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The originad rurpcse of this frvestigation was to develop suliable
tal conditions for promoting the condenwetion of slheme sulfides
vith sctive methylens compounds. However, oven though & wide wudety
of experizmtal conditione was esployed, little or no comlensation
conrrad. In svery instance frded, the sajor product was fourd to be
Ag a yoailb of the failure of the sbove project, preswably due to
the extreme sase with which aluple olefin sulfides undargoe selfe
rlsation, effaris wore directed towmards the synthesis of thilvanes
psing & greater degres of gtability. To this end, compounds )
the following strmoctores were rrepered.
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towards self-polymarisation, 58 evidenced by the bigh yields of momomerdc
addition rrodacts cbtained from peacticns of these composnds with varicas
mcdeorbilic resgente. The 2=allylthicimetlyl thilmnes {II) were even
less stable than the siwple allkws mllides, plymerizing upen attenpted
mrification by distillation. Cnly one wember of Yyre (1LI) was




poorared, (R e Og.), and sltbaugh it wae isclated as the mcncmer, it
polynerized sbortly after baing lscisted. As a ccnsequence, caly the
2=alikonyuetiyl thilrenes were emrloyed dn the following resctions.

The scticn of secondary axines upon the 2-nlkauguetdyl tillmnes
reoulted in the formtdon of amtnonarcapians.
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Thy yiadd of ring flssion product was chaseead to be quite gensitive

te saoh factors as the mile mbic of snine to thilrena, presence

absenee of & solvend, tyre of mlvent, end nhture of the product Hurmed,
Low mcleatler welght aleohols fsiled to yleld simple edditicn
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In conmection with the rroof of stmocture work on the shove ro-
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R*O‘_CH,,*CH*GH;, + 3 CHpl === Re+Q=CHg=CH=CHy + (CHy )SSI

All efforis to isclate the l=alkaxy~2,3=diiocdopropsnes failed.
The reactlen of 2+-elkoxymethyl thiirsnes with organolithium com=
pounids resulbed in the formation of alkyl allyl ethers and lithium

mereaphides.

N\
R~(~CHg#CH~~CHy # ELi - RwQwCHg~=CH=CH, + RSLi
R = CHy, Cglg, 4=CgHy, n“Col,, n=Cylios R n~Cgl;, Celis

& desulfurization was alse cdbhserved in the reaction of triethyl
rhosphite with the thiiranes.

/ \
ReCHw~CHg #+ (CaHg0)oF == R=ClisCHp + (CgHs0),FS
Re GﬁaOCHm Oaﬁﬁmﬁa, i*GBE:,OOHg, n"Gal"qOCHg, n"‘C‘HQOGBa,
CeHgO0CHg, CHgCl, CHy, K, CgHg, (CgHs0)gCH.
The reaction of triethyl phosphite with several lw-slkoxy~2-mere

sapbopropanes was also lnvestipited and found o result in the
production of alkyl proryl ethers and triethyl thionophosphate.
W
R = CHy, Cglis, neCyH,
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& briof stady of the effect of triethyl rhosphite upon the yroduucts
of ying fisslon iedlatod from the peections of asdnes with 2-elucogy~
wathyl Wdlraues wes aleo sarriad ast.
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Lo ETRIUCTICN

The structural sinilarity hetwsen cyslic sthers and ayolic sulfides
is responadble for the present temluclogy eesociated with the latter
Thus, ths nenes ceimne, opaeide or alkene axide, lang
sasociated with the grllic otdwrs, becoaes thilirene, eplemlfide op
alkene sulfide whan applied to the cormesponding sulfur conpounds.

srdng aysten employed in the present study

iz that used by Chemical Abstracta in which thw hataro or salfur atas
mmmm&awmmmw@wmmwmmw
48 devivetives of & thiirens. For awmple, the compound O, lig=O=Ckg=iimiiy

forred 4o as 2-plenorymetiyl thilrene. The simpler aliptatis
i"“""ﬂf;; hovever, will be maoed 8 the alkene milfide., For ecanpis,
CligmbmmClly, 18 Peferved o a8 ischutylens sulfide.

ﬁme- Dwentigtion indbially unie dvolvad o study of the
reaction of aliphatic ethylens sulfides with labile or active hydropen
compountds such ag, diothyl mslcoate and obigl acetoscetate. The conden-
saticn «f opoxldes with the active weliylens compounds, acetoacstic
egber (1,2) and malonic ester {2,3,h,5) has becors & valusble synthetic
tool, and ip of quite gpmerul epplimtion. The alkylaticn products,
in sany instonces, themselves are of consdderebls chemical interest in
thedr o right,




Sryder and Alemnder (6) bad previcusly veported tiat simple
sodium etixeride, ut not with etiyl malomte or ethyl acetcacetota.

It wae axpected that by woper selection of resction conditions, allky=
ladion eould be achisved using etlylene aulfides and diethyl malcnate
o etlyl acetoncotate. Howewor, in the present study it wvas found timt
sren though the condensing sgents were widely varied and high dllutim
toohnigues employed, 1ittle or ao allylation ccourred. The mjor
prodact in a1l the cases maudined was & polymerdc sulfide. Afber
Miled to sooompiis)

nveatimticn war shandoned, and work was dlvecbad towmnds a study of

& mrvay of the Mteeture of etiylens axides and sulfides rovssled
et widle mumercus yeferences are avellable for the synthosis of un~
gymsebsdoslly subgbituted ethplene aides, (7,8) aly a relatively fow
reyorte are to be found deeling with the rreperation of etiylens sulfides
{9,10) . Purtler, while the yesctions of eporides with varios miclecw
rhilic reagents have been axtensively taeated (7,6), only & supseficisl
compounds (9,10) .

This sitoation, no dobt, is due in pard to the fact tlat ethylens
alfides ave not as readily scosssihle nor as stable as thedr oxygen
analogass) they axhibit a ok prester tendency towaxds palfe

Aang salfide velymoriges within & fow hours after




promretdon (11,12), even when stored ot ios tenpernture uniess a
statdliser mch as hydrogen sulfide, sn alkyl marceptan, or an alkyl
mlfide (13,1h), 48 added to it. The polymerizetion of ethylene sulw
fides ie effectively catalywed by concendratad alkali, minersl acids,
baavy metsl salts, smmonis, ywridios snd acetic actd (11,12).
Byan though gthylens sulfides underge muy of the ring
tha initisl product, unlses speciel premutions are cheeresd (15).
The literatures search sleo revenled that although the aliene sul-
sdden in reny of thelr reactions
gy were ueed with bobh (16,17,38),
nesely &8 meny cases can be olted in which the oppoaite s tme (16,17,18).
Therefore, the asmmption that the reaction yroducts dbiained frum an
alkens oulfide with 2 glvan resgent my logioally be deduced by forml
sralogr to the seme reaction with slkme axide can be guite mislesding
Thls appiies apuwlly to etadies (15,17,18) concerped with the direction
Bily subatituted thilmangs.
artaken with the intent of exbende
ally subebituted thilvenss, and of
aepinding the liteveture dealilng with resctions of much compounds witu
various melsophilic reapents.
To obtaln compounsds possuesing euffloisnt otability to permit 2
stady of their venctions with fairly strong miclecphilic peagents, tho
syotimeis of the following types ef compounds, ReG=Ciig=Ciimiigy
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Of tha methode (9,10) swailable for the rreyersticn of thiirens
compounds, aily those Lwolving the conwersicn of an epaxide into the
correspending suliur compomnd by alimll thiccyanates (1h,19,20), or
thicures (21,22,23) were muloyw

A | A )
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wlthay wothod, and wore quite gtable at roon tempareture fop swwaal

padl wpon atbaupted mrification by distilletion,
res. (nly o single nwber of the amine tidirence
wis peapsred, and althosgh it ceuld be htadned as the nmomer, it
pelymerized mazﬁwwmﬁmmmmmamge Tius, oly the
other thiiranss, M-@ﬁawﬁm%&, cld be atudied in thelr resctiws

The reagants selocted for o sindy of telr interection with ethor
abmn hydride, trietlyl phesrhite, wedlyl
iodide, phenyl lithiwa, ubyl lithias, secondsvy smines and relmmry
alochols.




sllanewus reactions of glycldyl ethere,
gy mervapto ethars and secondery mercartc amine ethers were
investigmbed.

Some compounds heretofore prepared by reaction of ethylens sulfides
with primry and sgoondary suwines (23) and mercuptans (2L) have veceived
pehinionl. appiicationg as starting materials for industrial peerasration

of dyss, bextile aids, medicammts and wlcanization accslerators.
the modifioation of wool Pibars (25,25) amd as synthetic polymers (27).

A tinely use for compounds possessing the thiivans rdng systes was
wblished this year in & report (28) from the Stanford Hesearch Institute,
dealing with the synthesis of 2V-decxymiclecsides. This paper roints
cut the value of the thilvene ring systen in perritting essy access to
} anticancer agents. The need for fwrther study concerning
the dng-opening resctione of thilvenes was empbasized by the faot that
geveral of the mropossd trensforsstions fnwolved attack by mc)




II. EISTORIGAL

4. Hethods of FProparation

2ly, ethylene sulfides may be considered the
suline analogees of the etiplens cddes., In view of this relationship,
it is perbaps sryrising to find tihat an appreciable time interval
dlaysed following the dlgoovery of etlylene oxide before the first

eful wyrkhesis of movesaric ethylene mulfide was reported.
Charles 4. Wwts (29,30) fivet deperibed the premrmtion of etiylens
caide in 1859, bub 1t wme nob untdl 1920 that the first autbhentic
premretion of etlylens sulfide wwe reparted by Mercel Delepine (11,12).
It should, howevar, be mantioned that Troger end Horsung in 1097 (31),
and Michoel in 1895 (32), repurtad the prepuetion of derivatives of
etiylens milfide but recmh word tends to disprove thelr claims (15).

Fricr to the reports by Imlepine (11,12) atbenpls to mremre
ethylene sulfide, by mwocedures aimilar to those empiloyed for the
_ synthesis of allwme oxides, mwodnced & substhnee wkich was first thought
to bo & nonomeric salifide, Wt wes sctusdly & miztore of dletiylene
disulfide (UnH,S)g, and higher molecular welght materdnl (33). Bven
a8 luts as tho yuwr 1923 in one of the authoritative boocks (33) of tlab
mﬁaﬁ a orgendc chendistey, the stetemunt eppears, “etiylsne sulfids,

nding to etiylene acide, is apreremtly not wyuble of

axiating. It is smelly its polymeddes widcoh are cbtaineds (UgheS)e




Deaplte the negative attitude widoh yrevallsd, concerning the
atabllity of ethylsne salfides, it was in the yeriod 1920+1923 that the
franoh olwaist Delepine and his collabowators (11,12,34,35,36) mblished
the results of thelr studiss on the synthesis of mcoomaric ethylane,
wopylene, and butylens sulfides. They cheserved that alkene sulfides
ware foamed, in low yielde, wben an sguecss sclation of sodivm aulfide
way allowsd 40 resct with elther the alkene balothlocyanples or dithio-
ayaonten .
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Thds method bas aivos bean utilized by Youts and Ferkins (37) to yrerare
wbhylethylene sulfide, and by Galingert (38) for the syrbhosis
of telmetiylethylene sulfide.

mmmmmmmmmmmam in the literature.
In 193k Dechleusr and Jackel (39) desaribed in mtent form, a simple
rrepnmtion of olafin sulfides frim ethyleme axides. Ths latter were

warted into the corresponding sulfur compounds by the action of
squsous thicuran at rocn tenpmeturs.
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Thie mrocedare was later ewbaxied by Culvencr and his assoclates (21),
and mors vevently by Bordwell srd sndevsen (22)3 it will be slabareted
on in mope detall in & subsequont section of this thewis.
In & second petemt, fesued two yuars later, Dechlausr and Jaciel
jos into eplmulfisdes by the
actien of yotassium thlocymnate in aguecus solution at room temperatars.
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This mecond geomal procedure bas since been axtended by Snyder and Lis
collabortors (14), by Price and Kirk (L0), and remins as me of the
mest conveniend laboratory rrocedures svailsmble for the gyntheais, in
good yields, of the simple olefin slfide
o bo quite pmeral, movided there are no strongly polar groups, euch
ag the marbonyl, sdpn to the epcxide ring (21).

Bome five ysurs after the first report Ly lachklsuer and Jackel
(39), an additione) general yeerambive procedure for cbiaining episul-
£ides was desoribed by Coltaf (L1). Acoording to this methed, etiylens
milfides were cbtained by tresting 2-chlorosthylthicls with week alialine
affered solutions., The weal alimil avoide the fommticm of polymers,
which earlier workers hed found 4o be the mior mrofuct with concen-
trated alimli. Coltol (L1) olmimed quantitative ylelds of the mmmomerde
sthyleme sulfide could be chbiadned by the dehpdrochlorination of

4. Tha yesction has proven
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It L taportant thet mufficiet alimli metal bicarbomte be used to
neutralise the hydrogen chicride formed and #till madntain the phi of
tim vesotion mbxture in the vange of 7.5 to0 9.5, to chiain high ylelds
of iscma.

donas and Radd (L2), ab sbout this same pericd, cbserved tiat
when otlilens, propylans or cyolchexens was bested at 180° in & bomb
with othyl tetwmeulfide (s Lliguid wideh decomposes oo heating, releasing
wiant uwy be occeaidared to b abomic sldur) for sbout ten houre, the
corresponding alkens sulfide was cbtained in very low ylelds. When
stlylene wes slowly vubbled thrcugh ethyl tetresulfide at 150°, a smll
wasnt of sthylane sulifide wes detoctad but the mjor producht wan atlyl
seroaplen, snd oome ethyl sulfide. In sddition, it was found that no
ayalic sulfide formed when othylens was pessed over yyrites at 350° av

riiylens was bubbled threngh nolten swlfer st 3257,

groed with the direct sddition of

aulfuy to an olefin, was carsded oab by Culvencr and his associates (15),
whoe peponted thet cyslobenene 18 nob corwarted into ite slfide when
hesbed to LU0 with moleaular sulfur in Pyrax, or wben beoted in eilicon
in the renge Lho-630° with oo withot lvon pyrites as catalyut.

Thug, it sppoars that the direct catalytlo method of synthesis
8¢ jmpordent with ebiylens caride, aumet be employed for the memmrmbtion
of ethylone sliides.




A procoduve of otill mere roconk wrigin, and deebtlass capebls of
#omd artonsion, was reported in 1946 by lasier and Signiago (27). They
1 2emerouptometiyl thiirens by the therwel detydretion of
14204 "
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In the seme year, Oulvenor, Devies and Pausacker (#1) descrdibed
the remlts of thely investigution an the cumeswion of ethylene cxides
into ethylens mifides by e sotion of thicures, sllsli thicoyanates
niddde angd xantintos. They found the resctdon botween simple
iene oxides and the thilo-teagents generelly to be acothermic, and
reqiiring exbernel cocling, in crder for the mmomeric sulfide to be
formed &8 the major product. IR wae also chserved that as the resctiong

in and propylene aeide gave good ylelds of
cganste, Gulvenor and his sesoviates (21) wers umable to isclete
any of the monomerdc 2+ syoethyl thiirene in prersretions utilising
@yoidol. A similar situation was cbhoox
2evhenyl thiirans from styvene agide. ven careful control of the
tempessiture, acidily end resction ¥ine resulted only in the profuction
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of polymeric meteriai. Recently, (uss snd Chasberlain (43) Lave
miccesdad in lsclating nonomeric 2-phenyl thiivene by employing & medifi-
cation of the ganevel proceduve of Culvencr and co-workers (21), which
inveolwed the ase of S0 agrems dicmns as & solvent media. In this
W,amxmwwmwmmWMam
shigingd, Ab preseut, the
The naturse of the product produced frm the redction of au alkens
e g to depend meinly on the stracture of the
, Aoyad fhentod by the work of Bodforss (LL), who found
Hat Iebmscyl-@~raliropbanyl~atbhylone wide rencts with thicures S0

ko (21) cooerved that the otlyl eeter of dimsbiyl
stone oxide when treated with thicures,

i coateining both nitrogm snd sulfur.
Ouivenoy (21) was able o demovstonts
of the maoneric olafin maZide {han doss thiourass. With thicoarbaniliide
the above yesction ds quite mingmish.

Waile nveotigiing the meacidon coourring whon cyclohemane oxide
o sulfide was tyeated with o wetalllc mnibats, 1t ws chesrved that
gyniokaxens drithdomrbonnte was productd in each instence (21). Uren
farthay giudy of the resction, it ws found that the epcide is first




comartad by the mantiate to the corvesponding erdsuliids, widch then
ronchs Surther. It i migaificant, that although Culvencr and hls
sssoviates (7)) were uwebls to dvtain 2-phenyl thilrans by the reaction
of styrone oxide with aguecus thicures or petessium thiocyunate, they
wore ables to isclate styrens tritbicearbanste in 779 yield by treating
the orids with 2 snthate, Thelr reslis Indicste that a vesction ey
be srpsobed 4o cconr bebwam manthete and any compound with an spaxide
structure. Howiwer, in certedn insbonces the woducts are polymavric, an
in e csge with glyeddol snd erichlorchydein,

A elininery scotmt of & new reschion usefel in the symthesis
of sinylis otiplene mlfLdes wan pubiished in 1991 by Narding, Cwen and
Milaw (L8}, snd followed o yeur lster by o detadled desoriptim of the
merbbodt (L6). Whils Snwestigeting the alimline hydrclynis of certain
mrbly and faily scetylated vichwml lytvegy-thicls, they chserved timt
thie Semsotylation reiction froguently irocseded abommally, resulting
emrde, descetylation of sither the 5w ar Owpcetyl derivative as well
ag the Macetyl derivative of fewrsaptosthancl with dilute sguaons
alkald, remdted in the formtion of sthylens sulfide in about 259
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Simdlarly, elther the 3« or the O~ soetyl dexdvative of frang-
Zengranrbooyalohemnol rroduced oyeldmome mlfide In 557 yiald,

The Ueaeotate of 2, -Mnaranyborrommned mve 2-mercapbomethyl thllmng
wreag the trincetyll S-ilmsrosptorromndd was convertad into 3J-uootyle

thioprowlene sdfide In 807 visld. The same compoand wes dbboined

shems the di-Sspoatyl devivative wg used, I3 is nobewordly Uit no

gyelle slfide formtion wis chsarved when narvacetylated hydraxythicls

wore mibiected to the dans cxperimentsl conditiona,

T 3553, Dordwell and Andevsan {22) reported the reslts of their
trorostiontdon of the trenslopvsticn of sthylens oxides into clefin
pifides by the action of agems thicuree. They demmstrated that in
the foratlon of proygylens wifide from propylane axide & considerable
reduction in the smeunt of volymerdic maborial resulied by increesing
the acldity of e vesctlon wiviurs. Por swmarle, b adding 2.5 mdle
rer cont of acild (hydreohloris, sulfuric, mostic, perchlordc, beneoie
or petoluenemilfontc) to the sgpeone sclution of thicurea, incressed
the yiald of rrovylans sul¥ide by 207, Vhen an squinmclar quantity of
ol e aeyloved, the yigld of oyellc mulfde was Inoressed by 507,

When an sguibralent geamt of an acdd 18 also anployed, the reaction
hobwson an slkene oclde and dhimures peoducas & Pohydearythic
galt., These salis may o mde 4o ylsld slbone sulfides m allmline
bteolyeis, Actanlly, it we chserved that the rroduct forasd on
hndroliyaie of the varioms selt, wes entisoly devendont upon the rrecedure

vasde T8 the soldio st solufiong wore eddad to an ercess of aguecus



alkmli, the mjor product was foumd to be the S-igdrowy
vhoveas the dafls sulfide was isdladed in mejor amcmt if the reverse
addltion wore used.

Further, 1t wes chosewod thet propyiene salfide cosld be dbbuined
ty seting sither & dlomsne sclution of 2«hydrexy-l-propitilarening
noatode, au agwons solution of the scotate, or the dry bonmoate, tub
nob by beating apecus solutions of the ciloride o alinte.

ntly, Seynclds (L7) described a new methed for the specific
propsemtion of sthylene mifide, wideh consisted of the pyralysls of
sonothicdetiylene cerbonate in the prestoos of an allaline catalyst much
ne sodiusy oRaTONRLe.
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& wery recent mothod for perering swll ring apelic salfides was
wtad by Sesrles end Late (LB) in 1958, and appesys camble of
wre of potessiva thioopnate and the cyelic caybonete of a 1,2-diol
sabed sbove the melting peint of tho oarbomate.
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In the one instance repovted, ediplens mlfide was cbiained in 657
yiedd .,

Bowdwall and Lewett (19} beve just veported the prepmmtion of
wlene mlfide by e folloing se

2 ii vl of resoticong.
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In 1997, Sehorborg and bis cowwortosrs (50) veported the prepsretion

of & mnber of sulid etlylems smlfides forwed by the interaction of
wariosy disscaliones with compossds

ek as Michlerts thidieboms.
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Hisbordoally, & murber of obther inderesting and matber novel

fides, and dn view of the rocenb wek by Schoberg

(50), & brdal review of those precedures

. In the sama year in which Delspine (11,12) reported the syntieosis

of etlyians sulfide, Steudinger and Siepmrt (51) described soverel
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tetveraryletiylens mlfidens widoh they bad chiained from the resction
of disryl thicketones with dlawi-dlasonstianes. Tms, dwmm@-
st and Hchlests tldowbono fomed [p~{Chia) g g laf=V(C,ks)g
an yencidon ab room temperature. This proosiure wee later extexied
e avel Yarghe (52), to inclnde ocopounds
ubare B and B may be A0, A¥S av C1.

f
2 0w o 2 Ariigt b (A2 mClAr) g + Artekr® + ligEy + Nigh
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In the s your, Sohcberg end Seluts (54) reported that the
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sgpecse allell thiocpanphon wn firet degcribed in 1936, it wae soe
£iftemn yeare later before serions efforts were directed touard elucie
dating the mechanimm of Hhis yeaction (56).

Btiinger (56) rropossd ths Pollowing a8 & possible mechanism for
ide Wy the scddon of

ClgeCl % ~SGN == CligwCliy == CHgwelli, ~=
o SOl o, 9

-, 7
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& your after Sbtlinper's reporb, van Tenslen (57) presented axpori-
monvtel ovidonos, obtalned by his studlies of the raaction of cyelle
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In the meny wing opsudng venchions of ayelohesase oxide (n e 2), in acig,

neebval or besle nedin, it hes bewn suly descoetaa

rroostd with o Weldem Lvasicn. In the mesmt case, ring cleswage
smbe don would produce the anion of SuRpg--hydreyoyelokayl

the oyoide ifwbewmodiste (X3}, romits in the fommtion of the anlm o
merosrtooyelobexyl cpruate, widoh is favorbly orlentod fara

g ving=clomywe to ylsld the wyolic sifide and cyanate im.
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The madianden tims Luiliss two Walden inversions, the firet cocur=
mmmmmwmmm,mmwwmm

sobondan 3% was foand Wet no wlilide femwmiian ocourred, elncs Lbe
Sormablon of an intemiiate (11}, wisre n = 1, would conslst of two
rings, & sysben lsvelving consicderable stiein.
moe in sapport of this nechanisn was gained fronm

ydeayepolopantyl thicoyanete fadled to yield
e suliide when treated with o base. In addition, 1t fadled
ater upon trestment with lydrogen
staeiing et the formetion of the ving systen
el vioge fussd fpena ie sterlically rrobibited.
Cymlopentens sulfide wes prepered by ven Tamelen, by the following
sardes of venotions, which slsv sugpests et the resction of oycle
wide with Rlooyenabe lon wald uve led to the corwesponding
#ilfide 4T the invernediate (III) lud been farmed.
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gtion of the stereochemistey davolved in the reaction. FPrice and Xirk

rvad that D{e)=2, ~butylans axido gwe L(=)=2,3-butylene mlfide
whan trested with agueoss allkell thicguoatens, indiction thed loversiom
hed %hen place st oach saymaotris carbon atom. An independent syntboeis
of L{=)=2,3=dimethyl thiivene was then carrded cub in o warme:

uresants of acidity sad (5)2°, of an aguecus alooholic
salubion of opbically active 2,3 -opmglutene o a8
It wes found that the pii inoreased repidly to 11-12 and remmined falrly
petant while the opticsl rotetion Zell ovenly and slowly. These resuite
indicated thut the cyemste Aun forasd wae hydrolyse
to carben dicxide and smonis, the latter in an amount sufficient to
midntain the high pli. The docrease in m;‘“’f miggested thet tle initial
abtmok of the thicoywomts i, which clotves the ring, wes quite fast.
Thds wme then followed by mpdd ming clomre %o (II). The subsequent
varsion of the opedle inbemmediate, (IX), to the thiimane wes
ralatively slow. The stability of (II) 4s in sccond with its isdlaticn
hrobanmayd derdvative.




inberyrotatdon for the trwaformption of epoxiden o splsuliides by the
action of aguams thicares.
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Toe initdal step dovelves o bimdieoulsr mucleophilic atbeck by the
avittarion form of thimves (59) tn the spomide ring to form the anim
(1), which resvranges vis dhe oyelic intermsdiate (I1), into tie anim
{11X), snd the latter deccupoeus inte the epismlfide and wreh.

4 plansible driving force for the rencilon 49 assccisted with the

The fommtion of gyulic sulfides by this method i theefore largely
due to two favorable factors, fived tho abllity of the wres groaping
in (1) to migrate from smulfur to oxygen, and secondly, bhe fucilo dla-
placamant of this species by tle negetivaly clarged suliur abom.




Conpaanble meclaniens gy be written for the renctions of epacides
with thicanides, sabatiiuted thicuprens and rantlates.
In the formitdon of olafln sulfides by intmesclscular deacetylation
pletely acetylated vicinal lydragy=thicls, criginally
bed by Hiles aml Owen (LG), ib wus suggested thut the resctiom

mﬁw-& s mﬁmuc o :aG--;&.c«
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Bven though ring formeticn comurwed on alkaline hydralysis of edthor
She S+ or Cemowlyl derivatives, 1t was suggested tlabh only tbe latter
soed ayelic salfide while the former undervent relimivery lscmerises
md pedor 40 ring olossre. Ring fovmiion was
S duwe $o the removal. of the scebory group, wideb wonld lavoive the
peeiencs of slectronedonor groups in the "allyl? portlions of the nclacud

Slthough the wowk of MWles and Owen (L6) offersd sevem] suggestions
chone Lovelved, 4t reseined for Herding aml Owen
pootyl migration did actunlly ocour, and o
nore fdly dlucidate the resction mschandan, Fron studies involving
gais of acetyiated deriveatives of Z-mpoaptoetinacl,

gyclopantancdl, 1t wes fouand et ring fermtion wes in sach inshanco



woaded by algmtion of acetyl from suifur o agygen.
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Ring closore wap deploted as rwocesding by the intmmdlecilsr
Winbation of asebic soid, which vegeives the wosuel displacament of
an soetate Lun by the stveng mclsoybila, msroaptdde ion.
The olainm that oyelopentens sslllide was formed from thw S-acetyl
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Bvidence which tends to Mseredit the above nschanisn kas recsetly
bean yeported by Ooodman axd his cewworkars (205, In an atbenmpt to
prepsre cyclopmbane ewlfide fron the S~uostyl deriveiive of fueng-2-
merosphesyelopantancl, following the rwosedure of lamiing and Owen (60),
thay fadisd to detect auy of the sepected prodeot, They were able o
ctedn the demired sifide in 827 yield by the action of dilute agueats
soddun hydrondde on the dimcetets of (1), indicatdon that this compoand
wms the tree precuracy of the grlic salfide.

The repction mechenia yroposed for the formtdlon of alkene milfides
the cyulic emrbonate of & 3,2«atcl (48), is comsidere
& sogemcs of reactiong enalogous to thowe propased by ven Tumelen (57)
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A% the prusent tine, cly stipleons sidfide lus besy rremred by tods
wathod and thevefore ovidonce Lov the sdsbence of inbermediates much
as {1IX) ia ladding.

Probably the most charscteristic property of the olefin sulfides
18 the esee with which they underge sslfepolynerizstion. Thus, freskly
diatilled ethylens salfide is completoly polymerized within o few hours
evan when stored ah 0%C. oF in the dark. Delepine and bis sssociates
(13,32,30,35,36) were the firet to show that with simyle albens sulfides
98 1e catalysed by tmaee apowsds of acdd or bese. Since then,
o gront warlety of mbatances, including beavy netel sslis, Iydrezin

ey
eyl asdne, manidine and serbadin halogen conpounds such ag 3,5-dd-
) chileride,
petolosme slfoyl cdioride sud plowyl obloride have bean found o
acoelerets the polymerisation prvcses (15).

Cn the other hand, there are certaln oompounds which appear to
heve the reverse offect, mamely hdndency to inkibit poiymer fonoe
astien. Thess include alkyl sesvepbans, lydrogen sulfide and various
alky) suifiden (13). There appsers o be very 1ittle known concsrning
the oechanism of volywer fermeilon, although ths yropesal lmg besn mde
that in the cass of acld-catalysds, the reaction way provesd through
s by & scleme sindiar to Wmt




Ol amagl
{*‘;/ Cltg=Clig
em——— 3 4 L e X(CligCEg=5)g B

g~k g®SE .

A% present, it is believed that in the pressnce of bamlc reagents
(NaX), polymerimstion iz due to the Lyansformtion of & mclecnle of
mlfide fnto HaS«Clg=UHp~E which thew attacks 2 seoond moleculs of sud-
fide to furm HaS=Clig=CHawB=Clig=ClgsX, and so o, vepddly foraing long
cbains (9).

A second nctable feature of the thilrens ring eyston is ite ine
ability to axist with the sulfur stom in the tri- or tetmcovalemt state.

axidation of the cyolic mifides lave resulted cnly in rmupture of the
ring. Delopine and Becherbremmer (35) chserved tiat the oxidatien of
etiylens sulfids with trated nitric acdd produced 1O 8=Clip=Cgh
and produots resiting from reection of this material with nore etbylenc
slfide, bub ne sulfoxide o sulfone wase isclated. More yecuntly,
Culvence and bis associates (15) lawe reported tist neither aqueous
hydrogen peroxide, bor pemmngannte interects with etiylens salfides

to give mlforide or mifune bub instesd, rotuces a variety of sube
stancss reasiting from ring cleavngs.




A few unsteble mlfonos of the tetra~sryletlylens sulfide cluss
tave been described (61,62) but they were not prepared by direct axie
dation of the corresponding oyolic sulfide.

In gensval, the slkene splfides are colorless, volatile liquids
with & strong garlic<like oder. They are water insoluble but quite
misoible with common crganic sclvents. The fetm-arylethylons sulfides,
on the other hand, are crywielline solide, possessing rather high nolte
ing points snd tend to be mwe stable than ths sinmgle olafin swlfides,

Hith yeerect o the phyeioel chemistry of cyclic sulfides, the
mjority of drwestigetions have bean carried cat @ ethylens sulfide
1t80if, and are wtber recend astudies. The ultwmveiolet spectre of
etlylens sulfide wae first vepcrted in 1958 (63), and the dipole momant
was determined in 1950 (4L). The recant work by lavis (63) on the ultre~
viclet spectya of stipisne, rropylene and oyclobexene sulfides both in
solutden and in the e nnge indicate that a single band in the reglmm
of 2600 £ (38460 m-ﬂ) my be characteristic of the thiirene ring
gystem. 4 perellel study on the corvesrauiing epoxides revenied that
s were transperent in the region above 2100 £,

e infraved spectrum of sthylene mlfide lag received omsidereble
commend, since the initial work by Thompson and Dupre (65), whe determined
both the Rammn syectwm of the ligmid and the infrared apectiun of the
vayor. Recently, (athris, Seobt and Vaddington (66) described the infre-
ved spectram of 1igid ethylens sulfide, snd chserved that certain of
the bends reported earlier by Thospson and Inpre (65) were not




chamoteristio of mmomeric ethylene sulfide, but rather were dua to
tmmoss of polymerised salfide and/or other Lmurities. At sboat the
same time, Thumpson and Cave (67) relnvestigated the infrered spectrunm
of the wapor and the faven spectyunm of the liguid, with the vesult tiat
thelr dbsmrvations confira those of Guthrie and his co-workers (65).

Hithin the et yea, Hoove and Yorter (68) have measured the
Infrared spectyan of nebewyl thiisene and have reported the yrineipml
bends obeerved.

In sddition to studying the infrered spectrum, Guthrie and his
sollaborators (66) determined the vapor ypressure and varicus tharwo
dynsmic functions for ethylene suifide. Sumor (&) tes also imwesti~
gaved the tharmodynanic properties of ethylene sulfide, and from hoats
of copaxetdon data, las caloulated its heat of formatdon.

The dipole moment of ethylens wmlfide has been determined by
Gmtbard and Csumson (6h), and the structures of ethylens mulfide am
sthylene axide have besn souparad oo the baails of their microwave
epsotre (70).

Nelscn and Jesssp (T1) leve recently compared the heats of come
bustion of stlylens oxide, ethylenimine anld ethylene sulfide in relatim
to the strain eergies of thelr ring systens.

Tnveptigatione concerned with the ring opening reactioms of eyelic
sulfides bave vreslted in the cheorvaticn that these compounds resenble
the corvesponding cxygen conpounds in mny respects (16,17,18).
However, in cmtrest to the epccides, very frequently the initial
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yroduots of ring fismion are not isclated as mich, due to furthar re-
sction of these Initial products with cyelic milfide or becsuse of
polymardimtion of the alkens sulfide (16,17,18).

In the following revim, no attesyt is made to mintain chrono=
logieal order, as it spresred thet & more useful diseussion would be
mosented 1f o1) reports pertsining o the resctions of & mrticular
resgant with slkene mulfides weve greuped togsther,

1. Ring Glesvege by Frimry and Secondary Amines |

Reppe and Niocled (23) heve deseribed in petent form, the rreparaticn
of Nesubstitution yroducts of HiUlig~Clig«8H and 1ts homcloge, by the
intaraction of ethylens or rwotylene mlfide with prissyy and secondery
awines, &% 100-200°C, in the pressnce of & eubstance capedle of lowering
the ri of the veaotion wixture, such as rhencl. The strang bendency of
the pelmyy addition product to react with additiawml sulfide was noted,

specially when the mole metlc of sulfide ¢o amine was greater than one.

& alight modification of this procedire las recently been smyloyed by
m and Faulter (72), for the rweparation of verious Nemubetituted
Pesminoethyl sercaptans from sbhylens sulfide and varicus amine coupounds.
Frior to the report by Reppe and MMeclsi (23), Delerdne (11,35) lad

wwbed the pravaration of aminothiols by the action of squoous amumia
a otiylens sulfide. However, he ses able to isclate only eclid polymers
which contained little o no niterogen, indlcating tlat the resction
morely produced polymerdc suliide.
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Several yeare later, Snyder and his associstes (1) descridbed the
remulte of studles carried axb with etiylens, promylens, ischutylene
e sulfides and a werdety of primery and secoadary aninos.,
The reactimns were corrled mt at tempemtures near 100%., far pericds
of 10 %o 20 boars without the benafit of catalywte or solvents, In
sontrast to the findings of Repre srd ¥icclal (23), they chserved no
) effects whan phesol ©F eluninum chloride was added, or when
the sodium derivative of the aniue wie employed.

mvf}-‘\?& < & Ryl weeote e » Gwel « JuSE
Coly "normel® ring flesion wea chssywed by Snyder and co-workers. In
211 Insteances, more or lesg of the initially formed asdino-mapcardan
want on to form polymer, althasgh, e use of axcess anine siprressed

RgHieCligCE4wBH + g};iac;ﬂﬁ“ oilp [} e CH Ol oSGl g=CliaBE ete,

WX

An sztensive investigation by the Mussian chemist Bres (73),
concarvad with the mectlion of sibylens sullide with anlnos, iaa re-
bing feobs. It was clearly demnstratod tiat the
savore roaction conditiong previcusly employed (23,2h) in producing
dwsubetituted f-~wnincethane thicls were nolt indespenssble, and very
Droquently were undesireble as they tend to faver the aide reactiom
shown above, a8 well sz sulfide polymerdzation. ‘oreover, it wasg




chaarved that vhen frostly yrerared elhylene sulfide was added to &
sclution of the sodne in an iamizing sclvemt, and allowed to stand at
room tempereture for a fov bours, almost complete cawersion of tha
mulfide to polymaric materdal comurred. In fact, the renction of
stiylane milfide with alechollo disthylanine waz recummended as & metbed
for the guntitative detarsdnation of ethyleme salfide. The above
chservations would appear to offer sn exrlanation for the failure of
Delopine 4o isolate any swinctbicl from the reaction of etlylene mlfide
with agueous or aleoholic swmmonds (11,35).

On the other hand, Brex (73) cbserved that when the reactioms were
aarrled cut in & non-ionising medium such a2z anhydrons ethyl ether or
banmene, polymerisstion of the sulfide wag almost completoly surpressed.
As o romlt, the amoont of asminebhiol imclated was substantially in-
creesed .

This wrocedure bas recently been used by Sclmolka and Spoerrd (7L),
to prepare 2enstmbylanincetiyl meecapten from n<butylenine and etiylens

2, Bing GM@& by HMeroaptens
Seversl mtante have Leen grentad on the veactlon of eplsulfides
with mevoartans. A Osmwen patent itewied in 1940 to Reppe and Freytag
(2h) desoribed the gynthesis of & mwber of coapaunds cblained by heating
omposed of an alkyl mercaptan with alther etlylens or propylene
slfide, in an inert solvent at 100~200°C. untdl all of the muilfide lad

rosoted .
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Snyder and his coworkers (75) were umeble to affect vemction
under the sbove conditions, with elther ischutylens o cyclobexene sul-
fide. Remctioe did cocur, however, when catalyst such as gsodium
othoxide or boren trifluoride (added as the ether o acetic acdd compilex)
wore eaployed.

)
/.
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Az in the reaciion of alkens sulfides with prinery and secondayy euines,
the initia) product resslting from ring flssion showed & marksd
to renct Darther, giving riss to producte containing more than one thiow
ather greup.

b+ socs <me meddedda
B

Leter work by vulvencr awd his collaboretors (15) on the resctian
fndioated that ¢he free thicls do not readily bring about ring clesvage.
In an smperinent using socene suliide and etiyl mercartan, the
renctants wore beated in  ssaled tube for six howrs at 220%. and
rocowared unchanged. When the sllmld selte of the wmersapluns were
aaployed, resctions did occur in the axyected memner, but in each
instance considereble polyreric material wes formed. Fotasslum kydrogen
mifide comverted propylens and oyclohsxane sulfides into the corres~
ponding dithlols and with 2wcliloromeilyl thlirens produaced trithiocglycervl.
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Attampts to bring about ring fission of tetmmetiylethylens mlfide in
this way, have so far heen unsuccesafl (15).

Hoade and Woodward (76) have oarrisd mat sisilar veactine am
othylone sulfide ueing hydrogen sulfide and alkeli sedts of slipbatic
HOTORTHAnS o

The reaction of pobassins lydrogen sulfide with 2en=-haxyl thilmans
g bown reported to yield & amll amcunt of 1,2-dimsrcaptooctans along
with congidmable guntities of polymesic mterial (88).

3. Ring Clesvage by Alcobols

The preparation of f-ullicy smbatituted sercaptens was fivst
desceibed by Sopdor, Stewart and Zieglar (75). By employing boren trie
flvoride a3 catalyet, they wore able to laclate @wll asounts of the
alkoxy morcaptans from the reaction of isobutylene sulfide with prlwary
saturated slcohols. Little or mo remction ccourred between imchbgtylens
sulfids and secondary alcokols, or bebwsen primury alccohols end edther
rorylane or oyclobenene sulfide. No alcohols lower than butyl were
studied. Once sgaln, plymerdsaiion of the sulfide was chseawved,

. Culvenor and his assoctates (15) alse studied the cpening of alkens
glfides by hydray-conpounds and found thet at odimyy temparetures,
the sulfides ave firly stable to neatorl wter and alcchols. When
wonylons sulfide and water were heetewl in o mesled tube for seventesn
hours at 100%., & mixtuve of clesvage rroducts remilted, hut individual

Piad, Hnder the same comditions, absolube
othancl geve anslogms resulis, bt agedn, the individus) structures
wers nob detarmined.




Le Ring Clenvage by Acide

Altheugh diinte wineral acidn catalyme the polymerimation of
alafin mlfides, mitable contrel of the comcentretion can result in
the formtion of stople monomeric additimn products. For exsmple,

bromd.c aodd beteved siatingly, to yisld 2-bnomosthanethicl.
Btewart (77) wes able to isclate lavge quantities of chlororropane~
tudols from the vesction of gmecmss comocentrated Iydrockioric actid with
mily, Culvanor, Uavies and Hesth (1) have extanded
When an excoss of ooncentrated hydroukloric acid was employsd with cyclo=
mootpre mailide and 2«chloremetlyl thilrene, the 2-chilorothicls were
forand in modesmte o good ylelds, Dest resylte were cbtained by working
&% room tomperabors, and whon the reactlion mizture was hept well rdxsd
by conblmons slplving. Folymers were forsed in mejor amousts whan the
followtng canditions were ewployed, (2) resction carried out st reflux
tenpamtures, (b) when renctian mixiee was not Whraghily bosogmized,
and (o) bubbling hpdrogen ollordde gs into the swifide,
e and Hesde (76) beve produced substantial asaunts of
bhansthicl by tresting etiylens sulfide with dry Lydrogen
widoride gas.
Van Temelem (57) bae recently shown tiet in the reaction of lydre-
shloric acld with oyslobasens sulfide, the Z-chlorocyeloheomanethiol
which ip produced, existe entirely in the fpeps comfigarstion,
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1ling glascial acotic acdd was allowed to react

with oyclohenene sulfide, Culvence and bis cowworiers cbtained low
ylalds of Zamrcapbooyoichenyl acetate, sloag with large smounta of
kigher bolling mberial.

Btewart (77) as shom thad the resction of acetic acld with

Wieme sulfide gives a 158 yield of simple sddition mroduct, which

in consideved to be o =ixture of ﬁm&mﬁzﬁﬂﬁwa and HBeGliy ﬁ Lot T

Apparently elfarie seld whethar compentmted o not, mmlav
& pelymeriving infloece on olefin su)fides (15).
dised etiylons slfide b0 the seids HOS=CHaw00gE and HOS-CHgeCHywBe
CHge00gH o

£, Ring Cleavage by aAcld Halides end Nalatod Ccapounds
In 1940, & mtent gented to Aldessun, Brubaker and lmnford (70)
mversion of ethylens silfide into 2w-cidoroetiyl
thloacatate by the sction of scelyl chloride. In additim, the symthesis
ke from etbylane sulfide and acetic anhydride

Sevaral years labtar, Hekde and Voodwsrd (76) reported
ment of ethylene adfMde with ollorcscetyl chloride or browmide resilied
in the formation of Zwcilorcetiyl tilochloreacstate and

Tvin (79) bes iscdatal 2-diodostiyl thdcscetate from the resctim
of sthylens mlfide with acetyl iodide
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“alvenor, Davies and Feath (15) lave veported that cyclobexma
Wiide and scety) ciloride resdily form 2-chlarocyclobexyl thicacetate
in bigh yleld. Fropylene mulfide and 2~cllorcmetly
reasted quite sasily with acety) cllcedde
etate snd o dlokloropropyl thicacetate respectively. The absclute
structare of the roducts wes not determined.
Yon Temelsn (57) bas abown that the interwction of gyclohexene
oride roetlts in the fawmtion of Duug~ retber

with scetyl ohloride mroaduoss sercellent yvialds of Pechloropropyl bhlow
eahers, Giﬁzrg};;%&ﬁg#ﬁ-@ﬂﬁ@ i/ o ul-ﬁgim}%ﬂﬁ-@wﬁa The f-chlovopmoryl
axters of thiosoetic, thichutyric and thivbensoic aclis wers alsc

Bumoyl cliloride has besn fomd to resct less reedily with rroyylene
a1fide than dees scetyd chilaride, but nevertheless glves large amounte
of & olieroprepy) thicbanmcate (15).

with acetyl cilovdde and »eleted compouds

Devies and Sevige (17). The product formed in cunditative amamt from
the spontenecss mection of scetyl) chlovide with propylene sulfide was
stownt %o be 2echlcororromyl thicecetata. Ro indlmtian of tho rresence

of isomerls maberisl wus citalned. Likewise, propylene sulfide and acetyl
belde pradiced 2-brumoproryl thicscetate in thecretical amount.
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opylene sulfide with acetic sabydride in the
wonenes of & seall sncunt of pyridine ws slso ivestigted, The
oyl scetate.

n we fomd $0 be 2-ucetylihlo=

Vo Tamelen (57) bes reported thut cyclohsmans sulfide and eacwtic

mirde sddition products fron the resctios of dlefin sulfides with the
plogen compoundss bensoyl flncedde, ploryl obloride, 3,5-diw

Just recekly, Ivin (795 bas desoribed dhe prepretion of & renber
hang ] rompounda produced by the action of varime acyl

ane ifides. For wmnple

gl & gty = AChy-Thg B4,
3 : ¢

CEELg e ¢ Cla Sl Clly — Gl =CHCL~Glig G eCHOLy
o 8 0

G&H@“E‘*W g ﬁ{tﬁ«% s CH=CHB=CligSoGi=0. L
' o

6. Ring Uleavege by Idthinm Alumian Hydride

Bordwell, Andersen and Pitt (16) first described the reduction of
splenifiden by 1ithium slumimum hpdeide, in 1953, The resgent wes
found to reRct gulte mmocthly with cyclclexans sulfide, propylens sulfide
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snd Zemebatyl thlivens, forming escondary marcaptuns in each instance,
in abont 75 yleld, with no indlaatlon of the yresence of the lscmeric
plunry thicls,

A . v
CHgeClimeCHy ¢ Alky === (Hy=lieGhy
In conbmaet to thess Cindings, Meore and Porter (68) found tiat
reduction of 2en~bexyl thidvwne by Mthdus sluniwn kydride gve aly
& aall pevosntige of the axpevted cotene-@-hhicl, and & ratber large
santage of polyneric material.

Tio propuration of P-disthylaminoetlyl weraaptan, reparted by
ke and Yoode *80) in 19h5, appears to represent the firet vecorded
ingtanos in which an organomtallic we saployed to brdng about w»ing
cleavage of sn olefin sulfids. & L8 yidld o the anino-mercaptan was
dbotadined by the sotim of llthianm dletiplenide on ethylene suliide ab

The reaction of wtlylane sulfides with Gripard reagents bas
well and his associstes (15). The antion
@ o gyulohaneme suliile produoed ayclobexone
in 874 yield, indicating that the trignard resgmt mersly ectrects sulfur
from olefin sulfides, however, no thiopbencl wes isclated and the exmot
aalore of the milfhar containing mberisl iz winoam. Ween butyl mges-
wanie weg obiainad in 19% yleld, ang
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Imtanathicl wg cotaine! in 5% yleld. Reaction of cyolohexene sulfide
with banayl magresinm chilorde resulbed in the rmrcduction of 137 oyolo=
heectena, 124 bengyl meveaptan snd S bengyl disulfide,

Borhreld. snd collaborators (16) found dtat elkylw and aryl-lithium
conpeunds did net form sinple mercartans o resction with alkene sulfides,
Wt instesd effected o 1,2~liminetion reactin, giving rise to clefing
and aliyl or aryl weresptens. For emenmple, rhenyllithium with gyclo-

e wllide gave &0F of thilophend) and 529 of cyolobexene. Likewise,
mesne sulfide with butyllithdun vesultad in the forwmabion of 472
yolobatone and 637 of l-butanathicl. Simllar results were chaerved
with yropylenc and etiplens sulfide, the aliyl or sryllithlun compouwnd
spprevelating the mlfur aton in each onse.

am 'z‘ 8 i 1o g B g P )5 D g ¥R

mlfide with cilorine and tawaine have besn reporied recenily by Stewart
and Cordis (81).

Gyl L

ClgCliglia # Ly == Ciy=lindliyX —
3 g,

Jrvcivoun modium, ¢ or ohlorcfom, the
rescticon wes Asmimed %o proceed in o stop-wise mumer, forming firet



ide which wes leclated in ligh yield,

of mmm with cilarine, the seapound Cliyl=Gig=Cl ws

In contyash to these Lindinge, Culvemer, m and Hgath {15),

ﬂ-‘L "(‘ﬁ{‘.‘lx il

8 i M g L

_ paacts with clilorine in carbon tetyew
ghloride to wodice L,R=ilekloregyulohexane togather with polymeric

§o Clopvags with Hatly)l Todide
It ben besn vepocrbed tiet the sotion of metlyl iodide on ethylens
wivethyledfontun lodide presrally via an inter~

5 1 Sl

(Clia)eT  #

amgi,q:
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e hewe not bean fscdated in nuy of the instances so

far papordoed.
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s (12,12) was the fimst to stady this partioular reactio,
and vaported that the actiom of metlyl iodide o ethylene eulfide
produced & milt thengt to be (CghgT)L,Uk,I. A silniler slteation wae
veportad for the maction of wopiens suifide with wmetlyl icdide (3L).
Thess results bavs recently been quesdioned by Culvencr snd covwariers
(15).

Calvanor and his cowworkers {15) later extendad this work by reacte

e sulitide, heestiyleyclobenens suifide, and 2ephloromeths

thdimne wikh metkyl fodide snd cheerved that frbwthylmifoniun lodide
W produesd in each instance. The cyolopentens milfide (57) uniergess
lodide, in & menner anslogaus to dhat of cyclohexens suifice.

10, Alkylatdion Reactionn
Stesmrt (77) has Sovestigated the reactiom of propylone aulfide
pesance of alundimm chlovide. AV cwdinary tempera-
AF the peaction mixture is then healed to veflux cundensatlon moducts
miy be isolated. Altheugh sell quentities of monoproryl bemzenss lave
iadned, the resction bends to glve mainly the secundayy condan-

g n\ /{m‘ﬁ + Jglig u@ﬁﬂh’ kg '}‘m"fw\}za . uahﬂ{cabﬂ



provicusly been described by Suyder and Alemnder (6).
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Fropylene sulfide and fsolbutylens eulfide bebaved siallarly,

predhaing MWBWWWMW&W and 2-iniao-3-carbethoxy«s,

dimetiplthiorkans, respectively. Do sddition, when the condensstions
Revantly, Gass (L3) lms reported the aligiation of etlyl cyanc-
acptate hy Z-phanyl thilnene in the presence of sodisn ethoxide. Mo
shracture of the condensabion product, bowever, was not established.

1), Effect of Oxidising dgebe o Alkens Sulfides
An montimed saxfder; all stbenmpie to wopmre the sulfocides and
slfones of e gyolic suifides heve failed. In ovary instance, the
afPuct 46 one of ringvPlsslon followed by wardcus socadiary
ronctions such ap polymerisatlon.
Steward wnd Uordts (S1) foad that cilorise and bromine would
arddise propylene silfide vary reacdtily. If the oxidations were carried




it In anigdrous medis, bis-(l-nothiyl-2-lalosthyl) dimifides ware
forned wherens chiorine water rodicad lechlopom2-propane-sulfomyl
alilorida. Use of 303 hydvogem rovoride resulied in the foomtian of
waliurie aold and 2-hydrogy-lepmn Wonic acld,

Prdor %o the sbove work, Oulwencr end his ssscciates (15) had
repardod thab nelther ageecss pdregen perocide nor revvengenate would
rerch with etiylens evlfidos to fom suifoxides or sulfoues. Instend,
8 veriety of mbstances resciting fron ring-opening were cbtained.
Dalopine and Sechesbremmor (35) chearvad that the direct axidation of

ethylene sulfide with nitric suld produced HOgS=Clig=GCgh and higher
melocylay welghd proedacte resuliing from further ranctiom of this acid
with etipless sllide,

turen ., changens snd pooiylene suifides yield viscose liguide with
moblyl saifate (15) and ales with cilomudne~I (15). Aeocs merowsic
selts are found $o resct spumtanecusly with othylese snlfide b the
plaucture of the wroduiots sre woknowm (15). lene sulfides instantly
no# nitropen when treated with sgewss sedims szide and indine (15).
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Propaetion of Stiylens Sulfide
(Thdirene)
% s\
Chigeeiliy
A solution containing 97 g. (1.0 mcle} of potassium thiocyanate
dissolved in an ogual quantity of water was placed in & 350 ml. thoee~
necked flask fitted with a thermomoter, mechanical stirrer and & gas
delivery tube. A constant streanm of ethyleone oxide was meesad through
the stirred resction mixture, ket at =10 to =5°, until it Led gained
70 g« in welght; which required five hoare. After en additional three
hours of stirring, ot the seme temperature, the transmrent reaction
mixtare bad begun to gepurute into two layers. A fow drops of thiophencl
ware added to stabilize the ethylens sulfide (13) and tho mixture wae
set agide overnight at 0=5°C. ‘“he liquid meterisl wes decanted from
the rrecipitated potussiunm cyanate and the oily tor layer, whick had
inoreased on standing, was separated and washed three times with LS ml.
portions of & 20% solution of sodium chlordde. An additional few drors
of thiophencl were added to the crude ethylene sulfide and it was dried
over snbydroue cslciun chloride. Fractiomtion at atmospheric rressure
through & 2x30 em. column packed with 3/156 inch glass helices gave 25.2
go (042 mole), a L28 yleld, of etiylene sulfide boiling at Sh=55°
(747 ma.). The reyorted boiling roint is 55-56° (760 ma.), (73).
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The ethylene sulfide rreyared in this menner remeined trensyarent for
five to six days when stored at ¢%. The sulfide lsd & refractive
index of ngs 1.46956, Reynolds (L7) rerorts ngs 1.L698.

Prepamstion of Prorylene Sulfide
(2-sathyl Thiirene)

A
CHy=CHeCEg

Irdo & 241, thres-necked flask provided with a sealed stirrer,

ing fuannel and rarellel side-arm fitted with a reflnx condenser
and thermonwter, wee charged 152 g. (2.0 mdles) of thicurea, 7C0 nl.
of water and 60 ml. (2.4 e@ivalents) of ccncantreted sulfurlc acid,
The flask was rlaced in an ice-bath and cocled to 10°C. 4 116 g.
(2.0 moles) quantity of propylens cxide was added dropwise to ths vigor=
ougly stirred reaction mixture, in three hours. Following an additiomal
fiftemm mimutes of stirring, the resction mixture wes allowed to wamm
to room temperaturs and neutmlized by slowly adding 212 g. (2.0 moles)
of scdinm carbonate dissclved in 900 ml. of water. The oil laywr was
soparated snd the aguecus phase was extracted three times with 150 ml.
portions of nepentane. After standing overnight, additionsl oil lad
poparntod from the aquecus phase and the pentane extraction was repeated.
The criginal oil and pentane extrects were combined and dried over
antydrous sodium gulfate. The pentene wes removed aml the residual
liquid wes fracticnated at atmospherio yressure thraugh a 2x30 cm.
ochwm pucked with 3/16 inch glass helices. The propylene sulfide
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distilled st 73.8-7L° (737 ma.), n” 14732, The botling peint as
reported by Bordwell and indersen (22) is 72+75°. 4 75%, 107 g. (C.72
nole), yield was cbtained,

Fropemation of Ischuiylens Sulfide
(2,2-Dimethyl Thilrane)

abgd=n,

A soluticn conteining 97 g« (1.0 mole) of potassium thiocyanate
dissolved in MO al. of wbter was placed in a 50C nl. three-nacked
fiagk equipped with a mechanical etirrer, dropping funnel and rarallel
side~arn provided with & refliux condenser and thermomater. To the
vigercusly atirred solution was added dropwise, 72 g. (1.0 molae) of
redistilled isobutylene cride. The tenperature was maintained at 25 to
30° thwoughout the sdditica of the apoxide, whick required three hours.
The reaction mixturs was then atirred for an additional three hours.
Extornal cooling was regired from time to time, in ordex to kesp the
resction temparature below 30°. The lower aqueus layer was removed
by maans of & pipet and the sulfide layzr was stirred again, for five
bours, with a fresh solutien of poteseium thlocyamate containing 50 g.
of the sald in 100 ®l. of water. Ths liguid material was decanted
from the pmwﬁnm oyanate reoirdtate and separeted into two portions.
The aguocus thass wes extrected thwres times with 50 ml. portims of
ether. The gthor extracts were combined with the organic phase and



L8

dried over anbydvous calcdum ckiordde. The ether was removed and the
erude sulflide was Cractiomated through a 2x30 om. Fenske~type column
pocked with glass belices. A 71 g. (U.01 mole) quantity of ischutylens
sulfide distilling at 83.5-8,° (741 ma.), re> 1.464C was collected.

This corresponded to en 80% yield based on the axide. Snyder, Stewart
and Zisgler (14) report these constants as: b. p. 8L=86° and n2> 1.L6l1.
Thros additicml premmmations of this suifide gave yialds in the range
S0=B3%,

Preparation of Styrens Sulfide
(2=Fhanyl Thilrune)
5
/7 \
G st gmGlimmell o

Al aypavatus was cleaned, rinsed with ammonium hydroxide soluticn
and dried before uss.

In a 500 ml. three-necked flask emipped with & soaled stirrer,
refiux condenser and thermometer was rlaced a mixture containing 60 g.
{C.50 mols) of redistilled styrene cwxide, 50 g. (0.52 mcls) of potassiun
thiooyanate, 100 ml. of dicmmne and 100 ml. of water. The mixture was
stirred at 6° for one hour, allowed to cool to room temperature and
poured into o mixture of 200 g. of crughed ice and LOC nl. of water.
The crude sulfide waa extracted with thres 100 nl. portions of ether
and the combinsd ether extracts wers washed twice with 150 nl. portions
of water and dried over anhydrous potassium carbonate. The sther was
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removed in yagie and the residual sclution was filtared through a
sintared glass filter. The unreacted styrens oxide was removed by
distillation at 1 mn. presmure tirough a 2x20 om. colwm packed with
3/16 inch glasa helices. When the tempereture of the distillate
reacked 50° the remsining 1iguid wss transferred to & short-rath dis~
tillation appamtus and fractionated under reduced rressure. 4 31 g.
(0423 mole) quantity of 2-phenyl thiirene boiling at 28=30° (C.1 mn.),
n20 1.6015 wes collected. T reparted plysical constants for this
gompaand are: b.pe 2528° (0.0 ma.), n2° 1.6025 (k3). The yleld of
wodich was L5%, based on the oxide veed, A second preraration gave o
L% yleld, The sulfide was stared at 0C.

Fremyation of Cyvlchemens Sulfide
(7=Taiabicyololl,,C ) naptans)

£ 4=

A L ge (0.50 mole) quantity of cyclobssrone wilde was added in oms
rortlon to & solubion of 181 g. (3.25 molss) of potassiunm thiccyanate
desolved in 100 »fl. of water and 79 nml. of 95% ethancl, conteined in
8 1~l. twoenecked flzsk eguipped with a mectanical stirrer and reflux
condenser, After allowing the reaction ailxtare to stand for about four
hours, an additionsl L9 g. (0.5C mole) of cyslohexsme axide was added
and the resalting solution was stirred vigorausly for thirty-six bours.
The supermatant leyer and the aguecus rhase were decanted from the



pracipitated potessium cyanate into a 1-1. separetory fumel. The
ptageinm cyanate wes rineed with two 50 ml. portions of ether, and
those were added to the semmmtory furmel and used to sxtrect tbe cycloe
bevese sulfdde. The ether srteact wes wasled twice with 50 nd. portims
of saturated sodium chleride scludion and dried over ankydrous sodinm
sulfute. The ether wes remcved cn the stean bath and the resicual
Aquid was distilled under reduced pressure through a 20 inch Vigreux
colum, The main frection disbAlled at 7072° (20 mn.), n> 1.5310.

The yiald of pwoduct wes 67%. Fhysical constants reported by van Tamelen
(111) for cyclobaxens sulfide aretr b. p. 7T1.5-73° (2L mn.), &-n°

(19 mn.), 22 1.5306-L.5311,

PFrappretion of 2«Chlorouethyl Thiirans
{ Thicepdchloralydrin)

nd

7\
CLCEgeCmmCEg

& 1=l. threso-necked flask equipped with & senled stivrer, dropping
furnel, themmometer and veflux condenser was charged with 30 g. (C.5
mole) of didoures, 175 sl. of water, and 15 ml. (0.5 eqivalent) of
concentrated mifuric scid. The mixtuve was cooled to O to 5°C. Fart
of the thicures was inscluble under these condibicoms, but it dissclved
a8 the reaction proceeded. To the stirred solnticn, kept at 5°, wme
added L6 g. (0.5 mole) of spichlovahydrin, in an hour and & half,

The reaction mixture was stirred an additioml aquerter of an hour,
allowed to werm to room tempereture and carefully nsutralised with



53 g« (0.5 mole) of sodium curbomate dissclved in 25 ml. of water.

The two layers wore serarated and the aquecus phase was extracted with
two 50 ml. portions of n-pentane, After seversl hours of standing,
additionel oil bad sepamted from the aQueous phase and the extraction
wos repeated. The crganle freotic and pentane extracts were combined,
dried over anhkydrous sodiun sulfate, and the pentane wes removed 10 YRSRQ.
The concemtrated residae was fractionally distilled to yield pure
2echioronetiyl thilmne botling at L7-48° (23 ma.), o 1.5274. An 85.3%
yisdd, L5.9 g. (0.L3 mole), was chiained, The reported valnes aret

bep. 79-62° (11 mn.), w20 15280, (35).

Prepuyetion of Thicglysidaldebhyde Diethylacetal
{2, 2-Maothayrothyl Thitrne)

(g0 A
timikimG
O gl

In & 500 ml. three-necked flask £itted with s sealed stirrer, reflux
pmeer and dyorping furmsl wes placed a solntion rresrared from 27.0
g- (1.0 mela) of potassing thiovyanate and 100 ml. of water. To the
vigorously sbiryed solution wes addsd U5 g. (1.0 mole) of plycidaldehyde
dletivlacetal and 20 ml. of othancl, over & two hour perled. On con=
tinued stirping, the sclubtion became furbld, with separation of two
layere, and the tempernture rese to 30%. The reaction wes allowed bo
sentimme for twaniy=four hours. The two 1igeid layers wers decanted
from the small smount of solid rrasent, sethreted with sodiunm chloride




and exteuctad tlree times with 100 ml. portions of nepentens. The
yortans wags rencved by distillation through a twelve inch Vigraux
column. The cyude product wees plsced in a 300 ml, twowmmcked flask
scpipped with a mechanicel stirrer and reflux condenser, end treated
with & fresh solution of potassinm thiccyspate containing 50 g. of the
Mlt dn 300 s, of wmbter. Yhe reslbing wixture wns stirved vigormaly
for wanty-foar hours and worked up 48 desoribed sbove. The pentane
mebracts wvere Arisd over anlydrous sodium sulfate and the pentane wsa
vessoved Jn ¥ega0. The conemmbreted residue was distilled under rediced

gmre tirough & 2x30 on., Femsko-tyrs cclwmi. 4 yleld of 67% of
mre 2,2-diethorymatiyl thilmne bolling at 80° (10 mm.), ngo 14615
was obtained. Fhysical constants as reported by Wright (90) for this
material aves bep. 8° (U me.), n‘é“ 14613,

Preparation of l-tHethoxy-2~bydrexyJ-chlororrorens
Glig =0l =FeClig=TL
1:1]

The aloiydrin wae preparsd Ly resciing melisncl with epicidoro-
hydrin in the presence of an aeld cutalyst. 4 fyrdeal premmwratica
foliconwas:

In a 2-1. thresuecked Dask squipped wilh a sealed siirver,
dropping fumel snd mamllisl sice-am fitted with ¢ reflux condenser

momeber, weve rlaced 208 g. (9.0 moles) of methancl and 6.7 ml.
of concemtrated salfuric acid. The stirred contents of the flaak were
hented to reflux and 277.5 g. (3.0 moles) of eploblorclydrin were added
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dropwlse in two hours. The remliing solution was ptirred and redluwed
for an sdditionsl four hours, and set aside ovarnight. & 3C g. (0.15
mele) quantity of barfum carbomete was added and the mixture was stirred
for four hours, filtered snd the excess methancl was removed by distil-
ntien. The resldus was frectionsted under reducad pressure. A 232 g
(1.9 moles) quantity of mterial boiling at 68-1c° (13+13 mu.), 12> L.LLEC
was collested, LiSerature valuse for l-nethoxy-2-hydragr3-ciloromomane
arer b, p. 76.5° (20 m), w0 LA422, (112), & 62,148 yield was
dotadned based on eplehlorclpdrin, 4 second prepemstlon gawve & 478
yield,

By employing the following expsiimestal nodification, the yleld
wes incressed to 80%. The mole retdc of methancd to epichlcrobydirin
wes yudsed from 321 to Ll and $le resction tempsreture was mainteined
at 25-30° while the epfohlorciydrin was baing added. The reaction mix=
tare was etirred an additioml fiftem Lours at roumm temperature snd
after nantmlization of the scld catalyet and filtretion, the axcess

Prararation of 1,2~Epoxy-3-neticgyreorane
c.;
,‘ A
Ulig Ok gLk

4 sclution of 231 g. (1.06 moles) of l-methaxy-@=iydroxy=3«chloro~
eopmne in twe liters of absclute ether was charged into a 3-1. thres
nicked £lapk equipped with a mectanicel stirrer, additicn {las: for



solide and parellel side-em fitted with a refiux condenser on

uater. The Llask wes supported in an icebath and 120 g. (3.4
moles) of finely powdered sodinm hyvdrcxide were added in emall portioms,
in ave hour, whils holding the tempermture of the raction mixture ab
05%. After an additicnsl five hours of atirring at 5%, the resction
miztare was set seids overnight. 4 500 nl. quantity of water was added,
and the ether layer woe semauted. The aquoecus layer was oxtiacbed
threo tioes with 75 zl. portdons of sther. Tho conbined ether fractions
wore rlaced on the steaw-bath end the ether was removed., The residus

woigh & 2030 om. ool packed with 3/16 inok fiass
belices. The 1,2-spcar3-methoxyyropene distilled at Lo-L2® (2620 m),
w5 10009, This epexide is reparted to boil at 53.7° (85 m.), ne”
14602, (132). Four promeutions gave ylelds of 01.6%, 804, 837, and
53.46% vasad on the lemethcgr-Sehydray-3=chloaropropane used. The highest
liardo and Folland was 603 (112).

sqecas potassium thiccyanate or thiouren. When employing potassiunm
tideoynnate, the wocedure of Snyder, Stewmrt and Ziegler (1) wae
utiliged, widle with thicurea the method deweloped by Bordwell and
Amderaen (22) was followed, A typdosl preperetion utilising potassiun
thicoyenmte followas




sokopd Llask provided with a seeled stirrer,
dropping fumed and parellel sidewnrn hoilding & reflux condenser and
sharncmeter, were placed 97 g. (1.0 mls) of potassium thiocyansate and
200 ule of water. To ths vigopously stirred sclaticn, kept at 20-30°,
wao added droywise, 88 g. (1.0 mole) of 1,2~epoxy=3-methoxy
aring an bour and tires quarters. The turbid soluticn was stirred
for sn additiom) twe bowss and seb sside overmight. The two phase
above with & £resh aguecus potassin thiooysnate (fAfty grums
of tha sslt in 100 al. of wmbesr), for five hours. The two phase systen
wan agdn sepnrated and the aguecus layer was owmbined with the firet
aguecus phess and extrectsd with Shres 25 ml. portims of ether. The
waloing aklopdde and the obher wae vemcved. The cyude product wea
Lad under dioindsbhed presscre, taough 8 2280 om. FPemskevtype
eolwm pecked with 3/16 inch glams helices. The mjor fracticn distilled
at 60.5-8° (1617 ma.), ngg 14791, Twe rreemitions gave yields of
938, and 928, meed on the 1,2-0poxy-SHmothogyrromne waesd.
Whan the conversion of an omivene ceapound fo the corresponding
ampiloyed.
In a I~1. thwos-necked flask eguipred with & sealed stivrer, reflux
omdanser, dropping furnel and thevmometor were Hlaced 76 g. (1.0 mols)
of thioures snd 30 M. of & mlfaede acld solution (1.0 eq. of acld
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In 350 nl. of wabar). The stiread contents of the flask were cooled
b 5<10° and in this wange while 83 g. (1.0 nols) of 1,2-epagy=3=

provans was added dropiss in two hoawrs. A quarter of an hour
after the apomide led bee sdded, the resction mixture was allowed %o
wan o peon temperebure and ceutiously nentmlized with 106 g. (1.0
mole) of sodhun carbonate dimsdved 4n L0 md. of water. The aquecas
phuse wan sommetod and extusoted with two 05 ml, povtions of ether.
After gtaniing soveral hours, additionel oi) Iad sepsrated fyom the
soddunm ifate. Afber wemomd of the ethar, the residuo was distilled
under peduced pressurs thrcuph & 2x60 ¢m. occlumm pecked with 3/18 inch
glass heliots. The major frmctlon distilled st 60° (15 m.), > 1791
and sorpespondsd Yo & 877 yisld. A sveond prepsration gave similay
rosults, Memendel amalysis for CJL08 mve the following results.
Getemiadeds C, L8.183 K, T.893 5, 30.77. Founds C, L6.303 H, 7.943
8y 30.56.

Propmbion of l-Bibagy-2-hydraty=-3-ciloroproane
O glig=0=ligili=Chg=i1
O

The dalolydirin was chiained by two different methods, ae utilizing
pipus stemdo chlorise and the other conoentrated eulfuri: scid ue
the catalywb. Wheo sniydeous stennlc okloride was used, & slight modifi-

od by Van Zyl, gk ad. (2) ws employed
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and yegilied in & 7-8% invrease in yicld. & typical synthesis fallows.
In a 3-1. three-necked flask rrovided with & sealsd stirver,
ivopping farmel pad pRImllel side-ern: Lolding & reflnx condenser and
tar, ware placed § ml. of antprdreus gtamic chloride and 104
ge {3 molas) of anlydrous etlancl. The reflux condenser and dropping
was Jaced in & vater-bath initially at 20°%. A Y55 g. (6.0 moles)
pardn was added dropwise over a perdod of two
bours. The weler-bath wae rerlaced by & heating mantls snd the remction
mixiare e refluxed for & bawr. Afber cooling, the sclutim was
meutyalised with amonfans hydeoxide, end the excous etbandl wag ranoved
by vacun dlstillatios. The concentrwted residue wes distilled through
8 2230 om. column pmoked with 3/16 inch glass belices, to give a 95.18
yisld of product holling ab 475" (13- ma.), 31%5 14425, & sscond
projoration gave a Shbf yiald., The literature values for l-ethogy-R~
oxoprorene are! b. p. Ge-81° (38 ma.), 71° (2 ), (2),

pbantad slfuric acid wes amfloyed a8 the catalyst, a
modifieatdon of thw method weported by Flores-Gellsrde and Follard (112)
was used, and vesulted in & 1W0F increase in ylald, A typloal rersae-~
tlon follows.
In a 2+, threw-ngcked flask egmipped as detc
aced 368 g. (8.0 moles) of snhydvous ethencd sod 8.5 wl. of conoen~
fruted mlfurlo scld { d. 1.84). To the vigorously stirred soluticn

bed above, were
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was added dropdime, 372 g, (L.0 mwlas) of eptohlorchydrin, in two and
» b3l bours. The resciion desperature initially rege o 55°, but

rafhooed for an additionnl four haws wod sllowed 4o cool to rean
tenparature. After adding mwoese Lecvinm carbonate, (30 g.), the sclu-
renction mixtare wves filtered oyl the excess etlancl was remvved
in yagie through 8 30 em. Vigreux columi. The cmude product was dis~

The leethoxy2~hydragy~J-cklorcrrorane dlatilled st 72+73° (3132 ma.),
5% LAAZL. & 706 yiald ves dbtained, The constants verorted by Flaves-
Gallarde end Follsyd for this material arer b. p. 80=02° (2C mm.),

we 1.4570, (112).

Protaration of 1,2=Ency-i-athictyrropane

G
O gl *"*mfa/ﬁ-\»w,

ﬁmmmmmamwwwmwmm(m In & 3=1.
thveenocked Tlask eguipped with & msaled stlrrer, sclide addition
flagk snd rerellel elde-wim helding & veflux condenser and bharmonster,
ware placed two liters of absciube ether and 277 g. (2.0 miles) of
bath and 120 go (3.0 noleg) of finely powdered sodium hydroxide was
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fdded In ammll partions, via the solids addition flask, at o rate walch
madntained tho rewction tasperature at O to I%, The reaction mizhure
wa stirzved at ¢ %o 5° for an addidiom) Mve haws, wd than ab ros
teparature for anolbar fiftem hawrs, & 500 wl. volume of wabar wus
added and the aguoouy layer was sepereted and axtrected with tee 10C
wl. portions of ethar. The eriglml ether layer and ether actrects
were codndned, and the ether was rewvad on the steaw-bath using a twe
oot Vipresx columm, Dlatillation of the residee through a 2x30 e
® column paaked with 3/16 inch Zlass helices give e
wrvorane boiling at 5657° (S ma.), 0> 140 Tha
yield vas 91.5% of thoemsbliol. & sectnd sinllar rreraratlen gave o
737 yiadd of the rwoduch. Flores~fallazdo and DPellard (112) cbiained
& 708 yldid of this meberisd and reporded it rlysical conptonts as
b pe B° (85 1), x%ﬂf 106, Thelr reaction time was somawbat shorter
Wmn that used in o sresent wadk, Tan 2v), gboak. (2) cultted de
other wolvent, sud used & larger nolar rmdio of sodiom Rypdroxide o
balehydirin to dbtadn & T3F yield of 1,2w-epary-3-ethcxypromns bolling
&t 123-224° (745 e

This componyd wos eepred by the twe mothods already described
! R ﬁaﬁ W mta m iﬂ Mh 1«
In asditlon, the following rrocsdure was usad,




In & 1%, thresnacked flaslk rrovided with & sealed stirver,
atar, wore placed 30U ml. of metbemcd snd 84 g. (1.10 moles) of
thieuren. 7The contints wers cocled to 0~5° and maintained at this
' g while 118 g. (L.00 mole) of 1,2#epagy-3=sthoxyrropans was
added dropwiee in ene hour., When all the epoxide had been added, the
solubion was allowed to werm o 20° over un hour and & lelf pericd,
The stdrred resction mixture was kept st 20-25° for an sdditioml foar
hours, poared into 000 ml. of weier contained in @ 2«1, sepuratory
furmal, and extmoted with severel S0 nl. porticns of chloroform,
and the concentrated meide wee distilled under reduced pressure.
& TAf yleld of 2eethaxymetlgd thiirens, distilling at 50° (11 mu.),
12® 14725 was cotained. Furtber use of this method was Aisccmbimied
becsuse of the lowee vield cbtatned. Hlemental armlyeis for Ugkiyg0S
@gve the Dollowing reaulis. velowlatedt ©, 50843 H, 8.473 6, 27.12,
Pounds G, 51.0%3 H, 8,763 5, B7.32.

Prevavation of l-Propagy-2=hpniracy-d=chloropromns
G

dirin was jrepkred by the acld catalywed resction of
wopenvl~l with eplchlovclpdring actording to the procedure slready
ihad for the synthesis of L-nsthory=2=hydragy=3=chloromomne.,
Woen the mtio of propnci~l to eploilorehydrin was 3il, & 70T rleld
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we cbtained. An 337 yleld was realized when the metio was Lsl, Pure
Iproposy-2=pydraxy~3=ckleroprofane distilled at 86~08° (13~iL mm.),
Xe® 1,425, The reporbed Piysical constants for thds compound arer
bape 9798° (20 mn.), 52 2378 (2).

Premumtion of 1,2-Epary=i-provoxymropans
A

The glyeidyl ether wae wmeraresd by delpdrobelogawtion of Ly
2eliplvcay=Ieclicrormrane with sodfur lpivoride according to the netbod
slviady desaribed for the aynthesls of 1,2-encgy=3-mothagrromns.

A BF yiald sme obteined in each of two yremrations mde., The mroduct
distilied at L8=ig° (16-18 m.), o€ 115, Ture n-propyl glyeldyl
sther 18 veported to boll at 77.7° (65 m.), n2 14203 (112).

7\
1 gy ~OwCligwCHoweGlig

Tha cyolic mulfide was prepared from 1,2+9pey=3«propayrorans
and slther pobassium hocymne
g proceduros alresdy desoribed for tie synthesis of 2emethoxynethyl
motlyl tidirene distilled at 63° (11 wn.), oo
L60L. Elanental anslysis for 05,08 gve the following results.
Caloeulatads C, SL.54s B, 9.093 8, 2h.2h. Found: O, Sh.233 H, 9.013
8, 23.95. Vhen agueous petassbun thlocyanats we esrloyed, a 598 yleld




s chtained. The use of thicurea gave a 9% yleld based cn the
142=apay=3-proporyprorane used,

Fraramtion of LeTeorronaey=2-tpdcmy=3=chloropropas
10 gliy =0l OB
Gl

D was ywepared fron propmnol«2 and epdcllorclydrin,
aseurding to the rrocedure descrdbed for the synthesils of l-methicxyedw
bydvoy=J=chlovopropans. The mole mtic of rropencl=2 te epfohlorc
hydmin wes Lil. Two preeetions geve yields of 40Z and L2% of
Irdgopropuxy=2-kydrary=3-clilopopropans, bodling at 89+91° (2u=es ma.),
B 14362, The reported canstants ares b, p. 87+67.5° (20 mn.), %>
34370 (1ad).

Mwmtim of 1,2“@?%“3%&%@%@@%3
/A
496 iy “QOB g CH=Clig

The glycidyl ether was yreyaved by the delgnirohalogematiun of

codure entoved was similar to tiat deseribed for 1,2-epoary~)-mathozy-
propans. The isoprowy?l glycidyl sther used in the subsequant yrepemiicn
of 2~lsoproperynstiyl thiirne distilled ab 59+60° (Ll3 mn.), n2°
1072, Litereture valves reporded by Floves-Gellarde and Follard (112)
sret bo p. 687 (65 m.), mfg 14088, The yields from two yreparatioms
averaged 837,
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shaaliging Zﬂmthml:ﬁﬁ thiirane.
A thilrane distilled at 5,° (11 mn.), nd° 14851,
Elemental stnlyeis for O a8 psve the following vesults. Caloulated:
Oy BheShy H, 9.095 6, 2,24, Pouds o, SL.L9s L, 8.963 3, 2L.07.

A 388 yleld of the thiirane wae cbfained whan potassium tidocysnate was
ugad, while an 519 yield resmdted when the thiourea procedure was

rarasy=3=chlororeopane

10 i =i by ‘?ﬁﬂ@ﬁ,&l

The halolydsin weas cbtained fyrom the resction of butancl=l with
splchlorchydrdn, ewloying suifuris scid as the catelyst, according to
' reeperaticn of lemethogy-2«hydecmy=3=chloro=
fropane.  The materisl used in the subsequent preparvetion of 1,2-epoxy=
yrropne distilled st 98-99° (13-l m.), 2> 1.L450. Literature
values for this compound aret b.p. V=1 (26 m.), oo L4426 (112).
A yield of 50% was cbtained when the mole ratlo of l-butancl to epd-
slilovolydrin was 351, whoress a 737 yield was realized whan this retdo

Wl L.



Ereparaticn of 1,2«Epoxy-3-butexypropane

(¥
S 8 VgL Ny \.'w N
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The butyl gycldyl ether wse dbtained in yields of 90~92%, from
the sedius kydraxide dehydrobalogmation of 3-butcxy=2-iydrcxy=3=chlore=
propane. The erparatus and procedure employed were similar to those
degeyibad for the gynthesis of 1,2=-epoxy-3-methoxyrropans. The butyl
fiycldyl. sther botled at 67-60° (16 m.), 0% 1.1166. The piysical
constents repurded for this giyeidyl ether aves b. p. 67.7° (20 mm.),
n” 3.dg0 (112).

Prapavation of 2-Duboymetiyl Thitwane
, /&\,
01 i = e il

ared frow e Intemsation of 1,2=-opoky=j-
ane ¥ith either potassiun tdogranste or thioures, according
gachuras alveady desoribed for the synthesis of 2emetboarymethyl
byl thitrane distilled st 6C° (11 mn.), n
14679, Elensmtal soalysis Sor Oph.05 g@ve the following resuits.
Caloulateds C, 56,705 K, 9.463 S, 20.70. Fowmxds O, 56.903 L, 7.563
5, 290, A yiedd of LOF was realized when potasaiunm thiocyanate was
amployed, and o 908 yiald when the thicures method was used.




Fremamticn of 1,2-Epuary=3=rhanuyyropene
. 4 G\

ad £lesk squipped with & Friedrichs condenser,
mechanical stirpar, thermoseter and dropping fumel were added, in ordes,
the Zollowingt 95 g. (1.0 mole) of phemdl dissclved in 100 ml. of
dicmane, L0 g. (1.0 mole) of sedium hydroxide, and 185 g. (2.0 mcles)
and then ab approxisately 70v75° for elght hours. The reaction mixture
e filtered, washed twice with dicune and than distilled under reduced

brough & 2x3C cm. Fenske-type column pecked with 3/16 inch
giass helices. 4 yield of 56,18 of phenyl glycidyl ether, distilling
ab 2343367 (2022 mn.), ngﬁ 1.5284, was dhtained. In a second pyepRIe~
tien, & $8.77% yiald wes realized. The litersture values for this
Qoeldyl ethar aves b, p. 157-10° (23 m.), o> 1.5289, (2).

Froparation of 2-Fohenomymetiyl Thilvane
&

potassinm thlogunate, uwtilising the procedure previcmaly desoribed for
vl thibmne, T oyolic sulfide could

distilled at 106° (1 ma.), no> 1.5735. 4 yleld of 61.0% ws cbtained.
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Gualyeis for Gghy 05 gave the following resmilts. Calcaulateds
Cp 65103 B, 6.073 8, 19.31. Foundd C, 65.16; &, 6.265 S, 19.33.

Froperation of 1,2«Epmy=3=dlethylanincpromng

G ol ¢
ahbx\ LN
Uplin

In » 2=1. tiree-nscked flash fitted with & sealsd stirrer, dropping
fumnel and mawllel side-amn suipped with a thermometer snd dropping
furnal, were pleced 231 g. (2.5 moles) of commervial epichlorelytivin,
180.7 g (247 mdes) of redistilied dietiyl amine (b. p. 55-56°), and
147 g (0.h3 nols) of water. The reaction mixture was stirred for five
hours ab 25-30°, then codled to 20° and 120 g. (3.0 moles) of sedium
hydvaudde, dissolved in 200 ml. of water, we added 4in three quarters
of an hour. The mety sclution was vigorasly stirred for an additiaml
forty ninutos dardng which & yallow oll separated. The two layers were
sopesated snd the aquecto layer wad extwicted with twoe 100 mi. portios
of otber. The organic frestion and ether extracts were combined, dried
e and the ether was removed. The cmde
rodact wee Smotionslly distilled wnder reduced prossure throagh a 60

Mgresy column. The 1,2~epamgy-j=-diotiylasinorromane datilled at
58-59° (23 mm.), o0 1337, & yield of 61.3% vas cbtained, Iiysical
conptants as reported by Gilaan end Fulltart (113) for this material
are: b. p. §° (32 m.), i 11362,
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In & 500 2. three-necked flssk equirped with a mecianical stirver,
dropping funnel and parellel side-ern fltted with & reflux condensar
snd therowmeter, wore placed L2 g. (0.55 mole) of thicuren and LG wl.
of wethunol. The etirred contonds in the resction flask were cocled
to 0=5°, and 65 g. (0,50 mode) of 1,2epogy-3-disthylaminorropens was
sdded in an hovr and & bhalf. The resction mizbure wes meinteined at
0e5® during this period and for en additicnel Malf hour, after which it
ves allowed to warm, in three hours, to romm tempgreture. The resctim
nixtare vos poared into 300 ml. of water, and the product wes extmcted
with four 50 wWl. porticas of chlopafosm. The cosbined chlorcform axtrects

eons acddum salfete, fillered and the clloroform
wal romoved. The reefdeal 1iguld was distilled under reduced rrossave
thragh & 2230 em. cobum packed with 3/16 inch glass belices. The yure
mroduch distilled at 75° (11 ma.), 70 1.1832. A yleld of 607 was
chtadned, Flomendtal analyels Lo Ok 18 mve the following resulis.
Caleulateds ©, 57.933 H, 103k ¥, 10003 8, 22.07. Faunds C, 57.1l3
B, 3104453 ¥, 9.693 8, 21.96.




Freraration of 1=Etlylthiol=3w=:lloropmropancl=2
c.aﬁw,wi&m&m
R

The mothod used was ssssntially thet described by Todaen, Follard
and Raets (11L). 4 S0C ml. threenscked flask equiyped with & penled
stirvor, dropping fumel and perwllel slde-wmm fitted with & thermometer
and reflux condensey was charged with 100 ml. of anlydrous ether and
1.0 g of fused sine olloride. The etber wee hasted to reoflme and &
mixture composad of 31 g. (U5 mwide) of ethanethicl and 46 g. (0.5 mdle)

pirin wae added dropwise 4o the vigorously etdrred sclution

in & P haw. The rsctiom wes contimed for an additiowl nine foure.
afber cooling the resction mixture to roos tempevature, the clear ligeid

mnted from the white solid adbseing to the sides of the flask
and the sther was removed by ainple distillation. The concentreted
rosidne was than distilled thwecugh & 23C onm. odlwm packed with 3/16
inoh glass helices. A yield of 66.3%, 51 g. (0.33 mols), of product
boiling at G0-62° (6+7 mm.), w20 1.50L9 s citeined. The reported
piysicsl constants for this chlorchydrexyprowyl sulfide ares b. p. &°
(1.5 mm.), 65 1.50h7 (1IL).

Proporadion of 1~Bthylibicl~2,j-apacyrroeng

&
/Z \

A modifoation of the procedure used by Hanlizescu and Scarlatescu
(118) was employed to cbbein this materdal. In a 300 nl. three-nscked
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d with & meclenienl stirrer, reflux condsuser and dropping
funwl wae rlaced 20 g. (0.36 mole) of potassium hydroxide dissolved
in 50 ml. of wvaber. To She vigorously stirred base wes added dyopwise,
during & ML bour, b g. (0.22 mols) of lsthylihicl=3=chlcropromncl=2.
30 M. of & LOF agioous pobassium Jydnaids sclwtion to the mixture and
ebirring 1% for ancthar five houre. AY thia point, the reaction mixture
pomsisted of two ligid phases and & sm)l awount of solid. The desired
resctdon product was sxkmoted with deee 5C ml. partios of ether,
deded over anbydroos sodlsn salfate and the sthar wes removed i yaouG.
The rexidunl oll was dletilisd under reduced pregmure through a 2x30 ot
pnse~tyre ool packed with 3715 inch glass helices, 4 ylald o:e 8s%,
2 g. (0.9 mode), of mroduet dletiliing at 60-63° (12-13 mm.), %
1771 wae collected. The recordsd Wiwl canstants for this compound
ares b. p. 67° (15 ma), 12° (3.5 ma.), nSF 14709 (115).

Attampbad Freveretien of 2-Btlylihlolmethyl Thiirene

8
/ \
G allgmBmUkig=UlimmHg

The procedurs usad was siniler 4o et desoribed by Sordwall ans
odoreen (22) for e paprtion of sinyle allene mifidas., A 500 al.
thregwnecked Dask squlppsd with & mechaniosl gtirrer, drovping fumnel

rided with reflne condenper and them

treted slfurde asld and L0 g. (0.52 nols) of thicurss. The stirvec
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mixture wae cooled to 0+10°%, end bald there while % g. (0.5 mals) of
Irathylthicd=2,=ercxyyorane wae sdded dropwise in an hour and & helf.
After puother Ymnty mimtes of stirring, the mixtore was alloved, in
three houre, to W to rous Sampaveture. At this point a volwsinos
widte solid bad formed, widch dissclived om cereful neotralisetdon of
the renction sdxtire with 53 g. (0.5 a0le) of sodiun carbanate digsolved
in 250 wl. of wabes. The yesltdng solntdon was light pink in coler,
and on standing seramted inte two layeds, which were sepamated. The
aquacus vhase was axtrsoted with e 5C al. pordlans of ether. The
srgunde laywr snd corbdned

godilun sulfate sd the sthor was renoved with & wter aspivatcor, The
vempdning viscous vad ofl when subjected to veewun distillation, decome
rosed mepldly producing & black tarey mae.

Promaation of 1-Propyiiblols2,S=apozynrorens
S A

A podiPMontion of the mrvoedure of Nendigescu and Scarlatascu (1i5)

vaa used %o obiadn this mterisl. Ina 500 w.
matiooad with & aschanioal stirrer, raflis condenser and

dropping fumel was placed & sclutlo premesd from 8 g. (3.5 mcles)
of petasslues bydraedde and 200 ed. of woter. The stlirred alimli sclu-
10 was cocled to 0° and 100 g. (1.32 moles) of n-propsnetticl was
sdded dropwise to 1%, in forty-five simes. After en additiona) heur
of stirving, the solmtion of a~proryl mercaviide wes allowed to wam
46 poon bemroveture and employed in the following reactlion.
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In & 1«1, theesneched fask £18323 with a sealed sbivrer, drorring
fwmel and premllel efdowars bolding a thoromeber and reflnx cadenser,
vy viaced 122.0s go (1.32 2oles) of epichlarchydrin, The nerronyl
sarcaiide wes ndded droywine 4o the stired epaxide in six houre, during
frich the temparaiure of the vesction sixbuve was mintained at 30-40%,
The sdmiure s stiored for an additicone]l two hours, and tham seb aside
The two layers which lad formed weme sepmamted and the
aguesys layey wog eetrected with tixee 90 »l. portims of sther. Thage
were sonbined, drded wver aulgeirouy sodinm milfate and the ather was
Yooored by aimdle distiliatden. Ths rexidus wes distiliad through a
two feob Vigreux coluen wider veducsd prassure, do cbtain 153 g. (a 657
yisld) of produch having & beiling point of 76+19% (13-l mm.), n®>
178, The Litenetow valuse for I~prorylthicls2,3we paxyrrorune ares
beps 15° {2 mna), 10 1730 (214),

Attanpbed Proraraticns of 2«Froyyithiclmethyl Thilmne

o3

7\
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The following modificatioms of existing methoda for the syntieslis

of thlirenas wore euployed withcot sucoons.

In & 500 al. thres=ocked flesk eguirpad with a wecipzioul stirver,
drerping fwmel and pirallel ciderarn provided with & thernonetor and
vafler condonser, was plsced an squease solution of polnssiun thicuymnate



(81 gop ©.03 mole in 85 ml, of water). To this vigorausly stirred
solution, held at 15-25°, wae added dropwise, 120 g. (0.83 mole) of
A9, in an hour amd & half. After stirring
the reaction solution an additionel five hours, the lower aquecus layer
wis ramoved by meens of & pipet, and set eside. The organic layer wao
trestad again, ot rom tempamtiure, with a fresh potassium thiogunete
soletion (0 g. in 85 wl. of water), for & second five hours. The two
inyers present, wave sepuretad and the aquecus layer was combined with
the previoas agiecus risse amd exctracted with ether. The ether extiwcts
ware conbined with the organie plese, dried over anhydrous mgnesiun
ailiate, and othar was removed i ¥AGUC. The residus was distilled
wnder reduoed pressure through a 10 inch Vigreux colum to recover 9L%

In the appemius deacribed above, wee paced L2 g. (0.55 mole) of
thioures and 140 co. of methyd alcchcl. The etirred mixture was codlsd
to 1+2° and beld thare wbile 85 g. (G.50 mole) of l~propyithiols2,3~
epoxyTeolane wae added dropwise to it, over ithe courss of e hour,
The reaction mizture was stirred & total of four hours after removal of
the jco-bath. The reaction mixture was then poured into 300 ml. of
watar and the crude product extyected with three~7S ml. vorticns of
ohlorofors. The axtmects were dried over aniydruus scdium sulfate and
the chloroform was removed 15 Yacae. detillaticn of the viscous
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In the apperetus mentioned above, were placed 175 ml. of water,
15 ml. (0.5 equive) of salfurdc acid and L0 g. (.52 mole) of thicurea.
The centents were cocled to 6°C. and held there, while 66 g. (0.5 mola)

pariod. The flamk wus kept in the ice-bath for en edditiomal twenty
miutes. At the end of this tdme the Llask was £111ed with & voluminous
white solid., The ice~bath was removed and the flask allowed to wam
Yo rocn temperuture in the course of thxee hours. An aguecus sodium
carbonate solution (53 g., 0.5 mole in 250 ml. of water) wes added over
& thirty mimte paricd. The sclid dismelved, and the resulting liguid
sepavatoed ‘nto o distinet layers. The layers were separeted and the
aquocar vhass wag sxbtyacted with three~s0 ml. portions of ether. Tie
sorbined crginic plase and ether oxtracts were dried over anipdrous
sagnesinn mlifate. Ramoval of the ethor left a viscous brown vesidue
widch could not be distdlled or furdber jurifiad.

Frepuration of Acyolein Dietbylacetal
CHgeCh=Cl
In & 500 ml. onewnocked flagk fitted with & reflux condenasr,
swotocted with & calciun chloride drying tube, were placed bl ge (O.79
nole) of commercial acrolein snd 1l g. (C.97 mols) of etlyl arthboformte.
A warn solution of 3 g. of smaondum nitrete in 50 ml. of absolute
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etiancl, was added and the resulting scluticn was allowed to stamd for
eight hours. The resction mixture was filtered, four grems of sodium
carbonkte were added to the filtrete and it wes distilled directly
from the sxiium carbonate, tiwough @ 2x30 om. column acked with 3/16
inch glass helices. The min fracticn dietilled at 120-124° (747 mu.),
2% 14000, & yield of 775 was realized. The litaraturs valuss as
veperted by van Allan (217) for mre scrclein diethylacetsl ars!

be po 220-225°, 027 1.398<1.107.

In a A=1. threewnecked flask equipped with a mechanical stirrer,

refinx condenser, and mwmrullael slde-arm provided with & thermomster
amd dropping funnel, weve placed 60.0 g. (G.L6 mole) of merclein diethyl~-
acotal and 200 ml. of water pracocled to 0=2°. To the vigorcuely
stirred solution wms added, in three portions, 740 ml. of kyrochlorcus
acdd solution (G034 go/ml., C.400 mole), yrepared by the method of
¥ohl (130). The reaction mixture was stirred anmd cocled for an
sdditional thirty minutes, and then mede basic with 60.0 g. of sodiunm
bicarbonate. The axcess hypecklorous acid was destroyed with 5 nl. of
1+ sodium thicenlifate sciution. The solullon was satureted with sodinm
chloride amd extrected three times with 75 ml. mrb!.ms of benzane.

ono axtyacta were dried over anhydrous sodium sulfate and 37 g.
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{092 mole) of finely powdered sodium Mydroxide ware added. The re~
sulting mixtuve was stirred for thirty minutes, heated to refiux and
stirred an sdditional hour. The scdium chloride and Bodium hydraxide
wero filterad cub and the benmene was removed by distillation. The
vesidoal liquid wves fracticnabed under reduced preasure, thrcugh a 2x30
eme colusn yacked with 3/16 inch Zlass helices. The product distilled
at 60-62° (20 m.), 2% 1125, 4 yield of 555 was realised. The piysi-
) constents for glycddaldebyde diatbylacetal as reported by Welsblat,
g8 8- (116) arer b. p. 60-6L° (13 ma.), n° 14228

Preparetion of l<Viethoxy~Z-propancl
Qﬁaﬂ-ﬂﬁﬂﬁgﬁ?ﬁ-ﬂﬁ,
411

Into & 500 ml. tiree-nscked fiask rovided with a sealed stirrer,
reflux condenmer and rarallel side-arn fitted with s thermometer and
dropping funnal, was chargsd & g. (2.0 moles) of methancl and 3 g.
(C.13 grat.) of sodium. & 6.7 g. (1.2 moles) guantity of rropylens
axide wes sdded and the resction mixture heeted until a constant reflux
tonperstare wae chearved. The sucess methencl was removed, and the
veusidual 1iguid was distilled through 2 2xL0 om. Fenske-type colum
podicod with 3/16 inch glass helices. The pure product distilled at
118-139° (706 m.), aff 1.401C. Reevs and Sedle (99) reported ths
following plysical constents for lemethoxy-2=yropncl, b. p. 118.5-15°
(765 mm.), no> 1.1017. Three sevarets [roparstions gave ylelds in the
rangs 6163,



potroleunm sther, m. p. 72.5473°. 7The rerorbed malting point for this
derivative ist 71+73° (99),

Freparation of l-ilethesyeR-bronoyromne

OB =0=CEiy~0hCly
Br

golood Llaslk fitted with & mechaniosl stirver,
cpping furmel and mvellel side-wem holding a refinx condenser and
nometer, wers rlaced 116 g. (1.29 mcles) of l-metboxy-@-proyancl.
Te the stirred solution was added, in two bours, 90 g. (0.33 mole) of
freshly distilled phosphorous tribromide (b. p. 1H=170%7u2 m.). The
renction mixture wae stirred for an additioml two hours and then disw
$41led dnto 150 nl. of water. The oll layesr was semmreted, washed with
witer unbll free of aald and dried over suhydrous caleium chloride.
The emde woduct was fractiomabed through & 2530 em. oddum packed
with 3/18 inch glems hellcss. The yroduot boiled st 28-29° (2021 mm.),
19~ .5° (60 ma.), B0 LLLO9. A yledd of 13% wes chtained. Elamental
amalysis Lor CloBr0 gave the following resulte. Ualoulatadt ©, 31.373
B, 6,063 Br, 52.30. Poundt O, 31.573 &, 5.975 Be, 52.07.
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In a 250 ml. oneenacicad £lask provided with & reflux condenser
ware placed &0 ml. of 95% etbancl, 12.9 g. (0.17 mcle) of thicurea and
1152 go (017 mole) of l-methaey~-bromoprorane. The reacticn mixture
wos refluxed for seven hours, allowed to cool to room temperature and
30 go (U.25 mole) of sodium hyxirocide dissolved 4 1iv nl. of weter were
added. The mlkaline solution was refluxed for twelve lours, ccoled and
acidified with slfuric acid (7 ml. of conc. in 56 ml. of wter). Tic
acid solution wvas weshed with tloes 50 ml. portione of benmene. The
the benmene weo removed 18 yaoue. The residusl ligeid was fvactionated
through a 2230 ca. Fenskeetyrs columm yacked with 3/16 inch glass helices.
The product distilled at 2627.6° (2021 mu.), L3-43.5° (46 mn.), nf”
14412, The 2,h=~initrophenyl thicether derivative melted at 79-80°,
Elementa) anslysis for CalyaliglsS gave the following results.
Caloulateds G, Lhals B, L.his N, 10.305 8, 11.80. Founds U, L3.513
H, L6y N, 30.263 5, 11.92.

frepretion of 1=Sthagy=2=-propmnol
Q,EEWEadfﬁ-ﬁ}is
i
In & 1+1. threswnecked flask ywrovided with a2 sealed stirrer,
dropping funnel and yerallel side-arn Sltted with a refiux condenser
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and thernometer, were placed GG g. (100 moles) of absolute ethancl
and 1.5 go (05 goat.) of sodiun. To the stirred sclution was added
136 ge (2.0 moles) of propgyiene oxide. The flask wae heated untdl a
constant refiux tenperature wee cbeerved, allowed to codl, and e
excess ethancl wae then removed in WRig. The remsindng liquid was
distilled through a 2x0 om. colum mucked with 3/16 inch glass helices,
A yleld of 8BS of l=sthoaxy2~promnol, detilling at 125-126° (735 ma.),
1 1.4060, vas cbtained, The pystoal constants for thls coupcund as
porded by Chitweod and Freure (100) avet b. p. 130-13G.8° (760 ma.),
e 14058,

Fraption of l-Bthagy=-2-bromomropane
U ghigwmCh gl liCE

Ina 50C ml. thrse-npcked {lask mrovided with o eealed stirmer,
reflnx condenger ami marellsl side-wrn bolding & thermometer and dropping
funnel were paced L1.6 g (0.4 mole) of l-ethaxy-2-yropancl. The alimy
ethar wae cocled to 0%, and 108.L g. (0.4 mole) of redistilled phos-
phorous teribromide were added dropwise in thirty mimutes. The reactlion
mixtare was allowed to weam to roam bempsrature, poured onto 200 g. of
ice, and the aguecus phose was sepuabted and axtracted twlce with 50 wl
portions of bensems. The organic layer and benzene extrects wore com~
bined, washed successively with weter, 107 soifun carbonats, saturatad
godium chloride solubion sl drded over salydrous sodiun sulfato.

The bemgene was resoved and the residual liguid was distilled under
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reduced pressure thrcugh & 2%3C cm. colwmn packed with 3/16 inch glass
beliceN. The Lesthoxy-2<bromoprorsne distilled at L6=U6.5° (28 ma.),
w25 1001, 0° 1009, 4 yield of 277 was cbtained. Literature
wines (118), be po 32<34° (1011 mn.), 020 1.0,

Freparetion of l-Ethexy-2-mercaptorropane
G ,ﬁzf,wcs«-aza,«'mwcﬁa
5K

The mercapban wes wepared in L7£ yield, from the carrespanding
bromide, by the thicures method, according to the procedure already

mmh&“(ﬂhm,).% 100, These constants are the same &s
those reported for the product ¢btained dn the reduction of 2-ethaxy-
nethyl thifrane with 1ithdum alumdmn pndrdde.

Frevaration of 3-Ythemyrrovancli=l
G gt gm0l g=ih g =Chig=Ok:

spound was cbteined by & medification of the procedure of
Smith and Sprung (96)« In & 50 ml. threenecked flask equipped with

& mechanical stirrer, reflux condenser and rarallsl side-arm provided
with & thermometar and dropping fummel, were rlaced 10C ml. of dry
xylene and 250 g. (3.3 moles) of freshly distillad 1,3wroranediocl.

Phe scluticn wag heated to 90° amt 25 g. (1.08 g-ut.) of sudiun were
sdded in mell portions. (nce the additicn f sodium was bagun, external

heating was not necessery. When the scdium lad reacted, the reaction
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mixture was beated to reflux snd 167.2 g. (1.2 moles) of redistilied
oyl dodide wea sdded dropwise in mne and a balf heurs. The resulting
solution was refinx an edditionel hour, allowsd to cool, and the precird-
tate of sodium lodide was remcved by filtwaticn. The filtrute was
distilled under reduced rressue through & 2%30 om. colwm packed with
3/16 inch glass bLelices. The J-ethoxypropencl~l distilled at GL=67°
(1:16.5 ma.}, 020 11071, & yisld of 57% was realized. The reported
oenwtents for this compound ares b. p. 155-263° (760 ma.), n2¥ 11475

(g'ﬁ}a WWMQ ,ﬁﬂ! (m), NW@, b Pe 69‘#00 (22 m‘u); ﬁ"&’a
(32 m«o ¢

Fropuretion of J-Ethay=l=bronopropsne
O ghsmOmilignClg=CligeBr

dod with & sealed stirrer,
gar and dropping funnal, were placed Sh.2 g. (.20 mole)
of redistilied phosphorus tribyosdids. The rescticn flask was oocled in
s feo~bath and & solution of & g+ (C.65 mole) of 3-sthugypropsnclel
and 12 g. (005 mcle) of pyridine was added dropwise in a lwlf haur.
The droppdng funnel was yerlsesd by & thermometer, and the reactiom
mixtare beated to 60° fur one and & quarter bours. After cooling, the
Liguid phase wae decanted and the pyridine salis wore washed several
fimes with bangene. The barmens axteacts and crgamic mterisl wore
conbined, wasbed miccessively with water, and satureted sodium bilcarban-
ate solution and agein with wmter. After drying over anhydrous sodium
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saliate tha bensene was removed and the residusl Liquid waa distilled
under reduced presmure thawugh 8 2630 om. colum pecked with 3/16
inoh glase helices. The J=ethary=l-bromopropans dlstilled at 59=6.3°
(3031 mn), 53 LABk. & yiald of 7i% was realized. The literature
valies for this compound ave! b. p. WE-LE° (76 m.), n2C L.L48O
(220},

Premayation of J-Etixy-d-morcaptopropane
0 gl mCmCH gl g=CligeBL

the followlng prooedure. In & S00 ml. one-nocked fiask squipped with
& reflux oondenser weare rleced 120 ml. of 95% ethancl, 23.6 g. (0.31
mole) of thiourea amd 52.3 g. (0.31 mole) of I~ethaxy-1l-bromopeorane,
The resulting solution was vefiuzed for twanty houre, allowed to cocl
and 20 g. (0.5 mols) of sodinm hydrewide dissclved in 20 md. of waber
wes added. The reaction mixture wns refluxed for an sdditionnl twaelve
hovrs, mde acdd with dilude sulfurdic acdd (AL ml. in 106 ml. of water)
and the remliing layers were semarated. The aguecus phase was washed
thrae times with S0 sl. portione of benzens. The benzene exteacts and
orgnie layer were cobined, dried over enhydrous sodium sulfate and
the bensens wes renoved in yacug. The resldual liquid was distilled
undey reduced rressmue through 8 230 cne Fenske~type colwm racked
with 3/16 ineh giess helives. The nain fraction holled at Sue56”
(25%26 mm.). 4 yiald of L7% was cbtalned. The boiling roint of
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Seethagr-i-mercapbopropens 18 reparted by Oregg, Alderman and Mayo
(122) to ber  55-57° (25 um.).

Promration of l-Butagy-2»propanol

Nl gHg wOnCEH g“\i‘ﬁ"@hg
44

In a 3+i. tiree-nacked flask emipped with o sealed stirrer, rofiux
ser and terellel sidewwm Trovided with e thermometsr and dropping
farmel, with & mbem exteanding to within a few centimeters of the stirrer,
were tdaoced 2035 g. (27.5 moles) of l-butancl and S g. of sodium hydracide.
The solution wes heated to 110-315° and 319 g. (5.5 moles) of rropylens
oxlde wis added dropwise in three hours. Hsating of the reaction mix=
“bare wae contimied until & constant reflux tesperature was chaerved,
Too penction mixture ven coclad to roon temperature, the catnlyst neutwsl-
ized with didute sulfurdic acdd and the excess elcohol was removed iR YRQUG.
Frectlenation of the concemtrated residie under reduced messure through
& 2260 om. oolnmn paciad with 3/16 inch glass belices afforded an 823
¥1eld of mtarial bailing st 7374° (20 mn.), 60=61° (20 mn.), nS’ 11369,
w25 1.1452, The riysical constante rerorted for pure l-butaq2-rropncl
axer b pe TueTh5° (20 m.), n20 10270 (100).

Prommation of I-Propugy-2emropancl
G by =0~ H=C
The resciicn and subseguant laclation of the product ware performad
in the same way as mevimaly described for the rremmmstion of
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Irathagm2propenol, axcept that 600 g. (0.0 noles) of l-rropancl were
owlloyed. & 785 ylald of lepropocy-2-propancl, boiling at 16.5-150°
(Tl . ), nﬁc 1.1132 vas cbtained, Livterature vulues: b. p. 8.5~
US° (730 wm.) (20k), 08”1330 (Le5).

Fremaation of l-Isopropagy~2=propancl
L o HoppmeCH a-«“lﬂ:%-ﬁﬁa
CH

e preparwiion of l-lsoproragr-Z2-vroranol was carried mt by the
prosedure rrevionsly descpdbad for i-butaxy=-2-rropancl, except that
1650 go (27.5 moles) of Zeproranol warw used, and ths reaction tamrera~
tre we 75-70° G, Heating of the reactice mixturs was continued for
welve honrs after the addition of proyylase cxide was completed. A 434
yield of leisopropaxy=2~rrorancl, distilling at 135=137° (737 m.),

20 1.1068 vas cbtained. Litarature values (300), b. p. 137-136° (760
ey r%c 1070,

Prommmtion of Butyllithinm

Butyllithdum was prevarad Just peior fo use, accurding to tha
following yrocedure (171). In a 500 n}, three-necked flask provided
with & sealed stirrer, drovping fummel and low temparature theraceter,
was placed 200 rl. of anbydrous sther. After mmserdng the arrsvatus
with dry, agygenefree nitrogen, 8.6 g. (1.23 gat.) of lithtum wes cut
into small pdeces, rinsed with ether ead added to the reaction flask.




The veaction flask and ite contents were cocled to ~10%. (Lry Ice-
scetone taep) and 3¢ to LU drope of 4 selution compussd of 60.5 g.

(0.l mole) of nebutyl bromide dissolved in 100 ml. of dry ethsr wes
added to initiate the resction. This was indicated by the sclution
baconmdng rbld, and the remminder of the nebutyl bromide sclution was
then added dyopwiss in thirty nimtes. The remcticn mixture was sllowed
to waam up to 0-107 in two hawe and filtered by decantaticn through a
mayrow glass tube plugged with glass wool, directly into the flask,
{rwvicunly flushed with dry nitrogen), used in the ressctios of

bykighi

sd flaal provided with & dropping fumnsl,
moletore (apperatus flushed with dry axygen=free nitrogen), wers placed
3.5 g (0.5 gat.) of Lithinn netal and 100 1. of snbydrons ether.

To the stirved metal-ether susrensgion vas added, rapldly, approcximtaly
20 ril. of & mixtore of Lo g. (.29 mole) of mediistilled broscbenzene
in 50 vil. of dey ethar. The reschion mixture bawmme tarbid and conmenced
to reflux. The remaindey of the brachansene-sther solution was added,
in an bowr, and stirring was contimued Lo ancthier two hours to allow
complote vonction of the 1ithiunm, The mdxtuwre was filtered by decanta-
on tirough & narrow glase tube packed with glass wool, directly into
the flasl, (rrevicusly flvshed with nitrogem), usad in the reactims of
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7l thilremes with phergllithinm, This yrocmdure is
reported Yo glve a 95-99% yiald of phenylly

Purifioation of vomwrelsl Tristlyl Frosphite

Copmovedsl triethyl phosphite was rlaced in a 500 nl. cnenecked
flask eguipped with & reflne condenser yrotected by a caloiunm ehloride
dewing tube, Severnl grews of sodiun ware sdded to the Thosphite end
it wos net anide overnight. The vhoaphile and soddum were heuted to
100°%, cosled o room tempereture, and the triethyl phospnite was
decanted into & clean 500 rl. flask, After repeating ths treatzent
with sodiwn the material wes distilled under reduced repsure through
& 2230 om. colum packed with 3/16 inch gdass belicen. Fure trietiyl
phosphidte distilled at 57.57 (20 wa.), 55° (17 me.).  Soctt (305)

g potat of S4=58% (20 mm.) for this conpound,

Abenpted Condemsations of Alkene Sulfides
with Melonic and Acotcacsetic Baters
Hurereus abbenple were mede Ho Lving about the "sliylaticn" of
mianic and seatonceblc ester Uy proplene and lsdutylens suliides.
Howovar, in all cewes trisd no slugle nmomerd: saditio product we
The fdllowing mocedures
A. Thoa 500 ml. Wossenocked flas: provided with s ssaled silrvor,

sadion of the mllide was chaorvel.

wae ewpdayed.

ralhc: sondenser and dropping Jumneld wave raced J0u . of absolute



otancl ard 2.3 go (0.1 geat.) of metadlic scdiun. After adl tie
odiun nd disselved, 2 g, (C.15 mole) of melonic ester weo added and
e mixtbure wes beated to seflux. To the vigmronsly stirred sciution
Wi added dropwlse, 10 g. (0.2 rwle) of promyiens sulfide. The addi~
tion wee completed in ten minates mnd cxased the solatdon to become
turbid., The resulting scluticn wes refluxed for cne bhour and then con~
samtratad Yo sboot 50 wl. The convantrated solution wap filtered and
the filtmte poured inko los-wator. Ho precipltate wes formed. The
aguecus Thass wee netralised with dilute kydroclleric scid and washed
with other. The stber fractiwn wes delod over andydreus sodiun maifate
stilled, Diethyl mloate was the only product cbtained, Similar
rosulte wore cotained with mlonic ester end ischutylene sulfide. When
sosbosoutic ester and propime sulflde ware ouploysd In the sbove
wesduse, cily pilymerdc prorylens milfide end recovercd acebomostic

3. Ina aw-liter, tlvee-necked flask emipped with 2 seeled
stdeme and o stdevamn adertors, (w of which was fitted with 2 reflux
condesey and thermecwter while the other beld a dropping fumel and
nitvogm-inlet tube, were ydaced 8.6 g, (C.05 mole) of sodbum kydride
and 0 ni. of anhydreus ether. 4 slow streen of nitrogen was rmssed
over the spintion throuphoat the entire rexction perdod. To the vigure-
oty stirred suspension of sodium lpdride was added, over the course
of cne and & Mlf hours, 56 g. (0.35 ndie) of dietiyl mimate. & grey
spongy mess soon £illed the me-liter flask. Afbter an additicoal
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twanty-Live nimutes of vigorous stirving, 30.5 g. (0.35 mie) of isc=
butylene suifide in LU M. of anbyroes ether wag sdded dropwise over
6 three honr pevicd. Ho tempersture rise wes cheaxrved during this
additim pericd, but the fawmtion of o white aclid mterial was obe
soxvad, Afber all tho lschutyleme sulfide had besm mdded, the nitrogen
Indet be wae eplased by 4 groamd glass stopper and the reaction mixe
o pediuced with stirmding for fonr and » balg hasrm. Fifiy s, of
#tiyl aloobol was added awd the wdature stirred unil the svolution of
ftoved. The £115vete s trensforved ¥ a seyamtory funnel and tho
o dayae separated. The eblor layor was drisd over anhydrous oalcium
olloedde, the atber removed and the concemtrated yesidue distilled under
reduced pressure. Ouly unrescted dlethyl melooste was recovered. The
wabes layer wan mde acld with dilute hydvochloric acld and exteacted
with ether. Bwmpoution of the etber left aly & very smull anomt of
& yallow ofl. Ischutylens mlfide wea rectvared as a solid polymerdc
mderdal. A sscond wmn, in which the mtio of lschutylene sulfide to
salonle ssber and sodbus hydride weg 152, gave similar results. Likewise,
of isctmiylens sulfide and mimic ester gave only polymeric ischutylene
alftde and unrescted mimlo ester. Tho use of p~dlcmane, n-butyl
sthar, or tebmbydrciuran ae scdlvents alsc failed to pramote the desired
e tion renctim, and iy rilymeric ischutylene sulfide was iso-




Go In 8 2%3, three-nacked flask equipped as sbove, were piaced
400 w. of "mapar-dry® etbanol and 13.8 g. (0.6 g.at.) of metallic
sodinm added in soell jdeves. After all the sodiun Imd rescted, and
the £lagk bad cooled to room tempereture, 96 c. (0.6 mole) of dietiyl
mlonate weregdad dropwise. Nexb, 17.6 g. (6.2 mole) of ischutylens

Vigarase stirring was provided tleoughaut the addition pericd. 4fter
pilering the penction mixture for 25 houve, the apramtus wes so altered
ting dlrect removal of the ethancl fyea the rescticn flask was made
abpagunt wordraur of the mection nizxture gave only unreacted
rilyl melonste (90%) and polymerised iscbutylene sulfide.

4 socond von caevied st atb the reflux teapersture of othancl alec
failed to yisld & condensation product.

Similar results ware chinined with acetoncetic ester and yroryleno
guilide o ischutylene sulfide.

ing ageat also failed to rromots ke aliylation of mdonic ester by
{mobutyione suifide. Sinterly oo condansaidon ccourred between wrorylons
Eifide and acobonocetic oster. (nse agmin anly polymeric sulfide was
isolataed.

Resction of 2«ilkexpmethyl Thifranes with Fiperidine

ksl rrocedure resulied in the highest yleld
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with & pefliex condenser and dyopping fmanel were ylaced 85 g. (1.0
wele) of redistilled piperidtne (b. p. Wh=l04.5%/728 ma., n2 1.4526)
ané 75 ml. of beomena., The aning schutlcn was codlad $o ¢° and a
ohilled solution of the 2«elkoxymetiyl thiiwans, 0.5 mole, ddssclved
in 75 nl. of bangane, was added in tan mimites. The resctim mixture
ke bald at ¢ for an sddidicnal bowr, varmed to room tempmuiure and
wis ralluxed for ted hours, The excons plperidine and bemmane were
removed i Vasie o the scncantreted residns was fracticmted wndes
reduced poessire thvengh a LO one Vigraug colum.

From 52 go (0.5 nola) of 2emethogymetiyl thilrane and 05 g. (1.6
mols) of ydperiding thers wes cbtained & 927 yield of lemstlangy=2«
mereapho-3-pperidinoprorane dletilling at 00-90° (2-3ms.), no 1451,
Ronental saslysis for Colis™E mve the fcllowing resulis. Caloulateds
G, 57305 E, 10333 N, 7.403 9, 16.9L. TFoands &, 57013 &, 16,035
B, 7.635 8, 16,70,

Teo kydrockloride was prepared by bubbling dry hydrogan ciloride
L sedution of the conpomnd. The derivative wus quite
myed b0 molt ab 130-132°%C. Elewental snslysds for

Go0) H, 6,205 8, 1he20, Powxt G, 40.023 H, 0.833 ¥, 6.2 5, 1L.30.

Several additional repmrmticns were carried aut with 2-methaxy
metiyl thitvane and plyeridine, in whick the mole rtic of resctante,
time andd resctiom solvent were varied. The results are tabulated in
Table V.




~gthaymathyl thitlvane and 85 g. (1.0

wols) of mmm thore wap odained a 90.6f yield of l-ethogy-2=

wercapto-3-yperidinopromsne bolling at 129-131°% (20 me.), m2® 1.L019.

Blemental anslysis for Oyl 05 geve the following remilts. Caloulated:

O, G000F By 10.308 W, 7.008 8, 156,00, Feandtt ©, Y9983 B, 10.33; ¥,

74103 8, 15,95, Tidlds snd veaction oonditims for severnl other
Travetions are listed in Table ¥,

The appematns and wocedere folloved wars similar to those desuribed
ovicnsly for the resction of Z-nllavymethyl thiivenes with plperidine.
yed bodlet at 126° (747 ma.). Caveful fracticmtion

Ling at 35-36° (12 m.), e 11909
Callangd gove the following reswlbs. Ualaulated: ¢, 50.213 3, 8.903

M, 7.333 5, 36.75. Poundr <, 50.523 L, 8.86; H, 7.605 8, 16.40. The

resalte of other resctione of this thiizene and merpholine are shom in
Table V, along with the resciicn conditlme waployed.

Tho product formed by the renciion of 5 g (0.5 mole) of 2«etlaxy-
metiyl thiivens with e nole of morphcling md a boilling polnt of 66607
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8t 15 mn., 02 1838, An 01,35 yield wa cbtained. Elewmtel smaly-

Ble Por Coliypl0S pave the following results. Cologlated: O, 52.68;

B, 9.273 8, 18580, Founds ©, 50,893 B, 9.275 3, 15.65. The yislds

and yemoblon conditions employed fn othuy zeactions of 2esthaxymetiyl
ing sew Wbalated in Teble V.

Reaction fé %%%wmﬁurl Thiirane
. Asthyismine

This veaciion was wmerded mib in the sams wey se described for
the vescbion of 2wwllagmetiyd thilvense with piperidine. Fifty-nine
grama (05 mole) of 2-wtbaxymetiyl thilmne and 170 g. (2.0 ndles) of
tedistilled dlethylanine were enplayed. Subsequent work-up of the
veaction mixture resultod in the resowery of both compmeonts, unchangod
#nd in neaxly guantibtebtlve antunis. Unoe again the gvolutdom of hoat
Wi chaarved o alxing the o reagenbs, indleating that remcbicn did
COOUR .

% wee wetberned after tlat emgpiloyed by
aotdng byl and etiyl glyoldyl ethers with di-
stiyiadne, A 200 sl. ane-paciied {lash 2itted with o reflux condenser
was charged with 37 g. (0.5 nole) of fresily dlstilled dietiylanine
sind 75 wle of waber. A 20 go (0.35 mie) quentity of Z-propogymetiyl
thilrane was elowly sdded, with frequent agitation. Ho tempersture
ous reachlon mixture wue refluxed
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forr Pifteen bowre, toensferved to & seperetory fomel and potassium
sugnanted and the oll layer drdsd cver solié potassims hydroride.
Hatillation of the mtmrial throagh o 2230 cm. oolwm packed with 3/16
Pk glass helloen afforded 36.6 g. of secoversd distlylasine and left
& visoous yellow mesldue which conld not be distilled at reduced

A second ettempt was caxrisd ok, according to the above genera
e aoept that the use of wier ws anitted. In this pepmrmtio,
bt was Jiberetad on mizing the two reagorts, tut upm mbsequest
frectlonation of the reackion nixbure, most of the diethylamine and
thifvens ware roeccvarsd wichenged. 4 similar situatdon was cbheserved
by pdght (90), whe allowed thiogipeidaldelyde diethylacetal to react
frse and voporbed et distillatiem of the reactdon poduct
romiibed in weoovary of the two siacbing meberials, indicating tlat the
sinoroprcaptan readily spiits ot diethylasdine

i$e

In & 200 #l. cnenecoed Dlash rrovided with a thermomoter well
e aquipped with &8 2030 om. Fensbewtype colum yacked with 3/16 inch
@ass helices and a variable take-off distilling head, were placed 33.2
g (0.2 mole) of purified briethyl rhoeriite and 18.93 g. (0.1 mole)
ally hested until &b resched 3130°, the bolling point of tristhyl
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Hwsphite. Soon after heating was begin, Low bedling raterizl began
W sollect In fbe dietilling hesd. Idstillate ws collecbed ab such
& rate that the distillate tempuature reminsd in the range WO=LL°.
edistiation, a1l of this materdsl alatilled ab L1.2701.87 (729 ma.),
rﬁ} 1.3, hgs 33755, The riysicel Wtam:a reportec for metiyl allyl
sther aver b po L250° (757 a0.), ) L.3770+1.3003 (132). & yield of
60% waa cbtadned, The original distillation residue wap frsclionatod
uidar reduced prosaure tloough bthe pucked cobwm. After recovsry of
excoss tristhyl phosphite, a &mll ancunt of mierisl bolling st 1557
(10 wm.) wes obteined. The awidotblomopbosphate, (Cghe0)aF5(ilgl,g), i8
roperberd to botl ab 138% (10 me.) (138). T mmjority of mberdal sculd
net ve purdfied by vweowun dstillatlon and remained in bhe distiliation
fagk a9 o senl-selld, which was readily soluble In the comson crgenic
solvants.

Tde resction was conlucted dn the smme mumer as alresdy described
ok pho~d=phparidinopomine and teletlyl phospiite,
arceph mtmw:mm&im of tristiyl rhosphite and lemethcxy=-g=
mereapho~d-norihalinoproane were esdayed, and the pot tempemiure
was allowad to reach 173%. 4 yield of 572 of metipl ally) ether vas
The thick brown pot reaidue conld net be distilled under
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shtadned & 535 yield of eblyl ellyl etier bofling at 65~66° (739 wm.),
n2% 1.3887. The reported constants for tils etier ares b, p. 66~67° ab
703 5. (128), 525 1,392 (131). The visoons sent-wslid rob residue
could not be distilled under rediuced pwessure.

Boaction of 18t demaeiybowi-moprnilinopropno
with Fhosrialte

{7a m‘m}t % 1.3009 was chbained. Literature waluwes, b. p. 66~67° at
Th3 =me (328), %5 1.3892 (131). Atteapbed distillaticn of tie viscws
roan colored reaidue wadds Ve

This remction wes carriad o acouding $o the rathod develops? Ly
Showart and Coxdts (B1). In & 200 o0, thresnecked flask oguipped with
& geslied stivrer, yeflux condenser and dreopping funnel wes laced .l

is80lved in 25 ml. of carbon
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tetractlopide. To the chilled sclution wes sdded, in oo hoar, 8 g.
W disscived in 25 5. of cerbon tetrecilordds.
e of 5% soddus carbongte solullon and once
with wbter. After deying orer sulydreus celobun chloride, the onvbon
ceposed. & aluilar sltuntion bas recantly bemn reported by Stewart
side (92), who chaewyed tiat Whe product reslting from the
eblylens sulfide docompossd upen attenpted

4 goiution containdng 20 g. (0.17 mole) of
dismived in 30 wl. of ciicroforn was rlaced 1n & 250 sl. three-necke

st & balf bewve, 13.6 g (017 mole) of bromine dissclved in 50 =l.
lxbure wis etirred for an additdoml two

rioudly for the reaction of 2-motLcsy-



6 employed for the reduction of 2-alieymebiyl thi~
dremen by Lithium slveinan hpdeide was etteried after tiat of Bordwell,
devmen and PISL (16). A typlasl rweparetion follows. Ina I=l. threew

necked flamlc £itbed with & machanics) stirver, dropping fumnel and

parellel sidevern equipped with o reflur condenser and thernomster, wers

Waced 5.7 g. (015 mede) of Lithdum slunisn hydrdds and 200 wl. of

anlpdeoas sther. To the vigorowly stirved suspension wan sdded, in

ov boar, & solubion of 31.2 g. (0.30 mels) of Z2-methagmethyl b

&% it reflux temporature for an additional two bours, cooled to roonm

berperature and 300 nl. of water cavafully added. A 150 ul. quantity

of 108 swlfurde acid was then added to dinsclve the slumimm hyoroxide,

with 75 nl. rortions of ether. The otber frsctions were caubined,

sashed with smll portions of weter witil neatral, dreied over anhydraus

sodiun sulfate snd the ether was vemoved i muag. The resisusl liquid

e tirough 8 330 o odllun packed

with 3/16 inch Paes hellces., The mdn fmction distilled at 32-33°

(27 ma), B° LUOL. The yield vas 5%, based oo the thilmine used,

A soson] preparetdon affozded su 077 yisld, Zleswntal amlysis for

Cglizg0S gave the fullowing resulte. calalated: G, 45.205 £, 9.k33

8, 30,8, Founds C, WSJi3 B, 9.635 5, 30.30. & sadl emcunt of sdlid
marde materdal, snd higher bodling lliguid were alsc preduced in this
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remctlon. & molecdlar welght detarsination on the high boiling liguid
Piicated & value of 22,

Renotlon of 2-Bthorymetiyl Thilwane with Lithinm Aluminum
Hydrldew=Frommatio of l-Ethuy-2-mernaptopropans

ployed dn the reduction of 2webhoxy=
pethyl tkdivang, wo the same ag that slrew
gynetlyl thilmene. A 35.1 g. (0.30 nole) quantity
_ rtharymetiyl. thilrane snd 5.7 g (6015 mole) of lithium elvwinum
'%gmm were enrloyed. The peducticn product dletilled at LS<L6® (28 mm.),
0 LUGT9. & 778 yiald of lesthary-2-ercaptopropans was chtained.
Bemnbel analywds for Cgliy A6 gve the fdllodng resiis. Calowlateds
G, B04008 B, W00 8, 26,56, Powwit O, h9.953 6, 9.923 8, 26.L3.
A ecrembet praster amoant of higher beiling material was pooduced in

In & 300 s, threewnsched flagk, omipped as evicusly described,
weaw jdaced 100 ul. of absclube ethor aad 2.3 g. (0.06 mole) of lithium
ur hydedde. & 17 g. (0.12 mole) guantity of 2-propaxymet)
trane dssclved dn 30 wl. of anlydocus obbey wae added, in forty mimtes,
wafhee for an additional e hours, cooled fo roonm emporaturs and 200
M. of mter cavefitily added. 4 200 ul., guentity of 108 sulfuric acid
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s then added exd the organic layer was copurated. The agueous rhese
wei eotzacted with threo 25 ml. povtione of ether. The etber axtrscts

meninl anelyeis for O.H.08 gave the Collowing remilts. Calowlateds
Gy 534778 H, 30.833 8, 23,88, Pouit o, 53.75) E, 10.543 5, 23.81.

Reduction of 25 g. (0.7 wile) of 2vbwhmymetiyl thifrens with

3 ge (0409 mede) of 1itkdunm aluminam bydride, by experimental tech-
niquen alveady described, resulted in the formtimn of l~butoxy=2«
mercapteprorane in 748 yield, The reduction yrcduct distilled ab 66°
(13 =), n. % Lolil§. Elemmtel amlysis for Gpliy 08 geve the following
rosulhs . mxmaws By ST.003 U, 3003 3, 20.70. Foundt O, 56,95
By 10525 5, T.56. Seversd greme of 8 high bolling 1iguid were aliso

Reacbion of mmwmmm
with 2 ddnditrockio

reled oub according to the yrocedure of Dogt,
Turney and Horton (101). Only lemblcey-2-mercaptoprorans ylelded 2
cyystalling scnpoundd. A tpricel rrermretion follows. To 30 ml. of
abeolute ¢hhencl fo & 100 v, flsel wes added a (.01 mole goentity o
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e Llgid meronptan and O., g (001 mls) of soddum ydradide dis-
solved 1n 3 ml. of weter. Inammzmzﬂ.mm, centaining 10 1.
of abaolute ethanal, was laced 2.2 g. (0.0 mole) of 2,4~dinitrocklore-
solutian was heated under vefiux for fiftesn mimutes, filtered bot and
the filuwmtbte wae reduced in volum. After codling, the yellow cyystals
were avllected & fllter and rewryatalliiced from absdinte stlancl.

merosptorromne melted at 79-00%.
Elemental soalywls for OyplisyH.0.5 gave the fdllowing reamlts. Oalou-
Inded: C, LhJI3e ¥, LlOg 5, 11.80; ¥, 10.30. Fomd:t C, L3.915 kK,
Loy &, 11923 H, 10.26. 53ailar tveatoent of l-ethoxy, l~propoagy and

oils which eculd not be induced o coyetallise.

Kotmte 1 Toscs 1 k-t mmrarieoroes
In & Fyrex dest tubs were placed 193 g+ (0.0 mola) of 3J-nitees
y ankpdride and L0315 swle of the l-alicgy@-sircspborromns.
The resction mixbure wae heated over & fiwe {lame for sbout 30 ssconds
and allowed o cool. Twendy drope of & 108 sclution of sodium hydradds
were added in small portdons. The fube was siabken vigorously betwesn
aswamed an olly consistency. Ten drops of & 57 hydvoolloric acld sclu=
mmterial wee drled on & rorass plate. Attempted cryetallizatione frem




agros acebone o dilnle acotic acid, accerding 4o the directions of
Yarthein (102), folled. The following l-ellaty-2-memaptoprorsnss were
maplayed:  leethoary, lepropury and l-tubtcmp-Zemaposrborrorens.

IR Tyt v Sl i

™ & Py test tube ware raced 2.3 g. (0.01 male) of 3,5-dinttro
bammeyl. chiloride and 0,015 mele of the l-alkoxy=2-marcaptorropane.
Pour drore of pyridine ware edded 4o catalyse the veactias. The test
be vor geatly wated from ddns to time, wntil the fumes of hydrogem
shloride ceased to appesr (sbout Liftesm wimites). Five drops of watey
the odor Jndloated an axcess of thde resgent. Upmn vigorms stirring,
wee placed on & filter, vasbed with wabsr and wes trenaferred Lo a8 parons
date. e prodect fadlad to aryntellise. Several atilempis to bring

snes were endoyed:t lesthoxy, l-propady and

Attenpta to IWM tha Horsdoacetaldetyds Dinitvephenyl-
pdrasangs of the l-ilkegy-Z~eraptorropanas

The following revosdure is petisrned alter tiet of Suypder, Steart
and Ziegler (). Ina 160 od. coe-necked flaslk aquipped with @ reilus
ndensar, were tlaced 20 rl. of sbeclule etiancl and C.L23 g. {001 mlle)
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of sodium. %o this sclation wes added (.01 mole of the l=alkaxy=2=
marcaptorromane followed by 1.5 g. (0.0 mole) of disthyl monockloro=
acetal. The resction mixture was heated under reflux far four to five
bours, The end of ths reaction was indicated by the clarifiostion of
the solutin, which remeined cloudy during the precipitation of sodium
chicride. The precipitated salt wae collected cn a lirsch furmel and
g wasled severel times with smll portions of absolute etlanol. The
combined filtrate and weshings were treated with 10 ml. of water and
acidified to congo~red aper with concentrated hydrochloric acid., The
acldifisd solntion was svaporated on the steamebath, to obtain an orange-
red vil. This oil was taleem up in ether and washed with water and
sodinm blearbomate solation. After remwal of the ether, the cmude
myreartoscetaldelyde was obtained as an crange-red ofil. 4n attempt to
regare the 2,L~dnitrophenyllpdreszone, by means of the mrocedurs of
Shriner and Fason (126), failad to yield a crystalline product. The
following l-alkoxy-Z-mercaptofroranes wore used: leethagy-2-marcapto=
propena, lepropog~Z=mercaptopropsns and l-butaxy-2-mercaptopropane.

Reaction of 1,2-Bpaxy=3-methagyyrorane with Lithium Alurdnun
Hydride-=Froparation as 1=Hatbhoxy=2=fopancl
In & 500 ml. three-necked flask rrovided with a sealed stirrer,
refinx condenser and dropping famnel were placed L g. (C.1 mole) of
1dthium alumimmm kydride and 100 ai. of anhydrous ether. 4 solution of
26403 go (03 mole} of 1,2vapoxy=3-methoxyyrorane dissolved in &0 .
of shsolute ether was added In threo~guartars of an bhour. Vigorous
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refluxing was cbserved throughout the addition period. The rescticn
mxture was stirred and refiuxed for an additicnal thres hoxrs, and
then 25 ml. of water was carefully added. The resulting liquid was
decanted and the solid material was washed three times with 30 ml.
portions of ather., The origizel liguid and ether extracts were cambined,
dried over sohydrous sodinm sulfate and the ether was removed jn Yaguc.
The concentrwted residue was distilled through a 2xlG con. Fenshe-type
column pucked with 3/16 inch glase bhelices. A 7u% yleld of material
beiling &t 118=118.5° (747 ma.), 55 1,610 was cbtained. The raported
values for 1W~mmna1 ares be pe 118.5+129° (765 mm.) n%s
1017 (99). The c-maphthyl uretimn was prefared and recrystallized
from 60-60° petroleun ether, m. p. T1.5+73°%. The mixed melting point
with the cenmpbhiyl uvetian of the known 2-methoxy=2epropancl cbtained
from the alimline catalysed condemsation of metbanol and propylens oxide
shoved no depresaion.

e irlde—Fropasation O 1oBthay-oorromnal

This reducticn was carried it in the same manner 88 described
for the reaction of 1,2=epmmy=i= methogyrropans and lithiun alumirmn
hydride, axcept that 5.7 g. (C.15 mole) of the hydride and 30.6 g. (C.30

yrTopane were employed. A 78.3% yleld of

Lethoxy-2-jropancl wes cbtained, b. p. 128-129° (735 mm.), ne” L.akl,
n2% 14060, The pysical constants reforted for this compamd are:
be pe 130-130.8% ni° 14058 (100). The infrered spactrua of the
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reduction product and that of the condensation product from the alkaline
catalysod reaction of ethancl with rropylene acide were identical.

Aeaction of 1,2-Epoxy=3=propogypromans with Lithium Alumimn
hyﬁride-%emtﬂm of lePropoxy-2=rropancl

Tids reoction wae carried cut as previously described except that
391 go (0.3 mole) of 1,2«-apcxy=3=propexypropane wave emyloyed. A 70.5%
yield of the TeMuction product, boiling st W7=148° (747 mm.), noC 1.4128,
ws cbtained. The reported physical constante for l-propoxy-2-propancl
ares b. p. 1UB.5-15° st 730 m. (104), p2° 14030 (105). The infrared

spectmn of this meberial ond that for the product isclated from the

Reaction Mﬁmﬁ%mxm&mm ﬂth“ﬁzm Alarmirmm

From the reduction of 39.6 g. (0.30 mole) of 1,Z=apoxy-3I-isopropcxy=
propene sdth 5.7 g» (0.15 mole) of lithiuwn slumimn hydride, by experi-
mental procedures alveady described, thore wis obmumam%ﬂam of
1-igopropoxy=2-profanol, beiling at 135<137° (741 mm), nﬂ 1.4067. The
reported values for these constants sres b. p. 137-1368° (766 m.),
n2% 14070 (100). Tho infrared spectmm of this nsterial and tet for
the product isolated from the alkaline eatalysed condensation of
2-prorancl with prorylene axide wepe idemticsl. A considerable smount
of viscous high boiling material was also formed in this reaction.
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Reaction of 1,2-Epoxy-3-bubexytropane with Lithium Alundsurne
Bydride~Freparation of l-Butaxy=2-propancl

The reduction of 13.7 g. (0.30 mole) of 1,2-epaxy=3-=butoxypropane
with 5.7 go (015 mole) of iithium alumimin bydride, by experimental
tecimiques previously desoribed, resulted in the formatim of l=butoxy=
2~pworanol in 80.1% yi€ld. The compomnd distilled at 73~75° (20 ma.),
n§° 1169, n§5 1.4152. The physical constants reported for L-tubcry
2~propanol aret b. p. Taehl5® (20 ma.), 0l 14370 (200). The infra~
red spectran of thds material and thet for the product cbiained fronm
the alialine mtalysed comdensation of l-butancl with ropylens cxide
ware idantical.

Renotion gi ﬁi?&w% Thiirenas

The most satisfactory reswlis weve cbtsined when the following
procaduve was utilised. In a 300 md. ce-necked flask equipped witk
& refiux condenmar and calcium cilloride drying tube, were placed (.05
mele of the 2-allaxynethyl thilvens and 1.5 moles of frestly distilled
netlyl lodide, Hild agitsiion was provided from time to time by & meg-
netic stireer. The reaction nixzbtore was allowed to stand for two wesks,
fMitared and the resicdue wnshed sevaral times wiih acetmne. After coe
reorystallization from sbsclute ethancl, the material melted zt 215%C.
The melting puint reported for Grdisstiylsulfoniun lodide is: G,
(15). Ho success met attempts %o lsolate the 1,2«diicdo-3-alkaxyrrorane,
whlch presumbly is the other prodict formed in this resction. In eackh
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ona, after removal of the exceas metlyl lodide, distillation of the
rosidual ligald under reduced pressures resulted in rapdc and extensive

A NZ yisld of trimetiyislfodun lodide was isclated fram the
reactiom of 5.2 g. (0.05 nole of Pemethoxymetiyl thilrene and 213 g.
{1.5 meles) of methyl iodide. Whan the remction time was limited to
cne wask, & 575 yleld was cbtained. Buploying a mole ratdo of 3.5 of

In & simllsx fashion, & 72% yiedd of trimethylsulfonium icdide was
chtained from the resciim of 5.9 g. (005 nole) of 2-othaxymethyl thi-
ivane and 213 g. {1.5 moles) of methyl iodide. A second rrepumticm,
emploping the sune quantities of reagonta, resulted in & S6f yleld of
the icdide, when the rasction nixture wes worked-up at the end of ans
week. By emplaying a two weak reactio periocd and & mole retdo of 3.0
of mebhyl iodide o Z-sthemymetipdl thilrane lowered the yleld to 18%
of theary. ammwm&mwmmwmmmm_m
& reaction using & mole milo <f 3.5 and & reactiom pericd of e week.

From 6.6 g. (0.05 mols) of Z=propmgmethyl thiirens and 213 g.
(1.5 moles) of methyl iodide there was ochtained a 66 ylsld of
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trinettylasifonion dodide. When the nole ratlo of netiyl lodide to
byl thiirene wus decressad o 3.5, and the reaction time
to e week, the yisld of the iodide fell to 22% of theory.

From 6.6 go (0.05 mola) of 2-iscrropcxymettyl thilmne and 213 g.
(1.5 mlen) of methyl lcdide there was cbtained a 67% yleld of tri-

ulfontum lodide. Lowering the mole ratlc of methyl iodide to
2«lgoyropoxynethyl thilrene to 3.5, lowared the yield of trimethyl-
smlfoninm fodide o 208 of theory.

From 7.3 ge (005 mole) of 2-butoxymethy) thiirexe and 213 g.
(1.5 moles) of metlyl lodide there wes Lormed & 65% yleld of trinmetiyl-
sulfoninm jodide. 4 mole mtlo of 3.5 of methyl lodide to 2=butoxymethyl
thitvene resulted in an 187 yield of the mulfonium iodide.
Resction of 3eButcxymetlyl Thiirens
with Bubylldthdun

In & 500 ml. three-mecked flasi: equipped with a sealsd stirrer,
raflne condenser and dropping fumnsl, wasg rlaced an etber sdlution of
nebatyllithium, peerared by the method of Gllman, gk gl. (12L), from
60,0 go (0.l mole) of nebutyl bromide and 8.6 g. (1.23 g=at.) of
138htum. To the stirred solndlon was added, in forty minutes, 25.28
go (0,18 nole) of 2butaxymethyl thilrens dissolved in 3C xd. of
anhydrogs ather. The resction mixture was silrved an sdditiosl three




w7

houve, ot aplde overnight and then poured into an equal volume of Lcew
sabor and the etbar layer seterted. The ether layer was weshed twice
with 50 ml. portione of 2-H sodium kydracide solution and the waskings
wers combined with the aqueous rhese. The eihsr phase was then weabed
with amll portims of water, t311 neutrel, dried over Drisrite and the
other way romoved. The residusl. ligquid wes fmotimated under reduced
pespare through a 2630 om, Feuske~type colum packed with 3/16 inch
glass hslicos. The min fracilon dletilled at 114-116° (7l m.), ni
14053, The physical constants repcrded for butyl allyl ether ares
Bope 117.8-118° (763 mn.), 220 1057 (12). A yield of 77% was
The agueous phase was acldified with concentruted hydrochloric

ecld to precipitete l-butensthicl as en oil, which was seyareted, The
aquecus phaso wes washed three times with 25 rl. portdong of yentano,
the pentens extracts combined with the oil and dried over Drierite.

besgeent distéllation through an 18 inch Vigrenx cclum afforded an
819 yield of l-mtanethicl, bofling at 944" (47 mm.). The latter
s chrracterised a8 n-butyl~2,h-dinitropbanyl sulfide, m.p. 66=67.5°.
The reported boiling point of l-butenetidel is, 5597° at 760 m. (16).
The melting polut of the above derivative is reported to be, 66-63° (16).

Remction of 2-futagywtiyl Thilrane
with Fhergllithium

This reaction and the subeguent work-up were yerdormmd in & manner
jdentical to that described ghove for the resction of n-butyllithiunm
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thiirens, excapt at 40,0 g. (0.25 mole) of bromo~
bengane and 3.5 go (0.50 gomt.) of lithinm wers used to prepare the
rogaired rhoryllithium. Dutyl allyl ether, b. p. 1116 (741 mm.),

B 1405k, W8 chtadned in Th% yield, The other profuct of this re-
sotion, thiophencl, wes obtained in 63% yleld, b. p. 70+73° (33 ma.),

and we chamcterizgsd as the 2,L-dinltrophenyl phenyl sulfide, m.p.
19-221°. The reperted melting peint for this decivative is 119-121° (16).

Ranotion of 2-Inopropaxymetiyl Thilrene
wlbh Butylliitulnm

pguent: preduach lsolation wore carrded
ot socording o they experimemtal mocedure previocmsly described fop
2ebutcxymetbyl thifrane and butyllithbum., From 23.76 g. (C.18 mde) of
2=-igoproprrynetlyl thilvane and sn ebber sclution of butylllthdum,

aved from 60 g. (0.4 mole) of nebutyl bromide and 8.8 g. (1.23 g.-at.)

of lithbyn, there waa cbtainad a 585 yleld of isopropyl allyl ether,
boiling at 80=82° (741 mm.). This sther is yeparted to distill at 52-83°
{730 ma.) (130). The other reachion rrodiet, l-tutensthicl, was ditained
in 2 ThE yield.

The reacidon of 23.76 g. (C.1B mole) of 2-isopropumysstiyl thi-
dmene with 2 rhenyllithiun solntion, remrsd from W g. (0.25 mole)
of bremcbengens and 3.9 ge (0.50 gewwt.) of lithium, resulted in a 53%
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¥isld of isopropy) ether and & 718 yield of thiopkemol. The isoproryl
allyl ether distilled at 82-84° (701 ma.). The reported boiling point
in 82+83° at 730 ma. (130).

A 87% yiald of neproryl allyl ether and & 792 ylold of il-butanee
thicl. were cbtadned from the reactiom of 23.76 g. (C.18 mole) of 2=pwopaxy=
Byt thilrene with srbubyilithine, remred fram &0 g. (C.LL nole) of

nbutyl bromide and 8.6 go (1.23 g.-at.) of lithium, employing ewperi-
mntel tecinigues already desoribed, The a-propyl allyl ethar distilied
at 90-91° (743 mn.), o’ 1.;3@1?.. The literature values for this ether
aret b pe 90-92° (76 mu.), o5 ,\ 1.39319 (129).

Reaction of 2=Fropogymetiyd Thilvene
with Phemyllithiun
Henotion of 23.76 g. (C.18 mole) of 2=propaymethyl thi:
an ether soluticn of rhenyllithinn, mepered from 0L g. (C.25 mole)
rizene and 3.5 go (0485 geab.) of lithinm, emloying exyeris
23 Sechnigies alresdy described, remulted in the formtion of
nmmammmwww Tue ether distilled at Bp-91°
(737 mm.), nn 1.3920. This compound is reported to boil at 50-92°
(760 mm), n,.; 1.3919 (129). Tie otber product from this reactiom,
thiophenol, wee cbiained in an 06% yield.
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Reaction of 2-Ethexymetiyl Tuiivans
with Dutgllitidm
From 2.3 ge (0018 mile) of P=ethcxymethyl thilrane and an otber
solutdon of bubyllithinm, peopured from 60 g. (0.4 mole) of nebutyl
bremide and 6.6 g. (1.23 goat.) of Lithtun there was isclated & L7
yiald of ethyl allyl ethor and an 84¢ yield of l-tmtansthicl. The ethyl
aliyl ether distilled at 66~67° (747 mm.), n20 1.3892. The reparted
values for otiyl allyl stber are b. p. 66-67° at 743 mm. (126), >
1382 (131).

with ?ﬁwﬂiﬁh&m

The peaction of 21.25 g. {(U.18 aole) of 2=ethoxymethyl thiirane
with an ether sclntion of phenylltdium, cbtained from LO g. (0.25 mle)
ngene and 3.5 go (U500 ge-et.) of lithium, resulted in a L2J
yield of ethyl allyl ethsr and an 815 yield of thiopbencl. The etiyl
a13y) ether distilled st 667677 (T45.3 mu.).

hemction of 2«sthaxynethyl Thiirene
iﬁiﬁh ammmm
Amﬁm&ﬁwlmwmmmmmmmme
20.8 go (020 mole) of Z-~aethaymethyl thilrane with an sther sclutim
of butylltthdunm, obtadnsd fren 60 g. (Cdh ndle) of nbutyl bromide and
8.6 go (1.23 gowt.) of lithinm. Doe to the low bolling point of the
re omployed, only a




trace of metiyl aliyl stber vas isclated, b. p. 42° (746.5 m.), no”
3-3786. The litomsture veluss for this ether ave repcrted ass b. p.
k2 5-43° Bt 757 mm., nEC 1.3776+1.3803 (132).

with an ether sclution of phemyllithinn, yrerared from LC g. (0.25 mole)

mo end 3.5 go (0.5 gewt.) of lithiun, there wes cbtained
Ing to the high volitility of methyl allyl
ether, and the experimental yrecadure employed, no netlyl allyl ether
wee achually isclated,

well,

pod of 33.2 g. (0.2 mole) of jurified trietiyl
thosphite and 21.6 g. (0.20 mole) of 2-chloromotly) thiiveno. The flask
was £itded with o 1230 om. Pensio-type column packed with 3/16 inch
glass helices, and a variable raliux dietllling head. 7The remction rix-
ture wes slowly distilled ab atwcarberic rressire, removing distillate
at moch & rate that the disbillete tenverature remained in the rungs
LEE%, At the end of a five hour pericd, the tempmetare of the
rosicusl material resaining in the distillation flask hed resched 130%C.
At this poimt 34,8 go (0,155 mole) of allyl ciloride had been cbiained
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as distillate. Redistillation of the chloride gave 1L.6 g. (0.19 mole),
8 955 yleld, of rure allyl ciloride, b. p. Wi.8-5° (7l mm.), o5
14318, The literaturs veluss for this chloride axet b. p. Li.7.8°
(760 ma.), gﬁ L4116, (133). Distillatien of the colorlese liguid
reuidus in the distillation fiask, wiier reduced pressare, affordaed

39.6 go (020 mile) of tristiyl thicnophosphate distilling at 52-83°

(5 mn.), n5° 16460, 12U 1.4LG1L, The reported physicsl constents of
this thienophosrhate aret b. p. U5° (0.5 m.), 105-106° (26 m.), o
1, 020 12080, (108). Tins & quantitative yleld of trietiyl thicnom
thosptiate wes chteined. When the originel dietillation residus was
hoated above 180%, o kert et abeut that temperature for lang periods

of time, the limid bemme dark colared amd subsequant distillation
falled to give @antitetive ylelds of triethyl thicmorhosphate, The
best rasulis were chisined when trietlyl rhearhite we enloyed in azoess.
& possible explanatian of this result 1a found in the work of Dimett and
Jones (110), who wbserved tlnt thionophosphates radily undergo therml

Remotion of 2-vethyl Thilvwne
with Tviotlyl Fhosphite
A mixture compoass of 1.3 g. (C.20 mole) of Z-methyl thiivene and
3342 go (Co20 mede) of trlotiyl riwsphite wee distillsd, euploying the
al procedure described for the reactian of

apmretus and experimon
resetiyl thilrane with trietiyl phosphite, arcert that bramine-
carbon tetracklordde tmaye (&wo) were inatalled to collect any mroryleme
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gua Liberated. At the end of tlwes hours of distillavion, the tempera~
ture of the renidue bad renched 150% ., at which roint basting vas
disoontimed. Vacuws dstillation of thm limid residue give 39.2 2.
(0299 mle), & 99% yield, of pire tristyl Wdoorbosphate. Trestment
of the mterial in the brumine~srbom tetrackloride traps, following

andard woredires, afforded & 97¢ yiald of 1,2-~dibromoprorane, b. 1.
17° (7306 ma.), 120 15293, The Litersture values for this dibromide
aves b. p. 139-22° (760 m.), i~ 1,29k (23h).

Bosostion of Thilvane (Rilylens Sulfide)
with Trietiyl Fhosphite
sniad procoedore followed 4n this ranction was the mams
in overy vespect as that followed In the desulifuvisadion of 2-nathyl
it ivene (propylens sulfide). A 24 g. (0.0 mole) quantity of ebiylens
aaifide and 66, go (U0 mole) of trlethyl rhoaphite vere employed.
thicnophoapbate wae isclated in 9L% yield., Treatmeant of the

(3&»&11 m.), nﬁ 1.5350, The peconded values for this dibromide ave:
Ba Ba 3}3"’ CLJ. m#)g n%b o ¥, 37’%? (3135}'

with MW‘%’?. 1%% Q 5‘1;@
® tdon of & wixtore costalaiog 20.8 g. (0.20 ndle) of

shoromethyl thitvene snd 33.2 g. (0.20 mode) of triethyl phosyhits,
by experinentel techniques alrendy described, gve a L% yield of metlyl
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61371 ekt be pe 52° ok 7665 ., 0 13705, The repovted pysial

metonts for sethyl sllyl ethee ared b. r. 2.503° 8% 757 mn., ”‘223&
Lo3770-1.3803 (132). The othar mrodect in %is reactimn, trietiyl
thimnophesptate, was dotalned in 962 yidd,

Hamotion of ReBthanyretiyl Thilrene
with Triothyl Fhesphite

whure copossd of 23.6 g. (0.2 mole) of 2-sthaxy~
motdyl thilrene and 33.2 g. (0.2 wole) of tristhyl phosphite, by axperd-
mental teckniques already described, vemltad in the formtion of eliyl
s13y2 sther, b. po 47° &t U2 ma., B 1.3%2. The 1iterature valies

for tila other aret b p. 66.67° at 743 m. (128), n%° 1.3392 (132).

A 98¢ yield was cbiaiued, The other rroduct 4n this vesction, tristlyl
thicnophoarkats waa 1sdlated in 985 yledd.

Reactdon of 2-Fropagmetiyl Thilrane
with Triethyl Ficephite

atiilation of a alohoe componsd of 26.) g. (0.2 udle) of 2~popoy=
methyl thijrene snd 33.2 g. (0.2 nala) of triethyl phoschite, by axperi=-
metal teckniguos mreviensdy descrdded, @ve a 937 yisld of yworyl allyl
ethor, b. p. 30° &t 739.8 mm., 3%5 10903, ngg 1.3968. The rerarted
seostants ares b, p. 9092°%, 220 1.3939 (329). Teletiyl thionorhosrbate
was Laclabed in 978 ylald.
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g of 26, ge (0.2 nole) of I=-isoproncrymuthy
thilrene and 33.2 g. (0.2 nole) of redistilled triethyl rhesyhite was
dietilled secording to the ewperimmtal yrocsdire desoribed for 2eryopucy=
metlyl thilrane. 4 917 yiedd of iscrwopyl ellyl ether was cbtained,

be po 3-83° 8t 71 .  The belling point of Wis ether is reported as
82-63° at 730 ., (330). Trlethyl thimophcsriute wee cbtedned in 9%
Fiald,

Bopoticn of 2-Bubcsymeethyl Thilrene
with Priotiyl Phosphite

Metillation of o mizture composed of 29.2 g. (0.2 nale) of
byl thddvene and 33.2 g. (0.2 nole) of redlstilled triethyl
phoaphite, by previmely degsoribed ocedures, resulited in the formatiom
of newbyl sllyl ether b. p. 16° ot 740 m., nD ' 1.4083. A 97% yleld
of the other wis rondised. The litorature wvalues for this ether aret
be pe 117.8+118° at 763 mm., B2 14057 (12L). The otber yroduct of
this resction, tristiyl thionophoerhate was dbtained in 10CZ yicld.

Resobion of 2-Fhancymetlyl Thilrane
with Teietlyl Fhosphlte
The pwocedure followed in this yesction was similar to that
dosoribad for 2-wsthogymetiydl thilvsne snd trietlyl rhosphite, emcert
tat the distillation wes zun at 20422 rmm, pressure. 4 16.6 g. (C.1
wole) quntity of 2wrhanmemetiyl thilrene and 16.6 g. (0.1 ndle)of
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tristipl phosphite wors employed. Fhamyl allyl ether, b. p. 59° at

22 mn. was isclated in 737 yisld. The recorded bolling point is 85°

at 19 mm. (JL2). The other rroduct of this remction, tristhyl thicno~
viverinte wae chinined in 774 ylald. 4 considereble amount of polymaric
setarial wes also foomed in the remction.

Roaotion of Gyolohenans Bulfide
with Tristhyl Ihosplite

4 soludion of 51 g. (0.5 wle) of epolobacens aulfide and 116.2
ge (Uo7 mole) of vedistilled trietlyl rhosphite was charged imto & 250
cirad flask sguipped as rreviocusly described. The niwture was

i1led at atmospharic pe o, collecting dlstillate at such & rete
tat the distillate tenpe-ature ramined st 79-829C. In abont five Lours
thare was collected an 58% yield of cyvlobexene, b. p. 81~82° at 7.7 mo.,
2% 11530, Tuse valoss are reported for this aysloalkens, b. p. 63-04°,
@95 14533 (197). After rencval of the excess trietiyl ricepiite at

thimophospbate was cbtalnad in 917 yleld.

Wen o oinilar mection wos ocsxried wt using egiimolar rroportlions of
phoaphidte and miifide, the vesidue In the distilling yot became sligitly
colorud before the evdutdiom of cyolchemene was confllete, and trietlyl
phosrhite we ieclated in only 705 yleld.

Regotion of 2-Mheayl Thilrene
with Trietiyd Thosphite

A 27.2 go (0.2 mole) entity of 2-phenyl thiirene and 33.2 g.
(0.2 molle) of teletbyl phoephite wers nized togetber and distilled under
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procedure described for 2echlorometiyl
thilmne. 4 578 yleld of styrens wes isclated, b. p. 53=55° at 3¢ m.,
n%ﬂ 15466, The veccrded values for this alleme aret b. p. 52+53° at
28 mu., 0 15462 (236), Triotiyl thimorhospinde we fomed in 603
yield. & yetbur large amount of sclid polymeric meterial was mroduced
in ¥hds reaction.

Bsachion of 2,2-Ddethaymethyl Thiirene
Witk Tristiyd Fhouphite

i rert shndques alresdy describad, an 872 yleld of
rolein dietiylacetal was chtatned, b. p. 121-123° at 743 m., 0o
1.3985. The literature valnes ave: b. p. 120-12L° et 747 ma., no
33983 (16). Trietlyl didoncpbospiate was isolated in 93% yleld.

me-nscited flasls, squipred with & therncmster well, and
ovided with a 10 imch Vigrenw colum and vardable tekeoff distillation
ol with 124 g. (0. 12 wole) of l-mothaxy=2-mareapto-
pos and 194 ge (6,12 mole) of peeified tristlyl phospidts. The
vesction mizture was ellowed to stand for temty-four bours, and then
ves slody beated. Distiliste vas ccliscted in tbe mange 38-40°C, An
By g. quuntity of distillate wee collected. Redistdllation of Hds
mbtarial through & short packsd oolumm gave anly one fxaction, belling




At 30-39° (71.7 mu.), no” 1.3563, corvesponding to a 9L yleld of
motipd profyl ebber. s ether is reporbed to boil at 33.3-39° (146).
Fractionation of the Liguid residue in the distillation flask, wader
reduced ressare, siforded 19 g. of & mterial beiling st 8° (L.5 ma.),
0 L.0d8L, 185 160, Tristipl idmopoarbite 1n repcrbed % boil
ut 15° (0.5 m.), 05006 (20 ma), w2 100, 030 1AL (208).
Thus an 398 yield of thia coapous we ddiained. A considerably longer
as ounpared to that reguived in the resction of l-metlioxymetiyl thiirens
| with trietiyl phosshite,

Hdatillation of & mizwre composed of 24.6 g. (0.2 male) of
Ieneroapbomropane and 33.2 g. (0.2 mole) of puvified trdetiyl
i y experimsntal teclniques previossly described, gave o 9135
yield of etiyd progyl ether, b. pe 62«63 (L7 ma.). The reported boll-
ing point for thls sther 188 b. pe §3=63.5° (76C mn.), (L0). The
ko mw;m ef this resction, tristiyl thimorbosriate, was colainad
in 53% yield. 4 twenby-seven Lhour beeling paricd was emplayed in this
il on.

Besction of l-Fropagr-2«marcs
with Trietlyl Fhospbite

Matillation of mixture composed of 26.8 g. (C.2 nole) of lerzopogy~
e and 33,2 ge (0.2 mole) of tristhyl rhosphite, emyloying




) wmtal procedure described sbove, gave & 65% yield of dirroryl
other, by p. 09~90° (742 m.), 12 1.3801. The mysioal omstants
reported for this other arer b. p. 9060.5° (768 mn.), o2 1,386 (139).
The cther reaction mrodust, trietiyl thicnophosphate was cbtained in
728 yisld, A £ftem hour dlsbillstion pericd was employed in thls
resction. The memction wes mrvded mib a sseond tine, and after thirty
hours of beating, an 07.6% yleld of the ether vas lsclated and an 85§
yi61d of the trietiyd thionophosrbate,

Abteaptad Renctions of Thifrenss
with Py Alochels

Sovaral stbtenpie wore mede o bring sbout ths condensation of sdmple
wimedy slochols, emploving scdium allkodides as catalysts. Lowever,
o0 glngle manceeric addilim prodects wore lsclated. In asch instence,
pelymearismtion of $he grolic smdfide we the mly resctim dbhesoved.

In & 500 ml. Siwee-neciked Qagk £3%ad with a sealed stirrer,

ndenser and prelldl sidewnrn reovided with a thermieber and

dropdng Dunmal, were placed & go (2.0 noles) of methancl and 1.6 z.
(007 gomt.) af sodlom. To this vigorausly stirred solution was added,
in tirly miantes, 18,8 g (0.25 nole) of rropylens sulfide. Mo tempare-
erved durdng the first ielf of tho additie verdods

however, during the latter stages considereble beat was evolved and
the sclution became quile todbid., The reaction mixture was refluzed



for an additional thrwe houre, and nsutoalized with 6~ sulfarlc acld.
A % g. quantity of potassiom carhommbe was added to the solutiom and

1% was set aside wvernlght. Afber removel of the excess methancl,
oaly & vigoms seni-pdlld maderdal remined, which could nob be further
mardiied. & second mreparatimm, wiploying the ehove quantities of rew
agemts, but with the reaction tempeseturs held at 0%C., was carried out.

pegrant, worle-sp of the resction nixture gave only the above memtionsd
vl thiimue and metlancl, and

& furtber nethod wae tried, in widch & ncle metio of 1310 of

yisme sulfide o otlyl slechal was used and the alkaride catalyeis
emitded. The slfide was added to a refluxing sclution of the alcohol.
Temmrds the end of the sulfide additian, the reaction mixture became
turbdd. Resoval of the excess ethasol 1eft o thick pddymerdc materdal
widoh conld not be dlatilled weler redicad presmure. Simllar resulte
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IV, DISCUSSICH AND RESULTS

dealing with the additicn to alione axides of such miclecrhilic reagants
ag the anlons of mlonic embter, (2,3,4,5) scotoacetic estor {1,2) and
ide ester (2,02,83).

The initisd adn of the presat work wes to discover mltable pwo~
cedures whick conld be used to bwing about the condensation of thiirenss
with active mebbylone compounds such as maiond:c ester and acetonsstic
aptar, thoreby extending & very useful syntbetic approach to organic
sifur conpounds .

yoar and Alavsnder {6) bad veported that aimple clefin sulfides

ily condenso with otiyl cpencacetats, in the presence of

sodiun etboxide, ut not with olyl mlcaete or etlyl aceteacatata.
fioworar, 1% wes Lolb that perkays by proper selection of resellon sane
ditdone, alkylations® could be achieved with the latter two labile
hydrogen compoande. Thus, the "allylation® of diethyl micoete and
soatoasetic estar by propylane and iscbutyleme sulfides wes investigated.
A variety of scivents were employed, including anlydrous etiyl ether,
pedicuane, n-butyl ether, chloroform, and

grantitative asunt. Ho metber whether tle reactions were carried mt



&t room tempereiure or below, or at $he reflux tenpscutures of the
solvent used, anly polymerlc enlfide wss cbtmined. Variation of the
vouction tine from one or twe howrs to several days fsiled to changs
the course of the reactiom, the major products still being sulfide
polymers. The ntilisation of bigh dilution techniques as well as cleng~
ing the mode of addition also fulled to kesp the polymsrisation rescticn
fyom baing predominete. Dren varying the condensing agmt fras bastc,
OghiCla o Kali, to no cataldyst, to the acidie condemping agmt, AN,
q4d not promcte condenastions, only polymer formmtion being chserved.
The attempted aliglation catalysed by antydreus sluminun tricklcoride
rogires additionsl comment. Relw (8L) ed veported tlat malonic aster
omld be resdily alicrlated by ethylene cxide using anlydrows aluminum
trdckiordde, 4o give ¥ —butyprolactone in nesrly quantitative amount.
Bowavar, repetition of this work by Mard and Curtls (85) indicated tlat
the reaction products deseribed by iabe (8L) were actually the estar—
intarchange rroduct Pechiloroatiyl ethyl mlomate, bis<f-chloroetiyl
malonade and recovered malonic ester with no ¥ <tutyrolactons being
datected. Our om obsorvationsd ave in accord with those of Hart and
Gurtis (85).
As & remult of the fellure of "aliylation™ o ocour in tie above
studiss, aparently becsnse of the ease with which the clafin sulfides
morization, car atbantlo was dlrected tomrds the
weaing o highor degree of stability.
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7N AN A\
Re(=ClignGHowiligy MeBeCligmilime(lp RoNeGLp=Uki==Clig

(1) (1) (1)

Cnly the compounds of type (I) exidbited little tendency towards
polymerizmtion, and could be kept &t roon temperature for sume tine
vithont showing aypvecisble deteriomtion. These compounds were obiained
in good ylelds by elther of the following generel methodsy 1) by treat=
went of the correaponding g@lycidyl ethars with agieous potasstun thio-
cyanabe at roon tenpeature or balow,

7\
Ry E g wCXi KSR et Re(miHa=Clime(Cl, »  HOH

Rw Cligy Ughiyy Ie0phig, m=la=hy, n=Cglig, Cslig

or 8) by trestment of the corresponding glyoildyl ether with aguecus
thisuree, in the ywesence of an equivalent samoumnt of an acid. The
febhydveay thicarcnium salte which fomsd were hydrolyzed to the thiiranes
upon treatmant with eaxcess aguecus sodium carbomete. The ylelde of

L thiirvenes aye sumerised in Table I, and the amlytical

wore prepared from the halobpdrins by tremtment with sodium hydraxide.

ol G
| _ /\
ReQClignCheClign0l + HaOk s ReGuGlignCliwCiig

The yields of glycidyl ethers are yrecorded in Table 1II.
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The l-alkaxy-2-hydroagy-3=chiloroprotanes wars mepared by the follow=
M achans .

¢ CH
/N ]
ReOk ¢ CLoCHgnCliomil b ReQuCH j~CHaCH,=C1

The yields of balohydeing are given in Table IV.
With respect to compaunds of typs II, the following ywersrative

ones were utlldized,
0 KSo
f /AN 2\ :
ReSlls ¢ CleClgeCHwCliy =wmms ReSeCligeClimGly rorimes

(1) (a)
$
/'\
ReGeCligeGliwCHy
{11)

- 7 Zhay, i ‘
BBl @ OleCHgellime(lil, SWaale Duliella=Ul=Glg=Cl

(2) @

- /2 7\
By ettty Rl gilimtlig

(a) (11)

hypdroxy=3=ctiloropromnss (1) and glycidyl

are (A) were {molated, tie thioalkylwethyl thiiranss (II) were
aulte unetable, polymeriszing upon atbenpled purification by distiliaticn,
aven at rressures as low a3 one millimster.
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TIELE X
TIELLS OF 2-ALXUXPIBTEYL THITIRANES

8

ol main
RoGCH g twmilig

T -Mothowymebhyd Thidremo O ighd % 92 s
#3 —

3 - 87

l s 8

2 e 83

2 o X

IV 2«Imopropoccymsthyl Thilrane O,lip05 % 38 5{
v Y Lo —
2 w—— 90

VI 1 81 s
2 —— (3:3

Fotsas mgmw RS R
Frndouren and dcid mrovedure.
Mutouranion salt fomed but failed to ydeclyze.
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I Hetlyl Clyoldyl Hthar CulizCy

3

2 8.6

3 81.6

L 83
1T Etiypd yoldyl Bther  Upliggly % g%a 57 5k
11T neFrovl Mycldyl Btdswe Colagle % 9@3 LS 16-18
IV A-Propyl yoldyl Bther Cgligfg % ggi;; L5 I 1
¥V meBatyl Glyeidyd Dhar Cpilydip % gg.% 67 16
Vi Fleny) Qyeldyl Bther Gpligls % 56 134136 20-22

A . i o ke -
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yasmninenetiyl tdlrenes (ILI),
RgtlikigGlimeilin, was yropared (Meighy;) and altbongh it could be chtained
A8 the mononer i & 60F yisdd, it polymarised within o few days afber
RO P TN

¥ )
s hy 3 Ay IV ??x‘/v \r'?r /(p\
{Calip) gl & CheQRygmibimmiiiy ===t (o) glelkignClimClig

o
§3

. 7/ \
(S gl ) MeCligmlimmtiliy, & HLON

Sinve the results of theas sbudies showed, tiat of $he sobstituted thi-
alkagymetiyl thllmnes ware reasaably stable,
wly they were euplayed in tho suboequent studies with mucleophilis

gh alipiatic othere and mlfides normmelly ave not lgdeolyzed
by bese, Doy clesved by the eblack of warioms aniong, thelr grlic
pountorparte the cclmnes sl thiirenes sre guite mscepiible to fissiomn
meleophilic rasgents (7,10). Tida is generully exyplained In terns

M@ﬂjﬁw and Eﬁw is trentoed with a mecloopkilic reagent X, omly
ocaoend, DUHOLOE(R oy ROESLOEEH.

L&
nwaguivalont reactive arben conbery whick are attacied
sibly, and the relative mates of attack at the two
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wn stoms my In effect bo mtasued sloply by & deternimatica of tie
mtio In uhich the two isomeric peoducts are formed, A slmilar situ~
atlon holde for the unsymedrioally substituted thilvenes.

/A T X P
1L o , | [
ReClimwiliy 4 LL wewewmss  Ge(lisjlia + SeChwolig

Im{ars

Vish vespect o oblylens oxides, it lns been cbserved (7,86,07)
that & variety of substances of tho type KYI™(X » 01, Br, 17, G,
8K, Bgly )y phencxide ien, sliwcide i, the anim of melmnic, scetow
setic eoters, and remotive molecules with an unstared
are {prispry, awd socondary anine, ammnia, hydrogen sulfide,
phans), gemelly resct in suob & mawmer as to give the alcchol with
micdman bronching &b the cmbined cevbon. This hes beumn tormed the
inoropl? clesvege reaction (87), and i eguivalont to statdng tiat in &
ghay homedog of etiyleme axide, the mclecphdlic veagent will atiack
& primsry werbon ston in peference to & secendury, and secondary in
darance o & tortisry.
pemsent of these rofaltes with the order prlmayy » secaxary »
tartiary, established for the mte in the S shetitutims of eliyl
1aiides (86), ae well a9 the second crdar kinebtics (80), and lwersion
of configaretion (3,57) which hwve been cheerved, surport te theary
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¥ x
o | l
BeCheeCliy ¥ s e ReClinCliy + X°
O G

it is acbewordly tWat dn these instances, the reactime were acld
atalynad (87). The proposed laue

add of the epmdde (87).

Y ok
M\ o
3‘. 01:1

R—&Mmﬂ o g e gy, o

T itke manner, the terms "sormal” and "abnorml® cleevage lave
asrried ovar tube discausiong of the ring opening resctions of stiylans
sullides.

Thae, in the resction of unsymsotedonlly subatituted alkene sulfides
froceRs ocours, sinoe acmerearians vhilch are reoduosd bave the
sulivr atos attsched to the more highly sbetituted carbon atom (1L).

CligwiomeGliy & ity = Cily=0eCligiig
5 Sk

o

3 ik
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fnyder and cowrorkers (L) were wnabile to detect the presence of any
Smomeric mdmry meveaytans o the formation of lscmeric mixztures in
these reactione, which were yun without catelyst or sclvent, ab tespere-
tres near 100° for perlods of tem to twemty hours. The yleld of amino=
mareaptan resuliing from the indtial ring orening resction was rather
Lade polymerisetion snd rescticn of the amino-mevcapten with ancther
nolecule of the mlfide to yrodues higher mclooilar wolght conpounds.
Altbaungh these side reactions my be inhibited by employing o large

olie milfide. In additlon, tie yield of am
wmn found to be edverssly affected by the pressace of bulky substituents
o the nitrogen stom, and by incressing degree of substitution in fhe

The formatdon of an "shnowmel® additiom pyoduct has bedn sevorted
by Reppe and Micolad (23), wio stated that weC ligBICH(CE,)CESE ], was
prodused In the vesction of o-bubyl azdne with two molecules of propylens

Pide, However, pecant studies (14,13) indicate Glat the conpound was
ally o gl R CHPU(SE)CH, Jg, the ™aoroml? addition product.

In the wesent investigtion, tie resctions of 2-elkaymsthyl thi~
{renes with the seoamiary anines pireridine, merpbdline, and dietiylamine
ware shudded. Cerefyl conteel of the renction conditime gave excellent
yields of subsbitubed aninc-naraptsns (Tsble 7).
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By analogy to the Cindings of Srgder and associates (1), the
compomnyis ave assumed to cowist laveely, if not solely, of the

B
P . s .
ReClig<Chmiliy + Bllig === ReGmCligChisChigHRy
s

By w (Ogtin)as (Ugly, (“m!)ig

The yisld of substituted amino-merce
semaibive to such factors sz the mole mtic of amine to thlirsne, presence
or ahaence of & solvent, Yype of solvent, and meture of the product
formed. Tius, it was chserved Shat heating an equimolar mixture of
plperidine and 2=ethaxymsthyl thiirene at reflux for twenty hours, in
the abeence of any solvent, gave oaly 23..4% of the amino-mercaytan.

Whan the heating pericd wee limited to ten hours, the yield increesed

to 31.3%. When & twofold excess of pipsridine was employed, and the
reaction mixture refluxed for ten hours, 8 60.5% yleld was reelized,

Whan the reaction was carried cut in & non-icnising medium sach &s anhydrous
Wwbme,m pr mixture of the above reagents ave &

71.3% yield of the amino-mercaptan. By employing & 211 retdo of piperi-
dine to 2-ethoaymethyl tidirane, the yield was increased to 90%. The
length of the reflux pericd had 1ittle or no effect upon the yield,
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in thoss prepamtions utilising a non~ionizing solvent. Similar
results were chtained with 2emethoxymethy) thiirans (Table V).

Yialde in the reactioms of morvholine with 2«nethoxynetlyl and
thilrene ware likewise effected by the above factors.

To illnstrate, yields weres in the neighberbood of 80% in those prepara~
tions utilising a 211 retdo of anine to thiirene and elther anhydrous
ether or bensdne a8 solvent, whersas the yield dropped to abaut L0¥
when the solvent wvas omitded. Although some polymer formation accome
paniad A1) of the preparations, the proportion was far less in those
peparations empiloying & solvent and a mols ratio of amine to thiimmne
greatar than one.

The above chesrvations are similer to those reported by bres (73),
for the resction of ethylene sulfide with a variety of smines.

The reaction of diathylamine with 2-=alloxymethyl thilmenes requires
specisl considemtion, in view of the ervatic remults cbserved. A re-
sant article by Foncmarev (89) described the reaction of methyl and
ethyl plycidyl ethers with dletlylacine. It was reported that no
noticeable reaction ocourred at crdinary or elevated temperetures, even
when the amine was used in a twe to threefcld excess. lowever, when
aquecus soluticms of the amine were employed, substantial amounts of
the expected sthers of diethylaminorroranedicl were isclated. Prior to
learning sboud the above work by Pencmarev (89), we had attemyted the
resctiong of 2-sthoxynsthyl thilrens snd 2epropagymethyl thilrene with
diethyl amine using rrocaduves identiosl to those emrloyed with
piperidine snd morpholine. When the axcess disthylamine had been removed,
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the oocentrated reaction product was subjected to distillation at
redaced pressure. lowsver, instesd of isclating an aminomercapten,
elther 2-propoxymetiyl thitrene or 2-gthoxymetlyl thilrens was re-
covered in almost quantitebive amouni. After lesrning of the above
work by Fosomarev, it was felt that the two remgents had merely falled
to react and that the presence of weter would be required to bring abaut
rosction. In & premmticn using aqueous diethylamine and 2-propoxy~
mothyl thilmne, acoording to the procedurs of Fonamerev, & nearly
complate polymerization of the thilrene ocourred, and the amine compan=
© ant was recovered unchenged. Tho explanation for the latter result
would appear to be the cbsexrvation by Bwas (73), that ionising solvents
roadily promete ths polymerizstion of ethylene sulfide in the presence
of amdnes. This coupled with the fact that ethylene salfides are much
move sesceptible to self-polymerdwaticn tian the corresponding cxides,
wy explain vhy Poncesrey (89) was able to effect & reaction whereas we
cbtained only polymer formation.

An indioation tint reacticn had cccurred, in the absance of water,
ig foumd in the recent wark by ¥Wrdght (90), who reported a similar
Bimkion in the reaction of thlcglycidaldehyde diethyl acetal with
mon-ngreons diethyl amna The reaction was thought to give the amino~
mercapten (G,&a}sm-oﬂaudﬁ«%(&“,aa)u. Lowever, when exceas amine had
besn removed and the rmmm material subjected to vacuum distillation,
crlly the starting thiirens ch,,-km-aﬁ(ma&s)a was chtadned, indicating
tat diethylamine is probably split oub reedily from the above amino-
novcaptan. Such an explenatiom eold apply eqamlly as wall in our case.
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In further support of this convention, the study by Suyder and
associates (1) may be clted. ZThey chearved that the higher-balling
Bamino-percaptans derived from eltber ethylens or iscbutylene sulfide
and amines conld not be obiained pure by distillation wnder reduced
propsure. In most inslances, successive redistillaticns gave distillates
of wiccessively lower mercarian sulfvr content. Thay suggested that
the explanation for thase chswmwetios is that the amino-mercaptans are
mbjset to tharmdl decumposition, according to elsher or both of the

RMCROHSH  ommommets R NCHWChg +  lig
/3\
RgHCHCHRE  wewemwe RoMH ¢ (lig==Olig

 The study by Wright (90) and cur o doservations strongly suggest
that the second resction is in the main, responsible for the resylts
chserved.

Seme yather interesting resulis were obtained from an investigption
of the resction cccurring bebween triethyl rhoephile and the producis of
ving fission isclated from the resctions of 2-alkaxymebthyl thilrencs
with secondary anings. 7he study wes indtlally sarrisd cub with the aim
of rangring the meroarboegroup, and m;&mby produeing compounds much
8 Re0=Clig=Clig=ClgliRy or R-C=Chy<li=Clg, By unequivocal syntbesis of
thenss strocturss, sod compardson of thelr properties, the guestim of
the divection of ring opening csused by attack of secondary amines upm
2=alihexymetlyl thiiranss oould be determined. It was felt tlat the
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ratlon of structures of $he above fwo tyres would be cssisr and

less mubject to question tlan thoss condaining & marcardo-gratp in
adéition to the ether and amino linkages. Nowever, the reactima failed
to prooeed a8 axpected. For exaurle, from the reaction of triethyl
phogphite and lwmetharyr-S-mercarto=j-Nesubstitited aminoproranes there
e isolated & 60F yield of mothyl allyl ether and a viscous smterial
sbdeh whon subjected to disililation fadled $o pive sny apmeciable
amount of low boiling meterial.

kyl phesphites are mown to remove sulfur from a grest variety
18 (91) and 8180 to be capeble of foming com=
pourvis with vhesphorcas to nitrogen bonds (91) by reaction with anines,
nitriles, sto. In addition, & ratber ectensive list of compounds lmown
a8 widothionophosphates (R N)FS(0R)y, (RNL)FS(OR)g bave bean mrepared
{91},

In view of thess facke, the mahure of the resction which ccours
when lwalkocy-2etarsapto-j=i-aubstituted aninorroranss sre treated with
tristhyl yhosphibe becowes more covious. That 18 o say, it becomes
more apparent a3 to Wiy an allyl otber ahmld result, and why the removal
of both the anino~ snd mercepto-group is nob wnexpected, Considering
anse sgain s;’i‘m cage of lemebhwngyegwarcaybo=3-plperdinorrorens,
gl g Hechigrli(Gtig) g & (BH0)gF =t Uiig=O=Chig=JimChig + (Ugkiaohi) F5(05t)5
+ Et0H, it is not posaible at the present time to say which ocauras first,
the temovel of the neccepiow or amino-fimction or whether ths mrocosses
coour simltanecusly. Tre anidothionophosplate, (CoiyioN)FS(Cib),, ia s
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o compowd (91), and we cbtained in sl amcunts in tle present
ek o mmwammmwmawmwmmmm
long heating pericds which were enployed in the sbove reactiom. In
support of this contention, it hes been shown that amidothionopbosplates
undergo several secondary reactions. For example, they underge & more
or less ready axidstion to the B HFG(OX'); anslogs during parificaticos
copamations such as distillations and ceystallisation (1). Little precise
information is svailsble aboub resction of this type. In addition,
snldotidonophosphates are subject to thermel deccmpositions and various
disproportiomatione during sttempted distillations (51).

The roaction of tristiyl phoophlite with the reoduct isclated from
the reaction of 2emathoxymethyl thilrane with morpholine likewise peo=
duced methyl allyl otber and an unidentified amidothimophosphate o
derivative thoreof. Sindisrly, the products isolated from the reaction
of 2=gthoxymetbyl thiirans with both piperidine and morpholine, mroduced
ethyl allyl ether and presumbly smidothdonophosplates.

Proyylene sulfide in anhydrong sclvents cleaves at the primary-
carbon slfur bond in resctions with cklorine o bromine, formdng bis-
(tmlopropyl) disulfides in quantitaiive amcunts (81).

in the yresant investigetion, the action of bromine on 2-msthaxy-
methyl and 2=ethoymetlyl thilrane in aniydrous sclvents was investimted.
The reaction presumbly ooccurs by & step-wise rrocess similar to tlat
proposed by Stewart and Jordte (81), for the reaction of propylans sul-

fide with halogens.
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ReQ~CHgeGeCligaBr  Be0~ClglimmCliy Re0=Clig=Chi=wClig
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Howaver, when the crude products were distilled under reduced
rrassure, rapld decomposidion set in and nane of the expected roducts
were isclated. An analogms situation bes recantly been reported by
Stenart and Bumsids (92) in the reaction of trimethylene sulfide and
bromine, in which none of the clsawapge produnct eould be isolated due to

miengive decomposition.

Available svidence (16) concerming the course of the veaction of
simrle alkene sulfides with lithdum alundmus Nypdride Indicates that the
chgarved reduction prodicts are e net result of "rnorml® ring fission.
Bordwell and kis associstes (16) were the first to demmstrete tlat the
veducticn of unsymstrically substifuted allwne sulfides, such as
mothylthincyclopropane and n-tutylthiscycloprorane, gives rise to thiocls
in which the sulfur stem retains its linkage with the more highly
mbstituted carbon atom. Ho formtion of primry mercaptan, resulting
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from the cleavage of the secondery carbonesulfur bond, was noted. The
exclusive production of secondary mevcaptans in these reactions was
interpreted as invelving initial atiack by alumino=hydride iom (aliy”)
on either the yrlmry carbon atom or on sulfur, with the resultant
fission of the primery cerbonemuilfur dond. In the only other study so
far reported, Hoore and Forter (68) cbmarved tlat reduction of nehemyle
thiacyclomropens remiited in the formtiom of 2-octansthicl, with none
of the dsomeric l=octanethicl being reported.

In the present work, the lithiunm alumimin hyxdride reductics of
savarsl. 2«-alitoymetiyl thiw wus Lvestigated. '

8H
/7 \ |
RQeClignQenCly ¢ L1AYLH, ~s ROCHg= H<Cly and/or ROOHg«Clig=Uk,<BL

mmmwmmmmmwavx.

in conplete accord with the results of previcus investigeators (16,68),
no evidence to indicate the formation of any yrimury thiols in these
reacticns was obtained. Fartber, ne indication was nobed that any of
the preactiong produced isomeric mixtures of ether-thicls.
" Yisdds were in the range of 75-85%, excapt in the case of 2-phencxy=
methyl thiirene., Some solid polymeric mulfide was produced in 8ll of
the resctions, but was eapecimlly prominent in the reacticn of 2-rhencuy-
metlyl thiirane with lithium aluminum bydride. The observation of
polymer formation, elthough not wentioned by Bordwell and Lis associates
(16), 18 in agreement with the recent work by Hoore and Forter (68),
who reported that n-hexylthiacyclopropans produced anly swmll amocunts
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wmmmwmmmmmmmmgammcmm.
The formation of polymer was assumed to invelve an anionie polynari-
mtmpmmmmmmabyuw&ammmo—zm ion on
the alkens sulfide.

In ths esent work, & omll smaint of high boiling 1imuid was
« A determination of the
approximate molecular welght of the higher boiling mataria) formed in
the remction of 2-mothoxymetiwl thtirens with lithinm alumimm hydeide
@ve & valua of 224, A pospible explanetion for the above cbservation
my be the following:

B L2341
7\ 0

8k
]
/7 \ i O Fim L 2 OCH
CHg Ol g OHem{ly ?-Gh,wh*(ih, ® '
= (Hig=0=Chy=CH=Gliy (etc.)

(1)

According to this scheme, the lithdum mercaptide formed by the
initial ring opaning of tha thilwne, attacks a second molscule of the
thilvans, forming the compound (A) of molecular weight 210. This type
of side renction is fregently cbessrved in reactions of oyclic sulfides
with mcleophilic reagents (9,10). In sepport of the above farmlsticn,
1t was found that use of excess LiAlky increased the yisld of nmonomeric
marcapten by several percent, whils tle amcunt of higher bolling raterial

wms decreased.
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Altbaugh primary snd seccdary aloohols may be differentiated by
& siaple qualitative test (9L), no such simple means is available for
doternining whether & compound coxbaing 3 1 Timery or & secondary mar-
captomgraap. & color test (95) has been devissd for distinguishing
botween tertiary and primsy or sesondary thiols, tut cbvicusly is of
no value in the preaent study.

Thus, in the resent pecblem any procf of structures had to be
based strictly upon uneguivocnl symbthesis of the two possible alkaxy~
moiyinersaptans, and & conparison rmade betwean their properties and
those of the reduction product ohtained.

} , byl thiirane cmld give rise to
Cglig0CligrClaCly OF CgligeOnCligmChgnClia=8k, depending upon the di=
yoction of ring=cpaming, therefore these two lsomers were prepared by

endent rencbicns and sompaved with the isolated reductien yroduct.
The following preparaidve reactica schemss ware employed.

HO~Clg=Chig=ChgeCE + Caligl =millms G olig=OmCligelig=Chig=0F.

(1)
IiBay ot =0~0E g =Cl Ol g#Brr ARy G o )=} g Clig =01 g B
(11) (111)
/0\ p . PP ?}3 VLS 2ol LY a3, _‘/6\1 :
(xv) l
¥irs
3 Br
| SEXALCRIXNER " e . . —ti
0 g0l g=Chi=Cliy BAAER. (g 0=Chig=ChimUliy

(Vi) | (V)
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Teaction of the mono=scdion derivative of 1,3~promanediol witd:
athyl lodide gave T in 562 ylald (96). Treatment of I with phosphorous
ibrauide mroduced IL in 687 yield (97). 3I~Ethoxy-l-marcaptopropans
Ws subsequently obtained in 527 yield from IT vis the thioursa method
(98). Comparison of the physical propertiss of this thicl with those
of the reduction product Lfrom |

sinilarity.

The exsct couree of the reaction of rropylene axide with alcohcls
(99,100) bas been establisbed fur somstine. All available evidence
indisates that the acid-catalysed resction leads to & mixture of the two
possille ring fissien prodacts, 2-aliaxyrropancl=l and l-aikexypromncl=2,
On the otber hand, the skaline catslyzed reaction leads to formution of
iy cme isomer, namely the lwelloxyproyenci-2.

ip illnstreted ahove, lwsthoxyprormncl+? w@s mepsrsd by the base
cialyzod resction of rropyiene oxide with ethancl. This same compound
ws also obtadined from the reduction of etlyl glycidyl ethber by lithiunm
alustma hydride. The rremsseticn of IV by this lattar rrocedure ias
not previcusly been described. Ccawersion of IV into the corresponding:
bromide V, was scconplished in 175 yleld, using phosphorcus tribresdde.
Again, the thicures method was smploysd for the synthesis of VI from ¥,

A L7% yisld of VI was reslised. A comparism of the yroperties of this
meberial with those of the reduciion yroduct chtained from 2-sthoaxymetiyl
thiirens abowed the two %0 be identical.

The common reagents smployed for the coaversion of thiocls to eclid
derdvatives, such as 2,L-dinitroctdarcbensens (101), 3,5-dinitrchensmoyl




chloride (102) snd J-nitrophtialic anhydride (302), produced omly
visoous ligquids or oils vhen applied to the alkagy-mercaptens jropared
in the present study. l-Metbory-Z-mercaptoproame did yield & solid
2,idintbrophenyl thio=ethar when treated with 2,L-dinitrochlorcbenszens
b the highar msobers of the series gave only thick orenge colored oils
ubdeh oonld not be induced to eryetallise.

whe noted thet feethaxy-aliylnsreaptans would not form crystalline
maenry or lesd salte, and by Snyder and bis associates (75), whko weore
unable to cbiain the uvsual sclid derivatives of alkoxythials prepared
by the resction of alkene sulfides with various slcobcle. Suyder (75)
we able to cbtaln severel solid dorivetives by trmunsforming the mer+
captans into mercapboacetsldaipds dinitrorbenyliydroscnes. |

H5H & CLeChgeCH{CC gHs)g ki 101 o ReS=CLig=CL(0Cgtin) g

kgl
EGL

RevGmC i geH0

Rl CERSHNG g0y

Applicetion of this mrocedure to the slkoxymercaptans mrerared in
the present work, howevar, falled to produce any sclld derivatives.

Farther svidence in vegrds to the direction of ring=opening pro=
duced by bhe mcleopidlic attack of Ally on 2-aikoxymethyl thilvanes
was chtalned by & study invelwing 2-methoxymethyl thiirene. In this
case, the following procedures were involved.
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The phyaicsl yropartiss of I and IV ware found to be in cauplete
accord, Moreover, the sclid 2. )i-dinitrophenyl thiosthers of I and IV
ware prerared and & mixed melting noint dstermimation showed no de-
pregeion.

In light of the abore evidence, thers woauld appear to be littie
doubt 88 4o the actual direction of ring-fission to be axpectsed in the
reduction of 2~alkoxymetiyl thiirance by lithiszn aluminun hyoride.

A menticned peavionsly, the synthesls of glycdl monoethers by
the reduction of glyoidyl ethers with Lithinm slumlsum lydride lad net
pravicugly bean reported. In view of this situation, & brief study of
¢ repction was caryled out.
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ReQ=GliguClimCEy ¢ LIALH, woevm ReQCHg=CH=Clly and/ar
ReQmiligelig=Clia0k .

R » Clgy Cglisy nColiy, n<oly.

In sach instance, aily & secondary alcohcl-ether was isclated.
The structure yroof of the producte were based on & comparisan of the
diywionl propartios and infrared spectra (99,100,105) of the coupounds
dtained iu these reducticas, snd those cbtained from the alialine
cetalyved condansation of propylens cxide with aloohols. The latter
raaction is mown to lovolve & mucleopbilic atteck of alkoxyl i,
prefarentially at the primry carbon atoa of rropylene cxide, giving
peZoppropancls. The dote 1s summrdiged in Table VII.

& ocomparison of the products of ringeopening formed by the action
of methyl jodide uron othylene sulfides and epoxides reveals 113l or
wo sinllardty. For example, 2-iodoayulohexyl methyl ether was chtained
from gyelobezens oxide (15), whevems trimstiylsulfonium jodide was iso=
lated from oyolobemens sulfide and methyl icdide (15).

he resction betweon mothyl fodide and allkene slfides wes first
ohaerved by Delepine (11,12,34,36), who cotalined & complax nixture of
salds from othylene and propylene milfides and methyl icdide., By employ-
ing & large excess of methyl lodide, Culvenor and co-workers (15) were
able to isslate triwetlyl sulfonium icdide, usling the latier two sulfidos.
Thess veactions are thaught to involve the following steps (15).
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COMPARIEON OF THE PHYSYCAL PROPERTIES OF THE )-ALKOXY=2+PHOPANCLS
CBTAINED BY THE LiAlHg REDUCRION OF GLYCIDYL ETHERS AND BY
THE SLEALINE CATALYZED CONDENSATION OF

FROPYLENE CXIDE WITH ALUOLOLS

B , 20 Fercent o
Wt&m a» M fy Tield feferencae
4 CHy  118-118.8 747 1.howf 7h
B C}ﬁaﬁ 115:5“:.19 ?65 lvm‘r‘ 6‘3 | 99
A Cghs  128-129 735 1060 78.3
B Colig? 2301368 76U  1.4E50 81.4 200
A nvGghe MP=AL8 LT 2.4128 0.5
B n=C,li,® 14,5145 73C 1.4130 58.7  10L,105
A 1s0ghiy 335=037  TWL  1.LOGT 57
B 1C0pd 137-138 780 1.4070 53.2 300
Fy nelghy 73%75 20 lJa6 8.1
B nOglie® 7hhos 20 1.170 80.3 100

Ik, reduction of glycidyl ether.
% : ilmm catalyzed condensation of pviene cxlde with an alcohdl.
Fhysioa) properties (for conparison) of 2-%1&9@-2;131'0@::015;
& | ey ape o0 , .
2=Hethioxy=1~ BNCL, be Do 130G=13C., 758 m., nn 14070 (?9)3
baml"tggélwig ’ba Pe 13?&5"138 & ey 10)4100 (100)3
ﬁgamwlmmol, Be Do 350-5“'151& T30 mm., lﬁi&)i
%*IMWWZLWM,M@. 13=LLLO/T60 ren,,nS 11000, (100)3
Wlwmm@l’ Ba Do 7878 .59/20 ., B, L3192, (1C0);
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in the present investigtion, a study was made of the affect of
matlyl iodide upon the 2-elkoxymethyl thiiranes. In generml, a tenfold
axcess of metlyl lodide was employsd and the reactants were allowad to
Mutmmmmwﬁwa ene 4o two week paricd. In each instance,
(Zable VIII), trimethylsulfonium icdide was the cnly solid meterial
produced. All afforts to isclate the lwwlkaxy=2,3=di-icdopromnes were
without success. Little or no polymar formation was detected, and yislds
of trimethylsdfoninm iodide were in the neiglborhood of 65-70%. When
an axcosss of methyl ixdlde was not emrloyed, ylelds averaged only 23<17%
of theoxry.

Likewiss, a comparison of the rroducte formed by the action of
organolithiun compounds upon thiirenes and oxirenes reveals littls or
no simdlarity. Tms, the resction of alkyl~ or aryllithium compeunds
with ethylene oxides resulits in the formation of alcohols, whereas these
same reagents bring sbout the demlfurimation of etiylens sulfides (16).
For exanple, the action of phenyllithius upon cyclouemxene sulfide results
in the formetion of cyclohsxene end thiopbenol (as the litldun salt).
Simiisrly, cyclohexene and l-butansthiol are cbtained from cyclobezene
salfide and butyllithinm (16). Comparable resulis were obtained with
ethylene and propylens sulfide.

The apprepriation of sulfur from olefin sulfides by organolitiium
compounds has been interpreted (16) as involving an initial attack by
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TLELDS OF TRIMETHYLSWRLFCMIVK IODIDE FROM DECOHFOSITION
OF THE 2eALNOXYVETHEYL THIIPANES BY HETRYL JODIDE
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the moleophilic resgent divectly m sifuy, followed by clsavage of
ammmwawamwmammmmuum-

tanecunly or subsequently initiates a 1,2-slimination reaction to form
the olefin snd lithiom mercaptide.
14* R
) 8’
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The removal of sulfur from organceulfur compounds by phenyllithium
has previously been chemwed by Schaberg, gk gl. (93), who fond tiat
diphenyl disulfide end plaunyllithium produced diphenyl sulfide and thio~
phencl (88 the litidun sals).

In the present investigation, the remctiom of 2-elikoxymetlyl thie
Srenes with phenyllithinm snd butyliithins was investigeted. It was
chaarved that both wrganclithiun compoundg caunsed a 1,2-elinination
reaction 4o ccour, glving riss 4o alkyl allyl ethers and Lithiun mercap=
tides, Thus, the resction of -butogymetlyl thilmne with phenyllithivm
@ave Thd of butyl sliyl ether axd 83% of thiophenal. Butylilthinm gave
77% of butyl allyl sther and S51% of l-butanstbicl. From the reaction
of 2=proponynethyl thilrans with phenyllitbius thore wes isclated a ¢S
yield of n-propyi-ailyl ether and 86% of thicphencl. Butyllithdun gave
678 of negropyl allyl ether and 703 of l<tutanethiol. The reactimn of
2eigopropoxymetiyd thilrane with phenyllithiun preduced isorropyl aliyl
sthse in 537 yield and thiopbencl in 718 yleld. When butyllithium was

floyed, lsopropyd allyl sther was cbtained in S50 yield and l-butane-
thdol in 7h¢ yiald. Simllarly, a L2% yleld of ethyl allyl ether and
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an 1% yield of thicphencl was chtained from the reaction of 2=sthaxye
mrblyl thdimne and phmliﬁbdam Butyllithium gave a h?ﬁ yield of

otlyl allyl sther and an BiZ yield of l-tutanethicl. From comparable
axperinents neing 2-methagymetiy) tilirene, & 70% yield of l-tmtans=
thicl and a 747 yleld of thiophenol ware cbtained.

An explazsdion 88 to wiy atteck ccours cn sulfur in etlylens s~
fidea, and on carbon in etiyplene axides bas been presented by Dordwsll
antl kis associates {15), who aaggest tiat the difference in the mode
of attack is dae 1) to sulfur being more slsctropositive and polarizable
than axygem, 2) the small carbonesmifur dipcle, and 3) the faot that
divalent awlfur in dimdfides, sifemyl lelides, etc. ie knoun to be
sugcaptible to attack by mwlecpkdlic agents in displecement type
rerotions .

Becently Soobt (106} bhas reported tiat the resction of simrle
othylene ceides with triethyl phospbite resulis in the reduction of the

onding clefin end cxidation of tue phosphite bo
phosghite and edther etlylons o propylene exide ware heuted in a stainw
less stesl boub at 150-075° for several bours, bigh yielde of the
corvesponding clefin and tristiyl yhosthate wers cbtained.

In the yresent investigation, it vas cheerved tlai merely heating
an eguimelar wixture of teiethyl rhosphite and etiylene or prorylens
swlfide at i%s raflux tempereture for & short pericd of time resulted
in the formtim of teiediyl thiomophosphate with the similtansous
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in each instance, the resction wroduced, within experimentsl limits,
pantitative ancunte of trietlyl thicnerhospbate and the wnsaturate
(isclated as the dibromids) wader mich milder conditicne than tlose
anmployed with the corresponding cypen sosiogs. In general, the best
roesults ware chisined when & slight excess of triethyl phosphite was
loyed and the remction alted we soon ap the tmperature of the re-
action mixture reached the beiling palnt of trietlyl thdonorhosphate.
Some ndlcetlon of the scope of thia dessifurisstion rrocoss was
gained from studies with other tidirenes. The over-all results are
summrdzed in Table IX. In additiem, severel of the ctrrespding
oxivenas wore subiected o the action of trietiy) rhospbite under come

sinzad with triethyl phosthite, excsllent ylolds of allyl
ehlcride and trlethy) thiosopbosplnte were isclated, howaver, when
erdchiorchydrin was admilarly treated, a quantitetive recovery of start-
ing matarials was obbained. Likowise, Z-methcxymethyl thiivane and
Zviwmtomymathyl thilvane gave high yislde of the cormresponding alkyl
celing methyl end butyl glycidyl ethers
under ldentical conditicns falled to react with trietlyl phospbite.
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whan the thilrane

saticn resictions were chiained
compenent contained & rhenyl or phanoxy group

(Teble TX). This decrsase in yiel¢ yarellels the lower stability of

heve recently beon dasortbed, 'W,WMMQW)W
that upon vefluzing & mizture of diotlyl disulfide and tristhyl phospbite
for severel bosrs, good ylelde of tristiyl monotbiophospiate and dietlyl

wﬂ
&
EXSP (0BS),
(BEC) P » EESEEE » = EtSEbL + (Bt0)UFSES
anigtio soheme wae congldered $o involve & mcleophilic

wnt of the substituent group by the trietiyl rhosphilte moioty,

Tn an abtemyt $o axtend the trensesterification of telethyl rbos-
phidte with alirhatic alochols to mercaptans, Hoffman (108) and kdis
associates chasrved that the mercaptans were cawerted to the carves-
a8 illustrated by the following equatimn.

RSE # F(UBG), == il + SP(UB),
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This unie desdiurigation rekction ccourred when a mizture of
sqinoler anowats of the mercapben and trietlyl phosphite was kept at
ite veflux tempemature for several hours, or &t room temparatuxe when
the mixture was Lrradieted with uiteaviclot Mght. Yo suggostion as
to the probable mectanism was given, although the matalytic effect of
wltmaviclet lmvediation suggeete & froe redical process.

Hore rucently, Walling and fJsbinowits (109) have shown tlat other
free mdloal pources, such ne sschistschutyrcnitrile or di-t-butyl
paraxids, inttiste tho ahove vesction of triethyl phosphite with map-
caytans. 16 wap furbher cbserved that an analogous redicel resciion
oconrred when dimulfides were trented with trlulkyl rhosphites in the

enco of freo rediosl swirces.

The following clein rrocssees ware roposed, with

HSe 4 (BUO)gP = (i10)eBil (a)
(B00)pPu6R s Re ¢ (380),FS (2)
Re + SR weets 15 ¢ e (<)
Re + HSUR ~wwwess BSR # 50 ()

risation of thilvanes by tadetlyl rhos-
phiite, a mechanistic interpretation sinilsr to that offered by Scott
(108) my be applicsble. Tne, & mcleorhilic atack by phesphate m
gither ming carbon atonm could preduse intermediates mich ag the follow~
ing.
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Lor the obeserved products, the recent work of Bordwell and collabomsbors
{156) on 1 2-clintnation reactimse of thdooyolomomnes
nde giving rlse to clefinm, wald miggest an alternative
meckanisn in which direst athach by rhosphite o sulfur ocours. This
rndam can be formulated as,

g? Ji; ‘ 0&'3
(BUO)F = 5| v (BUL)4P5, / o (540) 415 w
Slig ‘Glig e

The fivet step in e rescticn s Secdlitated by coordinatiun of sulfur
with phosphite and breakling of the carbonemidr bond. This ylelds a
tedr of elechrons which omild Indtiate & 1,2-elinbmaticn renction ro-
sxitdng in the simitansos formption of clefin and thionophosplite.
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Since the 1itkium sluninunm hydyide redustion of 2-alicxynetiyl
memmmeMamﬁmwmlﬁWﬁmw
Fropanas, a linited study of thodr renction with trietiyl phosphite ves
carried cut.

Prioe to Yhe weomd study, mly thres merwaptens lad been dosule-
furized hy this procoss and in sach csse, the mercaptoegroup WS
Eimary. boffosan snd collaboratore (108) Ied discovered that tvietiyl
rhosphite removed the mifur eton from neocty) mercaptan and slec fron
benzyl mescoptan, theveby fowdng the corvesponding satureted Iydro=
carben and triethyd thimorhosgute. later work by Walling and Rabinowits
(109), enoying iechutyl mevcaptan indicsted tiat the resctiom pro-

appears to be the first recirdsd lnstance in which secandury mercaptans
Azed by the sctic of triethyl yhosphite. When 1=

thospbite, for twenty-five hours, thars wee ieclated 8 943 yield of

motlyd propyl ether and an 88.3% yleld of trietlyl thimophoeptate.

A possible explenation for the lower yiald of thimophosybate is found

in the work of Rmmett and Jomse (110), who chemwed tlat thimorhosyhates

b ' Ting, the

enged heating perfod veguived to bring aboat the shove desulfuri~

thimorhonyiate. 4 sinllar eitustion, lower ylelds of trietiyl



Wdonorhosyhate, wa chaerved in the chher cases studied, and also
Witk the thilvanes, 1f the temperature of the resction mixbure wae
sllowed to remin at abmt 107 for mrelonged perdode of bine.

In the case of leprcpagr@wmrcapbopromne, & 65F yield of @i~
oyl etber was isciated after fiftean Loirs of heating, while u T2%
yiald of thicnorhoppiate wes obtained., The reaction was married ot
2 second time and after thirty hours an 87.68 ylald of the etlsr ws
inclated snd 858 of tristhyl thicnophoopiate. 1-Et
woyene fornished & 913 yisld of etiyl reoryl ether and an 638 of the
tulomerbosphate aftor & humby-soren hour hesting perdod.

Seversl abtanpts vers rmade to bring aboul tiew condensstion of

mifide., Por amopls, the seaction of wroplens sulfide with methencl
rogponding sodinn alkoxids, give anly

8 SH
, \ & A . ' [
ClignCHw(Ha + HOR =oSalom  JhooCh=CligeO-fl  +  polymr

aly the polymaric matarial wus obtained.
While the present Lvestigtion did not include any reactions in
which "abnormel” Ming-Cissions were lmvolved, it sesms worth-whlle to
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dlecuss Wriefly, tils mode of ring<fissian in order to bave a brief
nd complate review of thilmne chesistoy.
An sumle of this rhenonsos is foand 1n the mactia of rromlane
milfide with acotyl chloride. Oulvencr and his collaborators (15) lad
basevred tlat in s reaction & clldoropropyl thicscotate was formed
D1 pasrly theoretical smount, but wers unable to asalgn & definits
sroocture, Iater work by Davise and Savige (17) emteblisted the struc~
ture ag 2-oblororroryl thicacetats, the iscuer in which the sulfur abom
rotudne ite lidkepge with the least sbstitated csrben atom. MNe indication
of the prepance of & "norsel” modinct wae obieined. Acetyl bromide was
alse shown b0 ylald the "ebnormad® additicn product, 2-branopropyl thio=
acetabe, and by anslogy the prodiuct fyonm bengoyl chiloride wes assaed
fo be Z-eldoroproryl thichenscate. J-Chlorometiyl thifwne snd soetyl
alimoreel® additdon product.
In & Jike manner, the action of comcemtsated hydrocklordo
sme millide (17) sad Swshlopomethyl thiivene (18) resulted
in the fommtion of "Rbncmal® pecducts, Fechloropvomna~lebbicl and
2, 3dickloropropme~l=tiicl vespectivdly.
ae bave been ascrised t¢ the formtion
carbontum ton by clesvags (18).
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paneen, the nature of the R-graup sharld dndluence 4he
ing=cperiing of the “oninm"~type icn. Lowever, little
Informetion iz avellable o this eyrbicular voint,

In the reecbiome of oplam)fides awt epcwides, which remult in the
forsption of "shuonl® product, the relative anomts cbtained from the
pracide ave smell io compordson with the ascunte reoduced fyem splexifides,
This bas besa sttributed to the lomsor tendenc
o mlfur, to foms "ondid® lon inlevwedia

Toe chservation by Sapder, Stewsrt and Zelgler (75), that the
intevaction of aliptetic thids with isdhutylene mlifide, in Lhe
masmce of the aocld-atalyst boron trifluorids, reroduces seinly
fahucmal? moducts, i3 in compdete accord with the above mechanistic
intarpetation. 4 wmijor disewgrancy wauld appeer to be thelr cheservadion

dmormstt rrodacks are alsce foemed when beslco-cetelyst are employed
in the sbove rapctione., However, aincs only trace amounts of watalyst
ware need, and the thlol was ampicyed in sevaral fold excess, it may ba
thet the large ropoaddon of fves thdicl Amctioning as an acld
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gvivonment 18 responsible for the isdlation of "abnommsl® mroduct.

Aloohols isve glso been repcated to yisld minly primyy mercap-
ans by interaction with isctutylane sulfide (75). The isclatio of
chielly “slnmrael” product i ascounted for by the fact that the re-
actlons ave ncid celelysed (boran trifluceide). Bssic cetalysts fall
o promete tids resction.
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4 nuber of atbenpte vers mds %o pronote the condenmation of
rropylons and isctutylene suifides vith dlethyl miomte and oyl sceto-
acotate. Lowwor, even thoaagh a waristy of expmimmtel couditions wore
englopad, Mtde or oo "algietic” ccourred. In each instence, the
mjor prodaot wves frand to be pulymeric

As o raeult of the faliure of the sbove projoct, resumbiy due to

phrese Gapo with wiilch e sinple olefin mulfides undergo pell~
ospessing & greater degree of stability. To tlde end, tha preyamtion
nles heving stevotures of the following tiree types wes lnvesti-

5 8 5
g %@! \!m Thoed's 3L ‘9"/ \"1'».< ) oY 4' \"'"n
Bonly %"2 vyl ﬁ%‘%&g%“""‘h&ﬁ E%g’ﬂmaw«xwiia

() {1L) (III)
R = OHgy Cpligy 300, nelaln, nlgly, Tl

¢f the varicus methode now avallable for the production of thiirunes,
v those utilizing the tmosformetion of an epaxide into the corres~
 pempound, by resction with elthber aliall thicoparates of
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onds ¢f Yype I exhibited 1ittle tendenoy towards polymerisation.
sangds of type IX were aven less stable tlan the simrle alkene su)-

: snpbed arification by distillation. Only
ene member of type 11T was pawpsred, (% e Cgl;), and although it wes
isclated as the monomwer, it polymwrised within s few dayn after preraie«
tiom. 48 a consequence, nly compaunds of type I were employed in bhe
following renotione with micleopldliic reagmts.

ion of Bwelkagynethyl thilmenes with the secondary amines)
aing geve excellent yields of sube

5 S
/ \ o
ReOwOBgeClimCliy + Ly ~wwas  Re(mCHy=CHEmClg=HRy

R w CHy, Oplig, BCglipd Ry o (Uglis)a (CRals, (ChigleC

By mmlogy to the fimdings of provious investigbors, the producis are
sgoumad to conmist lsrgely if not solely of the sacondary mercaptan
shmctare. The yleld of ring fission product was famnd to be quite
sunsitive to such factors a2 the mole metico of amine to tldirene,
presence cr abwence of & solvent, tyro of solvent, and miure of the
product forved.
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Low noleonlar wedgt® yelsary aloobols, on the other land, did not

AN v !
ReQeiligeilimlliy '+ LIALHG wwww ReQ(lig=ClinCiig
Re CHy, Uglis, nelsllhy, aeiyky

B w Oy, Cgliy, mOghy, meighs, isCgba

el foniun Lodide was cbtadned from the actiom of nethyl
iodide with 2ealioxymetiyl thilvenss.

8 Iz
/ P
ﬁuwmﬁwwu\@% ¥ 3 Cligl =wewas  e(ilgwli=Ciig # (Olip)s81
R = Glig, Oghisy 1%Galips gty ek

All efforts to isclate the leellicxy-2,3-diicdopromnes were withat
PRACONS .
The Jvelkoxynetiyl thiiranss were chserved to react with bromine,

ot the reaction products deconposad upon attempbed distillation.
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Fhanyliitidun ang utyllithium spprorristed the sulfur atom from
wmllcymathy). thilmnes, resaliing in the fommtion of alkyl aliyl
ethore and Lithiun rmercaptides.

5
/Z\
ReQoClign(limeClig ¢+ RLY = RwOwGl eCH o Clig ¢ RSLY
HBow Oy, gy, 3000w, nelyln, nCglp
Row ne(gdiy, Uiy

estigetion of the rewotion of tristlyl phosphite wikh a
variety of thilranes was carvied ot and chesrved to remilt in the dew
slfioisstion of the thilranes, with the famtion of an clafinic

5
/°\
ReiHmGliy * (Cghu0)gP =wwes ReCli @ Chg ¢ (Cghs0)sP8
R » CHgUCHg, OghigllLig, i+ la0ll,, nelahylllia, nmiglis0la
OolighClig, CHgbly Ug, M, Colig, (UghaC)g0H

Ty ﬁf %’&"i%m @3%@‘3‘3’% ﬂt\}'}\ mvorel *mgi Ko 315 § am,
ned vae alse investigeted and fomd to vemult in the formation of
alkyl wopyl ethars and trietipl tdmophosphate.

Sk
|
HeGeilignClieClly & (G

Bw %n Q%t Wa&%

Y e ReleCligOlig=Cliy # (U ghaC)sts




& brief study of the effect of trietiyl puwerhite upm the
mroducts feclated from the resctiong of anines with 2valkaogmetiyl thi-

S
'
WﬁM%ﬂﬂzma » (G@”ﬂg{i)a} —— wan n th * ({3311@0)3;5
+ Ol
R = Cly, Ogfiad Ba = (OHiades (CHa)ed

A3yl allyl ethers and smidotidonorinephates wore chitained ln tids

ronction.
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