
3462 SOSNOVSKY AND RAWLINSON The Journal of Organic Chemistry 

Reactions of t-Butyl Peresters. IX. The Reaction 
of Diphenylphosphinous Chloride with t-Butyl Peresters' 

GEORGE SOSNOVSKY AND DAVID J. RAWLINSON 
University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 65,901 

Received September 4, 1968 

The reaction of diphenylphosphinous chloride, PhzPCl (1)  with t-butyl peresters, t-BuOO(0)CR (Sa, R = Ph; 
Sb, R = Me), in refluxing benzene produces a complex mixture containing diphenylphosphinic anhydride, 
PhzP(O)O(O)PPhz (2), carboxylic anhydride, RC(O)O(O)CR, carboxylic acid chloride, diphenylphosphinic acid, 
PhzP(0)OH (6),  carboxylic acid, t-butyl chloride, and isobutylene. Only traces of carboxylic acid t-butyl ester, 
RC(0)O-t-Bu, are found. In addition, the mixed anhydride, Ph2P(O)O(O)CR (3a, R = Ph; 3b, R = Me)! is 
detected by ir spectroscopy. Catalytic amounts of cupric bromide accelerate the reaction. Mixed anhydride 
(3) and t-butyl diphenylphosphinate, t-BuO(O)PPha (7), seem to be primary products of the reaction. 

The reactions of diphenylphosphinous c h l ~ r i d e , ~ * ~  
PhzPCl (1) , and tripheny1phosphine4e5 with benzoyl 
peroxide show interesting differences. The reaction of 
triphenylpho~phine~?~ yields triphenylphosphine oxide 
and benzoic anhydride, while reaction of 1 is more com- 
plex. The products are benzoyl chloride, benzoic 
anhydride, and diphenylphosphinic anhydride, Ph2P- 
(0)O(O)PPh2 (2); also, a mixed anhydride, PhC(0)- 
O(O)PPh2 (3a), is detected but not isolated. It has 
been shown3 that the initial reaction of 1 with benzoyl 
peroxide is similar to that of triphenylphosphine, i e . ,  
an oxygen transfer (eq 1). The final products result 

PhzPCl + PhC(O)OO(O)CPh + 
1 

PhzP(0)Cl + PhC(O)O(O)CPh (1) 
4 

from further reaction of the primary products, benzoic 
anhydride and diphenylphosphinyl chloride, Ph2P(0)C1 

PhzP(0)Cl + PhC(O)O(O)CPh + PhC(0)Cl + 
4 

l/,PhC(O)O(O)CPh + '/zPhzP(O)O(O)PPhz (2) 
2 

(4) (eq 2). 3a is not a primary product, but is formed 
a t  a later stage. 

Since the mechanism of the reaction of triphenyl- 
phosphine with another class of organic peroxide, the 
per ester^,^^^ is different from that with benzoyl peroxide, 
i t  was anticipated that further interesting results would 
result from a study of the reaction of 1 with t-butyl 
perbenzoate and t-butyl peracetate, t-BuOO(0)CR 
(Sa, R = Ph; 5b, R = Me). 

Results 
Preparative-scale reactions between 1 and Sa,b 

were carried out a t  1 M concentration in refluxing ben- 
zene. The products from the reaction of Sa with 1 were 
t-butyl chloride, isobutylene, benzoyl chloride, benzoic 
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anhydride, benzoic acid, compound 2, and diphenyl- 
phosphinic acid, Ph2P(0)OH (6) (eq 3, R = Ph). In  

Ph2PC1 + t-BuOO(0)CR + CH2=CMe2 + 
1 5a,b 

t-BuC1 + RC(0)Cl + RC(O)O(O)CR + 
PhzP(O)O(O)PPhz + RC(0)Cl + PhzP(0)OH (3) 

2 6 

addition, 3a was detected, but could not be isolated. 
The reaction of Sb with 1 yielded a similar product mix- 
ture (eq 3, R = Me); MeC(O)O(O)PPh, (3b) also was 
detected but not isolated. During the reactions of 1 
with 5, no gas (CO,, HCI) was evolved, and neither 
chlorobenzene nor biphenyl was observed in the reac- 
tion products. The presence of catalytic amounts of 
cupric bromide did not alter the product composition. 
There was, however, an acceleration of the rate of dis- 
appearance of the peroxide. 

The complex range of products, obtained from the 
reaction of peresters, indicated that secondary reactions 
had occurred. Various possible mixtures of primary 
products were, therefore, allowed to react under the 
same conditions, i.e., in refluxing benzene a t  molar con- 
centration. 

Equimolar concentrations of t-butyl benzoate and 4 
did not react. When varying proportions of the ester 
were replaced by benzoic acid, t-butyl benzoate was 
still unreactive; however, benzoic acid and 4 reacted in 
the mixture to form 2 and benzoyl chloride. 

t-Butyl chloride reacted only slightly with 3a; traces 
of t-butyl benzoate were detectable, but not benzoyl 
chloride or t-butyl diphenylphosphinate, PhzP(0)O-t- 
Bu (7). Compound 3a in the reaction mixture de- 
composed to a mixture containing 3a together with the 
two symmetrical anhydrides. 

Ester 7 decomposed completely in the presence of 
equimolar benzoyl chloride. The products were the 
three anhydrides, the two corresponding acids, benzoyl 
chloride, t-butyl chloride, and isobutylene. A similar 
range of products resulted when a proportion of 7 was 
replaced by 6. 

Similar blank experiments were carried out with 
compounds containing the acetyl group, with results in 
general comparable to those with the benzoyl com- 
pounds. 

Thus, t-butyl acetate did not react with equimolar 4, 
both in the presence and absence of catalytic amounts of 
cupric bromide. When varying amounts of the t-butyl 
acetate were replaced by acetic acid, only a small part 
of the ester reacted; acetic acid and 4 reacted in the 
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mixture with formation of 2, acetyl chloride, and traces 
of acetic anhydride. t-Butyl chloride did not react 
with 3b; no t-butyl acetate, acetyl chloride, or 7 was 
detected. The major reaction was the decomposition 
of 3b to a mixture containing 3b together with the two 
symmetrical anhydrides. Compound 7 decomposed in 
the presence of equimolar acetyl chloride. The initial 
product was an unidentified insoluble white solid, 
presumably 6, which later redissolved. The final prod- 
ucts identified by ir were the two symmetrical anhy- 
drides and traces of &butyl chloride and isobutylene. 

In  view of the cornplexity of the reaction products a t  
1 iM concentration, conditions were sought where 
secondary reactions could be minimized, so as to follow 
the formation of initial products from the reactions of 1 
with 5. At room temperature, the reaction was too 
slow. However, in refluxing benzene solutions of 0.1 M 
concentration the disappearance of products could be 
followed by ir spectroscopy. Unlike the reaction3 of 
benzoyl peroxide with 1, though, no clear-cut separa- 
tion between primary and secondary interactions was 
attainable. 

In  the absence of copper salt catalyst, the first prod- 
ucts to be seen, after disappearance of 5, were 3 and 7. 
As the reaction proceeded further, the concentrations 
of both 3 and 7 steadily decreased. The final ir spec- 
tra of these reaction mixtures were in general identical 
with those of the preparative-scale experiments, except 
that with 5b a small amount of 7 survived undecom- 
posed. With 5a, 7 had completely decomposed in the 
later stages. 

In  the presence of catalytic amounts of cupric bro- 
mide, 3 was the first product to be seen after disappear- 
ance of 5, and its concentration diminished in the later 
stages. However, with copper salt catalysis, 7 was 
not observed. The final product composition again ap- 
peared from ir spectra to be identical with that obtained 
in the preparative-scale experiments. At 0.1 iVl con- 
centration of 1 and 5, the cupric bromide catalyzed 
reaction was much more rapid than the uncatalyzed 
reaction. 

Discussion 
The reaction of triphenylphosphine with per ester^^^^^* 

produces triphenylphosphine oxide and the correspond- 
ing carboxylic ester, together with varying amounts of 
the carboxylic acid (eq 4). 

PPh3 + RC(O)OO-t-Bu + PPh3(0) + 
RC(0)O-t-BU + RC(0)OH (4) 

When one of the phenyl groups of triphenylphosphine 
is replaced by a chlorine atom, an interesting change in 
the composition of the products is observed. Thus, the 
reaction of 1 with perester produces an unexpectedly 
complex mixture. This consists of carboxylic anhy- 
dride, 2, the corresponding carboxylic acid, carboxylic 
acid chloride, t-butyl chloride, and isobutylene; in 
addition, 3 is detected (eq 3). In  contrast to the reac- 
tion of triphenylphosphine, the carboxylic t-butyl 
esters are formed only in minor amounts. 

The complexity of products indicates that secondary 
reactions occurred either during the reaction period or 
during work-up. Evidence concerning the primary 

( 8 )  D. B. Denney. W. F. Goodyear, and B. Goldstein, J .  Amer. Chem. Soc., 
81, 1393 (1960). 

products and pathway was obtained indirectly, from 
studies of synthetic mixtures of possible primary prod- 
ucts, and directly, from the ir studies of incomplete reac- 
tions a t  lower concentrations. 

The mechanism of the reaction of triphenylphosphine 
with Sa (eq 4) has not been firmly est,ablished. A 
suggestion6 proposing a pentavalent intermediate (8) 
has more recently been elaborated.’ The participation 
of an analogous pentacovalent intermediate (9) in the 
reaction of 1 with peresters would lead one to expect 
three possible sets (1, 2, 3) of primary products accord- 
ing to the mode of decomposition of 9. The mechanism 

/ o-t-Bu 
Ph*P PhzP-0-t-Bu 

- ‘O(0)CPh ‘O(0)CR 
8 9 

1. Ph,P(O)CI + RC(0)O-t-Bu + RC(0)OH + CH*=CMez 
4 

2. PhzP(O)O(O)CR + t-BuC1 
3 

3. PhzP(0)Ot-Bu + Ph2P(0)OH + CH2=CMez + RC(0)Cl 

of formation of the products in set 1 would be 
strictly analogous to that of reaction of triphenylphos- 
phine with per ester^.^^' Either of the sets of products 
2 and 3 could be visualized as resulting from an ion 
pair (lo), followed by attack of chloride ion either a t  
alkyl carbon or a t  acyl carbon. 

[ PhZP’ o-t-Bu ] i. C1- 

10 

7 6 

‘O(0)CR 

Set 1, which is analogous to the pathway of triphenyl- 
phosphine, is in fact excluded by the experimental data. 
Separate experiments establish that carboxylic acid t- 
butyl ester is stable in the presence of the other com- 
ponents of set 1. Hence, if formed by the reaction of 5 
according to set 1, i t  should survive under the experi- 
mental conditions. However, carboxylic ester is not 
detected as an initial product in the experiments a t  0.1 
iM concentration, and was only isolated in small 
quantity in the preparative experiments a t  1 M con- 
centration. On this basis, it is concluded that car- 
boxylic ester cannot be a primary product, and that the 
small quantities isolated in the preparative-scale experi- 
ments are secondary products. 

The early detection of 3a and 7 together indicates 
that both are primary intermediates. This is confirmed 
by the blank experiments with possible primary prod- 
ucts. The range of products obtained from 1 and 
perester is similar to that isolated from 7 and benzoyl 
chloride. However, the ratios of products differ for the 
two reactions. This is also confirmed by differences in 
the infrared spectra of the reaction mixtures before 
work-up. Thus, neither of the sets of products ob- 
tained from set 2 or 3 alone seems to explain the prod- 
ucts obtained from the reaction of 1 with peroxide. A 
combination of the two is, however, satisfactory. 
Participation a t  an even earlier stage of the reaction by 
intermediate 9, which decomposes simultaneously 
according to sets 2 and 3 (but not according to set l), 
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seems to afford the best rationalization of the observa- 
tions. The reaction thus differs, on the one hand, from 
the reaction of triphenylphosphine with peresters16" 
and, on the other hand, from that of 1 with benzoyl 
peroxide12J where 3 is formed a t  a later stage of the 
reaction. 

For the reaction of triphenylphosphine with peresters, 
a homolytic reaction has in general been discounted.617 
In  the reaction of 1 , the absence of carbon dioxide in the 
products and the inertness of the solvent seem also to 
exclude a radical reaction. However, traces of copper 
ion accelerate the reaction, and since copper ions are 
known to accelerate homolytic processes of peresters, 
i t  seems possible that a t  least the copper ion catalyzed 
part of the reaction between 1 and 5 might be proceed- 
ing by a radical route. By an adaptation of our 
mechanism of the perester reaction,$ the following steps 
are proposed for the formation of intermediate 9 (eq 
5-7). 

RC(O)OO-f-Bu + CU+ + RC(O)OCu+ + t-BuO. (5) 
c1 

/ 
PhzPCl + t-BuO. + PhzP' (6) 

0-t-Bu 
. \  

/cl 
PhzP + RC(O)OCu+ + PhiP-0-tBu + CU+ . \  \ 

\ 
0-t-Bu 

\ 
O(0)CR 
9 (7) 

(9) G .  Sosnovsky and 0. S. Lawesson, Angew. Chem. Intern. Ed. Engl., 
8, 269 (1964). 

Experimental Section 
Compounds 1 (Stauffer Chemical Company), Sa, and 5b 

(75% solution in benzene) (Lucidol Division, Wallace and Tier- 
nan, Inc.) were gifts. t-Butyl benzoate,lO 7,l1 4,12 6,l* and 21' 
were made by literature methods. Compound 3b was prepared 
by a method analogous to that used previously to make 3a, 
which is more convenient than the literature method.I6 All 
other chemicals were purchased. 

The experimental approach was similar16 to that described in a 
previous paper. 3 In preparative-scale experiments, the products 
were either isolated by distillation and recrystallization, or, 
in some cases, detected by ir specbroscopy without isolation. I r  
spectra were used to follow the progress of t,he reactions and 
isolation procedures, and to confirm the characterization of iso- 
lated materials. 

Registry No.-1, 1079-66-9; Sa, 614-45-9; 5b, 107- 
71-1. 
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The oxidamtion of methyl 13fi-abiet-8-(9)-en-18-oate (4b) with t-butyl chromate is described. The structure 
and stereochemistry of the oxidation products has been elucidated and the conversion of some of them to methyl 
ll-oxo-13p-abietan-l8-oate (17) is described. 17 and its 9fi epimer 25 were obtained also by transformations of 
the epoxide of 4b. Hydroboration of 4b provides a simple route to 7-oxygenated abietanes. 

I n  earlier paper4 we described results which led to the 
unambiguous specification of configuration for the 
abietanoic acids, 1 , 2, and 3a.5v6 These substances were 
needed as reference compounds for other investigations. 
In  the present communication we describe that part of 
our work which had as its goal the transformation of 
abietic acid to 1 l-oxygenated derivatives which were 
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envisioned as intermediates for the partial synthesis of 
more highly functionalized naturally occurring diter- 
penoids. In  the course of this effort a number of other 
interesting observations bearing on stereochemical as- 
pects in the perhydrophenanthrene series were made and 
are reported herewith. 

Although previous attempts a t  allylic oxidation of 
methyl 13p-abiet-8(9)-en-lg-oate (4b) had resulted only 
in aromatization of ring CJ7 oxidation of 4b with t-butyl 
chromate in refluxing carbon tetrachloride gave a mix- 
ture of five nonaromatic substances which were sep- 
arated by column chromatography. In  order of in- 
creasing polarity, these were three ketones, A (1570)~ B 
(15%), and C (35%), a hydroxy ketone D (lo%), and 
a hydroxy ketone E (2%). The balance consisted of a 
very polar mixture of further oxidation products. 

The least polar ketone, A, mp 108-109°, was a,p-un- 
saturated [ir band a t  1650 cm-', Xmax 245 nm ( E  

(7) W. Herz and H. J. Wahlborg. J .  Org .  Chem.. SO, 1881 (1965); H. J .  
Wahlborg, Ph.D. Dissertation, Florida State University, 1965. 


