
Vol. $4, No. 4, April 1969 DIHYDRO-1 ,%OXAZINES 813 

an internal standard and known thermal conductivity ratios 
showed I1 (42%) and IV (47%). 

Compound I V  did not show carbonyl absorption in the infra- 
red. The mass spectrum of IV did not show a significant parent 
ion but did show intense ions at  m/e 150 (M - C3HsO) and 135 
[(M - CaHsO) - CH33. The nmr spectrum of IV shows an 
AB pattern (SA 5.72, 6~ 5.38, a J A B  = 10.3 Hz, olefinic protons), 
a complex four-proton multiplet (6 1.2-2.2, methylene protons), 
and five singlets (6 1.5!3, 6 H ;  1.13, 3 H ;  1.05, 3 H; 0.99, 3 H ;  
0.92, 3 H ;  six methyl groups). 

Anal. Calcd for C I ~ H Z ~ O :  C, 80.71; H, 11.61. Found: C, 
80.71; H, 11.76. 

Compound I1 showed infrared carbonyl absorption at  5.83 p. 
The nmr spectrum of I1  (cc14) showed an AB pattern ( 6 ~  2.57, 
6~ 1.92, 3 J ~ ~  = 15 Hz, bridgehead protons), a complex four- 
proton multiplet ( 6  1.3-2.4, methylene protons), and six three- 
proton singlets ( 8  0.90, 0.95, 1.02, 1.06, 1.13, and 1.19). In a 
separate experiment I][ was isolated in 42% yield by repeated 
chromatography on silica gel. An analytical sample prepared by 
distillation (67", 0.07 mm) followed by sublimation (55" a t  
0.2 mm) had mp 38-39". 

Anal. Calcd for CI ' IH~~O:  C, 80.71; H, 11.61. Found: C, 
80.86; H, 11.47. 

Isomerization of trans-5,5,7,7,8,8-Hexamethylbicyclo[4.2.0]- 
octan-2-one.-A solution of trans-.5,5,7,7,8,&hexamethylbicyclo- 
[4.2.0]octan-2-one in pentane was added to a column of basic 
alumina and left in contact with the basic alumina for 30 min. 
Elution with 1 : 1 ether-pentane gave cisd,5,7,7,8,&hexamethyl- 
bicyclo[4.2.O]octan-2-one, X$S14 5.91 p. Distillation (120", 
15 mm) gave an analytical sample. The nmr spectrum ( c c h )  
showed a complex six-proton multiplet (6  1.0-2.5) and six methyl 
groups ( 8  0.90, 3 H ;  0.94, 3 H ;  1.03, 9 H ;  1.13, 3 H ) .  

Anal. Calcd for CiIH240: C, 50.71; H, 11.61. Found: C, 
80.97; H, 11.46. 

Irradiation of trans-5,5,7,7,8,8-Hexamethylbicyclo[4.2.0]- 
octan-2-one in the Presence of Tetramethylethy1ene.-A solution 
of tetramethylethylene (2.27 g) and tran~-5,5,7,7,8,&hexarnethyl- 
bicyclo[4.2.0]octan-2-one (0.46 g) in t-butyl alcohol (9 ml) was 
irradiated for 245 hr in a Pyrex vessel in a Rayonet reactor with 
3500-A lamps. Removal of the solvent and excess tetramethyl- 
ethylene gave a crude mixture (0.72 g). Thin layer chroma- 
tography showed several products. Chromatography on silica 
gel gave two isomeric products (A and B).  Recrystallization 
from pentane gave the pure products both having mp 53-55'. 
Neither product showed carbonyl absorption in the infrared, but 
both products showed double-bond absorption (A, h2Z14 6.13 and 
11.04 p, and B, X 2 z 1 4  6.13 and 10.99 p ) ,  Both A and B showed 

parent ions at  m / e  292. The nmr spectrum (cc14) of product 
A showed three olefinic protons as an ABC pattern ( 8  -5.95, q, 
1 H ;  4.6-5.1, m, 2 H ) ,  three methine protons as an ABX pattern 
(6  4.18, d, 1 H ;  2.25, t, 1 H ;  1.67, d, 1 H ) ,  and ten methyl groups 
(6  0.82, 6 H ;  0.87, 3 H; 0.98, 3 H ;  1.03, 9 H;  1.08, 3 H;  1.12, 3 H;  
1.18, 3 H).  The nmr spectrum (CClr) of B showed three olefinic 
protons as an ABC pattern (6  -5.85, q, 1 H; 4.6-5.1, m, 2 H) 
three methine protons ( 8  4.22, d, 1 H;  2.18, t, 1 H ;  2.65, d, 1 H ) ,  
and ten methyl groups (6 0.87, 3 H; 0.92, 6 H; 0.95, 3 H ;  1.02, 
6 H ;  1.10, 6 H ;  1.14, 3 H ;  1.22, 3 H ) .  The infrared spectra of 
A and B in solution were clearly differentiated, each containing 
bands not found in the other. The behavior of A and B on thin 
layer chromatography also differed significantly. 

Anal. Calcd for C,oH3sO: C, 82.19; H, 12.33. Found for 
product A: C, 82.12; H, 12.18. Found for product B: C, 
82.11; H, 12.37. 

Treatment of either A or B with 2,4-dinitrophenylhydrazine in 
methanolic sulfuric acid gave the same 2,4-dinitrophenylhydra- 
zone, mp 179-180'. The nmr spectrum (CDCla) of the deriva- 
tive showed a broad N-H resonance (6  11.0, lost on shaking with 
DzO), three aromatic protons ( 6  9.08, d;  8.28, q; 7.95, d ) ,  an 
aldimine proton ( 6  7.48, d ) ,  three olefinic protons (6 5.95, q, 1 H ;  
4.6-5.1, m, 2 H ) ,  two methine protons coupled to each other and 
one coupled to the aldimine proton (6  2.92, q; 2.18, d) ,  and six 
methyl groups (6  0.96, 3 H ;  1.00, 3 H;  1.03, 3 H;  1.07, 6 H; 1.10, 
3 H).  

A n a l  Calcd for C20H28N404: C, 61.84; H, 7.27; N, 14.42. 
Found: 

Irradiation of trans-5,5,7,7,8,8-Hexamethylbicyclo[4.2.O]oc- 
tan-&one at Low Temperature.-A neat film of trans-5,.5,7,7,8,& 
hexamethylbicyclo[4.2.O]octan-2-one was irradiated in an Air 
Products low-temperature infrared cell a t  -180" with an un- 
filtered mercury lamp for 1110 min. No change in the infrared 
absorption of the sample was observed during this period. 
Similar irradiation at  -40" produced significant new bands a t  
3090 (olefin C-H stretch), 2720 (aldehyde C-H stretch), 2110 (ke- 
tene), 1640 (C==C stretch), 1420 (C-H deformation), 1390 (al- 
dehyde H-rock), 990 (trans C-H wag), and 910 cm-l (=CH2 wag). 

Registry N o . 4 ,  1073-13-8; 11, 19018-67-8; IV, 
19019-03-5; tetramethylethylene, 563-79-1; 111, 
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Photolysir of nitrosobenzene-1,3-diene adducts (dihydro-l,Zoxazines) gives 1-phenylpyrroles. The reaction 
Evidence for a mechanism involving intramolecular provides a convenient preparation for these compounds. 

hydrogen abstraction and a yamino ketone intermediate is presented. 

Recent articles have described photochemical trans- derivatives, oxaziranes4 undergo fragmentation, and 
formations of heterocycles incorporating the N-0 N-alkylisoxazolidines6 ring expand to tetrahydro-1,3- 
linkage. Thus isoxazoles1*2 and 3-hydroxyisoxazoles~ oxazines. A common feature of these diverse photo- 
were found to rearrange to oxazole and oxazolone processes is the cleavage of the endocyclic N-0 bond. 

(1) E. F. Ullman and B. Singh, J .  Amer. C h m .  Soc., 88, 1844 (1966). 
(2) H. GLIth and H. Schmid, Chimia (Arrau), 90, 148 (1966). 
(3) H. Gath, A. R. Gagneux, C. H. Eugster, and H. Schmid, Heiv. Chim. 

(4) E. Meyer and G. W. Griffin, Angew. Chem. Intern. Ed. Engl., 6 ,  634 

( 5 )  N. A. LeBel, T. A. Lajiness, and D. B. Ledlie, J .  Am@. Chenc. Soc., 89, 
(1967). 

3076 (1967). Ada,  60, 137 (1967). 
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The present paper reports an additional example of this 
type in the six-membered ring series; a reaction that 
may also prove useful for synthesis. 

1,4 addition of nitrosobenzene to conjugated dienes 
produces 2-phenyl-3,6-dihydro-l,2-oxazines. To inves- 
tigate their photochemical behavior, a series of sub- 
stituted dihydrooxazines (Ia-g) was accordingly pre- 
pared. Unlike the bicyclic analogs: the monocyclic 
dihydrooxazines employed in this work were thermally 
stable; they may be analyzed by vapor phase chro- 
matography without decomposition. The ultraviolet 
spectra of these compounds showed maxima at 243-245 
mp (e -104), which were insensitive to solvent polarity 
(ethanol, cyclohexane), On irradiation at  254 mp, 
solutions of the dihydrooxazines were efficiently con- 
verted to products. In  each case, the major product 
was shown to be the corresponding 1-phenylpyrrole 
(11) (Table I) .  The identity of the products was 

TABLE I 
PHOTOLYSIS OF 2-PHEXYL-3,6-DIHYDR0-1,2-OXAZINES” 

Compd I Yield of 11, %b 

a 68 
b 86 
C 90 
d 48“ 
e 68 
f 89 
g 71 

a 1-3% solutions in methanol. Irradiated 6-18 hr. b Vpc 
area %, uncalibrated. c Solvent: acetone-methanol (30 :70). 
Product isolated by filtration. 

established by comparison with authentic samples ob- 
tained by conventional procedures. With respect to 
both yield of pyrrole and convenience the dihydro- 
oxazine photolysis compared favorably with the altern- 
ative syntheses employed. Hence the two-step 
sequence, nitrosobenzene plus diene, followed by pho- 
tolysis, provides a useful preparative route for l-aryl- 
pyrroles. 

R* 
I 

I 
Ph 
II 

a, R1 = Rz = R3 = R1 = H 
b, R1 = R4 = CHI; Rz = Ra = H 
C, R1 = Rc = H; ft2 = RS = CHJ 
d, R1 = R4 = Ph; Rz Rj = H 
e, R1 = RZ = Ra = H; Rc = Ph 
f, R1 = Rz (or R3) = Rr = H; RS (or Rz) = CHs 
g, R1 (or R4) = CHn; Rz = Ra = R4 (or RI) = H 

Although photolysis to the pyrrole was observed in 
several solvents (cyclohexane, diethyl ether, tetra- 
hydrofuran), methanol and ethanol were advantageous 
in eliminating wall deposits and in maintaining a 
homogeneous medium. Experiments with Ib  showed 
that neither dissolved oxygen nor naphthalene were 
effective in quenching the rate of disappearance of the 
dihydrooxazine. However, appreciably cleaner, less 

(6) G. Kresze and G. Schultz, Tetmhcdron, 19, 7 (1961). 

colored product mixtures were obtained in deoxygenated 
solutions, indicating that oxygen participates in sec- 
ondary reactions. Attempts to bring about the reac- 
tion by energy transfer from triphenylene and naphtha- 
lene were unsuccessful. 

The unsubstituted compound, dihydrooxazine (Ia) , 
photolyzed (254 mp, tetrahydrofuran) with a quantum 
yield of 0.76 f 0.10. Competitive experiments, in 
which two substrates were simultaneously irradiated 
and their disappearance was followed by vapor phase 
chromatography, showed that the photoefficiencies of 
Ib  and Ig were equal to that of Ia? 

In related systems, Kresze6 has reported that thermal 
decomposition results in reversal to addends. On the 
other hand, 6-carbalkoxydihydrooxazines were trans- 
formed to  2-carbalkoxypyrroles by basic reagents, 
presumably through a transient a-keto-8-amino ester 
intermediate (111) ? Photoexcitation of I, however, 

m iv 

might involve a transition of the “?r* --+ u*” type, as 
suggested for peroxide and hydrazine photolyses? 
Consequent homolysis of the N-O bond and intra- 
molecular allylic hydrogen abstraction by the amino 
radical would produce a cis-y-amino-alp-unsaturated 
carbonyl compound, e.g., IV (path A, Scheme I). 
Once formed, intermediate IV would be expected to 
cyclize and dehydrate to the pyrrole product. The 
quantum yield for dihydrooxazine formation (0.76) 
closely approximated that for pyrrole formation, indi- 
cating that cyclization via photoexcitation of the 
carbonyl group in IV, a two-photon process, is unlikely. 
The facile thermal conversion of compounds such as IV 
(generated in situ) to pyrroles has been noted pre- 
viously.lo The proposed major reaction path (A) is 
shown in Scheme I. 

Although it is difficult to assess the relative reac- 
tivities of the amino and alkoxy radicals in this system, 
a reaction sequence (B) initiated by the alkoxy radical 
appeared possible. Allylic hydrogen abstraction by the 
latter would give IVa which could, in a manner analo- 
gous to IV, produce aniline and 2,5-dimethylfuran. 
Evidence for this minor path (B) was obtained by 
identifying these compounds in the product mixture 
from Ib. (Vpc peaks corresponding to small amounts 
of aniline were found with all the dihydrooxazines.) 
As a measure of the relative importance of paths A and 
B, the ratio of pyrrole to aniline was determined by 
vpc. In  accord with Scheme I, the ratio from Ib (13.2) 
was constant throughout the reaction. A pyrrole to 
aniline ratio of 6.8, unchanged over a fourfold variation 
in initial concentration, was observed in the photolysis 
of IC.  

(7) The ultraviolet absorptions of Ia, b, and g are identical at  254 mp. 
(8) J. Firl and G. Kresze, Chem. Ber., 99, 3695 (1966); J. Firl. ibid., 101, 

(9) J. G. Calvert and J. N. Pitts, “Photochemistry,” John Wiley and Sone, 

(10) R. M. Rodebaugh and N. H. Cromwell. Tetmhcdmn .htters, 2859 

218 (1968). 

Inc., New York, N. Y., 1966, pp 443, 450. 

(1967): cf .  M. C .  Kloetzel, J .  Amer. Chem. Sac., 69, 2271 (1947). 
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SCHEME I Experimental Section 
Infrared spectra were determined on chloroform solutions 

with a Perkin-Elmer Model 237, except for the low-temperature 
spectra which were determined with a Beckman IR-12. Ultra- 
violet spectra were obtained with a Cary Model 14 spectro- 
photometer, and vapor phase chromatography was carried out 
with an F & M Model 810, using helium as the carrier gas and 
a thermal conductivity detector. 

Materials.-The dihydrooxazines were prepared from nitroso- 
benzene and. the appropriate diene by previously described 
procedures: Ia,I4 1b,I6 IC," Id,e,17 If,Ia Ig.19 Authentic aam- 
ples of pyrroles IIb,*O IId,21 and IIez2 were obtained by the 
literature methods. Oxidation of the corresponding l-phenyl-3- 
pyrrolines with 1 equiv of chloranil in refluxing benzene for 20 hr 
afforded pyrroles IIc,*s IIf,*3 and IIg.24 Their properties were 
as reported. The 1-phenyl-3-pyrrolines were obtained from 
the dihydrooxaxines by the method of Kojima.18 1-Phenyl- 
pyrrole was purchased from the Aldrich Chemical Co. 

Photolyses.-For preparative runs, 1-3 % solutions (methanol) 
of the dihydrooxazines were placed in cylindrical quartz tubes, 
purged with purified nitrogen for 30 min, and irradiated in a 
Rayonet chamber reactor with light from 16 low-pressure mer- 
cury lamps (84% of the emission at  254 mp). Photolyses were 
carried out a t  35". Analysis by vapor phase chromatography 
(3-ft column, 10% Carbowax 20M on Chromosorb W, 160-220') 
showed that under these conditions more than 90% of the start- 
ing material was transformed within 6-18 hr. The photolysis 
solutions were evaporated under reduced pressure and purified 
product was isolated by either recrystallization from methanol 
or vacuum sublimation at  0.1 mm. Pyrrole IIg, a liquid, was 
obtained by vapor phase chromatography, and IId precipitated 
during photolysis and was collected by filtration. The pyrrole 
products were identified by comparison of their physical prop- 
erties, vpc retention times, and infrared spectra with authentic 
samples. The presence of aniline and 2,s-dimethylfuran was 
estab!ished by photolyzing Ib in diethyl ether and analyzing 
the product solution on two different columns: 3-ft 10% 
Carbowax 20M (70", programmed to rise a t  20"/min) and 10-ft 
20% silicone rubber SE30 (loo", similar program). Peaks 
corresponding to aniline and 2,5dimethylfuran were observed 
on both columns. 

I n  a typical run, 0.500 g of If in 50 ml of methanol was ir- 
radiated for 6 hr. The solution, originally yellow, became 
more deeply colored, Analysis by vpc showed only aniline 
(11%) and 3-methyl-1-phenylpyrrole (89%) ; no starting mate- 
rial or other materials were detected. Evaporation of the 
solvent gave a brown solid which was transferred to a small 
sublimation apparatus. Sublimation resulted in the collection 
of 0.327 g (72%) of crystalline solid (IIf). 

Quantum yields were determined by dissolving accurately 
weighed samples of Is (12-15 mmol) and octadecane (internal 
standard) in 50 ml of tetrahydrofuran and irradiating with 
254 mp light from a low-pressure mercury lamp (Hanovia, 
688A45). The water-jacketed quartz cell was completely 
blackened except for a 4.29-cm2 window. Runs were made a t  
23" and the solution was vigorously stirred. The extent of 
reaction was estimated from the ratio of the integrated vpc 
peak areas. Measurements of the light flux were made before 

NHPh 

CH3 
Iv 

CH3 
IVa 

1 
C H s O c H 3  OH , H 3 G C H 3  NHPh r 

$h 
I 

1 
+ PhNH2 

Ph 
Ub 

In agreement with the experience of others,8~10 inter- 
mediate IV was not detected when the photolysis was 
conducted at  room temperature. Furthermore, oxida- 
tion of 5-phenylamino-&-3-hexen-2-01 (V) with acti- 
vated manganese dioxide, a selective oxidant of 
allylic alcohols,11 gave none of the 7-amino ketone (IV) . 
Rather, the isolated oxidation products from V were 

CH3 

+F 
CY, 

V 

2,5-dimethyl-l-phenylpyrrole (IIb) and aniline in the 
ratio ca. 14: 1,12 thus providing support for the proposed 
intermediacy of IV (and perhaps IVa) in the photolysis. 

Direct evidence for the y-amino ketone (IV) was ob- 
tained by irradiating Ib  at  -180°. At this tempera- 
ture, an infrared peak developed at  1695 cm-' which on 
warming above -46" disappeared. The 1695-cm-I 
peak was not regenerated on subsequent cooling without 
irradiation. Carbonyl absorptions for a series of CY#- 

unsaturated ketones structurally related to IV have 
been reported.la In the s-cis orientation, peaks were 
found a t  1700-1687 ern-', while the s-trans isomers 
absorbed at  1690-1675 cm-l. The s-cis orientation 
with the substitution pattern of IV gave a peak a t  
1697 cm-' in good agreement with the 1695-cm-' band 
observed. 

(11) R. M. Evans, Quart. Rm. (London), 18,60 (1959). 
312) Water and 2,5-dimethylfuran may also have formed. 

(13) R. Meoke and K. Ncrack, Speclrochim. Acta, 11, 391 (1958). 

The analytical 
conditions employed precluded dntection. 

(14) Y. A. Arbuzov, I N .  Akad. Nauk SSSR, Otd. Khim. Nauk,  344 (1952); 
Chem. Abstr., 47,33176 (1953). 

(15) Y. A. Arbueov and N. L. Fedyukina, Dokl. Akad. Nauk SSSR, 60, 
1173 (1948); Chem. Abstr., 41, 7300a (1948). 

(16) Y. A. Arbueov, N. L. Fedyukina, V. V. Sharyrina, and R. I. Shepeleva, 
I N .  Akad. Nauk SSSR, Old. Khim. Nauk, 556 (1952); Chem. Abstr., 49,159068 
(1955). 

(17) 0. Wichterle and S. Svastal, Collett. Czech. Chem. Commun., 16, 33 
(1951). 

(18) 9. Kojima, J .  Chem. SOC. Japan,  Ind.  Chem. Sect., 67, 819 (1954); 
Chem Abstr., 49, 10966f (1955). 

(19) Y. A. Arbuzov and T. A. Pisha, Dokl. Akad. Nauk SSSR, 116, 71 
(1957); Chem. Abstr., Sa, 6357d (1958). 

(20) L. A. Yankovska, Akad. Nauk SSSR, Inst. Org. Khim.,  Sintezy Org. 
Soedin. Sb., 1, 152 (1950); Chem Abetr., 47, 8005c (1953). 

(21) S. Bodforss, Ber., 64, 1111 (1931). 
(22) A. Treibs and R. Derra, Ann., 689, 176 (1954). 
(23) E. S. Levchenko and Y. G. Bal'on, Zh. Organ. Khim.,  1, 305 (1965); 

(24) A. P. Terent'ev and M. A. Volodina, Dokl. Akad. Nauk SSSR, 88, 
Chem. Abetr., 61, 16235f (1965). 

845 (1953); Chem. Abstr., 48, 33390 (1953). 
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and after each run with the probe of a d u d  thermistor bolometer 
(YSI Model 65) placed inside the cell. Fluxes of ca. 3 X l W  
ergs/cm2 sec were employed. 

Unsuccessful attempts to photosensitize the reaction were 
carried out on nitrogen-purged equimolar solutions of Ia  and 
naphthalene or triphenylene in tetrahydrofuran. Pyrex-filtered 
light from a 550-W medium-pressure mercury lamp (Hanovia, 
Type A) was used. 
5-Phenylamino-n's-3-hexen-Z-ol (V) .--Zinc dust, 7.5 g (0.12 

mol) , was added slowly to a stirred solut,ion of 4.5 g (0.024 mol) 
of Ib in 40 ml of acetic acid. The temperature rose to 50" and 
stirring was continued overnight. The suspension was made 
basic with 28 g of sodium hydroxide in 100 ml of water and ex- 
tracted with three 50-ml portions of benzene. The dried ex- 
tracts were evaporated under reduced pressure to give 3.5 g 
of liquid. This material was distilled (short path, 0.1 mm) to  
give a pale yellow oil which was pure by vpc analysis. The 
analytical sample was collected from a 3-ft 10% Carbowax 
column at  220". 

Anal. Calcd for C I ~ H I ~ N O :  C, 75.35; H, 8.96; N, 7.32. 
Found: C, 75.54; H, 9.07; N, 7.22. 

Oxidation of V.-A suspension containing 1.0 g of V and 1.0 g 
of activated manganese dioxidels in 20 ml of benzene was re- 

(25) E. F. Pratt and T. P. McGovern, J .  Org. Chem., 49. 1540 (1964). 

fluxed for 17.5 hr. A sample was removed, filtered, and ana- 
lyzed with a 3-ft Carbowax column. In addition to unreacted 
starting material, 2,5-dimethyl-l-phenylpyrrole and aniline 
(14:l) were the only products observed. The same reaction 
occurred more slowly a t  room temperature. Control experi- 
ments showed that aniline and 2,5dimethyl-l-phenylpyrrole 
were essentially unchanged under the oxidation conditions. 

Low-Temperature Photolysis of 3,6-Dimethyl-2-phenyl-3,6- 
dihydro-1,Z-oxazine (Ib) .-A film of Ib  between sodium chloride 
plates was irradiated in an infrared cell cooled to -180' by 
liquid nitrogen. Light from an unfiltered 800-W Westinghouse 
mercury arc lamp was employed. After 25 min, a peak appeared 
at  1695 cm-1. On warming above -46', it  disappeared. Cool- 
ing the sample back to -180" did not regenerate the 1695-cm-' 
peak. 

Registry No.-Ia, 19029-45-9; Ib, 19029-46-0; IC, 
19029-47-1 ; Id, 19029-48-2; Ie, 19029-49-3; V, 
19029-97-1. 
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The di-tbutyl peroxide initiated decarbonylation reactions of 2,3-&- and -trans-diphenyl-2,3-epoxypropanal 
and the thermal decomposition of t-butyl cis- and trans-a,p-diphenylperglycidates have been investigated as 
sources of isomeric oxirane radicals. The products obtained from the decarbonylation reactions are exclusively 
derived from opening of the oxirane ring. &Butyl cia- and trans-a18-diphenylprglycidatea undergo thermal 
decomposition in cumene a t  70" a t  identical rates and by a nonconcerted one-bond cleavage. The products 
(desoxybenzoin, trans-stilbene oxide, and 1,2,3,4-tetraphenyl-l14-butanedione) formed are the same from either 
perester. The results indicate that the oxirane radical can abstract hydrogen but that rearrangement to the desyl 
radical is facile and accounts for the major proportion of products. 

Theoretical arguments3t4 predict that the most 
favorable hybridization for an alkyl radical is sp3, al- 
though electron spin resonance investigations of methyl 
and other alkyl radicals are best interpreted by postu- 
lating a planar ge~rne t ry .~ -~  It seems that the energy 
difference between planar and pyramidal conformations 
of free radicals are much smaller than the energy dif- 
ferences between the similar geometries of carbanions 
and carbonium ions. Support for this contention 
stems from studies on the configurational stabilities of 
vinyl radicals which indicate that these radicals equili- 
brate with great facility.8-'2 In contrast to the above, 

(1) Epoxidation Studies. V. 
J .  Org.  Chem., 81, 1995 (1966). 

(2) Alfred P.  Sloan Research Fellow, 1968-1970. 
(3) J.  W. Linnett and A. J.  Poe, Trana. Faraday Soc., 47, 1033 (1951). 
(4) A. D. Walsh, J .  Chem. Soc., 2296 (1953). 
(5) H. M.  McConnel and R. W. Fessenden, J .  Chem. Phys. ,  S i ,  1688 

(6) M. Karplus and G. K. Fraenkel, ibid., 86, 1312 (1961). 
(7) M. C. R. Symons, Aduan. Phys.  Org. Chcm., 1, 283 (1963). 
(8) J. A. Kampmeier and R. M. Fantzier, J .  Amer. Chcm. Soc., 86, 1959, 

(9) J. A. Kampmeier and G .  Chen, ibid., ST, 2608 (1965). 
(10) L. A. Singer and N. P. Kong, Tetrahedron Lett., 2089 (1966); J .  Amer. 

(11) 0. Simma, K. Tokumaru, and H. Yui, Tetrahedron Lett., 5141 (1966). 
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