
1826 NOTES Vol. 69 

James and Wei~be rge r ‘~  for the sulfite inhibition 
of the autoxidation of hydroquinone. In the 
absence of foreign substances the latter reacts ac- 
cording to Class I-E.’ Figure 2 shows that the 
rate approaches independence of the sulfite con- 
centration with increasing concentration of the 
inhibitor. Figure 3 shows that the dependence of 
the rate upon the concentration of hydroquinone 
is approximately first-order in air, and about 
three-halves order in oxygen. Equations (26) 
and (37) to (40) indicate that the rate for mixed 
inhibition becomes independent of the inhibitor 
concentration when the latter becomes sufficiently 
high. Equations (37) to (40) also indicate a rate 
dependency between first- and second-order with 
respect to hydroquinone and oxygen, respectively. 
Both dependencies conform with the experimental 
 observation^.^^ The inverse proportionality of 
rate to inhibito: concentration reported by James 
and Wei~sberger‘~ follows from specific conditions, 
particularly from those leading to equation (40). 

The autoxidation of an inhibitor is occasionally 
catalyzed by the substrate. The mechanism is 
similar to that outlined in the catalysis section of 
this paper where C is replaced by S or T, and R 
by I .  

When 1-ascorbic acid is added to sblutions of 
N-methyl-p-aminophenol prior to the start of 
autoxidation, the reaction is inhibited, but if it is 
added after the start of the autoxidation, the re- 
action is accelerated.& When 1-ascorbic acid is 
added to solutions of pseudocumohydroquinone or 
2,4-diaminophenol, the autoxidation is catalyzed 
when the ascorbic acid is added prior to or after 
the start of the reaction.’” When pseudocumo- 
quinone is added to a solution of ascorbic acid after 
autoxidation has commenced, a very efficient 
catalysis of the autoxidation takes place.& 

These phenomena were explained& with the 
rapid reduction of the respective quinonoid com- 
pound to the semiquinone by the ascorbic acid. 
If the reduction of the quinone by ascorbic acid is 
too slow, for instance, when duroquinone is added 

to an oxidizing solution of sscorbic acid, no cataly- 
sis is observed. On the other hand, if the reduc- 
tion of the quinone to the hydroquinoid state is so 
fast that the reduction of the semiquinone pre- 
vails over its autoxidation, the rate behaves aot as 
though the quinone had been added but as though 
ascorbic acid had been replaced by an equivalent 
amount of the hydroquinone. This is observed 
when benzoquinone is added to an autoxidizing 
solution of ascorbic acid. Let HrA, SA, and A 
represent 1-ascorbic acid, its semiquinone, and 
dehydroascorbic acid, respectively. Similarly, 
let HnQ, Sq, and Q represent the given hydro- 
quinone, its semiquinone, and the quinone, re- 
spectively 

Hd + Q J_ SA + So 
SA + Sa S A  + H aQ 
SA + 4 + A + 4- 
So + 0, * Q + 4- 

ka&>kC&: The quinone will be reduced 
to the bydroquinone, no catalysis will take place 
(benzoquinone and 1-ascorbic acid). 

the semiquinone and the quinone will act as a 
catalyst (pseudocumohydroquinone and l-ascor- 
bic acid). 

k,&, k,, k d  > Rb : Inappreciable catalysis, slow 
reduction of the quinone (duroquinone and l-as- 
corbic acid). 

“Induced oxidation” (“oxygen activation”)20pa1 
will be observed if the hydrogen peroxide, the per- 
hydroxyl ion or semiquinone oxidizes a compound 
which has been added to the reaction mixture. 
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k, > &b, kd &&, > kb : The reduction Stop a t  

summary 
The rate laws of the oxidation of enediols, hy- 

droquinones, enolamines and their vinyl andogs 
in the presence of foreign catalysts and inhibitors 
are derived and discussed. 

(20) Jorissen. Rcc. f r 4 v .  china., M, 147 (1945). 
(21) Joriroan and VanCPlcar, i b i d . ,  6& 284 (194s). 
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NOTES 

On the Addition of Formic Acid to Dicyclopenta- 
diene 

BY TELIX BERGYAXN AND HELENE JAPHE 

Several examples, reported in the literature, lo2 

demonstrate the outstandin ability of one double 
bond in dicyclopentadiene 71) to add various re- 
agents. Those additions, which proceed under the 
influence of strong electrophilic catalysts (e. g., 

(1) Alder nnd Stein, Ann . ,  W, 211 (1931). 
(2) Bruson and Riener. Taw JOWUAL, 6T, 1178 (1946): 68, 8 

(1946). 

sulfuric acid, boron Muoride,  etc.), involve a . 
molecular rearrangement,* which, according to 
Bartlett and Schneider,‘ follows the ionic mecha- 
nism of the Wagner-Meerweh feaction and 
leads to the “exo”-derivatives of dicyclopenta- 
diene. Bruson, in a recent patent,‘ states that or- 
ganic acids with “dissociation constants of about 
1.5 X lo-’ or more” promote the addition reac- 
tion by their own acidity. We have now observed 

(3) Bmson ud Riena. ibdd., e?, 723 (IMS). 
(4) Bartlett and Schneider. ibid., 68, 6 (1946). 
( 5 )  U. S Patent 2,386,462; C. A , .  M, 8188 (1946). 
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that even boiling formic acid (K." - 1.77 X lo-'; 

dicyclopentcnyl formate (IIa or b) in nearly 
quantitative! yield, w b m s  B m n  states in his 
example t&t the addition of formic acid is 
achieved in about 71y0 yield by catalysis with 
40"ro sulfuric acid. That our reaction likewise in- 
v o b  an "endolxo-rearnngemet," was shown 
by saponification of I1 to dicyclopentenol (IIIa or 
b), identical with the product obtained by d b t  
hydration of I in the presene of sulfuric acid.' 

The reaction described here provides a most 
convenient route for the preparation of dicyclo- 
peutenol and its higher homologs. We have 
found, e. g., that tricyclopentadiene (IV) by the 
same method gives a qunntitative yield of tricy- 
clopmtenyl formate (Va or b). In  addition, we 
have been able to develop the uncdtalyned addi- 
tion of formic acid into o. method for the quanti- 
tative determination of dicyclopcntadiene.' 

K.* - 1.55 x lO-')';ddSdirectly to  I to  produce 

0 

I 

IIIa I I I h  
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mm.). Yicid WIU 171 r., 96%. Broaon' nportr a boil- 
ing point d 111-112' (10 mm.): m% 1.Isg); a% 
1.5010; die  1.113; M R D  48228. 

A d .  U c d .  farCIIH1401: C, 7'2.4; fl, 7.9. Found: 
C, 74.3; H, 7.7. 

The f a m a t e  WIU saponifmi by refiuxing with 1.5 cquiv- 
dents of ethandic: potassium h e o x i d e  fa e h t  h. 
T h e  sdvent waa then distilled OB, the residue taken up  
with benzene and +a~hcd with water, w l o p c n t m d  
(111) distilled at 83-86" (2 mm.), aS a dar, d a b s  
li uid d bigti \risosity. I t  ertrts a s t m a &  ursthtic 
e;fect on the human tongue' a".% 1.6#)6. Brosoa' 
reports n% 1.w. me denp~ureth~n of I I I  melts 
a t  163' (Bnuon. l64-lSrr0~ and s h a  no dcpasior i  
upon admixture of the phenylurethan, prqm-4 from 
dicyclopentcnd arrording to literature.' 

Dih~dro++oprot~fi F m e . - T k  f m t e  (11) 
was mixed rnth an equal  vdumc of W% alcohol and hydro- 
genated over R a c y  nickel at rooui temperature ilnd 
atmospheric pressure. The required amount of hydrogen 
was absorbed during two h w n .  Distillation gave a 02s; 
yidd of a cdaln* dil, b. p. 137' (35 mm.),  #'ID 1.4870. 

C, 73.1; H, 9.0. 
Tt-icydopenrcnp.1 formate (V )  was prepared in the same 

way, as described before, by eight hours of reflux. I t  
boil.; ;it 1:No (0.2 mm.) and forms a cdorleo, virouri 
liquid: ntlfi 13352; dIe 1.162 MXD 66.40; yield was 
quaii t i b t  ive . 

A d .  C r r l ~ r .  for CzJirU,: C, 78.7; €1, 8.2. Pound: 

A d .  CPlcd. for CIiH&: C, 73.3; H, 8.Q. Fmd: 

C, i X . 6 ;  I i ,  X.: t . 
Spoonificatioii of I., as d m i b e d  above, gave a 957; 

yield d tricyrlopcntmd in an c x n l k n t  state ol purity, 
11. 11. lMo (0.4 mm.). The sutrJrtpan formed a hard, 
brittle glass, which after statidiiig for three monthr crista!- 
lircd spontaiirously and then showed an m. p.  of 115 , 
as cl t r r ibnl  hy Bruson and Hiener.' No indication of t h r  
prcscricc of ;in i w m a  wtu found. 
I ) A S I E L  SIKPP Knserum I ? ~ S ~ ~ T C T B  
~ X l l O V O T l l .  I'ALBSTISK HKCBLYHD FBBRCARY 8 ,  1w7 
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A Parabolic &Won between Bond-Ordet m d  
Interatomic Distance 

BY J. L. KAVASAV 

The author' has advanced an empirical relation 
betwten bond-order, N, and interatomic distance, 
D (in A.)  

where nl arid nt are the prtricipal quaxiturn tium- 
bers of the valence electroris in the bonded atoms 
and a arid b are constants for the specific atom pair. 

main'  has recently proposcd a generalized 
m 3 cation of ( 1 )  to 

where Z is the s u m  of the atomic numbers of the 
bonded atoms and K I  and K ,  are constant for all 
atom pain having the same values for nl and *. 
Lagcmanri has shown an average per cent. devia- 
tion of only 1.:3yb between e x p w h e n t a l  inter- 
atomic distance values anti those given by q u a -  
tiori ( 1 ) for a nurriln~ of first row linkages. 

1 1 )  J I. Y.vmamu. J L k m  I ' h y s .  la ,  467 11044)  
(2; R T In#erman. i h d  14, 743 (1948) 


