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ABSTRACT 

This dissertation consists of three parts. The 

first part, the selenium dioxide oxidation of ketones, 

clarifies the mechanism of this reaction. Enolization 

cannot be a distinct step in the reaction mechanism. A 

rate determining enolization can be eliminated because 

the reaction rate exhibits a first order dependence on 

selenium dioxide concentration. Deuterium exchange 

experiments rule out the possibility of a fast and 

reversible enolization. 

The selenium dioxide catalyzed oxidation of 

ketones with hydrogen peroxide is investigated in part 

two. This oxidative rearrangement was found to be 

catalyzed by sodium acetate and a mechanism similar to 

the selenium dioxide oxidation of ketones is proposed. 

An investigation of the use of selenoxides and 

seleninic acids as oxidizing agents for organic molecules 

constitutes the third part of this dissertation. The 

oxidation of ketones to diketones with selenoxides indi

cate that they hold some promise as oxidants for organic 

compounds but that a system which is ideal from the point 

of view of selectivity and general applicability has not 

ix 



been found. Seleninic acids on the other hand are very-

strong and potentially useful oxidants. Seleninic 

acids will oxidize ketones to diketones, methyl ketones 

to ketoacids, and amines to aldehydes in good yield. 

Their oxidizing capabilities seem to exceed or at least 

equal those of selenium dioxide. 



INTRODUCTION 

1. The Selenium Dioxide Oxidation of Ketones 

Selenium dioxide was first introduced as an oxi

dant for organic compounds by Riley in 1932 when he 

reported its use in converting ketones with a-methylene 

groups to 1,2-diketones.^" It was subsequently shown 

that selenium dioxide was able to effect allylic oxida-

2 
tions and certain dehydrogenations. Because of these 

specific oxidizing capabilities, selenium dioxide has 

found aboundant applications as an oxidant in the field 

of organic chemistry. 

In the kinetic studies of the selenium dioxide 

3 — $ 
oxidations of ketones by Mel'nikov and Rokitskaya, 

Duke,^ and most recently, Corey and Schaefer,"^ it was 

noted that the rate of oxidation generally parallels 

the rate of enolization of ketones. Corey and Schaefer 

examined in detail the conversion of desoxybenzoin to 

benzil in 70% acetic acid and found that the reaction 

is governed by the rate law 

-d[Se02]/dt = kCketonelCSeO^lLH"1"] 

The effect of ring substituents was found to be virtually 

1 



INTRODUCTION 

1. The I;icx.ide Oxidation of Ketones 

. ••• -r-.. -m t i f  w a s  f i r s t  i n t r o d u c e d  a s  a n  o x i 

dant fr r r^ jn; • crmr; uruis by Riley in 1932 when he 

repcrt' i : . n c r-.vf*rting ketones with a-methylene 

group:-- * - . - *. m:-s . * It. was subsequently shown 

•th.'H . .-f;. -<c; i, • * is iM" to effect allylic oxida-
2 

tiens -.r.-i r > •. '• • s<-r.ydrogenat ions. Because of these 

speci f: t ip.a-iiit i«s, selenium dioxide has 

fcur.o .• •ir.d'r/ <rrl . r;s ;,s an oxidant in the field 

:r of the selenium dioxide 

oxida*. : r,s : fry Mt-l'rtikcv and Rokitskaya, ~ 

Duk*>, ' (fvi an •>* r---c«n*.iy. Ccr'cy and Schaefer, it was 

not«'-4 *„.*.:*• r*:' • i . Nidation generally parallels 

the r?»t f • 5v ; ; i , n f ketones. Corey and Schaefer 

examines -r. , 1 t.h«- conversion of desoxybenzoin to 

bens i I :r; "'Of v;-*;. :: tcid and found that the reaction 

is gcv**ro«tt t*y * n*? rate law 

j/dit. k( ketone ][Se02][H+ ] 

The eff. <:.t < £ r;nf suhstituents was found to be virtually 

1 



2 

identical with their effect on acid-catalyzed enoliza-

tion.11 A deuterium-isotope effect (kH/kD) of 6 was 

found for the oxidation of dideuteriodesoxybenzoin. 

These and other considerations led Corey and Schaefer"^ 

to suggest the mechanism illustrated by equations I, II, 

and III for the reaction path. 

H2Se03 + H30+ T — H3SeO* + H20 (I) 

0 0Se0oH 
II I 

C6H5CCH2C6H5 + H3SeO+ slow> C^C^HC^ + H20 (II) 

OSeCLH 0 OSeOH 
1 fast » 1 

C6H5C=CHC6H5 > C6H5C-CHC6H5 

fast 

0 0 
II II 

C6H5C-CC6H5 + Se + H20 (III) 

12 13 
In a recent paper and monograph, Waters ' has 

pointed out that Corey and Schaefer's data are not incon

sistent with enolization being a distinct step in the 

reaction sequence. A reaction proceeding through an 

enol, which is slower than the enolization step, should 

also occur less readily with a deuterated ketone until 

the unreacted ketone has attained isotopic equilibrium 

with the solvent. Waters considers the slow step of this 

reaction to be the decomposition of a selenium II 
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intermediate which is formed by direct attack of selen-

ous acid on the enol (equations IV, V, and VI). 

0 OH 
II ha | 

C6H5CCH2C6H5 < - C6H5C=CHC6H5 (IV) 

OH 0 OSeOH 
1 II I 

C6H5C=CHC6H5 + H2Se03 > C^C-CHC^ (V) 

0 OSeOH 0 0 

'• I .low 11 11 

C6H5C-CHC6H5 ——*-C6H5C-CC6H5 + Se + H20 (VI) 

2. The Selenium Dioxide Catalyzed Oxidation of Ketones 

with Hydrogen Peroxide 

The oxidation of ketones by hydrogen peroxide in 

the presence of trace quantities of selenium dioxide 

results in the formation of carboxylic acids through an 

unusual skeletal arrangement, e.g. 

0 CO^H 
II 

H2°2__^ 

2 

Se°2 

C6H5OOCH2C6H5 SeOg >' <C6H5)2CHC02H 

This reaction was first reported in 1957 by Payne and 

Smith1*1" and although several papers1^"21 have appeared 
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since, surprisingly little has been done to develop and 

exploit this potentially powerful synthetic technique. 

Payne and Smith"1"^ investigated the oxidation of 

cycloheptanone, cyclohexanone, and cyclopentanone and 

found that along with other competing reactions, all 

three ketones underwent oxidative ring contraction to 

cyclohexane-, cyclopentane-, and cyclobutanecarboxylic 

acids in 34, 32, and 23% yields, respectively. 

0 c°2H n = 2, 3 

H2°2 / \ n = 1, 32% 

<CH2>n 

Se02 10H2,n 
n = 0, 23% 

Adipic acid was identified as another product of the 

oxidation of cyclohexanone. Higher boiling products 

were also obtained from the oxidation of cyclopentanone 

and cycloheptanone, but no attempt was made to identify 

them. These yields were obtained by carrying out the 

reaction in tertiary butyl alcohol at 80° for 2 hours 

using equimolar quantities of ketone and hydrogen perox

ide and about 2 mole percent of selenium dioxide. 

15-19 
Sonoda and Tsutsumi 7 have studied the 

rearrangement of several ketones in an attempt to eluci

date this new reaction. A summary of their results is 

shown in Table 1. These results were obtained by using 



TABLE 1 - Results from the Selenium Dioxide Catalyzed 

Hydrogen Peroxide Oxidation of Ketones 

Obtained by Sonoda and Tsutsumi 

Ketone Products % Yield Ref. 

Acetone 

2-Butanone 

Methyl n-propyl 
ketone 

Diethyl ketone 

Acetophenone 

Phenylethyl ketone 

Phenyl n-propyl 
ketone 

Desoxybenzoin 

propionic acid 40.7 
acetic acid trace 

isobutyric acid 27.3 
n-butyric acid 4.8 
acetic acid trace 
propionic acid trace 

methy1ethyla c et i c 
acid 22.$ 

n-valeric acid 5.7 
acetic acid trace 

methylethylacetic 
acid 32.4 

propionic acid 4.1 
acetic acid trace 

phenylacetic acid 9.6 
benzoic acid 12.3 
phenol trace 
acetic acid 

a-phenylpropionic 
acid 11.3 

benzoic acid 4-1 
phenol trace 
propionic acid 
acetic acid 

a-phenylbutyric 
acid 4.3 

benzoic acid 4.9 
phenol trace 
propionic acid 
n-butyric acid 

diphenylacetic acid 6.0 
benzoic acid 
benzil 
benzoin 
benzyl benzoate 

15 

15 

15 

15 

17 

17 

17 

18 



6 

2 g. of selenium dioxide, 1 mole of hydrogen peroxide, 

and 0.36 mole of ketone dissolved in 500 ml. of anhydrous 

tertiary butyl alcohol. 

In an attempt to gain some insight into the mech

anism of this selenium dioxide catalyzed oxidation of 

ketones with hydrogen peroxide, Sonoda and Tsutsumi 

IB 
studied in detail the oxidation of desoxybenzoin. 

It was confirmed experimentally that neither benzyl 

benzoate nor benzil are intermediates in the production 

of diphenylacetic acid. Because selenium dioxide does 

not promote the oxidative rearrangement reaction directly, 

lg 
Sonoda and Tsutsumi assumed that a higher oxidation 

state of selenium dioxide may be involved. Attempts to 

promote the rearrangement with selenic acid were unsuc

cessful. The oxidation of selenium dioxide with hydrogen 

2 2 - 2 L  
peroxide has been reported by several workers. ~ 

23 
Hughes and Martin proposed the formation of peroxy-

selenous acid in the course of the oxidation of selenium 

dioxide to selenic acid as shown in equation VII. 

Se02 + H202 c HOOSeOgH (VII) 

1$ 
Sonoda and Tsutsumi suggested that the peroxyselenous 

acid formed in solution attacks the ketone in a manner 

analogous to that of selenous acid"^ and proceeds accord

ing to the scheme outlined in Figure 1. 
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1$ 
FIGURE 1 - Mechanism Proposed by Sonoda and Tsutsumi 

for the Selenium Dioxide Catalyzed Hydrogen 

Peroxide Oxidation of Ketones 

OH 0 

0 
II 

0—Se 

0-0H 
0 C-CH2 0 HOOSeOgH ^ _CCH J HOOSeC^H 0__C_=_CH ^ 

0. '0-Se02H 

OH 

0—C-OCHo0 
ep ^ 

y-

0 

0-C-OCHo 0 

OH OH 
I I 

0-g-CH i> 

0 OH 

„ 11 1 „ 0-C-CH-0 

HOSeO, 

H 
A 

0-C CH 0 
I 
OH 

0 HO vp / 
.C—CH 

HO 0 

0 

HO-C-CH 
X. 
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3 S e l e n o x i d e  a n d  S e l e n i n i c  A c i d  O x i d a t i o n s  

Selenium dioxide has served the organic chemist 

well in past years; however, it has one very annoying 

disadvantage. The yields obtained are usually rather low 

owing to the formation of undesirable selenium ethers and 

esters which are difficult or impossible to separate from 

the products. Relatively little is known about the oxi

dizing properties of other selenium oxides. The infor

mation available concerning selenoxides and seleninic 

acids indicates that they may be potentially active oxi

dizing agents for organic molecules. 

That selenoxides possess oxidizing properties 

was first noted by Krafft and Lyons^ in 1396. They 

reported that selenoxides could be reduced to the cor

responding selenides with weakly acidic solutions of 

potassium iodide. Selenoxides are also reduced to selen

ides by heating with zinc in acetic acid or sodium 

26 27 
hydroxide solution, by alkylhydrogensulfites, or by 

23 
alkylpyrosulfites. These are the only reported examples 

of selenoxides being used to oxidize organic molecules. 

Seleninic acids in contrast to their isologues, 

sulfinic acids, possess a marked oxidizing capability. 

The oxidation of potassium iodide solutions to free iodine 

constitutes an efficient quantitative test for seleninic 
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acids.1-Anthraquinone seleninic acid will oxidize 

30 
ethyl alcohol to acetaldehyde and hydroquinone to qumone. 

Phenylseleninic acid has been reported to oxidize alkyl-

nitrites to nitrates, alkylhypophosphites to phosphates, 

acetaldehyde to acetic acid, mercaptans to disulfides, 

31 
and selenols to diselenides. 



RESULTS AND DISCUSSION 

1. Selenium Dioxide Oxidation of Ketones 

If the selenium dioxide oxidation of ketones 

involves the sequence 

HA + ketone 

Enol + HgSeO^" 

Enol + HA 

^-1 

k0 

-*• Products 

as suggested by Waters, it follows that the rate law 

must be 

rate 
k-^k^CketonelCH^SeO^ ][HA] 

k_1[HA ] + k2CH2Se03] (VIII) 

When k^CHgSeO^] » k -^[HA], that is when enolization is 

the rate-determining step, equation VIII reduces to 

rate = k-^[ketone ][HA ] (IX) 

From a logarithmic plot (Table 2, Fig. 2) of the initial 

rate of oxidation as a function of selenium dioxide con

centration, a straight line was obtained with a slope of 

10 
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0.97. This clearly indicates that the reaction is first-

order in oxidant in contrast to what is predicted by 

equation IX. 

Since selenous acid is the strongest acid pres

ent in $0Jo acetic acid, second order kinetics might be 

expected from this sequence because selenous acid would 

catalyze the formation of the enol and then disappear 

with the enol as it formed. This would lead to a second 

order enolization reaction. However, when the solvent 

was made 0.3 molar in trichloroacetic acid, the depend

ence of the reaction order on the concentration of selen

ium dioxide did not change (Table 3> Fig. 3)• These 

results eliminate any action sequence which involves a 

rate determining enolization. 

If a rapid and reversible enolization is occur

ring such that k -^[HA] » k^CHgSeO^], equation VIII 

simplifies to 

k k 
rate = ̂  ̂ [ketoneICH^SeO^] (X) 

which is consistent with the experimentally observed 

reaction order. However, when desoxybenzoin was dis

solved in deuterioacetic acid containing selenium dioxide 

and oxidation was allowed to precede to 38% completion, 

isolation and analysis of the unreacted ketone indicated 
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that the unreacted starting material contained 0.00 atom 

percent excess deuterium. 

Oxidation of dideuteriodesoxybenzoin in acetic 

acid at $9.2° indicated that an isotope effect (k^/k^) of 

6 was operative in agreement with that observed by Corey 

and Schaefer.1^ Although Corey and Schaefer"^ noted a 

slight decrease in the isotope effect during the latter 

stages of reaction, the second-order oxidation can no 

longer compete effectively with the first-order enoliza-

tion reaction. 

Since no substatial decrease in the kinetic iso

tope effect was observed and since no deuterium was incor

porated into the starting ketone at moderate conversions, 

it follows that any sequence which utilizes a rapid and 

reversible enolization in the reaction scheme is not 

permissible. If enolization can be neither rate deter

mining nor rapid and reversible, the enol cannot be an 

intermediate in the selenium dioxide oxidation of ketones. 

Table 4 summarizes the data for some further iso

tope effect studies. The solvent isotope effect observed 

(2.0) is consistent with the earlier postulate made by 

Corey and Schaefer"^ that acid catalysis is due to a rapid 

and reversible protonation of selenous acid which, as its 

conjugate acid (H^SeO^), attacks the carbonyl group. 

Figures k and 5 are examples of the plots obtained. 
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TABLE 2 - Initial Rate Data for the Selenium Dioxide 

Oxidation of Desoxybenzoin at £0° in $0% 

Acetic Acid - Run No. 1 

SeOg Rate x 10"4 Log SeOg Log Rate 

0.295 4.25 -0.529 -3.372 

0.135 2.75 -0.733 -3.560 

0.135 2.05 -0.369 -3.639 

0.094 1.3S -1.025 -3.359 

0.076 1.02 -1.113 -3.939 

0.056 0.91 -1.252 -4.039 

0.037 0.66 -1.423 -4.176 

TABLE 3 - Initial Rate Data for the Selenium Dioxide 

Oxidation of Desoxybenzoin at 67° in 30% 

Acetic Acid with . Added Trichloroacetic Acid 

(0.3 M.) - Run No . 2 

SeOg Rate x 10~4 Log SeOg Log Rate 

0.295 4.16 -0.529 -3.330 

0.191 2.62 -0.719 -3.531 

0.136 1.91 -0.367 -3.719 

0.095 1.43 -1.024 -3.329 

0.074 1.03 -1.129 -3.966 

0.052 0.31 -1.231 -4.039 

0.036 0.61 -1.442 -4.215 



TABLE 4 - Isotope Effects on the Selenium'Dioxide Oxidation of Desoxybenzoin 

Run Ketone Type Solvent Se^2 k x k (avS») x 

3 0.419 H H0AC-H20 0.319 3.60 

4 0.326 H H0AC-H20 0.332 3-42 

5 0.319 D H0AC-H20 0.336 5.72 

6 0.353 D H0AC-H20 0.36$ 5.4S 

7 0.435 H D0Ac-H20 0.369 1.80 

8 0.3^2 H DOAc-H20 0.460 1.68 

9 0.434 D D0AC-H20 0.483 3.16 

10 0.368 D D0Ac-H20 0.647 3.11 

3.51 

5.60 

1.74 

3.13 

H 
-P-
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Log [SeOg] 

Figure 2 - Logarithmic Plot of Initial Oxidation 
Rate vs. Selenium Dioxide Concentra
tion - Run No. 1 

Kinetic Run No. 1 - 30°, $0% Acetic Acid 
[Desoxybenzoin] = 0.1M 

4.3 

4.1 

.9 

.7 

.5 

.3 
0.5 0.7 0.9 1.1 

Log [Se09] 
1.3 1.5 

Figure 3 - Logarithmic Plot of Initial Oxida
tion Rate vs. Selenium Dioxide Con
centration - Run No. 2 

Kinetic Run No. 2 - 67°, £0# Acetic Acid 
[Trichloroacetic Acid] = 0.1, [Desoxybenzoin] = 0. 
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Figure k - Kinetic Run No. 4, Selenium Dioxide 
Oxidation of Desoxybenzoin, 90°, 
Acetic Acid 
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Figure 5 - Kinetic Run No. 5; Selenium Dioxide Oxidation of Dideutero-
desoxybenzoin, 90°, S0% Acetic Acid 
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2. Seleni-um Dioxide Catalyzed Oxidation of Ketones with 

Hydrogen Peroxide 

The reactive species involved in the selenium 

dioxide catalyzed oxidation of ketones with hydrogen per

oxide has not been determined. Peroxyselenous acid has 

been suggested but no definite proof offered. That 

selenic acid will not promote rearrangement was deter

mined by attempting to oxidize desoxybenzoin with a 

known sample. Benzil was obtained from this oxidation 

but no diphenylacetic acid was found. When a mixture of 

selenic acid and hydrogen peroxide was tried, the same 

results were obtained. 

The initial step in the selenium dioxide oxida

tion of ketones has been described"^ as the formation of 

an enol selenite ester (1). 

OSeO~H 
I * 

C6H5C=CHC6H5 
(1) 

If the selenium dioxide catalyzed oxidation of ketones 

with hydrogen peroxide proceeds through the same inter

mediate, then the reaction should be favored by the pres

ence of sodium acetate."^ Indeed, by running the reaction 

in acetic acid with sodium acetate added, the yield of 
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diphenylacetic acid was raised from 6%, reported by 
1 H 

Sonoda and Tsutsumi, to 1+6%. After it was found that 

sodium acetate would catalyze the formation of diphenyl

acetic acid, the reactant ratios were varied until the 

best yield was obtained. A yield of diphenylacetic 

acid (based on unrecovered desoxybenzoin) was obtained 

using 0.1 mole of ketone, 0.2 mole of hydrogen peroxide, 

0.03 mole of selenium dioxide, and 0.1 mole of sodium 

acetate. If more selenium dioxide is used, a little bet

ter yield of the acid may be obtained; however, benzil is 

also formed. A very careful analysis by gas chromotog-

raphy was performed on the reaction mixture and all 

products identified are shown in Table 5. 

TABLE 5 - Products Obtained from the Selenium Dioxide 

Catalyzed Oxidation of Desoxybenzoin with 

Hydrogen Peroxide 

Product Yield (m. moles) 

Desoxybenzoin 11.10 

Benzyl benzoate 3*79 

Benzoic acid 16.20 

Diphenyl acetic acid 60.SO 

Phenyl acetic acid trace 

Benzyl alcohol 

Benzaldehyde 

Phenol 
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A mechanism similar to the one outlined for the 

10 
selenium dioxide oxidation of ketones can account for 

all the products obtained in the selenium dioxide-hydro

gen peroxide oxidation. 

0 

C6H5CCH2C6H5 + H3SeO* 

0Se02H 

C^H^C —CHC^H^ + H20 

(1) 

0Se02H 

c6h5c=chc6h5 + H2O2 

OSeOoH 
I J 

C6H5C=CHC6H 

0 
II 

"0Se0,H 
\ * 

C6H5C=CHC6H5 + H20 

( 2 )  

0 0Se0oH (0 ^.0Se0oH 

II I OH® 1 

-> C6H5C-CHC6H5 - > HO-C — CHC6H5 
(3) 

HOCCH(C6H5)2 + HSeO" 

Benzyl benzoate obviously arises from the Baeyer-

Villiger oxidation of desoxybenzoin. Then, benzyl alcohol 

and some of the benzoic acid arise from the hydrolysis of 

this ester. Although phenyl phenylacetate was not found, 

the phenol and phenylacetic acid must have been formed 

from its hydrolysis. The majority of the benzoic acid is 

probably a result of Baeyer-Villiger oxidation of benzil. 

If the ketoester (3) disproportionates after basic 

attack, this would yield benzoic acid and the selenite 



ester (4) which has been postulated as the intermediate 

in the selenium dioxide oxidation of benzyl alcohol 

3 
to benzaldehyde. 

C6H5CH2OH + H2Se03 > C^CHgOSeOgH 

(4) 
0 
II 

> C6H5CH + S e(OH)2 

The oxidation of acetophenone and propiophenone 

gave 26% and 1+0% yields of phenylacetic and ct-phenyl-

propionic acids, respectively. However, attempts to 

oxidize aliphatic ketones (cyclopentanone, acetone, and 

2-butanone) resulted in the formation of unidentifiable 

tarry products. Evidently the intermediate or inter

mediates of this reaction were unable to withstand the 

reaction conditions. 

3. Selenoxide and Seleninic Acid Oxidations 

Because of the known oxidizing capabilities of 

selenoxides toward inorganic molecules, it was decided to 

investigate their actions on organic compounds. In 

deciding upon a selenoxide to use, it was desirable to 

choose one which would be soluble in most organic sol

vents. Furthermore, a means to evaluate the effect of 

substituents upon the oxidation potential of the oxidant 
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would be advantageous. These requirements were met by 

diphenyl selenoxide (1) which can be readily obtained 

from the hydrogen peroxide oxidation of diphenyl selenide. 

(1) 

Oxidation of desoxybenzoin with 1 in acetic acid 

was rapid and free from side reactions when an excess of 

oxidant was used. When a 3:1 ratio of 1 to desoxybenzoin 

was employed, quantitative yields of benzil could be iso

lated. However, if a lesser amount of 1 was used, benzoin 

and benzoin acetate were formed as oxidation products. 

Some typical results are shown in Table 6. 
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TABLE 6 - Product Distribution for the Diphenyl Selen-

oxide Oxidation of Desoxybenzoin 

Ratio of Ratio of 

Selenoxide:Ketone Benzil:Benzoin Acetate: 

Desoxybenzoin 

1:1 2:3:1 

2:1 3:1:0 

3:1 100% Benzil 

When benzoin was dissolved in acetic acid under 

the reaction conditions, it was found that this reagent 

was rapidly converted to benzil. If the oxidation of 

desoxybenzoin is stopped after a short period of time and 

the products analyzed by gas-chromotography and/or thin 

layer chromatography, it is found that benzoin is the 

major product of oxidation. These data suggest that the 

benzoin acetate which is isolated is actually formed 

through acetylation of benzoin which is formed initially. 

When an authentic sample of benzoin acetate was 

oxidized with 1, benzil was isolated in quantitative 

yield. The same results were observed in anhydrous diox-

ane although the reaction proceeded very slowly. Simi

larly, quantitative conversions of desoxybenzoin and 
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benzoin to benzil were obtained in dioxane or acetic 

anhydride. From these data the following pathway for the 

oxidation of desoxybenzoin can be written. 

OH uoar OAc 
(1) 1 „ I 

C6H5COCH2C6H5 > C6H5CH-COC6H5 * > C6H5CHCOC6H5 

(1) (1) 

C6H5COCOC6H5 C6H5COCOC6H5 

a-Methyldesoxybenzoin was prepared and reacted 

with 1 in acetic acid at reflux for 120 hours. Despite 

the lengthy reaction time, only 50% of the starting mater

ial was consumed. Analysis of the products indicated 

that, in addition to starting material, two new components 

were present in a ratio of 2:1. On the basis of infrared 

and nuclear magnetic resonance spectra, these products 

were identified as a-methylbenzoin and cc-methylbenzoin 

acetate. This reaction is unique in that it offers a way 

of introducing an oxygen substituent into a secondary 

position adjacent to a carbonyl, but it has the disadvan

tage of proceeding slowly. 
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CH, 
I > 

C6H5CHCOC6H5 

CHq 
I ^ 

+ C6H5C-COC6H5 

OH 

331o 

When the oxidation of cyclohexanone with 1 was 

attempted, oxidation was rapid, but only tarry products 

were obtained. Reactions were run in acetic acid at 

various temperatures and for variable periods of time, 

but the results were always discouraging. It appears 

that, although the oxidation of cyclohexanone is facile, 

the reaction products cannot tolerate the reaction con

ditions or the presence of diphenyl selenoxide and 

polymerization ensues. 

With 2-butanone and acetophenone, oxidation was 

found to occur and diacetyl and phenylglyoxal could be 

detected as reaction products. Unfortunately, the yields 

of these materials were very low and the use of diphenyl 

selenoxide for preparative purposes in their syntheses is 

not practical. 

A difficulty which was continually encountered in 

the work up of the oxidation mixtures was the removal of 

diphenyl selenide from the reaction mixture. To circum

vent this difficulty, a selenoxide was sought which could 

readily be removed from the reaction mixture by selective 
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extraction. For this reason, a synthetic route for the 

preparation of 4-carboxyphenyl methyl selenoxide (2) and 

4,4f-dicarboxydiphenyl selenoxide (3) was developed. 

Although many of the reactions involved are cited in the 

literature, they have not been reported as part of the 

sequence which was developed and most of the yields 

obtained represent considerable improvements over those 

reported. 

NH2 N0C1 SeCN 

NaNO KSeCN 

C0~H CO2H CO2H 

Zn 
NaOH 

SeNa 

+ [O] 'CH3'2S0» fO] ^ 
C02H 

0 

II 
CHOCOCL 

"V /"Se-
3 7" CH0C 
A1C13 

CO^H 

SeCH 

CO^H 

0  y v 0 - ,  ,  0  
'/ 

NaOCl' HOC—<( ) H-Se H202 HOC ,-Se 

(3) 
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Compound 2 proved to be an effective oxidizing 

agent for converting desoxybenzoin to benzil and could 

readily be removed in its reduced form by extraction with 

dilute base from the reaction mixture. Its primary draw

back appears to be that it is not as effective as diphenyl 

selenoxide as an oxidant in terms of reaction times 

required for oxidation. Compound 3 proved to be too insol

uble in most solvents used for oxidation and, as a result, 

little further work has been done with it. 

On the basis of the results which have been 

obtained, it appears that selenoxides hold some promise as 

oxidants for organic compounds but that a system which is 

ideal from the point of view of selectivity and general 

applicability has not been found. 

Early experiments have shown that seleninic acids 

might hold some promise as oxidizing agents for organic 

compounds. It was decided to investigate their potential 

further in an attempt to find an oxidizing agent superior 

to selenium dioxide. Phenyl seleninic acid .was chosen for 

the initial investigation because of its ready availability 

and the opportunity it offers for investigating the effect 

of substituents upon the oxidation potential. Phenyl 

seleninic acid (4) is easily prepared by the hydrogen 

peroxide oxidation of diphenyl diselenide. 
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Br MgBr SeH Se—)-p SeO^H 

(4) 

Several attempts to prepare 1+ by the action -of selenium 

dioxide on phenylmagnesium bromide were unsuccessful even 

though the reaction of sulfur dioxide with a Grignard 

reagent is a well-known method for the preparation of 

sulfinic acids. 

Oxidation of desoxybenzoin to benzil with 4 was 

rapid and quantitative. This oxidation of methylene 

ketones to 1,2-diketones seems to be of general applica

bility. When an excess of cyclohexanone was used, 

1,2-cyclohexanedione could be isolated along with a small 

amount of adipic acid. With an excess of oxidant, adipic 

acid was the only product obtained from the oxidation of 

cyclohexanone. The oxidation of camphor with 1+ yields 

camphor quinone; however, the yields were low even with 

long reaction times. 
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CO^H 

C°2H 

4 

Acetic acid and dioxane were the best solvents for the 

phenylseleninic acid oxidations. Tetrahydrofuran and 

carbon tetrachloride solvents were effective; however, 

the reaction time necessary for complete oxidation was 

extended several hours. 

The oxidation of methyl ketones with 4 resulted 

in the formation of the corresponding ketoacids. Phenyl-

glyoxylic acid was the only product obtained from the 

oxidation of acetophenone utilizing either an excess of 

oxidant or of ketone. The major products obtained from 

the oxidation of acetone and 2-butanone were pyruvic acid 

and methyl pyruvic acid, respectively. However, a trace 

of the ketoaldehyde was found in both products. The 
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product distribution was found to be independent of the 

concentration of oxidant or ketone. 

4 
CHjCOCH-J > CH^COCOgH 

The oxidation of butaraldehyde with 4 in 80% 

acetic acid produced a mixture of ethylglyoxal and 

ethylglyoxylic acid in a ratio of 1:4.' 

0 4 0 ° 0 

CH3CH2CH2C-H > CH3CH2C-C-H + CH3CH2C-C-OH 

The oxidation of benzylamine with phenylseleninic 

acid (4) in anhydrous triglyme resulted in the formation 

of benzaldehyde and benzonitrile in a ratio of 1:3. If 

80% triglyme is used, benzaldehyde is the only product 

observed. The oxidation of 1,1-diphenylmethylamine in $0% 

triglyme resulted in the quantitative conversion to benzo-

phenone. 
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0 ii 

$0% triglyme 

4 

NH 0 
I I  

4 
y 

30fo triglyme [OJ IOj 

Diphenyl diselenide was identified in all of the 

reaction mixtures from the phenylseleninic acid oxida

tions. However, it is unlikely that the diselenide is 

formed directly as a reduction product from the seleninic 

acid. The formation of diselenide from the seleninic acid 

oxidation of hydrazine has been interpreted as outlined 

below. 

4ArSe02H + 2N2H, > 4ArSeOH + 2N2 + 4H20 
(5 )  

2ArSeOH + NgH^ 2ArSeH + + 2H20 

2ArSeH + 2ArSeOH >• 2ArSeSeAr + 2H20 

4ArSe02H + 3N2H^ 2ArSeSeAr + 3N2 + 3H20 

t 

Selenenic acids (5) can be isolated in some instances when 

great care is taken to avoid excess hydrazine. The forma

tion of selenols (6) from the seleninic acid oxidation of 

glucose has also been reported.Selenols are very 
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susceptible to autoxidation of forming the diselenides 

quickly in the presence of air. 

2 ArSeH + C>2 > ArSeS eAr + H20 

( 6 )  

The oxidation of selenols to diselenides is also effected 

31 
by seleninic and selenenic acids. 

The phenylseleninic acid oxidation of ketones 

• probably proceeds in a manner similar to that described 

10 
for selenium dioxide. The first step is the nucleophilic 

attack of selenium on the carbonyl oxygen followed by 

rearrangement and disproportion to diketone and seleno-

phenol. 

ArSe02H + H30+ < > ArSeO^ + H20 

0 OSeOAr 
ii i 
RCCH2R + ArSe02H2 >RC=CHR + H20 

OSeOAr 0 OSeAr 0 0 
) II / UK 

RC==:CHR RC-CH-R >RC-CR + ArSeH + H20 

The formation of aldehydes from the phenylseleninic 

acid oxidation of amines is indicative of an imine inter

mediate. The first step in this oxidation is probably the 

formation of a seleninamide which can disproportionate to 
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phenylselenenic acid and an imine. Further oxidation of 

the imine would result in the formation of the nitrile. 

ArCH2NH2 + ArSeC>2H >• ArCH^NHSeOAr 

Se 
h* a* 

ArCH-NH * ArCH=NH + HOSeAr 

ArCH ArCN 

From these data, it is evident that seleninic acids 

are potentially useful oxidizing agents for organic com

pounds. Their oxidizing capabilities seem to exceed or at 

least equal those of selenium dioxide. 



experimental 

1. General 

Melting points were determined in capillary tubes 

with corrected thermometers in a Mel-Temp commercial appar

atus. 

Deuterium analyses were performed by Josef Nemeth, 

Department of Chemistry, University of Illinois, Urbana, 

Illinois. 

Infrared spectra were taken on a Perkin-Elmer 

Infracord Spectrophotometer. 

Nuclear magnetic resonance spectra were taken on 

a Varian Model A-60. 

Vapor phase chromatography was performed on a 

Model 609 F and M flame ionization chromatograph. A 10 

ft. by £ in. column, packed with 20% GE-SE-30 adsorbed on 

Chromosorb-W was used. 

2. Desoxybenzoin 

Desoxybenzoin was prepared by the Friedel-Crafts 

acylation of benzene with phenylacetyl chloride without 

modification of the given procedure (Org. Syn. Coll. Vol. 

II, p. 156). 

34 
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3. Deuterioacetic Acid 

A flask was immersed in an ice bath and fitted 

with a reflux condenser and a magnetic stirrer. A mix

ture of 191.2 g. (1.37 mole) of acetic anhydride and 3^.0 

g. (1.90 mole) of deuterium oxide was added and stirred 

for 72 hours. Cooling was not necessary after the first 

six hours. This material was used without distillation. 

4. Dideuteriodesoxybenzoin 

A few grams of sodium carbonate and 20 ml. (1.00 

mole) of deuterium oxide were added to 10 g. (0.051 mole) 

of desoxybenzoin dissolved in 250 ml. of tetrahydrofuran. 

The solution was refluxed for 4$ hours; then the tetra

hydrofuran and water were removed by vacuum distillation. 

This was repeated twice more, after which the ketone was 

recrystallized from anhydrous hexane. 

Anal. Calcd. for -^.66 atom per 

cent. Found: D, 16.35 atom per cent. (1.96 deuterium 

atoms per molecule.) 

5. Deuterium Exchange Study 

An 80% solution of deuterioacetic acid was pre

pared by mixing $ volumes of deuterioacetic acid with one 

volume of deuterium oxide. Desoxybenzoin (2.95 g., 0.015 
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mole) and selenium dioxide (3-33 g. > 0.03 mole) were dis

solved in 50 ml. of the above 80% deuterioacetic acid. 

This solution was stirred at room temperature for 72 hours 

at which time analysis by gas chromatography indicated 62% 

desoxybenzoin and 38% benzil. The solvent was removed 

quickly by vacuum distillation, and the thick oil which 

remained was extracted with hexane leaving a residue of 

red selenium and unreacted selenium dioxide. The hexane 

solution was concentrated and cooled to crystallize 

desoxybenzoin which melted at 55-56° after recrystalliza-

tion from hexane. Deuterium analysis of this desoxybenzoin 

showed 0.00 atom per cent excess deterium. 

6. Kinetic Measurements 

An oil bath, which was stirred by a Bodine motor 

and insulated with vermiculite, was regulated to + 0.005° 

by means of a thermostat. Temperatures were measured 

with a Bureau of Standards thermometer. In all kinetic 

runs, 80% acetic acid, prepared by diluting 8 volumes of 

Du Pont glacial acetic acid with one volume of demineral-

ized water, was used as the solvent. 

In the kinetic runs, a weighed amount of selenium 

dioxide was placed in a 200 ml., 2-necked flask which was 

fitted with a reflux condenser and a tip flask. To this 

was added 50 ml. of 80% acetic acid. The tip flask was 
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charged with a weighed amount of desoxybenzoin and 50 ml. 

of &0% acetic acid. Both flasks were submerged and 30 

minutes was allowed to heat the~solutions to the desired 

temperature. The reaction was started by turning the tip 

flask and allowing the two solutions to mix. 

Aliquots were withdrawn at measured 'time inter

vals in a pipet which was heated to the bath temperature 

and the reaction quenched by allowing the solution to run 

into a mixture of 20 ml. of 10$ potassium iodide and 10 

ml. of 1 N hydrochloric acid. A measured excess of sodium 

thiosulfate solution was added. The solution was then 

filtered into a 500 ml. suction flask through a cotton 

plug and titrated to a starch end point with a standard 

iodine solution. 

7. Hydrogen Peroxide-Selenium Dioxide Oxidation of 

Desoxybenzoin 

Desoxybenzoin (19*6 g., 0.1 mole), 21 ml. of 30% 

hydrogen peroxide (0.2 mole), 3-33 g. (0.003 mole) of 

selenium dioxide and 13.6 g. (0.1 mole) of sodium acetate 

were dissolved in 50 ml. of acetic acid and heated at 

reflux for four hours. The solvent was removed by vacuum 

distillation, and the residue was dissolved in 100 ml. of 

ether. The ether solution was extracted with sodium car

bonate solution. The basic solution was acidified with 
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hydrochloric acid and extracted with ether. The ether 

extract was dried over anhydrous magnesium sulfate and the 

ether removed. The residue was methylated with diazo-

methane and analyzed by gas chromotography using diphenyl 

ether as an internal standard. The analysis indicated 

the presence of 0.0608 mole of methyl diphenyl acetate 

{68% yield based on unreacted ketone), 0.0162 mole of 

methyl benzoate and a trace of methyl phenyl acetate. 

The ether solution, from which the acidic products were 

removed, was dried over anhydrous magnesium sulfate and 

analyzed by gas chromotography using diphenyl ether as an 

internal standard. The analysis indicated the presence 

of 0.0111 mole of desoxybenzoin, 0.0379 mole of benzyl 

benzoate, and a trace of benzyl alcohol, phenol, and 

benzaldehyde. 

The above procedure was also used, without modi

fication, for the oxidation of the ketones shown below. 

Ketone Product Yield 

Acetophenone phenylacetic acid 26% 

Propiophenone a-phenyl propionic acid 1+0% 

acetone 

2-butanone 

cyclopentanone 
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8. Benzoin 

Benzoin was prepared by the benzoin condensation 

without modification of the given procedure (Org. Syn. 

Coll. Vol. I, p. 94). 

9. Benzoin Acetate 

Benzoin acetate was prepared by the esterifica-

tion of benzoin with acetic anhydride without modifica

tion of the given procedure (Org. Syn. Coll. Vol. II, p. 

69). 

10. q-Methyl Desoxybenzoin 

a-Methyl desoxybenzoin was prepared by the method 

of McKenzie and Roger.^ Concentrated sulfuric acid (500 

ml.) was cooled to 5° with an ice bath. 1-Methyl 1,2-

diphenylethyleneglycol (133.0 g., 0.32 mole) was added to 

this ice cold sulfuric acid in small portions with stir

ring and the solution allowed to sit overnight at room 

temperature. This solution was poured over 1000 g. of 

ice and extracted twice with 100 ml. portions of ether. 

The combined ether layers were washed once with 100 ml. of 

water and twice with 100 ml. portions of a saturated 

sodium bicarbonate solution. Then they were dried over 

anhydrous magnesium sulfate. This ether solution was 
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distilled and the fraction boiling at 106°/0.3 mm. was 

collected. The yield of oc-methyldesoxybenzoin was 97-5 g. 

(56%), m.p. 51-53° (lit.33 m.p. 54°). 

11. 1-Methvl 1.2-Diphenvlethvleneglvcol 

1-Methyl 1,2-diphenylethyleneglycol was prepared 

32 
by the method of McKenzie and Wren. Magnesium turnings 

(53.2 g., 2.2 g. atm.) and 500 ml. of absolute ether were 

placed in a flask which was fitted with a 500 ml. addi

tion funnel and a reflux condenser. A solution of 307.4 

g. (2.2 mole) of methyl iodide in 250 ml. of absolute 

ether was placed in the addition funnel. The stirrer was 

started, and 10-15 ml. of the iodide solution was allowed 

to flow into the flask. As soon as refluxing became vig

orous, the flask was surrounded by an ice water bath, 

and the rate of iodide addition was adjusted so that 

moderate refluxing occurred. After all the solution had 

been added, the ice bath was removed and stirring contin

ued for fifteen minutes. 

The flask was cooled in an ice bath, and 207.2 

g. (0.98 mole) of solid benzoin was added in small por

tions. The cooling bath was removed and stirring was 

continued overnight. The solution was poured over an 

ice-sulfuric acid mixture and then extracted with ether. 

The ether layer was dried over anhydrous magnesium sulfate 
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and concentrated to crystallize the glycol. The yield of 

product was 1$8 g. (48.5°) m.p. 102-103° (lit .^2103-104°) • 

12. 4-Carboxyphenylmethyl Selenide 

4-Carboxyphenylmethyl selenide was prepared by 

2 6 
the method of Gaythwaite, Kenyon, and Phillips. Zinc 

dust (20.0 g.) was gradually added to a gently boiling 

solution of 43.0 g. (0.12 mole) of 4,4'-dicarboxydiphenyl 

diselenide in 240 ml. of 10% aqueous sodium hydroxide. 

The solution was cooled and filtered into a flask which 

was then fitted with an addition funnel, a mechanical 

stirrer, and a reflux condenser. Methyl sulfate (20 ml., 

0.17 mole) was added to this solution in small portions 

with agitation. After the addition was complete, the 

crude p-carboxyphenyl methyl selenide was precipitated by 

the addition of sulfuric acid. This crude product was 

extracted with benzene leaving a yellow insoluble product. 

The benzene extract was dried over anhydrous magnesium 

sulfate and concentrated to crystallize the selenide. The 

yield of p-carboxyphenylmethylselenide was 23 g. (58.1%) 

m.p. 172° (lit.26 m.p. 174°). 

13• 4,4'-Dicarboxydiphenyl Diselenide 

4,4T-Dicarboxydiphenyl diselenide was prepared by 

the method of Gaythwaite, Kenyon, and Phillips.2'' An 
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aqueous solution of sodium nitrite (34.5 g., 0.5 mole) was 

added to a vigorously stirred, cooled solution of p-amino-

benzoic acid (63.5 g., 0.5 mole) in 1500 ml. of water and 

150 ml. of concentrated hydrochloric acid. After 30 

minutes, the solution was made alkaline to congored (pH 5) 

by the addition of potassium acetate, and an aqueous solu

tion of potassium selenocyanate (72.0 g., 0.5 mole) was 

then gradually added. After the mixture had stirred for 

3 hours, the light brown insoluble material was removed by 

filtration; it consisted mainly of an inseparable mixture 

of p-carboxyphenyl selenocyanate contaminated with 

4,4'-dicarboxydiphenyl selenide. In order to convert the 

selenocyanate into the diselenide, the mixture was dis

solved in 2 N sodium hydroxide, boiled for one hour, 

cooled, filtered, and acidified. The precipitated 4,4'-

dicarboxydiphenyl diselenide was collected by filtration 

and recrystallized from methyl alcohol as a crystalline 

powder. The yield was 48 g. {!+&%) m.p. 295° (lit.2^ m.p. 

297°). 

14. Potassium Selenocyanate 

Potassium selenocyanate was prepared by fusing 

potassium cyanide with grey selenium without modification 

of the given procedure (Inorg. Syn. Vol. II, p. 186). 
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15. p-Carboxyphenyl Methyl Selenoxide 

Two .hundred ml. of methyl alcohol and 1 $.4 g. 

(0.035 mole) of p-carboxyphenyl methyl selenide was 

placed in a 500 ml., 3-necked flask fitted with a mech

anical stirrer, an addition funnel, and a reflux conden

ser. Hydrogen peroxide (22.6 g. of 30^, 0.2 mole) was 

added dropwise with stirring over a period of one hour. 

After the addition was completed, the reaction mixture 

was allowed to sit overnight at 10° to crystallize the 

selenoxide. The yield of product was 15.9 g. ($1$) m.p. 

133° (lit.26 m.p. 183-134°). 

16. 4,4*-Diacetyldiphenyl Selenide 

Diphenyl selenide (233.2 g., 1 mole) was dis

solved in 500 ml. of carbon disulfide and acetyl chloride 

(157.0 g., 2 mole) contained in a one liter, three-necked 

flask. The flask was fitted with a thermometer which was 

immersed in the solution, a reflux condenser which was 

fitted with a calcium chloride drying tube, a mechanical 

stirrer, and a rubber addition tube to which a 250 ml. 

Erlenmeyer flask containing 266.6 g. (2 mole) of anhydrous 

aluminum chloride was attached. 

The flask was surrounded by an ice-calcium chlor

ide cooling mixture. The aluminum chloride was added in 

small portions from the Erlenmeyer flask at such a rate 
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that the temperature was maintained between -5° and 0°. 

After the addition was complete, the mixture was stirred 

for an additional 30 minutes, and the temperature was 

allowed to rise slowly to room temperature. The reaction 

mixture was then poured over a mixture of ice and hydro

chloric acid and extracted four times with 200 ml. por

tions of benzene and twice with 200 ml. portions of ether. 

The combined ether and benzene extracts were washed twice 

with water and twice with a saturated sodium bicarbonate 

solution and concentrated to a solid. The crude 434'-

diacetyldiphenyl selenide was recrystallized twice from 

ethyl alcohol. The yield of product was 206 g. (65.0%) 

m.p. 90-92° (lit.35 m.p. 91-92°). 

17. 4i4T-Dicarboxydiphenyl Selenide 

A solution of 184 g. (4.6 mole) of sodium hydrox

ide and 400 ml. of water was placed in a 3 liter, 3-necked 

flask; ice was added to make the. total volume about 1.5 

liters. Chlorine was passed into the solution (the tem

perature being kept below 0° by means of a salt-ice bath) 

until the solution was neutral to litmus. Then a solution 

of sodium hydroxide in 50 ml. of water was added. The 

mixture was vigorously stirred, and it was necessary to 

cool the flask with an ice bath to keep the temperature at 

60°. After the temperature no longer tended to rise, the 
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solution was stirred for one hour longer, and then the 

excess hypochlorite was destroyed by adding a solution of 

50 g. of sodium bisulfite in 200 ml. of water. The reac

tion mixture was transferred to a 4 liter beaker and 

acidified with 200 ml. of concentrated hydrochloric acid. 

The crude acid was collected on a Buchner funnel and 

thoroughly washed with water and dried. The yield of 

4,4f-dicarboxydiphenyl selenide was 64 g. (40%) m.p. 

320-323° (lit.35 m.p. 321-323°). 

13. 4i4'-Dicarboxydiphenyl Selenoxide 

Methyl alcohol (300 ml.) and 16 g. (0.05 mole) 

of 4>4'-dicarboxydiphenyl selenide was placed in a 500 

ml., 3-necked flask fitted with a mechanical stirrer, an 

addition funnel, and a reflux condenser. Hydrogen perox

ide (11.3 g. of 30$, 0.1 mole) was added dropwise with 

stirring. The selenoxide began to precipitate from solu

tion after approximately half of the peroxide had been 

added. After completing the addition, the reaction mix

ture was concentrated to half its volume and cooled in an 

ice bath to precipitate the selenoxide. The yield of 

product was 10 g. (60%) m.p. 
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19. Diphenyl Selenide 

Diphenyl selenide was prepared by reacting the 

diazonium salt of aniline with potassium selenide without 

modification of the given procedure (Org. Syn. Coll. Vol. 

II, p. 233). 

20. Diphenyl Selenoxide 

Acetonitrile (1.5 liters) and 375.5 g. (1.6 mole) 

of diphenylselenide were placed in a flask fitted with an 

addition funnel, power stirrer, and a reflux condenser. 

The flask was immersed in an ice water bath and the con

tents cooled to 10°. While maintaining this temperature, 

30$ hydrogen peroxide (226.0 g., 2.0 mole) was added drop-

wise with stirring over a period of one hour. After addi

tion was complete, the temperature was allowed to reach 

30° and stirring continued for 2 hours. The excess perox

ide was decomposed with platinum and the solution concen

trated to a paste on a steam bath under aspirator vacuum. 

The selenoxide was dissolved in benzene and dried by dis

tilling the benzene-water azeotrope. The benzene solution 

was concentrated to crystallize the selenoxide. The yield 

was 247 g. An additional 41 g. of crystals can be obtained 

by cooling the mother liquor in an ice bath. The total 

yield is 33$.6 g. (S5%) m.p. 113-114°. 
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21. General Procedure for Diphenvl Selenoxide Oxidations 

Diphenylselenoxide (12.4 g.} 0.05 mole) and 

desoxybenzoin (3.9 g., 0.02 mole) were weighed into a 100 

ml., single-necked flask and dissolved in 25 ml. of glacial 

acetic acid. The flask was fitted with a reflux condenser 

and the reaction mixture heated at reflux for 4$ hours. 

The acetic acid was distilled under aspirator vacuum and 

the remaining oil dissolved in 50 ml. of ether. The ether 

solution was extracted twice with 100 ml. portions of a 

saturated sodium bicarbonate solution. The aqueous layers 

were extracted with 100 ml. of ether and the combined 

ether layers were dried over magnesium sulfate. The ether 

solution was concentrated to a lemon yellow oil and dis

solved in 500 ml. of n-hexane. This hexane solution was 

stirred with 200 g. of Merck acid washed alumina and the 

hexane decanted. The alumina was washed six times with 

500 ml. portion of n-hexane. This process removes the 

diphenyl selenide. The benzil was extracted from the 

alumina by washing with two 500 ml. portions of ether. The 

ether solution was concentrated to crystallize the benzil. 

The yield of benzil was 3.4 g. ($0%) m.p. 93-95°. 
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22. Phenylseleninic Acid 

In a 2 liter, 3-necked round bottomed flask 

fitted with a power stirrer, reflux condenser, and drop

ping funnel, phenylmagnesium bromide was prepared in the 

usual manner from 314 g. (2 mole) of bromobenzene, 4& g. 

(2 g. atm.) of magnesium turnings and one liter of dry 

ether. Dry powdered black selenium (152 g., 1.92 g. atm.) 

was added at such a rate that the ether solution refluxed 

gently. Stirring was continued for an additional 30 min

utes. The contents of the flask were poured onto 600 g. 

of cracked ice and with hand stirring, 300 ml. of hydro

chloric acid was added. The cold mixture was then fil

tered through glass wool into a 5 liter separatory fun

nel. The aqueous layer was separated and extracted once 

with 500 ml. of ether. The combined extract and main 

product were concentrated to an oil by heating on a hot 

plate while passing air through the solution. This oil 

which contains a mixture of diphenyl diselenide and 

selenophenol was dissolved in 300 ml of dioxane. Hydrogen 

peroxide (700 ml. of 30%) was added dropwise with stir

ring, keeping the solution below 10° with a dry ice bath. 

The solution was concentrated to a thick oil after decom

posing the excess peroxide with platinum and dissolved in 

20% sodium hydroxide. This basic solution was extracted 



with ether and then acidified with hydrochloric acid. 

This solution was boiled three times with decolorizing 

charcoal. Phenylseleninic acid crystallizes from this 

cooled aqueous solution. The yield of phenylseleninic 

acid is 241 g. (65%) m.p. 121-122°. 

23. Phenylseleninic Acid Oxidation of Desoxybenzoin 

Desoxybenzoin (3.92 g., 0.02 mole) and 9-45 g. 

(0.05 mole) of phenylseleninic acid were dissolved in 25 

ml. of $0% acetic acid and heated at reflux for 3 hours. 

Analysis of this reaction mixture by gas chromotography 

using diphenyl ether as an internal standard indicated 

that 0.0192 mole of benzil was present. The yield of 

benzil was 96fo. 

The above procedure was also used for the oxi-

Yield 

30% 

24. Phenylselenic Acid Oxidation of Acetophenone 

Acetophenone (3.0 g., 0.066 mole) and 36 g. 

(0.1$4 mole) of phenylseleninic acid were dissolved in 

dation of the ketones shown below. 

Ketone Product 

Cyclohexanone cyclohexanedione 
(in excess no ,. . . , 

solvent) adlPlc acxd 

Camphor camphor quinone 
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50 ml. of 30$ acetic acid and heated at reflux for 2 

hours. The solvent was removed by vacuum distillation 

and the residue dissolved in ether. The ether solution 

was extracted with a sodium carbonate solution. The basic 

solution was acidified with hydrochloric acid and extrac

ted with ether. The ether was removed leaving 7-5 g. 

(76$ yield) of phenylglyoxylic acid, m.p. 63-66°. 

25. Phenylseleninic Acid Oxidation of Acetone 

Acetone (50 g., 65 ml.) and 11.6 g. (0.06 mole) 

of phenylseleninic acid were heated at reflux for 24 hours. 

The acetone was removed by distillation. Analysis of the 

last fractions of acetone collected indicated the presence 

of a small amount of methyl glyoxal. The pyruvic acid was 

distilled at reduced pressure into a solution of semi-

carbazide hydrochloride. The yield of semicarbazone was 

2.9 g. (66$) m.p. 193-201° with decomposition. 

The above procedure was used to oxidize the 

ketones shown below. 

Ketone Product Yield 

2-butanone pyruvic acid 5£$ 
ethyl glyoxal 

n-butaraldehyde ethylglyoxylic acid 32$ 
ethylglyoxal 
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26. Phenylseleninic Acid Oxidation of Benzylamine 

Benzylamine (10.7 g., 0.1 mole) and 20.0 g. 

(0.103 mole) of phenylseleninic acid were dissolved in 80% 

triglyme, and heated at 150° for two hours. Benzaldehyde 

was isolated by steam distillation. The yield of aldehyde 

was  9 . 2  g .  { 8 7 % ) .  

27. Phenylseleninic Acid Oxidation of 1,1-Diphenylmethyl-

amine 

1,1-Diphenylmethylamine (10.9$ g.s 0.06 mole) and 

17.40 g. (0.09 mole) of phenylseleninic acid were dis

solved in 80% triglyme, and heated at 150° for 1+ hours. 

The solvent was removed by vacuum distillation. The resi

due was dissolved in ethyl alcohol and poured into a solu

tion of semicarbazide hydrochloride. This solution was 

heated to boiling and water added until it became cloudy. 

Cooling this solution precipitated the benzophenone semi-

carbazone. The yield of product was S.O g. [57%) m.p. 

161-164°. 
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