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Although chrapic aoid oxidetim ie the preferred synthetio method for 

the converrrbm of aromatic hydrooerbom to qulnonee, this reactfon has not 

received attention frcm the point of view of mechaulm.’ Pioneering and 

Incisive studies on tie oxidation of aloohols and arylalkmea2*3 have 

revealed that a wldr variety of meuhanimaa axe pomvible with different 

aubetratee end experImenta amdition~ md any oonjecture on the nechanlsr 

baeed on malogy would be naive. Obviouely oxidation of aromatic hydrooarbona 

by chramlc acid follows a oourae different from that of aodlum dlohromate. 

The former yields quinonee almoet exolualvely, 4*5 whereas the latter orldfcea 

side chains to oarboayllc acids In exoelleut yields (SO-9%) .6 

Oxidatlm of hydrocarbon% to qulnonee neoeesarily Involve8 a number of 

etepe. In view of the complex nature of the reactlm, it ie gratifying to 

find that the kinetics of oxldatlm of phenauthrene end 3-substituted 

pheuanthrenee fit a first-order rate expreeeion for the disappearance of 

chromic acid. The oxidatlan wee etudied In 91s acetio aoid in the presenae 

of perchlorlo acid and scdlux perohlomte at aonstant Ionic etrength. The 

rate of reaction ae a fuuotion of phenanthrene 

over a five-fold come&rat icm variation. The 

which mre calculated were mutant (Table l), 

ie first-order with respect to phensnthrene. 

ooncentration was determined 

aec md-order rate oormtants 

indloating that the reactfon 
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TABLE1 

Effeot Of chen&xc Rhenaathrene oonoentraticm on the rate of 

ohrapllo acid otldat ion of Iphenanthrene 

,--19---m 

0.016 

0.033 

0.050 

0.066 

0.082 

E-PIIPII--I~m~ 

.-P-PIpIIpIca= LDlEz-=PPsEPt=3CII -ma 

4 k, x 10 , 6eo. -1 
“! I id, -1 M eeo. -1 

IrrmP=Vts=~ :-331-==i====~~~-ml 

0.47 

0.91 

1.47 

1.94 

2.39 

rr-r-rrsnrnnsr 

2.88 

2.75 

2.93 

2.94 

2.91 

r 1 sic10 = O.lH; PlOJ - 0.w; FrOJ = 0.0033n; 

Solvent - 91% acetic aoid; temp. 40.1°. 

The rate aonetant deoreaeed with increasing ohromic acid cmcantratlon. 

Thle behavlouc la anelogoue to that observed In the oa8e of alcohols7 and 

aldehydeag add arieee from aoid chronate-diohromate equilibrium. Only the 

aoid chromate ion (HCr04-) is Involved in the rate expreeeion. 

2 xcro4- * Cr207 -2 + %O 

The order with respect to peruhlorio aoid waa determined in the 8-e 

waJI. The plot of log k againat Ho at aonetant ionic strength was line8r 

with a elope of 0.96. It Fe possible to write the rate law aa : 

v = k~enenthrenj pr04=j ho 
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TABLE2 

Effeof a$ change in conoentratiaa 

of chromium trioxlde on the rate 

constant of oxidation of phenanthrene 

I*r x 104, eea." 1 

0.0016 4.79 

0.0023 2..32 

0.0033 1.47 

0.a . 

3 
-0.2 ! R 

R - I) cH3co 
2) 1 

P= - 0.62 \ I 

I I 1 
0.2 0.0 0.2 0.4 - 

FIG. I.SURRlITUENT EFFECT ON THE RAI’E OP qlmnlo~ 
CF PHENANTHRENE WITH CHROMIC ACID. 

phenanthrem] = 0.03M; 

c a 
Cl0 = O.l?I: 

The rates were measured at two more tenperatmee (3O.!O md 50.10). 

The plot of log k vereua l/T was 8 etraight line. From the elope, E, 
$ bH end AS $ were celculeted. The values obtained are given in Table 3. 

~henenthren~ = 0.033M; PlOd = O.lM; FlOd = 0.2M; FrOd = 0.0033M 
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We have found that the eubetitment effeot data fits a linear free 

energy relatlmahip with Hammett UP-value8 glriag a pvalue of -0.62 

(Correlation coefflolent r - 0.986). This result ie unexpeoted in view 

of the faot that the Hmett equation has not been applied, ae far ae 

we Imow, to reaotions at the 9,10-positiona of phenenthrene. Prevlour 

rate data’ on the addition 

not fit HaPmettle plot. A 

transition atate is rigid. 

with au eleotrophllio or a 

transition &ate. 

of bromine to substituted phenanthrenes doe8 

negative entropy of aotivaticm ahowe that the 

The low fvalue of -0.62 ie con&ate& only 

radioal attaok not involving a highly oharged 

We are oontinulng this wek with appropriate deuterated oompouuds with 

the objeot of delineat- the meohenlsm of chromic acid oxidation of 

phenanthrenes and other polycyolio aromat lo hydrooarbona . 
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