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A3STxAC

The reduction of thiauzphthene using a lithium-aliphatic
amine systen was investigated as _.ossiole synti:etic route to
partially reduced thianavhtanenes. Tine reuauction was 1ound to
involve cleavage of thie curoon-sulfur bond in tlie heterocyclic
ring to yield o-etnylthio.henol and £=-etnylcyclohexanone, in

tne case of tuiznaghtneue.

0
Li C_E,

' C.H_Na C&H5
ot5tto SH *

The o-ethyltniophnenol .as established as an intermediate in the
process by its i1sclation and reauction with lithiuni-ethylamine

to c-ethylcyclonexanone. Attewpts to isolate adultional
intersediates oy using various dilutiung agents, ethanol,
piperiauine, aud morpaoline or oy lowerinj; the reacciion temperature
(-ov) and reaucing tune reacting time (tarec aours und one hour)
only increased the yield oi o-etunyltiniophenol at tue expense

of zZ-etinylcyclohexanone. ‘lnese ooservations suggest the

followinyg reasvnaole mecnaniswm for tiue reauctioun.
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To alter the nature of the heterocyclic carbonesuliur
bund, methyl groups were glaced in various positions in the
thiana,hthene nucleus.s The 2-methyl, 3-nethyl and 3,5-uimethyl
thianaghthene derivatives were prepared, iach yielded tie
corresjonding mercaptan :.nd ketone by reductive cleavage with
the metaleaxine systeme It was noted that as the +I effect of
the ring substituentse increased the amount of ketune »as decreased
very probably due to an increase in the electron density of the
benzenoild ring.

The 2-fluorothiianaphthene was prepared by fluorinating
2-lithiuamthiananhthene with perchloryl fluoride (=10 to 0°).
The compound was e¢haracterized by nuclear magneticspectra and

analytical data. Feduction of this fluoroheterocycliec ylelded



o~ptyltiiniiz210l and 2-ethiyleoyszlohizxaidne as th
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redusztion sroduests ia vory low yi:lds.

The lithium-astne reduation of the pareat LZeterocyelie,
thiontens, 7ieli9d R 87:d) mount ef 3n inldentitiad hi h
971140 1 neutral ~rodnct whieh 3dasihly eontaizad a carbonyld
Troude  The acllice

¢ frwction waa not lavestl znted furtier due to

the extreme odor »f the 3038ible product, n-stylmerrantane.
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T4t GOUCTLON

The present investigation was undertaken to determine
tae effect of the lithium-aliphatic aine reductive systea
oa thianaghthene as a possible synthetie route to partially
reduced heterocyclics. To alter tae nature of the hetero~
eyclic carbon~sulfur bond, methyl sudstituted thianaphthenes
and the 2-flucrothianaphthene were also reduced wsing the

lithium~amine system.



HISTORICAL

The partial reduction of aromatic compounde using metale
liquid amsmonia, and alcohol combinations has been known for some
time as the Birch reduction. Metals usually employed are £h¢
alkalime and alkaline earths.

Iiquid amronia is very similar to the low molecular veight
aleohols as a solveat for organic substances. The metals dissolve
ia the liquid ammonia to give deep blue colored solutions.

The alcohol functions as a diluént or eosolvent and alters the
solubility and rate of the reaction. 1In addition to alcohols,
ammonium ¢hloride, morpholine, piperidine, tetrahydrofuran, and
ether have been used as cosolvents{l).

The essential step in the metal amuonia reductioma is the
adiition of the two electrons to the sromatic compound in a
stepwise manner, It is rather difficult to determine wether
the addition of the first electrom or the second is the rate
determining step. The ncéativ.ly charged molecule is associated
with positive ions derived from the metal supplying the electrons.
The charged specie may possivly be am intermediate. This
c¢harged speeie then reacts with the cosolvent to pick up

two protoms and give the partially reduced compound.
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tne alcohule (2)
Sueh reduction mixtures have scen known to ele ve alijshatie
ethners to aleohuls and alkanes. In tre cleavige an alkoxide
ion and carbanion are formed. If tie anions are intcermediates
then tiie kK j4rous councaining trie leas electpon donating rouyus
or more electron attractiny groups shiould ag..eur a8 tie alkane.
The clreavage of wisroie wlth sodivk, apnonia, and alcohol

leads to a vinyl etier wiich is cleaved to give w keione,

OGH} (¢ ¢
— O0-0-0

Adiing Lwo electrucs Lo o=methylanicole will vicld twoe o slorsg

OMe

one in which the clectron is esually dietributed to tie 1,5,5
pusilions and ike othcr to .ke 4,6 positiorse. The hydroens
will aad to ithe D anag 5 pociliecns firet since thewe are of
greatest electron densitye. 7Then hydrogens will wdd L4 ’ J to

the ® ard 5 rositions givirng two isomerie prouducts.
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A Yo Ldaessss (U) oumerved Lhet o Gorlod Gidiullity of
Aainidd Wads wesviwed UL Wl alukatic LydrcCarvon and an 1uu5 (#)
2o rogusbed La@ augh sosgetively ol tac licaiun~wiine reduction
systede idculua weval Jdissvived ia loa wolecuicr weilhit awines
8uch a8 woitnyl uad etnyl aninesd Lo Zive Lag cauracterisine deep
vluae evlored Boiutuinisde 19 wrIm4aCie 8y3Lend arg raduced to

]
M022l1eTinaz U, such rodusiag assteas. W orguo=lithiun
incerdeliate i3 sostuldated giace a delfinite ratio of licuinn
is avsuraed par wola of arvaatic somgvuad reducad,

OLuor Awdingdd whisdh avyd dacces .{ully vewn uzad iu cuesue
reduactiong Lazludse a-srayl, wsopronryl, aud a=31iyie Hmever,
due ©d the g3luail .ty of L.thim mecal lesreasing in tiese
aminey as the molesular wal it 97 che awinssg iisrense, the redustioa
was $io44r wd a maxturae of lacerdedoaria 2041383 ince L3oiateds

712 Jdiid{erance deiwgen $aa Liliaidi--uiade @il 3odiui-amionia
By3teus 13 eouaaside-avlas 4nNi&wla saea reiucad wiva itit.iusm,

methylsuine, anad ebtiaaaol as sajolvreit yrelds Yho 0f Gy =i dro=



aniscle while sodium, am: onia, and ethau ol yields the fission
producta(.ﬂ3 «cyclohexenone. Kowever, use of just a lithium
and ethyl-amine results in a mixture of cyclohexanol and sycloe
hexanone., (4) Biphenyl yields cyclochexylovenzene on reduction
with sodium and ammonia while a 49% yleld of l=cyclohexyle
eyclohexene is obtained with lithium and uethylamine, and a
92% yield of l=cyclohexylcyclohexene is observed using morpholine
as & cosolvents NKaphthalene when reduced with lithium and ammonia
gives only tetralin, but with lithium and ethylazine a 90% yleld
of A 210 octalin and 10% A 901 octalia 1s observed (4)e
Benkeser (5) reduced a seried of momo alkyl suostituted
bensenes usiag the lithium-amine system. Using methyl, etkhyl,
isopropyl, and t-butyl benzenes he found that the most stable
olefin was formed im all cases. However as the bulk of the
alkyl group and its +I effect increased the yield of reduction
product desreased.

R R

The same reduction systeam was foudd to reduce phenyl ketones

to cyelohexenyl aleohols.
cocH CHOHCH

3
4
N
RNH,,

>



Phenol 1s reduced with tue lithnium-amine system in yields
of 96,6 of cyclohexanone using oaly a sliht excess of lithium
and ragid nydrolyeis. T:i= mechanism i3 provably reductioa of the
- " - . -
arovmatic riayg to a ¢yclic wunovuleiin, vinyl aiconol, wniclh
tautouerizes to tie hetouwose VYsing a ver, lar.eé cxcess of lithium
a wixture of ¢ ,clouexanol und vyelohexanvie is oviained (4),
aromatee ulveiles ar9 reducea to a veturaved awdiie using

tius liiiiuis=adines GysNlone

C.i CH il
m [
—
Rill,,
b7k

(1]
densvaitsile 1s tae only case, as yet, in wnich & monoolefin
wag a0l oroduceds  [dd 2oy posiidly oe due to tne electron withe
dra.iung offect of the nitrile waich relduccd tuao clectiron denzity

in t.e arosacic riag, thug, Lf.avoring coupylete reducticn. Gle

”
monjdoleiin if psroduced couwld polyuerize anud ccount Ior tie
tarry 9, ~productie Liowever, if t.o nitrile _rou: is rcooved
. . " . . 3
froa cue sitag by 2 alnle ¢arhoa a monsolefin is aroinced.

'HZCG GHECHLNHQ CHasﬁZNHZ
_ +

Nitroeenzenes wnec reduced with liinduw and .ctnylaaine
Yield anilimes. However, witn ethylasine a wixture of arilines

and eyclohexyl amines are forumed,
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The failure of the riag to undergo further redustioa is due to
the fact that whea the nitre group is redused there is an

inereasing amownt of, RNH™ Li’. anide ions bdeing formed whkich

are ia equiliorium with the amilide ions, -
033 KH »

Sinee the amide ion is a stroager base than the anilide ion,

the equilibrium will lie to the rigzht,

+ RNH — NE -
* RNRZ
CH

3 3

NHZ

CE

Formation of the anilide ion is analogous to the ease of

benzyl alechol which is reduced to toluene while the salt cof
the alcohol is mot, due to the development of a negative charge
on the oxygen ia a basie media. The amine alome is reduced to

cyclohexylamiae,
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sind¢e there is no alkyl amide ions formed imitiallye. UHowever,
es amide 1oas ure formed the reduetion stops, accounting for
the low yield of redust.on produete K Nedimethylamiline,
however, is reduced to cyclohexanone which caa be explainmed by
the formation of a vin;l sxine and its hydrolysis to the viayl
alcohol followed by tautomerie rearranjesment to the ketome (7).

R(Cnb)z N(Ca})z o

14 .0
_uw ,
Wil hE,
14
___/-4

Thua, it 48 clear that the forwatioa of a negative cLarze on
& group attached to an aromatie ring will inhibit redustion of

the ring by the lithiumeamine comdination,
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The redunction of the alkyl halides with socluvn and

amuonia ylelds prhuarily the kydroccarbon, im sdcition to some

ariine and thae expeeted Wurty couypiiryg rrocduct.

Ra
CH C1 “Ki. CH, «  CH,NH. » C.H,
- - - J e L
Qv 2U% vrace
Ka '
c‘._njnr T" c‘?ﬂ,J + C:_B;._}NH.’._, + Cﬂ_}(cng)g(:ﬂ':
3 ) 0R trace

The reduetiom of arvuutic ualides iikew.se givea the hydrosarboa
and the edrresondiny aminees The .uuine belug wrodueed by o

senzyne intermeuviate (o).

¢l Nh ,
-+

Orygwmic sulfar ecomsounda are extremaly diffieult to reduse
#Lth hydrogen <l a platinum or palladium catalyst due no the
nolaoning eflect of gulfwsr .oa these cutalysise Thionhene h»s
wean reducad (9) to tetraky.rotilopiene uclay wolvods .um
sulfide as the catalyst. 7Dutane, hydrogoa sulfide ani n-dutyle
mereaptan were also isolated frow the hylirug natlon wroducts,
Using & larye excesg of nalladium cataivat, the reduclive
Rydro;ensrtion of thionhene yielded only tetrahirdrot:ilonhene.

In 1951 Rireh ancd ¥eiilan (1.0) treated thioyhene with n



10
sodiwm, ammponia, alcohol uixture yielded 4U% of a rixture of
the 2,3 and 2,5 dikydrothiophene.

Kha, KE
3 + p—
I | T “ , l l
C_H_CH
'S S

23

The 243 dihydro sompoumd was very suseptivle to polymerizationm.
Upomn further redustiom of the ¢,3 dihydro compouad only polymerie

material was obtained, which can be explained d y the following

mechanism assuming riang eleavage.

@ —> | CH,CH cn:casn]—» [cnjcazcnicns —> polymer

The 2,5=dihydrothiophene on further reduetion was c¢oaverted to

a mixture of uns:turated mercaptans.

[::i:] * 2 —> CH .CK‘CH-CH 8
s / 25t
* CB =CHCH_CH_SH

CH CH-CHCstﬁ 2CH,

®
In 1951 Bireh (11) also redused 3-methylthiophene to

3emethyl=2,5=dihydrothiophene which could be further redueed

%0 a mixture of unsaturated mercaptans.

U 3 E:j_— b CH._=C(CH,)CH_CH.SH
[ | — 2l 3 2 2
c \ +

CHBC(CHB)=CELHESH

The reduetion of 2,5-dimethylthiophenex using sodiuvm, a.romia,
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and metianol yielded only Z2=hexanone, prorably oy hydrolysis

of ti.e iatersediate thioketone.

Na, ﬁﬂ K 0
5Esj|cnj cn o8 ): | = I; ! }; |

Usiny Juet sodium and amsmonia or sodiuw und etizanol, a<butyl

CE

mercaptan is the sole product.

There is = single recuct:on gy system tist will reauce
thisiashtheane to & rartially reduced comuound. ¥Fricke snd
Spilker in 1927 (1Z) reduced tilaaaphtiiene with sodium asnd alcovhol
to obtain 2, ~dinydrot:lanaphtiene and o=ethylthiophenols

4 Faney lickel reduction is methancl will desulfurise
thianaphthene to ethylbenzene (7Ys)e Fricke and Spilker also
reduced thianaphthene witn hydrogea (1l atm., 435°) in the sbsencs
of a eatalyst to odtain a mixture of yroducts, o=ethylthiorhenol,
toluene, ethylbensene, and benzene,

The 2¢3~dihydrothianaphthene Las also been pregared (13)
by a riag elosure proceduwe using o=-anino=2-ghloroethylbenzene}
the amime following diaszotization was treated with potascium ethyl

xanthates

ﬁﬂz le BONO

—J

CHZCHZCI e KSGSOC2K5
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The omly other partially reduced thianaphthene reported was

4,5,6,7=tetrahydrothianaphthene., Its synthesis started with

thiophene. (14, 15)

le Succinie anhydride, SnCla 0
2e¢ Clemmenson reduction

Il || — ||
e anI# Clenmenaonl?oduetion

In 1959 (16) thianaphthens was redused with sodium and
anmonia, treated first with chlorime, then with acetis acid,
and finally with ammonia to comvert the reduction product, a
mercaptany to a sulfonamide., 1Im addition to the sulfonamide,

unreduced thianaphthene was aleso recovered,
CH_CH

1. Na, Ki, 2""3

2. B . SO_NH,
. ‘ 3. C1, *

bo NHy

The S-methyl derivative of thianaphthene was also reduced and
Yielded as the only reduction product reported, 2~ethyl-l-methyl-

thiophendl,
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DISCUSSICN

The reductiomn of thianaphthene using the lithiumeethylamine
syastem of Benkeser was (5) investigated to determine whether
this procedure was applicable to the synthesis of partially
reduced thianaphthenes, and im particular to ootaianing those
not previowsly described. However, im every case studied,
duriag the course of this work, one of the carbon-sgulfur bonds
underwent fission.

Due to tie increased reducing .ower of the lithium-ethyle
anine systea over the sodium~amzonia one, reduction of the
benzencid ring was also accomplished, <‘he re.uction of
thianaphthene when treated with lithium-etinylawine for ten hours
at room temperature gave two fraetions. The neusral fractioa
was identified as 2-ethylcyclohexanone, being obtained ia 47.5%
yields Acidifieation of the aqueous phase of the resastion
mixture with coneenirated sulfuric acid yielded 25% of owethyl-

thiophenol.

1. Li, C HNH, C.E C.H.

\ >

2e 320

No unreduced thianaphthene was obtained.
The identity of the ketone was established by preparation
of its known seniearbazide derivative. The ¢yclic ketone was

also reduced with Raney Nickel in rethanol to the corresponding
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known alcohol. The o-ethylthiophenol identity was established
by converting it to its known lead salt derivative and also

by desulfurizing the mercaptan with Raney lickel in methanol
to obtain ethylbenzene.

It wvas shown that one of the intercediates in the reducéion
of thianaphthene is the mercaptan, o-ethylthiophenol, whiech
tiien could be reduced to the correspyondiang mercaptan followed
by its hydrolysis to yield the ketonme. 7The O-ethylthiophenol
was synthesized by an unequivical method involving the
chlorosulfonetion of ethylbenzene with chlorosulfonie acid,
and reduction of the acid chloride to the mercaptan with zine

and dilute sulfurie acid.

C.H CoHs

g 50.C1

+ C1500 N 2

C.E
2 c.

5 B

SOZCl - Zm SH
L N
ail. H,50,

The mercaptan, o-ethylthiophenol, was then reduced to 2-ethyl=

eyclohexanone with lithiume~ethylamine im a 15.9% yield.
Attexpts to isolate aduitional intermeuliates im the

reductioan of thianaphthene by aduimg various diluting reageats,

ethanol, morpholine, and piperidine only decreased the yield

of ketone and imcreased the yield of mercaptan (Table I).

The thiasnaphthene reduction was also conducted at a lower

temperature (-60) and the raction time was reduced to periods
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TASLE I

Reduction of Thianaphthene with tue Lithium-ithylamine
System and the ELffects of Various Cosolvents

on the FEeduction

Reaction Yield %

Cousolvents Time hr.

CEHD Caﬁs

0 SH
none 8 47.5 29.0
CZHSOH 3 20.0 78.0
N(CBZ)5 3 trace 59.5

O(CH2)4N 3 k1.5 S4.0
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of three hours and one houre In each case Oo-ethylthiophenol
was the only major product isolated. A trace of impure
2-ethyleyclohexanone was also isolated.s The reasonable
mechanism,obashd on these observations, for tie lithiume

anime reduetion of the sulfur heteroeyclie can be sBugzested,

14 S

CH NE, <

u’// \\
C.H. )
2’5 @'fa 5 @czxs
8 $ 1i SH

The megative eharge assosiated with the mercaptan sulfur
would probably increase the electron density of the wing,
similarily to the case of the anilide ion in the reduetion of
nitrobenzene (7)e Such an increase in the ddectron density would
probably prohibit complete reduction to the thioenolate anion,

In an effort to increase the strength of Rhe carbom-sulfur
bond an electron donating group, methyl, was substituted ia the
various positions of the thianashtheme nucleus.

The 2emethylthianaphtinene was obtained following the procedure
of Heyd (1&).
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n=butyl lithium \
/ ethpr -10° 7 4
8 8
//’ metryl tosylate
L4
CH
The isomeric »-methyltaianaghtaene was prepared by a ring

elosure reaction of acetonyl phenyl sulfide with pnosphorous

rentoxidee

SH
+ CH -g-cn c1 KaOB @
3 2 _— CH_CCK.S
E,0 2 -
8:9-C53 P205 ' H3
-s-cua &L >

The dialkylthianajyhtlhere, 3,5-dicethylthianaghthene, was
synthesized employing the above procedure and using p-methyl-
thiophenol as the imitial starting material.

The three alkyl derivatives of thianapathene were subjected

to the reduction procedure, of treatment with lithiumeanine,
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identiecal to the reduction procedure of thianaphtuene itself.
The results are summarized in Tuble II.

Lxamination of this data indicates clearly that there
is a decrease in the yield of the ketone as the +I effect or
the number of electrom donating groups present on the arene
aucleus inereases. Sueh a result ecan be accounted for the
fact that as the +I effect increases, the electron density of
tue ring is inereased, which in turm makes it more difiicult
to reduce the ring.

The ef{ect of an electron withdrawirng group on the carbom=
sulfur bond was studiede The 2-Fluorothiana_hthene was synthesised
by the direct fluorinatiom of 2-lithiumthiama hthene with
perchlorsyl fluoridee 1lhis mew procedure for the imtroduetion
of fluorime iato arenes and ia partisular iato heterosyclie

systems was developed partially during the course of the preseamt

investigation.
' A-butyllithium
—_— e
ether «10 , 11

8 8
K/FCIO
3

| F

8

Due to the gimilarity of the boilimg point and refrastive
index of the 2-fluorothianaphthene, an organie qualitative
test for fluorine was attempted on this material using

zirconium~alisarin test caver. (26)s Thie failed to ;ive a



TABLE I1

Reduction of Alkyl Substituted Thianaphthenes

Ry Ry
s

Yield %
Substituent
CH-QH Cd-CH
R V 2 R ) iT2
2 Rl R 2 Rl R
0 SH
R = CH3
23.0 33.0
Rl = R2 =1
R = R2 = H
17.5 60.5
Rl = GEB
R=H
9'0 }9.0
R, = R. = CH
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positive result. The iafra-red speetra of thianapathens
and Z-{li.sollilanayutoaas wore Cotoliniacd and Lo sad.a ia
sigures 1 axd II res.z2stivclye Tu® S.8ira are 3iaci.r dut
Aot 1dsnilcale a8 EUCLERLD auZnotiC re3ounuiic? estira of
thiaginauilneae aud 2t3 ¢=1lu9.0 doriviiive aore also dstorrined
aud Ace sBuawi ia Figucve. LIl acd IV. Inte rat.cna of the q.eas
naser tae two mctd o1 weaiks of il wnapativue are, ¢ to L, fu.r
tre fuar veuse i nydrogens nd a4 vau Laluo AL Ly rogens
respoceavalye Mo datugri.oun 0L Tat 014 duees Lo L0 Euts
Va puui8 Ui L.g C=liuordeided weosishivae Wrlily e Lo L, Tar o une
Iour 94522003 dydrog2ad o .d Slayad caldnnoae sydrogen recpectively.
Tne ®.ngle nydcogen 0 toe LILULIRLIG Yol VL c-l.invlOunashia hthene
i8 suiat isvo a dourlet by tae fiaoriae.
fne aejative gu  litasiye Joiuriu@ test Jas 93al9ly due to
tae ailficwdiy Lo orociag niae coragosa=Lfinosene ol o jield
sodawa flapoide,y a.d @) aied o¢ du@ L0 tile il anoust of flwerdme
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Fige. IV Nuclear Magnetic Resonance

Spectra of 2-Fluorothianaphthene



and tse retsullon tiames ol tac vusor phase chiocwatogra.ky of
tne red4ction producstis ootuined fruw Z-lfluorciniacagcathens were
idcntieal to the croduets ¢f the thisnarhthene reduction.
Ho uwiredused 2-fliuorotiianazhiliona was recoHrverad from the
reduction melia Lor ras any &tlne from a poesinle senayiac
fatirmeilats choerved to pe pregeat in the raduction products.
The reduction of thiophene uciag lithium-etiivlavine
yielded a small axount of a neutral product which could not
be obtaired in a sufficient degree of purity for nrover
iden:ifications 4dn infra-red spectra of the erude wurodict
indicauted the womsinility of a ecarsonyl proun (5.85 (4 ), whieh
could cve acgounted for if =ing o, . ouilng had veeared pmvin: rise
to a sndociasayie whillel on hrrirolrsis would pLieil s ddehrAdes
The asidie fraction ohtzined om scildificution of the redustionm

produet was not investigated furtheor due to the extreme odor eof

tiie posaidle product, n-dutyarercantanes
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EXPERIMENTAL
Redustioa of Thianaphthene

To a 500 ml, three neck flask equipped with a mechanical
stirrer, droppiag fuanel, dry iece condenser fitted with a caleium
shloride dryimg tube, and a aitrogea inlet tude was added
250 ml, of ethylamine ( whieh had been predried over sodiuam
hydroxide pellets) and 8.3 g. (1.2 g+ at.) of lithium e¢hips,

To the dark blue solered aolutiom, kept at 0.. was added
dropwise 13.4 g. (0.10 mOle) of thianaphtheme duriag a peripd

of an hour. The reactioa mixture underweat a soler shange froa
blue to tamn to pale greeam, duriag a reaetioa period of eight
hours. At this point uareaeted pieces of lithium were

removed from the #redustion mixture with foreseps. Desomposition
of the amine was ascomplished by sautiously addiag ammonium
shleride, until the solutioa decame colorless. The reastioa
rixture was thea set aside overaight to peramit evaporatioa of
the solveat.

The flask sontaiming the 80lid residue was cooled in an
iee-water bath and water was added dropwise until the solid
dissolved. 7The aquecus solution was extrasted three times with
100 mle. of ether. The ecmbimed ether extracts were washed
with 100 ale of water, dried over anhydrous magnesium sulfate,
treated with Norit and filtered. The dried solwtion was

coneentrated on a steam bath, and the residue waas fraetionated
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through a six inch Vigreux eoluma, b.p..?S-?’/ZSnn..

180-164"?60mm.' 336.5 = 1.‘5520. ’i.ld 6.0 g (00048 moleg 47.5%).
The repsrted boiling point of 2-ethylcyelohexancme is

182-1637760 mm. and n%‘ - 1.4528 (20).

To the stirred aqueous fraetion, after ecoling it im an
iee=water bath, was added dropwise 30 ml. eoncentrated sulfutie
acids ‘The aeidie solutioa was extrascted three times with ether,
and the ether extraets were eomonined, washed with 100 ml,
of water, dried over anhydrous magnesium sulfate, treated

with Norit, filtered, and eomceatrated on a steam bath,

The residue was frastiomated using a six imeh Vigreux

26
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4 go (0,029 molej 29%)e The literature valwes reported for

eolumn, DePe, 90°/25-.. a = 1.56544 The yield was

o=gthylthiophenol are bepe, 210/760 mu. and a§° = 1.5700 (17).
The Reduction of Thhhknaphtheme with ¥arious Diluting Reagents

The general experimental apparatus used was the same
as that deseribed in the previous 1eductioa reastion.
To 160 ml. of ethylamine, predried over sodium hydroxide
Pellets, was adied a solution eoantaiming 9.0 g (0,067 mole)
of thianaohthene dissolved ia 20 ml. of 55% ethamol. A 7.0 g.
(1.0 g+ at.) quantity of lithium ehips was added piese by
piece to the later solutioam during a period of an houwr,
¥henr all the lithium had beea adied the reastiom mixture had
takem on a blue ¢oloration. This persisted for am hour and
a half after whieh it changed to a dark grey. At this
juneture 100 ml, of water was cautiously and slowly added

to the redustion mixture. Additional water was thea added
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to dissolve the remaining solidss The resulting pale greea co
colored solution was extracted with ether and the produst

was isolated in the manner described above. The residue

was distilled using a six inch Vigreux columm, to obtain

1.7 g+ (0.013 mole) 20%) of a colorless product boiling

at 189%°/760ms, and ng“ s 1.4530.

The aqueous fraction was acidified and isolathdn of the
organie product was ascomplished in a manner identiecal to
that deseribed above, to obtaia a colorless product
boiling from 91-92°/25mu. and n§5‘5 » 1.5682, yield of
7.2 go (0.052 moleg 787%),

To 160 mle. of ethylawine, predried over sodium hydroxide,
was added a solution cdntaininc 9.0 ge (V.067 mole) of
thianaphthene dissolved in 20 md, of morpholime. To this
solution was added slowly 7.0 ge (1.0 goate) of lithium
plece by piece during a period of an hour., Produet
isolation was eonducted in a manner identical to that deseribed

above. The basie extract gave a product with the followimg

22
D

mole)s The acid extrast gave a second produet with these

properties; b.p. 7#°/25nn.. a = 1.45623 yield 3.5 g. (0,028

properties, ®.pe 89/20mm., .2}

D - 1.5685’ ’i‘ld 500 ge

(0«036 moleg 54%).
The above experiment was repeated substituting 20 ml.
of piperidime for the morpholine, The basie extrast gave

oaly a trace of o0il whiekh was not obtained in suffieient quantity
to distill, The acid extrast ylelded 5.5 g. (0.035 mole}

59.5%) of a produet having a boiling point of 95% 254y, and

ngh L 3 1.5682 .
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Proof of Strusture of 2-ethyleyelohexanone
Keduetioa of the Ketone Group

To 25 g+ of Runey Kiekel suspemded in methanol was
added 4.35 ge (0.035 mele) of the ketome dissolved in methamol,
The total volume of the reastion solutioa was 250 ml. This
was aliowed to reflux for three hours, socoled and the satalyst
was removed by filtratioa and washed with methanol. The
methanol solution was dilmted with a liter of distilled water
and extrasted three times with 100 ml. of ehloroform.
The ehloroforam extracts were sombined, dried over anhydrous
caleium chloride, filtered, and eonceantrated on a steam
bathe The residue was distilled wsiag a six insh Vigreux
eoluma to obtain a product boilimg at 180’/?60-. and
2zt
literature values reported for c-ethyleyelchexanol are

» 1.8642, and yield 4¢3 g. (0.034 molej 96X)e The

Bepe 790/12“0 and lgl s 1.4640 (24),

Preparation of the Semiecarbazone

The derivative was prepared dy dissolving 0.2 g.
(0.002 mole) of semiearbaside hydroeshloride and 0.3 g.
(0,004 mole) of sodiuwm acetate in a few drops of water.

To the solutioa was added 0.2 ge (0eOu. mole) of the
ketomee Ethanol (95%) was added uatil the solutiom besame
slear, after which it was heated oa a steam bath for
15 minutes, €00led, and filtered to obtain the erystalline

produet. The dried erystalline material was resrystallised



from a s&sall amount of ethyl asetate. 71he product welted
at 150° (uneorr.). Tue iiterature value reported for the

melting point of this material is 157° (20).
Proof of Structure of o--thylthiophenol

To a saturated solutioa of lead acetate ia ethanol (95%)
was added 0.5 mles 0f the mercaptane A sharasteristie yellow
solored lead salt precipitated iastantanecusly. After three
recrystallisations froam ethyl asetate a sharp melting
poiat of 147-148° (uncorr.) was obtained. The melting
point reported in the literature for this material is
1W7.5% (21).

Ar attempt to prepare a 2,4-dinitrophenylsulfide

derivative of this mercaptan was umsuceesful,

An Attempt to Desulfurise the Mereaptan

TO 100 ge (Ve0725 mole) of the mercaptan was adied
11,62 ge (0.,0694 mole) of freshly redistilled triethyl
phosphite. The reastioa mixture was set aside at rooa
temperature for a day and thea slowly distilled. Two

fraetions were obtained; (a) b.p. 57°/25-n.. 125

D
literature values for triethyl phosphite, d.p. 1550/760lm..

= 10“128‘

227 = 1.4113 (22) and (8) Wepe 93-94%/25mm., 227 = 1.5692)
literature values for e-ethylthiopheanol bepes 210/700mme.,

a‘; 2 1.5700 (17).
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To 25 g of Ramey Kickel muspended im methanol was
added 4. g, (0.031 mole) of the mercaptam dissolved ia
methanole The total volume of the reactiom mixture was
300 mle It was heated at its reflux teamperature for three
hours, ¢ooled and the catalyst was rezoved by filtratioa
and washed with methanol, The methanol solution was diluted
with a liter of distilled water and extraeted with three
100 ml. portioms of shloroform, The shloroform extrasts
were combined, dried with anhydrous saleium ehloride, filtered,
and eoneeatrated on a steam dath. The residue was distilled
using a six ineh Vigreux ¢oluma, to obtain a produet boiling
57 = 1.4930, and yield 2.8 g. (0,026 mole}
85%)s The literature valwesfor ethyl benszene are b.p. 134~

136° /760mm., .xl)"°5 . 145828 (28).

at 35-37° /25um, and n

Preparation of o-ethylthiophenol

To 19245 ge (1465 moles) of well stirred ehlerosulfoais
a¢id, preeocoled to xere degrees ia a dry ise~asetone bath,
was added 54 g+ (0451 mole) of ethylbensene durimg a period
of 45 mimutes, while holdiag the temperature of the acid
Botween -5 and 0., Following the additioem ef acid the reastion
aixture wvas set aside in a refrigerator for 18 hours at O°o
The produet was them poured with vigorous stirriag oato
700 mle of erushed ise and the 0ily layer was separated.

In a two liter three meek flask egquipped with a

mechanical stirrer, thermometer, sondenser, and dropping
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funnel was piacod 1000 ml. of erushed ice and 325 ml. of
concentrated sulfurie acide The acid mixture was eooled ia
a dry ice-acetone bath to 0°. The sulforyl ehloride product
from the above chlorosulfonation was added by means of a
dropping funnel into the rapidly stirred acid mixture
followed by addition of 163 g (2.5 moles) of zine. Following
the addition of the zine the mixture was allowed to warm to
roonm temperature and then heated at its reflux temperature
for five hours. It was then ¢coled, filtered, and the solid
washed with ethere The filtrate was extrasted three times
with 100 ml. portioms of ether, These were sombined, dried
with anhydrous magnesium sulfate, filtered, and concentrated
oR a steam bath, The residue was distilled using a six inch

Vigreux colhun. to obtain a product, Bd.ps 95-96° /25nn..

ngs e 1.5628 4n a yield of S54.2 ge (04392 moleg 76.5%).
The literature values for o-ethylthiophenol are depe 210/760mm.,
229 . 1.5700. (17).

D

Proof of an Intermediate in the Reduction

Redustion of o-ethylthioyhenol

The general experimental approach was the same as
that utilized ia the reduction involving thianaphthene.
To 250 mle ©f ethylamine, predried over sodium hydroxide,
was added 7.25 ge¢ (1405 g» ate) of lithium metal chips.

To the dark blue eolored solution, externally sooled,
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vas adued dropwise, cVe5 ge (Vel5 mole) of o=ethylthiophenol
duriag a period of an hour and a quartere The total reduction
time was ten hours. The reactioam produests were isvlated in
the manner already deseribed. Basie frastionj bepe E0-

e 1.4523. Yield, 3.0 go (Ue024 molej 15.5%).

63° /zomme, ng9

Aeidie fraestiomj b.p. 9%-952 /2Smme 2l

D9 = 1.5621. Yield,

10.0 g+ (0s072 molej 50%).
Reduction of thianaphthene at «60°

The experimeatal procedure used was that employed for
the reduction deseribed above. To 250 mle. of dried ethylamine,
presocled to «60% with a dry ice-acetome bath, was added
8e3 go (1e2 go at.) of lithium metal chips. To the dark
blue solored solution was slowly added 13.4 ge (0.10 mole)
of thiana.hthene during a period of an hour. The total
reastion time was 3.5 hours and the redustiom products were
isclated ia the mammer previously deseriseds Basie frastionj
vope 76° /25mme, 227 = 1.4521. Tield was 1.0 §.(0.0079 molej

7¢9%) of 2=-ethiyleyelohexanone. Acidie frastiea; b.’.9h. /25ma.,

‘26
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thiophenel.

w 1456550 Yield was 10,0 go (0.072 molej 72%0 of o-ethyle

Preparation of 2-Methylthianaphthene

To a 1 liter three nesk rouad bottom flask equipped with

a mechanieal stirrer; dropping fummel, c¢ondenser with attached

ealcium chloride tube, amd a nitrogen inlet tuve was placed



9 ge (1e3 go at,) of lithium metal chips and 200 ml. of
snhydrous ether. A solution comtaining 82.2 ge (V.60 nole)
of nebutyl brocide dissolved in 1<0 wli. of ankydrous ether
was added during a period of one hour to the stirred, coeled
(-100) uetal-ether suspemsion. To compleie the reaetion,
stirring was continued for an additioral 1.5 hours at -10%,

The purple solored m~butyl lithium solution was filtered through
glass wool by mitrogen pressure into a previously cooled (-10%)
1000 mle taree neck roumd bottom flaske 4 53.6 g¢ (0.4 mole)
quantity of thianaphthene disaolved im 100 ml. Of anhydrous
ether was added during a 2O mimute weriod to the astirred,
¢00lei alkylemetal mixture. Tae reastion was completed by stirriag
for an additional 1.5 hours at -10°C. 70 force thu reaction
to comoletion at this point the etuer was removed dy a water
aspirator until solid material began to preeipitate from
solutions Thea 100 mles 0f anhydrows ether was added and
evaporated agaia via the water aspiratore This prosedure vwas
repeated a third time to rexove as mueh dutane with tiae ether as
possible.

A selution eoataiming 744 g¢ (Oe#0 mole) of methylepe
toluenesulionate dissolved ia 100 mle of amhydrous ether was
add;d dropwise te tae Z2-lithium taiamaphtheae durimg a peried
of a half hour while keeping the reastion temperature at 2°

by suspensioa in an iee~water baths Following thae ad.itioa

of the organie sulfoaate the reastion xixture was stirred at
its reflux teaperature for a half houre The mixture was them

allowed to warm to room temperature and the brownish-red
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coclored golution wiom oured over 1 ligter of lce chins.

The stnar Joyor wos senigat~d @rd Ule scwenng HOboEn wag
extracted Llree titen Eth Juu Lie placdotal wf @LliiYe

Ehco ether extrects wore culined, d/dled w.tl -l 7wuovs sagnesium
acirate, Slitered, eunl cmuetr.ted 0a # stenr 2.l

Tie regld.os wes il Giillled vedng o odx dnch L aenr calirr,

to obt din o Jicudd procui®y ben 103—110°/£3ﬁn. Tie ally
apodiet on ¢ooling s:lidl ied, 1t wau recirataliloed 'y
dgissolving it dn = small ancvunt of li_redn =»nd conlinge

R

Pog oryotaliline Jroiuvet wvas recovered by Tiltratlon L.
SoX WFied, o LRLain cdeQd ge (delho woley 375) Gf e aove

. BT . « - . i
produe by bele Ld=bHe o Tle@ licerature vsiue Ior tie melilng

yuint of ‘.-IIP‘..\‘,"_"lt)Li.~n:’l_:“!‘a.'h¢310 im l}l-fb‘_’@:oi,:o (16).
Preyarstion of Acetunylphenyl Sulflde

Tn a 1l Jiter taree beclk rowid votioms flisk eqidpn el
w8 4 uechawlesl wlicrery rslluk Qdidaguser, Lhielavimntas,y
wid drupping Junnel were o aced wded ge (leV 1i0le) of Lo luan
hydroxide dasevlved in 149 wle of dugcdl.vi satare Tha alxaline
solud.ou was @:03ed tu &3 anl 11D ge (led wola) o tilohcaol

wagd addad gulcklye 7To tus siirred @odiua talohenoliis gulution,
72 go (140 mole) of chloroucetiae was t.on sided during & h:.lf
hour while h-ldiug tuie reaction teuperuiuru uf ﬂJ-&Do.

To coisplete tha resciisn the mixiure v s siirred at rova

temparaiara Jor an hour f0l1104ing tihe addition €€ tue

colarrevonse The Lisdoclt wam extregted lat» 200 ri. of



ether, washed with 100 ml. of water, dried over amhydrous
saleium chloridd, filtered und concentrated on a steam
bathe The erude product was uistilled using a six inch
Vigreux eolumn to oatuin 130 ge (Ve755 mole} 78.5%) of a
pure liquid product, d.p. 157°/15mm. The literature valwe

reported for this sulfide is, beps 139-140°/1cmm. (18).
reparation of Acavou)yi=p-tolyl sullide

The geaeral experimeatal prosedure used ia the syathesis
of this sulfide was the same as that used ia the preparation
of aeetonylpheuyl sulfi‘o. A 322 geo (V<505 mole) quantipy
of sodium hydroxide was uissclved im 60.5 ml., of distilled water
and placed ir a flaske To the cooled (25°) alkxlime solutiom
wag added 100 ge (0..05 mole) of p-toluenethiocles 1710 the
thiolate soclution was added 74.2 ge. (0.805 mole) of ehloroacetone
duriang a half hour period. The isolation of the pure sultide
was accomplished im a mamner ideantical to that deseribed in the
previous syathesis. Physical properties of the produet,
beps 165%/19 mme, yield 117.0 go (0.65 mole; 80.7%)e The
literature value reported for the boiling point is 160-162°/17nn.

(18).
Pregaratiocn of S-Metlhylthiauaphthene

la a 500 mle roumnd bottonm three neek flask equipped

with a mechanical stirrer, reflux condenser, therrometer, and
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dro,.ping funiel were ;laced 22 ge (V.15 wols) of Jhiosgl.orous

sentorile. In %he drooping Nincel) rere placed w'.5 ge (0039
p0lc) of neetlonyl eyl Guliiies Ay, roxinat.ly ounce qu.orter of
the sulfide w:s acded indtislly to the recction flaek and

the reaction vioxiure was coulionsly hested with aw Sldisen

sarae. to initicte tie rénctiun, wlich eccured Jhin tle lenction

0. . .
Ce Tie exuthermilc

pixture had reached a tewperelure of 100
ceactivn cauved tie reseclo.. lenperatiwre v sise to about
... . . e . -
ZUU Ce aud resulted in come decompusitiones ~fter alloulny tue
. , . an-Q . . -

reqetion tewposature to drop to 2707, tle rowudider i the
sulfide waw adéed dro:ise to the reuction wixture a.ter

R W 2 - - LR . 3 3 ot [3] o o . PRI * .
which i}t wue stirred and nented al lou=idu for au additiomal
tliree guarters o? an hcur. T.e dork colored reaction amixture
v covled to room temuneralture and 200 nl. of water were added.
T.e recetion was extracted with 100 mle of cthere .n exmulsion
formed wrich h.d to be filtercd, wasaed wiiu ctlier aud .ne aqueocus
loyer extzacted three iimcy ~iili eivkers Tho clhvr ex.racts
were cumoined, vwached wita 10U mie of water, dricecd witi
anayJdrous ealciwa chloride, iiltered, and comnceutiated on a
stecr b.th. Tue crude groducl wig vistilled using a &.x iuch
Vigrewx coiumn to obtain the sure llquid pruduct, Bepe 11:c/l5umuie,
Jield 2345 go (Uelo nole; 4ueSi)e The re.orced litercture value

fer this cowgound ie, Depe 75-?60 Zmiie (13)e
Preparation of $,5-Dimetnylthianaphthene

T.e jencral exzeair.ntal procecdulre exjloyed ia thc

prevaration of this raterial was the same as that used in



the pre.arazioa of 3--ethylthiaanririnane. Tnae nvintitles of

reactants 13al vera, 55.7 ;. (J.4?5 ndle) of ohoehhorous
atoxile and 117.0 3. (2.55 ole) of =senoarl-p=to1lyl sulfide.
. . . . a WO ymm -

The »nre produnt had a nol'iaj poini of 13727/25 m::e The

lit rature va2lue ponorted o~ tue holling soiat o0f %ais vat-rial

19 133-135°/15m. (13).
Redustion of <c-Metuyltudauuphthene

Tha Jenoral experirentz] sroceda.e is tie sone ..s tiot

v ed fo- %tihie r:duction of thi ra’.thene. ™o 4. ntities of reactants

»

noed were, 250 pl. of dAry sthryl.r:iine, &.3 g, 1.7 oo otl) of

1ithdim sesw) cidips, and 1000 . (0.1 nole) of (- et!yithdauaphthenes

The total roduction tike was ten pours. The cdrelion r.ducts

vere isulated in the manner ;reviouvely dereribed. Bazic frastiom)
0
b

The 1iterature valusa for 2-n-;ro:ylcyclchexarore ure b.pe 199%/760mnj

Do 9?-33°/£5mm.. R = 1445165 yield 7.0 go (0053 role;53%).

29 - - .
nub 2 1,510 (74), "le scidcorbeside derivetive of the

crelie pelore ves pregared in the menner Jdescribed | rev.ously
ard recrystallized from «thyl acetnte, kope 131-1320. The
literature velue rejorted €or tre melting jpoist is 153.20

Tor thie eenicerbezide (<i)e The acladc fractionj bepe 222°
at atmosplicrie rressure and tuhe refraetive index wuc, n§6 = 1.,5545%
vield 5.0 g. (0.033 mole; %%’)s The Jiterature value reported

for tre builing Loint of this saterisl ie ¢19-201°/720zee (17)

Feduction of J-letinylthianaphthene

The gomamal experimecntal method used in tuis reduction was
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iuenticeal Lo thatl useu 1oxr the lcuucticn anvolving ihlsusphiheme,
The yuantiilem 0f reetclrutle enjrouyer were chv ale ©f ary
eihylamine, Gey ge (lec Ko ate) vl 2ithiuw Chkips, and

1%¢9 ge(Uel nvle) 0F S=petuylitianapnthense 1khe Lutsl

reauction time was ter hourss 11L& FeGUELICR LIOULULS wele
isvlated in the panner wileady Gestiribeue LebiC 1Tueliong

belie bbo/lcnm.. n26 = 1.45%63 yield 2a ge (UoC1? pulej 17e5%)s

D
“he literatuie veiles iol Wbe physlerdl colbilpnis 0f c=rs0propyl=

12

D

derivative of the ¢ycliec ketoune wanw pre ereu in tie ususl

- .o - - T - K
cyclohex none a1e, Bepe Sc/limbe, b = Lo450H( e seniearbazide
; -, 0
panRer, and reerysiwilized ilvm ethyl acetote, mepe ib6 o
iLhe iiterature valiue repsrted ior the weltimg point is 1&70 tor
. 3 Ly B u - 3 - . N - 0, N
thie cenicariszive (L7)e The aciaic I1kctaon; Depe iU7 feUmnie

ngé = labbbt; yleld Lol e ( ULOLL role; (Ustk)e The literature
value rep~rted for c-isopropylthicphencl is beope 225—k¢?°/760mu.

(i7)e
Feduction of 3,5=Dimethyltlianaphtiicne

‘the general expe:imental proceaure was tue same as Laat
used for the reauction oi thisnaphtienes The quantitiee of
reactants used were <5V ml. of ary ethylasine, be3> ge (la2 g. ate.)
ol lithium metal chips, and 16.3 g. (Vel mole) of 3,Y=dimethyle
thiunaphthene. 'the total reduction iime was ten hourse The reduce

tion products were isolated in the msancr nreviously descrihed.

kNN
Basie fraction; b.pe. 900/ZS5mais, n s 1.4599; yield 1.7 go
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(JeUQ0F wale; 34)e he Veéay éwall quaneaby 0f piounct
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1391abed Wil .na3ufiicadut tev vbioiad un daalylicsaliy juwie sumple

bel
«

0 3 LeH472,

‘ . R
S0P aaLl¥Babe ASEGLS JXacbtiviy wepe 1AV /< miey K
Jivld Ge5 e (JeULY wiley Ssdle CulrGue for ‘10”145'

So PP iy Cet)j dy Lgeide Foundi Uy fcesff 1,y Genyy

Preparation of 2-Fluorothianaphthene

The c=llChiauwd bldan palusie CunmpOuRia Wag pre ared a8
ceuerioud L oole wxiesrlwenbal gruwccauce for ovtuaining c-=rethyle
tulrdiabhicheie, 8auect il i Likdn Cuse ule=iali the
Ghiaiiod Vies vi YeuClahis wWele wb@de

Percllorydi {iucrive 68 woi: pabbtd 1110 tii. etheral
poiutior ot u“c. thron ik & dippalosoi tubee  Ohe reaction was
exvthelnic and the temperitule wes contirovlleo by irmersion in
@ 11y ice~icetlune valk and the 2ate 0f Lthe aduition o1 the sas,
n whitle precizitale ivlwea im che orunge colorea reastion
evlnlicva giviag 4t a yelliow appearanee. A blue glow was
vigivle around the uispersion tude wiich briznctenea with
&n inereased zate uf ilow of the guseous percanloryl fliuoride.
Ths aduitica o1 gas was coatinued until the dlue glow stopped,
at waich puint aitrogen gas was passed tarocugr tne reaction
suiution for adout ten minutes to flusa out excess perehloryl

fjuoride gas. Iine reaetioa wixture was ihen transiered to a

two liter deusger and water was added to dissolve the precipitate.

The solutica wae tiien wade basle with sodiua saroonates The red
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colored ether luyer was separated and the agueous vhase
was extracted with three 100 ml. nortions of ether, The ether
fraetrons were comhined, washed vitR water until neutral,
dried with anhydrous rajnesiur sulfate, fllitered, azdl ccnentrated
on a stem both, Tha residue was distilled using a six lnch
Vigreux eolvran to obt-in a 1iqur1 sradnct, ov.v. 9}-940/F5~n.,

27 - ov N > v
n, = 1.5910, mepe 227, 1aal. Calcd for c,on)s.vz Cy £3.16;

A, 3729; 5, 21.05; ¥, 12.50. ¥Found: C, 63.19; H, %.51;

S, 21.29; P, 12.57,

Reduetion of Z~Kluorot:hianapathene

The gemeral experimental procedure eaployed in ({nhis redustioa
was the came as tiat used for the reductioa of thianaphthene.
The quantities of reagtaats used were 250 mls of dry
ethylamine, 8¢3 go (1le2 ygo at.) of 1litaiunm wetal chips, and
15.2 ge (Oel nole) of 2« fluorothianaphthene. The total
reastion time was ten hours. The reduction produets were
isolated in the manmer already deserided. Basie fractiomg
bePe 87°/30ln.. .;d = 14527, yield 2.5 g« (0,02 mole}
20%)e The iafra-red s-eetra was found to be identical to
that of 2-ethylcyelohexanome., Acidie fraetionj bey. 87°/24-..
136 = 1.5668, A sample submitted to vapor phase ohromatography
gave the same reteation time as o-ethylthiophenols The yield
of product was 2.5 ge (0.018 mole; 18%)¢ The nuelear magnetie

resonanee® and infra-red ubsorptioa speetra of tae redustioa

product were identical with those of o-ethylthiophenol.
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keduct.on of Triopkene

The seaner:l ex:erimental procedure ucel ia tais reduction
was the saue as tanat used ror the previously deucriosed reductions
of thianapiathene. To 259 wl. of anhydrous etiylunias was
added 7.4 go (1495 ;e ate) of lataium matal chips. 1o tha uark
blue colored metal-amine solution was added 12.0 ge (VelH mvle)
of thio;hene dropwise during a period of two hours. ‘‘he total
redustion time was ten hours. At the cad of tuls period no lithium
metsal remiined. 'lue reastion rodudts were isociated im tlhe ranner

previously deseribed, Basie fraetionj v.pe. range 66-77°/13nl.

zh

0 L J 1.46&5)0

The yield of product was approximately 0¢5 ge (n
AR infra-red s:ectra of tha product wag deterninad and

contained the foliowing »eaks (in aierons) 3.4 (CE suirechn),

6.0 (earooayl), 6.9 (CH2 deformation), lecd (Gﬂj delormation).
The produet did not econtain ¥, 8, or halogen. Tue eom.ound gave
a small amount of precipitate with 2,4-dinitrophenylhydrazines
Uafortunately, insuftficient arauntes of the derivative or the
original produet eould not be ontaimed for further identitication
and characterization arks, Acidie fraction; a small qu.ntity

of the agqueous phase was acidified witn dilute acetic aeid and

a solution of lead tetraacetate was added. An instant black
precipitate was ohserved, whish indicated the presence of

sulfur, possibly ia tae form of a mereaptan. Further work

was aot carried out with the ajusous phase Jue to the

posgibility of ‘solating n-butylmercaptan,
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Attempt to Desulfurize Aromatie Mereaptens with 1riethyl Phosphite

sensenetuivl
7O 11.02 go (VeuwoYb4 mole) vf purrified triecryl pro~nuite
was added 7.9 ge (Veuy+ i0le) Ol oDenzeantiiiole ‘Tae resction
gaxcuie was 8O0 cslde IIr u uway at rooam tueageratures ‘ine
#HrLALULe waAd buck tlanmieored L0 a foactioral iisciilztiun
. e 9 : o .
appaiaidd did w@ated bu 15V cCe 4t wudeld Lenp Dalure 0o
VolmTid® wabultal was Otalued. ‘tas Gilstilia. 0n terperature
- 4 a‘o ] - R - (s < . .
wuu buca Faisca to Lou=17b Jor tweasy ..iaubtas wii tuea to 200
4 o . . .9 .
At wiuaCad vwral @ dl8iiliuvd,y JePe L. o=du) 4 Was Ovtadlneds
It was idenvilied uw a pixture of trietuyl uaoh.asce aand
velzenetiiol,
p~chlorut-iounenol
‘Tne atvadpted dosuliurdaadion readitildn wis reeated using
1leud ge (VeDUYH r10le) 0L trawt.yi navs.hiile and 1ve0u e
{VeOu 4+ wose) 0f p-vaiorvounivghensle tue inatral fraction
Obtuaned By disiilliation 0X tuds wixbure #¥45 1ded 4o 0 a
. S - IR Y , . A
COMPOURd naviag & @viidag go.nb, lo5=-10U0 //bJuaie, adentical to
tnat of trietuyl pucspuites
Pentavalorothiovphenol
10 @ Jebi o (Va0 moUle) duaudcily vi Cracenyl hospiite
WAB &uudd lJueV ge (VeU)10 woule) ui pestiaciidorotaivgaienol
AiBBuivea i ic) Mmle ul Carovom teirasnlourlues Jue reassiion
soluiiva was reiluxed ovn a stewn buc: for a day .ud taen cuoled

to ruum lteuperaturees .4 crrsiailine proauct vas ovtalaned



. P | .
whecu m2l%ed At 2oY-32 o 4 nixture melting - cint of

tuas muytorial and pentohlo-odhiorhenol 4id oot da rasg

tihe weliing

WAt delow tiat ol ure resntacizlorotslounanole

i
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SUMMALY

Thisnaphthene was reduced using the lithium-amine

system to J-e¢thylcyclohexanvne and o-ethylthio;henol,

he o-ethylthiophenol was established to be an intermediate

in tiie reduction of thianaphthere by this procedure.

The 2-me¢thyl, J-methyl, and 3,5-dimethylthianaphtnene
derivatives were reduced to yield the cecourresioadinyg

setones and mercaptans.

The c=fluorothianu:;htnene was prey.red and re.uuced to
o-ethylthiophenol and 2~ethyleyclohex:unone as the
sole reduction products imndicating reductive cleavaj;e

of the carvon-fluorine bond.

Thiophene oi reductiion w#ith lithiume~awine yielded a small

guantity of unldentified hijh boilimg neutral product.
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