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The use of dichloromalale anhydrida as & replacement for chloroe
malaio anhydride in the quantitative dotaradnation of conjupgated
dioclefins was investigatad, The proposad mathod 43 basod on the
DPlele~Aldar reaction of dichloromaleic aniydride with only the conjugated
olefin, even in the presance ¢f othor saturated and unsaturated hydroe
carbons, Moqnthoa&imthtbmmsﬂedtocmoﬁdoby
refluxing in cﬂver_xdtrato solution., The chloride is determined by the
Volhard method, Chlorine on the unreacted anhyydride should not be
removed by this procadurs,

Results indicate dichloromaleio anhjydride reacts with mnerocus
oconjugeted dioclefine; however, the reaction did not appear to be quantie
tative for the systems studlied, Both Volhard and gravimetric determine
ation of chloride after refluxing ths purified adtuct of 2,3edimgtifyle
1,3=butadiens in silver nitrate solution indicated only one of the two
avallable chlorine atone was removed by refluxing., Recovery of chlorine
was neither quantitative nor stoicliometrie,

Steris hindrance and inductive effacts of the chlorine atoms of
the dichloromaleio anhydride adducts ware considered, The addition of
the second chlorine stom vastly alters the chemiocal behavior of dichloroe
nileie anhydride as ocormpared to chloromsleic annydride, It is concluded
that dichlorcmaleis aniyydrids 48 not a suitable replacement for chloroe
mleic anhydride in this type of deterrimation,
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TTRGCYCTIC

The [lals-Alder reaction offers a unique metiwd for quantlietively
datermining econjuzatad diolefins, Sincs the reaction i3 spacifis for
conjuzated mystens, it is posaible to analyze for tha conjuzatsd
olafing in tiie presence of both satarated and unsataratad hyirocarbons,
Runercus analytical maliods have baea davslopad usiag botli malelo and
clloromeleis aiyvids as tha dlenopiils,

Kalele anhydride wes £irst utiliszed for tho estiaation of isopreme
by Bassett and Willians (1) 4a 1732, After allowing malaic an'gcride
to react with the sapla at 100°C, the gain in welzht cf tha crystalline
anhydride represonted the a-wvunt of 4isoprens presont.

Birch and Scott (2) utilised the same reaction for the idamtifie
caticn of varlous gnsollns fractions, In this procodure the moltlng
points of the cryuialliae adducts with malsic antydrids identified the
various dlolefins present,

Anotier variation of the same reaction weas daveloped by Tropsch
and Fattox (8) for the daztauination of butaciens in gaess. A measured
volume of gaseous sampls wes passod over molten mslals snlydride, The
loss of volume due to absorption of the tutadiens by maleie anhiydride
thus indicated the smount of disne presant in the sapla,

Putnam, Moas and Hall (7) developed a methiod in which chloromalelc
anhydride was used as the disnophile in the Disle-Alder reaction.
8ince ths chloro group of the adduct is attached to a tertiary carbon,



1% 1s possible to remove the group ss chloride by simple refluxing
vith silver nitrgte, The chlorine in the excsss chloromlede anhydride
in the reaction mixture, howsver, is a vinyl chlorice; therefore, silver
nltrate does nétttuckthammuagmt. The quantity of silver
nitrate consuned wmﬁmua«»mm.

Although titrating chlorids ramoved from a tertiary earbon in the
presence of vinyl chloride offers many analytical possibilities, ehlore-
mlele anhydride is mot ieally suited for the Disls=Alder reaction.
Disedvantages aret

(1) Purified ehloromaleis snhydride has a melting point of

32-342C) mlight impuritiss cause the materisl to liquify,

(2) Purification 1s difficult, requiring vacuus distillation

and ylelds are low,
(3) The product is easily Iyvratady tharafors, it mist be handled
~ under nitrogen or carbon diovide and stored in sealed
spoules,
(4) 8mall smounts of chloremalele acid catalyze polymerigzetion
of the diolefins,

Dichloromalele anhydride is a likely altermative reagwmt for a
@antitative Diels=Alder reaction with conjugated diolefins, This
reagent offers the same possibilities as chloromaleds anhydride, dut
has additional advantages.

(1) Dichlorcmmlels anhydride is a crystelline compound meliing

at 117-220%,



(2) Impurities of diclhloromaleic scid are easily removed by

sublimation, recovering the anhiydride from the acid,

(3) Two ehlorine atoms should be available for titratian, thus

increesing the sansitivity of the method,

The purpose of this inwvestigation was, therefore, to study the
use of dichloromaleds anhiydrice as a reagant for the quantitative
determination of conjugated olefins and develop a method utiliging this
reagent for the detormination of butadiens end rolated corpounds,
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The course of tials study was directad at thres main ot jectives,

(1) Toas clchloromalale anhyirids undergo a [isls-Allor reaction
with the cormon conjugated olefins?

(2) Is the reaction with dichloromaleic anhydrida gquantitative,
or can tie reactlon be mads quantitative?

(3) Lhat condltloas are necessary for ths quantitative removal of
chlorine from the adduct without affecting the ehlorine of the
unreasted anhydride?

In ordar to answer thess questions a series of compounds was
eynthesized using dichloromalsic anhydride as tha diemophile for
reaction with various dieneh. The most suitable of these adducts was
thean prepared in quantity and used for the systamatic study of conditions

neceasary for complata ramoval of chlorine froa the adduct,

Preparation of Adducts
Diels and Thiele (L) ware the first to perform a Disls-dlder

reastion with dichloremaleis anhydride, They obtained cuantitative
yields of the adduch when anthracens and dichloromsaleic aniydride were
heated together at 170°C, More reoently, Clifford and Gleim (3) formed
addusts of dichloromaleie anhydride with butediens, cyclopeatadiems,
dlayslopentadiens, cis-piperylene, 2-methyl~l,3-pentadiens and dipentene.
Inmhomu;quodbmmnthonlvmwwwtho

seastion in an sutoclave at 300-500 pounds pressure. Reaction



taparatures varled from rooa tarparature for eyclopantadions to 210°%C
for butadiens,

Ia view of tils previocus work, no solvent wes uswd in tha prope
aration of tie AL dororel ls &ydrida adducts and tho reantion
terperaturs wes voried fron 170-199%,

Furois Acld Addwelt Cno graz of furcic geld (fattason, Coliman
and Bsil) and 1.8 grass of dlcidoremalsls anpirids (Westvaco Cllore
Alkall) wore haaisd togsblize ia & pregsare bottle, Tha tepargture wes
uisod to 17217077 and malntoined thars for 30 mimtos, A48 th3 solue
tion eooled, crystellisatica cccurrsd st 130°C, The procuct wes
recrystallizad firgt from dry elher and then again from cerbon tetraw
chlorids, Molting point of the purifiod materisl ws 127-232°%C,

Hozting & similar mi=turs 4 aun ovea b 135°C for 3 hours, thon
15 mdrutes at 155°0 yieldad no product,

2,501t 102, -Tenad Lane A2ty Saven rl. of 2,0-dinediyle?,le
haraliens (Concmer-Iclyacr) £22 1C gzraus of cruds dichloromnlais
anlydride ware hestsd tosathor in & pressure bottle., The tarmparature
ws raisad to 15% and meintained thers for 10 mimtes, A cark red
Jiquid was obtalned that erystallised upon esoling, The product was
recrystalliged from ecarbon totr-schloride, The first crop of erystals
obtalned had g melling point of 100-110°C, After further solvent
evaporation crystals ware oblainad that had @ melting point of ayprode
mataly 75°C,

Bince 1% gppoarad likely that solvent wns still present in both
orops of orystals, the products were dried at room terporature under



vacuur for 3} hours, 7The melting point of the first crop of orystals
was raised %o 122-125°C, The second orop of crystals still melted at
15%.

Henne and Turk (§) found that 2,5-dimethyle=2,.-hexaliene did mot
form a normal Diels-Aldsr adduct with maledo anhydride, bud yleldsd
only an amorphous hizh melting product, Farmer and Warren (5) found
the same to be true of other olefins which had doubly substituted
terminal carbons., Tharefore, 1t is possible that the matsrial isolated
from the reaction with dichloromaleis anhydride is a polymer of some
sort, thus accounting for tiw inconsistent melting points,

2,5«Dinstiy)l Furan Adiducts One ml, of 2,5«dimethiyl furan (Eastmane
white label) and 2 grams orude dichlorcmaleie anhydride were heated
together in a pressure bottle, At 120°C extensive vaporization ocourred.
Heating was contimied to 150°C where the vapors condensed onto the
walls of the bottle, After 10 minutes at 150°C a black oil wes obtained
which ws readily soluble in ether, After complete evaporation of the
ether, a dark oil renained that did not crystallize even after pro-
longed standing,

Isoprens Adducts Three ml, of isoprens (Honomer-Polymer), L grame
of erude dichloromaleic anhydride and L drops of p=(t=butyl)eatechol
were heated together in a pressure bottls, The temperature wes raised
%o 180°C and maintained there for 15 mimites. The cark oily product
obtained was recrystalliged from ligroin (60-90°C) after standing
overnight, Kelting point was 124-126°C,

2,3-Dimetiylel,3-Butadiene Adducts Twelve al, of 2,3-dimethyle
1,3«butadiens (Moncmer<Polymer) and 16 grams of crude dichloromaleic



anhydride were heated together in a pressure botile., The tampsrature
was raised %o 150-150°C and malntained there for 15 mimtes. A red
Mquid was obtained that crystallizad completely as it coolsd, The
prodact was reorystailised from ligroin (60=90°C). An off-wiite powder
was obiained whlch meltad at 154-125°C,

Purification of Tichloromelaig Anhvdwida

Putnan, Moss and '211 (7) found that small amounts of acid irpurie
ties in chloromaleio anhydride catalysad polymerisation of diolefins,
introducing significant errors into their method., Some trace of die
chloromalaic acid was suspected to bs prasent in the dici:loromaleis
anhydride obtained from Wostvaco ChloreAlkali, Therefors, two methods
of purification wore attermpted,

Reagent grade carbon tetrachloride was heated to boiling, then
saturated with crude dichloromalals anhydride, After the sclution had
stood evernight, large needles crystallized out, The crystals were
then filtered and washed with carbon tetrachloride, When a melting
point was attempted, the material lost solvent at 100°C and then gube
limed contimously.

Since dishloromaloic acid is knowm t0 loss watsr upon sublimation
to form dichloromaleie annydride, the crude material was sublinmed
under reduced pressure at approximately 115°C, Pure white platss were
obtained which melted at 117-120°C,

Both the orude and resublimed dichloromaleic anhydride were
titrated with an agueous solution of potaesiz.m hydroxide using phencl-
phthalein indicator, The c¢ruds material assayed 99.C1 porcent



dichloromaleio anhydride, The resublimed product averaged 97,19 pere
oant dichloromalaelc arhydride., (Complote data in Appandix.) In both
ocases the nautralisation equivalent was 8,.33 tha theorstical nsutrale
igation equivalent for cichlorommleic aniydride is 83.5, for dichlaroe
maleic &cid 92,5.

Sublimatlon was adoptad as ths standard motiwd of puriiication of
dichloremaleis anhydrids. Ths procedure was mot only simple, but also
gave Iigh ylelds of pure dicnloromaleis anhydride,

Fatwds of Chloride Patermination

Putnam, Moos end Hall's method utilizes the Volhard procadure to
detormine the quantity of slilver consumed by the ehlorids present.
In thair method a measured excess of silver nitrate 1s refluxed with
the reaction mixture, them the excess silver nitrate is back titrated
with potassium thiocyanste using farric alum as the indicator. In this
study two metnods were used in an attempt to quentitatively remove the
chlorine from the adduct, They weres (1) refluxing in sodiun bie
carbonate solution, and (2) reflwring in silver nitrate solution,

Sodium Bicarvonate (0.5M)1 An approximately 0,58 solution of
sodium bicarbonate was prepared by dissclving L2 grams of sodiun
bloarbonate in 1 liter of distilled water,

Silver Kitrate (0.2i)% One huired twenty grans of reagsnt grads
silver mitrate were dissolved in 3.5 liters of distilled water.

Potassius Thiscyanats (0.1N)1 Fifty eight grans of reasent grade
potassium thiocyanate were diseolved in 6 liters of distilled water,



Farrio Alum Incdizalors Cne huxired twmiy five grans of reagmt
grade forvic avnnlua sulfate«dodecatydrats wors dicaclved in & mixture
of L70 ), wter and 50 nl, concantrated nitric ecid,

The silvar ritrate and potasaium Yilocyznate soluiions wxnee first
enpazed to ezc): othar and theon the silver nitrate scluilon was
standardisad witl rea;snb grads sociun atlorids,

Im the sodlum bicarbonsta moliod, s3all sazplos of alduct wers
first ciseolved in dioxans, thea varying awounts of C.5H sodium bioarbonate
solution wure sddod, The solutions wore heuted to boiling and held Just
balow tha boiling point for 1 to 2 hours, After cooliag to room
temparature, the sclutions were acicified with mitric acid end a koown
axcess o silver nitrate solution added, The eilver chloriie was
a2lowed to eotils, tusn ws filtered {raa ths solutlon, The raminin:
ailver in solution was titrated with potassium thisejanate using ferrio
alon indicator.

in the sllvar nitrate actiod, sazples of adlict wuwre Cissolved in
acetone, A known excess of silver nitratd solution and varying amounts
of water were xided, then the seclutions were either refluxed for 2
houre or boilaed withaut refluxing, adding water as nesded to replece
that lost by evaporation, After cooling, the precipitated silver
ehloride was filtsred from tha solutions, the solutions wers asidifiod
with nitris acid and the excess silver in solution determined by
fAdration with potassiun thiocyanate.



Rooults with 2

The adduct of 2,3«dimetihylel,3~butadiens with dichloromalele
anhydride was found to be most suitable for further study. This adduct
wms easily cbtained and could de recrystallised to yield a product of
good purity, In addition, the adduct had a relatively high melting
point, Since 2,3edimatiylel,3=butediens 1s a liquid (boiling point 70°C),
1t to0 oould de weighed accurately for any work beginning with this
conpound, )

The normal Diels-Alder resction of dichloromaleis anhydride with
2,3=dinetiyl=1,3-butadiens should ylold 1,6=dichloroe2,S=dinydroe3,l=
dimethyl phthalie anhydride (I),

«Dutacione Adduct

Cig €1 O Qa o

4 AN Cig | J
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| ¢ I o —s g Do
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An analysis for carbon, iydrogemn and ciilorine and the neutralization
equivalant of the reaction procduct of c¢ichloromaleie anhycride and
2,3=dinethyl=l,j=butacdiens were obtainad, Table I shows analytical
results for the adduct,

The neutralisation equivalent indicates the adduct is the expacted
anhydridej however, the elemental analysis checks with the percentazes
expected if the anhydride were hydrolysed to its acid, Since the start-
ing material wes over 99 percent dichloromaleic anhydride and ths



TADLE I
CRPARATIVE RESULTS FOR AUALYSIS OF 2,3«DDMETILel,3«BUTACIZNS ADDUCT

Results Analysis Theoret, Theoret,

Anhydride Acid
Neutralisation Equivalent 2y 24,5 133.5
Elemental Analysis
~Carbon L5.CO7m 48,23 L5.0%
Hydrogen L.Sb» L.1% o5
Chlorine 26.LCn 28.53 26,63

*\nalysis by Xicro-Tech Laboratories, Skekis, Ilinois.

reaction ococurred wier anhydrous conditions, 1} may be assuved that
the product obtained was the aniydride, The small saiplas used for the
elemental analysis could have deen hydrolysed in the atmosphere when it
was hanclod and elippad for analysis., The product usod in all experie
mantal work was oven driod and kept in a desiccator, |

‘The 2,3=dimetiyylel,3=butadiens adcuct was first hoated in mocium
bicarbonate solution 4n an atterpt to ramove the chilorine from the
adduct, Results of preliminary experimants are given in Table II,

In all cases the percontege recovery was low, Soms corrclation is
spparent between the i'ahtivo ooncentration of bicarbonate and the
percentage recovary in that the higher tﬁo ratio of bicarbonate to
saxmple, the higher tho‘pmmugo recovary, Tho axount of bicarbonate
needed for 100 percent recovery on this basis would bs 60 millie
equivalents of bicarbonate per milliseguivalent of chlorine. This
required excess of bicarbonate would be impractical for & useful mathod,
Therefore, no further work was dons with sodium bicarbonate modia,



TATE IO

RECOVIRY OF CILOAINS FilM 2,3-DDITILel,3«3UTADITINT ADDUCT
IN SCOIY! BICARDEIATTS

Adduct Wt,  MeqT Adduet  Meq. C1°  Porcant Moq, HA'CO,
¥

grans Taken ound Racovary tioge. Adduct
0.0521 0.199 0.120 2L.1 15
0.CL17 0.335 0,115 e 22
0.0553 0..56 0.130 395 22

e SR SN . e et
Conditions: Solvent=1S ml. of 11l ogllosolveiwmter, heating
tine-l hour, heatlng tarperature=150C.

*4oq. wt. ® molecular wt, of adcuct/2000,

Tost tube exparizents iniloated that, in acetons solution, the
ahilorine in the 2,3edimetiylel,}-butediens adduet reacted with an
aguecus silver mitrate solution, Experimemts were undsrtakem 40
determine the most favorsble ecnditions for tils reaction, Heabing time,
hydrogen ion soncentration, silver ioa concentration, and the appesarance
of an insoluble precipitats other than silver ehloride were investigatad,

A series of deterninatdens was made in which the silver amd hydrogen
fisn sonsenirations were kept relatively comstant while the heating peried
was varied from 1 o ) howrs. The remults are given ia Table IIT,

In wmmewmmhuﬁu
Aime wms exbended from 1 %0 2 hours. Healing for 3 howrs gave mo
wummm,auﬁmmutum
period for all further work, |

In the preliminery work 4hes sccumlation of hydrcgen iom during
tbe eouree of the reaction sppeared to hinder the reacticn and. lower



Neq. Adduot Heq, C1 Percent Haating
Takon Found Racovery Tixs,hir,
0.326 0,245 75.1 3 12.2
Gel3u 0.274 832 2 12,0
0.272 0,170 53.2 ) § 10,0
L T IR R T
0.277 0,220 80,0 3 L.b
0,322 0.2:0 80.0 2 12.8
e o L st L duvabesen
0.L90 0.220 L5.0 1l 10,2

*:ﬂf‘ anetpacuing
Heq, wt, ®» molecular wt, of adduot/2000,

the percentase recovary of chlorine, It wes found that if the hydrogem
ion concentration, besed cn 100 parcent removal of the chlorins, was

kept balow 0.01K, the racovery of chlorins depsnded entiraly upon the

relative concentration of the silver iom,

Early experimental results showed the concentration of silver iocn
to be the most important factor in improving the recovery of ehlerins,
Fumerous determinations indicatsd a large excess of silver ion, approxie
mately 20 ailliequivelents of silver per milliequivalent of chlorine,
wuld be necessary to obtain 100 psroent recovery of chlorine. A series
of experiments using an approximate 2011 ratio of silver to chlorine
did give resulis approaching those ealoulsted theoretically. However,
the results were erratic ad sesmed %o show an indstarminate exrror,
St111 another seriss of detarminaticns was run using approximately 30






mlldequivalents of silvor per m1ldequivalent of cilorine, Resulis
ormcwummmnmampmsorwem
asount of chlorine pressnt, A somewhat linsar relationship, as shown
4n Figwrs 1, was found to edst betueen the silver ion eoncauiration
and tae porcant recovary. (Somplets data in Appandix,.) nacanm this
relationslp was linear sbove 100 parcent, 1% suggosted the poewibility
that the ellvar was undersoinz another rsaction in eddition to cosbining
with the chlorine of tis altuct.

carelul cbeervation of the reastion as 18 procesded revealed that
a precipitate formed immediately upon addition of aquoous silver
nitrats to the acetons solution of the adduct; This precipitate dise
solved a8 the sarple was heated to refinx tempersture end the charscters
4etic silver chloride precipitate appeared, After hesting, as the
solution eooled, an additional precipitate again appeared in some
ssrples, This additional procipitate was filtered from the solution
with the silver chloride,

mummmxwm&mwmuum
silver, soveral solvents ware tried in en attempt to dissolve the
additional precipitate without dissolving the silver chloride, If the
ummwmm-vmmmmbormm
£13tration, 1% further decressed the solubility of the precipitate,
12 mitrle acld vas sdded to the filtrete, 1% sometines coused further
preoipitation to coour, Washing the cosbined residus of silver ohloride
and the additional precipitate with eestons did dissolve the additional
MWM.,BOLWOMWMM‘-OMM&%.
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acstone wsh solution,

From the cbsarvations made 1t seems veasonable

%o suggest that the procipiiats was an 1naoluble silver s2lt of the

organia aszid presant 4in aclivtion,

Ragults obiained by the Volhard mothod after weshing the resicdue

ulih acstons wure siill high., I was proposed that the silver might

ba canplaxad in sous manndr in ths resuliing acstone-mater mixture,

In a finel effort to obtain quantitative results, a swrics of determine
ations was made in which the silver chloride obtained was dried amd

waighad,

Far the gravinsctelc deteraination of chloride, the sasple was
dissolved in 20 ml, of asatons, 100 m), of 0,28 aqueous silver mitrate
After reflxcing the
sllvar cilorida formed was flltered from the solution, washed with
acatons and walter, driad, exd welghed,

acded, and the solutlon rofluxed for 2 hours,

ations are glven in Tabla IV.

TAZLE IV

Results for s saries of detornine

RECOVERY OF CHLOGRINZ USING GRAVIMETRIC GILORIDS DETEUINATION

Adduct Wt,  Mag*Ar%iet  Meq. CI°  Percant Hoq, Az"
grans Taken Found Reoovery 29Q e
0,0539 0.L73 0,26l 55.8 L2
0.0657 0.523 0.326 61,8 28
0.0975 0,703 0.394 £.1 28
0,102} 0.742 0.L27 6.3 27
0.1032 0.823 0.443 53.5 24
0.1137 1,106 0.5922 53.5 13
0.3L47 2.768 1.67 60.5 7.2

*Hoq. Wt ® molecular wt, of adduct/2059,
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Ko corraeletion is evidant bdotuscn the parceantaze recovery and the
relative concentration of silver 1on, tws suzzaating ths eorrclation
in the previous work could be due slmost entirely to th:e presonce of
an al<itional silver compowxd., Ia all casas tis percanlaze recovery
is slizhtly ebove 50 percent, but resvlts vary wideldy with no apparsut
reasun basad on 8ilver ion eoncentration, hydrozon ion concentration,
or heating tims, The ramlts suzpast that only orw chloring aton is
iomized end raxoved fica the adduct entirely, since 50 percant recovery
would .'?icat@ oot?ﬁ)le‘oa raawal of ona chlorine. The removal of one
chlorine atom, howsver, is not stoichiometrio under the conditions
eployad, |

To determine whethar or not the reaction of dichloromsleis anhydride
with 2,3-dimetlyl=l,3-butadiene was quantitative, accurately weighed
sazples of 2,3~dimsthylal,3-butadiens were allowed to react with an
exoess of dichloromaleie anhydride, After the resction was completed,
the reaction mixture wus dlssclved in acetone and the chlorine recovered
by refluxing in silver nitrate solution and weighing the silver elhloride
precipitated, Tabls ¥V shows that under the reaction concitions used,
leas then 50 percent recovery wes obtained, Those data indicate, there~
fore, that the reaction of dichloromnlelo anhydride with 2,3«Cinethyle
1,3-butadiene is not quantitative under these oconcitions.

Finally, serples of the adduct were refluxed in 0.5Y socium
hydroxide solution forr 2 houre, then the chlorins which had fonized wus
precipitated as silver chloride and waighed, Even uncder thess concitions



TAGLT V

RIICTINY OF CLANDIS PR 2,300 -
1, 3=iUIADIAE RZACTICH FILTURS

W, 2,3-Disotiyle Moq. ¥ Sapls Maq. 1° Parcent
1,3-Butacdiene, Taken Found Reocovery .
grane ‘
Ry iRy
C.706 17.2 7.4 L2
#505 1..5 6,51 15.5
0.07u4 1.8 O.Ta i

%10q. Wb, ® molecular wt, of 2,3=d4imethyl~l, S=butadiene/2000

1t was iposaliula o oliain 1UC percent recovery ol tas chlorins,

Rasulis arse so&n in Tabla VI,

TAL3 VI

RICOVERY OF CHLORINR FRL'H ADTUCT A.F"'L'R REFLUKING
TN 0.5 SAOTUA KILaCllo

— = - e —
AdZa0t W, Moq.¥ adduct Meq. C1° Pereent
graas Taken Found Rocovery
e Rt s e
0.0777 0.624 0457 73.6
NRENRRReSP

®l1aq. Wt. » molocular wb, of adduct/2000,

Singe ths chlorine could not he quantitatively removed from the
adduct with aquecus soddun hydroxids, 4t is unlikely that any precsdure
usinz silver nitrate could accorplish this removal,
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DISCUSSICN

Putnan, loss and Hall (7) allowed isoprens to react with chloroe
molaic anlydrice to yleld a mixture of lechloro=2,Se=dilytro=ymnetiyl
phthalio an'ydride (II) and lechiloroe2,5«cilycroe3encthyl phthwlic
aniydride (III),

Clg G 0 QA o Ao

/ \ LCig |l 1 R

HeC G—C_ B=C 8-C HEy;C-C c—0G,
nc-é * ﬁ o’o m’so«'}l db’mn ﬂ ¢!.' c’o

3 = > - = -

- A Yaig”1 \ Yeug” )\

H 0 H © 0

o IIT

By refluxing tils mirture in C.2¥ silver nitrate solution using
a ratio of 2 milliequivalents of silver ion per milliquivalemt of
sazple thay obtained guantitative ramoval of chlorine, The 1,6=dichloroe
2, S=dilydro=3,L=dinotiyl phthalic en'ydride (I) used 4n this study has
8 similar structure except for the replacoment of hydrosen by chlorine
on the bridgshead cardbon, lowevar, the results of this study incicate
that only cne chlorine atom of the two available in 1,8~dichloros2,5e
dihydroe3,l=dimethyl phthalic anZydride is removed even aftar extensive
refluxing in silver nitrate or sodium hydroxide sclution, This decrease
in activity must be cdus in soms mamer to the additional ch:lorine atom
in the structure,



Scale modals wore ecnstructed of lechloroe=2,S5«diydro=i=nathyl
phthalic sniydride (II) and 1,6edichiloro=2,Sedihydroe3,Ledimethyl
phthalic anhydride (I). momdohlhmndbqthmlmlel to be
copletely rigid with the tertiary carbon blockod to attack by a mcleo-
philic resgent for an SNy substitution resction, The rigidity of the
structures also makes inversion at the tartiary carbon ispossidle,
wtomdth&omm mldmtbcmtmctoduuhmdohdna'
to steric hindrance of the two hydroxyl groups added in the gise
oconfiguration,

. S81lver nitrate sclution 1s mot basic exough to faver am E; or E,
elimingtion resstion. An Sy reaction is not a reasonable mechanisa
beoanse of the sterie factors involved, Therefowre, the reasction
epparently proceeds by en 5N, mechanism, that i3, first am ionisation
step followed by & second step in which the carbenrium ion is attacked
by & molecphilic reagent.

For lechlorce2,5=dihydro=lemstiyl phthalio anhydride (II) 4n
agueous silver mitrate the reaction may proocesds

CHg C1 O Cg CL O CAg 0
1. I\ I N N
B0 C-C, He0 $CeC B¢ 8-¢ .
i | Qees | é D e 0 | e Cl
B~ C-C  HyCeC -C HyC=0 c~¢
\ /1 \k \ /1 \ \ /1 \
CHq H CigH 0 CHg B O
0 EH ©
Slse [ SR 9
2. nt” 6-¢ H—C' &C-C
I [ db ¢ HO o= "o (ll (ls—db
C-C O-— -
Hs “erg 1\ T engt
H 0 H O



HE H 0

/a9 9 /

3. BL' 4C-C, n-c'w'c-c\
b 1 0 e—— G_g o R

CeC_ /c—c,’ BgC=l  ~ C—-07

cag 1\ cag’ |\

E 0 E O

e C1° o A.’ ety AgCL ,

In this reaction it is possible for the carboxyl group to fwrnish
electrons to the chlorine because of mesomeric effects induced by the
presence of silver ions in the solution. The hydrogen on the alpha
oarbon would probebly have litile effect towards either hindering or
assisting the reaction,

For 1,6+dichloroe?, S«dilguroe3,lsphthalic anydride a similar
series of steps would occur,

la @O a0 0
/ I'\/{ /m'\Jﬂ/ /cn'\. i
1. HCeC G- HyCul o—c
(- O-J bom.
i 0 wa \\ "°u -\
CHy €10 CHy @ O / Q1 0
"o //
2. n.o-c’cn"ﬁ—c‘l .\p
n,c-g L-—do o e«!
s/
CHg \m\‘\, \m{\ \\
c'.!!uoFx /7 cH g Io
3. Boet’ NB—C HyOul” "é—c‘
I ] b e—— I Lp e o
g\ a1\
THg b CHg
v

be Q1" @ ag’ —» gL






wmwmmmlmmethnwm
upon denxid of the silver ion, Howevor, Lie elfeut would ba lessonsd
becanse of ti@ presencs 6£ two chlorine atoms each drawing electrons
Sowsrds itself. The masomaric effects of chlorine are mot transfurred
through the alpha earbon. Tharefore, there would ba litile contributdon
of electrons from one chlorins atom to the other. Sinca two chlorine
atons are svailsiie, any £u:ift of the equilibrium would ellow one
chlaringe to ionize and stops 1 tarough 3 could ocour,

Tata obtained support the sargument that the sxtant of rcacticn wos
dmadbyﬂxemdmmauﬂcmmamhﬁzemw.
since & mih higier silver ion concentration was required to cbtain
oven 50 porcent removal of the cilorino, The duta show thal the extant
of removel of the seconi chlorins is even further decreased, slwost to
the point of no further reaction,

Corperison of the inductive effecte in structures II and V offers
umhmmmtwwm-mmummmmo
removal of one chlorins atom,

Ic].o o /cn./;a
.
, -~ HoCul c—¢
g\ - (o

H O (8): 4
I v

nmman&wmwdrthmn&anmmt
Mmﬂmmamllmtﬁmummwawm
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attached to the alpha oardon. In structurs ¥V tie hydrogen has been
replaced with a hydroxyl group which has a strong aettraction for
electrons, lesonarie eifects of electrom eontribution by t’np hydroxyl
group are nod tranaferrad through tiw carbon chain, leaving enly the
inductive effoots of the hxiragyl group. mmuanrwm
eould decrease the mxtent of reesction substantislly, mai:ding quantitative
recovery of the scoond chlorine stom diffiocult under the reaction
ooncditions exployed.

Dichlororaleis anhydride proved to be a convenient compound to
bhandle, I% was obtained relatively pure from the mamufacturer end &
single sublimation yielded a procuct of high purity, Since the eompound
644 mot hydrelyse readily in air, no spesial handling pressutions were
DOOSBERTY »

Addition products wore cbtained when dichloromalele anhydride
s allowed to react with furcis acid, isoprens and 2,3-dimethylel,de
butadiens, Roaction products wxre obtained from 2,Sedinetiylie2,le
hexadiane and 2,5«=dimatiyyl furan, tut thalr behavior would lead to the
supposition that the reaction had ylalded only polymeric material,
Clifford and (Mainm (3) obtained reaction products of dichliorcmalsio
anhydride with dbutatione, cyclopentadians, dicyulopentadiens, cise
piperylens, 2«nstiyylel,3=pantaciens and dipentaone,

Ths reaction procducts obtained by Clifford and Gleim and in these
eperiments wars difficult to soparete and purify. This would indicatse
some polymsrizaticn, making 1% ¢ifficult to eblain & guantitative
reaction, Data for the 2,3«dinsilyylel,3-butadiens adduct show that



altihoush the roarilon proceadad gmoollly, the allitlon was not quantie
tative,

Tae 1,6=Cichiloroe=2,bedihyrioo=2,  udingtiyl vatialie aniydrids
mocol also elowdl thet any aclilion to carbong 2 and 5 of iha2 six
meoberud ring, a3 in tha case of tlo 2 ,:f-cllmat;);,~‘l-2 sh=hizialliona alduct,
would melsa tho rozctlon HIficuld besause ef the steric hindraace
introducad by tae two cldorine stoma on tie bridgshesd eardons,

Tuo reactivity of dichiloromaleis anhydride for the Disles-ildar
reacilon suaculd aloo be considered, Einca the Diels-Aldsr reaction 4s
bolieved to have an ionie machanism, the eddltion of a single ohlorine
atom to the anyiricse, as in cliloromaleis mimydrids, showid assist this
fomization by inductive effects and increass ths reactivity. Tha two
chlorine atome present in dichloromaleles anhydride would oppose each
otiver and tend t0 cancel any inductive effects. From thie viewpoint,
tho reactdvity of Qichloromelols anbydrids would be sisdilar to thad of
malelo an'gurids with the eddod gteric hindrancs causad by tas chlorine
atons, |



COWCLUSIONS

The ooncluslona of tils study may be staled Liiellys

(1) Dichloromalede anhydride 48 a convanieat material to purify
and handle,

(2) Dichloromaleic anhydride does fora adducts with a nusber of
diolefins, but 4ts addition is restricted to corpounds wnich offer no
Mc difficulties, 1i.e,, N0 substitution on the terminal cardbon of
the eonjugated systea,

(3) The reaction of dichloromaleic anhydride with the comuon
dlolefing i ot quantitative under the reaction conditions employed.

(L) The tamperature mecessary for the reaction of dichloromslsio
anhydride with diclefins is in the range of 150-180°C, Butadiens at
such elsvated tenperatures presents & safety hasard,

(5) Recovery of chlorine from the 2,3-dimetiylel,l-butaciens adduct
1s not quantitative or stoichiometric using xild reaction conditions,

Although dichloromaleic anhydride offers oertain advartages over
chloromaleis anhydride as a reagent for the quantitative determination
of oonjugated diolefins, thess results incicate it is not a suitadls
replacemsnt, The staris factors and inductive effects introduced by
the second chlorine stom in the molecule vastly alter the behavior
of dichloromalseic anhydride as compared to chlorocmaleic anhydride,
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APPTITTIX

I. Amalysis of Iichloromaleic Anhydride
Saples dissolved in water, titrated with 0,851T potassium

hydroxide, phanclphthalein indicator,
Crm2s Dichlovomaleig Axtmrdride

Sample Weight, mrams 2,5212

Ml, of Potassiun Kytiroxide 34,70

Parcant Lichloromalaic Anhyeéride 99.01

Neutralization Equivalent 6443

Resubli«ed Nichloromaleie de

Sample Waight, grame 2.6618  2.0930

M1, of Potassium Hycroxide 37.00 28.83

Percent Dichlorcomalele Anhydride 99.27 99.11

Ksutralization Zquivalent 8l.2 Bie3
Calculationss

Percent Dichloromaleie Anhydride =

208)(0,84517)(0.157
sapld wolgh

Heutralisstion Eguivalent @

gsarpla wolsht )(1000
.Ka 0.



I, ESfact of Silver Ion Concentration on Percent Rocovery

* - L 4
eq. Adduct Neq, C1 Percont ¥agq, A
. Taken Found Recovery Qe Adic
0,305 0.132 L3.1 ' 13.1
0.334 0.224 63.2 12,0
0.307 ' 0.274 71.0 10.3
0.398 0.333 84,0 0.1
0.L11 0,329 .S 9.1
0.u:63 0393 85,0 8.6
0,600 0,374 62,3 6.7
0.1C2 0.278 151 : 33.0
0.184 0,269 146 32.6
0,185 0.233 125 3.4
0.201 0.2:9 123 29.8
0,206 0,260 136 29.0
0.209 0.275 132 20.7
0,222 0,236 123 27.0
0.224 0.320 13 26.7
0,235 0.300 127 25.4
0.2.0 0.254 122 25,0
0.263 0.3L5 125 22.4
0.273 0.430 150 22.0
0.273 0.383 pen | 22.0
0.273 C.252 154 21.3
0.236 0.250 97.9 20.9
0.292 0,290 99.3 20,4
0.324 0.21Y 96.9 18,5
0.336 0,238 85.7 17.8
0,343 C.329 945 17.2
0.Li6 0.335 75.1 13.5
0.5.2 0.L08 76.6 11.1
0.580 0.L81 83.0 10,4

Heating Time « 2 hours
Hydrogen ion ooncentration less than 0,01N
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