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Decomposition of tert-butyl2-phenylperpropionate in cumene a t  60’ in the presence of butanethiol scavenger 
afforded a 10% yield of tert-butyl 1-phenylethyl ether. The cage effect, measured by use of the Koelsch radical, 
was 42%. The decomposition of optically active perester, S-( + )-tert-butyl 2-phenylperpropionate, in the 
presence of 0.5 M butanethiol gave tert-butyl 1-phenylethyl ether with 20% net retention of configuration. The 
absolute configuration and maximum rotation of the ether have been determined independently; (- )-ether is of 
X configuration. The principal result of this study is that the rate of 180’ out-of-plane rotation of the l-phenyl- 
ethyl radical with respect to the tert-butoxyl radical within the solvent cage (Scheme I) is approximately 4.5 times 
as fast as the rate of the cage termination reactions (combination plus disproportionation). 

Stereospecific radical reactions may be separated 
into several groups. One group is composed of re- 
actions that are stereospecific because the radical can 
maintain configuration long enough to undergo an atom 
transfer or an electron transfer reaction before inverting. 
Examples of this type of stereospecific reaction are the 
reduction of 7-halo-7-fluoronor~aranes~ and the re- 
duction of 3-bromo-3-hexenes with sodium naphtha- 
lide.3 Decomposition of tert-butyl 9-decalylpercar- 
boxylate in the presence of a high concentration of ox- 
ygen4 and decomposition of 9-decalylcarbinyl hy- 
pochlorite5 may also be examples of this type, or may 
be of a different type in which the stereospecificity is 
associated with atom transfer to a (planar) radical a t  
a faster rate than conformational changes elsewhere 
in the system. A third group is composed of reactions 
that are stereospecific because the radical has a re- 
active partner initially positioned in a stereospecific 
manner within the solvent cage; examples of this latter 
category are cyclic azo decomposition (pyrazolinese and 
tetrahydr~pyridazines~)) cage  omb bin at ion,^,^ cage dis- 
proportionation, lo photobromination,ll and probably 
a number of oxidation reactionslzalb and rearrangement 
reactionsi2c of ylides and carbanions. Stereospecificity 
in this class of reactions does not; require that the radical 
maintain configuration. As has been pointed out for 
cage combination reactions, the caged arrangement 
is asymmetric and may give rise to stereospecific prod- 
ucts even for cages in which the radicals may be planar. 
Although cage combination reactions are limited in the 
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information about radical structure, they permit cer- 
tain insights into the nature of cage reactions. 

Stereochemical studies of free radical cage reactioss 
represent an approach to detailed information on the 
behavior of molecules in media over a wide range of 
viscosity. Two recent studies on azo decompositions8rQ 
have elucidated the degree of freedom of a radical pair 
derived from an optically active azo compound, 
Homolytic perester decomposition may generate an 
alkyl radical, an alkoxyl radical, and a carbon dioxide 
molecule within the solvent cage.larl4 Several im- 
portant factors distinguish the cage resulting from 
perester decomposition from the cage resulting from 
azo compound decomposition. First, the perester cage 
contains an alkoxyl radical that is quite reactive as a 
hydrogen abstracting agent. Second, the alkoxyl 
radical and the alkyl radical are on atoms of different 
electronegativity and may be influenced by polar con- 
t r i b u t i o n ~ . ~ ~ ~ ~ ~ ~  Third, a molecule of carbon dioxide 
rather than nitrogen initially separates the two radicals. 

In  this paper we describe the decomposition of tert- 
butyl 2-phenylperpropionate and provide information 
on the relative rates of the cage reactions. 

Results 

Products.-tert-Butyl 2-phenylperpropionate (1) de- 
composes in cumene to give a l-phenylethyl radical, 
carbon dioxide, and a tert-butoxyl radical. The prod- 
ucts in the absence of scavenger are given in Table I. 
The products are analogous to those formed in the 
decomposition of tert-butyl 2-pheny1~erisobutyrate.l~ 
The low accounting for the 1-phenylethyl groups (64%) 
is thought to result from polymerization of some of the 
styrene. Studies on the cage effect (see below) suggest 
that styrene is formed in 30% yield within the solvent 
cage. 

Cage Effect.-The magnitude of the cage effect 
was determined by the “excess initiator” method16 
using the Koelsch radica1.l’ In  this method the rate 
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TABLE 1 
PRODUCTS FROM THE DECOMPOSITIOX OF tert-BuTYL 

LPHENYLPERPROPIONATE (1) IN CUMENE AT 60' IL THE 

ABSENCE OB S C A V E N ~ E R  
Product Yield, %" 

CeHaCH (CHa )OC (CHs )8  16 
CeHsCH=CHz (5) 
C B H ~ C Z H ~  5 
PhCH(CHa)CH(CHs)Phb 12 

(CHa)aCOH 74 
PhC(CHa)zC(CHs)zPh -10 

PhC (CHa)&H (CH3)Ph 14 

a The total percentage of alkyl groups accounted for is 64%; 
the total percentage of tert-butyl groups accounted for is 90%. 
b Both meso and d l  isomers were present in approximately 1 :  1 
ratio. 

of radical production is determined during the first 
1-5% of the decomposition; the scavenging experi- 
ments thus could be carried out a t  lower temperatures 
than for the "excess scavenger" method,'* and the 
problem of scavenged product instability was circum- 
vented. The excess initiator method depends upon 
measuring the difference in the rate of initiator dis- 
appearance and the rate of radical production. 

The rate of decomposition of tert-butyl 2-phenylper- 
propionate in cumene was determined by following the 
rate of disappearance of the carbonyl absorption in 
the infrared spectrum at  1770 cm-l. A summary of 
the rate constants appears in Table 11. The enthalpy 

TABLE I1 
DECOMPOSITION OF tert-BUTYL 

2-PHENYLPERPROPIONATE I N  CUMENE 
Temp, OC k, Bec-1 

40.7 7.60 X 10-8 
40.7 8 .16  X 10-6 
60 .1  8 .38 X 10-6 
60.1 8.49 x 
80.1 8.10 x 10-4 

of activation for decomposition is 25.5 kcal/mol and 
the entropy of activation at 60" is -0.1 eu. 

The rate of radical formation was followed by ob- 
serving the decrease in the scavenger absorption16 in 
the visible spectrum. The decrease in scavenger con- 
centration with time was linear in all cases, affording 
the zero-order rate constants, A. The cage effect, P,  
defined in the usual manner (eq 11, was calculated by 
eq 2, in which 3cl is the rate constant for decomposition 

) (1) 
F = (  kcombinatlon + kdxsproportaonatlon 

kcombination + kdmpropartmnatlon $. kdlffuslon O&&B 

of the perester and in which the factor 2 appears in the 
denominator because of the maximum generation 
of two radicals for every perester molecule undergoing 
decomposition. The results are summarized in Table 
111. An estimate for the cage effect a t  60" of 0.42 f 

to use the "excess scavenger" method failed, presumably because the scav- 
enged products were unstable. ( c )  R. Kuhn and F .  A.  Neugehauer, 
Monatsh. Chem., 91, 3 (1964). (d) For evidence on the efficiency of the 
Koelsch radical as a scavenger for cumyl radical, see ref 17b. 

(18) R.  C. Lamb and J .  G .  Pacifici, J. Amer. Chem. Soc., 88, 914 (1964). 

TABLE I11 
DETERMINATION OF CAGE EFFECT BY CONSUMPTION OF 

KOELSCH  RADICAL^ I N  THE DECOMPOSITION OF tert-BuTrL 
!h~HENYLPERPROPIONATE IN CUMENE 

(X/PO) x 108,G IC1 x 106,d 
sec-1 Cage effect, F B  

30.1 1.43  1.  87b 0.62 It 0.03 
40.5 6.78 7 . 7  0 . 5 6  i 0.03  
48.3 20.4 21.0f 0.51 & 0.03 
60.1 97.8g 84.4 0.42 

Temp, "C sec-1 

a Initial concentration, -1 x 10-4 M ( ~ 1 %  of perester con- 
centration). Range of initial concentrations, 0.01-0.025 M .  

Zero-order rate constant for disappearance of Koelsch radical 
= X. d Rate of decomposition of perester (see Table 11). e Cal- 
culated by eq 2. f Extrapolated; see Table 11. Extrapolated 
value from the data a t  30.1, 40.5, and 48.3" by means of a linear 
plot of log (h/P,)  us. 1/T. 

0,03 was obtained by extrapolation of the data of Table 

The amount of tert-butyl 1-phenylethyl ether formed 
within the solvent cage was determined by decomposing 
the perester in the presence of varying concentrations 
of butanethiol. The yield of ether decreases with in- 
creasing butanethiol concentration until the concentra- 
tion of butanethiol reaches 0.1 M and then remains 
constant a t  10% (see Table IV). At concentrations 

111.19 

TABLE IV 

I N  CUMENE I N  THE PRESENCE OF BUTANETHIOL AT 60' 

0 16.5 
0.005 15 .3  
0,010 12.9 
0.05 11.0 
0.10 9 . 8  
0.50 9 . 9  

DECOMPOSITION O F  tert-BuTYL 2-PHENYLPERPROPIONATEa 

n-BUSH, M Yield of ether, % 

@ Initial concentration, 0.025 M .  

of butanethiol greater than 0.10 M it was assumed that 
all the radicals escaping the solvent cage were scavenged 
and did not give tert-butyl 1-phenylethyl ether. 

Optically Active l.-S-( +)-tert-Butyl 2-phenylper- 
propionate was prepared according to standard pro- 
cedures from S-( +)-2-phenylpropionic acid. Reduc- 
tion of the perester with potassium iodide and acetic 
acid afforded the starting acid with greater than 98% 
retention of optical activity. 

8-( -)-tert-Butyl 1-phenylethyl ether was prepared 
from S-( -)-1-phenylethanol by the methods given in 
eq 3 and 4. 

00 

EtsN 1 
H- iHa OH + AgNOa + t e r t - C I H s C 1 ~  H OCaH9 (3) 

I 
Ph  Ph 

N- )  Yield 597, 
[crISPe -218 

CHs CHI 
looo, 4 days 1 

H A OH + tert-C4H&1 HCOCdHg (4) 
I 

Ph  
I 

Ph  
W-) Yield 9% 

[ ( Y ] Z ; ~  -214 

(19) A linear plot of log (&/PO) us. 1/T was used for the extrapolation. 
For related problems, see tert-butyl 2-phenylperisobutyrate (ref 15) and azo 
decompositions [L. Herk, M. Feld, and M. Sawaro, J. Amer. Chem. Soc., 
88, 2998 (196l)l. 



970 J .  Org. Chem., Vol. 37, No. 7, 1972 

1s coz *o+ 

E N ~ ~ ~ T R O M  AND GREENE 

5 S-(-)-2 

8-( +)-tert-Butyl 2-phenylperpropionate was decom- 
posed in cumene in the presence of butanethiol (0.50 
M )  at 60”, i e . ,  under conditions of complete scavenging 
of all radicals escaping the solvent cage (see above). 
After ten half-lives tert-butyl 1-phenylethyl ether was 
isolated. The degree of retention of optical activity 
in the ether from three different experiments is given 
in eq 5.  

I& coz .o+ 

GHS 

Hb)-COa-twt-Bu - C,H,CH(CHJO-tert.Bu ( 5 )  
Ph 60’ 

Yield 40% 
S-(+) 

* R-(t)-2 

S-(-)a R-(+) 
60.3 39.7 
6009 39.1 
59.9 40.1 

(1 Corresponds to retention of configuration in this reaction. 

Discussion 
Several lines of evidence (isotope effects,13c effect of 

viscositylad and pressurelae on rate, and activation 
parameter compari~ons~~a) from a number of peresters 
are suggestive that the rate-determining step for de- 
composition of lerl-butyl 2-phenylperpropionate (1) 
will involve two-bond cleavage affording l-phenyl- 
ethyl radical, carbon dioxide, and tert-butoxyl radical. 
The probable geometry for the transition state is one 
in which the incipient alkyl and alkoxyl radicals are 
trans to one another with respect to the developing 
carbon-oxygen double bond, giving rise to a caged pair 
of radicals initially separated by a molecule of carbon 
dioxide. The subsequent reactions-cage Combination 

and disproportionation, rotation, and diffusion-are 
dependent on the relative rates of diffusive displace- 
ments of the radicals, carbon dioxide, and the surround- 
ing solvent molecules. Interpretation of the results 
of the decomposition of optically active perester 1 is 
based on Scheme I. The situation is closely analogous 

SCHEME I 

s-(+)-1 separated y radicals 
7 

1 
r 

R-Cage 

styrene 
tert-BuOH 

separated 
radicals 

to the decomposition of 8-( -)-1,1’-diphenyl-l-methyl- 
azomethane.8 

In  the analysis of Scheme I, the rate constants for 
diffusion (kdiff), combination (kcomb),” and dispropor- 
tionation (kdisp)20 are assumed to be the same for both 
cages. The rate constant, ICrot, refers to a 180’ out-of- 
plane rotation of the 1-phenylethyl radical relative to 
the tert-butoxyl radical, and is also assumed to be the 
same for both cages. 

By the usual steady-state approximation (working 
with -d [ROage]/dt E 0, Scheme I, and with d [R-2 ]/dt 
and d[S-Z]/dt), the optical activity of the ether cage 
product may be expressed in terms of the rate constants 
(eq 6). By use of the definition of eq 7, eq 6 may be 
reexpressed as eq 8. In  terms of this analysis, the mole 

mf 2 = mole fraction of ether formed in the cage = 

fraction of ether formed in the original solvent cages 
( i e . ,  the yield of ether under scavenging conditions) 
and the optical activity of this ether provide a measure 
of the ratio of kcomb/krot. One sees that this value is 
not dependent on the value of the cage effectz1 or on 
the amount of cage recombination. 

By means of eq 1, eq 9, and the value for F a t  60” of 
0.42 (Table 111), the relative values of the rate con- 
stants may be estimated.22 (The relative value for 
kdisp is thus obtained as the difference between total 

cage reaction and the amount of cage ether.) These 
values are summarized in Table V along with values 
from some related studies of azo decompositions. The 
ratio of disproportionation to  combination is consider- 
ably greater with perester 1 than with the second and 
third entries of Table V. The implication that dis- 
proportionation is faster for an alkyl-alkoxy1 radical 
pair than for an alkyl-alkyl pair is not surprising based 
on the knowledge that hydrogen abstraction by an 
alkoxyl radical is generally faster than abstraction by 
an alkyl radical. 

A question of primary interest in this study and in 
the azo cases of Table V is the extent of randomization 
of positions of the radicals in the cage prior to termina- 
tion. The closest measure of this by experiments of 
the type presented here and in the azo studies would 
appear to  be the rate of “turnover” of 1-phenylethyl 
radical (ICrot) relative to the rate of the termination re- 
actions in the cage (kcomb + kdisp). The rates of these 
termination reactions are a function of the diffusive 
displacement of the COz from between the two caged 

(20) Note that koomb and kdiap are not the usual second-order termina- 
tion constants but are first-order rate constants for the conversion of the 
radical pair cages of Scheme I to the combination and disproportionation 
products. 

(21) Errors in the cage effect are not thought to be large; however, de- 
termination of the cage affect, F, involves two extrapolations (see Results 
section). 

(22) The equations of Kopecky (ref 9) could have been applied directly 
to obtain the relative k’s; a modified treatment is used here to emphasize 
the simple relationship shown in eq 8. 
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TABLEI V 
RELATIVE RATES (HORIZONTAL COMPARISON) 

krota Retention of 
k d h  h Q d  kdilf  kawe ramtion configuration, % Compd b o m b  s-(+ ) - l b  1 3 . 2  19 5 . 8  4.5 21 

Azobis-1-phenylethanee 1 0.14 15 2 . 4  12 20.5 
S-( - )-1,l'-Diphenyl- 1 0 .1  10-17 2-3 w12 10-17 

1-methylazomethaned 

methylbutane' 

die thyl-1 ,2-pyrid- 
azine, 

Azobis-2-phenyl-3- 1 Very small >95 

3,6-Dimethyl-3,6- 1 0.02 98 

- 
a kosge 

effect 0.32. 
(1967); photolysis in frozen benzene (- 196'). I Reference 7. 

= kcombination f kdisproportionationB 
Reference 9, 100' in several solvents, cage effect -0.3. 

* This work, 60' in cumene, cage effect 0.47. Reference 8, 105' in benzene, cage 
6 P. D. Bartlett and J. M. McBride, Pure A p p l .  Chem., 15, 89 

radicals, plus any further energy requirements in the 
interactions of these two radicals. The principal con- 
clusion from this study, and from the acyclic azo cases 
of Table V (second and third entries), is that consider- 
able randomination of the positions of the radicals 
occurs in the cage prior to  termination. The value of 
krot/koage reaction for the perester case is approximately 
4.5; the corresponding values for the azo cases are 
approximately 12. 

Differences in the radicals involved, in the inter- 
vening molecule (GOz us. NJ, in solvent, and in tem- 
perature render further comparisons a t  this point of 
limited value. One might comment, however, on the 
apparent similarity in the ratio of krot/koomb for the 
perester and the azo cases in contrast to the difference 
in the ratio of krot/(koomb + kdisp) indicated above. 
The higher value of k,ot/kcomb for the perester is a 
consequence of the large amount of disproportionation 
in the cage. The major barrier to the cage reactions in 
this case may be associated with diffusion of the carbon 
dioxide from between the two radicals. This carries 
the implication that the sum of kcomb plus kdiap would be 
constant here; i.e., had disproportionation been less im- 
portant, combination would have been more important. 
Under these circumstances the degree of retention of con- 
figuration in the cage ether and the ratio of kr,t/k,age re- 
action could be the same as reported in Table v, even 
though the ratio of krot/kcomb were smaller. 

Experimental Section 
2-Phenylpropionic acid was prepared by the method of Eliel 

and FreemanJg3 bp 145-150" (10 mm), T+D 1.5218 [lit.Sa bp 144- 
147" (11 mm), TPD 1.52131. 
5-( + )-2-Phenylpropionic Acid .-2-Phenylpropionic acid was 

resolved with strychnine according t o  the procedure of Arcus and 
Kenyona4 with the modification that  the salt was dissolved in an 
excess of 75% ethanol-water and then the excess solvent was 
removed under vacuum. This method was superior to heating 
the solvent t o  dissolve the salt, because heating led to slow de- 
composition of the salt. 

2-Phsnylpropanoyl chloride was prepared from 2-phenyl- 
propionic acid and thionyl chloride (by the method of Greene),Z6 
bp 50" (0.15 mm) [lit.2S bp 93-94' (11 mm)].  

S-(f )-tert-Butyl 2-phenylperpropionate was prepared by a 
modification of a literature procedure.138 S-( + )-2-Phenyl- 
propanoyl chloride (17.0 g) in an  equal volume of ether was added 

(23) E. L. Eliel and J .  P. Freeman, J .  Amer. Chem. SOC., 74, 923 (1952); 
H. D. Kay and H. S. Raper, Biochsm. J . ,  16,469 (1922). 

(24) C. L. Arcus and J. Kenyon, J .  Cham. Soc., 916 (1939); H. I. Bern- 
stein and F. C. Whitmore, J .  Arne?. Chem. Soc., 61, 1324 (1939). 

(25) F. D. Greene, ibid. ,  77,4869 (1955). 

very slowly to a solution of tert-butyl hydroperoxide (22 ml) in 
20 ml of pyridine and 15 ml of ether cooled in an  ice-acetone 
bath. Saturated aque- 
ous sodium chloride was added to  the reaction mixture and the 
aqueous layer was extracted three times with ether. The 
ethereal layer was washed with three portions of 10% aqueous 
sulfuric acid and with saturated aqueous sodium bicarbonate and 
dried (MgSOh). The ether was removed under reduced pressure. 
The remaining tert-butyl hydroperoxide was partially removed by 
trap-to-trap distillation. 

A 1.429-g sample of perester ([CY] 2 6 ~  4-23.44') was dissolved in 
50 ml of ether and washed with 100 ml of cold 5% aqueous KOH. 
The ether solution was dried (MgSO1) and the ether was removed 
a t  room temperature. Nmr analysis of the perester showed less 
than 1% tert-butyl hydroperoxide and [IX]~'D f24.98'. Thus 
the washing with cold 5% aqueous potassium hydroxide did not 
racemize the perester. The remainder of the perester was dis- 
solved in 300 ml of ether, washed with three 300-ml portions of 
cold 5% aqueous KOH and once with saturated aqueous NaCl, 
and dried (MgSO,). The ether was removed under vacuum a t  
room temperature and the nmr analysis of the perester showed 
only trace amounts of tert-butyl hydroperoxide. 

The S-( + )-Led-butyl 2-phenylperpropionate could be re- 
crystallized a t  low temperature from pentane. Approximately 
2 g of perester was dissolved in 10 ml of pentane in a centrifuge 
tube and cooled to  -78". The first crystallization gave a very 
fine precipitate which after three or four more recrystallizations 
gave long needles which melted below room temperature. 
Racemic mixtures of tert-butyl2-phenylperpropioiiate were much 
more difficult to recrystallize and did not give a nicely crystal- 
line product. The data for the pure tert-butyl 2-phenyl- 
perpropionate werenZ6D 1.4868, [ c r I z 5 ~  25.5' (c 11.60 in CHCl,). 
The optical purity of the starting 5-(+)-2-phenylpropionic acid 
was 96.8%; therefore the rotation for optically pure perester is 
[(Ul2'D 26.3": ir (CCL) 3060 (w), 3025 (w), 2980 (s), 2930 (m), 
1770 (a), 1600 (w), 1485 (w), 1390 (w), 1370 (m), 1190 (m), 1120 
(m), 1080 (m), 1050 (m), 850 (m), 750 (m), 720 (w), and 695 
om-1 (m); nmr (CC1,) 1.12 (9 H, s), 1.45 (3 H, d, J = 7 Hz), 
3.65 ( I  K, q, J 7 Hz), 7.25 (5 H, s); [a]::, 27.8, [CY]:$ 32.6, 
[a]& 66.0, [or]& 121.8'. 
S-( - )-1-Phenylethano1.-1-Phenylethyl hydrogen phthalate 

was prepared by the method of Houssa and Kenyon,@ mp 106- 
108" (lit.es mp 107-108"). Brucine (52 g, 0.132 mol) was dis- 
solved in a warm solution of racemic 1-phenylethyl hydrogen 
phthalate (35.6 g, 0.137 mol) in 200 ml of acetone. The solu- 
tion was placed in the freezer (-27') and allowed to crystallize 
overnight. The supernatant liquid was decanted from the 
crystals and the crystals were redissolved in methyl acetate. 
Heating the methyl acetate solution to speed solution of the 
salt led to  a gradual decomposition of the salt; thus the salt was 
dissolved by vigorously stirring the suspension a t  room tempera- 
ture and then placing the solution in the freezer. After three 
recrystallizations the salt was decomposed with 10% hydro- 
chloric acid. The phthalate obtained was hydrolyzed in 5 N 
sodium hydroxide on a steam bath for 1 hr. The reaction mix- 
ture was extracted with ether and the ethereal layer was washed 
with saturated aqueous NaCl and dried (MgSOd). The ether 
was removed and the alcohol was distilled, bp 70" (2 .5  mm), to 

The reaction was stirred for 4 hr a t  0'. 

(26) A. J. H. Houasa and J. Kenyon, J .  Chem. Soc., 2260 (1930). 
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give 5 g of alcwhol, [a]::0 -8.165' (9.00% optically pure), 
n z 5 ~  1.3231 (l i t  . z 2  n% 1.52G7). 

S-( - )-lerl-Butyl 1-Phenylethyl Ether. Method A.-Powdered 
silver nitrate (3.74 g, 0.212 mol) was added in small amounts to a 
solution of A'%(- )-1-pheriylet.hariol (1.29 g,  0.0106 mol, 9.00% 
optically act'ive) mid tarl-t)utyl chloride (1.96 g, 0.0202 mol) iii 
2.14 g of triethylamine cooled l,o 0'. After the addition was 
complete, thc reaction mixl'rire was filtered arid diluied with 
ether. The et,her layer was washed with 10% aqueous HCl 
and saturated aqueous sodium bicarbonate arid dried (Mg80,). 
The solvcnt) was removed and t,he product, was chromatographed 
on alumina ( I )  iising et,her-hexane (1:9) as the eluent. The 
product was found in the first three frac:i,ions (approximately 
150 ml). The solvent was removed and t,he product was c:ol- 
lected by vpc (S15-30 at, 100') t,o give 0.100 g (,;%): [01]:3J0 

-19.6' ( c  t5.01, et,hanol) which corresponds to a rotation of 
[a]% -218' for t,he opt.ically pure S-( - )-1-phenylet.hyl terl- 
butyl ct,her; nmr (Wh) S 1.13 (9 If ,  s), 1.31 (3  IT, d, J = 7 TIz); 
4.62 ( I  11, q,  J = 7 Ira), 7.:j85 ( 5  11, broad s). Calcd: 
C, 80.85; 11 10.18. Found: C, X0.74; IT, 10.27. 

Method B.---A mixture of 9-( - )-l-phenylet,hanol (1.6287 g, 
1 3 3  mmol, S.l)6% optically aclive), 2.46 g (26.6 mmol) of lert- 
but>yl chloride, and 3.22 g (26.6 mmol) of 2,4,6-trimethylpyr- 
idine was degassed and sealed in Pyrex t,ubes. The t,ubes were 
thcn placed in a steam cone (110') for 4 days. The tubes were 
opencd and the reaction mixture was separated by vpc (BE-30, 
100') to  give 0.213 g (0% yield) of S-(-)-tert-brit,yl l-phenyl- 
ethyl cther, la]:!, - 19.05O (c  10.65 ethanol). The polarimeter 
samplc was thcn rccollected$m vpc (SE-30, 100') to give a 
sample with a rotation of [a]c2e - 1'3.36' which corresponds to a 
rotation of [a]::, -214' for optically purc ether. The rotations 
from method A and B werc avcraged to  give [a]% -216'. 

Cage Yield of tort-Butyl 1-Phenylethyl Ether .-Pyrcx tcst 
tubes with solutions of percster and butanethiol in ciimene or 
benzene as solvcnt wcre degasscd, sealed, and placcd in n con- 
stant-temperature bath a t  60' for 45 hr (30 half-livcs). Thc 
tubes were opencd and 1,2-dichlorobenzcnc was addcd as an inter- 
nal standard for vpc analysis, Thc results are summariacd in 
Tablc IV. 

Decomposition of X-(+)-tort-Butyl 2-Phenylperpropionate in 
Cumene.-A 5.0-ml aliquot of perester in ciimene (0.11 M )  and 
5.0 ml of butanethiol solution in cumcnc (1.0 M )  wcrc placed in 
each of ten tubes. The tubes were degassed (three freeze-thaw 
cycles), sealed, and placed in a constant-temperature bath a t  
60" for 24 hr (IS half-lives). The tubcs were opcned and trap-to- 
trap distilled; teflori spinning band distillation removed some 
of the solvelit. The residual solution was then passed through 
the gc (SE-30 a t  100") arid collected, followed by gc 0 1 1  Carbowax 
20M from which the prodr~ct.~ were cojlected and identified by 
coinparisoil wit h authentic samples. 

Decomposition of ferl-Butyl 2-Phenylperpropionate in Cumene 
in the Presence of Excess Koelsch's Radical.-A decomposition 
mixture 1.85 X 10-3 M in Koelsch's radic:al"o and 0.93 X 
M in peresier was placed in a Pyrex uv cell; the mixture was de- 
gassed and sealed. The decomposit.ion was carried olllJ at, 60' 
and followed at, 860 nm using a neckman I>IJ-T. The rate of dis- 
appearance of Koelsch's radical was r i o t  first, order, indicated 
greater than 100(yo efficiency, and gave scsverlged products 
which were not stuble to the reaction conditions. 

Decomposition of tert-Butyl 2-Phenylperpropionate in the 

Anal. 

Presence of 1-2% Koelsch's Radi~a1.L~o-A decompositioii mix-  
ture 0.0147 M in perestcr and 3.4 X M i n  Koelsch's radical 
(2.3y0) was degassed and scaled in a Pyrex uv cell. The sample 
was given a preliminary warm-up a t  41.6' for 2 min and then 
placed in the sample cavity of the DLJ-I, which was thermo- 
stated a t  40.7". Thc decomposition was followcd to the corn- 
plete disappearance of the Koelsch's radical. Thc disappearance 
of Koelsch's radical was zero ordcr. The decomposition at  ;<().I 
and 48.3" was executed in thc same manner as the above. 

Kinetics of the Perester Decomposition.-A solution of per- 
ester (0.0692 g/lO rnl of cumenc, 0.0239 M )  was placcd in 
seven sample tubes and decornposcd a t  60.10". The tubes were 
removed from the bath and qucriched a t  0", Tho eubcs wcrc 
then stored in the freezer (-27') until thc complction of thc run, 
a t  which time all the sumples wcrc analyzed by ir a t  t,hc cnrbonyl 
absorption (umnX 1770 ern-', e 56 M-1 mm-I, b = 0.60 mm). 
The decomposition a t  80.50" was carried out in cxactly thc same 
mantier as that given above. In  the decompositions at 40', the 
samples were analyzed when the tube was removed from thc bath 
because long storngo of the dccompositiori samples led to cr- 
ratic results. The infrared spectrophotomctcr was a Pcrkin- 
Elmer 237B; a normal slit width and slow scan speed wcrc used. 
h e  to the dificulty in rnaintuining the pen a t  the vmnx, the 1765- 
1790 cni-1 region of the spectrum was scanned twice for each 
sample and the absorbances were averaged. The plots of the 
logarithm of the perester concentration us.  time were linear for a t  
least two to three half-lives. Infinity points taken after ten 
half-lives showed no detectable carbonyl absorption. The re- 
sults are siimmarixed i i i  Table 111. 

Hydrolysis of R-( - )-2-Phenylpropanoyl Chloride.-R-( - )-2- 
I'henylpropanoyl chloride prepared from R-(-)-2-ptienyl- 
propionic a d ,  [a]zKn -48..io (CTTCII), was hydrolyzed with 20% 
aqueous KO13 at, 0'. The reaction niixt>iire was exfrac:i.ed with 
ether arid t,he aqueous layer was ac:itlifed with 10% aqtleoux 
IICI. The acid was theii extracled into ether; the ether layer 
was washed with sal,urat.ed aqiieous NaCI arid dried (MgSOt). 
The ether was removed iirider va(:iiuin arid the acid was dls- 
tilled (short, path) to give It-( - )-2-pheriylpropioriic: acid, IZ% 
1.521:3, (aIzaD -40.9'. 

Reduction of I&( -)-led-Butyl 2-Pheny1perpropionate.--I?- 
( -  )-lerl-Uiityl 2-phenylperpropionlite prepared from I&( - 1-2- 
phenylpropanoyl chloridc (from 3.8'% opt.ically pure acid) was 
treated with potassium iodide, 2-propano1, acetic acid, and 
acetic anhydride at room tempcrature for 2 days. The iodine 
produccd was consumcd with aqueous sodium thiosulfatc and 
the acids wcrc cxtractcd into cthcr. Thc acids werc thcn cx- 
tractcd into saturated aqueous sodium bicarbonate which was 
washed with ether and thcn neutralized with 10% aqueous HCl. 
Tho acidified aqueous solution was then extracted with ether. 
The ether layer was dried (MgSO,) and the other and some of the 
acetic acid were removed under vacuum. After two short-path 
distillations the rotation of the R-( - )-2-phenylpropiorlic acid 
showed OSyO retention of the initial optical activit,y. 

Registry No.---l, 3377-90-0; S-(+)-1, 33122-25-7; 
S-( -)-l-phe~iylethanol, 1445-91-0; S-( -)-lert-butyl- 
1-phenylethyl ether, 33069-10-2; R-( -)-Zphenylpro- 
pionic acid, 7782-26-5. 


