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CHAPTER I
THEORETICAL

Ever since Thiele introduced his theory of addition to
conjugated unsaturated compounds, numerous investigetors have
pointed out that it does not cover all the experimental facts.l

In brief, Thiele postulated residual valencies? resulting

from the excess of affinity left from the union of carbon to

it

Due to the close proximity of the 2,3-carbon atoms the residual

carbon:

valencies neutralize easch other leaving only the 1,4-positions

free,

234
- =§: -¢—
PN
Thus any addende to the conjugated compound would give the
1,4~addition product. is the addends would require more affinity
than that offered by the rosiduel valencies, the double bonds
would be ruptured ané a new double bond would form at the 2,3-

position.3

AL L BRLL

\ ! X X

It has been shown thet universal | i~addition to conjugstion,

1Henry Gilmon, "Orgenic Chemistry,” Jomm Wiley and Sons,
Inc., New York, 1938, I, 575-576.

J. B. Cohen, “Organic Chemistry tor fidvanced Students,”
Longmans,Green, and Co., New York, I, 145.

SHenry Gilmen, op. cit.
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a8 Thiole postulated, does not occur;1 consequently much experi-
mentation hes been done to show the true nature of eddition to
conjugated compounds.

This investigetion was underteken in ordor to determine
the position of addition of bromine to l-para-methoxy-phenyl-4-
phenylbutadiene.

Ingold has predictad thet compounds of this nature would sdd
bromine in the 3,4-position;2 s0 that a brief resume of his theory
will not be out of place.

Ingold5 divided addition to unsaturated compounds into
three classes: (1) both pcrts of the compound added are steble
enions: e.g., Cl,, Bry, OHCl, etc., which nay enhence or retard
anionotropic mobility; (2) an anion-cation grouping: s.ge., ECI,
dBr, HCN, eto., which may also enhance or retard anionotropic
mobility; and (3) a cation-cation grouping: e.g., Hy.

Starting from the demonstration that one atom of halogen
adds initially,4 Ingold5 postulatos the following series of
rgactions for butadiene:

——A ey

CHp=CH-CHSCHy o Br,— 9= CHpBr-CH-CH=CH, « Br

2
(1) (11)

GHZBr-EH_cscnz + Br”——% CH,Br-ClBr-CH=CH,

CHzBr-CH=CH-6H2 s Br™——— CH,Br-CHaCH-CE,Br

1Straus, Ber., 42, 2866 (1909).

2Ingold rnd Smith, J. Chem. Soc., 2753 (1931).

3Ingold and Burton, J. Chem. Joc., 904 (1928).

4Francis, J. Am. Chem. Sco., 47, 2344 (1925); Terry and
Eichegberger, Jde Am7 Chem. Soc., 47, 1067 (1925).

Ingold and Burtom, ops cit.



The part of the molooule of (II) under the bracket is tho
anionotropic systom which is sotivated by the CHZBr—grouping
to give the 1,2 and 1,4 ions. As CHyBr- has just ebout the same
effect as hydroren ns an activating agent, both the 1,2 and the
1,4-dibromides of butadiene should bo formed. Farmer end co-
workers! have isolated snd characterized the two dibromides.
Phonylbutadiene® adds chlorine in the 3,4-position in

acoordanco with Ingold's prediction.d
CGHSCH=CM-CH=CH2 + Clg——> CGH50H=CH-CHC1-CH2C1.

The phonyl group, a stronger eloctronegative group then the Ct,C1-
group, prevonts thae snionotropic shift; therefore the 3,4 dichloride
is formwed elmost exclusively.

Ingold4 has also predicted that conjupated substituted
diphenylbutadiene comnounds with substituents hoving unshared
peirs of clectrons should add bromine in the 3,4-positinn,
becuuse the unsharod eloctrons may be displaced consecutively
throughout the conjugated system to build up a region ef high
electron density on the fourth carbon atom. For exermle, l-para-

bromophenyl-4-phenylbutadiene would react in this manner:

XX §
iBrCoH gt CHECIY CHECHOGH; + Br, —» BrOgH  CH=CHi- CIIBr~Cli-Br C H,

The bromophenyl-group, being & more electronegative group

than the phenyl group, prevents the anionotropic shift; and only

lFarmer, Lawrence, and Thorpe, J. Chem. Soc., 729 (1928).
Mugkat end Buggins, J. Am. Chem. Soc., BT, 2496 (1929),
SIngcld and Burton, op. cit. -

4Ingold end Smith, op, cit.
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the 3,4~dibromide will be formed. Yokelyl hasg shovm that
para-bromodiphenylbutadiene does edd bromine in the 3,4-posgition,

Proctor, ?

workiang with the corresponding para-chloro
compound, fot a 3,4-dichloride. This result is also in complote
accord with Ingold's theory.

Similarly, 1-pera-methoxy diphenylbutadiene should add

bronire in the 3,4-positions

CH3§3<:253CHQEEiCH;EH-CGHS - Brz———+-CH3005H4—CH:CH-CHBr-CHBr—CSHS.
Para-methoxy diphenylbutadiene was preparod by the method

of Moerwein® and nlso by the method of Kuhn and Winterstein.4
Meerwoin's method is based upon the fact that aromatic diazo

compounds will react with o f-unsaturated carbonyl compounds to

give unsaturated hydrocarbons.

Honodd
L] - . N ) ¢y
CH5OCI, 11,01 « 100C-CEC-CaC-Cgly ——s 1 0-{ > -g-c-c-cef

The lactone, formed as en intermediate,® breaks down, loses

carbon dioxide, and forms the butadiene.

5 gy

This method gave 16% yields of the para-mothoxy comnound
as compared to 25% yields of the para~nitro-diphenylbutadiene

and 40% yields of the substituted stilbenes preparcd by Bergmann

oxely, "Studies in the Butediene Series: hddition of
Bromine and Hydrogen Bromide to l-para-Bromo-phenyl-4-phenyl:
butadiene," Unpublished Master's Thesis, Department of
Chemistry, Atlente University, 1939,
“Prootor, "The Prrparetion and Chlorination of l-narn-Caloro-
phenyl=-¢-phenylbutadiene,” Unpublished Master's Thesis, Depart-
ment of Chemistry, Atlanta University, 1932.
SHeerwein, Buchner, and Fmster, J. Prakt. Chem., 152, 237 (1939).
4Robingon, “Organic Synthesis,” John Wiley end Sons, New York, 1935,
erwein, Buchner, and Emster, op. cit.




and Weinbergl end Neerwein and co-workers? respactively. The pro-
duct is difTicult to purify, as u prest deal of tarry msterial
along with some dye is formed as a by-product of this reaction.

Kuhn snd Winterstein'sd mothod gave o product vhich wes
easily purified, but,on account of difficulties experienced in
obtaining enough pare-methoxyphenylacetic acid to prepare workeble
auantities of the butedione, the method wms ebandoned. By con-
densing o small quantity of para-methoxyphenylacetic acid with
cinnomic aldehyde,4 a produet vas obteined which wes identical with
the product obteined by “iserwein's method. *hen the two products
were mixed they gave the same melting point.

To secure evidence of the structure of the butadiene a
sample wes condensed with maleic enhydride in benzene. Sone
diffioulty was experienced in obirining n product ss condensation
took nlece only efter refluxing for siztern hourse

The msleio anhydride condensation, the so called ciene
synthesis ot Diels snd leer,s hes pesn eccepted as a means of
identification of conjugated cumpounds, end, as such, it is
used rere. Occasi-nally, however, msleic annydride will condenge
with corpounds othor than the butadiones.

Besides maleic anhydride, maleic acid, acrolein, or naphtha-
quinone might mve been used, the condensstion usus 11y taking

place in the 1,4-pousition.

lBorgman and Weinberg, J. Orge Chem., 6, 134 (1941),
2Meerwein, Buchner, and Emater, op. cit.

3Robinson op. oit.
4Ibia,

SEllen, J. Chem, Ed., 10, 494 (1933).
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CiizUC Ty ~CH CH,0C 1T, ~C 1
/O v ‘/\ /Q
On nc~c\/ e Cl-c?
CH HC- 0 e cH-o
I 0 \/ Y
CyHs-Ch G Mgt

When o sample vy the diene was saturated with bromine, =
fine white powder wes isolated from the reaction mizture. Upon
repoated rocrystalligation, this powder melted at 190° with much
docomposition. Ths rnalyses for bronine were +  hor than the
caleculated velue for the Letrabromide of para-methoxy-diphenyl-
butadionw.

To gain further knowledge of the structure of “he butadiene
preparcd, & portion of it was treated with an excess of ozcne;
end the solution resulting from tho hydrolysis of the ozonice
was analyzod qualitatively for *the frogments.

The decomposod ozonide <hould give bonzeldehyde, nsra-
methoxy bonzaldehyde, and glyox:l or the corresponding ccids.

(1) ¢ M.CHo

T B o b /’I{O ]
113006}:40}’\‘.5;..-0{:{01{.c635 _b.ﬂ__.,,_ (2) CH,,0C /115 CHO
O = (3) gno

HO

Oxelic acid was identified; and, after oxidation of en
oily residue, para-methoxybenzoic acid was isolated. Ho banzois
acid or benzaldehyde was found.

The result of the ogzonalysis, along with the maleic anhydride
derivative, gives evidence of the conjugated structure of pera-

methoxy-diphenylbutediene.




There are three possible. dibronides for para-nethoxy-
diphenylbutadione, which, upon cgonalysis and subsequent

1
7

hydrolysis, should pgive choroeteristic decomposition rroductse.

1 2 3 4 1 2 1 2 & 4

Lo 5 4
(jéﬁ=0ﬂ-CHBr-CHBrt) (jGHBr~C“Br—CH=CK CilBr~0v'=C-CHBr
- 0 0

QC H3 —-OQH5

(1) (11) (111)

Compound (I) should rive para-methoxy benzaldchyde and
0(p@4ﬁbromohydrocinnamic eldehyde or tho corresponding acidse

Compound (II) sheuld give benzaldehydc and C\)@ ~{ibromo-
purc-pethoxyhydrocinnamic «ldehyde or %hic corresponding acids.

Compound (III) should give‘Ok—bromohomoanisaldehyda and
X ~bromophenyl acetnoldehyde or the corresponding acids.

A pamnle of the butudiene wasz treated with one mole of
bromine in the oold, but on stamding the solution durkenec und
gave off white rumes. The reerystallized product (mepe 125°-
127°) gove bromine snalyses thal were higher than the thoeoretical.

Lunother sampleé was brominated, and the solvent was removed
imredistely. 4goin decomposition was observed, wnd some of the
original butediene wms recovered.

Yet snother sample was brominsted end ozonized directly with-
out removel of the solvent. HNons of the fragmonts expected were
igolated from the hydrolyzed ozonide.

A portion of the diene w-s treated with one mole of bromine;
and, without removal of the solvent, it was oxidiged with

potassium permanganate after the manner »f Farmer and Scott.l

lFarmer and Scott, J. Chem. Soc., 172 (1929),

0



The 0il resulting from this reaction wes treated with hydrogen
peroxide with no visgidle effect. The frapgnenls oxpected from the
oxidetion of the dibromicde were not obbained, This is probably
due to the instability of the dibromide.

The litereture rocerds tho fact that the methoxycinnamic acids
wmd esters repct abnormelly with bromino'hiving substitution products
instcad of adcition 'roducts. Davies and Devies,l working with the

2

neta-not"oxycinnanic acid derivetives; Hanson end Williams,” using

tho ortho-nothoxy- and the para-methoxycinmamic acids; and Riemor
and Tobiu,s vorking vith the 2,4~dimethoxycinnamic acids, ¢1l obtain-
ed lerge amounts of substituticn products, along with tho additien
products, when these comvounds were treated with helogen.

Sone time ago, Straus,4 working with similer acids, found thet
the highly activating mothoxy group fostered substitution instead of
addition, Tle noted thet the amount of the substitution produets
wes inoreaseé by bthe position and nunber of methoxy groupse In
neny enses he isolated the substitution product.

In view of 3Straus' work, it would be expected that prra-
nethoxy diphonylbutadi-ne would reasct with brormine by substitution
more readily Lhen by addition. The experimental results,while far
from complete, apparently supvnort this conclusion.

The prediction thabt bromine would add 1,2 to prramethoxy-

diphenylbutadiene5 could not be verifiod as the dibronide vas

unstablo.

IDavies and Davies, Je Chem. Scc., 602 (1928%
2Hanson ond Williams, J. Chem. Soc., 1059 (1930X
ZRiemer ond Tobin, J. Zm. Chem. Soc., 52, 341 (193C),
Ibid. - —

“Tngold and Smith, op. oit.



CHLPTTN II
EXAPLRINENTAL

Preperation of 1-para~liethoxyphonyl-4-hony lbutadienos ==

Tha bubadiene was prepared cftor the manner of Heerwein.l The

cinnarylidenc ncotic acid usod was preparcd acce rding to Riiber's
5 2
metnod,

Para-anisidine (44 r.) wos sugpended in 200 cc. of 20%

s

hydrochloric reid cund diazotized at 09 with sodium nitrite

(18 o) in 40 oz. of uaber. The dizzo solutlon was cdded dron-

wise Lo the cinnarylicdene acetic acid (32 no.) suspended in

530 cc. of ncetone which hed been cooled to H7.  Thon cupric
loride {1046 g.) and sodium acchote (55 Ge) i B0 coe o7 woter

vere added.  KNitropen wes evolved el once,and the solution
veloped e doep purple ccler. after stirring Tor ome hour ot

159, the recchicn nixture wes shean ¢i-tilled until the distillate

became cles s The solution wng Milterod while hot, and the none

voletile tarry residuc wa- dissolved in hot glucial scebtic zeid.

The solution vas Uiltered vhile het; and, when cool, tho vre-

cipitated dienc wus filtered oft's The precipitrio was recrystale

1

pda

ze

oo

several timecs {rom en slcohol-benzeme mixture. The product

isolated melted at 154°
tngl, Culed. for Cl7H160: C, 8644, U, 6.8+ Found: C

’

8646, 8547, B646; I, Tol, 7.3, 7.0.

The butadiene was slso prepsrad by the method of Kuhn end

Vinterstoin.” The pora-nethoxy-phenylacetic acid used was

1Meerm01n, Buchner, and Emster, J. Prakt., Chom., 152,

237 (%

Rllbor, Bor., 37, 2272 (1904,
obinson, o] Op. cit.
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prepered by the msthod of Cein, Simonsen, and Smith.l

Pare-methoxy-phenylncetic zeid (11 g.), cinnamic aldohyde

L2 g.), neetice anhydride (10 c2.), and leoed monuxide (7.7
were refluxoed together for five howrs in a flusk srotecte

fron avnosphoric moisture »y o calcium chlorids tube. ih

a

darx, Lot selutlon wws poured into o beskor and wllowed "o

svernizhte The greyish mass was moistened with alcohol,

end recrystellized twice frem toluens. (& nixture of this

and the substance propored by Heorwoin's method melted ot 159,

\

e

Piltered,

wroduct
0

Condensation with Haleie Anhydrida. -~ Huleic anhydride

- oy >N
A

(0.41 g.) vas dissolved in 30 cce of Denzene snd filberaod
a long, meck Tlusk containing pura-methoxy-diphonylbubad
Ihe mixture was refluxed for sixteon hours, concentrabod,

procipitate vas reerystellized throo times from tolucne,

ie

[
i

nto
1€ e
¢nd the

The pure

product melicd at 18:°%, Tie yield wes wlros antitative.
inel. Guleds for C21H1804: C, 75443 l, 5e4. Found:

C, 7540, Tia3; H, 5ed, iaTe
Attemploc rreopuration of Lhe Tetrabronide of para-lethoxy-

Diphenylouteciones =— 4 samplo (1.5 go) of tho diene was

dissclved in chloreform, cocled to 0°, and tromine wes added

. . .0 .0 . . A
in oxcess. Ligroin (b.p. 65 -70") was asdded, and, after

standing for one hour, the sclution was Tiltered. ifter

recrystallization several times frem ligroin, s white powder

melting at 190° with muok decomposition wes obtained. The

yield oi' tho recrystsllized procuct was susll,

Tho results of the analyses are epproximstoely the sume

es the calculatod value for the percent of bromine in pare-

bromo~éiphenylbutadienc,

1Cain, Simonsen, and Smith,'i. Chem. Soc., 103, 1035 (1935).
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Angl. Caled for 017H1608r4’ Br, 67.5. Found: Br, 64.8,
65.0, 65.4,
Mnal. Celed for Clsﬁlsﬁrsz Br, 66.4

Ozonolysis of para-Methoxy-Diphenylbutadiene. =- & ssmple

of the butadiene was dissolvec :n chloroform and ozone was passed
through the solution which was cooled in a salt-ice bath. After
eight hours of ogonization, the chloroform was removed by suction,
and 5 cc. of dilute potassium hydroxide in 25 cc. of water were
added; the mixture was warmed on a water bath for ome hour.

The alkaline solution wes extracted several times with ether,
the extrect was dried over sodium sulfate (enhydrous), and the
ether wes removed by suction. The 0il which remained wes |
dissolved in a slight smount of rlecohol and 2 cc. of dilute
potassiun hydroxide end 2 cc. of 30 % hydrogen peroxide were
added. The solution wns wermed on the water bath for fifteen
minutes, and the alcohol was removod by evaporation.

The alkaline mixture was acidified,and the white precipitate
was reorystallized from wuter nnd from dilute mlcohol. The
fluffy solid melted at 184°. Mixing the unkowm with & knowm
sample of para-mothoxy-benrzoic acid caused no change in the
melting point of the knowm ecid.

The alkeline solution from the decomposition of the ozonide
was acidificd with sulfuric acid, mede alkaline with ermonium
hydroxide, and then acid with scetic mcid. Boric acid (2 g.)
was edded. Jifter warming and stirring to dissolve the solid,

5 oc. of calcium chloride solution were added,end the solution
was set aside Tor ten minutes with occasionel stirring. Then the
solution was heated to boiling, filtered, and the precinitate was

washed with hot water until all the reducing material was removed.
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Five oo. of hot dilute sulfuric acid were poured on the filter

paper, end the filtrate was collected in a test tube. 4 drop of
dilute potassium permanganate solution wes bleached instently by
the hot r.cid solution. This proved the presence of oxalic scid.

No other substances were isolated from the ozonizetione

Attempted Preparation of the Dibromide of para-lethoxy-

Diphenylbutadiene. -~ In the dark, bromine (3.36 f.) dissolved

in 25 cc. of chloroform was added dronwise tnrough e separctory
funnel to n chloroform solution of the butadiene (5 f.) protected
by a celcium chloride tube. The butadiene solutiocn wes kept et
0° through=-out the addition of bromine after which it was allowed
to stand over night. The solution darkened, and upon removal of
the solvent a black residue wns obtained. Repestod recrystrlliza-
tions from chloroform by the ed’ition of ligroin (b.p. 650—7O°)
yiolded & small amount of ten powder melting at 123°-130° with
decomposition. The snalyses showed that the powder was not the
dibromide.

4dnal. Caled. for 017H160Br2: Br, 40.4. Found: Br, 47.5,
45.9, 45.06.

Another sample was treated with bromine in the same manner
as before with the exception that the chloroform was romoved
immediately with the aid of an oil bump. Repeuted reorystslliza-
tion of the black residue yielded a small amount of the originnl
butadiens.

To another sample, slightly more than the calculated amount

of bromine was added, end the cold solution was ozonized directly

for eight hours. After removing tho solvent by suction, the

0ily ozonide wass decomposed by adding 25 oc. of weter and by
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warming on a water bath. The weter solution was extractod several
times with ether, and the extract was dried over anhydrous sodium

sulfate. The 0il left after the romoval of the ether was dissolved
in dilute alcohol,and 2 cc. of 30% hydrogen peroxide were sdded.

The oil showed no visible change after the oxidation and was

net analyzed.

lnother cortion of the diene (1.2878 g.) wes bromincted in
the manner stated, and an equal volume of cold acetone vas sdded
to the chloroform solution, After “he method of Farmer end
Scott,l potassium permangenate (3.932 g.) and magnosium sulfate
(34032 £e)» dissolved in 60 co. of water, were added dropwise
with vigorous sheking to the chloroform-scetone solution. The
mud formed was filtered,end the ncetone wés removed bv bubbling
a rapid stream of air through the solution. The ochloroform was
removed by evaporatione The oily mrterial obtained here. was
cembined with the material isolated from the mud.

The mud was suspended in weter scidified with ~ulfurie acid,
and encugh sodium bisulfite to bring the mud into soluticn was
added. The acid mixture wus extracted with ether and the extract
neutrelized witha few drops of ssbureted sodium bicecrbonste
solution. Thon the ether wns dried over enhydrous sodium sulfate
and later was removed by suctione. The o0il which was obtained
showed no visible chenge after treatment with 2 cc. of 30%

hydrogen veroxide. It was not analyzed further.,

1Farmer and Soott, op. cit.



CHAPTER III
SUM{ARY

1. A brief resume cof Thiele's theory hag boen givena.

2. It nas been shown trat Thiele's theory is not universal
in aprlication.

3. A brief review of a pert of Inpold's theoory of sddition
to unsaturabion nas been given.

4. The rreparation of para-methoxy-diphenylbutadicne has
been reported.

5« The preperation of a maleic snhydride derivative of para=-
nathoxy~-diphenylbutadiene has :lsc been reportod.

O It has bseu shovn that the bromides of para-methoxy-
dinhenylbutediene ere unsbable in chlorofcrm even in the
cold.

7. Straus® prediction concerning the effoct of the methoxy-

group on unsaturatad ccmnounds has besn supported.

14
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