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a-Keto-y-valerolacstone (14): 68%; mp 71-73 "C (1it.j mp 70-73 
"C); IR (CHC13) 3500,3300,1760,1400,1320 cm-'; NMR (CDC13) 6 
6.65 (bs, 1 H), 6.27 (d, .l H), 5.08 (m, 1 H), 3.0 (m), 2.25 (m), 1.42 (d, 
3 H); MS mle 1.14 (M+), 69, 57,44. 

Anal. Calcd fcr C5Hi6O3: C, 52.63; H, 5.30. Found: C, 52.19; H, 
4.98. 
a-Keto-y-phenyl-y-butyrolactone (15): 66%; IR (CHC13) 3500, 

3350, 1765, 1500 cm-.'; NMR (CDC13) 6 7.30 (bs, 5 H), 6.29 (d, 1 H), 
5.82 (d, I H); DNP derivative, mp 115-117 "C. 

Anal. Calcd for C I ~ H I ~ N ~ O ~ :  C, 53.94; H, 3.39; N, 15.72. Found: C, 
54.28; H, 3.60; N, 15.96. 

a-Keto Lactone 16: 86%; mp 98-101 "C (lit.3 mp 99-110 "C); IR 
(CHCl13) 3500, 3300, 1750 cm-'; NMR (CDC13) 6 6.55 (bs, 1 H), 4.58 
(m, 1 H), 3.00 (m, 2 H) 2.6-1.0 (m, 6 H); MS mle 154 (M+), 110,97, 
80, 79. 

a-Keto Lactone 17:, 72%; mp 93-96 "C: 1R (CHC13) 3500, 3300, 
1750, 1690, 1600 cm-'; NMR (CDC13) 6 6.55 (d, 1 H), 6.08 (m, 1 H), 
5.87 (dd. 1 H),  2.71-1.4 (m, 4 H). 

Anal. Calcd for C&H&i: C, 63.15; H, 5.30. Found: C, 62.80; H, 
5.04. 

a-Keto-6-valerolactone (18): 72%; IR (CHC13) 3450,1765-1700 
cm-'; NMR (CDC13) d 5.95 (t, 1 H), 5.75 (bs, 1 H), 4.60 (t, 2 H), 4.45 
(t, 2 .H), 2.87 (t,  2 H), 2.50 (m, 2 H); MS mle 114 (M+), 69, 57, 56, 
41. 
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The  benzyloxy bicyclic lactone 2 is an important starting 
material for the  preparation of the unsaturated lactone 4, an 
intermediate for the synthesis o i  A prostaglandins1 and the 
lactone alcohol 7. The latter is a key intermediate for the  
synthesis of pharmacologically interesting 1 l-deoxyprosta- 
glandins.2 Since the existing route from the bicyclic lactone 
2 to  4 and thence to 7 involves several  step^,^-^ we have de- 
veloped a simple one-step transformation of 2 to  4 involving 
a cationic rearrangement cyclization sequence. Compound 4 
can be transformed into 7 in two additional steps, thus pro- 
viding a convenient approach to  11-deoxyprostaglandins. A 
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1, R =CH,  3, R = C H ,  5, R = C H ,  

CO,H 
\- 

L O R  

H d  
4 R = CH,; 
9, R = CH,C,;H, 

corresponding sequence from 1, the methyl ether analogue of 
2, to  7 has also been developed. 

Treatment of the lactone methyl ether 1 or the benzyl ether 
2 with concentrated sulfuric acid in an aprotic solvent at room 
temperature for 12 h smoothly afforded in ca. 90% yield the 
rearranged lactones 3 and 4. The rearrangement was effected 
in similar yields with p-toluenesulfonic acid or boron tri- 
fluoride etherate as catalysts. Alternatively, the optically 
active lactones 3 and 4 were obtained directly from the re- 
solved intermediates 8 and 9 by treatment with concentrated 
HzS04 as described above. Catalytic hydrogenation of 3 over 
5% Rhlalumina gave the saturated ether 5,  which was de- 
methylated using BBr3 to furnish the desired alcohol 7 in 77% 
overall yield. However, catalytic hydrogenation and deben- 
zylation of the benzyl ether 4 to  provide 7 in 90% overall yield 
were best effected sequentially over 5% Rh/alumina* (to give 
6) followed by 5% PdIC in ethyl acetate. Contrary to an earlier 
report, there was no evidence of hydrogenolysis of the allylic 
hydroxyl group in 4.3,6 

The  three-step sequence of 2 to  7 or alternatively 9 to  7 (if 
optically active material is desired) constitutes the preferred 
route for intermediates for the preparation of ll-deoxypros- 
taglandins. 

Expe r imen ta l  Sec t ion7  

Preparation of Methyl Ether Lactone 3. A solution of 5.26 g (15 
mmol) of the lactone 1 in 30 mL of Et20 was treated with 0.3 mL of 
concentrated H2S04, and the mixture was stirred under a nitrogen 
atmosphere overnight at  room temperature. The reaction mixture 
was neutralized (pH 8) with saturated sodium bicarbonate solution, 
the Et20 layer was separated, and the aqueous layer was further ex- 
tracted with EtOAc (3 X 15 mL). The combined organic extracts were 
dried (Na2S04) and evaporated to a crude oil weighing 2.4 g (95% 
yield). The product was purified by chromatography on silica gel 
(Baker) using CHZC12 followed by CHzCIz/EtOAc (9:l) as eluent to 
furnish 3: 2.2 g (87% yield); mp 50-51 "C; IR (CHC13) 1779 cm-l; 
NMR (CDC13) 6 2.0-3.1 (4 H, m), 3.25 (3 H, 8 ,  -OCHs), 3.2-3.4 (2 H, 
m, -CH20), 5.45 (1 H, m, -CHOCO), and 5.94 (2 H, ni, olefinic); TLC 
Rf  0.5 (EtOAc). 

Reduction of the  Methyl Ether Lactone 3 to 5. A solution of 1.8 
g (10.7 mmol) of unsaturated lactone methyl ether 3 in 20 mL of THF 
and 0.2 g of 5% rhodium on alumina was hydrogenated at  25 "C and 
atmospheric pressure until absorption ceased (15 min). The reaction 
mixture was filtered through Celite and evaporated to yield an oil 
weighing 1.8 g (100% yield). The oil was chromatographed on silica 
gel (Baker) eluting with CHzClz followed by CHZC12/EtOAc (4:l) to 
afford 5 as a colorless oil: 1.76 g (96.0% yield); IR 1779 cm-*; NMR 
(CDC13) d 1.2-3.0 (8 H, m), 3.35 (2 H, d, J = 6 Hz, -CHzO-), 3.38 (3 
H, s, -OCI-I& and 5.00 (1 H, br, -CHOCO); TLC Rf 0.25 (3:l C&?,j/ 
EtOAc). 

Preparation of Benzyl Ether Lactone 4. Following the procedure 
described for the preparation of 3, the lactone 2 or the corresponding 
hydroxy acid (+)-9 was converted to 4 (91% yield), a pale yellow oil, 
identical in all respects with a sample prepared by the method of 
Corey and Snider.4 Optically active material had [ a ] 2 7 ~  +214" (c 1.0, 
CHC13). 
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Reduction of the Benzyl Ether Lactone 4 to 6. Following the 
procedure described for the preparation of 5,  the double bond in 
benzyl ether 4 was selectively reduced over 5% Pd/C to furnish the 
saturated benzyl ether 6 in 97% yield bp 150-155 'C (0.5 mm); IR 
(CHC13) 1776 cm-'; NMR (CDC13) 6 3.4 (2 H, d, J = 6 Hz, -CH20-), 
4.54 (2 H, br, -OCHZPhl, 4.9 (1 H, m, -CHOCO), and 7.3 (5 H, s, 
CeHs); TLC Rf 0.55 (1:l C,jHs/ether). 

Preparation of Lactone Alcohol 7: (a) From the Methyl Ether 
5. A solution of 0.17 g i l  mmol) of lactone methyl ether 5 in 5 mL of 
CHzClz was stirred at -78 "C under a nitrogen atmosphere. To this 
solution was added 0.5 mi, (5.5 mmol) of BBr3, and the resulting white 
slurry was brought rapidly to 0 "C. After completion of the reaction 
(5.5 h), 2 mL of ether was added dropwise and the mixture was stirred 
for 5 min and theq added to a stirred slurry of 2.3 g of NaHC03 in 12 
mL of saturated sodium potassium tartrate solution. The organic layer 
was separated and the water layer extracted with CHZC12. The com- 
bined organic extracts were washed with saturated sodium potassium 
tartrate and dried (Na2SO4). The crude product, weighing 154 mg, 
was purified by chromatography on silica gel (Baker) eluting with 
CHzClz followed by CHZCl2/EtOAc (9:l). Evaporation of the com- 
bined fractions gave pure 7 (121 mg, 77% yield): bp 135-138 "C (0.1 
mm); IR (CHCl3) 1770 cm-l (C=O); NMR (CDC13) 6 1.3-2.9 (8 H, 
m),3.05(1H,s,OH) 3.60(2H,d,J=6Hz,-CH20-),and5.00(1H, 
br, -CHOCO); TLC Rf 0 3 (EtOAc). Optically active material had 
[ u I z 7 ~  -26.1' (c  1, CHCI3). 

(h) From the Benzyl Ether 6. A 52-g amount of the benzyl ether 
6, dissolved in 400 mL of EtOAc containing 0.5 mL of concentrated 
HCl, was hydrogenated over 109b PdiC (4 g) at room temperature and 
pressure. After hydrogen absorption had ceased (1 h), workup fol- 
lowed by distillation gave 33 g of 7 (98% yield), identical in all respects 
with the material prepared above. 

Acknowledgment .  'The authors wish t o  thank Drs. H.-J. 
Hess and  E. J. Corey for helpful discussions. 

Registry No.-1, 525'78-42-4; 2, 50889-56-0; 3, 39673-26-2; 4, 
35761-79-6; 5 ,  66748-93-4; 6, 54382-69-3; 7, 43119-34-2; (+)-9, 
41787-51-3. 

References  a n d  Notes  

E. J. Corey and P. A. Grieco. Tetrahedron Lett., 107 (1972). 
For a detailed review of the chemistry and biology of 1 ldeoxyprostaglandins, 
see J. S. Bindra and R. Bindra, "Prostaglandin Synthesis", Academic Press, 
New York, N.Y., 1977, Chapter 20. 

(3) P. Crabbe and A. Guzman, Tetrahedron Lett., 115 (1972). 
(4) E. J Corey and B. 8. Snider. J. Org. Chern., 39, 256 (1974). 
(5) S. Ranganathan. D. Ranganathan, and R. lyengar, Tetrahedron, 32, 961 

f1!4i'fi\ , . - . -, . 
(6) P. Crabbe, A. Cervantes, and A. Guzman, Tetrahedron Lett., 1123 

(1972). 
(7) Melting points (uncorrectemd) were taken with a Thomas-Hoover capillary 

apparatus. NMR spectra were recorded on Varian A-60 and T-60 spec- 
trometers with Me4Si as an internal standard. IR spectra were determined 
with a Perkin-Elmer Model 21 spectrometer. 

The E I somer  of Acetophenone  Iminoxy, 
an Overlooked Radical 

Adri M a c h  

Contribution from the Institute for Organic Chemistry TNO, 
3502 J A  Utrwht ,  The  Netherlands 

Rcwiued April 21, 1978 

T h e  acetophenone iminoxy radical has been observed by 
ESR spectroscopy during oxidation of acetophenone oxime 
in a number of studies: in a flow system' with ceric salts, in 
static systems with lead tetraacetate in  benzene2J or meth- 
ylene chl0ride,4,~" and by other 

It is a transient radicsl which rapidly disappears after its 
generation at ambient temperatures, giving rise t o  diamag- 
netic products3 and secondary radicals of the nitroxide type 
as noted by several authors. T h e  latter radicals are readily 
distinguished from the inninoxy radical by their lower nitrogen 
hyperfine splitting constants (hfsc): aN(iminoxy) 31 G; 
a&itroxide) I 16 G. 

In these studies only one iminoxy radical was detected, and 

it was established by Gilbert and Norman5" to be the 2 isomer 
[(Z)-11 in which a characteristic 1.4 G coupling with both ortho 
hydrogens is present due to interaction of the rapidly rotating 
phenyl group with the unpaired electron which is contained 
in  a u-type orbital.6a This  orbital is derived from an oxygen 
p orbital and the nitrogen nonbonding sp2 orbital which are  
in the C=N-0 plane. The  spin density in iminoxy radicals is 
almost evenly distributed over nitrogen and oxygen. T h e  
C=N-0 angle has been calculated t o  be 139O, and thus  i t  is 
larger than in t h e  parent oxime.eb It is rather surprising that 
for the iminoxy radical only the 2 form has been found so far, 
while for the oxime the E form strongly predominates (-95% 
in the  equilibrium mixture; the  isolation of the  2 isomer has 
only recently been a c c o m p l i ~ h e d ~ ~ ~ , ~ ) .  Apparently, in 1 t h e  E - 2 isomerization is a very rapid process and (Z)-1 is the 
thermodynamically more stable isomer. 

ZIE isomerization in iminoxy radicals leading t o  an equil- 
ibrated mixture of two radicals with separate ESR signals has 
been observed frequently.1° T h e  same situation exists in a 
number of para- or meta-substituted acetophenone iminoxy 
radicals.11J2 It therefore seemed desirable t o  confirm the 
previous assignment of t h e  ESR signal of the  acetophenone 
iminoxy radical t o  exclusively (Z)-1 with the  aid of the  com- 
pounds perdeuterated either in  the  methyl or phenyl 
group. 

E x p e r i m e n t a l  Section 
(E)-Acetophenone oxime was characterized by its melting point 

(5&59 "C) and NMR spectrum. In addition to a correct melting point, 
the a,a,a-trideuterated compound was found to  contain a methyl 
group with >95% deuterium content by NMR spectroscopy and 198% 
by mass spectrometry; the pentadeuteriophenyl oxime had 97.5 
(NMR) and 98% (MS) deuterium content. NMR spectra were taken 
on Varian A-60 and HA-100 spectrometers. Mass spectra were run 
on an AEI-MS-902 mass spectrometer.13 ESR spectra were taken on 
a Varian E-4 spectrometer with a variable temperature accessory. The 
hfsc are uncorrected, but they can be compared with those obtained 
with the same instrument for the perylene radical cation'* in 98% 
sulfuric acid at 20 'C (found: 4.10,3.10, and 0.45 G). Values of g were 
measured with respect to solid DPPH (taken as g = 2.0036). 

Results and Discussion 

We have previously analyzed the  ESR spectra of aromatic 
iminoxy radicals in more detail than was done beforel5J6 using 
tert -butyl peroxalate17 (TBPO) as R convenient thermal 
source of tert -butoxy radicals in apolar solvents at ambient 
temperature, which in turn generate iminoxy radicals from 
the oximes. 

This  method enabled us t o  maintain a steady state of ace- 
tophenone iminoxy radicals for periods up  to  hours and t o  
study them at leisure under high resolution. In addition to  the 
previously reported GIN = 1.4 G (5 H, CH3 and ortho H's), the  
spectra of (Z)-l contain a small para  H coupling ( a ~ p  = 0.56 
G), indicating the  presence of some unpaired spin density in 
the  aromatic *-electron system. T h e  coupling is removed by 
para  substituents like OCHs (Figure 1). To explain the un-  
paired *-spin density in (Z)-l and in other aromatic iminoxy 
radicals in which the oxygen atom and the phenyl group are  
in  a Z position, the author has proposed a u - T spin polar- 
ization mechanism at nitrogen and/or oxygen and a distri- 

0022-326317811943-3241$01.00/0 0 1978 American Chemical Society 


