
placed in a 3-necked, 300 ml flask which contained 100 ml ef antydrous
xylens, The flask was fitted with a reflux condenser, dropping fumnel,
snd en officlient wire stirrer, -»Tht flask wvas heated tc melt the metallis
sodius and stirred vigerously while the xylene was allowsd to eool slowly,
The finely powdered metallic sodium wes then trested with 14,1 g (2.13
mele) of thiophemol and wermed carsfully to eomplets the salt formation
of the thiophenol, To this was added, from a dropping fummel, 27 g
(0.15 mole) of ethyl X =bromepropionate and the mixturs wss refluxed
genmtly for three and one half hours, The solution wes then eocled end
the scdium broxide removed by filtration, A quantity of 100 nllof ether
was added to the filtrate end tle solution was wasled with two 30 ml
portions of S5 sodium hydroxide sclution end one 50 ml portion of water
followed by drying over anhydrous sodium sulfets, The ether and xylene
wre removed by distillation and the yellew oil remaining was distilled
under vasuam to give 15,7 g (0.07 mole, SCE) of an almost eolorless ofl
boiling &4 1L0-1L5%/AL mm. The produst was recistilled and boiled st
1Ui9-150%/12 mm, Its reported boiling point is 135°/1L mw (31). Ainalysis
of the product for sulfide sulfur (27) gave the fcllowing resultss

Colotd. for Cy H, 40,31 &, 15.2k, Founds 8, 15.03; 15.1),
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Eulyl 2<( & ~tidonaphtiyl) proplonste

Ciy

m ~8-CH-COy T

Into & 500 ml three nacked flask fitted with & stirrer, reflux
eondenser &nd dropping funnel were placed 250 ml of enhiydrous ethanol
(distilled from magnesiwm alloy) and 32 g (0.20 mols) of <5 «thio=
naphthol which wes previously crustied in & mortar, Provision was mace
to bubble dry nitrogen gas tirough the resction mixture and after sweep~
ing the systam for ten mimates, the mixture was warmed to dissclve the

A ethionsphthol, A selution of sodium ethoxide was prepared by dise
solving L.6 g (0.2 mole) of sodium in 100 ml of sbsolute alechol,
The sodfum ethoxide solution was added through the drepping funnel and
the nixture was warmed and stirred for fifteen mirutes follewing the
additisn of scdium ethoxide solution, The mitrogen was eontinuously
passed inte the solution throughout the reaction, The stirred selution
wes bested 40 188 reflux temperature and Ll1.5 g (0,23 mole) of etiyl

ol <bromopropionste was aided slowly and resulted in an immediate
precipitation of scdium bremice, Follewing the addition of theo< ~hale
soter, the mixture wos refluwed for one and a half hours, end filtered
while still ot t0 remove the sodium dremide, On eoocling the resstion
nixture, 1.5 g of &, «dinsphtiyl disulfide precipitated and this was
remsved by filtration. The filtrate was goncentrstad to a 100 al volume,
during whish 4% wes necessery twice to remove the sodium bromide by
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filtering o prevent vijoreus busplog. 7To the crwie product wes tusn
added €0 ml of wster to dissolve ths last of the salt) follows: by
extraction with 200 ml of benzene %o ramcve the producst, TLe bemsene
oxtract was washisd with two JO ml portions of water, and dried over
anlydrous sodium sulfate, Tue dry benzens solution was tien refluxed
with Xorite for fiftesn minutes, filtersd and the Lensene was removed on
the stem bLath, ifter rexcval of the solvent, the yellow liquid was
distilled in vacuo to yield LO g (0,15 mole, 77%) of a clear yellowish
oll toliing at 150-151°/0.5 mm (0il batl temparsture 220-230°C), Its
pliyaical eonstants were as follows: ngs 1.5991; 485 1,130k, Ainelysis
of the oompound Zor sulfids sulfur (25) gave the following resulte:
Cala'd, for Cyuliyg50e¢ 8, 12,30, Founds 8, 12.L5) 12.2¢,

Methyl J=thiophenyl propionate

@-S-CH.CH,CO,‘io

The quantity, 7.k g (2.85 mele) of metlyl sorylate was added drop-
wise to Ll g (0.L0 wele) of ehilled thiophenol containing 0.0 g of
suspended scdium methoxide as & cstalyst. The reaction wes carried out
ia an spparatus comsisting of & three nocksd flask fitted with a stirrer,
dropping fumnel end reflux condenscr. Following eomplete sdiition of
the methyl acrylate, the reaction mixture was stirred for a period of
sixteen lours at room tempsrature, and then flltered to remove the
basls eatalyst, and &4 mall smount of polymeriged ester, TLe unressted
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ester wag removed under reduced pressure and the resitue was distilled
te yield 72 g (0,37 mole, 92%) of the eater bolling at 150-153°/12 wm.
ngo 1.5510, Its reporte:
(26) phystosl eonstents ares b.p. 153155°/13 wmy £2° 1 5710,

The refractive index of the ¢arpound wast

2+( G “ANiotitenyl)=lepropancl

Cily

HCH 3™
(.
8

Inte & tlres nesked litsr flask fitted with & stirver, reflux eons
denser and dropping funnel wee plesed 235 ml (0.2 mole) of a one molar -
solution of lithium sluxiowm hydride. The guantity, 3% g (0,16 mele) of
sthyl 2<( /@ «thiothienyl) propionate was dissclved 4n 100 ml of dry
sther d asded with vigorous stirring to the flask as quisidy as the
nnulnnh-r'ulddlw It wes Becessary st variocus time intervals
to immeres the resetion flask in am ioe bath W contrel the exthermio
resction, After the eddition of the ester, the mixturs was stirred for
e o0 hour period and the exeess lydrids was then destroyed by cocoling
the solution in an fce bath and osutiously adding 25 ml of ethyl acetate.
At this peint the mixture becsre vary vigeous and sn additional quantity
of 200 ml of sther was added, The contents of the flask was then poured
into 300 ml of iee water, and 700 ml of 10% sulfurie ssid wes added to
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deoompose the complex alecololate, The ether lzyer was separsted and
the aquecus portion vas sxtractad twice with 150 al qusntities of etler,
The mbinod ether layers were washed with 100 ml of 10X sodium bie
sarbonate sclution, then with 100 ml of water and drisd over smhy:irous
sodium sulfate. After Pemoval of the sther, the empound was distilled
under vacuum to obtain 22.3 g (0,13 mole, £1.5%) of an almcst colorless
o1l bLolling st 120-123%/1 mm, Ths pliysicsl constants of the gampound
weret n%s 1,580k 4?5 1.20713, Analysis ef the compound for sulfide
sulfur (29) gave the following resultss

Cale'd, for CqollyoSe0s S, 18,37, Founds 18,k73 18.99,

A segond preparation of the gompoun: carried out as deserided adeve,
geve 8 yisld which was 8 little better than the first case, £7.5 pereant
of tle theoretical, and the product boila: at 1.0%/5 ma,

in alternative procedurs wes alsc ussl to prepare the same compound,
Into 8 100 m) flask fitted with a reflux conienser were placed 29 g
(0.25 mols) of 3=tuiophenethiol, 17.k g (0,37 mole) of freshly distilled
allyl aloohol and 0,25 g of sulfur. The mixture wes heated under reflux
fer twenty~four hours, Ths resction mixture was diesolved in S0 ml of
other and wasled firss with turee LO ml portions of & 5% solution of
sodius hyiroxide, then with one LO ml portiom of weter, followed by dry-
ing over snliylrous macresium sulfste. Eomoval of the ethsr and distilla-
Ston of the produst ylelded 11.6 g (0 .067 mole, 26.6£) of the hydroxy
sulfiie boiling ot 1!0-12]'/1 mi, The cozpounc had the following physie
ool constanter niS 1.5852; 45 1.2078, inlyetls of the caupound for
sulfice sulfur (29) provided the following rosultst
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Calatc, Sor Cougolgit o, i, Foumls 17,543 17.9-.
& Bescnd prepmradion of s vuEpound wes carried out lu & nitroyen
swosplare md resultod 4a 8 30¢ yisld of tle desired product widch
distilled at 123~12.%/2 i,

2+ ,d ~lictliian, 1) ~lectansl

Cig
Cilg

8

Using the sase spparatus 8s uze duscrited sbove, 500 ml (C,59 malse)
of a one molar lthiun slupinum hydirice sclution wes placsc in the flask
and treated with 108 g (¢ Jﬂ male of ethyl 2+( S ~thiothianyl) propionste
at sucli & rate as to mgintein gontle relluxing of the ether, ZThe resstion
pixture was stirred for fortyefive minutes, goolad, and sthyl scetate
csutiously addad te destroy the excess hydride, after which the mixture
was poured into 250 ml of ice watsr, The ocoxplex alcololate was decom=
posed with 150D nl ef & ten peroent solution of sulfuris acid and ile
other layer wad separsted. The equecus layer was extractsed with tliree
125 ml portions of ether. The embined etler layers wers dried sud tle
ether removrd, Subsequent distillaetion ef the product ylelied 74 g
(0.4 mole, 6i2) of & light yellow oil which boiled et 122-12L°/0.5 s
(011 bvath temperature 155-170°C), The plysical propsrtiss of the hyircxy
sulfide were determinedt n5° 157473 25 11743, fnalysis of tho come
pound for sulfide sulfur (29) gave the following resultst

Cale'd, for Colly48,01 8, 17,01, Founds S, 17..9; 17.L0,



2-( B ~tidotlienyl)«lepentancl

i
Cilg
CHg

Us-ca-cﬂ e
]

Tie s&ns gorsrsl procsiure 8 previcusly descrived was enployed,
using 00 ml (0,60 mola) of a litidum eluminum hydride solution snd
130 g (2.53 mole) of etigl 2-( I «tlilotiisnyl) vilerate dissclved in
150 ml of anlydrous ethizr, TLe exess Ly.rije and complsx alocholate
were decorpesed in tle usucl manner, Aftar the ether extraction of the
hydroxy sulfiie, the ether layers wers cam'dned, washad with sodium
bicsrborate and weter, drisd, and the ether removad, Fractionstizn of
the cruie protuct gave 50 g (9.LL mcle, £21) of the pure compound which
dietilled at 133-135°C/0.5 ma (o1l bath temperrture 160-150%C). Ite
physical propertiss wores no> 1.5¢32) d° 1,135L. The sulfide sulfur
(27) analysis of the procuct gave the following resultss

Calo'd, for C.H, 80 8, 15.£3. Founds 16,023 16.15,

2=pheroxy=l-propencl

Cily
@-G-CHCH,')H

Using W0 smme technijue as tiat used $a the foregeing Wu,
0 g (0.31 mole) of athyl ol =phenoxy propionate was edded to 310 ml
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(0.31 mole) of & cooled molar solution of litlium aluminum hydride,
The reaction mixture was stirred for s one hour pericd :nd ths exness
hydride was decompossd with etlyyl acetzte, Aifter allowing the mixture
to steand ovornigit, the complex elocliolate was decomposed by pouring 4t
into 300 ml of 1ce weter end adiing 1200 Kl of & tsn perosnt sullurie
scid solution, The ethor layer was ssparated and tis aqusous layer
exirected with two 150 =l portions of ether, Tle combined ether layers
vere waslied with 200 ml of & five parcent sodium bicartonate sclution
and then drisd, After removing the ether, the product was distilled
to obtein LO.5 g (.27 mols, £6,55) ef the phenoxr aloohol boiling st
125°/19 m (011 bath tempersturs 160=165°C). Tue plysical constante of
i@ compound veres ngs 1.52373 d35 1,0432, The reportsd (15) values
aret b.p. 120°/10 mmy n§5 147505 4% 0.9530,

4 sesond preparstion of the eorpouni on & small scale (0,05 mole)
resultod in & 6 g yleld (7% of tue tieoretical) of the phenoxy slechol
possessing the following physical ccnstantst b.p, 122+125°/10 mm; ngs
1.52325 ¢%° 21,0632,

In ordor to test & second general metho. of syntheais, L.2 g (0,12
mle) of sodium ard 120 ml of snlynircus is:propyl etier were plased in
the spparatus previously described and a solution of 22 g (0.23 =ole) of
phenol dissolved in anhydrous isopropyl ether was added slowly, The
£lask was warmed slightly to initiate the reaction, Aftsr ths scdlum
had reacted, 20 g (3.21 mole) of 2-<cllorv=lepropancl wes sided end the
nixture wis refluxed for sn eight hour period. It was then transferred
to & separatory funnel, washed with 190 =l of water, next with two SO s}



portions of & five parcent soiium lLiydroxile lailnticn and azaln with
weter, Aifter the ether sslution had besn drisd over anlydrous sodium
sulfate, the ether was ramoved and ths i;ro-iuct distilled to yleld 19 ¢
of & matorial boiling et G0=63%/10 mm, The pliysical propsrties of the
1iquid werst ngs 1.5253; d25 1.0L09, The material evidently consisted
- primarily ef unreactad phienol as several extractions with s solution of
socium hydroxide grestly reduced its wolume.

2-ALioplanylel-propancl

City
@4-cxca,on

Pollowing the same procedurs o8 in the previcus preparations, 95
al (C.095 mols) of & one molar solution of 1ithium alwsiram hydride was
placed in the flask, ecoled and trested slowly with 20 g (0,095 mole)
of ethyl 2-thicphenyl propienate, Yollowing the idition of tle ester,
the ¢ontents of the flask were stirred for 8 period of one Lour and &
half. A 13 ml wlume of ethyl asetate was added to dscampose the exsess
hydride and additionsl ether wus aiced to incresse the fluldity of the
viscous mixture, The somplex alocholate woe decomposed by ueing 200 ml
of 1co wator and 500 ml of a ten pesrcent sulfuric scid solution, The
product was extracted, washed and dried in the usual masnner, Removal of
the ethor and distillation of the residual liquid yielded a forerunm of
3 ¢ and 11.5 g (0,07 mole, 72%) of the desired compound boiling at



m.ue'/ lmn, The refrsctive inlex of thw proluct wass aga 1.,5722.
The reportad (12) properties of this compound sret b.p, 96-109°/0.5 mmp
n30 1.5710,

2+ /S -tlionaplitlyyl) elepropancl

cil,

‘ @-s«c:u:x s

Following ths same genaral procecurs discussed asbove, 25 g (U.12
mole) of etiyl 2+{ B-tiionsplithyl) proplonete dissolved im SO m) of
anhydrous ether was ad-ed dropwise %o 125 ml (0.13 mole) of lithiwm
slumioum hydride solution, The mizture was stirred for one half hour
after which etlyyl scetste was added to docomposs the muaAhymcz.

The viscous reaction mixture was poursd into 100 ml of foe water and
decorposed with GO0 2l of a ten percent sulfurie ssid solution, 7The
product was extrected with sthar, weslmd, end dried as before, The ether
wes removed by distillstion and the residual oil soliiiffed when eooled
in an 4ce bath, The compound melted at roem tamperature nd wes dise
tilled 4n vacuo te yleld 18 g (0,08 wola, £3%) of a pure sompound which
boiled at 160-152°/0.% mn, The refractive fndex of the liguid wass
n2% 1.6k, The 1iquid selidiftes %o & waxlike solid upon cooling end
1ts melting point determineds m.p, 26=26°C, Analyeis for sulfide sulfur
(29) of the product gave the following results:

Calo'd, for Cy M eSUs 8, 1L .67, Founds 1L.925 14.97.



An etterpt was maie to prepere tho curpow’ by refluxing a mixture
of B -tiionsphttiol and sllyl aleohol in the presence of sulfur for
twanty~four hours but resulted only in the recovory of some A G =ile
paphtliyldisulfiie snd unrcactad ,Gethisnaphthol,

J-thicphsnyl=l-prcpancl

@-a-ca,-ca,—cx,a:a

By & similer procedure involving the intarsetion ef 127 ml (0,127
mole) of 1ithium alumimm hyiride solution aad 25 g (0,127 mole) of
setlyl (J-thiophenyl) propilonate dissolved ia 190 ml of sbeoluts ether
followed by dacamposition of ths excess lyiride with sthyl acotste there
was obtained s viscous solution ef the oonplex alsoholate, Decomposition
of the eomplex was acconmplistied as described previcusly and the ether
extract of the oompound waes washed and dried, After removing the ether,
the product was distilled %o yield 17.3 g (0.10 mels, 1{%) ef & clear
o1l boiling at 133-135%/1 sm, Its refrective index wass n:o 1.5807.
The reported (21) plysicsl constents for tids compound sret b.p, 134-135°%/
2 my n%o 1,583,

1«( & «thiotidenyl)-2-propanol

U s-caa,-cog-ca,



Into & thrass pected flosk £14tal wish a ssirrer, rsflaz cononsor
23! Eroppiag fumel, were placed LS4 g (7.1 wolu) of 3-thilrphaneiidel
and 120 »l of a twsmiy parcent sclullen of ol hytarlles, 4 quantity,
L5.5 g (0.48 mola), of proprlens chlorohydrin was added dropwlss ovsr &
oma=half hour parled. The reactisi mixture wxs rofluxsi for a pario! of
ons hour and allowad to ccol t5 roam tapaczture durdng which tiog a
yrllow oil se2perete!. Tha cily la~r swe sesparsteld and tls aqusous lyyer
extractad with two 50 ml portions of etlier. The ethsr extracts wirs come
bined with the olly lsyer, washed twlcs wits SO ml portions of watar,
and dried over anlydrous eodium sulfate, fter resoving the etier, the
eorpound was distilled uniar rsfuce? pressure and gave 57,5 g (C.34 mole,
§5.65) of elszr yellowdsh eil boiling at 115°/S mi, Its phsicel cuns
stants wores “‘2)5 1.5783;3 25 1,271, The raported bollinz point 4ss
16%/5 pm, inalysis of the gompound for sulfide sulfur (27) gave ths
following datas

Caletd, for CoHy,S30% 8, 1800, Founis 13.L9; 1R.LC,

1«{ & «Ariothienyl)=2-butano)

8-CilaCH~Cllg=CY,
I! u o
3

Using the same apparstus &8s was «zplo el in the previous preparstions,

21 g (0.18 mole) of J-thicpheanethiol wes Aissolved in 50 ml of absolute
ethancl and treats? with 100 ml of & solutivn pruparsd by adlirg L.2 g
(0.18 mole) of moiium %o 100 21 of sheclute alochiol, Tha resulting
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solutior was then warmsd and 20 g (0.18 mols) of butylene eblorchydrin
added dropwiss with stirring. The temperaturs of the reaction mixture
was then raised to its roflux tempersture end refluxed geatly for an
bour «nd 8 half. After allowing the reaction to stand overnight, the
heterogzensous mixture was filtsred to rencvs sodium ¢hloride which was
subsequently dried and weighed to give 9.5 g of salt (90L of the theo-
reticsl). The filtrate was then ooncentrated, dissolved in ether,
washed with three S5O ml portions ef & five percent sclutisp ef sodium
hydroxiies and two 50 ml quantities of water. The ether layer was dricd
over anlydrons sodium sulfate and sfter removing the ether the procuet
wes distilled to ylold 18 g (0,09 male, 535) of @& light yellow ligquid
botling at 116-116°/0.5 sm (041 bath temperaturs 150-190C). Its physie
oal constsnts wares oo 1.5755) d°0 11751, Sulfide sulfur (29) enalysis
of the sompound grve the following results:

Calo'd, for CodyaSe0t 8§, 17.02, Foumiz 8, 17,31, 17.27.

1 & =tiiotiienyl)~2-pouteancl

o CHel HgeCHa=CHy
GH
3

The procedure and sppsratus for the resciion wes tie same as that
use: in the preceding prapersilon, & quantisy, 26.6 g (0.23 mols) of
Jtldophenetiilol was dissolved &n 50 ml of absoluts alovhol, placed in
the flask and trested rapidly with & solution of sodium ethoxids prepared
by dissolving 5.3 g (0.2) mole) of modive in 107 ml of sbsolute aloshol,
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The reastion mixture wes lested and stirred for a period of twenty
sinutes follewed by trestasot with 32 g (0,26 mols) of lechlercege
pentenol which wes added over a ten miruts poriod. The reastion misture
vas maintained at ite reflux tsxperature for s period of ons hour, cceled,
filtered and the aloohol removed by distillation whieh lefy & derk
eolored 1iquid. TLe erude produst was dissolved in ether, washed, dried,
and after removing the ether, the compound was distilled $o yield )3 g
(2.16 mole, 71%) of a ysllowish oil which beilad st 125-127°/0.5 mm,
The refrastive index and donsity of e ccwpound wret ngs 1.5636;
%5 11397, inalysis ef the compound for salilds sulfur (29) gave the
following resultst

Calztd, for CoH, (S0 3, 15.23, Founis 8, 16192 15.11,

1+ B ~thionaplily1)-2=propoanl

«8Cilg-Cil-21,
SH
The sane spparatus 8s previously described was use: and provieion
wss made $0 bubbLle & strem of dry niirozen gas throngh tha resetien
aixture. £ quantity, 16g (0.16 mole) of & -thionsphthol wes erushed in
8 wordar and adied 4o 8 flask containing 150 ml of sbsolute aloohol,
Fitrozen wes dubLled furough tha system 8d eontimied throughous the
resstion, Ths mixture wes kept et (0-72°C sn: stirred untll the &«Anioe
asphthol bad completely dissolwad, A solulion of sodium ethoxice was
prepared Yy dissolving 2.3 g (2,15 mols) of soiima in 170 »l of susolute

ethanol and gdidel to tho reactica fleak, ifi2r stirring the Lot solution
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for a :.2lf lour period, 110 g (5.12 mole) of pron,lone ellorel drin wes
added qulicily ani tie mixturs wes re2fluxed for & pariod of an howr and
a Lalf. The Lt soluotion was filtars! %o y13ld 5.5 g of sodim cilorile
(2 of the tuxretlcsl) and upon cooling the filtrate, 1 g of &, S-
cinm bl sl e erystallized from Wi reaction mixture in Us form
of silvory platas (x.p. 139-17%), The cimlfi‘e was romoved by £iltre-
tion follow:d by reascval of zcst of thie alo lcl by distillation, Upen
ecoclin;;, the pruduct orystallized, wus filtered and drisd. It meltad
et L1-13%, ifter erystallization from & 5759 mixturs of etryl aleshol
ar! water thore was obtalned 17 g (2.09 mole, £75) of lisht yeliow erystals
melting at L2-LL%C, Anal;sis of the maturial for slfids sulfur (29) gave
the following resultss

Calc'd, for Coyfl 57 8§, 1L, €7, Founds 8, 15.13p 15,10,

leplienoxy=2=propancl

«Qalil g=l Halliy
Gl

A quantity, L2 g (5.L5 mols), of phienol wes dissolved 4n 180 ml ef
8 ten parcont soilum liy'roxi e solution and interscted with slijlitly more
tLen the thooreticel ssount (LS g, 0,47 mole) of propylans ciloroiydrin,
The resction procezdsd raplily undsr reflux with the separsticn ¢f an
oily layur ani wus eormpl-ta &n & half hour, Tha oily lsyer of the product
wag separated and tiie aqwous lgyer extrectad with ether, Tihe ether
sxtracts and oily lsyer were ocmbinasd, washie: with & five psroent godium



hydroxide solution, followed by w.tar, driei and ths ether removed,
Distillsticn of the product geve 38 g (.25 mole, 55.5%) of & eclorless
01l boiling at 116-117°/10 mm, Its physical eonstants weres ngs 1.5220;
423 1,067, Literature (15) velues for its physical constants sret
b.p. 116=117°/10 wmy 2> 152005 %% 1,060,

4 socond proparstion of the compound resulted in a OF yleld of 2
eolorless 1ijuld boiling at 1s° /L s, Its refractive index wess n%g
1.5220,

3-phenoxy=lepropansl

@»o-czz,-ca,-cu,-ca

Following the previous gensral proce iure, 21 g (0,22 mole) ef phenol
was dissolvec in 0 ml of a ten percent soluticvn of sodium hydroxide ard
treated with 22,5 g (0.2h mole) of trimetlylsne ehlorohydrin, The mixe
ture was refluxed for sn hour during wiich an oily lsyer separsted. This
was removed and the water layer extrscted with ether. After combining
the oily laysr and ethor extracts, thoy were washed, dried, and the ether
romoved, Vacuum distillation of the procuct ylelded 20 g (0.13 mole,
€7%) of a oolorless liguid boiling at 1&0-12;3./10 m, Ite refrective
index wast ngs 1,524k, Tue reported (32) boiling point for this come
pound 181 21:9-250°/75L mm,



«Thiotlienvyl) and «Thio thvl) and
no 1loroslianes

1<( & =thiothien;1)=2-chloropropans

8<Cilg=CHCH,
t! ﬂ Cc1

8

Into & 300 ml three necke:i flssk fitted with & stirrer, reflux
condenser, and dropping funnel was placed 25 g (0.1k mols) of 1e{ /5 «thio-
thienyl)=2-propancl dissolved in 15 xl of pyridine. To this solution wes
added with stirring 20.6 g (0,17 mole) of purified thionyl chloride dure
ing aa hour, Provisicn was also made t0 pass a slow stram of dry alr
aqross the surface of the mixturs during the reaction, 8tirring was
eontinued for fifteen minutes after the aicition of thionyl chloride
wes complete. The rsaction mixture wes thea taken wp in 80 xl of ether,
washed twice with LO ml portions of water and dried over snhydrous sodium
sulfate. Following the removal of the eiher, the product was distilled
in vecuus o yleld 10 g (2,05 mole, 37%) of yellowish o1l doiling at
85-90°/1 wm, The physical econstants of the compound wers: ngs 1.579L
a5 1,230L, Analysis for sulfide sulfur (23) gave the following resultss

Cala'd, for Coi,54C28 8, 15,62, Foundr 8, 16.8Ly 17,03,

The sompcund was also preparsd by the roarrangsent reastion using
dry shloruform se the solvent, 4 gqusntity 17.L z (0.10 mols) of 2-(< «
thiothienyl)=l-propanol was diseclved in 25 ml of dry chloroform snd
trested with 1L.3 g (72,12 wole) of purified tlionyl chleride dissclved
in 15 =l of etloroform. The mixture wcs then refluxsd gently for an



hour during which the volume of chloroform wes kept constant by
occasional a‘dition of solwnt, The chloroform wes then removed and the
product dissolved in ether, washed with watser, dried and the solvent
sgain removed. Distillation of tie product gave 13 g (0,07 mole, 53)
of sn almost eolorless 1iquid boiling st 105°/1 mm. Ite rafrsctive
index wast ngs 1,587%0, 4snalysis of the chlorosulfide for sulfide
sulfur (29) gsve the following datas
Caletd, for CoH,3,L1e 8, 16,62, Founds 8, 16,523 16,65,

A pecond preparstion using the sams quantitiss of materials gave a
5% yiald of the rearranged chlorosulfide boiling at 115-117°/3 mm,
Its refractive index wes: ngs 1.5793.

A third preparstion of the eompound in which dry pyridine was
employed as the solvent gave a 261 yleld of the rearranged ehlorosulfide
botling st 90-54°/0.5 ma, Its refractive index wast nl> 1,500,

1«{ 3 «thiothienyl) =2-clilorcbutane and
2-( & =thlotldenyl)=1-ghlorcbutane

CHy
Cily
HoCHCEoCH, ACHSLL
U el I u
3 8

The procedures snd spparatus Wss the asse ss praviously deseribed
sud consisted of dissolving 10 g (0,053 mole) of 1=( & «tlLiotiienyl)=2=
butanel in 25 ml of dry omrbon tetrachloride followed by trestment with
7.1 g (0.06 mole) of purified thionyl shloride dissclved in S w1l of
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sarbon tetracidoride, At the end of the s’dition, the mixturs wus re-
fluxed gently on the eteam bath for s forty-five minute period. aifter
diseoclving the resction mixture in ethier, it wes wasied with three 20
al guantities of water, dried and the solvent removed, Tle product was
distilled unier vacuum to yield 11 g (0.05 mole, 57%) of a light
yellowish eil boiling a8 $2-9L°/0.5 ma (01l bath temperature 175-175°C),
The phyeical constants of the mixture of isomers wores ngs 1.5711; dés
1.2005. The sulfide sulfur snslysie gave the following results,
Calc'd, for CgRy S,Cls 8, 15,50, Founds 8, 15.793 15.47,

Tue mixture was also propared by the rearrangsment of 2-( [/ -tiioe
thienyl)=lebutsnol by tresting 1.8 g (0.19 mols) of the hydroxy sulfide
dissolved in L0 ml of dry carbon tetrachloride with 1L.2 g (0,12 mole)
of purified thionyl ehloride dimssolved in 10 ml ef earbon tetiraghloride,
The usual operations were ceorried ocut and distillation of the product
yielded 13 g (0.06 mols, €37) of s mixture of the rearranged snd unre-
arranged chlorosulfides boiling st 199=102°/0.5 mm, The refractive imcex
and dessity werer ni> 1,5712p d%° 1,209, iuslysis of the mixture for
sulfide sulfur (29) gave the following resultss

Calo'd, for Cgl38,L20s S, 15,50, Founds S, 15.953 15.77.

A second preparation of the compuumis Ly tiie remrrsngamcnt rssciion

resulted 4in 8 (5,52 yleld of the clhlorosullicss boiling at 96-103"/0.5

mm, The rofractive iniex wass n’zf 1,57¢7.



A=( & «tliotilenyl)=2-chloropentans and
2-( 3 -otuianyl)-1=cltloropentsns

Cily
Ciig
Clig

i geCHClig=CHqCH, HeCHoC2
0 c1 I! 1
s 8

Using the sene a;paratus sni technique as deseribed above, 16 g (0.7€
mole) of 1« ,@-t}doﬁia:ul)-zopentaml ware dissolved in )0 ml of dry
surbon tetrachloride and ressted with 7.6 g (0,07 mols) ef purified
thionyl ehloride dissolved in 5 ml of carbon tetrashloride, Identical
oparations were carried out as previcusly described and distillation
yislded 19 g (2.05 mole, 57%) of & mixture of cllorosulfides whioh boiled
at 116-112"/0.5 ma (04) bath temperature 175-195°C), The pliysical aone
stints weres ngs 1.55%; dzS 1.1573. anal sis of the mixture for sule
fids sulfur is in.ilcated balow,

Cale'd, for CHyeSLls 8, 14,50, Founds 35, 14.703 1L.77.

The preparstion was also carriel cut by the partiel rearrangsment
of 2<( ,6 ethiotiiien 1)=lepoutancl, 4 quentity, 14.2 g (0,12 mole), of
pwrified tiloayl clloride was dissolved ia 10 ml of eerlun tetrachlori.e
and addad dropwiss to 20,2 g (0,19 si0la) of %i.e Lydroxy suiflde dlssolved
in LD m) of dry carbon tetrachloride, Iha provdust was isclate] by carrys
ing out tie previousiy dlscusse!l operaiions &sd revulied in tue prepares
tion of 15 g (0,07 mole, 73%) of tie mixturs of Lsomers bolling et
1220124°/0.5 ma (011 bati tewpersture 170-155°C), Tue following piysical
properties were detuermineis ngs 1.5063; 55 1355k, & sulfide sulfur



anyl veis zove tha fallowiny resulis!
Calatd, for Cgod,534 10 8, 14,50, Founds 8, 1L.705 1L.E7,

A s:cond rpd tMird runs ware mais involving the partisl rearranyae
lw.nt of 2+( O =tidotidenyl)=l-pentan:l with tiionyl chlorids and re-
sulted 4in yiolds of £3.5% aud 471 respectively of tis chlorosulfises,
The boiling points and refractive irciges were respectivelys 112-118°/
0.5 wrp 0o’ 15601 and 115-122°/.5 wmy o 150,

1-p:anoxy=2=cl.10roprop ane

@-o-c'»z a<H=Clly

Following tha gineral procelure discusssd sbovs for the conversion
of hydroxy sulfi ‘as to cilorosulfides, 23 g (2.15 mals) of lepimnoxy~2
projancl ware dissolvad in L3 ml of dry pyridine and treated slowly with
22 g2 (0,17 mole of purified thicnyl chloricde, The resction mixture bee
eme warm fron the exothermic resction an‘t the preeipitalion of pyridine
by’rochloriie becaxe noticsable after sbout helf of ths thionyl chleride
hal bem allosd, The mixture was stirred end warned for a half hour
following the a.dition of thiornyl chloride, It was then taken up in
ether, wash2:! with weter, drisd end the ether resoved ty distillation,
The protuct on distillation boiled st 55°/5 sm yielding 1k g (0.09 mole,

5:1) of the desired ecrpound. Its piyaical constants wsre as fcllowss
S 1.52523 1.32’ 1.2939. /nal;wis of ths corpoun: for eervon and hydro-en
gave the focllowing resultst



&7

Cale'd, for CoH y0CLs C, €3.30) X, ¢.L5. Poands €, &5
B, 6,89,

Another preparstien of tiw saze evmpound gave 8 k7% yield of pro-uet
boiling et 95'/5 ma, JIts refractive indiex west ngs i1.5221,

Two sttanpts ware made to propars the chloride by & sinilar re-
sction in which the pyridine seolvent was replaced by ohlowoform and in
each instance the product obtaine” gsve & necative tsst for clloride ion
in the scdium fusicn test and was evilently unreacted phenoxy propamol,

1<Clloro=2-Fiisnoxy propans

CH,
GG 1401

Using pyridine (35 al) ss & solvent, and enploying the general
prosedure and spparstus ussd in the preceding preparstion, 12 g (0,08
mole) of 2-phenoxy=l-propsncl were treated with 12 g (0,10 mole) of
purified thionyd ehloride, 4m ice bath was used to modersts the emothermio
reaction wilch was stirred for & half leur follewing the thionyl ehloride
addition, After gsntly beating for an bhowr, the fhisk reaction mixture
was peured inte 50 ml of water to dissclve the pyridize hydrochleride.

i 100 md quantity of ether was added and the mixture transferred to s
ssparstory fumnel, and the water laysr remcved, The latter was extrssted
with etler, 7The ethar layers were gombined, washed with three L0 a)
portions of a dilute solution of ky-rosidoric acid, twice with weter,
dried and ths sther removed, Tho product wes distilled inmhan



T g 0.0k mole, 527) of 8 colorless o1l boiling at 62-6h°/b.5 mm, The
ptysissl constants of the eompound werel nns 1,5195; o 231 52185 @ 42>
.0921. The roported values mres b.p, 110-113°/22 mng nn 1.5218
d 1,102, A carbon and Iyirogen analysis of the compeund gave the
following resultss
Cale'd, for CgHyy®Cle C, €334 R, 6,15, Pounis C, 6L.32;
¥, 6.62,

1« 4 -thtonsphthyl) «2=shloropropane
QOreni e

Into & 200 ml Erlemmeyer flask were plased 15 ml of dry ehloroform
contalnirg k g (0.018 mole) of 1<(,5 <tilosaphtlyl)=2-propancl and
treated dropviss with 2.5 ¢ (0.021 mcle) of purified thionyl ehloride,
The flask was shaken continuoualy during the adiition of thicnyl chloride,
A slow stromm of dry air was directed scross the surface of the resction
nixture st frequent intorvals throughout tho reaction, to facilitate re-
moval of sulfur dioxide and Wydregon chleride. The reastion mixture
turned brownish 4n color end was warmed on the Stesm bath for a ten minute
period to eompleote the remcval of gases., The mixture was than dissolved
in 50 ml of ether, washed with three 20 ml portions of water, dried, the
sther removed and ths produst distilled uniler vacunm to yleld 3.3 g
(C.01k mole, E°F) of & 1A yellow 1iguid boiling et 1L0%/0.5 zm, Its
refrao\ive index and demeily weres ni> 1.63665 425 11711, inedyses
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of the sompound for sulfide eulfur (29) gave the following results:

Cale'd, for Cy, R 35C20 8, 1).52, Founde 8, 13.9%; 13,91,

The same oormpound was also prepared by the rearrengwment of 3«

( /5 ~Abtonmphthyl)=l-propanel using & siniler procedure &8 was employed
in the previously desaribed reaction, 4 quantity, 7 g (0.032 mele) of
the hydroxy sulfids was dissolved in 25 ml of dry ehloroform amd
trested with L.2 g (0,036 mele) of purified thionyl ehlordde, The mime
ture was warned on the stemm bDath for five minutes 40 emplets the re-
sction and 0 drive off resstice gases, IV was them diseslved in ether,
washed with weter, dried, reflumsd for & fow nimutes with Norite,
filtered, and the ether removed by distillation, The restuual prodwet
ws plased under & 0.5 ma vaouum for eas heur (while hesting en & stem
bath) te remeve the last traces of thionyl shleride snd selvemt, The
shlorosulfide weighed & g (0,025 mels, 75%) and its refrastive index
weor 835 1,6360, Analyeis of the eompsund gave the follewing results
for sulfide sulfur (29)+

Cale'd. for Gy,H gSC1y 8, 13,52, Founds 3, 13.90; 13.76,

Iatermediates

~Fhenox; propiernic aeid

Cﬁ'
@-o-cn-co.n
4 300 vl three mecked flask was fitied with a reflux condenser,
stirrer, and drepping funnel, A quantity, 10 g (0.L5 wole), of sedius
were place: in the flask and trested with L2 g (0,45 mole) of plemel
diseslved in anlydrcus fsopropyl ether, The heterogensous mixture wes



70

refluxed until all tiw sodium hal sissclved and 65 g (9.5 mole) of

A =bromopropicnie scid dissolved in 50 ml of anhydrous isopropyl ether
wvas added, efter widch the mixture was refluxed for eight hours, 4
solution of 2 ml of conoentrated hydroshloris scid §a 200 ml water wes
sided, the mixture shaxen, and the etuer layer sepsrsied. The aguedus
layer wis extracted with ethur., The combined ether extrsets were drisi,
snd tin etlur ramoved by distillastion, The remaining ut»eriai wes
fractionated and the unrescted phenol eollected st 55-65°/1 mm leaving
8 residue in the vistillaetion flask wiich erystallised upon eooling.
Thie material was dissclved in ether, lwated with Norite, filtared, and
the ether removed. Recrystalliszation of the eompound from earbon tetrs-
ehloride ylelded 3 g (0,02 mole, LX) of the puﬂ acid, Its melting
point west 116=115°C, The repcrted veluwe (33) is¢ 115-115%C,

2-Chloro-l-Propanol

CY = U,
O Q1

Inte a one liter thres neckei flask, immersed in an ice bath, w:s
placed 8 solution of 157 g (1.0C mols) of cliromyl echloride containe! in
30O ml of cardon tetrachleride, The flask was fitte? with a stirrar,
reflux condenser and @ pilecs of glass tubing widch extendad below tle
surface of the sclution, Into this rapldly stirred cold solution,
propylena was budhled until the gelor of the shromyl shlordide discheresd
and the flesk ha- zeined 29.k g which eorresponied ta .77 mole of

propylene, Tie solld was filtered, wzsh2d rad hydrclysed with cold
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socdium bieulfite solution, TLs sgquesus solution wes gsturated with
selt, extracted with ether and the extract dried over aniydrous scdium
sulfete, Removal of the ether and cistillation st stwmoapheric pressure
gave 26 g (L38) of the ehlorohydrin boilinz a8 131132°C, Ite refraoc-
tive index wess 3%5 1,348, The },S-dinitrobensoats of the campeund
melted sts 73<75%, The previcusly repcried properties of this oome
pound sres b.p, 120-124°C/613 mmy n? 1.13773 ».p. of 1%s 3 ,5~dinitro=
benzeats, 76.5-77.5%. |

1-Chloro=~2«Butanol

CHyCH L HCHCL
)

A quantity, 100 g (0.f0 mole), of dimethyl chlorosestsal and 72 g
(0.80 mole) of arhytrous oxalis scid were place: in & 500 ml round bottoms
flask fittad with a 12 inch Vigreux colwmn srranged for distillatien,

The flask was eovered gempletely with & heating martls and a safety glass
was placed in front of the appsratus &8 & precmution against perexide
explosion, The resction mixture wes heated moderately allowing the slow
oollection of a digtillate botling in the range 90-100°C, The distillste
was Aisrolved in 100 md of snhydrous ethsr, placed in a one litsr bottle
sontaining &) g of powdered eslciwm ehloride dihvirats, The bottles was
steppered with & cork having & snall hole to relieve prassare and shaken
for threa and & helf hours in & mechanissl shaker, The hetarorensous
nixturas was f4lterad and the filtrate allowed €0 Arop into 2 ahilles
Grignard recyent prepared frem £7.2 g (7 .60 mole) of r:distilled ethyl
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bromide and 22 g (0.C3 mole) of magesium, The addition eompound wee
decorposed in the weusl msnuer with Soo ml of & one t9 one khycrochlerie
acid solutioa ¢containing em ejual wsluze of crecked ice, The esldie
sclution was extracted with four, 150 wl portions of sther, whilch wers
oombined, washed first with 150 =1 of & dilute hyfrochloric acid solue
tion, tien with 150 ml of watar, next with 150 =l of & ten percent
potassium carvonste golution and finally with 150 ml of water, Tie
sthar solution was dried ever snhydrous potassium cartonste for two
hours and then over anmhydrous sodium sulfate for eight hours, The
-thrmmon;mdthomdmtmtmcdumumldlot
(019 mole, 235) of the eclorless ehlorchyiria boiling st 53-55°/15 ma,
Its refractive index wess n> 1.LL27. Tue reported (34) physical

D
constants ares b.p. 52°/15 mm n;S 1.vac,

1-Chlore«2«Pertancl

CtilgCHol g ilg-Cliy

£

ii.e procere and apparatug were ths sac zy that described in tis
prece ing preperstion, & guantity, 124 g (1,09 mole) of dimetiyl ciloro-
soctal and 50 g (1.00 mele) of slydrous oxalis ecid were allowsd to
interact. The fracticn boiling 4o the range $0-95°C wes cclleotes,
dilute: wita 1.0 ml of sbsolute eilwr and susken for a peried of fowr
bours with poworsd ealodum cilorive &du,drato, Che rasaliing aiydrouo
sklorossetaliciyde was Liltared Wdrecily dnto & well cooled Grignard
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solution wiich hed boen prepared by tle intersction, in LS5O m) of sbeo-
lute ether, of 25 g (1,10 molss) of magnesium and 123 g (1,00 mols) of
redistilled nepropyl bromide, The mixture was decamposed with 500 ml

of a one to one lydrochloric acid selution eontsining eracked igs, The
acidio solution was extracted with ether, washed end dried as before,
Removal of the ether and cistillstion of the product ylelded 32 g (0,26
mole, 265) of the colorless ehlorohydrin which turned a reddish violet
color after being setl aside oevernight. The boiling point of the -

naterial west 60=6L0/1) mm, and its reported ul\n (35) S8 59-62°AL mo,

Ethyl {-Bromopropionate
CHy CR COgsl
e

& quantity, 198 g (1.20 mole) of c<~bremoprepionie scid snd 153 g
(1.50 mole) of thionyl ehloride wes placed ia & 500 ml round bottom
flask fitted with & reflux condenser, The mixture was refluxed for a
WO hour period and the unreacted thionyl ehlerids removed by arranging
the apparstus for distillation and evasuating the system with sa aspirator
for a one hour period, The residual ! «bromoprepionyl chleride weiched
194 g (1,13 moles, 955), The aeid chloride wee transferred te a tiree
neck flask fitted with & stirrer, reflux condenser and dropping funnel
snd treated drepwise with 55 g (1,42 moles) of absolute ethancl, Followe
ing the ndﬁiuon of aloohol, the mixture was warned for a fifteen minute
period %0 complate the reaction, and the esempound distilled using a water
espirator to give 30 g of & forerun and 18) g (1,01 moles, 515) of the
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cAebrome ester boiling at 60°/12 xm. Yta reported (34) boiling point
18 159-10°%/ata,

Etlyl ol-Bromovalarate

CHgCH goC8 yeCHC 0 5T
Br

Into & one liter three necked flask fitted with & stirrer, an
effielent reflux oondenser and dropping funnel were placed 204 g (2.00
moles) of n-valerio seid cnd § g of phospliorus pentachloride, A quantity,
336 g (2.10 moles) of Lromine wes added ssutiously %o 4be flask while 4%
Wae kept hot on & stemn dath, The resstion mixture was stdirred and
heated for twenty-five heurs during which time hydrogen bromide wes
sontinucusly evolved as well as a 1ittle dromime. The cendenser was
rendved and the healing contimued for thwee additional heurs %¢ drive off
exsess bromine, A quantity, 284 g (2.k woles), of thionyl chleride wee
sdded quisidy through the drepping fumnel after which the resstion miwture
was refluxed on the stemm bath for a Wwe md eue<half hour period. The
emsess thisnyl ehloride was removed by distilleticn end 115 g (2.50 moles)
of sbeolute ethamel were added at sush 2 rate 88 to msintain gentle re-
fluxing of Ahe resction mixture. Pellewing the addition of ethanel, the
aixture was hested ot {%s refliux temperature for @ half howr. The
material wes tlen traaferrsd $0 a one liter round bottom flask and the
lov boiling saterial yemoved undor veduced pressure wsing & water sspirator,
A vesumm pomp wes then cemnected and the oKebrome ester distilled ¢o yield



253 g (1.20 moles, G1T) of a materfal Lolling st T1<73°/19 me, ITts
reported (37) bolling point 1st b.p. EL="6"/26 wm,

3,5-Dinitrobamoate derivative of 1-( /2~thiothienyl)
=2=ghloropentane and 2+ 3 «tlidothienyl)=legLloropentans

CHy

. CH,
CH
@Hﬂ,ﬁ“ﬂ.ﬂ!{fﬂ‘ WB&J@O ‘4
«0 B0y
m-.é‘%

The Quantity, 1.6 g (0,018 mels), of sodiun wes dissolved in 100
ml of sbeelute etharol and 1L.5 g (0,065 mole) of 3,S-dinitrobenzoic soid
was added o the sodiwm ethoxide solution contained in a 200 ml Erlen~
weysr flesk. The mixture wes swirled for ten mimutes to oemplete salt
formation and 15 g (0.0(2 mals) of & mixture of 1«{ S-thiothienyl)«2~
shlerepentane and 8« G «thiothienyl)elechleropentons wers added. The
heterogeneous nixture was Learsd st 188 refluy texpersture for a period
of five hours. The yellow volored mixture was filtersd to remove salts,
congentrated $0 s wlume of (O ml, taken up in 200 ml of bentene and
washed with three 00 ml portions eof a ten percent selution of sodium
ecarbonate snd then with water, The bezsene wes removed by distillation
and & 300 ml quantity of ethanol added, The derivstive was allowed to
erystallise evernighit and then eo0oled ia ths refrigarstor for & period
of ene hour, gilving rise to e heavy precipitates which wes filtered and
dried t0 yield 13 g (0533 mels, 575) of yellow erystals, melting at
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19-61%. ipalyeis of the darivative for eulfide sulfur (27) gave the
following resuliss
Cals'd, for CygflagSleigt 3, £.08, Foun:is 8, 7.86.

1«{ & tuiothienyl) ~2~pentancl and
2«( & =tuiothienyl) «lepentancl

[Ja-ca.-c(gcn,-cn,cn, \ : ~CHeCH G0N

The ssponificstion of & mixture of the 3,5-Dinitrovemsostes of
1-( BS~tuicthienyl)=2-chloropentsne and 3-( 3 M%wD4¢Wm |
was carried out in the following mamner, A 300 ml Quantity of ethyl
alecliol was placed in 8 500 m) besker and 20 g of potassium hydrexide
sdied snd stirred for seversl mimatss, The alcoliolic potash was decamted
from the seliment into & 500 ml Erlemmeyer flask eontaining 13 g (0.033
mols) of a mixture of the 3,S-dimitrobenzostes of 1-{ «S-thiothienyl) and
2o & thicthienyl=leshloropentane. The mixture was warmed om the stemm
bath for an hour end & half, filtered, and the filtrate eoncentrated o
& volume of 100 al, and Saken up in ether, This resulted in tue preaipie
tation of acdditionzl salt which wes removed by filtration, The filtrate
was concentrated s seoond time on the ctoum bath, dissolved 4in ether,
vaslied four tixes with 50 ml portions of water and the sther removaed,
The reddish liguid wes then poured into an Erlsmmeyer [lssk and 150 ml
of absolute ether was added followed by drying with anlydrous sodium
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salfate. The ether was removed and the produst distilled using an oil
bath temperature of 190-200°C, 4 ) g quantity of light yellow liquid
wee eutained. Ite refrestive index west nb> 1.5617, and fte 3,5=d1e
nitrobensoste melted st 81-63°C, inalysis of the mixture for sulfide
(29) sulfur gave the following resultss

Calo'd, for CoH, 847t 8, 15,83, Founls 8, 16,4,
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SUMMARY

1, Three ethyl 2«( & «Aldothiienyl) alkyl esters and one etiylege
( /2 Aliionaphtiyl) aliyl estar wore eynthesised for the firet time
and their physieal properties doternined,

2, Thres 3=( 3 wthiotidenyl)el=slkyl alochels snd one 23 thicnsplithyl)
=«leallyl alechel were syntlesiszed for the first time and their physie
osl properties were destermined, The },S~dinitrobemscste derivatives
of these alcohols were prepared, maelyzed, and their melting pointe
determined,

3. Tw lo{ & ~Alidothienyl)=2=slkyl alochels and one 1<( S «thionaphtlyl)
o2-aliyl alcohol wers synthesized for the first time snd their
phrysieal propertiss were determiped, Their },Sedinitrobensoate
derivatives were prepared, malysed and the meliing points are reperted.

L. One 1<«{ F=thiothieryl)=2+chlorcalkane, ane 1={ Z-tlionaphtiyl)=de
chloroalkane, snd one phensxychloveslians ware synthesised for the
first tize snd thelir physical properties were determined. The 3,5
dinitrobensostes of the chloromlfides wers prepared and the melting
points of these derivetives Wore eompared with those prepared from

the eorresponding aloohel,

5. Tw hydroxy sulfides, 2={ & «Alfothienyl)eleprcpancl and 2-(<5 «Alio=
naphthyl)«l-propanel, were found to resrrangs totally to form
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T ~thiothienyl)«g~chlarcpropane and 1« B =thionsplithyl) o=
ohleropropane respectively when treated with thionyl clloride,

8<{ & Allothianyl)=d-butawl was found %o underge partisl resrrange-
aent to produse & mixture of the isomeric chlorobutanes, when treated
with Mdonyl ehleride. Likewise, 2-( Fethiothienyl)«l-pentancl was
found %o partially Pearrmge o produce & mixture of the isomeric

M‘m.
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Frederick J, MeCarty

TH=8YS ABSTRACTY

Several & <hydroxy sulfides snd ethers have been prepared in or er
%o investigats their behavior in displacement resetions which very
presumably proceed through an intermediate sulfonium or oxonimm ionm,
The primery end secondary aloohols stuiied may be rspresentsd by the
gensral formulas,
ok oo
A-‘:r:-cm.-m and A-Y:CH.-%:-!
where V 18 either s oxygen or sulfur atom, A is & phenyl, & «nephtiyl,
Ol',d:ddaayl growp and R is methyl, ethyl er a-propyl.
The general method ef synthesis of the secondery aleshols involved
8 condemsation of the appropriste meresptan and shlerohydria is aquecus
sliald |
oo ¥eOH e
A<l ¢ CleCHgeCH-R ™  peCHgeCH-K
. e .o OH
A mow genoral metlod of synthesis for preparing the isvmeris primery
aleohols wes developed and comsisted ef twe steps.
Jal 5T .

I AeR » RCHCOQET ™  A<W-GHeCOLST
LY 3 ” [ X ]

2 s, 2

II  A-VeCH-COQIT Ad-CH-CHyGH
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Altogether, seven lydroxy sulfides and four esters widch have not been
previcusly reportsd were prepared and their physical properties determined,
The alcohols were further characterizsd by oonvarting them into their

J ,5-dind trobenssate derivatives,

The hydroxy sulfides and ethere were sonverted inte their shlerides
by tSreatment with thionyl ehloride. Theoretisally this resestion prefume
sbly proceeds threugh the formatisn of an intermeciste ion whiieh forms
88 8 result of the partieipstion of the exyzen or sulfur atom im the
moleopiilic displscament of the neighbering hydroxyl group, The overeall
process involvss twe Walden imversions emd may yleld either o single
compound er & mixture of twe sompounds,

~ K

K 05" .’./rm A-W-CRZC!
ANCHCHLOE o AW «1° nd (or
. R, i Ad‘:!:Cdl.GCH-l

) Cl

When z-gd ~Auiothienyl)=1-propancl was treated vm; thionyl ehloride
ia chlorofors it wes found to rearranye completely to give a single
produst, nmely, 1=(# ~thiothienyl)~2~¢lloropropane. The struoture of
the rearranged compound was estedblished by preparing its 3 S=dinitrce
bensoate and ocmpering this with the seme derivative prepared from
1-{A thiothienyl)-2-propancl, It was found that a miwed melting point
of these ‘wo derivatives was not depressed, thereby proving that rearrsnpge-
ment had oscurred in the replacement of the kydroxyl group by chlorine,

Likewise when 2-(4 ~tiionephtiyl)=1-propancl wes trested with thicmyl
euloride in ehleroform, the only product isolated was 1-{<F-thionsphthyl)
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=g=cLlorcpropsne. The identity of the predust wes established by the
preparation and comparisen of ths 3 S-dinitrotonzoste derivatives of
She eompouncs involved,

The ryphc.cal of the hydroxyl growp of 2-phenexy-l-propmol and
dephenoxy=2-propasncl was accomplisbed by tresting these eampounds with
thionyl chloride im pyriiine, The phenoxyshloricdes prepared in this
manner eould not be converted ints their p-nitro er 3,S-dinitrobenzostes
by the wsual methods., Thus, it was mot possible tc conglusively prove
or disprove the rearrangssent of Z-phenoxy-l-prcparcl,

The ireatment of 2-{4 «thiothienyl)=l-butanol or l={F«thiothienyl)
=2«butansl with thionyl clloricde in clloroform resulted in the formaticon
of 1dentical mixtures of tis i{samerie chlorides, The 3,5-dinitrcbenzacies
of these olloride mixtures wers found to be identical and tlis observation
18 in accord with the postulated fntermediste sulfonium fon, which ecould
bs converted into identical products by an sttack of chloride ion, re~
gardless of which aloohol 1% had originated from. By taking seversl
nizned melting points of the pure derivatives comprising the mixture, it
was established with the aid of 8 ®elting point diagram of the pure
components snd their mixtures, that the composzition of the mixtures obe
$ained in the displagement resction sonsisted approximately of 70X un=
rearranged and Y0¥ rearranged ehloride,

Siniler results were obtained when 2-(4 =thiothienyl)~l-pentancl and
1=(4 «Ahiothienyl)=2-pentanel were treated with thionyl ehloride, By
the interpretation and eorrelation of mimed meliing point data of the
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pure derivatives eonprising tie mixture, 1t wes ostimeisad thet the xixe
ture wor of ayproximataly 8 5000 composisicn, The rexcran;mont
resstions lnvestigated Lore also rosclted in tus preparation of twoe
chlarosulfiics and one plisnoxyzidoride not previously raported sand tlwse
new oorpouncy wers further charsctorizad by dot-rmining sevarsl of thair

puysical propartiss.,












