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In writing thic thosic tho writer cvailed himzolf of portie-
nent mweborinl whorover it was. to Do founde In thoso coavos in which
| tho writor wns ospocially indobted Yo the work of othors ho endoave
orod to mle propor acknovlodpmont uy roferving to the sowrce of tho
informatione The worl of luaknt cnd his eontem,_aorarxou, in tho Jour-
nal of Arcrican Chonmicel Socioby, wms consulted froely in wriling tho
chopbor on Thooroticals |

;o writor wishics to'c:»:pross his sincore thonlks to l'ro.om-
Te Ao Iupcins, Profossor Be Te i’lam*oy; and s He Je Jackson for tho
nosistenco rendored in commoction with this worke To Professor Tugeins
tho writor 1s osl;tocially indobted; ho not only criticeclly road ond cor-
reetod the ontire momuseript, bub pove invalueblo assistonce in Tho pre-
codure and onalysis ond porsonnlly suporvised tho cnbiro i:r:os‘izigcisioﬁ.

For ¢tho waluoe of thic work tho 'c"".d:or Thonlks those who aided

hime For its faults ho cccopics full rospansibilitys
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In 1099 Johsmos ?hiolél published an erticle in which ho sob
forth a thoory to cmploin tho propertics of compounds that conbainod i-:mt
ho eallod o "conjupetod uyc'i:c’:m,"' Cz2C=0C gz 0 Thisartiolo has Leon the
basis of so momy ..nvocti tiona that it hos boovn considored tho Legimning
of modommn imore"t in vlecncc:,2 ang surcly o study of tho addition ronce
tions of conjupated systems will throw dome 'li ght upon sovoral points of
thooreblical imtorest alive todays

‘l‘hiolé. sourht to ozplain the proportios of conjusated doublo
bonds Ly o thoory of partial mlm;co. The nddition of two wnivelont atoans
or groups vo such a chain often took placo ¢t the carbon atans 1 and 4,
wthltnezm_bneqa ut formntion of o double bond betwoon corbem atons 2 and
3t Culw g 2—C~«C20C - C.' Tho postulation hope is, that in

J— Jb

unsaturatod compounds thic vhole of dho alfinity of tho double tond 15 not
coployed, but tiet o port, colloc. the residual affinity, rompins {reop it

is in this free porvial volonce thot tho source of the addition cepecity

s founde Ho oxprossod tho idoa by tho oyubols, C = €, € = 0, otce, inn

fde

viiich Tho dottod lines demote portial walonelos, tub inc conjusntod sro-
tom tho conbrol corbon ntons (1406, 2 and 5 above) amicar to invo lost a

consicdorgblo pord of their cdditive fumetlions, for Iydroson cdds first to

&an., 306, o? (1899).

”
QO pe Cite, pe ETe
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tho two end carbonse This is inconsistont vAath his schomo C = C -
end o newr forn of double l;mlsinb is *>roc.ucou, heaving no partiol veloneic
botwmen carbon pboms 2 ond 3 08, Cx C = = (‘. Hovover, eitor tho o=
tremos of o conjurpbod systenm oxert thoir cdditive poveor, tho corbral core
bon atoms bocome activo, and thelr partiel veloneios roappear as indleatod:
CwCa c - Co

X X 1
Although Thield's writdings loave litile roonm for doubt that
ho originelly intonded his bypo‘bhesis to ixzply universal 1,4-nddition in
conjupated systoms of two double lm.:in{;s, it hao long boen lmem thot
this position cmumot bo mpiutained, so that tho Thiold hypothosis, oven
with its lotor oxtonsims, has not tho diapnostic volue which it wnc once
imoginod to posseste In short, thore vx;sts no thoory of oriomtation in
additions to conjuppted systens comparable in range ond dofinition with

tho orientation thoory which has boon dovolopod for substitutions in oro-

i

mabic oroltoms,.

Yo lmow notr thot un:.vorsu.l 1,4~ad ditions do not oceur in tho .
uso of conjuatod unsatm'a .‘- systons, and tim{: <ho Tl;olo ypothosic is,
though velid for certoin types of cxddo.:.cla oos 1ok hold for oll typose -
3ince spaco cxnd Gimo do nob pormit o doboilod discussion of saw of the
rocont workors in tho fiold of conjuceted oystems, we mipght merbion horo
o Tfow nen who bove comtrivutod greatdy to our prosent leilodze ol ade

¢itions to the uasaburnted double boudse Sco of the wore irmportont

10')0 Ci{ao, Pe 87 . -
z’.x. Burbon and Co Ko Ingold, Jours Chane Soce, he 1, Do 001 (102C).
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Jonos, ond others.

workors ored Au‘.‘mrs,l Inaold,z Farner,
lioro rocomsly Uusknt and Grinsloy’ studied tho addition ro-

actions of cayjugniod uystom:i thyough "alb additic of Iypochlorous and

iypobromous acids Yo phonyloutadionoe Tho objoctivoe wore oo follovss

{1) to nccumlate dote as to $ho Yypo of addition, 1,25 1,4 or Bahatodi

Ing pleco in conjugnbod systems; (2) to study the influcmeo of the direct-

ing group Ii, in R w QI = CiI = Jli = Clg, on the Ty of addition; {3} to

20 s

sbudy the offect of difforcont addonda on-the type of addition, ie0e; L0
doborming whobhor or not tho type of addition was dopondent on Lho nature
of the eddition roagenty (4) to atbompt to sorrolato the dato on conju-
fatod ‘systans apd inborprot thon according %o on oloctronic formmlntli
of conjugbed syctons; (6) to sivw tho comnocticn of conjumnbed systons
to oranchic ecaopounds. Fholr investipelica proved thot phonylbutodiond
edds hypooiilorous and hypobromous ceids in the §,4-positicus to form 5=
Hydro:g—(‘:—cbloro—l—pizcnyl—&- buﬁoﬁo and Selkydragy=idmbrao~l=phogyl-,
A butene, respoctivoly. Tho cutlors proved tho structures of thosc con-
pounds by ozonizf.\.t:?.on-. |

In 1004 'Iilagéso studied the modos of cdditions to conjugeted
sysbens, and showed thot phenylbutediond ndded gpdrogen in tho ly4=posi-

tioms piving phonyl-A= bubono., This wes in cccord with tho alrondy oo=

3, Poxlbe Chome 2 87, G2 (1011).
20?- Cito : ) )

BJoure Chome Soce, Purt II, pe 5233 (1931)s
410ur. Dritish Chone Soce, Pbe 1, pe 820 {1954) .
S Joure Amore Chame Soce, 52, 1674 (1950).
CBor., 57, 2301 (1904 ).




toblished theory rogording addibions to unsciuratod Dondse

Totor, Strouss’ proved tlat phomylbwiadiono eddod bramine in
tho 3,4eposcitions, which wus ‘a conbradiction to tho vlvory of Riiber,z that
bromine adds in the 1,4-positions. Straucs based his proof on a study of
4ho osoniszabion productse b iselatod Lenseldelnde and dibromopropions
cldolydoe Tho work c;s‘."‘ Strauss was confirmod by luskat and Iﬁzggims who
aloo studiod tho additlon of chlorine to phonylbutndions.

In order Lo vecount for $,4 additions of brondne o conjupnted
systans, thoso invosbigwbors applicd the thoory which hed beon developed
by Iasket and Iiox-%hmp..& This theory is basod on the suppocition thot cous
Juped od gystons-diffor froan non-co:x]ug;rutod cystens only in so for oo tho
formor vay oxhibit L (alphn) v (guzn) regrrengemunt whilo the lettor con-
not cxihiibit this phesamenons It furthor mekos tho assumpuion that The ade
dition of bLoth compontents to an ethylonic doublo bond docs not occur sirmle
tanoously but rothor that tho opsomtinl fenturc is tho ctbroctiom of the
positive substituting group to tho nogetive corbon volenco ._ irrespoctivo
ol complobe seburatial.

& cereful soarch of tho carly li‘tomtu.re roveals only 8 few
men vhe heve otudied tho addition of hypohalous acids o conjurpbeld un-
setarated double ;umzds. In 18L& Przy'bybol:s ctudicd the oddition of bypo-
holous nelds to o mmbor of @iolofizos tubt @id not imeludo in hic invosiie

otion the comijupnted umasturciod systoms lolkios 5° propered tho dlohilowro=-

1iours £ore Chome SOCes 42, 2860, (1909).
2Jours Amore Chome Socs, 36, 1404 (1003)e
SJO'\IZ'Q',AEIOI'. Chone SOC', ﬁ, 2496 (1929)1
4Joure Ariors Chome Socs, 62, 4043 (1950},
SDore, 17.1 1091 (1504).

8. RPusse Chone Soce, 30, 0856 (100CJ.

>




-

bgpdrin of isopreone bub did aot debtermine tho structuros of hoso compoundse
o did not propore the nmono-cddition dorimt;‘avo. munl ationpted Lo pdd
lyypocl .loroua ecld Yo vinylaerylic aeid end roporiod thot vinylacrylle oeid
ig easily oxldizablo with Igpochiloreus coide ilovover, ho did not igeloto
ony productse

Lebor, in 1001, tnolot cnd Iilclsono Sound That winrloacryllio
acld roadily nbm;?ood oo molc of Iypoohlorous celd Go form: o monociloro-
Tyewms? vy} S B - 3. © Lr3 o oy, 334 5 !
hydrin, wilich molicd ot 71 =~ 74 o The structure of thls compound wms do-
torminod by osouwdzutions IThe nuthors found fwshor thet {the ronochlorow
hydrin cbgorbod onc mole of hypochilorous acid to form o dichlorohydrin,
dileh weltod ot 1 3%, They did not dotermine the otructure of this come
pounde

1 o

‘Lo prosoaxt lavostigelim hod for 1Ty objostive the eddition
of Iypobronous acld o Cid-dinmethylinutbadionne Only o fovr studice lievo
veen mede on tho additica of Ly .mbm:mus ccld So conjupntod wnsaturcted
sunpoundss & fow of the nosh *‘-*"f:m'i:mrb workers were montioncd 2bovoe
Tl u.l'o..,‘/"‘"‘s}rO' 10-‘..0-&.5: W‘I:I"'l-Az-L:me wes r:mp rod in two
wayse Lirst It wwms propercd c.ccording to t1o mothod of Ae Ve E‘m.ncis,s
by troating pure S:3 dinothyliutodlicnoe with lgrpobromous ceid, which hed
boen froed {ron oxcoss brazine by shaldng it soveral howrs with silver
sulphatose The yiclds wore poor and in cvory casc nistbures of the rionow

gorivetive and the di-dorivative wore obleinods The monobromohyndrin,

1Jour. Iriore Choite Soce; 52, 5100, (1950)e
2Jour, Amere Chome Soce, 53, 3176 (1051).
®Jours fnore Chome Soce, £7, 2540 (1925).
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conbandinatod with the corrosponding die~dorivative, doconposed upen cbiemptod
digtillatlone

Tho tost l‘OBu.l'LB wore ovveinod whon the hypobralous acid wos pro-

| pared by tho hydrolysis of sodium hypobromito in tho prosonco of sodium bie

.
carbonntos Thic nothod e omployed by vinlker, who propured tho Iypo-

chilorous coid do:’;.wiiivoa of propylono, omyleme ond o mobor of othor come
pounds in good yioldse

The steblo bromohydrin distilled amoothly at ' Gu undor
4-5 mme prossurcs Its siructure wes determined Ly ozomlzebions It com
bo goon tha throo ¢ifforomt isowors are possible vhon 2,3-dinothylbuto-

Gieno roacts with one molo of hypobromous coide

T B
H=CzC=C=1 0y
s Dr
E ¢u, ¢, H I CH. CE, I
3 o o (92
HeCwlwlole tilbp———il=C~C=(a ©(8)
i De
Hoou, oL, 1
I =C-C>C=I (¢}

[
1

Br
Conpounxd (L) on ozonization end subsocuont yrdrolysia would

yiold hydrosy acotono ond braosectons oo the following oquetion will

1
Te o Pate, 972
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Compound (D) on ozcnization and subsoquent hydrolysis would
rivo formnldehydo and l~bromo-2-hydroxy propyl mothyl kotono according

to the folloving oouatione

3B OI Ir

3
o CH, CE, I i E CH, CO
33 s 5

BC-C-C-CIZ-H_I”O—-————-)ZE":OIiC-C-C:O-*—IEO
i .
Cy i Ir Dr O
If compound {C) ba oszonizod end hydrolysed 1t would yicld
formaldelyde and I-Iydroxy-l-brasc propyl nothyl lxtone nocording to

the folloving ecuation:




I i G u i cg Ci i
3 3 5o
H-C:C«C»C-IE-}-O—————-—-»}.Z G o O - e CI
Oy QO ’ \/ De OU
O
w0
icu_ Cho_ B it oG, CH
3 3 ‘ 3 o
o § oo ”"*h.O———-)L-C-O+‘IIC=-C~—C'-=O+IZO

/ 2
\ Dr ort : oI Dr

The invostirpbor found that when tho bronohydrin wme ozoniced
. rom. 1
ond workod up sccording to the nothod of Viitumere and Churelt, it was DOSw
1 4 Lk

?

siblo to isoleto broooccobono in the form of its scmicarbasond, mi‘ting at
143°%, & misturo of this sorxicorbazone wikth euthenic somicarbegono of brauoe
acotone meltod at 3.1.‘;30. Zho preconno' of liydroxyncotono was indicated by
rihe fect thot we wore eblo to isolnic the somicarbazono of pyTuvic c.ldohyde,
molting ot 254 °, It is o voll imomm Dact thad whon hydroxy ecotone is oeabod
with somicarbaside hydrochlorido, cnd encugh sodiuw scotato to noutraliszo
tho hydrochloric acid combined with tho scmicurbc.z;.izm s thet a dorivative
of pyruvic aldolydc is formede This proves thet the bromohydrin is & 1:%-
moumd, having structurs (L)

tho brouehyirin wos troated with o soturnted solution of sodium

h;,wlro:aiéo according o tho motiod oz'zplo;roda in the Tormetion of on oxido

compound fran o-chlore=n-lyydroxy cyclohoronos The mothod provod unsatige

foebory beesuge ell of the bromine could a0t Lo romeoveds

IJOLJ.' Jrores Chane sJOCo, SG, 178 (li"‘/‘ )G
ZOP"C.m.c Synthosis, Vole V, Do 55 {(1935),




Finally tho Lrenolydrin wms hootod with dry potassivm hydroxide,

and disbilicd wndor o well colume Afbor throo or four distillotions o
rell quontity of e helogon=froo compound wns isolatoed widch gowo o corbon

end hydropoa analysie thet checlked with the theorciicol lor tho oxido.

)
It distilled ot 6CG wder oinosphoric prossurc.

O

& oomplobe invostipgption ropmerdiag tho formlion of on oxldo

Sron brouelwdrin iz unmdor troy in our iborcborys V0 Lopo Ly This mothod

to isclato tho dimetlyldilgrdre furan of this capound cnd dotormine its
structuro

. > L B |

Dusint and Crinsley ebtempbed Yo form tho oxldo of phonyl-
chioroiydrin und wot with difiiculty, Thoy abiribubtod thwir failurc to
the fnct thot tho pobtussiwm ipdroxido used, debydrated tho phoiyylehloro-

4 -

yarin Yo ;ive o chilore dorivative of phemylibutadions (CalisClmCl=-ClizCl cl)

“

[

feon ideh tho ehilorino could Lo ru:.ovoc. caly with groot Jdifficultye. The
cuthiors stotod hovwever tlw:., broaing could be ronovod much ensior thon

clilorinoe

GP‘ Clﬁ. S De C“%so
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Proparotion of 2,3-Dinothylbutediones= 2,3-Dimetiylbutediono

wuns prepared fyon pinnconce Acobono was roduccd Lo pinpcone hydreic by
thc? methed giwon by Hm'voll and the lydrato wus convortod into plnmacoro
by heating it on o wotor bath at 70O undor roduced presowre until oll of
the wobor woao romovode Pinacono wug convertoed to 2,5~dimothylbutudiono
by tho nethod of Ikgrialidosg by boating it with o fowv nillilitors of 40
por cont Iydrobrosic acide Ronlising tho importonco of worldng with +ho
campound in i%s purosh otato, tho invostigator purified the lydrocarbon
nceordiug to the mothod ol armor end ?.-”az'rcns by washing it ‘i:rrantyA timos
with ':m'i;'or, dyying it ovor calcim:.ﬁhlori‘do ond .‘i‘imlly ovor aniydrous
celeiun sulphote, ond Grico distillinﬁg it ovor sodiume IL boiled ot
600- 700 under etmosphoric pressurcs ZThe puro product vos used in *i;ho

. o e . 2
properation of lelydrom =debrano=e,d-dinothyl=A ~butone,
L ¥ » I\

Propa.r.::him of Kypoﬁrmm Leidi= Two oethods woro onpioydd '
for tho proporation of the Iypobrobous ecid used m this investigntione
In tho firsi acthod® 102 grons of bronine end 300 grems of moercuric oxide
wore added gradunlly in portions of 30 prans of norcuric oxide end 10
grans of bromine, with constent choising, Yo ono litor of wutors The wvig-

orous chaling was coubimicd ton mimatos aftor the last portion bad beon

Lorgemic Synthosis, Vols ¥, ppe 07-09 (1925).

2Jours Anore Choms Sove, 50, 991 (191%).

SJours of Chome Soce, Fort I1, pe 5233 (1951)e -

%ioubdn, Dio Lothodom dor Orgenischon Chomic, Vole 3, (1830).

i




addede A stror colorod solubion reoultod widch wme quickly filbored rou
the omeons moreuric oxido and Lept ecol in an ico baths This solutlon oo
added dropulso to 306 grens of 2,3 dimoth;ﬂbutudiono dissolvod in 250 cc.
of edhor.

Tho socond mothod enplcycdl for Lhe proparciion of Lypobronous
ocid involved o roaction whoreby tho aeid wos usod up as fost as I wg
formede In o two liter flask wms placed 120 groms of sodiua bicerbounte
in aboud 400=500 ce wtor. A calculetod.amownt of tho hydrocarton dig~
solvod in othor tms pourcd into tho flask, vhich was lept Lolow 00. &
solution of sodivm hypobronite, formod by tho addi{:ion of 19 cce of bro-
nino to 30 prems of sodiun hydroxido ia 300 cce of volor was coolcc. in
on leo mixburo, and allowed to crop into x,ho L""o £laciz on thoe bicow-
bomabo soliution with concbarrt sbirringa ""10 shirring weo combinuod two
or three howrs aftor tho last drop hed Leon addod, witil tho lower aqueoous
leyer gnve no tost for }:m:obromoua' acide

This mothod was inteorosting as woll as valusble bocouse os
fach a6 tho lypobronous acld wes formod in tho ronotion, it wos uf 31izod
in adding to the hydrocarbone Tho othor inborosting thing aboub this
nothod of formobion wos tiat Yhe lypobroamcus aecid wes proparod froe fran
oy brominee The bromolydrin wes produced in o rmch grootor yicld than
vas obbainod by the firct nothod and 110 porcombege of tho cormsgmu_ag
die-dorivative was almost noplipgible, This mothod geve oxeollomt resulisc
end vas omployed throughout thic invostigoticile

Proparation of 1=Tdrozy=debrono=g, S=dinothyle Awbutons := Iato

o soturated solubion of 120 groms of sodium bicarbonnte .in £00 cos of water,

[

]’»’»’all:or, Us So Pote, 972
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sodrbeined bolow 0° wiith o seli-ico mixbure, wms plocod 40 proms of 2,5-

_L.ctlrrlbuuo.d..mc digeolved in 300 cce OF ow Te o0 thig wos addod drope
wise cn ico cold solution of 20 grams o:" soGiun Iydroxido and 19 ccs of
brasine in 500 coe of wator with constant stirringe Tho nixturo Tms
stirrod with o nochanical stirror uutil the lowor aquoous layor pove no
4ost for hypobromous deid, afvorwaich tho othor oxtruct wos sopsretod
from tho ngueous layor, driod ovor colelwun chloride and £inmnlly ovor
caloiwr sulphnio, ‘u'nd tho othor removod om o wabor PuilDe

Tho oligitly yollow branoiydrin distillod auoothly ob 62 = 65

under reducod progsurc of 4«05 rmie A booubiful aliost colorless.liguid

s isoloteds

J\m‘.lo UUJJG’, Cei2 80' 0,1182: .:'sng‘, 0.1345, Dal2474

Caleds for C GIIllOBr: Br, 44,89 Found: Br, 44.72, 44400

inale Subse, Ce4996, Gel7G5: Cog, 0e7300, 042007: 1120, 062761, Ca0064

Caled, for GI:ll\’:'Brﬁ C 40.5.:1.; I.I 6014. Foundz C’ 40:193 ‘5:0.18:
' I, 617, GelS

s . a et 2 .
Uzonization of lelydrowy=i-bronc=2,3=0incthvle A-butong:- ITho

broolgdrin wns ozemized ot the tenperniure of o froosing nixture of chlore=
form, Aftor osozﬁ.zo:{:ion wns conplete, the chloroformm wos ronwved on a wetor
mup, ond the ozonido treoted with water and wormed on e wator bath ‘i;? doe
compoco tho ozonides L porticn of tho agueous soluvion vos treated with m
acabic ceid selution of ph m:;rll*"clma.no ond vmrmed on o webor bath for &
hourse & yollow selid which molted av 145° wms isoiatod. The phonyllydro-

<0 : . : \
zono of pyruvigc aldelyds melted ot 145 « Tho isclailon of phenylhydrozone




of pyruvic cldolyde 1o ovidonce for tho prosouco of hydroxy teolone og ono

of the fyn moute of osandontions

13

To anovhor porbion of tho Iydrolysod ozonido wos added a solution

of somiwcarbozido hydrochloride, containing enoush sodium asotato to noutro-

lizo the hydrochloric coid corbined with tho senicarbosincs The solubion

5
1

s Lopb cold in on ice Dathe Afbor stonding sovercl howrs, o wilto soll
SOPLITEod, vrﬁ;ich, ofbor bolng orystellized sovoral tinos from Donseuo,
nolted ut 1460, $ho »olling point of Tho scndcarbazonce of LIrouoeecLonss
A mixturo of vhic substaneo with authonic sonicorbozone of bremoocotons

o s et o . S
moltod ot 145 « This provod that tlie browolydrin, propured according to

tho nothod jush dosceribed, 1s o l,4=commounds
Jd 2 'y -




o

SULLARY

1, The addition of hypobromous acid on 2,3-dimothylbutadione
has been studied and a satisfactory method of preparing l-hydroxy-4-bromo-

0
2,5 dimethyl-A-butene hos been outlineds

2. Tho stablo bromehydrin propared boiled et 62°- 65°c., undor

4=0 mme prossurcs

3. Tho structuro of the bromohydrin was detormined by isolat-
ing ond indentifying hy&ro:v acotono and bromoacetone as frogments of ozo-

4

nization.

4, An oxide of the bromohydrin was preparcd which gave carbon
end hydrogon analysis thet checked with the theoretical. Investigation

is still under way to determine the structure of this oxide.
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