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llJmODUCfIOU 

'1ll .roaotions o~ epoldd&e ba:ve .been enumerated (1) as ntm0r~ 

imtol1t.tna the attack ot a mioleophiU.c group on one o.t the carbon a~ 
¢ .epoxi~ ring.,. Unet;J.c. et'tld3.e1. (2) on epoldde reactions and the 

'; ' . - . . . '• . ' 

' ' 

oo~ ot in'Vmlsion then~ the £act ot a nncleopb5l1c d1e-
. . 

~nt mt~ (3,h,516)., Ir t.ha epox1do is perfect..~ rc.vauetncal, 
-~ ', , .. '. '' .:· . ' .. ', <: . - . :. ·. ,' . :_ .,._ . . ' ·1 ',. '. . ' ' ' • . • • ' • • 

tht·unlon ·ot··au attaeltlng group nth • carbon attm· ot the epoxide r1ng 

Ydll. be .··.tnt· lam& re~• of which carbon ia attaaknd., If, on the 

other hand, .tbl.J •~de 1a unsymmtrlcal, tllere is the posaibW.ty ot 
tha/ to~ion .ot two is~ product,. Vo:r tb.11 reitson tlie epoxidos 

' •• ,·, • ,. ' ,· I • ' 

well J\dapted to tftudiess hl tho nechnnism or renotions, ! . . . ' ... ,. ' - . . . . 

. .. • ·gro.up .~tuted t~ }Vdl'o~ 1nto.tho epox:l.de ring mt;'" 

lnf1~.·~i¢>n at one or the othe:t c«rbon atom· ot. tha ~1ng. depend-

ing ·11p0n ~· nat~.· ot the uubatttuenti ~up. Sevoral such studios 
l · .. 

have. 'been ~t,ed (?•17). the ttnpliontions mq. \s pointed out 
. . . ' -

grapbtoan, Tith··.~. tall.<ffl'1ng.equa.t1on in whioh X represents a 

nucloopbilic O'Qup end. R 11 Q.lV' atom or other than tho eydrogon -~· 
H·u 

----·~ R-C--CX and o·:a 
H H 

R-C-c-o-
X H · 

1" ·~ ·usumot1 tl1at-· tbe nuoleophilic group \till 

. at lout the more positive carbon atom ot tho 



e~ r.lng. A ~icant difference 1n th$ z-elative charges on 

tm. two -G~ carbon atoms 1till result if there 18- cons:lderabl.8 

ditferono& _ ~tween ti.; e1'ictroneg3t:t,.rities of the n group and tho 

~-~-•t<>m. fbl1$1 ~- t;he_ll S:OUJ;t. u ~att,'let- strongly eleotro-

neptive.,_tl•re would bt. an els~n.111thdrnal tram the epoxtde 
' . 

2. 

carbon •to -lfb!ch the a. its ~ttached. That carbon. atom would t11en 

bG•.tlle-mort t,oa1Uw _o~ -~- ~, .m.nc. an indu.otive. effect ia diminished 

•-- it: !.I: prap$ga1,ed -.,tona a carbon chain_· (2.4). fhia· effect- is 

lndtC1Atod -u follt.ml , -. -- __ - .. •-- - - - - ._.. I: 

if b.ii,'ioup 10· aubetantiali, :less eleat:ron,gative tban 

~gen,-_ tile m~nt _ ot $lect~ns would bE1 · in t11e · opposite 

~ion·imaw ~Jl~ seaon-olcohol.·carbanion would rosult. 
-The B'd4.ua.w·tomatton ot·either ot thoao two possible 

i~---h• ·been !rapll8d.--o.~ in- tho-_ case of an appreo:ta.blo difference 

i.n ·tne, et•ne-vit7 ~t t~ i grotlp a.~ the ~,i:rogen atan. If the 
. . . ' . 

dif~a 81'8 ~W veq GUbtle11 t-andom -addition of tba nucloophilio 

sroup ~-_undou~ occur mld a mi:xture ot the t1IO isomers would .. 

be ~ti~Pflted. · A,pplloation ot these principles then bocomes a. means 

()f comparing tl• relative eleotronegativities of groups attached to 



Hon ot .tl.1.$. bate c~sea condensations nth epoxidea 

thus. tar "Poried ... · been 1d.t.h ~1 or ax,-1 tm.btrtitu.ted ateylene 
. ·. B · H · . 

~- ot. tl• tom ft • C,• ,.;CH. tn 1tbi.<m R U a ~droca:rbon residue. '.. . . .. a.. . .. . .· . 
Almost Td.thou.t e~ptton* (16) ·the attack of a nucleopeylic group in 

' - . • ' ' • ·I ' • 

thee tnstancea •has. proceeded ~g to tlte mechanisn which baa 

~•:~own aethe:n~.~nt, Tn11 is clUl?'acter.tsed ttr 
ti. rupture· ot·ihe -~·_ceroon-o,;,pn.bond ot the oxlrane rmg. 

' ' ', ._,.;- •. ,·. ' f 

T~ tMm,t1,l&\ pl.Tlduct .. ta· ttd.s· .caao_ is .. a seconda%7 alcohol. 

, .. ~- -~ ~-nscbmdsm tor the reaction involved . , ' .'., .. ·.,· ., . ·. ,, ' . 

$A 1ilie t~on qt ti. .Pl"Oduct· 18 om in which the R group--, .... · ·:.·· '·, .,- - ,. '' 
; ·-,.' •• ·: ·, • > ' 

being. le.as eleo~sat!ve than l\Ydrogen--reloases electrons to the 
'. .;•'·, ... •' . 

iht.teminal.cerbQn thua 'be.c~• tl'E.ffll?re positive ot the two oxirano 
~bona and tlle attack ot ·the. nucleop?Tvlic group u on that carbon. 
fie Nsultinl ion u then prod~d b.r. the rupture of the terminol 

l , • , , I, • '~ • 

oar~gen bond• 
. ' 

I '"""' .,, . * Sffllfflt ll:Ulen ind 1tn1ght Nporteri the isaooric "abnonnal" product 
1n·1:>ase··.~ reaetiom, with .. alcohol.. 'rhie might e~ 
·ha•~· on tla baais o.t the atypical. nature o1' al.Jiyl alcohol, 
Which 1n ~tU't:$. ii a ~- but in chemical. reactions a 
te~ alcohol. 



H B 
R-c-cx . (J- H 

. $?lea. a,:t;t tb.e l1(J&Ct:lons, -1n -rl.ch th& addendum is unquestion- . 
. . 

- 1#.~0l')hW.o cll4'tacter, 1nvo1ve ~ai'bon n group$ on.the 

-~ 11i 1f8S ~Jed to ~, in tile thBh part or the present 

. ittvestigation,· ~•r_tha. inclt1$ion of more hi~ electron~gative 
' . . 

atoms would altw_th$ llOde adcliti.on., With this ob:)ective 1n mind_. 

t1- e~s v,ere chonn to react with the malonio eater carban-1on. · . · H H H · 
. ~DQ .~ .. of.the• .W$ ~cidctbor (}o • i • O,~_,<lH 

anr1· tba -~- th$ para derivative ot tbs first+ Tlwae com.pounda 

.~adtliY Qbtainable through the reaction or epicblo~ trith 
. . 

pnenol. and ~phenol, respactiwl1', in a Wj,Jl~amson _t,po ·83rlthes19. 

· A fttl(1tion ,~bat nhnilar to the first has been carried out by 

fisd~~' .J.tnd _Kt-Imai- (3;,) 1n·. which they l-eacted the bromol}fdrin 

·. ()-o ""l•-X• i: with Jodilall ma\Qnate. It waa esaumed iv them 

that tho_ ueQhanis <tt the reaction "88 mo~ tbG replaCGlOOnt ot brom1ne 

bJt·_tffi,_malonate ion. th1a ta pro~ a justifiable Ufflltlption, 

then 1-, neverthelees,. ti. possibU1t,- of removing the elements of li Br 

from the bromolv~ end tonning the epo:ddo wh1dh then could react 

according to either ot the two mechanisms euggeeted above. W1th tbe 

-~- der!vati'"1 tllG atom would be expscted. to increase 

ell~: the electNnega.ttv.Lty of the substit..uant group u a Whole and 

pou~ ·bring abollt abnOmal. addition even it it did not occur with the 

~ituted pJ:m\Yl.wcidether. 



. Tb.a _porsSiblo· i-eactiona.\Tlth these compounds can be b3st 

~tea···qy-indi~ the electronic interactions 

.,.·,··· .. •. ',. '( t5 ~. ·fr-\ H.R ll. 
. .\__;•\{~'(--C~~H. 

~';'..~at1vel:i.a~ng electronegat.:1:Viw of the p11en0Xf and e~ 

~gem, wuld. tenet'·~ mthdr.- ele~OllS irom both the 0( ~- and fi • 

eai-liOM,but"~/';');;§L.w,iion,~~ nearet-'the"P~ should oo tho 
• :•· ' -~:·. i< ,, ' 

more· po,itlve· ot··the·:~ '-'1 ·t~ result ot._tbi.s effect~~ Thu.a if 

..r·.···~ttoct· <>t·;~l~·gi,oup apera~~i~Ugh the '(-carbon 

~. is ·~ tlum tho ;..I Jfact ot the 0(-1:vdrosen, 
· -- i·.r>;.':·~· \• 

the: _prima:r:f ·~~·•·ton al10Uld -·tom upon addition ot the ml onio 
:\/; ;_ ·;• 

emr~on.,_-•:,:i'..: 

U ·the l>.( ~bot1 -~-:: too good· an insulatoi-, the. ef 1--ect Jn£\Y be 

~d to auch an ~nt .the ·ncmna1 additiDn -.ou'l.d operate, 
,.,._ ,, 

forming the. t~no t~ 
AlkaUn hydro~aie follcmsd .bl acidification or either ion 

would product mi_ acid lactone which would yield the tree lac.tone when 

t1e~bo)Vlated, 



6. 

or 0 ... lllIH 
-c-- ·H 
H i:-,Ho '. . . fl 

f:rO?A noma'L addn. 

!C1le tld.rd·opm.de to be studied in its reaction nth malonic 

eater: ,tsa. ~~st,re• oxide. _ fhe -no:rmai addi~on bas been reported 

'(l$) w1tb •~~de.it.it 1n this: reaction, so here it was 

·. <ts~ .to 'dletbett the presence· or an eleotronesative atom 
· · on ·the·· benzene •~ would .IJ.tor the. _point of attaclc or tbs carbanion. . . ·,- . '>· < ·, - • ' ' ' •• 

· -~ttr>~ne :Ls not ~• avai~ble so_ it 1fa8 necessary to 
· :-1.ae a mothod: 4£ s:tnthesi•• · fba detailed- procedure w.LU be {:iven in . . 
· the ~ntai aect1on of thla dusertat:ton, In br1ei'., th9 steps 

-~wd the Fep&ration of p.cblorophanaqyl~de from 
. :'· ·.'. ,· ... _:· ·, ' . . -·· .· . 
p.,cbloro~0ne, Nduction at the bromide to· tho broma}Vdrin by 

ti.·. :~tb11:.Bonrltlorf'~1fb?!;:I.ey:;:redub.t19n:,1.~,andt .elimiha:tion:· o'f· ·· nydrogen 
. . 

b~t:-GI the~. 
!be seqond pba$$ of the· problem dealt "1th tho rehtive 

NQti~ty ct as compared to epo,stder, when tile two functions 

_,~·-• £.rt tho-~-~e. 
. ~sulta of au.oh an 92Pe:riment have bean reported 1:6" 

. . . ' . . 
Hall.~··mn ~aa ·(26)(27) •. In this experiment tl~se authors 
te~.thai · carbanion ·ot lsobtl~ophenone Y.Ltb epicbloro and ep:L-

~- ·ltnted. that·it was interesting to note that tho 

apil~drins. reseted as aLI(yl halides by i-eplacement. of the halogen 

a~· ·The reaction as -~presented b7 them is as tollowa. 



· Ii) 1'AW tbat the na.ction not. have been just ca 
,. ,,, . 

. . . 

bp:iJ.Gd. hete < Since epoxl.des me genera:J.l1 ~cognized ea 

rather :reactive ~unds1: the poasibW.tq a l~sa direct 
.. · Pl'e88~~:i~aalf. This tlechani~.-.~uld involve the attack 

of ketone W~at the epmd.cle carb!>n .fo:tmin,g the intermediate 

ion as follows, . -._,. 
:,'·.' 

::.,,":•.-
.. :-,:--:, ·, 

1n i()ll the hai()gen be ,labW.mod 
-- .. . . . . - ,,::_:>;•?lr>• -: . - .- - . ·. ,.~~--;,. - ., --:.·'.-, . so u ·to.font s~µa .hal!de with the sodium ion wh1oh is also preaent 

j,n .the · 1olut.ton.i\~fi would pemit the tol'tlation ot tho nautl'Bl 
~· .~ wuid be 1dentJ.cai t.o tho compound f ol'llfi)d by 

. ' . - ' . . ,. ' : :· . ' : ' :· ' ' : : . ~-, ·.:.~. : .-... ; . ' ' ' . .' ' . . ' , . 

dinet · mp1actmlent'a:o.t .th$ halogen. · 

()Jit •i-i~a+ Na+ • CYii:-~~,~;~li 
+ uax 



8. 

The·· true· coui,se · or the :reaction· could be determined only 

bt· emplo)ing halo-epo.d.ooe capable ·ot fot'ming different :Lsomers 

Ttlth tha iw.· posstblG raeohaniams ew~st.ech 

·,. !his being true 'hhe npoxldes chosen wore 3-bromo-1.,2-o~ 

butane and l~b1;~2,,;.e~ ~.· . The synthosio at those two 

· 1someis .11aa·• been repo~d (28h. 'iquationa w1ll serve to illustrate 
: the ~P•t?-ble. ~actions. .. In the case. ·t,t: )-bromo-1, 2-epQl¥ butane 

.··.. . . .. ' 

~~i!rtg• With .1-(j.;butyropl1enonej · a ··meehan:imn involving simple 

•P~<¼ment Jr the: br~ ;a.tea wouJ.4 giw th& toll.owing product• 
\' '.,. ,.', 

'(D·· • •· < 9 QSt ·• . H }1 ll H 
·. ·.··•.· .. · :.:.' .... -t,··. •O• ... · + · B·O.-Q--O, • / .. •Oli . ·.·· .. · · · ·· ·· Olls.· H Br O · . 

,.,,. .o ) 

. . 

(Y QIIs H H ll 
-Q-Q•C~H 
· <lHs Clls "o 

.. · · ·+Br .. 

U 'th$··. attack en ,tba ept»:lde lllOlecule occured on the teminal epoxide 
• c ,/ • 't• ,, I 

~\,on on .t1'lQ. ot~. hind. too final ~uld be na tollows. 



in reactiona With the_ teaneric l-brotno-2,3-ePQl\Y butane and 

the. carbanion. th& final. ep~•ketoms would be 

3ust the o.f' those 8hQvn. above for the two mechan1.sms suggested. 

T11us e,iiupl.e ·~ dis~nt ~Uld tilve tbs toUO\rl.ng 

... ··e·· .. - Q QBsRB" Ii ' .·•· .. ·._ .. · ... , .·• -<!·1·~ .. . · .-c~.· .. · -Olls · .. ··. ·· u H 'o/· ··. . ·US ' 

attaeJJ/ Ott.the ep~ carbon i'm.-tbeot from tbe brotdne 1rould 
_::,_ ..... · .·, ., . ' ',: :, :•:.,,, . . ' ··. ,/, .. , ,.\;.·;·, . •' 

.; ., -,. . :~- ,' -. 

:· ·gl.~ the\1:t1U1ch,;d;i0ltr ~ban chain aa:,f.ollolf8-
• . ' ·; . r , ·•• , . ' '" • • ·, -_, .. _, .• , : :· • . . . , •'. , ' • , • • , 

: • II' ' •,~ ' ' I 

. . . . .,._ ':tn ad~ti® to .·.the ~. ~chaniwis · tm.g!tQated above for 
ft&llt:t.on with t~ t.vm 1.s-io bl'Omo epoxidos, .there .mllY be in addition 
•,•• :• .,••. \'',,•• '. ,_- ,,,-.• • ,:•-• :_ •,. • : , •, :

1 

F\,' , • L •' 

~-is,, OQ!mOOn but MV$rthel.ese ·~ plausible mechanism. This 
, '. ' .·' ,'.'.. '., . . . . . ' • , I 

.~· posm.biliV involve.a th&. carbon atan ot, th, epoxida ring nearer 
: . . ' ' ... ,, '. . . . ' ··,•' . 

' ' 

·18 -~ the into:rnr.tdtatQ carbon, th$ f ollowins products be formed. 



lO. 

, , 

n·,·mq,be readU3' Soell that the 'same final product \10uld 

Wsult in. the case of eithet- epoxide ii' this mechanism obtains • 

. !lie hrse. majority. ot · :reactions involving epa,d.dos that 
:been ·reported. .i?l .the lltaratura bSv~ be0n with ~poxi.das posaensing 

. a ·terrd.nal . o.id.rane stJM.\eture .... ln these instances attack of a nucleo-

phUic .~ in .·btlm c~ted roactioria seems to occUl" much more 

te~·. at .·the te:rminal Qel"bon or the .oxirano ring tban at tho 
... . . . 

... Jntem~ or /3 .pom.t~n. This mechanism. seenis to be apparent even 

tbbuilh, .thf.t. /3 ~~oon is atto.ched to · :rather biahl1 alechronegativo 

· grou.p.*. tM$e ob~at.iorw •• to indicate that thare ie some 

Pf'<J~ ~ctive exbal.tat1on Which the tw termirull eydrogen at.ans 

exhibit• If th.1$ 18 actually the ct\881 the reaction of tbe ieo-
• '• ,' ,_ , • . • ' . '•' I 

.~none.~banion with )-bromo-l.12•~ butane would not be 

~cted to be:·great,~ dUferont from a great ma.t\Y other base 

ca~led oondenaatt1one with tend.nal epo.xidea·. This is assuming 

ln.1.~al. rea<1t1on..ot the·.Oldrane ring. llcmevsr with the isomeric 

3.-b~,3-e~ butane, tllere is only· one hydrogen atom on each 
. ' '. ._ .•,:' . ' ' ' 

~ane· carbon and .tt· tho obsm.1tations abav8 are a major factor in 
·. ' . 

~.~. tho attack ot tht c~banion1 this compound should be a. ver,r 
·u.~ 0M in pointing out .·azv basiC di!:t:erences between the two 

Qs :of· epoxidaa. 



n. 

DISCUSSION OF RESULTS 

PhtW~idetber was treated nth malonio ester enolate ion 

1ti absolute .:l.cobol.. solution. ~sie ot the reaction product 

follomad acid.Utcation with mirieral acid gave an organic acid 

lactone (t). neci:rstalllsation ot this material tram benzene gave 

v.h1t4 pla;telets tn.P• 96.S • 97.so c. The acid lactone reacted with 

brom!.m in chlorotom solution to giw a rlE1W aoid lactone (II) contain-

ing two a~is ot bromine per molecule at compound, Thia com.pound, 

reetVstallised ~m beneene,, foncd white flakea m.p. 1,0.0 - 151.8° c. 

tlp:>n heating thEt original. product (I) to lSO • l?a° carbon-

d10lCide W&G 11berated 71.elding a neutral .laotone (Ill)• Suocessive 

treatment of th.a neutral 1),rOduot vr.ltb hot eodium 1:\Ydroxide solution 

· and• ~cbloric $Cid produeod a cr.vatallin organic acid (IV) melting 

at U4.a • 114.6° 0• aftQI' NH,eyetall!.ution hot. water. 

tn order to eetabUnh the utructure or the oompounds formed 

and th$ direction of opell:lng of the epox:lde ring in the 1ni tial 

reaction, tm ~ntral lt\ctone (nI) was subjected to lf;'drogeno~s1s. 

ti- reason ta%' this .step waa based on the reali~ation that 
<5 •pb.en~aloric acid would torm upon rupture or the lo.ctone ring u 
attack .ltr tl~ melonio este:r oarbanion had ocoured on the ternd.nal 

•po:d..de carbon,. If t~ attack had initiell;r occured on the eecond carbon, 

ho'WeWJr1 tile turdrogono),ysis product WC)uld have bean Y ~no:,eyvaleric 

acid. rt,drogeno~m.a, of the lactone did giw, cS •phen~alor.tc acid (V) J 
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th.ts was continaad mtxed melting point or an authentic aample 

prepared ter· an independent procedure as explained below •. The JDGlting 

points of these eamplee (10l.2 • l03.o0 c.) 1f8re subetantinJJ3" higher 

tlla'tl th& value .reported tv Gabriel (29). fhe reason tor this dis,.., 

~ernent ~· ·be· e~ned on the bam of the two methods ot 
preparat:t,:m. Xn the present case phenol was combined with l 1 h-

d1~butam Sn the presence of sodium l\vdrmd.de. The !J-.phen~l-bromo 

butane thUa.P.~d was then.rea.oted with potassium eyanida to form the 

nitril.e ·'Which was ~$d to th, acid.· 

Gabl'10l•a proesduro was the initial formation of 3-phen~-

1-~~ 'fflllch was .then condensed with mal.onic estor. · The 

•~tuted diester was ·then ~IOd and decarb~ted qr boating 

~.·. the melting point,. . In this procedure there could oas~ have 

bien SOOS· und.ecar-lated aubetitu.ted malonic aoid as a contaminant · 

in·• the. mono--acid that would dep:res1 • the me1 ting point., · 

ihe· reaction .of p.bromophef.\Vl(W"Cidetho~ (VI) With malonic 

e,ter. wu. 1mteatigated., , The epo:qethexa was prepared 1l1 condonslng 

p.bromophenol with G.pichlo~d.rin. . The ether ,ma a solid melting nt 

te.c, .. -49.st> c. - Ite condel'U)atian With malonic ester, followed by 

~ol;yets and acid1fi.Oation1. save· a crude materl.al (VII) having the 

properties or an acid 1actone •. Since this material was ot poor 

~atalin form and re11lated puritication_. no sample ffll8 pt'epared £or 

~sis or melting point. A Chloroform solution of thie acid d&-

col~d bromine 1n $UDlight 1dth the fomation ot ~gon ~de 

08 and a ·nev, prodU.ct. The new product prove·ct to be identical with the 
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b:romoacid (II) fomed ·1:.u · $1'Ao l ar trea:tnMJnt at the acid lac tone (I) • 

. ?.hie este.bliahed that 'the attack of the 'malonicaater mtS on the 

.. te~ carbon ot VI.· »ecoi-hoqlation ot VII gave a crude laetone 

· which :wu no\ · purified but used directly to .ro.rm the acid 

- VIII •. ·.· .Thill ey~ acid, rec.vstalized i'ran hot nter and toluene, 
.... ·.•··.· .. ·· .. •···· .. ··· .... , ·• .· ... ··.o · lllelted At lll .• $ ,,-. ll.2-. 2 . C·• 

~styremo;d.de (IX) D prepared by reducing p.chloro:,_ 

· · ;·. J;hunaeyl.brornide ·. t~ the -bron¥ll\fd:rin and. r£:moving the elements or l!.Br 
. ' 

· _· ·fl,o?l\ .the b-,6b;rdrhl ti). torra :the epOld.de. The malonicfoater synthesis 

· 'With It ·wt\$ ~d · ou.t ·1n tha l?UJme· tnv as with the other epoxidos • 

. ltlr~~ais, a~icat1on1 and dQcarbo~lation of the condensation 

· p~ gave a lactonc which was o.;tidisad Trith bromina d1rect4' to a 

. ket.o .•acid.. (X)' follmr.t.nG .the· ganersl method of Meltu, Oha:rlamtortb and 

~r (30)«< Tho ~P• of X was lJl.O •· 131.4o c. This chocked 

· ,ttt!i <the. tnelting point . and iv. mixed melting point With an authentic 

~:¢t. p-ehloro ~-oontoylpro¢onicacidp:repared by the Friodel 

Oralte reaction f;-om chlorobenune and aucoinic ~rdride. This 
' . 

· proved the Gld..stence e>t a ccntinUOUB carbon chain in tho conderu,ation 

~uet· ll with malonic e:ste.r and '.~bus that the normal addition to 
the : ep~~de bad oacured rupturing the tern;inal o - o bond. 

. ln.,tla second~ of the inYestigation the ce.rbanion of 

· iso-but.ijrrophenQne II was condensed with' :)-bromo-1., 2-e~butane (XII) 

and_.l.-,bromo-21)-epa.x.ybut~ (Y~II}. The ketone carbanion wna prepared 

by pt~ iso-~none 'With sodamide in hot dry beruiene or 

toluene soluM.on. ·The product of reaction of XI with XII was isolated 

b:I' .,acuum distillation. It 1tU a liquid (XIV) td.th ve17 little color 



16. 

V Ii /. · Al(OCsU)w O OH H 
Cl .,..aH;..,~ + lia 01 -C--0-Br 

lI H 

1. KOH 
2. HtrSO, 

-. 00·1 
> 

HaOH 

O U H 
Cl -c,

0
/Cl! 

IX 

liaOII 
Bra 

AlCls O n H 9 
I •• ,,., • Ol --o--c-c--cou 

H II 
X 



ox. 
-----~")'.- XVIII 

H II H 
Br•C-CaC-Cll3 

-l?-¢-c-c-C-Cll:; ••• 0 0 CI-Is H il 1!_, Ha 

CHs ll Ii H Ui 0 0 ylls 1I II ll 
-f!-c-c-c=c-cH '- ,. .. Cll.3 -.i..1 

XVII 
. . 

XVI_ 

ox. 

0 0 vE3 HO 
-8-c-c_ -COli 

CHa ll 

XVIII 

iia 

. > -lJ-c-c-c--c-cHs 
HOCl O q ylb li B H 

CHs H OH Cl 
XIX 



18. 

and odor that ·gav-e aemitra.nspat.·ent reddish orange plat.ea, ,11th 

er~• ·fs.dJ.ity-1 '. ·wmn t.~«ted 1rlth 2jlrdinitropheeyley'draz1ne. Thie 

· oompound.(IV) melted. a.t· 233.8 - 231'.!>0 c. and upon ana:cysia indicated 
· that a td.x mmabered heterocyolic _.1ng containing tw nitrogen atoms 
had been ft»:med· b;f·· 1oaa .·of a t40la of water tram the dinitropheeyl-

!vdr~• ·!'fba. str®tts:re of· UV WI established as follows. Oro-cy-1 
~·was .roacted wltll XI to.give a liquid product (IV!). 

r~gen{l.tion ot· X\7J: ga-;e another liquid (XVII) that 11M no longer 
uneaturatea. · ~tion· ot XI With n--butwlbromide also cnvo l."VII as 
demonstrated: b;.· ·~ inelting point of _the sem.carwone. This proved 

that cr~l~de. had :eaoted 1d.th XI ·tv :replacexm:mt of bromine. and 

thus :that the . double bond wu between the second and third carbon 
atom.tr~ the ·end· ·ot the ctuwi in compound XVI. Permanganate 

md.dation of DI Jm:)duced M aoid (XVIII) containing t'Welvo carbon 
at~; U slla\m \tr .~sis" This acid (tn.P• 99.8 • 100.4° C.) WU 

the· -. u the ~d obta1ned ·tv Halle~ (26) upon oxidation ot the 

productof reactlon·of XI with allylbn'mida._ This stop further 
$uhstantiated the atru.ctu:re ot XVI. ltypochlorination of XVI gave a 
Jiqtttd nx llhich :I.oat, the elements of 1101 upon treatment wlth BOd:1.um 
1n refluxing tolua.'le., com.pound thus produced was sham~ 

t£d.mdmelting point ot the derivativo XV to be identical with XIV. 
· 1'his eequen~ proves beyond aiv peradventure that the 

lm.tiul. attaok·cf ll on XII OCC'lll.'edat the ten:d.nol ep0xLde carbon 
of XII and. tbat t110 112-.epoxide tfM iaomerizod to a 2,.repoxide tty 

l.oas of •bromide um trom the ion intel'med1ate. 



· ,,:UJar Naet.ions ·ot ·xt·ld:f:Jl l-bromo-2,3-epo;q buta.'18 (lllI) 

led. to··tM .tom~tion -~ a:noarJi colorless., odorless liquid (XX). This 

· -,compound gave no derivative 'id:1en treated With. 214-dinitrophccylhydrazine. 

!teaotion Tlitl~ l~lmni.ne 1\)rdrocbloride . in pyridin&-al.cohol solution, 

h~~,; .gAYO a wldte solid.r®lting at 122~0 -122 •. 7° C, An ox:1m ot 
. ·XIV. ttG:J prepared· 1n- •the ··~-wrq and a£ter rec.r,atallimation rrom 

dilute mtlwnol-·tWlted at 12?.& .- 129.0° C. Those two products wore 

ebfflnl ... qr- td.:md mltl.Ug point,s to ht different. 

•· Old.datton· ot n in 2~- potassium. penna:nganate occured wry 

· and on:i,- .:tor 36 houra ,at:trr1ng at 30o c. 'ffl1S . the permanganate 

trtlbstantiall;Y ~educed. Ieolat:Lon of the . oxidation product produced an 

· ac1d which attar ··*-ect7stal.U1ation from· methanol-'NAter solution 

·melted at 99.0 _ •. 100._oo c. · -~~d.waa shown tv mixed melting point 

:·to· · be ··1aant1cal w1th· XVIII•· 

-': .• . Thi$ .. ser-J.e• of te-ac1itons shows toot attack ot XI could have 

.. _on XIII:~ on th& $0<:ond carbon oi the 'chain 

H H H: 
llOt.~~s-c,H, 

Br · 0 
mid tht\t b~dc ion-~ loet from tho ion intonlfJdiate to give the 

netmral procrdct oon~ang a ca1•bon.~gen four iooxnbored 

beteroeyolo. U · attack bad· occured on c~bon atom. ttiu qr replacet!ent 

ot 'brotd.de · ion · the product JI would ha.ve been identical w.1.tb XIV. If 

tbb Jttaek had occured on carbon at.om n3n Ylth the c,cy-gen swinging 

acrusa· to tbG 2-1 poeitioll qy ·the lab~l:isation and lose, of bromi.do 
I . 

ion, the resulting product would yield a thirteen;·'~ :'- carbon acid on 



20. 

t»:!~detio,i. 'rb.e o®<~J.n&-poss1bility is the one m.iggosted, to wit., 

atta.ok on tl1it 112st eat-bon·wlth ·the ~-gen i'o.rming £ 01-.3tt brid~ by 

. 1oe.s of thri_ bromide 1on. . · 

:, i'lte·, fo;rmation, of aoid XVIII. b.r ,permanganate oxidation of l'X 

.in .. a•weakjq·bn$ieaQlu.t1ott.mada ba$ic ~'l.v'- tbs potassium eydroxide 

· t~ potusi~ pe~1&11ate was reduced. in water so.tution, mt\)" 

··be ~latned in•el.tber·.·o.f .ttw wqs. During the course of the lengtl\v 

:~dation period tl~ tour tsmbGred heteroeycle ffll\Y' have x,-u.,rrm£,!)d to 

tba ~1)1cal 1po~~struct~ tlhlch was tl1Gn oxidized to the aoid xnn. 

CH 
B/1'\· •••-- R-<f· . 0 

. ,'. 

H / 
HC-CHs 

,. t~·<eoeond c1.pl.~1tion hri.ve .been an initial oxidation ot the £our 

:to • .. iio~vative ot acetoa.cetic acid~ 

< • - • . . ' 

The aGeto8cct1c acid thus formed could ·dccar~late to tho metwl ketoi» 

whieh it md.diNd :could produce the d.esired ac.1d·. Another alternative 
. . 

would be.·. ketone cleavage of tho su.bst1tuted. acetoacetic acid which would 
' . - . . ' - . . ' 

prodm,e ·tne aeid directl1"~ · A tldrd 'Variation oi" this gonoral approach 

· would be OX1dat1on of the mett,wl ketone before &>CDr~lahion to a 



der.tvati,re Qf tnalar:.io acid. 1?htl· malonic acid could toon eaoil;r 

decarl)~tlate durinfl the evaporat,ion · step in the recovery of the 

·ox1~ation. product. · 

21. 

b investit1ation hu shown that witll the terminal OpOXtdes 

emp101ed ."no~:•t s.ddition · of mal<mic ester has occured. Reaction 

of i1JaebutJ~'.anoni, ·w1tb ~bromo-11kpoJCVbutane also proceeded 
- •,. ' - . . ' . , 

to "'no~11 i~ion· 6zl ... tl)s ~al &pcm.de carbon. With 

1~~1).ap~but~~ne--ttie o~ epoxJ.da studied-attack 

was ·on fa-ie "211" CQ~1xm, but in neither. case ·· did t"'eaction occur iv tho 

~e; •• ~>l:a~ment c,t ·1a~Ultd.f• · as trt4ted by' Hall.or and Remerb-Lucu (27). 
f . . -



22. 

~,NT.AL 

P.eactioa ot •~•1,a.propylene oxide· wi.th l!elon:to Ester 

(tao.a.) (160.2) 

, Na 
i,n1 •• .,,. 

&42 X 100 = 66e2% 525 . 

A $ li~, ·three neck llask, arranged in a watoi· bath capable 

<tt constant ~uao, wu equipped Vith stirrer, con-
&msex-, and dropping funnel. The flask ns charged trJ.th 1000 ml. of 

dried .~ m which wu diesolwd $6 g., (2.hh atms) of 

aatallic sodium. the temperature 'US lowered to 20° o,. and J(JO ml. 

(a •. 38 M) of malonic e&ter wa, ad~ dropw:t.ee to tho stirred solution. 

A.tter· the addition was complet1J (a.bout l½ hours), 333 g. (2.22 u) of 

P1\V101¥cidether ·wae $.dded dropr.tse (2i hours). During this period 

tlte solution became somewhat· more viscous, necessitating tl:e further 
addition of 500 ml. ot ethanol. The temperature wae then raised to 
3$0 c., and etim.nS was contimled over night. The ester was 
1\vd:ro~ 1tr· the addition of 200 8• of potaosiun lwdroxide in 600 ml. 

of water and heat1ng to boiling. The ethanol wau dietillod and the 

nsidual solution was txvated tdtb l6l ml. of concentratod ~ic 

acid di8solved in $00 3• of ice. flla liberated oil wos extracted 

,ttth ··~ 2SO.ml, portions ot ether mid dried q,- filtration of tlie 

ether solution ~ough ~us sodium sulphate. The ether solution 



wae saturated v.lth dr3' =?.Om.a to precipitate tm mrmonium salt from 

any toluble nonacidic material. The Gtlnonium salt was then disaol,red 

in ;oo ml. of water and the tree acid 11U liberated tu adding an 
excess of ~ori.c a.cut, Atte1' filtration and dryinJl in a vacuum 

deeieeator, 3h2 s. (~.2$() Of 1rbite maorphous D<~arbo~o-phenolr3'-Y- · 

v~om was obtained. .. ~tion of a small portion .from 

mmene gave whits platelets, m.p. 96.5 .. 91. 8° o. Fiscbar and Kramer 

(25) ob~ ·m.n,tering at 93 •· 960 o. 
~• calculated tor C3.2l\1)_s: 01 61.0lJ Ht $.ll. Founds 

01 61.03, 6l.18J u, S. :u, ,,.16. 

~paration of the .Amonium Salt 

· A·~ nmpl.e ot tbe· tmmonium salt ot tbs above acid was 

~pm'ed diasolvtng 2.36 g (.01 11) ot the acid 1n a0etone and 

bubbling in·dt7· a~nia.unt:tl pr8o1pitation was comploto. Tl» white,· 
' ' . . 

DQl.1.d araonium salt WU. filtered and dried in ,racuum to produce 2.S ft• 

(e•sent~ quantita.tiw) of D<-c~bo:xv•6-pbeno~ Y •valarol.aotona 



24. 

PJ:oparation of' e ~(p.Dromophen0J1)-t'r'-bromo-o(-carbo"1-'f~valsro-
lactone 

------ O ltH H 
Br -c-c---cm 

ll I l Br 
0 C '· ··· '~/ 'aon 

(20,.0) o o 
3,_6 g. ( ,009 t!) 

3.5 X 100 = 89% 
3.9 · 

A cbloi-oform eolut-lon ot 2.36 S• (.01 M) ot the tree acid 

wu treated intttmitttln~ With 3.2 g .. (.02 11) of bran:tne. Irridation 

with sunlight . foll.med· each addition of· bromine. fhe bromine color 

gradua:tl3.·o1sapr,eared atld tv~aen bromide was libera~d, A -.hita 

,solid pr9eipitated and ·upon·recr,et~sa.tion from. benzene ).S 8• (89%) 

ot white·~ eolid·tf •( ·p-bromophon~)-0<-b:ronio-o<-carbo~-'{"-valero-

lactane. (m.p. 1!,0,0. • 151, 8° c.) was obtained. 

Anal. Calculated. tor CialiaoO$f3r2t o, 36.$8; n, 2.%1 nr, lt>.,6. 

~"lound.t o, 36 .. 81; It., 2. 73; Dr, tc.sa. 



- • 0 nn n 
-o-c-c-cn 

H I I 
O......_ ,,,GHo 

(192.2) ij 
15.B 6• ( .OB M) 

16.B X 100 = 82~ 
19.2 

D6~bo)r~t~at1on of ·the acid lactone was aocompliahed qy-

baatins .aJ.6.s •• ··(•l. 1) .to 350 • 1700 c. until ttiore was no more 

~oiution of carbon ~de. About tm>-hours heating was i-equi:red 

fo-Jt this. ~:ton"· The teaidue was than ahakon tlloro~ with lO;g 

cmdiua '.bicarbonate solution to remove .81\1 unchan~d acid. The 

lactone was then .:filtored1 washed 1dth ssve1--al portions o.f cold 

-~, and dried to give 2$.,8 G• (8~i) of a crude 1lhito solid, 

6 Y' -vslerol.tactone., 



l• li'aO!i 
s? ,. ui ;>, 

2• HCl 

26. 

·o H Il 1I U -o-c-c-c-con OH H n 0 

(210,2) 

4. l g. ( • on M ) 

4.1 X 100 n 96.5% 
t.t.a 

acid llU pre1x1r0d GY dissolving 3.6, 8• (-.02 11) 

.of · ·-th$ laotom: 1n ~ss 20<,$ · sodium }vdroxid& solution by warming. 

Utm-·1olutit>n'wu complete tll$ container was cooled to room 

~ture and aoit!Uiad wi.th an exooss ot dilute eydrochl.orl.a aoid. 

Jba ... l\Ydrmq" acid precipitated irmtediat~ as a mite granu:I.or solid 

•isJdng• i..1 g, &::, (96.s,n. 1iec17Btaliizat1on of the solid .first 

fraa benswne and tl2Gn. tram hot water gave white glistening plates 
. ·.·· .. · ... · ..• m.p. ~2 • 114.6 o ... 

Anal•. Calculated f@ Onl\JP,4t 01 62.Sh; llt 6. 71.. Founds 

a, 62.941 11, 6. 12. 



(173) 1 (02.6) 

346 g. '(2 ~It) · 185 8• (2. M} 

(229.): 

. 167 g. ( • 89 M) 

167: X 100 =·34.3?{ -468 

. ~a.ct,1on :\td.tJ c~1ed out following the general , 
~ctiona,of nqyu.and.·,l!arle (31). P-~13l46 !• (2 u).waa 

lth'Nd.for lS ho~a with 185. 8• (2 M) ot epicldoro}Vdrin and ~00 S• 

. (2t M) o.t tedium J:v~dt in 3.200· ml. of water, fhe temperat.ll're 

was tlulil. of. the.~ .. · At the Gnd at the raact1ob period tbe o~gan1o 

~· YU _aep~ .. eombiiled tt.tth, tho etl1er &Xbra.c~. of' .the· ,mter 
lw,eJ:-.~c1~·1'fSS .. ·then dried·•·~ ;~us .aodii:a··sutphate. 'rhe ... 

101.it~ ~. ~ed and the ~dUr.t distilled to gt.ve 2$7 g. (3h • .;%) 

ot .. ~lg.\vcidethe-r a Clear. ll~tl b•P• .146° o •. 0 , •• 

After standing tot· ••wral month1 tbe 11.qutd solidif:ied to a wbi:te 
1 ' "' . " 

eolid. tn .. p.. ~~.o -. ~.So c. .a,ft$);t .rec,..,.stsll.uation tram Skell;ysolw o. 
Anal. .. caleulated tor o,1g02~• c, h7. 20; n, 3.ao1 ll:t'.,. 34.91,. 

fcund.1 C, 1i5,9lt; R, h.lOJ Br~ 34. 73. 



26~ 

--~ ·H H lt ,.,COOEt 
B:r.~1•0:::~:::~.m + 0~8oor:t .... , -·..-.• 0 BH H .· 

Br •0--0•C---CH 
lI I . IH 

. . , · o, /c:._ 
(229-) ciao.a). 

C OOli 
cz15) · a 8 

121 g, ···( .ae M) ·90 ml. (.so··11)· 9o g. (".as M) 

90 X 100 • 50~. --179 . 

A 2 i. tbree.-neck tlaak was equipped with a ~r, con~ . ' . . ' .· . ' . . ' . 

·and droppi1l«. ~1- and. prcvi<:tsttl with. a tampent-ure -_control bath. Tm 

iTluJc .. mtlt 60o 1111. ch7 etbanol in Which 'mt$ dissolved 

~. g. J.6~ U) :ot metallic: JJOdium,. _·. temperature. was ].owered to 29° c. 
, • • • • < 

· and 90. ta1. <(.60 M) waJ added dropw,t• ovw the course ct ·one hour• s 
tble • . ·.· 'tl!IJ ii~··.~· (U'l g., ·~·S6. it) 118$ then ~dad dropw1$11 OVU 

-~ht eour• of Ji. houn 1rlth tbe· ~~ture a\ 22° c. . s~ WIJ$ 
,', , ,; . , 

o~in.utd. tor -~ hours,: Ai, too end. ot tl,lt$ penod1 ~O J•. ct ' _., . . •. ·,.·' ' 

~~ltd~ ~de in 200 .a. ... ot water nu · added _and the e;1cohol. 
,~-~d .tv·. dieti.llati~ The reSid.ue ociditied,Ttltb _bl. t4. ot 
ooru»ntrate~ eulturio Mid 1n !00 g. of. i<XJ Md the oil thus produced 

· ,ms .. 1d'th et~,. dris4 ~r •~1Qrl.te,• filtered;. and. 

saturated m..tb W:,- armiom.a._to precipitate the a.ci~ .th$ ammonium 
, ,;_ ·•:, '.. l ' •" " , • • • 

sel'b--traa mv mut~ mater.\81, The tmmnntum ailt thu$ obtainod waa 
-~ on the. £13.ter W'itb ¢her and then_~one. '!be. tull.t W88 ~n 
dissolved in 250 mi. bf water containing excess aodiwn ~de mid. 

~e:ted \11th mcoeu l\Ydrocblorio acid. Tlle · product thll.8 tormett WA$ 



., 
~·. ·an4- .t,p011. c<mtintted dqing ·fln the. tilter .. and 1n a vacuum 

.ai~~ gave g. (SO;t) of cf..,(~ •~~•'I" • · 
. -· . . •.r 

' . 
~act.one.. . m:ttct- .the Pt~ was· or poor· quality- no tneltiris point 

was ·~n. _ The crude 11aterial was used direct~ 1n ttllbaequent 

re.·-.. -• •actiont 
l . •" .• 



,. 

HH H Br~O~ilH .• 
... :. - · ,. · i .. O Olle . .'c, 
. /(272) 0 
o.4 g. (.02 ll) 

. 30. . 

l.~ ?ta.OU - : . ··o·· . - ·1f1f lt H 
~· Jf , .• :=·•- ·,, . -·• Dt- _ -_- _ _ - o-c-r;--_c-c~ou 

lIOliUI:rO 2. HCl 

(889) 

5~6 6• ( .·02 M) 

.5.6 xlOO • ·100% 
~-

l'M• l\v~1d *'t.l~tpat'ed tv first decar~ating ·the 

Q~ .acid laetQnl\ ·at, 1$0 17Cf1 C. granular pxtfldttet1 which had 

betm .treed .t~~ uttcmmg&d aetct :by $odium: .carbontite treatment, ·wtte 
,·_·_. ... . .. , , . ' ·. _.·_ ·. _·.· • ' . . .. _· _· : . . . i . ' .. 

diMo1,e¢ in ~a$ sodium qr.drbxida qy. henting.: · An oxceos ot dilute 

tw~ebloric acid we.a: then -~ to the po1nti®•• Such treatment ·or 
S+i{g. (.02 it) of tlie 1aettJno. gava- >•6 g (.02 Yl) ot tbb. white oillten 

J .(p.brcmop~noxr}. Y--b;r~elodc acid 1n assantiall,- qu;.nti tative 

r1e.id., ''rwo recrr~ :tiationa from. hot ,rater and oM from toluene 

- ·Ji produei, Jnelting at 114$ • 112.aO o~ 
. Anali Caleulated f~ 0nI~j)4Brt '. c., hS., ?2J H, u.~3J Br, 27 .63. · 

· foupdt c, .. h>• 9S;. H1 h.51; -~, 27~66. 



~n·11- -H 'He•Ni ~":-i1-<rH. . •, " . 
- · 0 CBa :.,-. ': '.,- '' . :· 'g~ ·_ , ' l , ' . • • ' 

(192.2) . 

84 6• (.125 M) 

(194.2) 

4 S• _ (.021 ~) 

4 x lOO • 16.5% 
Wr:! 

A :eo1utioa• of 24 S•· (l/8 M) of the lactone 1n l.2!? mi.. of' 
, ' , 

Ab ·the pre:mnoe-ot about.·• gram'ot:n.ane:, ,Nickel. ~rattu-e 
.... ~.·.·~ ~tll$~as·~·-·ehqbNal(waa .. 

' . . •,. ' . . . . ' . ,, 

ll<Jtea' tn ,thtJ ,p...« A~ at .7p0 C:•,- Shald.ng WU C)ontinued unt:11 there 

-~s:r&cl . to be no. f~ber ~- ill Fe•• .fha. 99lution '"8$ · 
1,' ' . ' ~• • · ' •• ' ' ' 'f ' ' : •· > • ', ' • • l • ' • , • , , • • , ' , • • ' , ' , , , 

,,1 ...... ' 

~- ·.~~·-~e':1_front the ·bomb and.,_£Utere<4 fhe ethano1 'ffl11 

~a.te-d QA-~ ste•. ,bath, ,fa\, tbo ft\Sidue WU tnttimted ,dth atl 
: ~- : " ',' , • ' •' ' • ) • I 

~-- •. ~· 10% l-tanco, Solution-. . -~': ~lut.1on 111UI_ e,rt,:ractsd ~th -

,m~ ~o -~~,, ~- ~irtd m~rlal _ :the~ ·the- aqueotUJ 1l\YW was 
~ied lri.th-~ltOid•·· A White prec1p1tat;e of 

cf ~t wae f-d .Mhich· "fdlcm dried wiabed 4 g, .. Thiu 

~~nts Qbou, ,~, comteNJ1M ol-.ti. lactone to th& tnta acid. 

".,.,talli,~ion ~rem Qthanol-w&ter; whs.te: plate1ets., 
11tflt :9:7 ... ,.99.$fi·C.-1 lliN l~d• 



0- . 
Oli - + Br-{CHa),.Br .. , ,-!). O•(OHa)4Br 

(94.f) ,_ (216) 

73.5·· S• (.78 .M) 216 g •. _(l M) 

(229.l) 
113 -S• (~49 M) 

113 ,.x 100 == 63% 
178 

ot ·the ethe);- wee carried out toll~ tha 

general p~ura ot -~l .and Tanenbaum (32). A tlll'88 neck round 

bottomed 1-liter f'1ask ·was provided. with a etirn>r, condenser; and 

<Jropplna Immel_, Xn the fla$k· 'ft$l"G- placed hOO ml._ of water, 216- !• 

(1 M) of -~tl\rlene ~, and 1,.s s~ ( .• 78 M) at phenol. ·Tm ' 

ffask wati· heated tel re~ temperature and 30 -I• ( •. 7S U) o.t sodium 

~de in 100 -ml.- tit wat• waa. added dropwtee. - The heating wu. 
continued tor five ltoura. At the end of this ·time -th& solution was 

cooled, extracted wtth ethelt -and dried. -~ nsidue1 after solV<¼nt 
' ' 

~, ·was dlatlll.ed to giw W «• (BO<J based on di.bromide not 
recovered) o.f claar liquid t,.pnenoq-1-brornobu.tane. Upon· standing 

tbs·· liquid mlidU:ltd to a white ~ne solid mlting at 

39•8 • 1,0.40 O• after re017stallbation from •thsnol. 

~- -Calculated-tot- ~,onr, c1 !?2«h~, H, 5,.12, »x-, Jti,aa. -
1 



o-(Olit)4Bt> + KCN 

{229) 

91.& g •. ( .4, Ml 

liaO 
O•(Olls),gOH 

(194) 

44.6 g.,J.23 11) 

. !~ .~trile. ·~1, TJas ,~nducted a 111~~ 1'° . 
the· ~Ulttng of a a~d ~un,. of 91.S 8• (.4 .li)· of the bromo-

• ' • • ' • • • • ' ' • • , ,, ; ' ' • < ' ' • • ' ' J. • •, t' "'., 'I • • ,• • \ 

~-- ·: 

llitr.Ue aepai-aw.d and. ~ed Without pu:ritlcation 1:f' heating 
' ' ' . ' .. , 

on. the .. bath, and .. ot~ ·ttJ.th. 100 mi. each ot water, sul.f'uric 
r • • l • , 'I' 'f , 

aeid. (cone:.)~.·. ana .. ~. aoe~tc. acid. After a Naction peu-iod ot 
9i· bo~s, the. sutution wa diJ.uted to separate and· 

', .. -,, . ., ',,, ' 

aqueous ·$01.ution.,. The oil. vu •~ .~· at1rring in a besktt With 
' \, '; 

fftsb portions of water,. nur1ng tbla tinle tllO oil aoliditied to a 
" ' ' 

bnffln granular ·--• cr;,~ations from Glcoho1 water 

sol~lotl gavv ~.s 3' (S'l,~) of fflltte ainorpbomf cf •pbe~aleria 

$014 m,p. ,a~ 101° a.: Ute~ three re=,-stallizations . 
,·,, .. . , ' ... 

Sl~solve C thG in.p., was lOl.2 ~· 3.0;.oO o. 
,.: ( ·, , .. ' 

Ansl,;· oa:teulated for 031~03; c, 68.02, u., 1.21. lrounda 
. C, 68+7$; H, ?tSl• 



(233~6) 

. 234. )i•. (l M) 

(164.6) . 

68 g,.: ( .44 M) 

oa x 100 =·: 44" is,;G 

·•~the general ~ooedu:re ot Lund (33)~ 234 g. (l M) 

or frCht~henaqvl ~. waa dissolved in 1 ~t&l1 ot 1sopropano1 
.(dri.ed_lt, •~· .fror,a. calcS.um oxtde)+ io· the solution wu 
added ao4 8• .. (1 Hf ot almninuri isop~de.. The m~ure · was 
it~d and retltll<ed. tor, no ffldle d1atillate was being 

~d at the rate ot two to to11r drops per minute qy means ot a . 
. iJllor\ vao~.jaoke'tGd column and head, th(\. distillate was tested 
pe~CB3J3 for Matone (33)., Ewn ·ai't$r the no liours the 'test 

I 

wu· not ent~ nepttw,, .lore .isopropanol was added as needed 

to lteep the volume about constant, At the end of ttd.e t~ tle 

$0lwnt •a ·nmowd under •acuum• f1lO ~oidue was cooled and 

~•d with :350 .i. ot concentrated !vdrooblo:ric .ac!d in 1~ .mt. 
ot water, fhe oil;y residue _, extracted With three 150 ml. portions 

of •~* The ether was ~d w1thout 4t71ng end the sntire 
-~ was st~d wtth. 1.0 I••· of &odium hydroxide 1n 3$$ solution. 

' • > • 

th$·. ·oll th111 .f ~. ,ms extracted with etber, · ·dried tr, tiltel'ing 

through miqydrow.1· sodium sulphate, and concentrated on the· steam 



. . . 

68 g.-•. (!M$) of ~·--liquid p-cblOJ'OS~ oxidet : b•P1r: 101 • 10!,0 c. 
11U•~-1saa.· 
Attal~~- Ca.1.cula~a f@ OaH700lt· C, 

a, 
J il., 

J H, 

J 01,, • Found: . 

• 



(154.6} (160,2). 
· za,e g. c.ss M) 40 ml ( .2s M) 

. c10y-1n 
; 0 , GHa . '-c/. 

(196 .. 6) ti 
!36 g, (el8 U) 

56 X 100 = 73,4J6 
7f~ 

A 1 liter, -~ ~et flask wu equipped in the usual manner 
'<},, l antl (:barpd td.th a,o mi. Qt absolute ·ethanol and 6.5 g. (. 28 ld) 

o.f sodium. aoluhi011.ot the «10tli,tm1 was complete, the temperature 

wae_l~,to ·aao C, and 40 ml. •. _(.26 ti) ot mal.onic esterwas added 

~se. d:u1.._ the course .of_ i bout'-. St1rring was cotltinued tw 2 

h~ at; 22° o. and thmt the· ~:rat\ll"e was ~aised to 4$ ... 500 c., 
trhUtt ¢~·-was~-continusd·for en·•additional 6 hou:ra., The 

Naction. lld:dure 11a$ then _all.omad to stand over night vrlthout 

lddi't:ional beating. _'llul ~UQt was tvdr~•d heating with 2) «• 
or potassium ltrdruida in 125 ml.,. ot wa~r tollolvod tf' ~al o.t the 
ft11an0l ·tr, dhtillatl~ Tua .a.t of the acid was liberated 'qy" 

treat1ng. With 18 m1. of con.Qent1-t1:ted sulphur.lo acid in lSO · mi.· ct 
water.. Too· product was then ~racted 1'ith ether,. cb:i.ed over antvdrouo 

IOd!•·imlphate .and the Gther removed .tu distillation. fbs residue 

was. de~~la.ted b1- hea.t1n1J to 130. • 3$00 c. until evolution ot 
~n had ceuea.. · The produc'h ·was dtatilled under \taCU.Um to 



37. 

gl~.~:;1,r:(13.J$):"of. li.Ght,· etr~d,: ·liquid. '(•~ 

pherq1•~--hutyrol.aotona1 b.p_.. ·124 •. c. G .22 m. 



.\. ,·' ,, 

B!',s; UaOH 
) 

38. 

c1Q· .. g~.!Jon 
. H.U 

.(212,6) · 

4 8• 7

• ( .ol9 .M) 

·4 Jt ioo' = 16% 
5.3 

water containtns. )• 76 8• ot ,sodi'Ull 'bidroxt~.: Heating was necessary 
. ' 

to µ11.tlg· the- leotone into: __ tJOlution.-· to- the -~t solution ·wa$ added 
.. 

I hot .;ol.ution of 3.0,9 I• ot mapsiim · sulphate: hUalW'drate in 6 ml. 

of. water •. · ... 'lhe m.uturo. was th$:u· oooled. in· ict · anc1 tlhaken wbUe 1.38 ml. 

ot,brom.illa •~ -added. ~., . ~•. flask. \WlS then allowe-d to coma 
to .:room. ~at~. '111 ao1ution was. acidUi•d 1fith 7 ,8 lnl. ot 6 M 

eu!,phurl<' . .«W• lftexr·. aaid1fioat1on a solid precipitated. · upon . · 
~.tba-crude_f4'oduct_weighad4 I• (7$)• Roct7stallhationbont 
hot -,r~ttr. s.w \'lbite. platea -01: P-Obl.oro-,S•bcnzWlpropionic acidJ 

••P• i;n..o • 1)1.U~ c. 



01() _ ·+ 

(ll2~G) 

Il :P 
HC....ef . ·AlCl~ 
l b .· l )t 

110---cf · · 
Ii -~ 

(100.1) 

34 g.: (,.M 1~) 

QJ UHf.? 
01 -c-c-coa 

HH 

(212-6). 

45 g., (.Bl' M) · 

81 X 100 • 62:' . 
':;i 

1:18 preparat1on_Ym.$. carriGd out··aocording to the gemral 
~tion, of. -nllle ·and Allen for : ,/4' .,.benao,lpr0pionie .. acid (34). 

.. A. 1 Uter tbree mck t].asl( wu tqUipped nt}f.a 'at:trrer,. ·and t1tO ,• 
qondensers~ -~ · f1a.sk was -~a.ngod on the -ate• b11th and·· charged 
witl(:3,4 g. (.j4 II) ct.au.ccd'fi1C ~~·:,252 8•··(2.2$ K).· ot chl.oro-
b&~ and lOO «• (.7, M) o.t anntdrou.s· $.'luminum cllloride. 'lhie. : 

. ll1t(ture .was be~d to steau ~rature and et~d tor 1 hour. The 
. . tlas~ _was than .~\lnded · 'tff 1oe. and..· the material }Vdrol.¥•d •·.l:f' 

dropwise' addition of ·150· · mt.; ot water and · then $0 ml. ot con<,entrated 
IV"drochl.oric .110W.i. th& excess oblorobant.ene wu rem~ed ·1.tr steam 
.d11tul.at-ion.. . •·The rnateri-4 _·was. thG2t pctlred. into a beaker llhe:re the 
oU ·soon·· ·aolidtfi.Gd. ···Trio rectret.allizations from we.tor, one from 
be.ne, ·_Md. one more frt,m water gave ·45 g. of p,.,ohloro-,,s-.benzo.rl-. 
proptonte acid (62%). The iwid 1'rP pura white melting at l:n.o • 

0 331.U o. 
Anal.• Calculated for ~3CYlt: (',. 56.SOJ a, 4.26; Cl, 16~6,. 

Found& o, S6.68J n, lt,lwJ Cl, 16 • .;h. 



.. 
(148.2) (135) (802.3) 

49g. f.Z!M)· 45g •. (.33tif 60 g. ( .zo y)· 
60 X 100 • sg7' . 6'1 ;--s . 

A J. :Liter th~e netlk ~k equipped with condenser-, 
at., . and' droppi~g -lt. ··, The: :hnsk watt char~d 'With . aso ml. ot 
oi,,_benzene, _13 tr•, ( .. 3,,) ,11). of ··•~de, and l.9 I• (.33 M)' .or iso-
·bu~n~ne. the mixtm-. WU heat~ on t110i steam bath and stirred 

. . . 

'until-· the .evo!ut.ton .of -STiatonia !md. ceased. The. ·solution became. 
' ' 

reddish brown 1t1 color. ·st~ was c~t:tnusd 1milt ~-- S• ( • .33 M) 
· tJf ~1 ~de WU· dN,ppeci into the ~fluxin.g ·solution as :rapictcy' ' .- · .. ·. . ·. . ''. . ' ' . . 

u the capaci~- ot th• conde1iser- would. pexmit. The reaction was 
continued. tor: tour· hours' dur.lng which tir46 a g1"eyieh precipitate . · t~., ,.,.. oontenJts of tbs £lauk. _,rere then washed With -five port;ione 
of- nte:, .and the be~ne 60lntion drl.sd tw- tiltrat1on through 
~urn sultate. llistilUtion of the res:t.du.Q ai't$r removal. ot benlene 
gaw 60 .. g •. (8~) at. qolorlesa · 11qu1c1 diJlet}Wlorotyl·. e.oetophenone, b.p, 
122.4° o. I 5.an., 119.1'1 c~ @ b .. mm. 



/ 

0. 0 CHs · H Ii U 1:lt\lUla 
-t!•QI! • . +• Br•C .. -o-.o-oBs ·.• · · -• 

. . ·. Cli1t . U Ii H .. . 0 0 Clisff H H 
c-o·. --c._-c-c-cns. 

Clisfl Ii ll .... 
( ,i ,.,\ 

.(148.8) (137) 
r,•, t' -,. 

49 S•· ( .33 M) 46 S• ( .• 13 M) 

, (204.;3) 

48 S•, (.24 M) 

48 X 100 •·?0.5% 
. 68 

. Tl1s.·.conder1aat1on ·was c~d out· in ~tll" the same ·manner 
u 11atJ the. case:·wtth; crotr1 ~- -·1'he aane 'Volume (2$0 mi.) ot <h?. · 

I 

beRS$11rJ.,ru used ai· so1wttt- andl/3 molu quantities ·ot all reactants · 

~· em,1qyod~ Afiiv·removal ;ct the. 0171 aolvent tron the product,-

it wa8 d:LitUlsd in :-,acu•. to gi.ve 'thre~ tn.ct:Lona 

ll 1 · ··up to 100° o. • I $ .nm. · lS i• · ·· 

.,2--102.12CPc.,.ui.~s---~• · n,.· .. 
· · :_ · ·, fJ 3 ·320 • 3,240 · c.. I 1'..S' .. $ 48 I• 

the tit's\ :tra.ction tmS_· st>l'U'ent and _a smal.t 'amount of recovered ieo-
'b~bGnomJ the second was a #dltture ot product and. reqont,,. and 

' . , 

the• .. essential]T ~- p~. A aemtcarbaeone of tm third 

*action wa& )?1)p~d and pud.tied yie1ding wh1to cr.,vatale,. m.p• 
90.,0 •· 90 •. 7° c. 
Ana3., aa3.culatsd. tor CJsHa;()i3t a, 68.SS; a, 6.-8SJ N., lo.08. 

Foundt 01 J H, 



... ,,, ··• 

·1i2. 

0 . p Olla H H II 
ij-¢---C.-C•~•Clts 

.CHs,HHl1 

. (204.5)' 

18 g. (.09 )i) 

18 . X 100 a 90% 
25:i 

fbs, lvdro~tion.of tne.v.nsaturated ke~ne watt, carried 

out ·et room. ~~at~,· $1d 4) P• s.1. An etlw.no1 solution. of 20. 2 g. 
(.,l !l) ot· ·the·. ketone. wat shaken tor l hours· with about 1 .g. of~ 

1i1ckel 1n an ~~G· ot tudrogan at h, P•"'•i• pl'etGUJG. m1en 
there .. ~· no.~· ~tion.ot· l)3drogen1 atte~. oon·t,inUld shakinf;, · 

the· pressure.was rele•ct, .tlle DOlu.tion filtered.~· c.4ta:cyttt and 

the uolv&~1t, distilled~ .~• .. product. ,ras· . disM.llod. tit .tt0dueed p:-essuro 

to 1i<4d··ia s ... (~) ... ot .colorltsa ·.liquid a-mst1v~2-benuqyll~, 

b•P. 108,S • 109.t' o. t 2 •• tJ:e ~bazono ·9f' tbie materiel 

lntdttlt a\ a1.o .. 69190 o. ' ' 



O r.~.ll•··•··· H n U : -,......c-c=o-oHs 
, Clfa Ii 

(202.3) -

l0.1 S• ( .06 M) 

... O· q CHa Ii. P. (j-c---c-tJoii 
,; CMla li . 

(206.2) 
. ,, 

e.1 g. (.oa3 11) 

- 6 • 7 · X 100 = 66~ -.·101 
:;\ ' .ti.,) 

_ A ~· eulutlon _ ol potans11lm ~auate waa prepared by' 

dtseol'Ving a B• -ot. the dq cr:,sta:te in 1 liter ot water. fbe 

umJa'tttrated ketone . (U> .• l' I• • ·•OS U) was etined · 1n tbis soiutio~ for . 
_ houre with no tmts~ _ beating. _- · fhe tempe~a~ roae sligh~. duo 

tt> the: heat, ot reaction. . At the end ot _ tbi• :time _tho temperature 

Wal. J'~sed to !iS :• (!di _ \v' heating on . the · steam batb and stirring was 
contlnueti. until .tbe ~to- color.- wu all discbm--ged, Su.lfttr 

. . ' ,' ' 

. di~de.was·.tben ~bbled.1nto ti. Qooled solution until. the 'wSJ)ension 
~t:ame elem:-~ -~. oil which -1&pQ:rated ,tas e>.-tracted With ether, 

~d; and ~11 purtr~4 b3' bubbling &,- _anmonta _ gas into tlle 
,J· .... • '' ' , -~ . • . :; .. ,; ., • 

et1-'~ OlJl;•.itton. tm pncip!.tated salt -was tUts:rod ott, washed with 

a little dlf' ether and then disoolved 1n water. Acidification of' 

th$ aqu.eoue solution with dilute· ~c acid caused the 
precipitation of ,mite cqstate. neci,,etaUuation from dilute 

metµanol save· 6,,7 S• (GS~) ot snow whtte cr.v1ta1e ot /'3 ~~l•#-• 
-

bensoylpropionio aoi4, m,p. 99.0 • 1000 c. 

· Arial..· calculated tor 0Jali.JJ.P3t a, 69~75J .H, 6.83. Foun.d 

o., 69,7h; a., 6.68. 



ry·_ 01_1 __ : . U - H 1i . Nalilia -6H 
3 

, + uo--,o-c--cas .... -· • 
_ _ Olis , - 'o B%" 

-- (151) ,: _ _ . _ 

0 0 CHs H H U 
-ti-o---C_ -c---c-oHs 

_ _ CHs u 'o,_.... 
'(2~8~3) ,(148.la). --

74 g. :( ~-& if) -, 75 g. ( .,5 M) _ -·as S• c.12. u) 
26 X 100 • 24% 
109 

lnJhe preview, reaction 'With e~1 bromide, 74 g. (.$ U) 
. ,- .· - ' , I-' . 

ot ~~~nr.,ne_~ reactGd with 20 g~ (.S l!) of sodmd,do~ 

After .. the evolution_ of. a'Soni& had ceased, the flask was. ooolod. to 
, .• ,: { .; ' ,. .,, ' •,<• . . • ...... . ·'. ' : ,' 

__ _,_ l'OOffl-/be~atura. and 7$ g •. , (•> M~ Of -~bo~l.t 2--e~ _ btltan$ ,ms 
dropped into the st~ solution d~ trio honra -time. : ·stirring 

' ·;_ ," 

,ru cont1nued. tor --.~ 'additimuil l4 hours at room temperature and then 

the•_ ~a in~ased to the boiling point and maintained· far . 
JJS ~s.- !ha -mat9rial was then. cooled -and washed nth tbree portiona 

-. -of, }'n)~• __ T~e be~ solution was ~d ·llr tilt.ering through rmtwdroua 

sodt.ta sui~iuite and the- bomtene was removed qr disiulation. The 

~in; )!quid ,nu; dist.Ulsd 1n va.cuum to 7ield three fractions. 

# 1 up to eo• o. @ S mm.. h8 t:•. 
· fl 2 80-wl20 -$ mm • .- 8 6• 

- II 3 121 • 130 S mm., 26 i• 

·fbe-_ t~ ~action wu re,eowred 1s~butyrophonone1 the 

eeoond was a trd.xture of m.:,mrting material ·and Product,- and the third 

YfQI •~santt~· pltt'$ pr:ottu.ct. , 'lhe' third fraction was :redistil.led to 



give/.a major, portion boil:tng at 123 - 124° C., @ S lmnt The yield of 

tltre,e 'ia 68$ baae4_0f-l_ ~g material .not recove~ -
' . . 

· ·., 1'.ba preparation of a 21h-dinttropheJ:tj~one of traction 
• • •, :.• ' • • : • ' I • • • • •• •, ' :_ • • ' ' I < • 

three ,,a, c~ out aeeordins to the directions of Shriner and Fuson 

(;$$).·.·~.we addi~~·oftiie ~1c aeid. ~o tm renunng 
' < • • • 

atcohol so1~at:1on,. soUd- c1'7atals began· to form almost immediate~. . 

Upon cooling of the ~ 1 tho ntd ·Dall· ~s prucipiflated out 
' . '· . •. , ,. i . 

,,·;,,."', 

tn •~•. _ · ·nect,"~aation ct· tlm solid from hot ~1-gave a 

wt.tng at, t3'.& • •~Jb.~ .o.. . ll. amnple 'ftf1S P>.,ipareti tor 
an~td.a· 1-q a second re~st~ti~n frm ethanol. 
.Anni. .. ca.1~ tw c~$1\' · C, 60~29, n, ).S'/1 N, lh.06. 

' ': '.; ' 

' ' . . ' 

GalculatGd t~r C20ifm04li41 . 01 6J_.,20J H, $.)OJ H1 .lh.1S• , . 

b p.nitrQpba~lllJ~atooo wu · prepared in· tha same ~t. · 

It ·a1c1 riot fona with tbe ext..~rae· e~ ot the dinitroplieeyllzy-clrazone. 
' - , 

Upoii .. re017,~aticm_ from ethanol .it, mEl~ted 236.o ~- 2;37 .o0 c. 
Tho: o,~ ·wu prepared 1:u··_- re.O.uxing l i• ot · the epoq-k'"etone 

. wlthi·s~ o.f 1\r~lamiile nrw.iocblo:ti.de, $ mi. of py1•idine, and.$ mi. 

of .~i. Upon x-etaoval of the_ solvents mld re017stnllUation from : 
' ' 

~% ethanol., a lrh1te granular solid o.rJ.zmtl of $-meteyl-,S-bemoyl-21 3'-
' ' ' ' 

,po,;rhex&ne was obtained, m.p. 127.8 129.oo o •.. 



. . 

Condensation of i~ty:-ophenone tdth 1-Bromo-21)-e~butane . ' 

(148.2)·. (l5ll 

49 .. g~ .. ( .as 11) so ,·. c.zs :m) 

cais.3) 
... !4 g. (.16 M) 

. - l4. X 100 • 41% . 
. 72.5 

''. _- ' ' . 

"1th iilitt. pi~ ones.. A 1 lite~ tbreo :neck tlesk ·waa equipped 

"1th •· stirrer,. condml~, dropping funnel and. :stGc.m. bat,.1., In tha -

·fl.oak Vil$ plaoea 1.9· I• (.33 11) .· of iao-bu~ophenor.e in 250 ml. oi' 
l ', • . . . 

· · d:i to1ue1jj and. l) «•·- (.33 M) 0£ sodsnli<te. · The llask ttar. hented· until . 
- . . 

tho reaction was c~te·· e.u· evidenced .bJr .. the discontinuation ot 
~-- evolution. _fh4 £la$k we.a then cooled to temperature and 

$0 t.:.- ·(.;J M). of 1~2,J-lp~butan.e ·was add&d 1n the cottrs$ of 
. . - . 

-· 20 · minlltea :tilau• St~lng. was oont~nuad fol' 6 hours at ~oom ., 
. . . 

temperature _and._ ·then _-the temparat~e ·was raised to 90. ·• · g~ o. for 
. ehotbor ho~•> ~- solution waa then 1TI1Shed with _three po:t~ione of 

wa~.to·~-aqr inorganic materials and ·the_ toluene solution~ 
thkl organie produete was ~d. w filtering i,hrough anbydro1"$ .sodium 

• • 
' ' •• ,, l • 

sulphate ••. ·fhe · toluene was_ thtln nmoved qr. dis·tmation and · the 

residual product 1ra1 vacuum distilled ~o gtw the !ol.10\'iing tractions: 
Ii f: Up to 72° o. O .16.·Dffli g. 

- . . .# 2 72 • 7k .16 mm. 31' g., 

fl 3 74 ,.., 9S .16-mni. 16 S• 



- . 
. . . 

1n.ction 11 ·was pri.no1pall.t ~olvent and ·unreacted ketone, 
f/2 -was. the_ product s~t, end #),· ·whicl1_ came_ over M a _vecy Viscous 

oil.1 . 'WIS .prabablt. •a rn.ixtl1nl .or higher · condensation products. 

·-:. Attetq>ts to-~~-th~ 2,4--dW~wiv~druont ware_ 
. .· . , . 

unsuui»aatul• ,. !~tment · of ·OJle· f:rlJ1tl o~. the ,1eeo1'ld traction with one 
.· ::.:j• <: .. , '1. ., • ... '''. • .. ·. ' .• ' ••• .· >-:·; .· ,: • ·· .. l •. . • . . . .. . . 

pa ot ~lam1:ne lW~ridta anci.~; ot a:,0% aolution of · 
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