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6"-Benz[1- 'f -butyrolactone is prod.uced ro¡hen ethylene

cxide, etnyl sod.io¡ralonate anci benzyl bromide are condensed.

ancl the resulting ester hyd.rolyzed and. d.ecarboxylated." \¡ihen

this lactone is oxicrized. with chromium trioxide, &-benzyl-

succinlc acid resultsu ,i:'hêo benzyl bronid.e is replaeed. by

ethyl - d-brorrnpropioneite the reaction cannot be carried to
a successfuJ conpletion" 'fhis ester al-so fails to react in
the expected nanner vuith cyclohezene oxiC_e and. ethyl sodio-

raalonate.

4

üherufstry

the monobenzyl oeriva.tives of rualonic ester and aceto-

acetic ester h¿;.ve been prepared but seconcl stage substitution
r¡¡tth /3-eh-Ioroethyl vinyl ether in the first case and ethylene

chlorohyd,rin in the second has failed -bo take place,
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The first of a series of papers by Charlesvrorth,

Alexand,er and coworkers IZZ) published- in 1943, outlíned.

the synthesis of a nunber of 8-ketocyclohexylcarboxylio

acids, These acids r',/'ere prepared by oxidat,ion of the

respective l-Iaetones. Later this i¡¡ork was o.eveloped"

further in these laboratories by Sinder (el), Stachiw (eB)o

an.ô. Campbell (S). 0n re -exanin:lng this ,¡'íork recently it
r¡Jas coTlsidered deslrable to extend their lvork and coürplete

cerl,airr phases. 'lhe meöhod.s u-seo by these men a.re applied

in the present work in an effort to sirathesi-ze three nevt

corirpound s.

'i'be general eethod ouilineci by these Ïìrorkers is as

follows;
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cotäpouncls with which. the present

were of tv¡o general types;

t]
By condensing eth¡rlene oxide with the sodio d.erivatÍve

of ethyl raalonate in the presence of the appropriate alkyl
hallde 1ll, co.n.oounds of lype I lvouLd be obtained. t,he use

of cyclohe;tene o:çiCe 1n ;clace of ethylene oxide would yield
coriipCIunds of ?ype ïI.

t'he synthesis of two lactones of ïype r was i-nvestiga-

ted." -i:'irst, using Eenzyr brom.ide, a co-rrrrround was obtained

'v'¡bere ll=-CTIA - Cgi{¡. The ú -lactone v¿as successful}y

synthesized and then oxidized io the corresporrcilng succinj-c

acid.,

Type I

cu- L

)="
¡1o

r,vork was con-

Type fI

îhe second conpound of 1-ype I to be synthesized was

the o(-prcpionic aeid derivative in i¡,,hich R = tllg - 
?II-COOH.



Some difficul-ty vras experienced ín obtainin€! this compound,

rn¡hicl¡ v¡as at first attributed to the possible existence of

t'wo racemaies as suggested by the presence of tlvo optically
active carbon a.toms "

*3*

As a resul-t our attsrtion t¡as turned. to the relateci

lactone of Type ff. Again R= CH3-ÇH-COOH" The s¡rnthesis

of this compound had nd, been atternpted in earlier work,

so it v¡as decided to do so at t,his time"

f-l- ärr- c oo ø

| | 
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üyclghexene 0x:Lde Condensati-ons

In 19?o, Kendall, 0sterberg and l;lacKenzie (Lg,g0)

record'èd the synthesis of oú- (e-fetocyclohexyl) glutaric
acid (T), its anhyd.ro derivaliys, ancl its lactam, The

acid v¡a.s obtaiaed by oxlcirition of t-tr.e corresponcLing la.ctone"

'ïhe present sl,ucly of certaln lactcnese follows a method of
synthesls r,¡hieh stems originally frorL the r,¡ork of thes€ äLê¡.o

1'heir preparation 1s represented. schernaticetlly-Diagrarn I "

Lat,er, Charlesv.,¡orth (7) car::ied ou-'b siruilar syntheses

whereb¡. b.e confirrned i;he preparation of å-ketoe¡rsf6¡e:eyl-

gluf,aric acid. by Kendall, 0sterberg and lliacKenzie.

ir¡ic1lae, Charlesr.ryorth and Àlexander (;¿e) ex-r,end.ed the

nethod. to the Þreparation of other ketocyclohexyl acids

end their eorresponc.ing lactones, p-ketoc¡.clohexylsuccj-nic

acid (rr) wa.s obtained by concensing cyclohexene oxide u¡ith

the socìio derivatj-ve of ¡le.lonic ester a.nd. ethyÌ bromoacetate,

then fo1lowed by treatiüent as outlined above.

-4-
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0n heating in vacLl0 at ¿00oC a molecu.le of r¡¡ater was

lost and the u-nsatu¡ated lactone (fTI) produced. ifhen

the iieto acid. (IT) iÀ¡as treated- r,'iÍth al-coholic a¡i¡.roni-a

under pressltr€ the lactam (IV) was pr'od.uced"'

Coffey (lli condensed cyclohexene oxidre r¡ríth eth¡r]

sodio-rnalonate and oÌ:tained the ester lactone (V) whieh

-6-

on h;ircirolysis and d.eea-rbo;rylation yielÕed cyclohexanolaceti-c

acid. l-aetone (VI). lly oxidatlon of this l-actone r¡¡ith bro¡iine

and magnesiun hyd.roxld.e, loicR.ae, CharIesr.çorth and :ile:,;ander

122,) obtained. 2-ketocyclohexylaceiic acid. (VIII) " 0n dehydra-
*ì^r +t"i^urv*, urrÀ,r ¿,eve the anhydro d.erivative rvl.rich they felt had-

the urisaturated Iac'uoI1e stru-ciure (}i). 'i'reatrlent wit'h

alconolie ar:unonia probaoly yielôec1 the lacì,acr of (VITI), but

ii; v,¡as so unstable that it decortposed oa atterapts at

pu-rification" '-L'he series of reactions is repl:esented in
Ðlagra-n fI "

'.1'reatr¿ent of the hyd.rolyzed. ester lactone (VIT) vr¡ith

broiuine and magnesiun hydroxide or by alicaline perÍianganate

yieJ-d"ed 2-ketocyelohexylraaionic acld (f,.i) . 'Ihis a-ciô rn¡as

rather unstable and. 'Lend.ed. to d.ecoin,oose wlth loss of carbon

dioxide at tire ne lting po j-nt"

ilicRae, Charlesworth afrd :*lexander (ZZ1 obtaÍned. the

Iactone of clrclohexanolbenzylacetic acid. (lCT) by -r,he cond.en-

setlon of eyclohexene oxide, the sodio d.erivative of lralonic

ester and benzyl chlorid.e follov¡ed by hydrolysis and" d.ecarbo-

xylation. They founC. thai v*rhereas conclensations irrvolving

p-bronopropionic ester or bro¡ioacetic ester occurred. at room
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temperature, those lnvol-vj-ng benzyl chloricle or alky1

hal-id.es required ne. ny hours of refluxing. tihen (XI)

was oxidized in the ustr-al .',ùâyr 2-ketocyclohexylbenzyl-

acetic acid (XV¡ \,{as produ-ced" Cn d.i-etillati- on, this

compouni, lost r,.¡ater and rnias therefore best isolated in

the form of its unsaturated lacione,

*È1-

lrlhen methyl iodide replaced benzyl chl-oride in the

a'oove conclensation, the l-lactone oî' cyclohexanol -o(-
propionic acj-cj i¡¡as procìuced (XIf), i,,¡hich on oxidation

r,^¡j-th bromine and magnesiu.m hydro;<ide produced 2-ketocyclo-

hex-rrf -6s - pro-cionic acicl (Xrft¡.

(xr )

¡-kHs
tol_____>

(XV )

( /'.I_L )

Lol
c Ftl

oH

/ r¡-¡-]--l- I
\ lrr _L -L ,,



iLs the synthesis of Z-icetocyclohexylsuccinic acid

e-nd related su.T¡stanees from cyclohexene oxide are some-

what involved, 0irarlesworth, lilcRae and. lviacFarlane (8),

ín search for sirupler nethods, and also to co¡ifirm the

struetures assignecl, began syrnthetical lvork using

c;rclohexanone as the starl,ing naterial j'¡¡ro ruethod.s

used., Tvere :

I j ?b.e elisiinat,ion of sodiurn bromide betr."¡een the

soùio-d.erivative of ethyl cyclolrexanone - 2-carboxylate

and. broininated esters, follo',,veû by hydrolysis"

2) ,r,he oxid.ation of the Ú -lactones of cycloÌrexanol-

carboxylic acid.s r,ryhÍch are prepared by ,teformatsky reaetioas

betrryeen cyclohexanone and ø-bromfnated. esters, fol-lowed by

treatment with mi-neral acidu

-9-

i,,lethql jÀL
Chuang anrl }r:a (10), Chatterjee (9), and. Ghosh (fS)

st¡nthesized, Z-lcetocyclohexylacetic acld. (Vflt) frorn the

sod.io clerlvative oî ethyl cyclohexanone - Z-oarboxylate (ffv)
and. ethyl chloroaceiate " Oharlesworth and co¡¡"orkers i8)

repeated. this preparatì.on, enploying ethyl bro¿aoacetate, and

obtefned a purer product 'bnan that prepared. by other authors

or previously by themselves.

cooczHs

(:irv ¡

Br-cr4,

Coocruu -É:"'i:!:"'o'\-J"
/
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Uslng this method. the corresponrlÍng Z-ketocyclohexyl -d' -

propionic acid ixfff ) was obtained. b¡r i,,:ac-*'arlane (el) af ter
experiencing corisid-erable diff iculty in puriflcaËion" The

so.l,io-derj-vative of ethyl cyclohexanone -Z- carboxylate iXV)

trÉ,¡as coridensed. with ethyl o0-bronopropione.te (XVT ) anù the

resulting ester (-XVff ) sr-rb jected to hyd.rol-¡rsis,

(vrrr )

(,o0C,L¡{5 
?rt

No ßn'c,H 

-

I

cooczHs
o

( xv) (xvr ¡

üooczHr
CH -CoaCzHs
oHt

(XVIT)

Cu-çoa n
I
oHg



The main interest centred in the applicati-on of this
methorL to Èhe a-tte::rpted. preparai;fon of 2-tcetocyclohexyl-

aalonj.c aciC. (l:{) end 2-lcetocyc}oire¡¡r}succinic acid (II) "

r.i.¡hen ethyl cyclohexanone -3- carboxylate l''Jas eondensed v¿1th

eth¡rl brorio.nralonate lt v'ras expected that the ester (Xvr_ir)

would resurt, and on hyd.rolysis, B-ketocycl-ohexylnalonic

acid (rx) " I{owever the original reactant,s nvere recovered

onsþ¿n8€dr along lvith an oil, probably ethanetetracarboxylic
ester.

(.OocpHS

/,ooocLHí
CH
tr oo ocrHo

'f'he reaction failed also with ethyl cyclohexanone -Z-
carboxylate and. rrlonobronosuccinic €ster"'i'he prod.ucts

resultinq were not inC.ent,ified. but no 2-keiocSrçfe¡rexylsuccínic

acid- was oìrtained o

I;îethod (e)

/'\¡'\r-iîT ì
\J\ V .j-rr /

tìefor¡aatsky reactions have been utilized. in the preparation

of & -(1-c¡¡c]-oirexa:noI) fatty acid esters (XfX) by Êallach and

l:is associ::tes 132, 33, 34), and by auvrers and" -flllinger (g).
Boehringer and. sohn \4) prepared the ð -ractones of cyclohexanol

fatty acids (rr) by boiting these esters u¡i.tir mineral acids,

ttr)



T'helr preparation may

follows; -

-'l p-

be represented schemaiically as

9--Cg- R
I
coocz4s

Zn -\.HoH

, 10+
HL- -/

(rü)

Oharlesu¡orth, rircita€ ancl lr.iacFarlane (8 j obtained. the iiycrroxy
/ -*-- :acid (lHr) a.nd. on ireatmen¡ with míneral acid the ú -laci;one

of cyclohexanolaeetic acid. (vl¡, icreni;ical v¡ith .i;hat prepared.

by i..;offey (11) anct by $,{cRae antl co,¡Iorkers i?z) fro¡e. e¡relohexene

c:çide.

rom cyclohexanone , etiryl brocroacetate and zLnc,

(xrx)

ooC"Hg.

(.-t{r)

cooczllï

( vr)



Sii,tilarily froin cyclohexanone and. ethyl o( -bro:l,opropÍonate,

ihey proÖuced i,he hyciroxy ester (lÇ{ff) vrhich lvith ¡aineral acid

gave tne f *lacione of cyclohe:ianol - cú-pro.cionic acid (XfI),

-tlJ-

]3y a lleforrnatsky reaction foll-owed by dehydration and"

hydrolysis, Stachin, (ee; obiaine'l a nu,mþer of lactones" Iiis
vrork was a repetition and improvement of the r¿ethod" used. by

TiracFarlane (eti, and may be outl-ined as follot'vs:

(ncr-l ¡

CHz

CooCzl/S

8p- 6H>t-
cooczqs
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By eondensing the a.ppropriate ø -halo ester urith

cyclohexanone in the presience of zinc, he obta.inecl the

follornring ler ctoaes I

,rvhere R1= EI

-14*

ß,

fn 1957¡ lloJo Canpbell (51 prepared the ú -lactone of

cyclohexanol -2- q-pro;oionic acid- (ifl) by rr,vo d,ifferent

Rz

- TITT- vr¡q

,ÜHo
- i,Îf, / L'
- 

VII \.,-

\u^ñ
ltfnefe ¿rt = LrlJ.cAJ

R3

- LtHe_0H,,.

=o

methods. -Ëie fou¡d that "che two rnei;hod.s yielded. tr¡¡o dÍfferent
geo$ietrical isoiriers, LIsing; the c;,rclohexene oxide nethod he

prepared tïIï) by corLrlensi-ng the sodio derivaiive of ethyl

malonate rr;j-th cyclohexene oxide f,ollor¡;ed by the ad.oition of

ltethyl iodioe" I{e ihen used the Refortrratsky - ïî1ttig lnethod.

condensing c.ycl-ohexanone r¡ith ethyl aC -lrromoìlropiorl€ite as

outlined. by 3i;achiw (ZS¡. The tvso la.ctones 1ffere found to have

the sa.tÌie eieri.entairy coflpositåon burt yield.ed. hyd-razide derivatives
lvhich ¡.'elted at different tei':.¡re::atu.Tes" BÍ üeans of lnfra red

-- uïïe-üH 
z-ÇHe

-L'tg - Ull_



stu.d.ies he finally esiablished that the c¡'elohexene oxide

meth-od yielded uhe trans iso¡ner vrhile the Reforinatsicy-Fittig
nethod, the cis iso¡:ier.

EthvLene Oxide, to ridrensa t-Lo nF

-15-

The syr.thesis of the ã -1¿rctone of cyclohexanofsucci-nlc

acid by i{cilae, üheirlesvorth and .l,lexand.er (22) frorrL cycJ-ohexene

oxide suggested that tìris method rrright be extenced to other

ethylenic oxÍdes, Prior to t'his, such cond,ensations betvrreen

sodio-aetivated methytene groups ¿:ird €thytenic oxÍdes had

been ra.ther infrequent. Trdube anrL lehnann (30r51) cond.ensed.

eihylene oxld.e ¡,'rith ethyl sod.ioû'ialonate ancl on aci-dif ication
obta.ined- " - Z=carboxybutyrolact,one. (ffiTII) ,

T.r
,)/

lroocp 
H5-

tn(
\c o ocr+ç

/cooG"Hs
ll-e *ç ¡¡nol \
,) \coocrr,
- \o,

COOþl

(,Lð.rÍI j

I *FìF--F+ 1(ååJ rIA J



IirïcF.ae , and- colleagues, (Ze) obtaíned. 2-oxo-3-carboxytetra-

h.ycì.rofuran -3-aceiic acid (:C(m) ',,;hen i;he sociiu.,::. salt resulting

fro¡u t.he conclerrsation of ethylene o:rioe ar,d ethylsodioliialonate

was treated wlth etnyl chlor"oaceta[e, and i,he procì-uci hycrrolyzed"

0n decarboxylatíon this yieid"ed" ?-cxote"brahyd.rofuran-5-acetic

acid (]X{V) , 'iThen ()Çil¡) llas ire¿Lted .,'?ith a}coiro-lic arcrnonia under

pressrlre, the lactone ring opened. and ihe Ciaitide (,'iXVi-) was

forrrred. .

*16-
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iiihen eihyl shlo¡oaceiel,e

brornpropionate in ihe above

3-p:ro;oionic ac 1d (:CfVf f ) i,r,as

-17*

In his tliesis, .,lexander (2) reports experier;ci-ng dif fi-
cu--lty o btaining ()ffii) and (Xj$I ) in cr¡rstalline form. However,

he f inally isolated pure (]LTV) , but not (l-tnrtt¡ " Later ,sinder

lev¡ in the saüe lal¡oratories repeatecl ;ilexanderrs -r,,l¡oTk and

obtainecl pure crys talline 2-cxotetrahydrofuran-5-propionic
i **---+- |

aC lo. ("rVsV -L l. ) "

Condensation v¡ith d *chloreethyl "_ virryl ether"

I¡,/as replaced by etiryl -¡? -

rea.ction, 2*oxotetrahydrofuran-

obtai-ne d 
"

cltrct{e_tooH

(o/=o
(rrÆ1rlr J

The preperation oÍ certain T -iactones by a meihod.

quii;e sisiilar to that describ,ecl above, trvas used by lTelson and

Creteher (tZrZ4) , They found that F -chLoxo-etiryl vinyl ether
(;'nmff ) readi.ly reacted r,,rith sodÍura diethyl ¡nalonate and. ¡rono-

alky] suI¡siituted nalonic esiers (]Iü{-T) to for;n d.iethyJ--

vinyloxyethyl ¡ralonate and its corresponCing a.lryl substitu-tion
products. (KtrIII)" in this way th.ey .orepared *-ethyl - Ú -
butyrolactcne (XÏXIV). Thelr nethod nay be outlined as folloi;.¡s:



-(o ocrtto-

tJHr,Ctr'6, !. *
\ro urrn,

-Iö-

--_---.->

,êoocz 
Hs

c 4. crlí 
Q,, "n 

. cøz o c// =ê lz
\ro ocutlo-

(Htrrrr )

CooczHt
/

er/r-er/.- lrUrt ¿t- Cø..¿ø.e(/r=C//2

\r, ocatts' tx'?'rr )

{Ðilü )

fto 0t/

Condensations vvith ethyl acer,oacetat,e

A

c+-eil¿

Sose oÍ the earliest l*;ork concerning 7 -hyclroxy acids

ano lactones \¡,/as done by rittig ancr chanraroff (ô, 14) . They

preparedr butyrolactone and. c(, -ethyl butyrolactone from ethyl
acetoacetate. $ubstitr-rting; one of the active hydrogen atoms

by ethylene chloroh;rdrin, they obtalned butyrolaci;one. Re-

placing i;he o.bher active hydrogen atosi by an ethyl group, 'bhey

o bta. ine d o4 -e thylbutyrol¿;.e tone "

,*tfr

(ÐrKrv)



The add.j-tlon of ethyl ioclid,e t,o the sod.io derivati-ve of

acetoacetic ester (ÐffiII) yieldec d -ethyl acetoacetic ester

(lüilil¡I). i¡rhen ihe sodio derivative of (XffCVf ) .r,'uas refiuxeô

with etiiyJ-ene chlorohydrin (ruQffiÏf ) for 25-30 hours , &-

ethyt e'(P -oxyethyl) acetoacetic ester ()CiliVfTI) r,vas formed

wlth the precipitation of sodiwit chlorj-de. 'Ihe disubstituted

ester {ïrcffTfI} on refl-uxing v'rith concentrated barytar,later

los'i; acetlc acid and. on hydrolysi-s lactonized to procluce & -
ethyl butyrolactone. (:Ci¡;fV) .
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(ør.co. ct/. Caoêzss + I cør.c,u,

(xffi./)

,/'u'' 
cftE

C/s.co é.Cooc"ø,
\ tcur.c//2,04

(_m¡;vrrr )

te4'clt,/
Clu.êo .êr' êoøcutto

/ 1-,¡fir'f \
\ rlf!.l\ V I,f

+ cl.cilz. cH¿. oH
(KIXVIT )

acid¡c

-->

sp/;t
,/ "ot'CHz

cH coo crtrs
,e H2.ê/", oU

[Ictt'-cHs
(ÐcxrY)



P{E PARAT i ui'ü 0¡' ivroir¡O C HL0ROURE.LF OLVT ION

jviethoci- u-sed: Detoeuf, A" (f3)

The reaction may be repr:esented by the follor¡'¡ing equation:
IVHC}

I

z co(irlH2)2 /zCLz/caco3 -2 cO / caCL2/coz/uza
I
irtH2

A rnixtu"re of urea (2OOg' ), precipitated chalk (f4fg. )

and r¡ater (f¡O ml-") r.\¡a-s placed 1n an Erlenmeyer flask 0"4"¡

aird cooled," Chl-oriiæ l^Ias passed in urrtil the ¡.teight hadr in*

crease,C about IO5 g, (Time req',1ired-: 3+ hrs' ). The mixtr-rre

t{as then cli-l-utec} to 700 ml, ancJ. ihe excess calcium carbcna-te

filiered off.
lvionochlorourea solr-r-tion (1 m}.) was placed. in a llask

conia-ining a sol-utiorr of potassi-urn iodide (fOmt" 2lV) , enough

acetic a.cid -r,o maiie the solu,iicn acidic (tO m]" ) ancl. i'¡a-ier

(25 mL") " The sirengih ofthe aci-d rças determined o1r t,i'brat-

j-ng this solution with sociium thiosulfa"te (O.tiV) using siarch

as an indi cÐ:-or" The monochlorourea solution (ZOO ml") lras

founci. io be 9"2/ò ín hypochlorous acid"

As -r,h.e strength of the monocirlorou-rea -"ol-u.tion clecfeased

on stanclì-ngr iN r¡'¡as reac-'ed- i'¡iih c]¡clolexene r'vithout furtìrer

delay.

*20*
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PR]tr PAI''.ATTOJq ÛF O -CHLOIIOCYCLOHJIXATIOL

Methocl of Detoeuf (13) 1^,¡ä.s Llsedo

Freshl-rr prepa,red monochl-orourea solrl¡isi1 (700 ml-, 9,z'io

HOCI) rn¡as placed in a flask (21) eouipped rcith a mechani-ca1

. I¡r-q \stirern 'lo tìris, ten pei"ceni excess of cyclohexene (I11g")

i¡¡as added along r'..ith, ice (f5 O g.), vrater llSO mf.,) and

glacial- acetic acid (7O g")

The mixtu.re was kept belor¡ L5oC and tne hypochlorous

acid sol-ution added in fou.r equ,al portions over a period of

l-þ hours" Stii'ring r,vas coutinued until- the strength of the

acicl sol-utioir was iri--l bl- titration. Eventual-ly a r¡¡hi.be oily

la-yer seirarated- on ihe bottom* The chlor"oh;rd-rin was separated

from the mixtr-rre by stea.m distillation, The aqueous dis-r,illate
j.nrâs then sa.t¡-:.ratecl r,¡i.th sal-t and the cirlor"ohydrin e:ttra.cfed

Ì^í th ether, 'Il'le ethereal portion Ì'ras t-reated. isibh lrierite,

the etner removed. br. distil-latioa anci the residue distil-l-ed

uncier reclu-ced- pressureø

The frae'þ'ión passing over betr^¡een 7h,-76o / 6mm r^ras

colle cNed.

After two runs cirloro,-r.ycjrin (f78 g.) was obtained,

PR,JPAllATlOid 0l- CTCLOF1E,"iEi\IE OXi-DE

I'ieihod clescribed in Organic Syniheses (25) 
"

Sodium hyd.roxide ( 58 g, ) was added to chlorohydrin

(fZS g"), The mixture u¡as re chairically stiruecl for one

a.nd a half hours. and no



longer since longer stirring reslrlts in decreased yield.s

according to Girmar(es);,nen stirring was stopped,¡ 8o oily
layer of the oxide rose to the surface, The oil_ rn¡as se-
parated. ¡cechanicalÌy, treated r,,,ith ÐrÍerite and fractiona.ted,
r¡rith a 'í1d¡rer colurnn,

't'he fractlons eoLlected ,u¡ere:

(I) l00o 1e9o This fractioa contained nostly cyclohexeae

along v¡ith some rvater. 'i'he size of 'bhis fractlon was so s¡ral_l

that it r¡¡as d.iscarded. lhe 1¡lid¡¡er - corurun r,vas reíroved and

dried before the second fraction was colleeied to insure
anhyd"rous -eateriaL,

(2) Lzg 1g4o a very large fractíon containing pure

c¡'clohexene oxid e "

(5) I34o rhe resj-due ï\ras quite srpall- and henee d.iscarded"
Cyclohexene oxide (Bgg" ) i,rtas obtained_ fron chlorohydrin

(L'/?.5g.), siï1ng an aver¡ìge yield of 6glá of the iheoretical,

P,{RT r. o ' . ' (synthesis invorvÍng cyclohe,-;ene oxide )

FRl:lPÀtuLTIOII 0f TH:l L:LCT0IiQ 0F

-zz-

d- üY0i,0li:l,LÈf{q¡_. ¿'f- i:r|ITËtYt.,SUCCIi\TfC .\CfÐ (.r.:,ff

ripplication of irTethod. used" by: Kendalr¡ E oc o , 0s terberg, A"n.
and. IiacKenzie, B..t. (Ig) , $lcRae, JoÁ., Charlesr,vorth, EnFl. and.

;tlexander, 0 .Ë. (22)

Sodium (11.5 g.) \{ras entirely dissol_ved in absolute ethyl
aichohol (¿so r-nl. . ) in a rcuncr bottosred. flask (1000 flL.)
equipped uith a ÍÌechanical- si;irrer. Diethyl ¡¿aron¿-,te (gg g. ,

107â e:lcess) t'ras adC.ed ano the rnixture alloin¡ed to stand for ten

minuies v.¡ith sti_rri_ng.

:

Then cyclohexene oxide (3g.g.¡ v¡as added



and the solution turned niilky t¡¡hite" This was aIlor,t'ed to

stand over the weekend. at roorr tercperature d"uri-ng which

tine it tur¡red solid.. The ethyl alcohol was then renoved.

in a racuurn.

The solid cake was broken into suall pieces and. benzene

(400 !ú.) ad.d.ed. the solution was stirred. iirechanically untll
it became of thick creany consistency. Tb the suspe.n"sion of

this sod.iu¡n additÍon product 1n benzene, ethyl d,-bromopropion-

ate was adtded and. allowed to reaet at room tenperature for three

days. llìost of the benzene tr\¡as rernoved. and. after coo.litrg the

residue, water added to refiove the sodium bromide for¡,.ed. lis

a result the resid.ure turned into a thicli paste lvbich dissolved

very slowly. l:ifter lett5-ng this stand. for a fev¡ hou-rs, and

then treating again r.¡ith r,vater, a1l the sol-id dissolved and.

the two layers rvere separated mechanloally"

'rhe organie layer was fraction¿tted. as follor,'¡s; benzene

and. e bhyl alcohol tri,'ere rem.oved a.t atnospheric pressure by

raising the ter.irperature to 90oC. The residue lvas then put

under suetion (6 rnrn.) and the tempera.ture raised. to 1500 in
order to rerriove any unused. ethyl ol, -brornopropion¿:te ( 60-650/

19 rurr. )malonic ester (g+- 960iL3 flm. i and cyclohexene oxide

(100-f05o/Lg rnm. ) . 'rhe residue was cooled and. potassium

hyd-roxidre (170.m1-. 5I\T.) and etnyl alcohol (100,îJ-.) ad"ded.,

'i'he resulti-ng solution was stirred. for two hours to complete

the saponification, after l^.;hich ti-rne the tenrperature was raised.

to 90o ano- the alcohol iristilled of f . The potassium hyd.roxidre

-23-



was then neutralized by bubbling hydrogen chlcride gas until
the solution was acid to Congo red, An oil formed at this
sta,ge which r.vas separated mechanically, and- boiÌed for an

hour to close the lactone ring, The oil i.ças tr"eated r^¡ith

úrierite and put on an oil- bath ai 1600 to decarboxylaie,

An inorganic salt ¡¡hich formed i,vas removed by i^rashing with
chloroform, a.nd then acetone" The oil r¡'as heated to IO5o/

6mrn" to remove impurities" I'owever it failed to crystallize
at -2Oo" Furification by rristil-l-a.tion ¡n¡as nob a.tternpted

since the yield. rvas quite smal-l. ft ruas mad-e into a ohenyl-

hydrazine derivative as outlined in the next section.

PREPARAT]OIÙ OF PHEÌüYLIJYDRAZII'üI

-2t,----

j/iethod o.f, Stempel, G"H, and Schaffelo G.S, (29)

Dilir,IV,,l.TIVE 0F (Xlrr )

The oil (1 mf ") obtained in the previous reaetj-oit vras

refl-u-xeC i.'ith phenyì-hydrazine (Z m:-,) in a test tube equipped

with a finger cond-enser. The solution turned a bright red

cofor while being reflu.xecl for J0 minrrtes and- on cooling

solidified in orange crystals" After fil-tration and, re-
crystalllzati-on from benzene, i.ihite crys'bals r¡¡ere obtained

r,r¡hich nelted at 167.7o - I69,OoC"

Analysis:

Found C : 67 .25'rt H: 7 "88l/' IV: II "I8%
Theoretical CZ3H3603lt4 C: 67 "29% H: 7 J7'r/' iit: l) "65%

The analysis wouki indicate that the reaction did. not go

to cornpletion,



PirllT IT. " " ". (Syntheses involving eth¡r!çi1* oxíde " )

PRIIPA-RITIOIf 0F TTf;i L*.C'IOI'-IE 0F

ot -_( l9:¡YT:{,0-;irrd üfft ) - d/- irultnvr-silcc w
ä'lethod. of Ïíendal1, E.Cn, Osterberg, A.E. and rrÌacKenzie, B.F, (19)

sod.ir¡m (11.5 g. ) l las eofiLpletely c,.issolved in absolute

ethyl alcoirol (a50 ml.¡ in a round bottorned flask (1000 ml")

equip^oed. '¡ith a mec.hanical stirrer, Diethyl malonate (88 go,

f0'Þ excess) was ad.rLed. and. the;nixture all-orved. to stand. for 10

minutes v¡hile stirring. Tlthylene o;ride (22 g. ) d.issolved- in
tiruice t.i:is a¡:rount of reihyl al.cohol- was then added., the f,lask

and conienis, being kept belor.v 40o. .,:\t t,iris stage cooling was

necessary since evollrtion of heat v,/ould cause d.ecocrposition,

?he reåction nixture v,¡as allowed. to sit overnipj:,t to coürDl€te

the reacti-on.

'Ihe next day ethyl alcohol (fOO r,11.) t¡r¡as added to loosen

up the material, e.nd, e thyl aL -broraopropj.onete ( g0 .5g . ) aclrled

slowly r''¡hile stirring. 'l'he su-s*oer.rsion lvas allowed. to ï€.rct

for three days at roo¡f tenperature, 'lhe alcoìro] r,¿as then

rernoved in vacuo, and. benzene (gOO r¡1") acio.ed. to the ester. The

benzene solirrion of the ester was r,vashed ti,yice '"ith v¿ater to

re¡irove the sodiura broinid.e, and then ø.ost of the benzene ri/as

rei:-roved, before fyactionating as fo ll oivs ¡

Benzene and ethyl alcohol were reinoved at ai:inospheric

Br€ssure by raising ihe ternperature to 98o. The resid.ue ¡,tras

then put under suction {7 mrn,) ancl the ternperature ralsed to
l00o in order to reilrove any uriused ethyl 0ú'bromopropionate

(oo-Oso/I9 mrn. ) , naÌonic ester (t00-LObollg rnrn" ) and. ethylene

*e5-



oxide (lO.Zo)"

The residue was eooled. and then hydrolyzed with sod.ium

h)'rlroxioe (200 ml" 5t{,) The sol-uiion was stirred to corrlplete

saponification, and the al-cohol then removed by raising the
tempera-ture to 9Bo, ltleu-tral-ization of the sodium hydroxide

vüas effected by oubbling in HC1 g¿u until the solufj_on l^¡as

acid to tongo red, During acidificati-on a slight effer-
vescence l^ras observed and considerabl-e heat u¡as evol-ved, No

precipitate r^ras observed and so the sol-ution was boiled for
an hour to cloçe the Þctone ring" After cooling at zoo below

zero overnight caused no erystallization, most of the water
was evaporated and- the syrupy mass exiracted v¡ith gÌacial
acetic acid, (210 ml") since it r,vas not sol-uble in ether. on

removing the acetic acld in vacuo, some inorganib salt was

still j-n evidenee so ihe r^¡hole mass rras dissol-ved in n-propyl
al-cohol (zoo ml-") and the sodium chloride filtered off " on

evapora.tion of the alcohol a syru.py liquid lvas left r^¡hich failed
to crystallize at a temperatu-re of -20oC,

Since the liquid fail-ed, io crystallize it 'hras decided to
try a fractional C,istil-l-ation. Considera'ble efferveser:r.ce r^ias

noticed before the fraction distilling over at l4O - lggo/ímrn
was col-lected-. The liquid seemed to decompose slightly in
the side arm of the fIask, (tne fractionating column) since
the d-istillate came over coloredu At least half of the
original solution remalned in the fl_ask as a bÞe.ck syrupy



resi,lue. Refractionation yielcled- a clistilLate rnuch clearer,

but whj-ch CI.istilled" over a range of t..,ve¡:ty f ive d.egrees,

L52-L77o/Orra. Cooling ln an ace'bone-dryice ba.t,h failed" to
irrcuee crystalLiza,tion.

;\nalysis:

Fo und^ C t 5¿ .2ff;6 I{; 7 "05?b

Theore1,ical, ü7I{1g04 C; 53"L6þ H: 6'33'þ

Equivalent weight:

Fo und. z L22

Iheoretical : L58

íiince the prod.uct could. not be purified. properly,

for¡aation of a d.erivative was i:ried.c .

-z'l -

PlÌEP¡i8 :'r: r0 lr,t Q4 _PI{S}!YIj{-{T)_4¿äI}.E

I).:,-RfV.i'-L'I1ru 0F (X.L\rI )

*r.þI,lics.tion of the nethod of Stempel, {-}.iî, and. Schaffel, G.Ë" (29)

'i'he previously oi:tainecl liquid (1 nil" ) v,Ë.s ref lu:recl r,vith

phenylhy,lrazi.ne (¿¡eI.) for tliiri;y ¡tinutes ln a test tube

equipped- v¡ith a finger cond-enser. ¿fter a few ¡üinutes of
refluxing the solution turned a brighi red but on cooling,

failed. to s r']rs'uallize. ti¡¡ diIr-ii;ing,,ith benzene (approx. 5¡a1. )

a precipitaie rvas obtained. whicir was filtered. by suct-ion and.

r¡¡ashed lvith benzene. Eecrystallization attenpts fror¿ benzene

v¿ere not too successful sc the ciystals lvere washed- a nwnber

of tiues with benzene untit finally ihey ¡lelted at 155 - 1600.



*inalysis:

Found. ¡ lii:

fheoretlcal:

The nitrogen va,lue obtained" is too high for a fironobasic

derivati.ve yet too lov'¡ for a dibasic d.erivative" r,he reaction
appears to be lncomplete,
PREPJTRÀTTON OF MM PITEIVYIJilTÐP-J,.TNSE

-¿8-

L3,441b

C19I{240 glriU I{; I'5,?Zlb

DERTVATTWS OF B1],IYROLACTONE

iïpplication: Stectpel, i.;.1I. and. Êchaf fe1, G"S. (aO¡

.iJutyrolaci:one (l nl-") ìïas reflu,xed. with phenylhydrazine

{?, mL.) for l0 rninutes in a ¡est tube equipped r,^¡ith a fing;er

coil.Censer. ,ifter a ferv minutes of refluxi-h.g ihe solution
turned a b::ight reo, 'but failed to crystallize, ofl eooling.
Benzene (5 Li:-l.) r,vas ad-ded and. on standlng overnight orange

crysials formed. A,ec¡ystallization frora benzene yielded

wnite, silvery plai;es meliing at 7P,-gToC " :fhis substance

croes not appear to h¿rve been prev,iously recorded in the

Iiterature,
;:rnal¡rsis:

Found: l{; L4"59'þ

'i'heore tical: C rcfit+o aNe
N: L4,451¿o



ppÜl^Þåi¿i.f ï0II 0r, dv -'^BEtizyL- ü -BIIrrRoLÄt'ToIrrE

;\pplication of original method of i'raube, }q, and Lehnann, Il, (51)

Sodiuru (17 g") was dissolved. in al¡solui;e alcoirol (300 rnl.)

in a flash ( Zlt.) equiplred. r¡iith stirrer. Diethyl malonate

(1¿0 g" ) v¿as add"ed " lhe ¡nixture was cooled i-n an ice-water

batir and. cold. ethylene oxid"e i33 g.) ln aicohol (80 i,,1.) v'ras

run in slowly" 'Jhe mixture r¡¡as cooled occasionally, and- on

prolonged stirring wenÈ into solul,ion" It vøa.s necessary to

keep the mix-ture v¡ell eooled. at this point for a nei,v sodio

d-erivative (,çfffta) separated r¡r¡ith. the evolrriion of a great

d.eal oí heat" If rhe te:nperature was allowed. to rise above 40o

or 50o consid.erable oecornposition occurred. ihe concl-ensate

was allov¡ed. io sii overnight, anci the next day ethyl alc,¡hol

(100 ifll,) added. to loosen up the solid. ¡naterial. Benzyl

bronid.e (130 g"J in alcolrol (100 ,,i,1") was ad,d.ed- and. 'ûhe

rnixiure stirred" ;rifter approxiirrately i,en minutes the ¡qixt'ure

beearne very llrarr1¡ and. l:rore mobiie as the sod.ium bro¡aicie

separated." 'ihe rüixture rl,¡as aILo'¡ved. to react 1'gv t',vo äays at

roon teraperature after which the eiìryl alcohol irvas re¡.lcved.

on a steaüi batho 'j'he ¡urbid. an'1 so,newhat viscous mai:ter

remaining was treated. twice rsìith rvater to teí!þve 'i:he sodium

broflide. 'ihe oi} r,¡hich separateÖ v¡as drawn off and. i'he

aqueous layer heated to cirlve o:'f any alcohol. 'Ïhis t¿v-as then

treated" with ether to remore any ü.ore oil and'L,ire eiher exi;ract

then added to the oi-I. Àfier treating the oil v¡ith ilrierite

-29-
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it ro;as i.istilled. in vacu-o, colleciing the follovuing fractions:
I f00o/ ?ßre" co.êc 101,5 g.

IT IOo LilOoi zmm. cocoo 2Q.2 g.

rII L44-L46o/ ?mn" oo€oo Loz"z g"

fV l4g tøZoi Znrn. øcooo Zg"5 g"

Traction TII soliôlfied. in the ice box overnigirt v¡hile

rraction ïv solidified in the apparatus before distillation
w'.rs f inished" Àfter f iltering,tire .ç',¡hlte crystals vrere founc.

to melt, at 45 - 50oü,

-30-

rrnnlwsiq:

Found¡ C t 67 "27'i, H: 6"50çþ

Theo:re tical: ( for lactone ;tLT/f I )

0: 67 ,75l'jb H:

alcohoi lef mL,) and sodiuin hycrroxid.e solu.tion (ZO g" in 100 inl-.

v¡ater) added. ;l clear solution resulted, rn¡hici-r r,vas refluxed

for ten minutes to eoc.plete the re¡:ction and the alcoirol

removed. by d.istille.tion r-r:::til the tem.perature had ree.ched. 1000.

The alkaline sclr-rtion r,vas then neutralized by bubbling in F:Ct

gas u-ntil acicl to üongo Led. paper. 'i'he oil i¡hich separated

vras e¡-T'Tacted lvith ether and" treated with irrierite" ;''fter the

ether was evaporateo i;he oil was decarboxylated. 1n an oil bath

at 1600. '.r;hen 'ohe evolution of c¿rrbon dio>li-de ceased , the oil
was distilled, since it feiled. to crystalÌ12e. tfhe fraction
distii-Iing over at TO?-\OOoC/Z+.{ rnm. vriìs collected and weighed.

16"4 g.)

"úhe ester (10"5 g. ) prepared. above \,ras d.issolved. in

ctoH¿¿o 
o

6 "45!o



Theoretical Yie1d. 8.4 g,

?ercent yield 76"õ

.lnalys is ;

Theoretical, ü1f11p0¿ Cz 74"AUiô
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PREP.{Ë.(LTI0N tF I{TDRAZII\TE ÐERTVåïIïE

OT' OL-BENZ-SL - T. BU.I]SROLATTCINE

iviethod. as described. by Shriner, -U.uson and üurtin (e6)

&*nenzyL - f -butyrolactone {5.2 g") was added to SSib

-iiyclrazlne i:yd.rate (5 fl].,) and the mlxture refluxed^ for fifteen
ininutes, ,ibsolute ethyl alcohol was ad.d.ed until a clear
soluti-on v¡¿ls obtainecl. rhe raixiure v'¡as then heated unde¡

reflux for tlvo Ìrours. '-lhe alcohol was evaporated. and. the

residue cooled in the ice box overnight" t.he cr.vstals were

filtered. und.er suction and. on recrysi;atlization from nrater

melted. at 110-11200"

6 "82%

*r.nalysis i

¡-o und. ; .i.,t ¡ l3 .0 6ilr

theoretical values of ü111:i1OO¿Ne

-t-"fEP"¿ilLj.1. ltN 0F N- tsElffifT.A.lJ-fNE

ÐSRrVliIfirE OF oü -BEI..ÏZYL - I jju'r'Yi¿çL{ü'¿,01'[g

iúethcd. as d.eseribed by Shriner, -iuson and uurtln (26)

ir mixture of ú-benzy¡- t -butyrolacbone \3.2 g.),
benzylamine (11 &1.) and. powd.ered. amrnonium chlorid.e (0"5 g. j

iì; L3.+6"þ



was heated. for tlvo hours under reflu-x in a ?yrex tesi tube

equipped. with a finger concìenser" -tifter coaling in the iee

box -bhe. reaction r¿l-nture v,ras washedt r.¡;ith water to reirlove

excess benzyla.nine and to inCuce crystallization, ;ifter re-

cr:ystallization íron v¡ater the crystals \,!ere fouiud. 'bo irelt at

BB-8goo "

lu.nalysi-s:

-32*

Founcl: Id: 5 ,Q?þ

t'heore tie aI AZ#*0 ¿N

pR]¡]FAR{TIÛN 0I' c{, -É:üïìíUy¡,SlICCTTrj:t AûIÐ (tqii,Ix )

d'- .i]enz¡r]'?r - butyrolact,one (3 g. ) l'vas added to

glacial acetic acid (50 rn].. ) ia a flask (eSO rnl" ) e,quipped

ivith a. mechanicai stirrer, llhe inixiure vuas warfled 'L,o bring

the liqriid,s into solu-tion a.ncl. -r,hen allowed" to cooi to rooiil.

ie¡rperature "

Íhe oxid.izittg rni-;:(ture viras prepared by dissolvi-ng chro¡-iuin

trioxidie (2"3 g.) in irct trater (10 inl" ) . 0n coolinE e;Iacial

acetic acid" ( Z5 n}. ) $¡as add ecl.

?he rea.ction flask anC- contenis were then cooled in an

ice-i,vater ba.th to e5-50o and ice,ct at that teroperature vr,hile the

add-ition of chromlum trioxide solution toolc place in the course

of half an hour"

:rfter t.[re ad.oition, ihe so]ution rrras siirred for a few

l.rours C.uri-ng r¡;hich'üi-ne ii was alloro¡eci to come to roojÂ

teraperatu.re and. let s-u¿ßC. for tr¡,¡c days to coinplete the reactlon.

fsopro;oyi alcoh.ol ( 20 i:r].. ¡ rr,/a.s adcled i,o d.estroy 'uhe excess

l;l: 4 "561,;J



chro¡riufl trio;cide and the v¿hole evapor¿:.ieö rinder dir¡iinished,
pressu.re to a syrrl;oy üass. ?he reroaininp; acetic acid was

e:çtraeted. ii'ith chloroform follolvecl by a recrystatlizatÍon fro¡a
the sa.¡¡re solvent. T'he cirromiuül aceta.te was rei.,ioved by extrac-
tion *ith ether, rea-Jing r,,rhite crystals on evaporati_on. the
rnelr'ing polnt was found to be 159-l-600 as co'nprred tc the
val-u-e of 160 t61o gi'ren by Jlitrig and. Slrlel-ds (16)

;inalysis ;

Found; fl ;63 "36,b, .î{ t 5.77!ò

'i'heoriiical, C11I{1p04 Ct 63.43% Hi 5"e21:o
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PilItT Trro " n, " (Other nethods of synthesizing &-brenz{l - rbutyrolactone 
" )

ÀmËiilF+ij! ---1îldP$.,{:L'I0iil OFJ'-llLil:,îÏ,lfl - ð -SUryf.Cli:rCf:Oi,E lr.r,\¡rrj-i\4i!vÀ¿r ¡l

ilrethod of }delson, i¡i.L. ¡ p.fld. tretcher, L,,.i., (Z+,1 r,ittig, R"

ancl Ro ed.ers , P. (15 )

Th"e addition of benzyl bromíde to maronic ester ln¡as

csrrÍed ou-u by the method previo'rsly described. iîodium

(23"Q g"J was dissolved, in absol-ute ethyl alcohol (400 ml")
anC ethyl ia¡rlonate (f 60 g") addeô. j.r"fte1' s'banding for ten
minutes, benzyr bromide (1zl g.) rias slowly ad.cìecl whil_e

continrrally stirring the mixture. 0n ao.-ting benzyl brornid.e

no a.ppriciable change in the.¡¿irite sodio derivarive vras

observed so ihe nixture v'ras refluxecl for fifteen Ìrours after
v¡.lrich tirne the soir-r-tion indj-c,.ited a change had taken 01ace.



The aLcohol was then renoved by distillation and. v;ater

added to dissoLve the ,t'laIJr.. ihe oil tlras extracted r.,.r¡ith

ether {z x 50 mls") ancl then treated '¡¡ith 'Drierite, i,fter
re*loval of the ether, the ester lvas fraetionated and the
f ollor,v ing fra-ct ions eo ll-e eted t

-34-

l¡ra.ction I

The sodio derivative of the ester prepared. above ( z5 al)
was fornecl by the add.ition of sodiurn (z g.) in absolute,eilryl
ar eohol {150 ir-l,) F-enLoxoêû¡y1 vinyl ether l3Z e") lvas added

and the solu.tion refluned for about 36 b.oLlrs" ;fter this ti_rne

the product was distilfecl in vaeuo col-lectj-ng the fr¿:ctions:

Traction II IeO L35olO"5 mtr1" oooqo Zb i:rf "

10Bo/0 
" 5mm.

lra.ction ï

I'he solution had iurned. a brownish color af ter-ref luxlng
for this ti¡ae, anrl on Í'ractíonating rernaineC as a d.aric bror.r,l

resictue " 3-raction fT was li.<ely unchangeo benzyl nalonic ester
and lndlcaüions vrrere that i;he ether hc.d noi added. on,

Iiraetion fI U-5 -L4,/o/O "5 rnm" o o o ø. 44 .ryrL "

35 -'ó6o/ou5 riïn, oooao 4 nil-.

;::.Tr-tEj-vT]i¡]r }PJl!"iiP;.T,ïqi1 0F oú- .l3iltz,yi,- tr - r:,u:wBcjJ!q.i()lil:t (;t.r,vrrr)ry
liiet.iiods of Chanlaroff, iri,ji. (6)

Frankland., E o and Duppa, JJ.F. (L71

,-,.dafis, Ro, e,ncl Johnson, J.R,., (l)
sodiu-m (11.5 g.) r.¡as ao.dec'. to absol-uie efihyl alcohol

(500 rû1" ) follolv-eil by the; acld.ltion of pure ethyl acetoaceiate



(65 S.r.i:i"pt. 85" OoiZø.5 mm,) lvlth stlrring. ,ïlthout furtirer
delay, benzyl brorLide (OO g,l ïias sloi'vly addecl-. A vi-qorou.s

reaction was observed so t'he add,ition had- to be sl.orved dot¡¡n"

The sixture was refluxed- overnight and. the alcohol renoved

the following day by Èaklng the temperature up to 90oC " 'fifater

(eOO nl") was ad.d"ed. in tv;o portions -uo Cissolve the scd.iu¡¡.

bro.cride" The oil was rnechanically separ¿iiecl from the water,

treatedr uiith Ðrierite ancr then d.istilled. under diminished.

pressu-re eollecting the foliovuing fraciions:
Fraction I LTOj/?,5"O fr¡ro oêooo 4 g.

,'i'ractioa II 1?0- LSoo/?'1.O -rn¡n. o c c o o 67"5 ge

oL,-Bte$zyl acetoacetÍc ester (67 "5 g") \i1ras obtained. from

ethyl acetoacetate (65.0 g.) giv-ing a yield of 6L"57o of the

theore tical.

t'he d'-benzyl acetoacetic ester of l-raction fI (50 g")

vras treai;ed. witir sodiun (5.3 g")and. absolute ethyl alcohol

(90 g.) yiej-ding a v'¡hite precipitate. 0n adC.ing ethylene

chlorohyd.rln (18.3 g.) no cJrange was observed so the mixture

was refluxed. for thirty hours fo llowed by the re¡roval of the

ethyl aÌcohol-. rr'.rater (eOO ,nl. ) was ad-ded to C.issolve the

sodium bro-r¡ride and the oily botto¡c layer separa.i;ed and. treated

¡,,uith Drierìte, By Crisi:illation in vacuo, the prod-uct (5e.0 g.)

\¡ï.as collec¡ed., however ii came orer a vlid.e range in tenrperature,

l45o-1800/0 nb rûtr.
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The o11 (50'0g.) prepared above was then trea.ted r¡¡ith
sod.ium hydro::1de (10 g. in 50 ml. of i,r¡ater.). ,r,hls was

all-ou;ecr l,o stand for a u¡eek rvith occasionar siirring durÍng
which üime the solutlon turned. a dark brovr,n"

r\ttempts at, isolating ihe saponi-Í,ied procluct failed, so

a second trial was begun" ¿s before, the d.isiilta.tion of .t,he

condensation produet of ethylene chrorohyorin and ø-benzyl-
acetoa-cetic ester resul-ted in ühe product coni-ng over a wid.e

rarige in temperature, ali;hough there seerled to be a brief
h.elù at l650A/0.5 fiffi.n

:lnalys is :

Found.: tt 6e.5e7o II; 6.B61b (LVf)

T'heoretical for oü -benzwì - d, -Lþ -o*Vethy{ acetoacetic ester

*56-

The analysÍs sholyed the product to be raost,ly or_benzyl_

acetoacetic ester, so rsork along this l-ine rras pursued no

f ur ther 
"

U t 68.24¡o H; 7 "680!;



P--RT f o " n n. (Synthesis Lr.sing cyclohexene oxide)

SYi{ïFiEÍif,S 0f' TI{H IJTCTC}I-fi Of
fd . CYCLOHIIí.:,0Ï, - ø . iIETIIYLSTiCCÏ.ITC ;iCTÐ"

Dr,StuS$I0t'[ 0r nI:$tTLTg "

-37 -

:i survey of ihe literature shov¡s ihat quite extensive
r¡sork has been carried out on co.ßrpound.s relaied- to 2-keto-
cyclohexylsuceinic acid. \ Ir ). ït lr¡as noted, however,

flr¿it .bhe reaction with ethyl ú- bro¡ropropionate had never
been atte-crpted. ïn ord.er to do so ai; this tfune the method

of llicRae, charresuo.::ttr and .A.lexander (ze) and. Kendall, 0sterberg
and iitacl:ienz ie ( 19 ) nyas elaplo¡rsfl 

"

,tooc"ut
t' Na,

\ooorrru

('l:rr)

?ut
Br - 0t4

I
ÛoocLHi

----->'

0 oo t't

{xT,)

g rl -coot{
a

coo H

cH3

/coocLHs
c- 9H - cjoç&Hs

\ 
ÇHg

co ocLHt

(rcämlç)

cooLl
gþt - þoo H
I

0

o r-¡g

o

(:itr J
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/y'to"
/

Cât
I

-cH-

The serj-es of reaciions proceeded.'without any apparent

difficulty at first and so no atterrpt was made to isolate
the interm"eirietes {X;Cim) and (XLI) " However it üiight have

been ad.visable to co so, sìnce the finar prod.uct was so impure

it f ailed to crystaliize. ;ilexander {2) ¡aerii; ions experiencing

sirnilar troubles v¡hen i-nter¡:ed.iates rrere not lsol-ated.,

ït is felt itoiirever, that the iLai-n reason for obtainlng

impure iaaierial is not t'hat ¡rentioned" above but rat,her the

s j-rrultaneous formation of t.he anhytlride (iilrv)" 't'his reason-

1np; is based on the follw-ing observations;

l-. :f,,lexander (2) in preparing the lactone of cyciohex-

anol-sucainic acid (t1, ) reports that,he obtained ß-6fä of
'r,he reiateci anh;rcLride. liis cornpound, before l-actonization

v,/as a $ronosu.l¡stituted su-ccinic acíd "

(xtrr )

EOO l-l

(xtmr ) txi,Ïr/)



2" Succinic acid is knoi,ur to form an anhydride ouite
æ^n'lì{-r' n-n J-rnq#.inæ T"n+}rôFm^?ô i+ icr. ed.L.r.-L rJJ \J1r ].rvq\,r!¿6 o ¿ ur urr\-¿ ¡¡rv¿ v, knOf'm that the ease

of anhydride formati"Ön:iincreases with increasing substitu-tion

of succinic acid,

3" The r+ork of Carnpbell (l) on lactones of ihe same

type as (XLII) established 'uhat the metÌrod of Kendall"

Osterberg and t*icKenzie, vields trans lactones from the

corresponding acids" The trans acids, he founC to be more

difficult to lacionize t¡an the isomeric cis acids,

o -Cyclohexanol- ot, -car.boxyl- ø'-methylsuccinic acld

(XL) is a trisubstituted succinic acid and hence is exÐected.

to from an anhydrj-cle qu-ite readily" 0n the other hand, this
m^+1¡n.i ^fr¡¡vvrrvu v! ,,,oparation shou-ld yield a l_actone of the trans

type, fn vierv of the $r'ea'ber ease of anhydride formatioû râs

cornparei to the more dif ficul-t lactoni zã+ui-ort, it is felt that

the ratio of anhiii.ride (XLIV) to lacbone (XLII ) formation

coi-rld be comparatively high"

The analysis of the phenylhydrazlne deri-va-ti-ve seemed to

inclicate that a mix"bure of mono and di-phenylhydrazine deri-

vativæ nad. formed,, Unfortunately hor..rever, the CLer"ivative does

not provide any furiher- clue as to ,che reaction that took place

dirring la.ctonlzation"
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PAIìf TI. .., " 
(S;rs¿heses j-nsolvlng ethylene oxide)

S]ßTTITE$IS OF THE IjiCTTb.E OÏ

or, - (,d -Hyæaoxmmryl) - ø'-iYietTryT,succli\-lc ¿e m (xi:,.î-ï )

The alethod egr;oroyed closely .oarall-el-s that used Ín
the syn'bhesis of ihe lactone of &-cyclohexanol- ú'-
methylsuccinic acid (XLïT. ) Ltthyl d -brornopropionate r¡¡as

concensed rr¡ith the sodio derivative (:ülrra) , previously

-4Q-

Älexander (Z) used ethyl- /3 -AxonopropÍonate in a sim.itar
reaction"

/
/tl.C-g ¡qt\

I \Loocrtrg

&o, 'e

(iIKTTIa )

0ooczqs
('H.
t'

Br - CHt
I

Coo u
/H¿C,- C 
- 

C!-C7OU

I I cfr¡

,.¿... (oort
'0Êl

(xr,v )

Qo0C2H5

flr! 

-C 
-t H 

-(eocrugllrn,

'Ihe intermediates in this reaction urere purified to soir.e

extent. iior,'vever, tlie prod,uct stil-I failed to erysiallize af ter
saponification and neutrelizal,ion" -ätteriipts bo isolate it rnrere

hanpered by the fact irhâ.t, unlike siiiri-lar substanees previously
reported, iis sotubility vuas greeter in ivater 'ûhan in ether"

Ro, (ooevHg

coo0eHs

l-T 
(ttt- cooH

\ o/=o

(,, Hf
I

(rcrirl i



separation írom the inorganic salt was finally effected by

extractioa v,¡ith zt, -propyr alcohol but l'vhen atterupting to

;ourify the extract by clistillation ihe prod.uct d.eco¡lposed very

rapid ly,
0n checklng i;hroup;h the riteraì,ure, it seeßs i-b¿rt sÍ.nilar

corû,Ðou¡c1s v¡ith aeicl sìd.e cheins were a.Iwa¡rs accornpaniecl by

rti-¡f'ìan1 i nnrrgf,,¿]fiZ,ati-OnSê i{ov,iêvêr¡. it iS felt that in thisu vu¿¿ -Lr-¡q v¿u 4u e :;v !ú ç v ç{ , ¿ v

case the,crod.uct inay irave been too funpure to erysi;alliz-e d.ue

to 'bhe .possible simultaneous fornabi-on of a nunber of coütpound-s

such as ihe folJ.or,vingt

Coo u
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(KT.V )

ett- OooH
9H,

0Ht
I

f--T- e''- CQa ntl
( )=o-o/



s]ßT.qIE ql$_g_g::l - BE_NAYIËU t E rNf S -:1.9_IÐ A+'tÐ M _uERf uAfr\LE,g

rn a sii¿ilar mailner to i;hat used. by rriclìae, charlesr,vrrrth

ancl Alexand.er (â 2) t and- originally 't'raube and l,ehmann (g0r3r) ,

sod.ium brornid_e üras renoved. Íro¡¡r the soclio derivaiive (]ilfIIIa)
aad. benzyl bromj-de to yiel-cl the addition corrl.oound. (ÏLVII).
:\f ter hyärol3isis a.nd. deca.rboxylation, d.-benzyl- lt -butyrolactone

iil,Vfff ) vùas obtaÍ-ned", and. on chro¡nic oxid.e o:lld.ai:ion, ú -
benzyl suceinic acio (Xttr{)

*+?,-

,COOcoeo
/

'rf 
-Cr- 

".- 
Ce ts

t\
,,L 'oo ocz Hs

' toH

, a-r- 
-'-a 

a

[Åj.vII )

r-TctrcsHs
| | Croj

\o)="

1'he cond-ensatj-on procluct of the soclio derivative (;Cfffta)

and. benzyl broieicle, cT;\rstalliz-ed on fractional distitlation"
fnis wa^s rlì;her unexpected since none of tbe ea:'lier surbstances

of hh.is t¡rpe were reported. erystalli¡:1.e. ;.inalysis showed thai
i,nis product r,vas not TXLVIï) ilut rather tfle lactone ester (l,).

txrvrrr j

f-f cn -cóut

\")="

- êoz

c ooH

\
c

jr- cQ-crrç

ooH CooH

(xrffi)
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0n hyd.rolysis and. decarboxyliltion of this ester (1,) d. -
benzyl- T -''butyrolaetone (lftvfIf ) was oì:t,aine11. The corïes-

pcnC.ing sLlccinic acid (Xt) r,,\¡as foun<l to melt ai;159-lå0o as

co{üp¿ired to the value êi-ïen by .lriti;ig and. $hield.s {16) as

16 0-1610

Tsoliition of the succinic acid. (XLf,{) by oxid.ation of

the lacione (l'il,\i-iII) revea.led i;ha1, chroiniruii 'i:rioxlde is too

polveríu-] an oxidizing agent to leave an alcoirol or aldeiryrle

group as an iatermediate. Iii is felt tlråt 'bl' using a rnilder

oxi,àizing ageni it sTioulå be possible to open ihe lactone ring
and- o:çid.ize the alconol end, sl,opping at ihe alle.hycle stage,

tire d -benzyl- ìr -butyrolacËone (ÏLVIII) vias characterized

by f'or.raing i,he corl'esponding h]-orazi-ne (ti) anf, benzylariine

( tII ) C.erivniives "

9oaoLHf
Alr-Cou,

-i-
*ot*

jrt-c 
Hr-c5Hg

C=o
\Nr-* 

r,.
(r_t j

,,f-fr-tH¿-c5H5
IIll,C C=O- \o, \0,1,.,,-cH¿-cs"s

(T,II )



åm'm.'IPTUË sryrÏIqsls oF cú -BEi\'zyL- Ú -:rutEngLA0,I01ü-E (metrroa

!,lelson anci Creicher (,24) prepeired a nuiaber of oú-alkyl-

ð -butyrolactones by rea.c'i;Íag alkyl nalonlc esters with /3 ^

chloroethylvinyl e iher and suÌ:sequ.ent hyrirolysis" sotir. ether

and. esier ¿:re attaclced, ln the hyclrolysis and. a la,ctone results"
this rre i,hod wag used. in an atteapt to iorepare d. -benzyl- I

buiyrolac tone (t;l,i¡ITI )

-44-

^/c 
ooc//r.

/
C6H6'Cilz'C ilø cL'CH2'CHzoC¡r=CH2 

--à\, o oc2t-t5

(rrrr)

c6 Hs- e4
Ooott

(EüilT )

P,).

,":renzyinalonic ester as 5lrepared. by i;he niethod of :¡ittig
and. Roed.ers tL5i ì¡¡as conclensed rii th F -silloroe thylvinyl ether

(iLt¡.*II) tor bnirty-six nours, after r,,trj-cir the uncha:nged benzyl-

*ralonic ester was recovered, :\ large resi-C.ue reir.eined iadicaiin¡¿

iha t cons id erable d e eo-rirpos iii-on had taken place .

'Co,

üuuu. cur- g- CHta4ocH=Cilz

\
o0acr¡¡,

(ril)

/c0oczHf

csH-

o=\ o.l



rt .seess tha.t the presence of rJre benzyl group stabilized.
'5he reiaainin,¡ active hyarogen ato¡::.s of ihe ¡aalonic ester, to
such an extent thai; reaction o¿ith /-ehLoxoethyl vinyl ether
d.id not Èake place. iis a result the ad,d.ition prod-uct (try)
rvas never obtained..
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AT,TEÜ]P,IED SYl\ilTTES

iL'he -r:'lbtig and chanlarof f (0r-t+¡ method of prepari.ng

lactones, w,:ìs used, in anothei. attenpt to prepare d-benzyL

T -,butyrolactone (Xi,r/i:-f J 'ihe ¡rethod as applied -ûo thís
r¡¡ork is outlined, as follor.,,¡s;

€ g_:EEryI,L-t r -Bu_t'yROL¿q{qNE (,,ie i;hod 5 .)

0H t̂ C0. CH- C OO>.H, * ír'Cír-¿rru
Na

(xir'xv j

/trr- 
c4¿.olt

C.t/r-Co-{-Aoocz//5

'rrr' csHs

(rrru )

_>

t. ceid
s Ptif

2. HOH

cr/r-co- cH-cooc2Hs
I
I
c/2- c645

{rv i

/trr- 
CHz.04

C- CooH
\ cnr- ceHa

H.

cH2- CøHl



cL-Benz:'rlaeetoacetic ester (w) iÂras obtained. iiL 'r,he

usual .6.anner in good. yields and. vrii;hout any trour.ble" l{or,rever,

d.ifficr:.Ity ,,ryas encountereCr in atteinpting to substituie the

secono aci;ive hy,årogen aion of aceioacetic est,er.

.i+f ter ref luxing the sod.io derivative of (t\i) -r";ith ethylene

chloi-oÌrydrin for *r,iiiri;¡r hou.::s, analysis shor,ved that ühe procluct

o btaine d was nostly unciranged of -benz¡rlace'ioacetic ester. (f.,V')

¿:\s is the case 1,,'ith ¡raionic esters , d is uï¡siituted.

acetoacetic esters are rnuch :ìiÐre difficult to forro than

monosubstitut eo ace-r,oacetic eslers, T'ittig ancl Chanlaroff

(14) founci that 0t -etj:ylaceuoacetic ester had to be reÍ'-l-uxed.

with ethyÌene ci:.lorohydrin for 25-30 hours before reaetion i;ook

place, fn the present I,\,-ork, ühe benzyl group seerjr.s to have

stabilized the renaining active h;'rdrogen site so ihaü the

second substitution d.ici not talce ûLace.
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Ir oL-Benzyl=' T -butyrolactone has been prepared. and- isorated..

.t'his substance has been e.haracterizec by foriìr.ation of
hydrazine and benzylanine crerivai;ives as lvell e.s oxid-ation

to ot -benzylsuccinic acid."

tv-o other nethod.s of preparing ú-benzyl- r -but;'roiac-bone

were invesiigated, but v'¡ere u-nsuccessfuL due to failu¡:e
of the second stage substitut,ion of the active mebi:.ytene

corir;oound" s eüpioye d..

-&7-

sui,Í,,{À1ìY

2"

5" i-'he phenylhyd.razi-ne derivative of butSr¡olactone has been

beee l¡.ade, v,rhich li¡as not previously reporied in the

literaiure,

4. The }ae'bone of e -cJrciohexanol-o¿'-nethylsuecinic acid-

has been prepared. but ihe proùuct was too irupurre to

crys tallí ze.

5 . 'Jhe lacto ne of oo - (/ -ityaroxlrethyl ) - oc -nethytsu-cc inlc
acid has been prepared. but again inpurlties prevented

it fro¡r crystallizing.



l, fhe oxÍdation of d--benzyl- ð - ,but3r¡elactone v¡ith

a. weaker oxid.izing agent such as hydrogen peroxide (gO'þ)

or alkaline penoanganate woul-C, be interesting, ft should

be possible to o;oen the lactone ring and. oxidize the alcohol

end., stopping a-r, the aloehyd.e stage,

2" f'o further characterize the above lactoneu it r,riight

be valuable to run softe infra red. spectra of the coftpoLtn"d.
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3, 'ihe stability of the la.eiorre ring cou-lcl be investi-
gated by d.e'r,erruining the rate of hyd.rolysis.

4. T'he s}'¡.Xheses involving ethyl - or-hroritopropionate

s-hould be furrther ìnvestigated. in a.n attenpt to prepare the

conpou.nds ln a.Ðurer for¡o. ft rnight prove helpful for a re-
,|

irrvestigator i;o first prepare simila.r conpou-nd.s using ethyl -/ -
bromo,oropionate, in ord.er to gain so&e experience and. technÍque

t'¡ith this type of synthesis 
"
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