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Abstrrt-Oxidation of desoxybenxoin with 1M HNO, at 60” in 40% dioxan gives benxoin (253, benxil 
(12%) and degradation products (benxoic and p-nitrobenxoic acids and benxaldehyde) (62%), while in 
70% acetic acid, benxoin (46x), benxil (11%) and the degradation products (41%) are produced. Flenxil 
and benxoic acids are probably formed directly from desoxybenxoin, since both benxoin and betuil are 
stable under these conditions. The oxidation rate of pnitrobenxyl phenyl ketone to benzoic acids is 
expressed as: L[H,O+] ,[ArCH,COPh]. A scheme involving acidetalysed enolixation of desoxy- 
benzoin is suggested and discussed on the basis of the kinetics and the oxidation behaviour of assumed 
intermediates. 

NITRIC acid oxidation of aromatic ketones produces benzoic acids or furoxanes 
etc.‘. 3 The mechanism involves the nitrosation of the substrate, but it is obscure 
whether the nitrosation occurs via H-atom abstraction or an attack on the nitro- 
sonium ion.4 

The present paper deals with the nitric acid oxidation of desoxybenxoin. We 
found that H-atom abstraction did not occur even in desoxybenxoin containing 
benzylic hydrogen. Desoxybenxoin was easily oxidized with 1M HNO, containing 
a small amount of nitrous acid @a. 005M) at 60”, a temperature lower than that 
for other benzyl compounds (!IO”)s to afford benxoin and benzil together with C-C 
bond fission products, i.e., benxoic and p-nitrobenzoic acids and benzaldehyde. 

PhCHsCOPh -+ PhCH(OH)COPh + PhCOCOPh + PhCOsH + pNO,C,H,COIH + PhCHO 

Possible mechanisms are discussed. 

RESULTS AND DISCUSSIONS 

Products. Desoxybenzoin (ca. 033OM) was treated with l-2M HNOs containing 
0-005M HNO, in both aqueous acetic acid and aqueous dioxan at 60” for 8 hr. The 
chloroform extract of the reaction mixture was washed with aqueous sodium hydrox- 
ide, and then both layers were analyzed independently by GLC. Benxoin, benzil, 
benzoic and pnitrobenzoic acids and benzaldehyde were identified. 

The following observations suggest that benxoic acid is not formed via benzoin, 
benzil, or benxaldehyde and that betil is not formed via benzoin. (i) Ben&n is 
stable, although desoxybenxoin was oxidized almost completely under these con- 
ditions (ii) Benzil is also stable (iii) Benxaldehyde was unchanged under these 
conditions, although it is often susceptible to oxidation. The yields are shown in 
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Table 1, where it is taken into account that two moles of benzoic acids or benzaldehyde 
are formed from one mole of reactant, desoxybenzoin. The yield of p-nitrobenzoic 
acid is low (ca 20% of benzoic acids). The yields of benzaldehyde is very low. The 
C-C bond fission takes place more readily in aqueous dioxan than in aqueous acetic 
acid 

TABLE 1. Y~LDS OFPRODUCTSINTHENITRICACIDOXIDATIONOFDLSOXYBENZOINAT~O 

Initial cont. : [NaNO,] = 0X105 M, [PhCH,COPh] = 032 M 

[HNO,] Benzoin Benzil Benzoin + Benzil (ArCOOH + PhCHO)/Z [PhCHO]/[ArCOOH] 

(Ml (%I (%I (%I (%I x loo 

1.0” 25 12 
l*ob 28 12 
I@ 47 11 
2.v 47 12 
10 17 45’ 
1.0 59’ 49’ 
3.0 8.7” 43’ 
4.0 7.7’ 45’ 

37 62 9 
40 60 10 
58 42 20 
59 40 20 
59 36 - 
54 - 
52 - 
52 - - 

’ In W”/, dioxan. 
b In WA dioxan. 
’ In 70% acetic acid. 
* In WA acetic acid. 
’ The reaction at 90”. 

Benzoin is slowly oxidized to benzil at !W, but a higher temperature and acidic 
solvent do not increase the yields of benzoin and benzil from desoxybenzoin (Table 
1). The yields of benzoin and benzil increase with decreasing content of water in the 
solvent acetic acid and with decreasing polarity of the solvent (Table 2). Here, the 
total yield was below looo/,, since the yield of benzaldehyde was not estimated. 

TABLET. POLARBPWCTOFSOLVBNfONPRDDUClSMTliJ3NITlUCAClDOXIDATIONOFDLSOXY- 
BENZOlNINAQUI?OUSACElTCACIDAT60° 

Initial cont.: [HNOJ = 1.0 M, [NaNO,] = ooO5 M, [PhCH,COPh] = 030 M 

AcOH 
(%) 

Benzoin Benzil 
(“/,I (%I 

Benzoin + Be& 
(%) 

PhCO,H + p-CsH,CO,H 
(%I 

40 31 10 41 49 
50 42 13 55 35 
70 45 14 59 34 

The reaction of substituted desoxybenzoin. The yield of the C-C bond fission 
products, i.e., benzoic acids, is higher in aqueous dioxan than in aqueous acetic 
acid (Table 3). Table 3 shows that the C--C bond fission occurs more readily if the 
benzyl phenyl ketone has an electron-attracting group. 
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TABIE 3. YlaLDs OP BENZOIC ACIDS IN THE NITRIC ACID OXIDATION OF SUMllTWBD 

Bm-zYL PHENYL KJnONe3 IN vARKlus SOLvEms AT W.’ 

p-XC6H,CH2COC,H, -+ pXC,H,COOH + C,H,COOH 

solvent suhstitucnt 
X 

Yield (%) 
p-X-C,H,COOH C,H,COOH 

700/, AcOH CH, 26 54 
70% AcOH Cl 38 65 
70”/, AcOH NO, 56 86 
40% dioxan CH, 42 63 
60% dioxan Cl 61 72 
WA dioxan NO, 81 87 

a Initial cont.: [HNO,] = la M, [NaNO,] = 0905 M, [ArCHzCOPh] = 0928 M 

Kinetics of the nitric acid oxidation of p-nitrobenzyl phenyl ketone. The rate of the 
lnitric acid oxidation ofpnitrobenxyl phenyl ketone was followed by the spectrophoto- 
metric estimation of benxoic acid in 70% acetic acid (30 ~01% water-70 ~01% acetic 
acid) at 60”. The reaction did not start in pure nitric acid, but only after a small 
amount of nitrous acid was added, but the rate was not influenced by nitrous acid 
concentration as shown in Table 4. The oxidation of p-nitrobenzyl phenyl ketone 
with excess nitric acid was first-order with the substrate, and was independent of 
the concentrations of nitric and nitrous acids as shown in Tables 4 and 5, where the 
rate constants are compared at constant acidity. Therefore, the rate is expressed as : 

u= k[ArCH,COPh] 

TAB= 4. EFFEZX OF NlTROUS ACID CONCENTRATION IN TliJZ NITRIC AClD OXIDA- 

TiON OF ~NITROLBENZYL PHENYL KETONE IN 70% ACETIC ACILI AT 60” 

Initial wnc.: [HNO,] = 19 M, [ArCH,COPh] = 0024 M 

CNaNW (Ml Induction period (hr) 10’ k(scc- ‘) 

None >5 - 
Ml05 - 148 
0010 - 1.45 
0015 - 1.43 

The rate is enhanced by the acidity of the solution, but the plot of log k vs H, (acidity 
function) does not give a straight line. Hammett et al. observed the proportionarity 
of the first-order rate constant with [H,O+] but not h,for halogenation of aceto- 
phenones6 Also, in the present reaction, the first-order rate constant is proportional 
to [H,O+ J, i.e. the plot of log k vs log [HNOj + HzSOJ gave a straight line with 
a slope of ca. O-8 (Pig. 1). 

The rates for the oxidation of substituted benxyl phenyl ketones were measured 
in 70% acetic acid at 60”. The observed first-order rate constants, l@k see- ‘, were 
1.48 for p-NO,, O-65 for p-Cl, @28 for pCH,. The order, p-NO2 > p-Cl > p-CH,, 
is consistent with that for enolization of desoxybenzoins.’ 
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TABLE 5. Eimcr OF I- CONCENTRATION OF NITRIC ACID AND PNITRO- 

BENZYL. PHENYL KITONE ON THE RA?B CONSTANl% IQll THII NITRIC ACID OYJDA- 

TION OF ~NITROBENZYL PHKNYI KJXONIS IN 70% ACETIC ACID AT 60” 

Initial cont. : [NaNO,] = 0005 hi 

CHNW (Ml [ArCH,COPh] (M) 104 k&c-‘) 

l-0 
1.0 
1.0 
0.r 
@4’ 
0-6’ 
0.8” 
l(P 

0050 1.59 
0.03 1 148 
@028 1.61 
0.030 1.286 
0.030 l.32b 
0029 1.31b 
0lX?8 l@ 
0.030 l.32b 

’ In the presence of @2 M sulfuric acid. 
b The corrected values at a definite acidity of [HNO, + H,SO,] = 1 M. 

1.4 

g1.2. 

FIG. 1. Plot of log k vs. [HN03 + H,SO,] for the nitric acid oxidation of p-nitrobemyl 
phenyl ketone in 70% acetic acid at 60”. 

Initial cow.: [HNO,] = 040 M, [NaNO,] = OOOS M, [p_NO,C,H,CH,COPh] = 
0030 M. 

Mechanism. The mechanism for the nitric acid oxidation of desoxybenzoin seems 
to involve two parallel pathways leading to benzoic acids and benzoin. Neither 
pathway involves H-atom abstraction, since benzoin, more susceptible to H-atom 
abstraction, is stable under the conditions. 

The kinetic results suggest the intervention of the acid-catalysed ratedetermining 
enolization of desoxybenzoin (Eq. 1) in view of the following facts. (i) The rate is 
first-order in pnitrobenzyl phenyl ketone and is independent of nitric and nitrous 
acids. (ii) The rate is proportional to [H,O+] rather than h,. (iii) An electron-attract- 
ing group accelerates the reaction.’ 

PhCH,-COPh + H’ -=PhCH,--&--Ph* PhCH=CPh + Ha04 (or HB+) 

1 (or&B) 1 
(1) 

OH OH 
I II 

Here, simultaneous attacks of NO+ and NO, on en01 II are not conceivable, 
since more enolizable benzoins is inactive under the same conditions, i.e., if the 
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enol II reacts with NOz, en01 of benxoin should react with NO2 to give benzil. 
The fact is explained by assuming that NO+ is much more reactive than NO,. The 
reaction of benzoin with NO+ should reach the following unimportant equilibrium 
rapidly and then subsequently reaction is not expected, because the enolization 
of the product is impossible. 

OH OH OH OH OH 0 

I I I 
PhCH(OH)COPh = PhC =CPhNOI_ 

I -“’ 
- PhC---$Ph = ,,A--!,, (2) 

I I 
NO NO 

On the other hand, dexoxybenxoin can react with NO+ to form benxihnonoxime 
(V), similarly to the nitrous acid oxidation of aliphatic ketones4 

PhCH=CPh + NO - + - PhCHJPh = PhCH-CPh - PhC-CPh (3) 

I I I I II II II 
OH NO OH NO 0 NO 

I 
OH 

II III IV V 

Our observations described in the following are consistent with the above assump- 
tions. 

The reaction of desoxybenzoin with N,O,. De~oxybenzoin or benxoin was treated 
with ca. 0-09M N,04 in glacial acetic acid at room temperature. The results are 
shown in Table 6. In a polar solvent such as acetic acid, N,O, should dissociate 
as shown be10w.~ 

2 NO2 = N201= NO+ + NO; (4) 

TABLE 6. THE PRODUCTS OF ‘THE REACTION OF DBfOXYBBNU)IN AND BENZOM WITH 

NzO, IN OW~JAL ACETIC ACID AT ROOM TZMPEIU~JI& 

Substrate Reaction time (hr) Prcduct 

PhCH,COPh 
PhCH,COPhb 
PhCH(OH)COPh 
PhCH(OH)COPhb 
PhC(=NOH)COPhb 

45 None 
46 PhCOCOPh 
46 None 
45 None 
72 PhCOCOPh 

a Initial cont.: [substrate] = OQSO M, [N201] = ca. @0!9 M. 
b @I ml (corresponding to OQ36 M) H,SO, was added. 

In the absence of strong acid, the oxidation reaction does not occur, probably 
because the substrate (desoxybenxoin) is not enolixed. In the presence of strong acid, 
desoxybenxoin was slowly transformed to benxil (73% after 46 hr), while benxoin 
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remained unchanged. The results suggest the conversion of desoxybenzoin to 
benxilmonoxime (V), which forms benzil by hydrolysis as shown in Eq. 3. Benxil- 
monoxime gave a quantitative yield of benxil under similar conditions. Hence, 
benzihnonoxime was probably hydrolysed during the extraction procedure after 
the reaction. Both benzoin and desoxybenzoin remained unchanged in the same 
reaction in ether. NzO, in ether dissociates only to nitrogen dioxide.” 

A. A pathway to benzoic acids. Benxilmonoxime (V) was easily oxidized with 1M 
HN03 at 60” in 70% acetic acid to benzoic and pnitrobenzoic acids in a molar ratio 
of 8 : 2. This molar ratio is comparable to that observed in nitric acid oxidation of 
desoxybenzoin. Although the nitration mechanism for the present reaction is still 
obscure, it certainly involves benzilmonoxime. 

Benzihnonoxime does not give benzoic acids in glacial acetic acid in the presence 
of N,O,, but it is slowly transformed to benxoic and pnitrobenxoic acids in aqueous 
(loo/, water) acetic acid (Fig. 2). 

I I 

20 40 60 80 loo 120 140 
Reaction Time (hr.) 

FIG. 2. Variation of yields of (benzoic and p-nitrobenzoid acids) and benzil in the reaction 
of benzihnonoxime (V) with N,O, in WA acetic acid at room temperature. 
Initial cont. : [H,SO,] = 0036 M, [PhC(=NOH)COPh] = 018 M, 

p&O.] = ca. 09 M. 

Q(PhCO,H + p-NO,C,H,CO,H), . PhCOCOPh. 

Benzoic acid may be formed as follows : 

NO, NO, NO, 

PhC-CPh + NO,=Ph L -CPh 
NOa 

W Ph -CPh%: A Ph CL 

L! k 

-CPh + HNOt 

8 IL8 ONO- k8 HO- 

A H b H b H b H 

V VI VII VIII 

NO, 

VIII- Ph L 

kOH 

+ PhCO,H 

IX “20 
\ 

PhCOzH 

(5) 
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This scheme involves an intermediate (IX) analogous to 6_nitro-&hydroxyimino- 
hexanoic acid suggested in the nitric acid oxidation of cyclohexanone. ’ i* * 2 

B. A pathway to benzoin. In the nitric acid oxidation of desoxybenzoin, an appreci- 
able amount of benzoin is formed besides the benzoic acids. Benzoin was not formed 
from benzilmonoxime (V), and H-atom abstraction from desoxybenzoin with NO? 
is also impossible as described before. Hence, a probable preliminary step is as 
follows. 

-H’ 
PhCH==CPh + NO+ = PhCH--CPh- -PhC=CPh 

I i I 
OL OH OH ON OH 

(6) 

II III X 

Intermediate III may give X besides IV (Pq. 3). X may give XI in view of the favour- 
able attack of NOz to give the more resonance-stabilized structure. 

PhCbCPh + NO2 

NO, 

- PhC-C-Ph ’ 1 II I 
N OH 

I 
X XI 0. 

ON0 NO1 OH NO, OH OH 

I I 
XI -N203 PhC=====CPh s PhCH(OH)COPh (7b) 

XII XIV 

NO, NO, NO1 Not 
I I I 

- N103 PhG=CPh 
I 

PhC-V-Ph - - PhCH-COPh (7c) 

iJO AH 
I 
OH 

XIII XIIIa 

XII can readily be hydrolysed to XIV. l3 Nitrogen trioxide may be eliminated from 
XIV to form the enol of benzoin, since the bulky nitroso compound is decomposed 
easil~.‘~ It is explained in terms of intermediate X why benzoin does not form benzil, 
while desoxybenzoin gives benzoin (Pq. 2). 

C. A puthwuy to be&. Hydrolysis of benzihnonoxime (V) leads to benzil. The 
yield of benziI in the nitric acid oxidation in aqueous acetic acid is nearly equal to 
that in aqueous dioxan in spite of a decrease in the yield of bcnzoic acids (Table 1). 
This is due either to the faster hydrolysis than oxidation of V in aqueous acetic acid or 
to the presence of another pathway to give benzil alone. However, oximes may be 
more easily oxidized in aqueous acetic acid than in aqueous dioxan as exemplified by 
benzaldoxime under these conditions (/PhCO,HHPhCHO] is 5 in 70% AcOH and 
0 in 40% dioxan) Hence, benzil may be formed from both V and XIIIa,15 and the 
total yield remains nearly constant in spite of variation in the total yield of benzoic 
acids. 

V H,O’ PhCOCOW -H,O+XIIIa 
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The possible source of benzaldehyde is u-nitrodesoxybenzoin (XIIIa), which is 
known to form degradation products at higher temperature.16 The higher yield of 
benzaldehyde in aqueous acetic acid than in aqueous dioxan (Table 1) is explicable 
by assuming pathways of Eqs. 6 and 7c, and intermediary XIIIa. 

NO, NO, 

Ph fi H-COPh - Ph A H-ON0 + PhCaNO 

lb 

(8) 

XIlIa 

I 

--NA 

I 

Hz0 

PhCHO PhCO;tI + HNOz 

These facts suggest an overall mechanism for the nitric acid oxidation of desoxy- 
benzoin. 

HNO, + HNO, + N,O, + H,O 

2N0 2 + N,O, + NO+ + NO; 

PhCH,-COPh H’ PhCH,dPh -$- PhCH=CPh 

A H b H 

I II 

(9) 

(4) 

NO 
NO+ 

II z===z 
-Hi 

--H+ 

// 

bH = 

To 
III 

PhCHCOPh 

I IV 

PhC--CPh 

! II 

II V 
NO, 

PhfAPh 

‘Y 
? 

i)H 
NO, VI 

I 
y02 

PhC-COPh 

ONO-+ 

OH VII 

NO 

Ph tL = CPh 

b 
X 

NO NO, NO NO, 

Ph 1.-L -Ph or Ph L-L -Ph 

ON b A H 
XII k”& 

I 
Hz0 

I 
--ND, 

NO NO, 
PhC =CPh 

Ph ALi -Ph 
A&H 

H A A H 

XIV 
II 
NO2 

L Ph H-COPh 

XIIIa 
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VII 

I 
HA 

XIV 

-N,O, 

XlIIa 

r;lO2 

PhdS-COPh 

HO- k 

b H 

I 

VIII 
-PhCO,H 

PhC-. :CPh 
I , 
OH bH 

II 
PhCH(OH)COPh 

PhCHO 

+ 
PhCO,H 

PhCOCOPh 

b H 

IX \ 
IGO 

PhCO,H 

Intermediate III leads to IV and X. Since V did not give benzoin, the isomerization 
of IV to V may be irreversible. The hydrolysis of (VII + VIII) or (XII --, XIV) is 
probably involved in this scheme, since both desoxybenxoin and benxilmonoxime (V) 
gave neither benxoin nor benxoic acids in the absence of water. 

The solvent effect on the products distribution is explained as follows. The yield 
of benxoin is lower in a more polar (more aqueous) solvent (Table 2), probably 
because the carbonyl group of IV (keto type) is more solvated than X (enol type), 
and the equilibrium between IV and X shifts to the left and the concentration of 
X (enol type) decreases in more polar solvents as has been reported.” In aqueous 
dioxan, in spite of its lower polarity, the yield of benxoin is lower and it varies little 
in both 40 and 60”/, dioxan (Table 1). The pathway to benxoic acids is unfavourable 
in terms of the equilibrium between IV and X, as the solvent changes to less polar, 
i.e., from 40 to W/o dioxan, but the solvation of NOz with dioxan should make NO, 
less reactive in the reaction of X with it. Hence, the effect of the solvation on theequilib- 
rium (IV + X) and the effect of the solvation on NOz are compensated and thus 
little change of yield of benxoin is observed by changing solvent polarity in aqueous 
dioxan. 

An electron-attracting group favours benxoic acid formation (Table 3), but the 
substituent effect on the equilibrium between IV and X, and on their reaction is 
still obscure. 

EXPERIMENTAL 

Materids. Desoxybenzoins were prepared by the FriedeWrafts reaction of the corresponding acid 
chlorides with benzene,‘* except p-nitrobenzyl phenyl ketone which was prepared by nitration of desoxy- 

benzoin.‘g Desoxybenzoin, mp. 56’. lit. 2o 56”; p-methylbenzyl phcnyl ketone, mp. 95”. lit.” 95-5”; 
p-chlorobenzyl phenyl ketone, m-p. M-137”, lit. I” 1365”; pnitrobenzyl phenyl ketone, m.p. 145”. lit.” 
144”. Benzoin, m.p. I361 37”. lit. 21 137”. benzil. m.p. 965’. lit.” 95”; benzoic acid. m.p. 122” lit.*’ 122.4”: 
rmethylbenzoic acid, mp. 181” lit. ” 17&181 ; p-chlorobenzoic acid, m.p. 242 , lit.” 243’ ; p-nltrobenzolc 
acid, mp. 240-S”, lit. ” 242.4”. Nitrogen dioxide was prepared by thermal decomposition of dmitrogen 
pentoxide and stored as a soln of WI,.” &Etenzilmonoxime was prepared by the reaction of benzil with 
hydroxylaminc sulfate, rap. 108”. lit’s 113-l 14”. 
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The reaction of desoxybenzoin with 1 M nitric acid in aqueous media 
Jdentiflcation of products. MA dioxan, or 40-70% AcOH containing 1M HNO, and w3M desoxy- 

benzoin was thermostated. The reaction was initiated by adding OOOSM NaNOlaq. After 8 hr. the reaction 
mixture was extracted with CHCl,, and the extract was washed with NaOHaq. The aqueous layer was 
acidified with HCl, and the ppt was esteriliad with MeOH, and it was analysed qualitatively with GLC 
furnished with a flame ionization detector operated with a 2 m x 3 mm column packed with Apiezon 
grease L 15% on Celite 545 of 80-100 mesh using N, flow rate of -30 ml/min. The peaks were identical 
with those of authentic methyl benzoate and methyl pnitrobenzoate. The carboxylic acids formed in the 
nitric acid oxidation of desoxybenzoin were also identified by comparison of IR spectra with that from 
authentic samples. 

The chloroform layer was dried over Na2SOI, and benzaldehyde and benzoin (or benzil) were detected 
by GLC. Benz& was not separable from be&l. On evaporation of CHCl,, benxoin was obtained, m.p. 
134”. lit.” 137”, and the IR spectrum was identical with that of the authentic sample. Benzil was detected 
from the mother liquor by UV spbctrum (260 mp) and GLC analysis. 

The qumtitutiw malysis. Iknzoic acids we-re measured as follows. The CHCl, extract was washed 
with NaOHaq and after the aqueous layer was acidified, benzoic acids were extracted with ether. The 
extract was washed with sat NaClaq, diluted with MeOH and the content of benzoic acids was me.asured 
UV spectrophotometrically by means of simultaneous equation at 229 and 264 mp for pnitro- and at 
225 and 245 mp for p-chloro- and pmethylbenzyl phenyl ketonea. The molar absorbances with wave- 
length (mp) of be.nzoic acids in MeOH are as follows; p-NO,, 1,264 mp (log e 404); p-Cl, 1,236 mcI 
(log E 4.20); H, L 228 mp (log E 404); pCH,. J._ 236 p (log e 4.13). 

After washing of the CHCl, extract with NaOHaq, and then dilution with MeOH containing a small 
amount of acid, benwin and benzil were estimated by means of the UV absorbancea at 235 and 270 rnk 
The molar absorbances are as follows : bed, 2,260 mp (log E 4.25) ; benzoin, &_ 247 mp (log e 408). 
Benzaldehyde was estimated by GLC using chlorobenzcne as an internal standard. 

The reaction of desoxybenzoin with dinifrogen tetroxide. Demxykmoir~ was dissolved in organic sol- 
vents, e.g., ether or glacial acetic acid, and if ncassary, @l ml HISO, was added. A ccl. soln of N,O, 
was added and the mixturc kept at room temp. The mixture was treated with NaOHaq, and both organic 
and aqueous layers were measured by GLC and UV spectrophotometry as described above. 

Kinetic procedure. A mixture of the proper amount of HNO,, substituted benxyl phenyl ketone and 
70”/, AcOH as solvent was thermostated at 60”. The &on was initiated by addition of OOSM NaNO, aq. 
The reaction mixture was taken out at appropriate intervals of time, and benzoic acid was estimated by 
means of UV as shown above. 

’ Contribution No. 133. 
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