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AN â,8[E¡[PßEÐ SYNÍEESIS OX'

J-0XOIB1I8AËYDR0NA,P4IEALENE-2-SIIGCINIC ^[GID

AND SON@ BELI¡,IED SI'BS!ÂNCES

ISTIRO}UCTIOS ASD OENERåT SIIMTfiART:

eyatheefE of 2-ketoeyoloherylsuocinle aeirl fron
oycloherenc oxfde was aoempllshed by l[e8ac, cbarleswortbn

and llexanûer (1). Orfag to the eimilarf.ty bet¡reen cyclor
bexeue oxlûe anrl tetrabyrkoaaphthaleno oxtrle, lt gcemeil pï0-
bablc that tbo latte¡ oriile wor¡Iit form a sfmilar serles of
compoundts, anû lt 1s witb a vlew to tloternlnlng this that
ühe following work was unitertaken.

5-oxototrahyôr onapbtbalono-2-sucelnie aelil (1 ) Bey

be

syathesiseû from 1rd-ilthydronaphtbalene, whf,cb 1s preparerl by

the reiluotlon of naphthalene wlth soillulo ancl ab'solute aleohol

or by the controlletl catalytto rerLuctlon of naphtbalerleo

1,4-rllhyilronaphtbalene fg reportecL (46) to reaet wlth hy¡ro*

chlorous aclil to ylelil ühe oorrespondlng ehlorohyttrln (11),

whfeh on aùôlt lon of basE lg eonverteè to tetrahydronaphthalene

oxlile (1111 .



-a

----+ /coo 
c¿Hs.

Nq,- c -lt
\.oo a.u,

-F

11111

,loOÇelís-
C-H

coo c¿d{5

ol.l

/LOOc.ûls
,c - cltr Çoocall5
\ aoo a-r¡

a F¡-ßlle -COôC¿Hç'.,

- L(l¿

V
HrO

¿.- coo{

-cooH

ct{

F

'Ct

H

ll-

\

xOr

H

oo

o+

ol

.a\

LK.

,t{tx

'cH
I
LO

L.

Ar

Kr

'o-

UL

J:

- cr{r-cooH

-O

\o*,
\

ffiVYI-'
v,t1m_11



3-
As tetrabyd.ronaphthalene oxid.e resembles ethylene oxld.e

in structurer it might be expected. to cond.ense with the sodio-
d'erivative of malonic ester and. ethyl þronroaeetate to yíeld the
tricarbo:qrric ester (v)' Ilydrolysis of this ester followed. by
d-eearbo:qrration r,rrouId probably lead to the fo:rnation of the
lactone of 3-hydro4¡tetra?ryd.ronaphthalene-z-s.uo@ínie acid. (w).
r?re oxidation of the lactone by alka-líne permangenate or by
bromine in the presence of magnesir.m ?qrd.roxid.e should. split the
lactone ring in such a way as to yield. 3-oxotetra,hyd.ronaphthale nel}-
suecinie acid' (r) which, on treatment vrith aleoholic a,mmonia inight
give rise to the lactam (rnr)- ûn the other hand, heatir,rg thg
keto acid in vacuo at pßo"c would. probably result in the ross of
one more of water with the eonsequent for¡nation of the unsaturated.
lactone (r¿fff ).

It seems probable that alky1 sÍd.e chains might Ìre
introduced into the 3-position by replacing the p-halogenated ester
in the initiaL cond'ensation by alkyr halid.es or benzyl chrorid.e.

¿\".^,/,e
C- C'ocí+r
\g*.-c"r,

-

ot{o.

TLre ore t i c a1ly 5- oxote trahyd r onaphthal e ne- p- suc c i ni e
acid may be synthesised using monoketotetra?ryd.ronaphthalene

as the starting materiar. rhe ratter ís prepared. by mixing
tetralrydronaphthalene ehlorohydrin wÍth two, to turo and. one half¡
times its rreight of quinoline and heating the nÍxture in a retort

T 

H -c Hd- c6rs-

{'ou

plaeed. over an oil bath. A brownish yeL1ow liquid d.istills



orzor 
"ouo* 

zz5' Ç. orro" ,o.-ol"liltattoa ts oou¡rtete, tbe

naterfal renalnlag 1n the retort lE stean dtistllleô. fhe

condensate le t¡eaterl wfüh eulfu.rfo acldt anö then extraeteô

wltb ether. lhe ether 1s ð1st1lLeô off anð the renrltíng
procluct treateit with goðlu¡a bisulfi.te thus conve¡ting tbe

ketone into a blsulflte oomplexr whicb nay be purffletl by

ext¡acting any organlo lnrpurltles with ether. 0n heating

tbe oonplex wlth dttlute sul'fitrtc ao1û, the ooroplex breaks

ilow¡a andl a brownfsh o11 separates out, wb.1ch, wben ôfst1lleô

Untler reduced pre6$1re, ylelcls the ileeireô monoketotetra-

byih onaphtbal€lro r

0n the basis of slmllar worts earried out by

CbarleEworth, McBae, anô codf,ottssfs on cyclohexene anil oyclo-

boxanone" iü uoulil seem probabLe t?rat J-orotetrahyilronaphtha-

leae-Z-suoclnle apfð ooulcl be more rAerl*ly preparecL f¡om

tetrabyttronapbtbalene oxl-ûe tban fr on monoketotetrahyiko-

naphthaleno o

Reformatsky reactl.oas with a( -b,aLogenatecL estere

are falrly oornroon. llberefore a roactton lnvolving monoketote-

trabyilronaBhtbaleae, ethyl bromoaeetate antl zlnc çoultl be

expectetl to ylelel the hyôroxy ester (IX) anô on t¡eat¡nsnt with

mlneral acidl, result fn the fornatlon of tlne .)/ -l&etone (I).

1X



15'
g inf. lar 1y, monoke t o t e t r ahyilr onaphtbal eae,

bromopropfoaate and zlr'c woul.dl be erpectetl to ytelû

byilroxy ester anil, subsequently, tbe -V'-J,aatone.

etbyl-oe t

the

grl -ctl3
COOC¡Jtlj:

)cL1

ÀLthough Beformaüsky reactlons wltb s( rbalogenateô

est€rs of monocalboxylle aciils are fairly Gommonr tbere appear

to be only twq reoorûeil oases of the use of o(-balogenaterl

esters of dllbasle aeldls 1n thls re&et1on. In both o&Êres, the

esters of bromomalonic acfil. were enployed. In the ease of

cyclohexanone, 1f was founü that a Beformatsky reaotloa wouldl

not ooour wtth bromonaLonlc ester cr wtth ethyl monobromo-

succfnate. It was concluilerl that tbe zinc oo¡oplex woultl not

¡eaot wlth cycLohexanono to any appxeolable extent. llhere 1e

1ltt1e hope that 1t wouldt be more reaotive wltb monoketotetta-

bydronaphthal€re o lhe falLure of eoatlensatlons lnvolving

Z-btoroooyclobexanone ancl ths soelio;dlerivative of esters, as

well as that of ethyl oyolohexano[€ç2-Carboxylato andl monor

bromogucoínlc ester, leacl to a slnlLa¡ concluslon.

the work of MaRae anô colleagusg (I) oenteretl a¡ountl

the eoropounô oC qZ-ketooyolohexylglutarlo acldl anil lts
anhytlro antl lts 1nôo1e ôerlvatlv€ão Shls aoitt haû been e$rr

theelzeit by Ken&411 antt Osterberg (al antt the preparatlon

nay be repres€ntedl schenatlcally as foll.o¡rs:-

XL,
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-'l n

Cyoloherene (ffff) on treatnent wlth a soLutfon of
hy¡roehlotous. aclô ytelded tbe chlorohydl.rin (nV) whfeh was

eonvertecl to cyclohexene oxicle (XV] by splitting off the

elenents of hyðrochlo¡1e aciil in alkaline metliu.n. lhrough

tbe adtd.ltlon of gotllo-aottvateil nalonlo ester to cyalohexene

oxld.e (IY), the soðlum clerlvatlve (fVf ) was obtai4ert, El1m-

lnatio¡ of soôlun bronirie from tbls compound. anð P -lrro^o-
proplonfc ester yleltled tbe trfaarboxyllc oster (x\fff Ì whleh,

oa byclrolysls, gave the ålcarbo:çylic laotone anrl on tb.e loss

of carbon ô!.oxld[e, ylelûeð the glutarlc laaüone (XVIII]. By

uea,ns of an unusual oxicllzing agent, btomlne ln tbe ptosenee

of nagneslum hycirorid.e, thts lactone (fYIfIl ças oonverteil to

the corresponcling keto aalrl (f¡X]. Iwo lmportant elerivatlves

of thls coryounð wer€ preparerl; the lactone (XX) ana the

lactan (EI), tbe latter being obtalnerl. Þy leaü1ng tbe keto

acill (XfXl uniler pressure ta tbe aloohollc ammonia sol-ution

whlLe th.e former was procluoeð when the keto aalil was heateil

untler reduceel pressure.

McBae, Gbarlesworth, aniL ALexancler (1Ì exteniteil

thls netbotl te tbe preparation of otber kotooyolohexyl aaiðs

and. their oorresponû1ng lactaros, z-Ketocycloherylsuoolnlc

aold (ïrrf ) was obtained by eonclenslng ayclohexene oxlcle

with the sodlo-ûsrivativE of malonlc ester aad etbyl bronó-

acetate, the rest of the treatnent being 1ûentloal witb that above.

.,......:. ....,i:.-¡ -.¡.,.-r',i. r .¡tj a,:t i...)i:ì/

H

)octv



-8-
0n heatlag ln vaouo at 2OOo C a molecule of watet nas Lost andl

tbe unsatu¡aterl laatone (Xnff ) ¡ras proeluoett. llhen tbe keto

acld (rrr1l was treatect wtth alooholle ammonia unrle¡ prGssuro

tbe lactan (XXIVÌ was prorlucetl.

0offey (,31 eonrlenseô cyolohexene oxide wlth ethyl
sodllug ¡oalonate anrL obtaineil the ester lactone (¡ry¡) whicb

on byclrolysis ancl tteoarboxylatlon ylelôeil ayeloheranolacetlc

acirl lactone (XXVII). By oxiilatlon of thts lactone witb
bromiae antl nagneeLu¡c b¡rrlroxlrile, MeRae, Charlesworth, anrl

Alexander (11 obtainecl. 2-ketocyaloherylacqtio aeill (IIVIII).
0n debytlratl.on, thls gave th.e aahydLro rterivatlve whlch uast

bave bact tbe ungaturated la.otoae strucüure (XIIX). [hey felt
1t probable that a lactam of (XImIIl wag prottucoci. by treat-
nent with alaohollc anmonia, but 1t was so unstable tbat tt
tteoomposeð on attempts at purlfication.

GH - cooG¿r{s ..? > a-..,- 
c*-coocl's

\ cooc.,Hf 
-,Ht'

ær
tcE\n1

t{a

ooH

)w(

cH - coot{
I
cool{.

Ðcrl

r"rl

:i" I ffi\Êr-r

A::.,
(Å",(



-9-
freatsþnt of the hyðrolysecl ester lactone (lrre) sfth bromine anil

nagnesiu.m hyðrox1d.e or by alkalÍne pormengenate ytelðeil. 2-keto-

eyolobexylmalonla acltl (XXII). lhfs aaid was rather unstable antl

teneled. to decompose wltb loss of carbon elioxldle at the rnelü1ng

point.

lilcP,ae, Cb.arleswortb., anrl Alexanrle¡ (1t obtained the

lactone of cyolohexanolbeazylacetic aciit (ffff¡) by oontlensation

of oyolobexene axlde, the soôlo-ôerlvatlve of nalonis este¡ ancl.

benzyl ohlorfde followetl by byûrolysls anrl ilecarboxylation. fhey

for¡aô tbat, wheteas conðensatlons lnvolving P-btonoproplonlo
eEter or bromoacetfe eeüer oaourrecl aü roon temperature, tbose

fnvoLving benzyl ohlorlôe or alkyl hallrtes requireô many hours of

refluxlng. lfhen (*tl¡) wae oxtillzeet 1n tbe usual wâV, 2-keto-

cyelohexylbenzylacetLa aclù (ffiIII), was proûuoedl. On ðlsttllatlon,
this compolrnit lost water andl wag therefore best lsolated 1n the

fo¡m of lts unsaturatedl laetone.

8ffi111

Ighen nethyl 1oü1ôe replacecl benzyl ohl.orlde fn the

latte¡ conclengatfon, tb.e I -lactone of ayalohgxanol-o(rproplonic

aolit (nmfV) was obtalneil, whleh on oxitlatlon wlth bromlne anô

magneslun hydroriäe px ottucecl 2-ketocyclobexyl- o(-proplonie aclit

(ÐHv).

[o] , 
cH- eH¿-Gsfs

cooH

,^--èx -(Hs

(Å",J
xÐov

[oJ ,. Ô-Jn-'u.
\Aô 

COOH



' å.s tbe sy¡atbesls of 2-ketocyclohexylsuccinie ae1ô

and relatecl substances from cycloh.erene oxitle aïe gonewhat 1n-

volyeô, Charleswortlr, lfiaRae, and. MacFarlane (?), la seareh for
slnpler notbotl.sr E.D(l also to confirm the etruatures aeeignecl,

began syathetloal work using oycloh.exanone as th.e etarting
naterLal. Shree nethotts seeme¿ posstble Ç

(l.I lte ellmlnatlon of socllun bro¡o1rte between tbe eoålo-ilerl-
vatlve of etbyl oyclohexsnoû€-2-earboxylate anð brominateil

estere, followed by byôrolysisr

lZl the oxfulatlon of .7 -Lactones of eyctrohexanoJ. carboxylio

aolcts wbich arg pïeBaretl by Reformatsky ¡eactl-ons between cyclo-

b.exaaoae aatl o¿-Sromlnatetl esters, followeô by treatrent wltb

nineral acltL.

ßl lhe conilensation of, Z-tronocyclobexanone witb tbe sod[lo".

ôerlvatlve of tbe propet eubstftuteð malonlc ester.

¡ÍE8EOÐ (11

Cbuang anð lúe (4), ChatterJee (5), anð Gboeb (61 sy¡rt

tbeslEeô Z'tsetoayelohexylacetlo acLil (]tf,$lîIl! from tbe Eodlfo-

clerlvative of etbyl oyaloberanoä€r2-carboxylate (XXXW ) anð

ethyl ehloroaaetate.. Charleswo.rth anô .co-workers (7) repeatedl

this preparation, employlng ethyl bromoacetate, ancl obtaineô e

Butsr pr octuot tban tbat preparedl by other authors or prevloltfy

by tbemselveõ.

e(:'*' 3r -Cllr-Coo.Crll..s L

Á,.
t/ -qo..

cHt- cooÞl)oa(trl

¡ççilnL
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fhts Eethott ças enployeô by Openshar anat Bobiason (8 ] anit by

Eaworth ancl trfravln (9). À syatbesls of the coÍlespontting Z-keto-

oyclobexyl-d-propionlc aclcL (Xnffi) resultect when tbe sodlio-

ôerfvatlve of etbyl eyelohexåDon€c2-carboxylate (¡¡ff¡) was Gott-

dleaeed wltb ethyl o(-bromoptöplonate aatl übe resulting ester

(EETIIII eubJected to byðrolYsfs.

_ff":;:i: ,
\.r\" sooca*' \,r\. 

coôc¿f's

xFnr1 lwfi¡1L )ffi'tnll

CH-(-l{3
I
cooÉ

In an attenpt to prepare the lactones of eyolohexanolbenzylaceflc

aalcl, anrit Z-ketocycloberylbenzylaaetlc aclô by trtrethoð (1Ì, MoRae"

$barleswoz.th, anil Ïtaafarlane (?) contlense.û tbe soi[1o-derivatlvo

(EXVI) wf tb etbyl ð( -btono-É-Pþenylproplonate, expeotlng the

ester (XB), anô on hyðrolysls 2-keüoayelohexyl- þ-Phenyl4rror'

plonle aclrl (ru ].
  (OQCrll< -/\

/ \.1cH - cÈ¿-€¡Ab / \- c'tl - cH¿- C{'Hs

(Àil.ï** , (Åo1""*

Ihe o11 resultíng from tbe'ooactensatlon hacl a conposltlon fn falr
agreement wlth tbat of the ester (e) but noleeular weigbt

ôete¡miratlon anil the prorluetlon of clnnanlc acid from ft by the

action mlneral aeicl proved 1t to be ethylo(-hyttroxs- ptpinenyl+

Broptonate. Íh.erefore, it appearecl tbat the ester (Xf ) hatt not

been for¡oetl anù that the d -hyclroxy-B'phenylproplonlc ester
I

¡esulteil from the actlon of the alkaLine ooncleasing netlf.um on the

brono-egt:t. [b1e rae ln agreenont wtth the work of E. FlEaher

and, Zenptr¡n (10l who prepareil laactlve o(-bytiroryr/-phenylproplonic
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acld. from the correspond.ing bromo-acid. by heating r^rith water and

eaLcir.m'earbonatel and. of McKenzie and. r¡iren (11) vrh.o reported. the

preparation of the active acid.s from the active bromo-aeids by

the action of al-kali and. by water al orle"

Ihe main interest eentered. in the application of this
method. to the attempted. preparation of Z-ketocycloherçylmalonie acid.

anð- }-]xetoeyclohexylsuccinie acid.. When ethyl cyclohexanone -2-
earboxyl-ate was cond.ensed rLrrf th ethyl Joronomalonate it was expectea

that the ester (:gúf") wor¡ld. result¡ and. on hy.d.rolysis¡ 2-ketocyclo-

he:q¡lmalonio acid. (f"eU¡.
soóc¿Hr- / COOclHs

-o*/
.crl -cooll
I
I
cooH

xt111
Again it appeared. that t?re reaetíon did. not _oceur when metallie,

sod.iuru in benzene r¡ras used. as the condensing a,gentr âs -the orÍginal

r:eactants rllere recovered. unchanged.¡ along with an oil, probably

ethanetetracarbo:qy1ie estei, as on hyd.rolysis it prod.ueed. suceinie

aeid. Ikre ethanetetracarboxylic ester resulted. from the action of

troo atoms of sod.irrm on two no].es of the lcromosralònie ester.

Ethanetetracarbo:qrlie ester was mad.e in a sonewhat similar man¡¡er

from sod.iomalonic ester and. lrromine by K:otz and. StaLmann (LZ) t f¡om

ch1.oromaLonie ester and. sod.ionaJ.onic ester by Conrad. ard. 31sch9ff

(fS) from 1:2 dibromocyelohexane and. ethyL sod.iomalonate by Coffey

(A), a¡rd from bromomalonic ester v¡it?r sod.ir.m iod-ide in acetone by

Firrkelsteiu (f¿).
l¡Ihen sod.iun ethylate was used. as the cond.ensing age-nt

in plaee of metallie sodium, monobromoethanetetracarboryIie ester

and ethylenetetraearboqrlic ester rr/ere isolated. Conrad. and.
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Bruokner (f5 ) reporterl tbe preparatioq of eühyleneüeüracarboxyJ-lo

ester by the aotlon of Eoèium oD cllbromomalonia esüer 1n benzene,

anrl Cu¡tis (16) usea the actlon of sóatum ethyLate on dllbromo-

nalonla ester. fhe monobromoethanetetracarboxyllo eeter formeel

was apparently an lntermecliate 1n the forsratl,on of the etbylene-

tetracarboxyltc ester. thls reactLon faiLeil also wlth ethyl

eycloheranonor2roårboxylate anð monobromoouacinfg ester. llhe

resultlng products were aot 1ðentlfleð but no 2-ketoayolobexyl-

gucelnie aciil was obtainecl.

Irts[EOp ( 2 )

Befornateky reactlons have been utfllzed 1u the pr€pe,rc

atlon of oc-(l-cyelohexanotr) gJtty aciil eeters by Wallacb and
':

h1E assoelates (f?l, (18), anit by Auû.ers antl Bllinger (2o).

Boehrlnger antl Sobn (21) ptepared the X -lactoneE of cyolobexanol.

fatty aelds by bolllng these esters wltb mlneral acltls. ltlon

eyalohex&none, etbyl btomoacetate and. zlnc, Obarlesworth, trfic8ae,

anit X[aeXrarlaae (?) obtained tbs hyd¡ory esüer (ILIV) antt oD

treatnent with minerEl aoltl the U -lactone of oyclobexanolacetia

acirl (IIV), 1(l'entieal wltb that preparect by Coffer lr) anil by

nfiaRae and. co-rãotkers from cyoloberene oxiite (1).

9t{¿
I
Ccg

Ctt.-cooc.Hf 
-.

, l(t]-V F,V

Sinilarly fron ayolohexanone ancl ethyl Qt-bromopropionate, they

procluoeô tbe hyðroxy ester (f,lrVf ) whiab wlth nineral aclû gave

tbe d-]'actone of cyolohexanol-o(-proplonlc aclil (XIIJ"II) r

)g,vt E,\TL1
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åltbough Befornatsk¡r reactf ons wfth {- -balogenatedt esters

of monooarboryllc acid.s are fairly common, there appeat to be onLy

two recortledl cases of the use of o( -b,alogenatecl esters of clibasic

aaltls 1n tbls ïeactioa. In both cases esters of bromomaLonla acíil
were enployeû. Kohler, Eerltsg€, aact Mao1eod[ lZ?l reporterl that,
ueing unsaturateal ketones ancl nethyl bromomalonater 1:{-s¿rtltion
occuls. Iyer lZSl atteqlted Reformatsky reaetions usiag acetone

ancl ethyl bronomalonate ancl found. that water was ellmlnatecl be-

twee¡ two noleculeE of aeetone, ylelrtfng nesttyl orfete, ancl thls
ùae followeô by 1:4-s¿¿1t1on. In the bope of preBaring tbe hyttrory

ester (ãtrWII), Cb.arleswortb and eo-wotksrs (?) applied the

Befornatgky reaetion to cyelob.exanone anel bromonalonie ester u¡ile¡

COOC¿H5/
ßr - C'H Z'n- >\

Cooear{s.

lG,\¡l1L
As tbey found that no ¡eaction oceurreil, tbey oonclutleil

that a eompler siul].ar to a Orlgnarrl reagent sas forneü between

the ztnc ancl the bromonalonlc ester, ancl that aclôlffeat1on of
thls oompler gave ethyl n¿lonate.

a varlery of "zîi":.
\,/

CH -ßoOC¡ll5

coOC¡l{5.

+ 0Eô( C00C¿ Ec)u

Br

Br q Zn. - CE(g00coEsl^+ Zn

OE

îhls eomplex ditl aot reacü w1üb the oyalobexanone, or only very

sl1ghtIy, a,s the latter ltas recove¡eil. Ia one oase, when a large

e¡cess of zinc was employed., eühanetetracarboxyllc ethyl estev wae

obtainecL, apparently by removal od bromine between two moleeules

of bromo¡oalonlc ester. Ia simlla¡ reactloaE between ethyl uono-

bromogucoinate and oycloheraJron€ they lsolaüed. nothing but ethyl
guccl.nate.
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MESEOD (")

Cbarleslrorth, McRaar anå tr1[aeFar].ano (?] ¡oa¿e ono

atterpt by this msthotl. 2-Blomooyelobexa,nono was oonðensecl

with the sodlio-tlerivatlve of the tri-ethytr este¡ of pro-

to clecarboxylate falle ð to yteltl ô(-( Z-ketocyelohexyl )

gluüaric aciü or any other puro naterial. '

trtcRae, Charlesworth, Arahibaltl, anrl ALexaniler (Z+l

extenôert the problem by replaefng ayalohexene oxicle by ethy

J,enl-c oxlites in the pzevfous series of reaetione. Prlor to
that, 1,1tt1e work harl beon clone on eon{lensatlone between sot[1o-

aotlvatecl mthylene groups anil ethylenle oxitles. llranbe anril

I,ebmann Q5 A 261 conclenged. ethylene oxld.e with ethyl Eoi[1o-

¡nalonate anel on aclctifleatlon, obtaiaeð 2-ca¡bothnxybut¡rro-

lactone (lGIx).

cooC.ttg

I

Nc,-- C-ll

I
QôOC¡-t{g

Cll¿ - Ot{c-
cllz-

l") 
+ I

GH

ôocrt{s

.-a\
qoocllls

F,1X
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Fron tbe .pf"Atorobydrln (e), 4-ehloro.methyl-2-carbethoxybur

tyrolaotoae (¡¡) ¡rae obtafnecl.
êH¿

l\o *
u."*-ll

T

CÉut\lol/ ."
CIL

. .toot"**
Ko. - C- È{

t
QoO 9ull5

C oOC¿}lS

--- -t cllr@

Sinllar roaotlons wete. oatrieð out 1a çhlch the nalonfc estet was

replaceal. by acetoaoetio oetero

Moñae, antl' eolleg.gues, (Z+l obtained. 2-oxotettåbyrlro-

futaa-r-aaetfc aold (¡ff ) by oondlensing etbylene osLcLe, etlryl
godlonålonate anil ethyl chloroacetate, byctrolystng the ïesultiag
sster anü fhen cleaarboxyllzlng. cooH

o tilr
Ae was true for slnlLar reaotlons on cyclobexene oxid.s, 1t was

founrl"that þ -}"ratogeaate¿l esters coulô be replaced- 1n concl.ensationg

st tfre above tyTe by bonzyl chloride, ín whleh ea.ss l-67ç-J*benzyl-

tetrabyðrofuran (LIV) reeultecl.

COoç'¡.1+s
t

Îlè. L-H
t
Coot¡fl5-

cl, -cH¿ - coÕcùHs

xli
When etbyl 9*tllonopïoplonate roplaceô etbyl ohl-oroacetate 1n the,I
above reactíon, 2-oîotetraþilrofuran-J-proplonie aciil (lfff ) was

Obtalne CL . çHa_ Clti :,:_..e-tlr._ Êï{¿= ggO}.¡itt

Cllr 

- 

$f 
- 

($la .- C¡ ll5tt
cH¡ c
\ ./\o-o

Q.s{¿ C

\o/ \
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rHE ÛEEMIS!BY O$ ÐIHYDRONAPHTHAIEIfE AND DISOUSSION OF BESUIIS:

anrl a],so an am1ne

Ia 11ght of the rssults obüainect by McBae anð co*reorkers,

1f seons that a 1og1caI s:tep 1n contfnning their work woulel be to

replace cyclohetçene oxftle by tetrahyclronaphthalene oxicLe,

letrahyrlronaphthalene oxLcle can be synthesireô fron naphtb.aLene

anrl may be reprEsentocl schemattrcaLly as follows:

00 {r>et ær*,0o
B¿r.nberger anrl I.ottter (271, whlLe earrylng out experiments to

rtetermine the effect of soatium ancl a]-cohol on aromatic nitriles,

found tbaü two classeb of substances weïe formecl: Namely the

coïlespondlng hytlrocarbon; or nore generaLl-y its ð1hyüro ûerivatfve.

lhns fn the case of naphthonttril-e, d.fhyôronaphtb.al-ene was obtaínecl

C,^H, CN 2H, = C^E,o + flCN
C.UTCN+ dE., s C-E,,CHåNHa

[he cllhydronaphthalene so formecl was a strongLy re iraotive of ]-

bo1l1ng at 2}Lo C untler a plessu LLJ mm. anð sol1êífying at a'

low temperature into il.arge glisteni"ng tableË':;whlch mel-tetl at 15.5"C'

Dtrbyùronaphtbaleno ïÍas also obtainetl by the actlon of socliu'u

and ethyl" alcohol, on naphthalene. when the d.lbydtonapb'thalene so

formed. was oxid.lzed., 1t yield.ed. o-pb.enylenediacetlc acitl Cc E*(CnoCOOU¡

lberefole, Banberger ancL f.,od.ter concluåeð that the ad''åitional

hyôrogen atorns in the dlhyðronaphthalene oecuplecl tbe pala posttion

and. not the ortho Posltion. _
" It ls also posslble to form 1,4-ðihytlronaphtha]-ene by ðirect

byürogenation of naphthal"ene using platinun or niakel' aÊ
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a catalyst at 19000. ff hydrogenatlon 1s continueil, otber efght ,

atore of hyclrogon aro absorbsel to form cteaalln CroHrr(bolling

point 1$Oo-1!1o0 at f 20 mm. ). there 1s a markeil tleerease 1n the

velocity of abeorptlon after the flrst two atons have been arlûeit

endl teüralin aan easlLy be lsolatetl by lnterrupting tbe reaatloa
at the proper stage. Ftrïtb.er reôuctlon leacls to c[eoal1n,,. lhie
wouLcl ssen to inil.íeate th¿t lr.4-ilibytl¡onaphthalene eonElsts of a

benzenoict ring ancl an aLlphatic ring since there 1s no inter-
mecliate etage between tetralln anð il.eoalln. rt 1s founrl, when

hydrogenating benzener. that 1t wÍll only arltl three moles of

byclrogen or none at all.
In oonneotlon with b.is work on llthium naphthalene

rsaotlons, tb.e separatlon of ðthydronaphtbalene was repoïtett by

Sohlenb (28)r. lhe aôil1t1on aompounct of Lftbiu¡¡ antl napbthaleae

whieh hail been pxepa¡ert in ethyl ether.,as solvent, wlth a reactlon

tlne of elght ilays, was ctecomposeô wílh atroobol. Botb the slow-

ae6s of thls . prooess antl the expense of the llthiu¡o ma,ke this
nethoil lnpractical. $chlenk reporteù that 1a experlments of
shorter cluration, he obtai.aeð afte¡ aleoholyeis an equimolar

nf:rture of naphthaleae anü ùlhytlronaphüúalene.

geott anit Tlalke¡ (29, earrl.eil out experfments wlüh a

vlew to lmproving the retho{t of prepå.ratlon of illhyôronaphtbalene

and íts bomolo$res with efficient o.tiligation botb of the aIkalt (Nal

metal and of the hyðroearboa being reducecl. fb.ey also hopeð to

sborten the ti¡oo requireil for the reaotlon. Iturthe¡note, fhey

wishe¿l to be able to control the reaetion so that ttfhydronaph.-

thalene or lts honologues coulel be obtainecl at will, either

unpolynerizeû or polynerlzecl to resinous substaneeg.
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Seott and ilfaLker forrnrl tbat dihydronaphthalene ancl.

its honologues tentL to reaet wlth solutlons of alkari metal
compounrts of naphthalene antt lts homol0gues to form pol¡merlc
alkall compountls lrhich on hydirolysis eïe convortecl to reglnous

Bolynere. Moteover this reaction between the ôihyd.ro aompounrt

ântt the alkal1 metar conpouncl fs profoundly iaflueneed by
relatively smalL teuperature changes. At low tenperatutos this
reaetlon 1e greatly iahiblted; or, 1f the temperature is sufflcient-
ly 1ow, 1t 1s eompletely preventeil. [huE tbe reaation between

d.lhy{lronaphthalene aait tlfsodlum aaphthalene ocetrrs readily at tenp-
eratu¡es of 25oe antl hlgher, but as the temperatu¡e is cLecrease<l

o
below 25 tr, the reactlon 1s progressivel-y lnhibited anrl at temper-

aüures arounil -30"c tho reaetion ls not appreclable witb.in a
reasonable length of tine.

One possible reason for the low yleld. of dihydtonapb,-

thalene obtaíned by prior nethorts is basecl on the faat tbat
oritinarlly not nore than one gram atorn of a1kal1 metal wiLl reaot
with one glan roolecule of naphthaLene 1n reason¿ble tinei oogr

ssveraL h.ourg. Ihis proportion of reacteil metal is equivalent
to the fornatlon of one nole of dlnetal napbthaleno, leavlng one

mole of naphthalene unreactetl. When the reaetion mixture is
hydroLysetl, the refl¡ltlng hyrlrolysis proiluct theoretlcall-y is an

equlmolar mlxture of naphthalene and. ctihyikonaphthalone. Seott

antl ¡ñJalker clain that by thelr method. they were able to eonvert

JOft ot more of the naphthalene to dihyilronaphthalene 1n a siagle
operatlon. fhe procluot can be anaLysed by tltrating wíth soLutions
of bromlne ln ebiloroform at OoG. Eaeh molecule of dlhydroneph-

thaLene absorbs one nolecule of bromine wlthout lfberatlon of HBr.



*2en
$aott andt-ifalker alLollecl the hyrLrooarbons to reeet

wl th eoû1urn 1n a solvent medfum oonprisiag substantlal amounts of
' eertaln atherg. fhe "ethers used for thls purBose rivere relatlvely
inert to soctiu.n ancl to the socllum hyrLrocarbon cornpouncl whlch was

formed. 1n the reactlon. lhey may be d.tvitteô into two ôlasses as

f ollows:-

1. Dlalkyl mono-ethers havfng a methoxy group and

1n whlch the atomlc ratio of oxygen to carbon

1s not less than l-zd.- Eramples of thls gtoup

are ôlmethyl ether and methyl ethyl eühero

2o Poly-st¡Brs - that is, ethers haviag more tban

on€ ether orygen linkage; for example, the

fully alkylatecr ðerivatives of etbylene glycol
or glycero1.

rf nethyl ether ls useal as a solvent mecllum, the pre-
viously knowa sotllum reaeti ons take pLaee many times faster than
ln ethyl' ether. Witb thls solvont, it 1s posslbLe to fncrease ühe

soope of the reactlon to lnclutle naphthaLene anct tLlphenyl as well
as other hytlrocarbons. ff ethyl ether 1s aðded to a mlxture then
tihe reaetion is tevsrsedt anrt the orlginal hytLrocarbon and elenentary
soilium are obtalnetL. Wlth a concentratecl so].utlon of byd.rocarbon 1n

pure metþ1 ether, it 1s possible to clissolve one oï tllo gram atons
per Lltre 1n two hours. Methyl ethyl ether is the ouly other nono-
ether 1n which these reaetlons ean reatlfly occut. fhe formation of
socllum naphthalene 1s slow but rletectable 1n methyl propylether.

Scoüt, Walker anù Hansley (Zgl in seeking sultable
solvents that are 1Íquiit at loon temBerature ðlseoverecl that the
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cllnethyl eüher of ethylene g1,ycoL (toffing polnt 85"C) ts a

substance equlvalent to tllmethyl ether as a soLvent for soctfum

rsaetions. Contrary to concl-uslons that might have been ctrawn

from the behavior of the üono-ethers, 1t !!as foundt tbat all fully
alkylateû gLyoole and polyhydrla aloohoLs ars effective solvents

for. soð1um atlðltlon reactlons. It was aLso found that trimethylamlne

anû a few other amlno compouncls ars effective although they offer
littLe advantage oyor the etherso

For most purposes ôlmethyl ether ana the rllmethyl ether

of ethylene g1yco1 are tbe nost $ritable sol-vents for the reactlon
and. the latter is more convenlent by reason of lte boiling polnt.
It 1s, however, e1ow1y attackeä by socllum naphthalene at room tem-

perature wtth the formatlon of methyl vlnyl. ether presumably in
aeeorclance wlth the equatlon

C,oHrNa" + 20Ht0-gqa-tEa-0tEs + C,"Ero ù 20Eo ONa + ZCET0CE = CHå

fhÍs methyl vlnyl ether !Ías 1ñeintlfieit by lts bo1Ilng poiat andl

uasaturation towarels bromlne.

lhe preparatlon of ühe special solution is requlreil noü

merely for the lnltlatlon of the reaatlons but for the existance

of the ssôiu¡a naphthalon€sr th*s ean be shown by preparlng a

solutlon of soûLum aaphthaLene Ín illmethyl ether anil then ovsp-

orating at room tenporature. lhe cLark green solution cleposits a

very cla¡k green solitl whlch changes colour ruíth the 1o ss of thc
Last traees of ether. fhe solltl w111, oD treatment wfth water,

evolve nearly the theoretíoal amount of bydrogsn as such. rïb.en

soùlum naphthalene 1s t¡eateil wlth water no hydlrogen ls evolveil.

fhus for nost purposes the lsolation of sotliun naphthalene fn
the solfd. state Ís not attenptetl since 1ts reactions are @olt-
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iir¿ sut 1n solution.veniently"c ar

the reaotlons of soclins naphtbalene can be tllvldeð l-nto

two classee. Irr the first soclium fs recoverecl n¡changsð, the

solutlon bohavlng mueh llke dissolvecl sotliun. In thls class may

be nentlonetl roaetlous reith mercury, oaygen antl benzyl- cblorlrlc.
In the seaond. cÏ-ass of reaetions, the naphthalene ls

¡eelucetL to ôlhyilronapbtha1eno or lts derivativee ôepenù1ng upon

the reagent usetl. rilllth water, aleohol and a w1ôe tange of
organlc eonpounûs oapabLe of forming soclíum rle¡lvatlves, where

the sotlluts repLaces hyrlrogêû, the pr oÉLucts are ilihytlronaphthalene

ancl the sodíun compounrl of tb.e maüerial usecl as a soures of
hyclrogen. c.gr with acetylene

C,rE¡SarC"Ea I z0aEe +Ð C,oE,o * Cr 4 1 ZC.ENa.

In genoral, the onl-y requlrenents for the fo¡natlon of
sodlun naphthalene antL relateil compouncls 1n d.lnetbyl ether anô

other aotlve solveats are that ühe solvent be pure andt elry anrl

ühat the hyrtrocarbon be reasonably pure. It 1s aleo lnperativc
that a cLoan sttrûaoe of the alkall-no material bs exposecl 1n ortl.er

to inttlato the reaction. Onee starteû the reaction thoroughly

cleans any netal surfaoe that was not orlginally clean. Impuritles
suah as EnOrmethanol a.nd. GOoprevont the reaction fro¡r starting
by formlng proðucts which coat the surface of the a1ka11 netal
as, soon as 1t 1s exposetl. If they are only present ln traces,

however, porslstant scratchfug of the su¡faee will eventually

lead to their clesüructlon antl tbe rêa.ctlon wil]- proceerl.

In the present proJect, 1t was tlecictecL to attempt thg

preparation of díhydronapbthal.one by tho nethocl. of Scott, Walker

ad. EansLey, ï1sing the dimethyl ether of ethyJ.ene glycol as the
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solvent. I?re d.imethyl ether of ethylene glycol wae not availablg.
commercially and. had to be synthesized., TLre method. of Clark" (pO)

vras investigated.r in v¡hieh the sodium slat of methyl cellosolve was

treated. with methyl sulphate. Ikre best ygeld obtained. on several
runs Ì^t'as 23ft Tased. on the methyl celloso}ve. tr'urthermore, the
resid-ue left after d.istilling off the dimethyl ether of ethylene g].yco1

lras a black resin from which none of the methyl cellosolve could be

recovered..

Attention was 
ffren 

turned to the method. of Capinjola
(gf) in which the nethy]-ation of methyL celLosolve hras carried. or¿t

by the use of methyl eÏ:i.orld.e. lkre yield. based. on sod.ii:m was'18fi .

'¡Jhlle the yield. based. on sod.ium was high, that based. on the methyl

oellosolve uras only Jl9.ã{". Horuever, ttrís method. had. the advantage

over that of Clarke in that the unreacted methyl cellosolve r,¡as 
l

rec overalole by d.isti1.lati on.

Íhe dÍÏryd.ronaphthalene prepared by the method. of scott
and. llalker '{ras a white solid. sÍmitar in appearance to naphthalene

and. rue1ted. at Z7o A.

S'a,rtberger and. lod.ter prepared. the ahlorohyd.rin of
d.ihyd'ronaphthalene (Zl )' by treating dihydronaphthalene v¡i th h¡r¡¡g-
ehlorous acid.. A convenient souroe of this acid. was obtained by
the aoÍd-ification of monochlorourea solution with glacial acetio -,

acíd' v¡hieh accord.ing to Detoeuf (gg) d.oes not favour the prod.uction
of second.ary diehloro prod.ucts and also ha,stens the reaction by.
acting as a soLvent. A' LO% erccess of dihyd.ronaphthalene rras use

in ord'er to eliminater âs far as possible, the foruation of d.ichloro
prod'ucts. 3y this method, ffirochlorous acid. solutions in strengths
of ab out, LLft were obtained.o
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Dihyd.ronaphth.aLene was found. to be 1nsoluble 1n mono-

ehloror¡.rea solution. Furthernore, there was no evitlence of reactíon

after contlnueil stlrrlng. ÇentLe heatlng ôíd not leacl to a reaction.

It was ooncluclecl. that probably the l¿ck of 1nt1¡oate contact bEtween

the dihyrlronaphthalene ancl the monochlolourea solutlon was responslble

for the falLure to react. Hence a sl1ght a¡nount of the ùimethyl eüber

of ethylene glyool was aðdeð in oriler to overcorne thls but still no

ohlorchytlrin was obtainetl.

[he ðlhydronaphtha.ene preparecl by Ba,mberger antl lotLter
(,27I wa.s a yelLow o11 bo111ng at zl0oC at ?60 mn. Six runs were

marle using thls methocL anð the total proituet treatecl with Inorro-

chLorourea solutlon but no reaction oecurred, the dihydronaphtbalene

being teeovered by separatlon ancl distlllaüíon, fbus it appearecl

thaü the falLure to react must have been clue to moaoohlorourea

inhlblüing ühe reaction ratber than"to the lack of lntimate contact

between tbe reagents sl-nee Bamberger anð lotlter preparetl ühe

chLorohyrlr1n from reagents which d.1ð not have s,r:y mole intÍmate contaet.

lhus the monochlorourea method. was aband.oned anfl an

attenpt macte to propare the ahlorohycirln by the methocl employedl

by Bambetger antl Lorlter in wh1cb. the hypocblorous aclct solution was

obtalnedl by the aetlon of borle acicl on a solution of bleaching

powdler whlcú batt previously been treatedl wlth calclum carbonats.

lbe authors state that the formatlon of the chlorohycl.rln shoulò have

pïogtesse¿t consitlerably wlthln fifteen minutes as shown'by tbe

consistency 1n tbe flask. Eowever, repetitions of their procedure

dtlô not show this. She ¡eactlon mfxüuïes ïreÌe allowedl to aþake oveï

ntght. After that perÍoct, a,n oily nass containÍng crystals 1ay at
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the foot of the flask. l[he; crystaLs were separatedL off by suctlon ,

washeô with water anô hot Il-groin. lhe erystal-s wero ttlentifletl
as aalelu-m'oorate whích hatl separalod. out and hail carrled rtown the

uachangefl ôlhyilronaphthaS.ene. Runs were macle using acetio aciil 1a

place of borlc acfil 1n orrter to overcome the effeot of the clel-ayecl 
,,

orystallfsation of calclum borate, and hy¡rochlorous acidl soLutions

were propared from bl-eaohlng agents 1n orrler to obtaln mox€ concentratetl

solutions of the ac1tl. Ëowever, tb.ese nodllfications were unsucceesful 
,.,,

leroux l3+l , 1n his sturly of the hycLronaphtbalene serles, ,.','''i

proparect ttlhyðronaphtbalene by the methodt of Ba,mbotger andl lodter. 
,,',:,

Ee purlfiect the proðuct by freeølng 1t anit allowlng lt to partíal.ly

nelü, antl pourert off the llquið portlon. Qy repeatfng this plocecl.ure

several tirqes, he was abLe to separate the 1ow melting itihyclronaphthalens

from the unreaetett naphthal€no¡ fie aLso prepared. the lod.ohyðrin of cLihy*r

ilronaphthaLene by reactfng ðlhycLronapbthal-ene sith yellow nercurlo

oxitle ancl loclíne.

å stuðy of the lodohyttrins of cyclohexene, amylene anô

rlihyôronapbthalene was und.ertaken. If the yield.s of these lotlohydrins

were bfgb eaough they woul-ð give a nsÊns of arriving at the respective 
,:,,,i.

oxlrtes by removal of bydrogen locLltle fron the ioðohydrln by 'treatment 
, ,,

' 
' 

t, t,',

wlth sotllun hytLroxlcle solutlon"

lbeloöohyclrlns wer'e obtalned but they ûlð not orystalllse

out. [he oils ]rÍefe ô1stíLl-ed at 1ow tenperatures but there was a

markecÌ tentleney for the iodohydrln to break tlown. l

fbe fallure''of the iod.ohyðrins to crysta]l1se out and,

therefore, the lnab1l1ty to purlfy the¡n ellnlnateô thei¡ use as

a meå,ns of arrlving at the oxfeles. It was res6lv€d ts carry out a

thorough stud.y of the nethotts avaiLable for the preparatlon of

chlorohytlrlns. It was fountl tbat four maln prooeôuÏes are
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avaLlable:-

1. The illrect aatlon of ahlorLne and waüer.

2. fhe aetlon of 9iß* or CaOCI. wlth C0.. ot CaCO.o

3. [he use of cI. 1n the presence of Mercurlc oxicte
ancl water. '\

4. Detoeuf I s uïea methocl (33l,,

[hs first methodl is partiaularly arlapted to
gaseous reaetione though iü can also be userl, for lfguiile by

a nodifleatloa of the apparatus.

For liquids, the ah.lorlne is usually rtissoLved 1n

çater ancl the hypocþlorous acicl solutloa arlrtecl to a suspensÍon

or enulsioa of the olefla in water, wlth vigorous sti_rr1ng ß6r.
rhe seconrl nethocL.ernploying calafum eonpouncrsrwaÊr

the one use¿l by Banberger antt locl.ter ln their preparatÍon of tb.e

chlorohytlrin of d.lbydronaphtha]-ene. wohl ancl, sohweitzet (37lr

prepareô hypochlorous aeicl solutlon in a sfnllar way by passiag

chlorine gas througb a solutlon of soðlun carboaate. a trial
rua was made by this me thoat and. tltratlon showeü z,zLfi b¡po-
chlorous aclel to be present.

Ped.ro sanohez (37't rleserlbect a nethorl 1n whloh an

aE'ueous sol'utlon of llme ancl an acitl were conbined in sufficienü
quantlfy to prod.uee a precipltate not substaritlally soluble
ln aqueous solutlon. lïhlle the precipitate was in suspension,
ahlorine gas rras lnJecteû lnto the sol-utlon untl1 the requl¡ed.
quantity of Gl* hatl been absorbecl, after which the preetpitate
was aLlowed to settle and. the clear chl_orlnated ltqulil wae

fiLteredl ox ilrawl off, aontalning stable b.ypochlorous acid. in
solutLon.
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lhe thlrô maia nethoù employing mercurlc oxldle 1s an

olcter proceôure a¿dl 1s brieily ctescribsrt by Ïrortey (r81. It con-

sistE of Bassing chlorlne into a f¡esh1y prepated. suspenslon of
me¡eurio oxidle

EgO t ErO t esl& Ee$ll + 280C1

Coleman antt Johnstone l1gl tlescribetl the d.etalLs of thls pto-

eeclure as folLows:-

A solutl.on of nercurlc oxícte (2! 'grams) Ln water (5OO ca)

was plaeecl fn a flve 11trs flask and orackect lce (8OO gralos ) was

atlcletl, an¿ t¡.en a raplcl, stream of ahlorlne paseeù lato th.e mtxüure

which had.'to be kept beLow 5oC. fhe arld.ition of the chLorlne was

eontlnrl.etl untlL the ye11ow preeipltate of mercurio oxirte Just ilf s-
appearect. üoltt n1trlc aalô (6OO oc of 1.5 Sl were slowly arlôert

with stirring. Goleman ancl:Johnstone useÉl thls solutlon ln the

preparation of cyelohexène ehlorohydrino
í.
c
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. A sinllar nefhoù was or¡.tl1nedl by Ourlsgoa and. Kastner

(40) 1n whlch a suspenslon of rnereuric oxicte in carbon tetra-
chloridle was treatecl. with chlorine to give g1a0 ln solutlon in
cerbon tetraehlorltle. iilhen thls latter solutlon was treated with
waüer, a solution of mereury-free hy¡lochlorous aalð was obtaineðo

By this prooess it wag posslbLe to form very concentratett solutions
of hy¡rochloroue aeid, which ltere practically free of chlorfctes ancl

free chLorine. [hey were also remarkably stable"
i.'r
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parenrec," j,:;':ï':":^ïT::.i:":,":"ïï":";:: i:":::,'ï"
onee. lhe CI¡O was axttacted. wlth water 1n sucb. small amounts as

not to absorb nueh free chlorins. lb.e suspensíon of mercurío oxidle

1n oarbontetracb.lorltle was then ehlorlnateð once Eorso

Defeouf ts metb.ocl uslng nonochloroure& has alreatty been

mentioneô. [lhe mechanísm of this reactfon 1s the hytkolysis of
the nonochlorourea wfth tb.e coneequent formation of hy¡lochloroïrs
aaldl. [h1s acicl reaets with the o].efln ln solutlon to dve the
chlorohydrfn dtrlch 1s extracted. fro¡n the mlxture by ethe¡o

NHr\ ¡(ll2 \
_C-o + C¿L 

----+ 
!=O + l{C.¿

Ní{ - xx{

ia t{"
g 

=O
$(Hcß

N,l¿\
+ HoH c: o * HoC¿

NHI

fhe aaeü1c aclcL aôiteril to tbe nonoehloror¡.rea olefin nlxture nakes

the reaatlon go &ore raplôly but must not be too strong, otherwf,ee

chlorine is l-iberatedlr

lhe nechanism of actrtition of the hy¡roehlorous aalcl to
an olefln generally follows trfarknownlkov?s ruLei 1r€.

1. llhen the earbon atoms of the itouble bondl are uaequally
eubstitutedl, the hydroxyl group goes to the nost sub-

stitutetl atom.

2o Fhen the aarbou ato¡ns are equally substitutecl, the
hyðroxyl gïoup goes to the carbon fartbesü fiorn the

encl of the ehalno

ffhen the general methocls available for the preparatlon
of by¡roahlorous acicl are consltlered. wlth regarct to the present
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problem, 1t 1s obüfous ühat thE one 1nvolvÍng the dllreat aotlon of

chlorine and water ls the least app1lcab1e. fhe one lnvolving

the actlon of tl* or Oa00ü* wÍtb. 60* or taCIO, has been trieil,
namely 1n the nethotl of Banbevgør.antt loilter. Ðetoeuf ts ¡oethsrt

ðiô not prove sueoessful. [he proceclure of prorluo1ng hypo-

eblorous aoiel solutions by treatlng a susp€nslon of mercurlc oxlcte

1n carbon tetraahloritle sounclecl most pronlslng 1n that ooneontratetl

sol-utions of the aeicl. oouLcl be protl.uced. It was fe1t, however, that

a more cl1rect route coukl be taken to a¡r1ve at concenfratedl

solutions of hypochlorous acicL; namely, througb the aoidifieatlon
of saturated solutlons of oalcium hy¡rochloriteo Solutions protlu.aecl

1n thls nanner wero used in atter¡pts to procluce the chlorohyðr1ns

of cyclohexsne, amylene ancL dlbyttronaphtbalene. The aeirilification
of the eaLoium hy¡rochlorite sol-ution was carried. out 1n two ways 1n

each ca.se. One nethocl used acetic aciil as the acittifylng agent

wh1le the other useel borfc aoíril. It was fountl. that acetie aeiil gave

better resuLts. Yielcts of the ehlorobyctrin of cyolohexene wete

comparable with those obtainecl by other methoils. In the case of

amylene ehlorohydtrln, they were lower.

On placlng dlhyctronaphthalene in a såturateit solutlon

of aalelura ffirochlorite anct then strow1y ailttlng aeetie aelcl, a

eonslôerable a¡oount of heat was evoLvetl ancl the reaction mixture

was placert 1n a salt-lce mixtu¡e. No attempt was mad.e to lsolate

the chlo¡ohyttrln but ratherb convert 1t to the oxltl.e by ühe.

nethocl. of Barnberger anel I,ottter (41). .å,iter distllllng off the

aloohol usecl as a solvent, it was founrt that a liqu1d began to

ðistil over at 6O"C' fhis eolorless I1qulð contlnuett to dfstll
ovor and the tenparaturo ïoss grad.ually but steattiLy to 205oC.
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In tbe rango 2O5oç - 2l-7o}, the otl ctystalllzerl as ft passetl

f¡om the eonilensel. llhe temperature cllmbert slowly but

steatllly üo 25go9 (t739 nm. ) as the Last traces of olL passect

However, the o11 aonlng over above zl.|o9 showed no

of erystalllzingo
Bamberger and Lodlüor (41) reporterl that totrabyctro-

naphthalene oxicLe neltecl eþ 43.5oC, It distl]"led at 257oA -
259oc (715 '.. ) to a eolorless o1l, whlah qulckly set to
oplentlltl silvery-¡eh1te, na¡rhfhalsne-1ike plates. Iü was v6ry

volatil-e aatl dlstllletl nof only wlth steam but also of 1ts

own accord. Even at 40oC - 50og, 1t d1st1lleû ovor as an oil
whloh quickly set to long neecllss. It was sl1ghtly solubla

ia ether, alcohol, benzene, chloroform, boiltng ligroln, vory

slightly soluble in colit llgroin ancl significantly soluble 1n

water, especially luarm water. X'rom solutíons of Lye andl

so¿líuno cblo¡itte, 1t preeipltateô &s lrlclescent leafl-ets, üd
from water as naphthalene-Llke plates.

Íhus the only slnilaritles between the prodtuct

obtainetl using Mathesonts E.l[.Ho anû tetrahydroaaphthalene .

oxlcle ate tlreir voLatlLlty at low temperaüure anrtl the temper-

ature at whteh the oll- flnalLy ôlstlLls. On the other hantl'

tbey ô1ffer 1n so far as the proüuct of tbe E.I.E. nethott shows

no signs of nestlle-líke crystals 1n the 1ow boíl-ing lange not

cloes the materf al ttlstll-ling over at 257oe.

Banberget ana loãter (46) staüed that whea tetrahyclro-

naphthalene ohlorohyclrin was treateel with al-kalies, three

lsoloerldes of tbe forsqla ChEß0, a ctlhytlrio alcohoL, 0,o8,"0a¡

OV€f r

sfgns
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anô naphthalene wsre forneû clepencling on the condltions of the

oEpeTilaent o

Difflculty hae been oxperleacecl 1n the preparation

of ohlorohycl.rins ut.it", 1n. structure to tbat of tetrabydlro-

napb.thalene chlorob.ydlrín. Charlesworth antl hls co-Ìeorkers

attempteð the preparatlon of acenaphtbylene chlorohydrin wlth-
out süocoeec Reeent researeh carrloô out on ôthytl.ropyran may

offer an explanatlon for lack of chlorohyclrin formation.

Dihydropyran (I,V) attcls one mole of water to the

tlouble bondl. when hydrolysed wlth ttllute acl-dl sol-utlons. Ihfs

1s followed by opening of the ring to forn h -bytlroxyraler-

alðebyðo (IrW ) Blus a blcycllc acetal, dli-2-tetrahytlropyryl

ether (ITII ) as a by-proôuct.
t{.
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Brltlsb resea.rcb workers (+71 have founil that J-ch1orocl.l-

hytlropJrtan (IvlII ) anô 2-hydrory-5-chLorotet¡abyeLropyran (lII)
rsact to form bls-(J*obloro-2*tetvahyilropyryl)etherr (I,X).
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fhus ln attempts to forn tetrabyd.ronaphthal-€ne

cb.Lorohyctrin, the latter nay reerct immeû1ate1y on formatlon

wlth the unreaôtea ôlhyf,ronaphthalene.

It woulrl seem.that etber formatf.oo:f tbts type rníght be reðucetl

by earrying out the reactlon in ðilute solu.tlon. Eowever, uncler

th.ese conclltions, hydrolysls of the ðlhydronaphthalene might

ocour, thus resultlng again 1n ethev formatlon.

Ibe ôlmethyl otber of ethylene g1yco1, .1n whlcb clihytlro-

naphthalene anrl hypochlorous aaict are mutualLy soluble, night .be

usecl as a i[J.l,uent, thus rettucing hydrol-ysis of the díhyôronaph-

tbalene to a minimum.

lbe conversion of tetrahyd.ronaphthalene chlorohyclrln

to tetrahydronaphthalene oxlete woulil seom to requlre the

neutralizatlon at hlgh dllution ln orcter to prevent ether fornetion,

as tbe removal of hydrochlorlo aeicl mlght occur between two

moLecules of the eblorohytlrln 1n place of one.
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PNEPÂBAIIOS OF ÐTMTI8ETL ETEEts OF ETEEENE EITOOIJ

Metboit of C1ark, E.!. (þ)
the aHeoitíum clerÍvative of etbylene glycol EeE prec

paredl aeeordling to the rllreetfouE of I'lppert (43, fron 21 grans

of glyool aail 1þ grano of soðiuo ín etbyl alcohol, anrl nixeit

wfth 82 grams (2 molee) of nethyl eulphate. l8he mlxture was

heated. 1n a ô1et1il-1ng flaek oa an oi1 bath. At 90oC a violcnt

reacti,on set 1n; a lfquid, ttigttlled over; ancl a ]arge quantity

of blaok resiclue renainett 1n the flask. lhe tltstfllate was

bolled with soLið potasslun byilroxldte, ancl the clear llquitl
separateil aaô rl1stlIleô. fhe fraction boiling up to lOoC was

repeatetlly boll.e<l nith netall1e soô1un t1].1 no further ¡eaction

took plaee, flltereil antl rllstllled over sodíuu. lbe pure sub-

stance was obtainecl as a eotorless llqulit bolling aü ?8oC

nW nn), nlsoLb:Le with watsr andl possessi-ng a sharp ethereal

oclor. Bhe yie].ô was poorr Llpport who preparecl this etb.er by

beatlng tbe ô1soôÍrn salt of e:tlo¡rJ.ene glyeol with nethyl loûftle

for oveï a week, states tbat 1t boils at I}a ' Srne (?r.5 Bp)

but tt !s questlonablo wh.etber hls procluct was pure' as hls

clete¡ninatlon of lts vapoul dl.ensity was åistinetly too los.

this ethe¡ yieLcls no proclpltate witb aqlreous mercurlc ehlorf tle

aarl ôoes not reaot wtth bronine at OoO or 2}og

Clarkts metboil was earrleô out using oellosolve leEg)

tbe starting naterial 1n plaoe of ethylene glycol. lhe sod'1ug

Ealt was formotl, ancl then reaeteû ç1th rllnethyl sulfate.
EE
tl

CEr0 -Ç *C -OE + Na
tt
Eg I (cno ), so*

cEro - GEn - CEr- @8,
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As the tee,ctlon was strongly exoth,ermlo on the aitðltton of, the

netbyl st¡lfate, a conûenser w&s attacbeû by a slcle.arm fron

the reaction flask. Eha not\yl sulfate was adûeð thr ougb a

ôropplng ffrnnel. Í!br¡.s any tllmeühyI ether of eühylene gl,yeol

whieb formecl anil oommeaceil to tl1gtfll off år¡.e to the heat of

the ¡eaatlon was tecoveretl. Ðesplte thls, the yleltls obtalaeû

w€r€r poor. Several ruas wore matle. llbe best result was

obtainetl on a trfal usiug 65 grams of celloeolve (¡oetbyll anil

1! grane of soitlu!Â, from whlcb 2:,.'-3 grlste of tbe tllnetbyl ether

of ethylene glyool wsrs fo¡msdl' lspresenting a ylelil of 2J.7fi.

qapPAB.å,rrou 0F [.EE EI]IES.EIL E[Em 0_¡' EIEYI'ENU Gr.,ttor,

Methoô of CapinJola (11)

fbe natbyl eelloEolve (11850 Sla.msl wae plaee(l fa

a tbtee-Iltre, thtee-aooketl flask equlpped wttb a reflr¡x

oonclenser antl nEcþanieal stirr€tc Sodllu¡o (f58 gla&s) ças

aôdled. portlonwlse 1n snÐll pleces. Ag tbe soflluu ôlssolveô,

tb.e mixture tblckeneil a¡il becam tlark brcmn ln coloul. When

a1} the soð1un bad. ôlsso1veð, the fl¿s¡k was fttted with a

tbernoneter anil an ialet tube extenillng below the surfaee of

the eolution. Methyl shlorld.e was thea passeil into the soLution

suoh a rate tbat vety l1tt1e eecapetl the reaotlon. [he reaatlon

starteð lmuedlately anil proceetlecl moothly anô rapiclly. Some

beat was evolvetl antl thls ças temovecl by mans of a wator bath

applleô when tb,e tenperature of the nixture leacheô 6Oog. When

tbe reactlon was eomplete, &s cleterminert by the.galn 1n wefght,

tbe mlxture wa,s eooLecl anit the Llquttl portlon ças ôeoanteil fron

the soûium chloriile Þlhe time for complete netbylatLoa was

abou.t tbree bouts. lhe llqutð 1¡grtion was AlstlLlocl fron an

orôînary ôlstlil1ng flask, eollecting tb. naterlal ôlsttll1ng

at

¡'1:¡,:,:¡; .: ¡'+ -:r,
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bolovc l25oü. Fraotlonal tllstillatlon of thls saterfal gav€ 422

granrsr of dlnethyl ethor'of etb.ylene glyeol bo111ng at 83.5tC -
84rOoO. the yielrl based on sorl1un was'18fi"

CapinJola]s methoð was uoû1f1erl slightly 1n orclEr to

obtaln a greater converElon of the nethyl. oellogolve to itimethyl

ether of ethyLene glycol.. 8be soallun was aûôeil Ln stagee. In
the first step, soclium ças adðeû t111 the solution began to

thieken. It was fountl that this occurrerl when the nole ratlo
of eoilfun üo metbyl oellosolve was one to four. Metbyl cblorlcle

Ðas then bubblerl üÌuougb the solutlon t111 the gafn 1n welght

of tbe mlxture sboneå tbat the greater part of tbe soillum salt

bail besn convertedl to iH.nethyl ether of ethylene glyeol. llhen

aðd.1t1on of methyl ehl.oridle was balteô *a toother mole of

eoð1u¡0 was itlssoBved 1n tho eolution. Onee mole netbyl ehLorlðe

wae bubbled through the nlxture. Fl-nally the'nlxture was

fractlonally ôlstillerl anel tbe uaoonverted. nethyl collosolve

was tecoverecl.

8ría1 I
l[,tl- Methyl Gelloso].ve ......o.......'.... 3O4 889:

[t. Soôtu¡o .....o...r.................o.. 22 g&s.

lflt. Ðlnethyl Ether of Etbyleae 01yco1.... 52., gBSo

fitrcta.....(based on Methyl Celloso1ve). 1.4.6 1".

Wt. Metbyl 6g11oso1vg ....... r........... 1O4 $E$o
gt. Sod.lun .............................. 22 $ESr

Wf. Ðlnetbyl Etber of Ethylene 01yc01.... 50,, gtseo

$ tu1:A ..... (based on Methyl Cellosolve ). l+.O fi

frlal II
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9"årl ¡II - fntermittent ailÍlttlon Sodlíum.

Wt. Methyl Ogllogol'vg r..............oo..

fft. Dtnethyl Ether of Ethylene 01yoo1....

fi tteta .. . . . . (bassd on Metbyl Cellosolve ) r

L52 grns.

52 g!ûso

z8.o S

{REl4RAfrroS 0r SoÐilIlfi $APEîEAf¿ffiE SoEII!r9N

![ethoð of $oott, Walkerr æü Eansley. 'l'29]

A nola1 solutloa (1 lltre) of naphthalene in pure ð¡y

tl1nethyl glyeol ether was pl-aeedl 1n a two-lltre, thlee-neckecl

flask eqelppeû wlth a Bercury seaLocl stlrrer 1n whlch sn atmog-

phere of pure ôry nltrogen was nafntalneû. Sotlium (21 grans)

was tben attðed, the netal being cut in tbe form of etloks 2 to

J eme. long Wd 3 to cns. square on the entls, å,fter the

Eoô1u¡n hað beEn aatiled, the mlxture was agitateil mechanlcalIy.

fbe stirring was raplit at first but was tlecreasetl consltlerabLy

a,ftat the reaation bad comrnencetl. lhe reactlon mlxture wag

kept between -10oC ¿¡¿ -J0o0 1n orrler to prevent polymerfzatíon

of the l,4-illhytlronaphthalene formecl. At ZOoC to 25oO the re-

actlon was completetl 1n about two hourg. lhe un¡eaotetl soilium

was stuck together 1n a single pf.ece anû was removetl fron the

mlxture by a fotoePs.

fbe progross of the reaotlon was ôeterminetl from tine

to ti.me by the removal of a ena1l sanple of the reaction mlxture

an¿ ôetermining lts soü1wr content, after ð1lution wltb alcobol,

by titratlon with etanilarü aeld. using nnethyl rei[. Ebls tl1ô not

cllscrlmlnate between sodllun naphtbalene anil other -suspentlecl ol

rllgsoLveù soô{'un ooropou.ncls 1n solutlon, but when pule, 1t gave

a close approxlnatÍon to the sotl1uts napbthalene that batl been

fornetl.

of
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PREPARAIION OXI SODTUM NÂPEIHA¡ENE SO].,UTION .å,ND

1, 4-ÐIETÐRoNÁ.PE ÎEÅLENE

Soott aacl ûalkerra Moallfiert Methorl. (e9)

A nslal solutlon (t lttre) of aaphthaleae 1n pure',rlry

dlmethyl glyeol ether was plaeed in a two-I1tre, thtee-neekeû 
::

flask equlppecl w1üb a tuoroury oealeð stlrrer in whlch an atmos-

pbere of pure ùry nitrogsn was naLntalneð, ÀBprorinately 2 gran

afoms of sodllun Ber gram moleeulc of napbtbaleae in soïltLon

were plaoeð in a perforatecl oontaiaer which was suspeaðed in tho 
:

solutlon. $tirring was commsncerl ancl the reaotion earrletl out at 
,],

toom tenperatu¡e undter the atrnosphere of nltrogêDo As soon. as "'

tbe reactlon between the sotl1u¡o ancl the naphthalene hail commenoetl

as 1nùicatEtt by the fornatlon of a gÍeen colour arouncl the soillun'

thebydro1ys1ngagent,watef'wass1ow1.yat1ðedtotheso1ut1on,

elther continuously or i¡ternlttgntly. As the reaction proeeecleclt

oare was üakon tbat the rate of atlilltion of the water was suffl- 
l

c1enttopreventthespreailofthegIeonco].orrrtbroughoutthe
so].ut1onbutnotgreatenougbtopreventtbefornat1onoftbE
green colour on tb.e surface of the socliuÐ or 1n close proxlnlty 

: :

tbereto. It wag founrl. preferable to aåd the water 1n such a '
:::

manner that the soû1un particleo wete covereel with a film of the "'
gresa sod,iu!û naphtbalene oompounô but the reactlon mlrture was

substanttally free from the green eompounô. If the water weg

arlôeð too raplclly, 1t woulil ¡eact wlth the soi[1um, which woultl be 
,,,,'

lnôf cate{l by tbe fornatlon of a whlte ooatlng of soallun oxfcle on

tbe soillu!û partlcles. lbe sodiun bydroríde formecl by the hyðrolyslq

being lnsoluble in the solvent ether, fornedl a pleoipitate. Hbea

the reactLoa was complete, tbe byarolysecÌ solutlon ças saturateû 
,,,

g1tbearbonù1oxfðepriortofi1t¡at1ontoconvertthesodlfun



-58d
byôroxlrtc to soô1un bLoarbonate wblch wae eagfer to fllter out

tban the ssillum byclroxlcle. tbe flltrate was then tllstflIeil at

atmospberLo preeeure, tbe illhyilroaaphthalene ilistilling ovel

at 2O5oC to 21OoC. Bepeateil triale were natle using this netb.oil.

Ln eaeh case tbe il1hyôronaphthalene $a.s obt¿lneil as a wbite

orystalllae sol1ð, wbereag the nethoô of Bamberger and. trscltor (Zll

yiold.eð a yellow oil.. [he yield. varied. from 80 - B5f" A* the

proiluct cas conüaminateð with naphthalen€o As the boflíng poínf

of naphthalene 1s 2lfo0 an efflclent fractlonatlon coJ.umn çoaLtt

be requlretl to carry out ühe eeparatlon. Eowever, the lnpurlty

presentedt no problem 1n thls oa,se as 1t wae unreactive to hypo-

ebLorons aaid andl ooulil be ¡nore reatllly re¡rovecl onoe tetrahytl'ro-

aaphthalene oxicle hacl been fo¡mêd.

PF-EP3FåIION OF 1, 4-ÐIETDBONAPEÎEALENE

Methotl of Banberger antl Lottte¡ l27l

A bo1Iíng sol-utlon of napbthalene (1! grams) in ab-

eolute aLcob.ol (lOO aG.) Itae sl-owly run onto sl1ceü sodlum

(22., gtamsÌ 1n a rouncl bottonett, two-l1tre flaek, and the

solutlon boil-eô t111- the netal cllssolveel. Sart of tbe alcohol

w&s recovereö by tl1stlllatlon through a fractlonating eoLunn

anü tbe ð{hyûronapbthalene tl¡ivea over by a current of steam,

ancl then taken up frora tbe distillate by ether. llhe ilihyôro-

naphtbalene Tras obtaínecl &s a yellow o1] boll'ing at 210oe '
the yíe1ô obtalnedt by tTrls methotl üas 78fo crlo:ùe plod'uot'

It wae founct tbat about JOS of fh,e aLcobol wae r€-

o.overable. [be crucle prottuct contaíneit fron 1! to zJft l:rrpurlty

whlch was chlefly unchangett naphthalene. a larger.portlon of

so&1u!0 tencled. to convert tbe &lhydronapbtbaleno formecl to
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tetrabyd.ronaphtbalene. _llhus th-9 yielð obtaf.nabLe on a run of the
above proportlons was about 10 grams of pure procluet.

Ia order to nake this metb.ocl. useful in prepaÍlng Larger quantlties
of d.lhyctronaphthaLeno, a greater recovery of the absolute alcohol was

I

neceqsaly. lherefore, 91x runË wer€ macte fn whfch the bolllng
solution of naphthaleno Ln absolute alcohol was treatedL wlth sodllum.

lhe ¡esultlng solutlons woro then pourecl lnto a three-].1tre, rountt

.bottogetl'f1ask.ÍIhegreaterpartofthe.a].coho1wastiistfu-eùthrougb
a fraotionating ooLunn. lhen hoatlng was contfnuetl ovet an air bath,

.:

r' taking care not to ohar the so11tt naterial. It was founcl that by :

fhis proceclurs, the greater part of the aþso].ute alcob.oL was

recoverable.

PIIRIX'ICAÎI0N oIr 1.' 4-ÐIflTDRONAPHIHALENE

Methoô of Strauss ancl l¿emme]" l44l
, Ilhe crude 1,,{-ùlbytlronaphthaLene was shalcen in an etbs¡eal

soLution witb an aqueous eolutl.on of merourlc acetate. A whlte

arystalllne mercuïy oompouncl was formeü. This aornpouncl was wasþeil

..w1thetheranclthencl1ssolvet[f'nbenzene,whenas1.ightyes1ûuewas

obtaÍnetl. [his lras the mercury compounð of tbe lsomerfe J-rZ-

tlfhyclroaaphtha1enopresentinthestart1ngmater1a1.[hepur6

mercuty compound. ¡aeltteù from 119"- l2OoC antl was obtainetl by

evapotatlng off the benzene. Ifhen,tbe mercury compountl was t¡eatedl

i with a 3Of, soLutlon of hyôrochlorle aold, L,d-d.ih¡rdronaphthalene 
r

leaflets vúeyo o"otaineù, melting at 24.5" - 25"C ancl bol]-ing at

94.5Öc at lJ mm. Pressuïe.
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pBepa3^â,moN oF ¡[0N0cE30B0ItREa solu.rroN

Metboð Detoouf ß3l-

A ralxture of urea (480 gr"^"), preolpltated ohalk

þ40 gramelc anil wate¡ (Z4O oG.l was placetl in a tbtee-Lltre

flask equipped wlth aa lnlet tube ptojecting untler tbe surfaoe

of the mlxture for the lntrorhretlon of the ahlorine antl an out-

let tube to tbe bootl for the escape of tbe carbon tlÍoxlcle. the

flesk was oooletl. in fae. Ohlorlne gas from a cyllnðel was

passecl 1n unt1l tbe welght lncreasetl from ZJA fu 280 grans.

the flask was agitateð from tíne to time. llbe chlorlae was

absorberil. fairly rapltlly at first, but more slowJ.y towartts the

encl. 8be ehl-orlnatlon took fron 4 to I hours. lEbe solutlon

f,as then itlluteð to Ld00 eo. antl the excoss ohalk flltereal off

anit washeô wlth an aðd.ltlonal 100 aor of water. [he strengtb

of übe solutioa was cletermlnedl by wlthdtrawing a 1 eor s&tspl-€,

ôilutfng wlth 2J ccr of water, aclðing 10 cc. of 1.8 M. Potas-

slu6 iotllðe.solution, aclttifylng wÍth glacial aeettc acltl anil

titrating wlth etandarrt tblosulphate eolutlon, using starch as

an intl.lcator o

A solutlon of nonochlotou.rea !Ías prqraretl aocorcling

to the ¿bove proeoðure, using one thlrtl of the stateû guantltles'

after nutltrng ohlorlnE slowIy tbrougb the reactlon mlxture for

sfx hours, the inerease in weight cas for¡ntl to be ff grams'

After fil.tration, tbe sol-ution wae tltrateô wlth stentlaratzøô'

eoül-um thlosuuate, antl tbe following results fere obtainefl:-
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1 mL. EOel Solutlon -: 41.4 81. Sodlun lhtosuHate
Solutlon.

Bet 1 81. Sodfrlm [hlosìrlfate = 'OO35OI 
g&sr gOCl.

1 tsl. E0C1 Solutlo¿ oontalnetl ]4527 gooo EOCI.

fi noOå 1n the solution : L4.53fi.

After tb¡ee clays, tbe solutlon wag tltratedl agaln 1a orrler to

rleternlne lts stabfllty:-
1 81. E0C1 Solutlon : {O.l nl. Sotllua lhfosulfate

SsLut 1on.

But 1 tsl. $orlluro [hloeulfate : .OO3!O9 gns. 80C1.

fi no0f- 1n tb.e solutlon : i'4.2I#,

A!!EMP[EÐ PREPAB.åIIOS OF IETN.AETÐRONÂT'ETTTAT.ENE CEI,OFOETDBIS

usrNe ÐEroDux,r s gotru[ros

Ia oriler to prevent the foruatlon of the rtfohl.orf.tte,

a LO# e:reess of itihydronaphthalene ltas enployetl tn the reaetlon.

flhen tbe illbyðronaphthalene (t6 grans) was atldleit to the hypo-

shlorous aalð solutlon ß5 .8 E¡lr) no reactlon ocourretl. Slight

heat was applled ln an attempt to lniluce the toactlon to take

p1ace. 8be tllhyðroaaphthalenE oeltect antl a red oll sepa¡atedl.

to ûhe botton of the flaek when stirríng oeaeeð. llhe o11 was

seBarateil off, washed. witb water, ancl then èrietl ovel anbyelrous

oalelun obLorltte. 0n tllstiilation, the o11 proveil to be

unr eac te tl ilfhytlronaphtbalene .
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TREP¿FAII0S OF IEItsAE]TDBONSPEIEALENE CIILOBOEÏDBII$

Methoð of Bambetger anril Lotlter l2'.l',

Bleaablng powcler (400 gra,ns) was shaken wf th water

(Z tttres) at 4AoC and. then treatecl witb ca1c1u¡n oarbonate

ßoo gïams) anrL lefü to stanð for one üay (ln darrness). lbe

ealelun carbonate was then filtereð off on a hrahner ftrnnel

and ]00 grams of pulverl-zed. boríc acltled, wblch by sha,king was

soon al¡sost eonpletely ín solutfon. 0nee more the solutlon

baô to be flltereil, followlng whlch an abunclant quantlty of

crystalline botate settled at the bottom. lo tbe clear

sol-utfonrrtibydl,ronaphthalene (e5 grans) was now aôiled. I{lthin

fifteen minutes ühe formatlon of ahlorohydrin baû progresse{l

oonslðe¡ably, as !Ías apparent by the conslstency 1n the flask.

After stancting 1n the clark for twenty-fes¡ hours wlth oocas'.

slonal shaking, the greater part was eonverteô to a erystalllne

nass, whfch wag flltereô strongly on a suctlon punp andl even-

tualIy waeberl wltb wate¡ a¿ct tben thoroughly wlth 1ow boll.fng

llgroln. It was then, espeela1ly 1f tt hail been tl¡letl on a

porcelain plate antl was o11 free, fountl to nelt at tO5oC €

115oC ancl represented. after recrystalllslng fron aleobol alnost

pure ehlorohyil.rln. F¡om 120 gla.ns of dlhyðronaphthalene weÏe

obtainecl on the average not roor e tban !þ - 100 grans of ra¡v

proôaat. ßh1s representeel a yleItl of from 5315 to 59.51Ä.

Fsllowiag Bambergerts metho(l, a h¡4pochlorouE aclcl

eolutíon oontalnlng 1 .\rf" fryp"atforous acltt was obtainect. Ílhe

dlfbyd.ronaphtbalene (t6 gra¡os) was ad.tled to the hy¡lochlorous

aoicl. solutLon (r00 81.) ¡r1th eonstant sha,klng. lb,ere was no
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evlôenae of s r€actlon taklng place after fifteen minutes. lhe

mixture was left on tbe nochanlcal shaker oyer night. å.t the

encl of that tlme, o11 saturatecl. crystals 1ay at the bottom of
the flask. the crystelllne naterfal wag flltered on a suctlon

punp ancl washeô with ligroin. Ílhe sol1tt was founrt to be

sotlluo borate whloh b,arl crystallizeð out of the solution.
thls proceclure was repeated. four tineg. the llgroln

wasb.lnge were eombinecl andl evaporateê, ylekllng a brownfsh sol1ô.

thie was recrystalllzetl from alçohol and. fou.nrl to have a neltlng
point of tt3o0. Bamberger reportetl the neltlng point of üetra-

byttronaphthalene chlorohyrl¡1n as114 oC. A total 1.! grans of

tetrabyùronaphtbalene cblorohycl.rln was obtained from the four

t¡1als.

AffE¡fiP8 8O X'OBM EEE OEITOROEYDRIN Bï ïISE OX' BtrEA0EINe

sorurroN (JAvEr)

Bleachlng solution (Javex - 2O0 gtans) wae treateù

wl.üh boric acið (foo grans). the orystallfae bo¡ate crystal-

l,izeil out. Afüer stancl1ng twenty minutes, tbe solutlon was

flltered by srrction. Íhe solution was tben tltrated with

standarô soil1un thlosulphate andl founcl to eontain 2.63fi hy¡lo-

chlorous acfd. Dlbytlronapbthalene (U. grarog) was atldleil ts

the aclrl solutLon, 8r excess of ûlbydronaphtha].ene beiag usefl

to prevent the formatfon of the ttichlorítle of ð1hy{lronaphtba-

lene" A slight a&ount of heat was lfberatedl 'on gheking. At

the encl of an hour, the oil harl bseome more vlscotlsc Sitration
with etanclarrl Eod.lun tblosu.lphate showed tbe presenee of
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hy¡loohloÌotls aelcl ancl therefore, the solutfon was allowedl to

stanô over nlght. lhe o11 was ert¡aetedl wtth ether antl ôrieit

over anhyd.rous aaleium ohlorlcte. Ehe excess eth.er was

rl1st11leil off. lhe o11 was fountl to A1st11l over befween

2O5oC ana etOo0 ancl wag therefore unreaetett atfhyilronaphtha].eneo

AIîEMPI g0 floFÌfi .!EE DISqDRONAPEqÁLENE CELORGETÐBIN BY

lEE qSE 0F BTE.ASETNC_Solutro[ (tÂvrr)

Seooncl Methotl;

lhe rateô avallable abLorine content of the aonrmetolal

solutlon was glven ln terns of eoitlun hy¡roohlor.ite (tZfi¡. the

borlc acfð treatment of thls solution gave only weak acltl

sol-utions. It was tlecidedl to. form the by¡roehlorous aeitl by

the ailôltlon of glaetal aoetlc aoldl to the soJ.utlon.

A,ssunlng the avallable ahlorine to be 12S present as soil'Lum

þypoeblorite: -
100 grans sf bleaehing eolution containett 12 grame C13.

35.5 grans of oblorinc are preeent In J2 gIaHIs of Eocl.'

100 grarns of solution contaln +;4 a iz = t7.! gnse Eocl.

lheorEtioally, 62 grams of HOCI combine wlth 1J0 grans of tllhyðro-

uapbthalorge llherefore, theoretiealLy, ]-7.5 gra,mË of E0C1 ooltr-

roíne witb LLf s IJO = 16.f grane of ûlhydronaphthalone.
62

L lOfi exaess of ôihyðronaphthalone was usocl to prevent åíehloride

formatlon.

lhss a total of {0.J grams of tiihydronapbthalene was

ad.de¿. llhe roaotion warneù up on the atlôitlon of the aaetie

acið to tbe mlxture of the bleaehing solution anil tlihydron&ph-
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thalene. l[h.e solr.tlon was left shalrlng over night ia tlarkn€$sr

fb.e solution wae ext¡aoteû wltb ether antl treatecl with sodiuu

aarbonate to ¡emovs any acetic aclô present. lbe soLutlon ças

then washecN. aarl rilrfedl. over anhyclrous oalelum ohloritle. [he

etbet uas ô1st1I1ett off Lsavíng an olL whioh proveil to be

itlbydtr onaBbthalene .

EREFARAIÄg]ü 0F ErPosEr,oBous aoID-s0!ugt0-N

Methort of Wobl anct Sehweltzer (45)

Soôiun bfoarbonate ( 50 gtens ) was clissolved. 1n water

(6OO nlrlo llhe solutlon was oool€1l 1n an lee bath. Brigbt

1,1gbt ilas exclurletl and a vlgorous strean of chlorlne bubbletl

througb the solutÍon untíl the blearbonate bað Just tlisappea¡ect.

lhis poíat was reat113.y recognized. from the fact that a saraple

portion on warniag wlth bariun chlorlüe soluü]on gave no

preolpltate.
A hypoobloroue acict soLutlsn (1200 m1.) wag preparocl

acooriling to thls nethotl. fltrat1on wÍtb standlartll2ød' soðíum

tbtosulpbate gave tbe foLlowing results:-

1 nl. EoCl Solution : 6'3 f,' Soû1um lhiosulfate Solution

But 1 nl. Soùiun ßhíoEuLfate solrrtlon : .oo35o9 $lngr EOCI.

1 nl. EOC1 Solutlon contalneil .o22lL grams Eocl..

fi now 1n tbe sol'ution : 2.2L#
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AfftrMPSED PNBP,^ABAIION OF SEEBÂETDNOI{.APESEAJ"ENE CSIONOETTRIN

u$r$e wot AND stEFiErtzERls so[¿urros

Dlhydronaphühalene (t6 grans ) was atlüeð to the h¡po-

chlovous aclð solutlon (Z5O nl-.1. lhe mixture was shaken over

nlght. ßhelo wes no appe¿ranoe of erystals. lhe o11 at thq

bottom of the flask was separateft fron the solutlon ancl ðrleð

over anhyclrous caloium chlo¡1tle. On tl1st111at1on ühe oil.

proveô to be unreactecl tllhyôronaphtba].oae,

P.REPÂAAIrOS ory rm roÐo_EY.pRrN 0F .cY_croqpxEsB

Metbotl óf Brunel (351

Cyclohexene (40 grans) was ttlssolvað fn ether, free

of al"csho1. Wate¡ (7 to I grams) anô yellow mereuris oxicle

(55 grans) reero arlitedt to this solutl.on. X'ina11y lorline (tZ4 gosr)

Íae adlclett portloawise wfth constant stfrring. Eeat was 
]

cleveLopeð anð haô to be oooleô. Stirrlng was coatinued. til,l :

tbe oolour of tbe iodlne ttlsappeareel. 
,,,,.,,,,

the ethereal soLutloa was washed witb a eoncentrateü :'':
, ,, 

-,,,i,

soLutlon of potasslun 1oô1cLe, contalning as enall quantlty of ,',,

soùiu!Ê blsalphlte to removs the merouria loiliito anil traaes of

loiliae whfch remalneô. the llqulcl was cl¡ieð over anhyclrous

so&i11n euLpbate or anhyctrous calclun chlorLtlec the loilohytlrln

was removecl from the ethereal soLution by ð1st1l.lat1on of the

solvent. It remalnetl ln the flask as an o11 substance, which

orystallizaù on cool1trg'spontaneouoly, or by seeôing'
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. Btunel reporteô that the ioilobydlrln orystallizeð ùn

large orthoronbic prlons whfch wsre colorless. ffhen pure, ft
w¿s very stable at ordlinary temperature aatl haô a voïy sllght

oclour. It was lasoLuble 1n water, soluble 1n all proportions

in benzene, vety solublo 1n a1,eoho1, ether, aoetie aclilr aoe¡.

tone ancl ah.].orofolm. It nelteù at 41o- 42.5oC antl. sublimeit

fn a vaiuun at ordl.íaary tenperatül€ r T.t dlecomposecl on heat-
rìlag above IOO"C anô'was steau tlist1]lerl with slighf dlecom-

posltlon.
Eowever on foLlowíng this methoit, tbe o11 obtalneit

d.1d not crystallf.ze even after a long perlotl of eoollng.

37.2 grans of crutle product was obtalnetl.

3.,,gEpåBAr_roN qF ffiÞ ToDQEYDFTN or ¡¡ur¡nus

Method. of Brunel (351

Ånylenc 135 gtans) wae cllssolveit 1n etber free of

¿Icobol (150 graes) and treated. wlth water (8 gransf, yellow

mercurie oxlcle (5! gransl andl ioillne (150 grams) as 1n the

metboù of Brunel (r5) nsuù ln the preparatlon of tbe loilobyôrln

of eyolobexone

. In this ease the eoLour of the locllne itlô not tllsapBear

wltb oontlnr¡.ecl stlrring. lbe ttark colouredL solution was washeû

Eeveral times with a coneentratetl solutlon of potassluu iodlfle

containing a l1ttle soil1u!0 blsulphite. Eventually an amber

ooloureil solutlon was obtalneô. the ether antl unrsacted amylene

rBFe ttlstlueal off oa a stean bath, anel a very clark refl viseous
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oil renainefl. fhis olL wouldl not orystalllze out evsa after
pr olongoril. eooLlng.

Ibe o11 wae then AistlLled uncLet a prossure of L0 mm.

A. ðark o1l, ð1st1lleô oyet anrl then cleeomposltlon of the líquitl
in the ôÍstil11ng flask ocou.rreð anrl lorlino !Ías Llberateel.

3BüPAnAÎIoS 0F ÍHE IoD9ETD.BIN 0F DISYÐRoSÂPEm¡I,ESq

lletbod of tre¡oux (3+,

[o a so].ution of ôlhyrlronapbthalene (26 grans] 1n

ether (100 grans) was atltleit water (about 4 grans), yellow

mereurl.e oxlile [22 grans] a,na tben l{ttle by llttle witb eon.'

stant stlrrlng lottlne (50 grams). lhe reaeti.on batl to be

carrieð out wlth cooLlng on lee bath. After tbe absorptlon

of the 1oùine, the slightly coloureel f.iguiè was sepalatecl.

fron the mercurlc f.où1ùe fornecl d.urlng the teaction, çaehe{il

with a solution of potassium lodtôe antl then flnal-ly washeö

wlth water. llhe ether solution" tlríed with anhyclrous soûfum

sul.phate, was oonoent¡ateil by ô1st1L11n9 off two thlrds of

the ether. llhe remaiaíng ether 1a tbe solutlon was allsweil

to evaporate off spontaneously. 8be erystalllne foðohyttría

was purifieð by washlng wlth ether ancl then recrystalllzíng

from bo1L1ng alaohol. It separatetl as aoLorlees prismatie

crystals whlah melüecl sharply at 120oC. Progresslvs beating

altereil the neltlng polntç [h1s loclobytlrln cbangeit rapltlly

even 1n ôarkn€osr fhus 1t hað to be reacteil fuomeü1ate]y?
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.g,[EEryprED PREPAB.â,IrON OX'i .IEflRÁEYÐRON¡,PggEArffiffi orrDB

As the lodohydrln of d.lhyðronaphtha1ene w&s unstablee

an attenpt was maile to aonveit tAe o11 tô tetrabyðronapbtbalene

oxicle

lhe o11 ças tl.lssolvod in tlry ether. Fresbly neltetl

aart pulverized. soålum hyclroxidl.e (J grans) was aôiletl to tbe coltl

solutlon. llhe reactfou mixture was ehaken Berfoflilcally tlurlag

the spaco of, two ùayo. At the encl of tbls t1me, the etbereal

Eolution was ctesantett fron the sol1ô anct the ether ôfst111ed. off"

-å, sogð separateri out from the reslclual llqulil. On purifiaatlon

thle sollfl was 1ùentlflerl as aaphtbalene resulting from the {.8-

pgte rlibydronaphthaLene fron wblch the ioôohyûrin waE pre¡raretl.

Eo$bver, Do eviilenoe of tbe regulreð oxlcle co'ultl bs tletectetl.

PB$PåBAEIoS OX' rEE SEI¡oBOEYDEIN OF åü[ÏtEHg

A saturatett solution of oalciun hy¡roahlorite (Iúatheson

E.!.8.) was maôe up andl the excess çalclam bypochlorlte fíltereô

off on & suctlon punp. A 1 ml. sample of the soLutLon was

placecl in an erlenmeyer anû ttllutecl with water. Potasslun

fotliðe solutlon (10 rn1. 10S) was atlcleô anû the solutlon tben

ac1ôifiedt gra&uaL1y wltb acetle acicl as 1t was tltrateô with

stanrlarô sodiuno thlosulphate solution uslng starch as the 1nô1-

eator. llhe percentage of Ìrypochlorous aclil in the solutlon wae

eal-or¡.latoû aacl, also the anouat sf thls acicl neeessary to react

wlth the amyl-ene ($ nole ) . A' Lofi excess of the amylene was
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useô to preveat the fornatlon of ðfchloricles.

fhe anylene we,s then aðttoð to the oaleulatecl amount

of calclum hy¡rocblortte soLution in a tbree-aeckecl. flask
equippert witb stlrret, reflux oonclenser aatl tlropplng funnel.
As the rnixture was agltateð, the aaetÍo aciel (å nole) wae

artitetl ðrop by ôrop to the solutlon. Íhe ¡eactloa mixture was

plaoed in a salt lee nlxtlrï€¡ Süirring reas continueê for two

hours ancl the mixture was set asicte over night. lltration of

ühe solutlon after stan&1ng showeci. the absence of hy¡rochlorous

aoltt 1n the soluilon. lhe chlorohyrlrln lras seBarateiL from the

mlxtu¡e by steam ð1etflIatlon. Íhe aqueolls layer of itlstíIlate
(about l to 5.$ fftresl wes saturaterl with salt anil the ehlors-

hydrín extraeted, w1üh ether. fbe ethereal solution was ðrlerl

ovor ar,rbyilrous soð1um sulphate ancl tbe ethe¡ removecl by ttls-

t1l-lat1on. fhe reslrlual o11 was itlstlileil under reðuceil pressure.

Calculatlons:-

Staagarðf za,tlog glþrgsgþbgte solut { on:

Welght of loellne usecl-

Nunber of n-1. of eoclíun thlosulphate requirecl in the tf-
tratlOn Of iOitin(t------- --- å 15.6 n1.

' 1 m1. of soûíum thlosulphate .2OO? gms. of iotLlne.
15.b

.0128 gsts. of iotllne.

3u.t 126.5 gms. of lottlne --<-- 26,25 gntor of hy¡loehlorous
aciil.

.0128 n of
+9*3Ê z 26.2! sns. of hy¡ro-Llo o) ehloroÌrE aolil.

.00266 grBSo of hypoen*îå:t

.00266 grans of hy¡loehlorous ael{[.1 nl. of sotllun thiosul,Bhqte ;
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Calaulations Continueil : -
OaJeg1atloo ef_4gyþ ne_Cllgrolgrlrin yiglq :

I{efght of Anylene useð -------- -------- E }B,j gmer

Welght of E¡pochlorous aclcl requlrect -----,-ú-- r 26 n

1 nl. of Hy¡rochlorous ao1¿ solutlon JO.g ml. soù1un thl-o-
sulphate.

Pereentage E¡poablorous aeiil ín the solutlôn , 8.28ft
Yolune of Ey¡lochlorous aclcl. solutÍon useil--- E JzJ n.r;

Weight of Âcetlc acful used ---------{----------- rr JZ gøso

werghr of aqylene cblorohydrrn rotili:uoãr156f.Ëiîff;. 
I

8b.eo¡etfeaLly f0 grams of .&nyLene should._yfe1ð Lzz.! grans
of Anyleno Chlor ohyilr ine

Peroentage ylelil = x 100 a 23fi.

gAEPgfr.g,rION O{_çEIqEOEITßIS 0X' O-CEI¡OROCYO¡OffiIASO¡

.À saturateô eolution of oal,clun hypochlorlte (Iúatheson

E.f .U.l was macle u.p aad the excoss aalalum hypochlorlte filte¡eil
off on a suctlon pump. A 1el. sample of the solutioa was placetl

in an 
"llsnmefer anô dílr¡.ted. wlth water. potassiu¡q iottfôe

sol-utlon (fO ¡nf . lOfil w€re ad.rleô antt the solutlon tb.en aeiiliflert
gradualLy wtth acetlo acfcL as 1t was titratert with stanðard.

so¿1un thlosulphate solution using staueh as the inttLcator. the

percentage 9f bypochlorous acld. 1n the solutlon was oalerllatedl

anô also the amount of this aclrl necessary to react witb the

cyclobexene ($ mole ) ' e, rcfo oxcess of the oyclobexene !!as usetl

to prevent the fornation of rtichloricles.

+-,,f



[he oyclohex€ne was tben atttteö to the oalculatetl

amor¡¡t of the calcium by¡rochlorlte solutlon placett in a !00 clt¡
thre€-EêGk€rt fLask equlpped with stlrïer, reflux contlenser ancl

dropping fi¡nneL. As the mixture was agitated., the aeetfe aclit

(å mole) was aðdeð ctrop by ðrop to the solutlon. AÊ a great

deal of heat was prorlucedl by the reaation, a salt 1ce mixture

was useal for cooLing puïposes. lhe nfxture was stlr'recl for two

h,ours; thon left to stanil over nlght. litration of a 1ml.
sample showecl that no h5¡poeblorous aclcl remaineù tn the

solutlon. An oiJ.y layer separateð out on top. [he ahlorohydrin

was eeparateè frona the mixture by steam d.lstlllation. fhe

aqueous l,ayer of ðístillate (about 3$ fitres) was saturatecl

with salt ancl the chlorshyclr1n extraoteit with ether. $be

ethereal eol,utlon was ôrled ovex anbyctrous soðium sulphate antl

the etber renoved by distillation. [he resiôual o1]- was elis*

tilLecl und.er recluceð pïossuïe. It began to ttlstill ovel at 99oC

(24 ¡nn. ) as a colorless o11 antl the fractlon passlng ovel be-

tvueen 99oC - 105oC lvas colleaterl. Yleltl obtainetl was 21.8 grnm8r

[his proeeôure reas repeatedl usíng boric aeitl in

place of acetic acicl as tbe aalðlfying agenü. llhe yiel-tls

obüalnecl were less than those obtaineð by tbe above methodl.
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åIIEMPÎED PREpiA.åmoS OF IEIB+EïDR0SAPEIEåI,SNE oÏIDE

Ð1hyôronaphthalene (t nole) was treated wiüh a satur-
atod soLution of the oaleíum hy¡rochlorite as 1n the prevlous

case of amylene anð eyclohexene wlth the exoeptlon that ether
(J0 81.) was a¿[Ae& to make the illhyðronaphthalene moxe mlealble

wíth the hy¡rochlo¡ous aelô solutl.on. After th€ reaetlon wlth
tbe hypoehlorous acíô was ovet, the ether layer was separateil

off ln a erepaïatory funnel. this sol.ution cras then treatedl

with sodlium hyüroxitle, aocorcling to the methocl of Bamberger

and. lorilter (41) until Just basic. fhe sol-uülon Tras then ex-

traeterl with ether ancl ilriett over anhyclrous soðium sulphate.

the ether was distilloð off Leaving an o11. As d.ístlLlation

leqs continuecl, a eolorless o11 ô1stf1led over at 6OoC a,n¿L

eontinued to clo so as the temperature slowly rose eteaillly to
2O5oC. At this poÍnt the upwarð trenô of the temperature Teas

Elower. å. new fraotlon was collectetl at thls polnt. [b.e o11

conlng over 1n the seconcl fraction Eoliðified, in the receiv-

ing flaslc. l[he temprsrature lose to 257oC. Ílhe proclue t tlls-
tllling over crystÍ1Llzed. to a partiall.y crystalllzeô greenlsh

sol1ô whlch funetl ln the op€n atmosphere. fime ô1d. not permit

a purlficatlon of thls protluct to be atterapteil.



d i&-
co$c¡Iisloss auD BEC0m,IEN¡.0.8IONS

Difficulty was mot ln builðíng up a supply of cli*
hyrironapbthalene anû also in converting iü to the chLoro-

hyt[r1n' the iatermedlate step 1n the formation of tetrabyilro-
naph.thal-ene oxlcl.e. rhus tire ttfil not permit the sy:rthesls of
J-oxotetrahytlronaphthal€B€c-2-suacinlo acid. to be attemptocl. as

was pr opoeed.

[here 1s res.son to conalutle tbat tetrabyd.ronaphthalene

oxíd.e nay be arrivedl at through tho chlorohycl.rln of 1r4-ð1hyc[ro-

naph.thaleno preparetl by the use of high test hypochlorlte.
although the volatillty of the oxld.e does glve a neans of
purlffcation, 1t 1s felt that the next step in a continuation
of the proble¡o woulcL be to purify the 1,{-ðihyd.ronapb.thal-ene

used. in tþe inltiaL step, 1D ortler that accurate cl.eterminations

of the yielü in each step might be accomplfshecl.. .

[he 1r4*ðlbyclronaphthalene woulcl be preparecl. by

either the ¡aethod. of Bamberger ancl l,oclüor or that of Scott ancl

Illalker using the dinethyl ether of ethylene glycol . z,J-ðlbromo-

1,4.-tlihyùronaphtbalene woul-ct then be prod.ueecl by brominatlon of
the 1,4-cllhYd.ronaPb.thaleno.

3co t

2 rJ-tl.lbro$o-1, -ûibyrtronaph.thaLene êou1rt be fgerystalgzeat fron

nethanol. Scott and Walker (egl founcl. that the rlibrono compoua{
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tlerlvecl fro¡n ôlhytkonapbthalene preparerl by thelr ¡oethocL anel

recrystalllzett from methanol hadl a nelting polnt of TtoC e

71.6oC whlah eorresponrLs fairly closeLy wlth ühe nelting point

of 2,3-dllbromo-L,4-dihycironaphth.alene (71.5oc - Tzocl . Fol.
lowing puriffcatlon, the ùibromlde woukl be converteû back

to 1,{-r11byôronaBhthalene by übe methotl of Strarlss (421 as

follows : -
2r3-ðibrooo-1,{-d,lhydronaphthalene (12.6 gr€ùns ) fs

aclðed. all at oneo to zlnc fíl-ings (21 grams) covereð by

absolute alaohol (fOo oc.) at lOoC. lhe teaction soon con-

menees anil the temperature rises to about 65oC. llhe mixture

1s maiatainetl ai 50oC - 65oC t111 a test portfon sholes tbat

tho tlibromid.e has d.lsappeared. lbo solutlon 1s then ðecenfeû

fron the netal, rlíluteil wlth water anù the ofL ¡uhfch ls thue

precfpltaüecl ta,hen up 1n ether. A,fter washíng wlth brlno

soLution to xe&ove tbe alaobol, tbe ethereal solutlon fs ôrleil

and evaporatedl. the resldüe consists of pure 1n4-ôfhyclTo-

naphthalene nelting at 24oC - 25o9r (yieltl of 5.4 grams).

lhe chlorohyûrln of 1,4-clihydronaphtbal-ene woutrtl. be

preparecl by attô1ng gractually aclô1fyíng a saturatecl solution

of caLclun b¡4poehlorite oontaining 1,4-èlhydronaphtbalene.

It ls felt that 1t rnigbt be atlvantageous to run a

blank saturatecl'solutlon of calclurn bypoch]-or1te, along wlth

the reaotion. By ültrating samples fro¡n each fl-ask ov€r.

frequent íntervals, it woultt be posslble to cletermine the fall
in concentration duo to the reaction and. that tlue to a cleferi*

oratlon of tbe solutlon. When tbe fall in concentration of

by¡rochlorous acíô Ín the two flasks became equal over equal
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lntervals of time, ít ooulô be coneludlect that the reaotlon was

complete.

lbe procluct would. then be filterecl strongly on e

suctlon punp and wash.eit with water ancl then thoroughly wltb

1ow bo1l1ng ltgro1ä. the ehlorob.yctrin of 1,4-ttlh.ytkonapbthaLene

wouLrl then be purifleô by rearystalLlzatlon frorn alcohol.

[he pure ohl-orohycl.rln eoulct thon be d.lssolved 1n Just

tbe neoessa,ry quantlty of alaoboL anrt treatEtl with a solutlon

of socllun hydroxitle. fbe tetrahydronaphthalene oxítle obtainedl

1n this rnanne¡ coul{l be then recrystallfzett from water 1f

119@êSS&rle

Banberger anð &oclter l27l preparerl. monoketotetta-

hyôronaphthalene

f¡om tetrahydronaphtþalene ohlorohytirin aecorôfng to tbe

following pr scetlut e : -
Not too large a quantity of tetrahydronaphthaLene

chlorohyrlrín (about 1! grams) was heated witb ? t.2}. times

übe quantity of quínoline 1a a retort ovel a¡r oil bath. At"

about 225oA the brosnish yellow eolutÍon began to.þoí1.r

Bo11Íng was sontinuerlt for oight ts twelve minutes.antt a 
,

sollå míxture of (waterl qulnollne, naphthaLene ancl a little

ketone ùístil}eð over. 'As soon aS effervescenoe eeasedt , tbe

retort was plaeetl 1n posltlon for steam ô1st11l.atlon. lhe



oonôensato ¡cas shaken thoroughly with tlll,ute sulphuria aalð

to preclpltate the naphthalene clÍssolved in tbe qulnolinen

antt then extracteü wíth ether. [he resíAlre was cllgesteil

wlth sodium bisulphlüe antl then repeatetlly treatert wlth
etber whlch removerl, 18 ad.tlltion to the keton.e, the afore-
mentlcned organlo substances. [he sulphlte solutlon ylelilett

the ketone as €L ltght brown o11 by warulng wlth ð1lute eül-
pburic acid. îhls ol.1 was purifieil by ð1stl1l1ng untler

, redubeð Bressure. She yielrt obtainecl was about 1.8fi lhøore-

tlcal.
By using monoketotetrahyclronaphthalene, 1t mlghü be 

I

posslble to aarry out a sinllar set of reaotiong to those clone 
l

by lúeBae, Cbarlesworth, and. MaeFatlane (71 on cyolobexanone.
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