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Many artioles are found In the litmature lmioh report that oonjugatd 

polybneadll fozmcwleoular species referred to a* oa&onlumioMrrhon 

plaoedina properacidmdia. Deno (1) has done considerable wox+c on the 

carbonlumions ganwatod from compounds containing two oonjugatddouble 

bonds in 4th~ oyolic orlinwr-systa. l'ho tistarce of th.80 oarbonlum 

ion8 m.9 tnrified by awxlningohanges In fmecing point depressIon, 

lcinet$o data,as well as bathoohromlo wavelength shifts. De Vrles (2) 

postulated the - carbonium ion intermediate for the protinatlon of 

1,2,4,4-tetr~e~l-3,5~~l~~~lo~~e and for hydride abstraotlon 

fromhaxamethylcyolopentadiene. one ofthemore recurtcharacterisations 

ofoarboniumions is glven In the oomprehenslvewo*bySoransen (3) 

involving the propvation and reaction8 of a homologous series of al.iphatia 

polyenylio oations. In 1959 'AssenMnn (4) polnteui out that the addition of 

trichloroaoetio acid to ret*1 acetate (kx 330 IIUI) gave a shift in the 

iNomnclat.ur~ for vitamin A aootate proposed by the Coapission of Biolo oal 
Chanistry of the International Union of Flue and Applhd Chamlatry (19 $ ). 

2Thisworkwas supportcdbya gzkntfxwmthe National Institute8 of Health 
(GM 12616-W). 

1117 



~-to650~proh~at~~~to~afowtionofa'b~~td 

vitaEIn A acetate." 

~~t~*inthi~kbonto~~r~~tht~oti~ofrot~l 

aoetato with 8ovoral Lowi acids ad triohloroaootlo aold give ommntially 

the sama absorptiona fortho initial apeolea generated. lberefore, onthe 

baai 0ftl-il.a experlmentalwo*, theautborswouldllketo oorreotoertadn 

Amax valuer for oarbonium Ions wbloh have appeared in the literature. 

kbile l ttmpting to reproduoeWaa8umun 'suo*,itua6 found tJlAtby 

lowering thetmperature of the 6olutionz andbyrapidly soanniugthe Wle 

zpe&rumimmdiatelyafterlaidng there Is an unstable poduetforaedwfiioh 

gives rise to aevwal other produots. The procedure involvea themixing of 

2 mg of r&Any1 aoetate (6.09 x lOA mole) and 1.8 g of triohloroaoetio aoid 

(1.1 x 10M2 mole) in 25 ml of cooled bensane. Imnadiately after mixdug, a 

sample of the solution is scanned from 900 to 500 IIM using the repetitive 

soanattaohmenton the Belanan IK-WRatio Wording Speotrophotomater. To 

olimlnato any spook-al deviation due to tazperature changes, a constant 

temperature cell was used to keep the solution just above the freezing point 

of benzene. 

Repetitive scan revealed the growth of a single peak which reaohed its 

mudanun au about two minutes. A deorease in absorption of this peak was 

acoompanied by the growth of two peaks on either aide of the initial peak. 

It is believed that the hmax reported by Wassemzanu which he attributed to 

the protonated retlnyl acetate is in fact an absorption value for one of the 

polymers generated after the fonzation of the initial carbonium Ion. This 

unstable oarbonium ion has a Amax of 604 nw in benzene and is quite short- 

lived. Cationic polymerization of this initial carbonium ion then begins, 

and various polymer products are formed which absorb at different uave- 

lengths. One of these polymers absorbs at longer wavelengths than the 

initial oarbonium ion and is the wavelength reported by rlassenann. 
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Itra~foundthatbyohu@ngmlvmtaadlfferent hmuforthe 

Mtlal awb~niumionis obtain&and a dlffomntpolymuinatiompathls 

fOl.lOUOd. The results ofmanyeqmUnaait,a are mrlsdinTable I. The 

~~oproduotsformsd~~a~~~s~r~~e~~rb~~eor 

tOlueM are wed .s solvents. In either oa60, ko main polymm am fonued 

which have absorptions in the visible r&on thataro olom to the-inltlal 

oarbonlum Ion. Polymerization in l,2eliohloroethane i6 10.36 oompla since 

only One product is found which has an absorption in the range of from 900 

tO 50omu. 

TABLE1 

Wavelengths of Carbonlum Ions fnxnthe Ratinyl 
Awtate-TriohlorOaoetlc Acid SystlBM 

. 
Average Molar Ratio 

(ba8.*laoid) 
Average CeJ.l 

Tauperataur (OC) 
Average koax+ of 

solvent oarbOtiumion(rm) 

benzene lrl805 7-8 604 

tOlUeneJ~ 111806 7-8 602 

1,2*ohlorO- 
etbhne lrl85 4-4.5 586 

"2 mg raw1 aoetate (6.09 x I& mole) 

; approxiIUtely30 sea. ritern&lng 

Louis acids have long been known to reaot with con&at& polyenos to 

form products which absorb at muoh longer wavelengths. The Carr-Prioe 

ruotlon (5), for example, is used to d&eat the presonoe of vltamln A oopll- 

pounds by the formation Of a deep blue oolor uban 25% antimOny triohlorido 

In oUoro?ormis added. Inhoffen, et al, (6) have also uqod this ruotion 

to oharaotuise the vlaylogs of vitamin A. In this laboratory wo have 

studhd the genoratlon of ~arb~niumions fzvmLewis acids of 0r0up VA 
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OlMta. It -6 obsermd that only a single peak ya6 producad lrlltl8ll.y In 

uoh eau;d as ltr lnten&tydecreased,otherpuks were fauadto 

doveLop. The rasulting&ta fmmGroup VA-8 acida am -risedin 

T&lo II. Wav8lmgth6 fortheMtLal corboniumiona agrw favmmt&ydth 

that of tba oazbcnium ion reported in Table I. InthelatteroMe,a protcn 

aoldl8USd in the mme solvent. 

TABLEII 

Lmllr Nolar Rdil.c 
Adda (buC:Aold) solvwlt 

CdlTmp. ABd&f Mry other 
Au (4 

pQ3 1136 l,P-DCE -31 561 897,606 

ba3 11720 I I) 577 909,588 

-3 1:90 ” * ges %78 

+2 Ig ~tiayl acetate (6.09 x io4molo) 

+.ppmt.aly 30 sea. after dxing 

Aa already stated, theLewis acid8 wera ructadwlth r&it@. acetate 

under conditions sindlar to those used for proton actin. &ily the molar 

ratios of the aubrtit.uent.a ware vwled. he values repcrtad for each Lewis 

acid are thcae which gave the beat spectra. In rch cue, the umunt of 

retinyl acetate used and the total volume of solution (25 al) raminod the 

Mme. Theotharu~rdengthr mpcrtad~nfor~beorptlo~whlohdovolopai 

after the lnitlal oarbcnlumionfon~tlon. 

on thebmir oftho infonution &cP8, it.$ea610gioa1to oonclud, 

thattheinitlal carbcniumionn an idultical,ngudlosa 0fNhethora 

proton or LowI. acid is used. structiIrwIandIIroprase4ntthell%Ltdng 

rwmanoe structures for the Mtial ombonium ion In which the acid (A) 
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has been added to the carbon-oarbon double bond. The positive oharge i5 not 

looalised on any on0 oarbon atem tut i5 dl5tributed over all of the 5p2 

carbon atmm. Theummdly 5table reeonan~e hybrid thu5 obtainedmaybe 

repre5entedbyetluot.ureIII. 

The polymer produot5 generatedafter initial carboniumion formation 

are also Ionic 5peeies. Trealrent of the aoidlo 5olution with aqueous base, 

Water and a&ydrous oaloium ohloride give5 a 5olution containing neutral 

polJmer5. A5 l xpeoted,the absorption epeotraundergoos eblue rhift. The 

5peatra of the neutral solution5 were soanned from $XXl to 280 mu. There wa5 

no abrorption observed from 900 to 425 ~IU, indloating a ooxnplete neutrallea- 

tion of oharged speoies. A diluted (1011) portion uf the quenched solution 

revealed eeveral absorption peak5 and shoulder5 in the region fron 425 to 

280 ml. The5oabeorption5 wouldbe equivalent to the different polymers 

formed from the Mtial oarbonium Ion. 

In a separate experiment, one hour after Ming, solutions of neutml 

polymera were prepared and the molecular weights detwmitmd using the 

Meohrolab Vapor Preeeure Oemometer, Model 301A. Average nmleoular weights 

weti detennlned in bencene and 1,2_diohloroethans. In the former solvent., 

the average moleoular weight of the polymer5 wa5 1076 g per mole or roughly 

3.3 times greater than the origlnal ret*1 acetate. In the latter solvent, 

the average nplwular weight wae 1470 g per mole or an ticrwse of 4.5 tinres 

in molecular weight. 
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