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Efficient and preparatively useful Baeyer-Villiger (BV) oxidation of a few polycyclic ketones with ceric ion is 
reported. The BV oxidation of pentacyclo[5.3.0.02~5.0~~9.04~8]decan-6-one (1,3-bishomocubanone, 1) and pentacy- 
clo[6.2.1.02~7.04~10.05~9]undecane-3,6-dione (3). with ceric ion proceeds regiospecifically and the results differ from 
those of conventional peracid oxidation. A plausible mechanism is advanced to explain the regiospecificity of ceric 
ion oxidations. 

A variety of organic functional groups can be convenient- 
ly oxidized with ceric ion and many of these reactions find 
some useful synthetic appli~ations.28~ It  has been shown 
that alicyclic ketones are rapidly consumed by ceric ion to 
furnish o-nitratocarboxylic acids as the main products via 
a pathway involving a -~ leavage .~  A sole exception4 is the 
ceric ion oxidation of adamantanone, which furnishes the 
corresponding Baeyer-Villiger lactone in good yield. In 
pursuit of certain synthetic objectives, we have investi- 
gated the ceric ion oxidation of three pentacyclic ketones, 
pentacyclo[5.3.0.02~5.03~9.04~s]decan-6-one (1,3-bishomocu- 
banone, l), pentacyclo[5.3.0.02~6.03~9,04~8]decan-5-one (1,4- 
bishomocubanone, 2), and pentacyclo[6.2.1.02~7.04~10.05~g]- 
undecan-3,6-dione (3), and find that these compounds un- 
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dergo efficient Baeyer-Villiger (BV) type oxidation. Fur- 
thermore, the oxidation of unsymmetrical 1,3-bishomocu- 
banone (1) and pentacyclic diketone 3 proceeds in a highly 
regiospecific manner to yield a lactone different from that 
obtained by the conventional peracid oxidation. We believe 
that this observation may be of general synthetic utility in 
carrying out regiospecific BV oxidations5 of geometrically 
constrained polycyclic ketones with ceric ion. 

Reaction of 1,3-bishomocubanone (1) with a slurry of 
ceric ammonium sulfate (CAS) or ceric ammonium nitrate 
(CAN) in aqueous acetonitrile furnished a single product, 
m p  133-135 OC, in 78% yield. Mass spectral measurements 
(M+ m/e 162) and strong infrared absorptions a t  1760, 
1180, and 1000 cm-l suggested a &lactone (boatY structure 
for the product. This contention was clearly supported by 
the l H  NMR spectrum, which displayed a 1 H quartet at  6 
5.05 (J1 = 4 and Jz = 3 Hz) due to the presence of a H-C- 
0-C=O type proton and mass spectral peaks a t  m/e 118 
(M+ - CO2) and 117 (M+ - COzH). These data are com- 
patible with either structure 4 or 5 for the CAS oxidation 
product. At this stage, in order to confirm that the ceric ion 
oxidation product was indeed a BV product, peracid oxida- 
tion of 1 was investigated. When 1 was treated with m- 
chloroperbenzoic acid, a 5:l mixture of two lactones was 
obtained. The major compound (M+ mle 162), mp 145-146 
"C, showed typical &lactone (boat)6 bands a t  1755 and 
1070 cm-l and was distinctly different from the lactone ob- 
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tained via CAS oxidation of 1. Its lH NMR spectrum, as 
expected, showed a triplet at  6 4.71 ( J  = 6 Hz) due to a H- 
C-0-C=O type proton. This data was suggestive of either 
structure 4 or 5 for the lactone. The minor product from 
the peracid oxidation, however, proved to be identical with 
the lactone obtained from CAS oxidation. The lH NMR 
data for the two lactones, particularly the multiplicity of 
the low-field signal, was strongly indicative of their being 
positional isomers 4 and 5 but was of little diagnostic value 
in distinguishing them. The possibility of any skeletal rear- 
rangement was ruled out on the basis of the mass spectral 
fragmentation, which showed strong peaks a t  m/e 66 
(Cs&+) diagnostic7 of this system and resulting from the 
cleavage of the carbon skeleton in half. A strong peak a t  
m/e 91 (C7H7+) attributed7 to tropylium ion was also ob- 
served in all of these compounds. A straightforward de- 
gradative scheme8 was therefore designed and is summa- 
rized in Scheme I. 

The CAS lactone was reduced by lithium aluminum hy- 
dride to the diol 6 and oxidized with Jones reagent to the 
keto acid 7. Diazomethane esterification of 7 gave the keto 
ester 8, which displayed ir absorptions at  1740 (cyclopenta- 
none) and 1730 cm-l (ester) along with expected lH NMR 
resonances and established the structure of this lactone as 
4. Lithium aluminum hydride reduction of the peracid lac- 
tone did not furnish any diol and only a pentacyclic ether 
10 was f ~ r m e d . ~  An isomeric ether 9 was also prepared from 
the dehydration of diol 6 but again a distinction between 9 
and 10 could not be made on spectral grounds. Addition of 
methylmagnesium iodide to the peracid lactone yielded the 
lactol 11 [ir 3550, 1050, 1055 cm-l; lH NMR 6 1.38 (3 H, 
singlet)] which was oxidized with Jones reagent to the dike- 
tone 12 exhibiting cyclobutanone absorption (1775 cm-l) 
in the ir spectrum. Analogous degradation of CAS lactone 
via the lactol 13 [ir 3500, 1010, 1050 cm-l; lH NMR 6 1.6 (3 
H, singlet)] yielded the isomeric dilactone 14 displaying a 
cyclopentanone absorption (1740 cm-l). The structures of 
Ce4+ and peracid lactones were thus established as 4 and 5 ,  
respectively. 

The symmetrical l,4-bishomocubanone (2) on CAS oxi- 
dation furnished a crystalline lactone 15, mp 130-132 OC, 
which showed ir bands at  1755 and 1260 cm-l 
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and a proton at 6 5.0 due to H-C-0-C=O type functional- 
ity. The same lactone was also obtained from the peracid 
oxidation of 2. 

Oxidation of pentacyclic diketone 3 with CAN in aque- 
ous acetonitrile yielded a single crystalline monolactone 16, 
mp 280-282 "C, and its structure was derived from the fol- 
lowing spectral characteristics. The &lactone 16 exhibited 
intense carbonyl bands at  1780 and 1725 cm-l and dis- 
played in its l H  NMR spectrum a one-proton triplet a t  6 
5.17 ( J  = 7.5 Hz) due to H-C-0-C=O type grouping. The 
mass spectral (M+ mle 190) fragmentation with strong 
peaks a t  mle 146 (M+ - COa), 145 (M+ - COzH), 118 (M+ 
- COz - CO), and 117 (M+ - COz - CO - H) was in com- 
plete harmony with a keto lactone structure. The hypso- 
chromic shift of the &lactone carbonyl (1780 cm-l) and the 
bathochromic shift of the cyclopentanone carbonyl (1725 
cm-l) in the ir spectrum of 16 can be attributed to the con- 
tribution of the form 18. In the alternative structure 17 for 
this lactone such an spatial interaction 19 is precluded on 
account of unfavorable geometry. Reaction of 3 with m- 
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chloroperbenzoic acid under a variety of conditions led to 
the isolation of only a dilactone 20, mp >300 "C, ir 1760 
cm-l (&lactone), MS M+ mle 207?, and no monolactonic 
product could be detected. The presence of a second car- 
bonyl group in 3 complicates its peracid oxidation and in 
this case the preparative utility of ceric ion in effecting BV 
oxidation is clearly demonstrated. 

A plausible mechanism for the formation of lactone 4 in 
the CAS~oxidation of 1 is outlined in Scheme I1 and is in 
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harmony with the currently accepted mechanism3 of ceric 
ion oxidations.ll The regiospecificity of this reaction can be 
attributed to the greater stability12 of cyclopentyl radical 
intermediate 21 over the cyclobutyl radical intermediate 
22. This selective a-cleavage to furnish the more stable rad- 
ical intermediate should be useful in the regiospecific BV 
oxidation of polycyclic ketones and the efficient 3 -* 16 ox- 
idation with ceric ion further strengthens this contention. 
On the other hand, regioselective formation of lactone 5 in 
the peracid oxidation of 1 clearly indicated preferential mi- 
gration of cyclobutyl ring vs. the cyclopentyl ring. Recent- 
ly, Monti and Ward13 observed in the BV oxidation of tri- 
cyclo[3.2.1.0~~6]octan-7-one (23) that the cyclobutyl migra- 
tion was overwhelmingly favored and lactone 24 was exclu- 
sively formed. Such preferential migration of cyclobutyl 
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ring was not observed in simple model systems and there- 
fore regiospecific formation of lactone 24 was attributed to 
the cr-assisted C-C bond cleavage and stabilization of the 
incipient positive charge through a cyclobutyl-cyclopropyl- 
carbinyl type resonance. The results obtained with 1 are 
likewise suggestive of cr participation by the strained Cs-Cd 
cyclobutyl bond and stabilization of the developing positive 
charge via a cyclobutyl-cyclopropyl-carbinyl type reso- 
nance 25. The rigid framework of 1 and the favorable geo- 
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metrical disposition of the CS-C~ bond make this participa- 
tion possible and it is fully borne out by an examination of 
molecular models. 

Experimental Section14 
Pentacyclo[5.3.0.0*~~,03~9.04~8]decan-6-one (1,3-bishomocuban- 

one, pentacyclo[5.3.0.02~6.03~g.04~8]decan-5-one (l,4-bishomo- 
cubanone, 2),16 and pentacyclo[6.2.1.02~7.04~10.05~g]undecane-3,6- 
dione (3)17 were prepared according to the literature procedures. 

Oxidation of Pentacyclo[5.3.0.02~5.03~9.04~s]decan-6-one (1)  
with Ceric Ammonium Sulfate. To a magnetically stirred slurry 
of ceric ammonium sulfate (18 g, 28 mmol),in water (35 ml) in a 
100-ml round-bottom flask, a solution of bishomocubanone 1 (1 g, 
6.9 mmol) in acetonitrile (18 ml) was added. The reaction mixture 
was heated at  60 "C for 1 h and cooled to room temperature. Dilu- 
tion with water, extraction with methylene chloride (2 X 25 ml), 
washing, drying, and evaporation of solvent gave 1.05 g of a waxy 
solid. Elution of this material from a silica gel (30 g) column with 
benzene yielded 0.86 g (78%) of pure lactone 4, which on sublima- 
tion (80 "C a t  I mm) gave white, glistening solid: mp 133-135 "C; 
ir (KBr) 1760, 1180, 1000 cm-I (lactone): lH NMR (Cc14) 6 5.05 
(H-C-0-C=O, 1 H, q, J1 = 4, Jz = 3 Hz), 1.25-3.2 (CH ring, 9 H, 
envelope); MS mle 162 (M+), 118 (M+ - COS), 117 (M+ - COzH), 
105, 103,91 (C7H7+), 84,79, 66 (Cf,H6+). Anal. Calcd for CloHloOz: 
C, 74.05; H, 6.22. Found: C, 74.3; H, 6.00. 

Oxidation of 1,3-Bishomocubanone (1) with m-Chloroper- 
benzoic Acid. To a solution of 1 (0.1 g, 0.7 mmol) in dry benzene 
(10 ml), m-chloroperbenzoic acid (0.15 g, 0.87 mmol, Aldrich) and 
a catalytic amount of p-toluenesulfonic acid (50 mg) were added 
with gentle swirling of the flask. Reaction was completed in 2 h 
(TLC) and the mixture was poured into water (10 ml), extracted 
with ether (2 X 20 ml), and washed with aqueous sodium bicarbon- 
ate (3 X 10 ml). Removal of solvent yielded a waxy solid, 0.10 g 
(go%), which was found to be a mixture of lactones 5 and 4 in a 
ratio of 5:l (lH NMR integration). Separation of the two lactones 
was achieved by preparative TLC on silica gel plates (20 X 20 cm) 
using benzene-ethyl acetate (4:l) as the solvent system. The fast 
moving minor component was identical with the lactone 4 formed 
in the CAS oxidation of 1. The major component was sublimed (80 
'C, 1 mm) to yield 0.05 g of white crystals: mp 145-146 "C; ir 
(KBr) 1755, 1365, 1070 cm-l (lactone); lH NMR (CC14) 6 4.7 (H- 
C-0-C=O, 1 H, t, J = 6 Hz), 1.6-3.4 (CH ring, 9 H, envelope); MS 
mle 162 (M'), 118 (M - COz), 117 (M+ - COS - H),  91 (C7H7+), 
66 (C5Hs+). Anal. Calcd for CloHloOz: C, 74.05; H, 6.22. Found C, 
74.36; H,  6.3. 

LiAlH4 Reduction of Lactone 4. Lactone 4 (0.7 g, 4.3 mmol) in 
dry ether (25 ml) was added slowly to a slurry of lithium aluminum 
hydride (0.3 g, 7.9 mmol) in dry ether (15 ml). The reaction mix- 
ture was stirred for 1 2  h a t  room temperature and then quenched 
by adding slowly 3 ml of water and 1 ml of 15% potassium hydrox- 
ide. Extraction with methylene chloride (2 X 20 ml) yielded 0.6 g 
of crude diol. Crystallization from ether gave glistening white nee- 
dles, 0.5 g (68.7%), of 6: mp 125 "C; ir (KBr) 3450 (hydroxyl), 1000, 
1075 cm-l; lH NMR (CDC13) 6 4.5 (HCOH, 1 H,  m), 4.03 (HzCOH, 
2 H, m), 1.2-2.65 (CH ring and -OH, 11 H, envelope); MS mle 148 
(M+ - HzO), 117, 120 (CsHlz+), 91 (C7H7+), 79 (C5H30+ or 

C6H7+), 66 (C5Hs+). Anal. Calcd for C10H1402: C, 72.26; H, 8.49. 
Found: C, 72.21; H, 8.35. 

Acid-Catalyzed Cyclization of Diol 6 to Pentacyclic Ether 
9. The above diol 6 (0.1 g, 0.6 mmol) in dry benzene (10 ml) con- 
taining p-toluenesulfonic acid (10 mg) was refluxed for 2 h. The re- 
action mixture was poured into sodium carbonate solution (10 ml, 
5%) and extracted with ether (2 X 20 ml); was+hing, drying, and re- 
moval of solvent gave a waxy residue showing a single spot on 
TLC. Sublimation (60 "C, 1 mm) of this material yielded 0.08 g 
(89.7%) of 9 as a white, crystalline solid: mp 140 "C; ir (KBr) 1025 
cm-l (ether); lH NMR (Cc4)  6 4.8 (HCO-, 1 H, m), 4.0 (-CH20-, 
2 H, m), 1.2-2.75 (CH ring, 9 H, envelope); MS mle 148 (M+), 120 
(M+ - CO), 117,91 (C7H7+), 79 (CsH30+ or &H7+), 69 (CdH&+). 
Anal. Calcd for CloH120: C, 81.04; H, 8.16. Found: 80.89; H,  8.09. 

Jones Oxidation of Diol 6 .  An ice-cooled, stirred solution of 
the diol 6 (0.2 g, 1.2 mmol) in 5 ml of acetone was treated dropwise 
with Jones reagent (2 ml) until the brown color persisted. The mix- 
ture was stirred for 4 h, diluted with water, and extracted with 
ether (2 X 25 ml). The organic layer was successively washed with 
sodium carbonate and brine and dried. Removal of solvent gave 
0.04 g of product, which was identified as lactone 4. The water 
layer was acidified with 15% HC1 and extracted with methylene 
chloride (3 X 25 ml) to give 0.13 g of keto acid 7: ir (KBr) 3375, 
1740,1725,1245 cm-'. 

Keto Ester 8. To a solution of the above keto acid 7 (0.1 g) in 
dry ether, an ethereal solution of diazomethane was added until a 
permanent yellow color persisted. The reaction mixture was left 
aside for 1 h and excess of diazomethane was neutralized by care- 
ful addition of acetic acid. Removal of solvent and direct distilla- 
tion gave keto ester 8 as a colorless liquid: bp 110-115 "C (bath, 1 
mm); ir (neat) 1740, 1730, 1180 cm-l; lH NMR (Cc4)  6 3.67 (CH3 
OC=O, 3 H, s), 1.5-3.1 (CH ring, 9 H, envelope); MS rnle 192 
(M+), 164 (M+ - CO), 161 (Mt - OCHB), 131 (M+ - COZMe), 114, 
79 (C5H3O+ or C&7+). Anal. Calcd for CllH1203: C, 68.73; H, 6.29. 
Found: C, 68.53; H, 6.14. 

LiAlH4 Reduction of Lactone 5. Lactone 5 (0.7 g, 4.3 mmol) in 
dry ether (25 mi) was added slowly to a slurry of lithium aluminum 
hydride (0.3 g, 7.9 mmol) in dry ether (15 ml). The reaction mix- 
ture was stirred for 8 h a t  room temperature. Work-up as de- 
scribed earlier and extraction with methylene chloride (2 X 25 ml), 
drying, and removal of solvent gave 0.65 g of waxy product. Elu- 
tion of this material from a silica gel column with benzene yielded 
0.3 g (44.4%) of ether 10. On sublimation (140 "C, a t  1 mm) it gave 
a white, crystalline solid: mp 192 "C; ir (KBr) 1025, 995 cm-l; lH 
NMR (CC14) 6 5.52 (HCO-, 1 H, m), 4.13 (HzCO-, 2 H, t, J = 5 
Hz), 1.3-3.3 (CH ring, 9 H, envelope); MS rnle 148 (M+), 117, 91 
(C7H7+), 81 (C5H50+), 79 (CbH&+ or C&+). Anal. Calcd for 
CloH120: C, 81.04; H, 8.16. Found: C, 80.94; H, 7.95. 

Addition of Methylmagnesium Iodide to Lactone 5. Methyl- 
magnesium iodide [from 0.1 g of magnesium turnings and methyl 
iodide (0.6 g) in 25 ml of dry ether] was prepared according to 
usual procedure and lactone 5 (0.25 g, 1.5 mmol) in 5 ml of dry 
ether was added dropwise with continuous stirring. The reaction 
mixture was quenched after 3 h with 10% ammonium chloride (5 
ml) and extracted with ether (2 X 25 ml); washing, drying, and 
evaporation of solvent yielded 0.3 g of crude lactol 11, which was 
crystallized from benzene-petroleum ether (1:4) to furnish white, 
stout crystals: 0.2 g (72%); mp 114-115 "C; ir (KBr) 3550 (hydrox- 
yl), 1055, 920 cm-l (ether); IH NMR (cc14) 6 4.05 (-CHO-, 1 H, t, 
J = 5 Hz), 1.38 (HBC-COH, 3 H, s), 1.8-3.2 (CH ring and OH, 10 
H, envelope). Anal. Calcd for C11H1402: C, 74.13; H, 7.92. Found: 
C, 74.39; H, 8.17. 

Jones Oxidation of Lactol 11. To an ice-cold solution of lactol 
11 (0.1 g, 0.56 mmol) in acetone (5 ml) was added Jones reagent 
(0.5 ml) dropwise until the yellow color persisted. The reaction 
mixture was stirred overnight a t  room temperature and then 
poured into water (10 ml). Extraction with ether (2 X 20 ml), 
washing with 10% sodium carbonate solution (2 X 10 ml) and 
brine, and removal of solvent gave diketone 12, 0.075 g (76%), ir 
(neat) 1775 (cyclobutanone), 1720 cm-l. 

Addition of Methylmagnesium Iodide to  Lactone 4. Methyl- 
magnesium iodide [from 0.15 g of magnesium turnings and methyl 
iodide (0.9 g) in 25 ml of dry ether] was prepared according to the 
usual procedure and lactone 4 (0.4 g, 2.25 mmol) in 10 ml of dry 
ether was added dropwise with continuous stirring. The reaction 
mixture was quenched after 2 h with 10% ammonium chloride (10 
ml) and extracted with ether (2 X 25 ml); washing, drying, and re- 
moval of solvent yielded 0.48 g of crude lactol 13. Filtration from a 
silica gel column using 1:4 ethyl acetate-benzene as a solvent and 
crystallization from petroleum ether-benzene mixture furnished 
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white flakes: 0.31 g (70%); mp 89-90 "C; ir (KBr) 3500 (hydroxyl), 
1010, 1050 cm-I (ether); IH NMR (ccl4) 6 4.8 (CHO-, 1 H, m), 1.6 
(CH&OH, 3 H, s), 1.3-3.95 (CH ring and OH, 10 H, envelope). 

Anal. Calcd for CllH1402: C, 74.13; H, 7.92. Found: C, 74.41; H, 
7.79. 

Jones Oxidation of Lactol 13. To an ice-cold solution of lactol 
13 (0.25 g, 1.4 mmol) in acetone (10 ml) was added Jones reagent (1 
ml) dropwise until the yellow color persisted. The reaction mixture 
was stirred overnight a t  room temperature and then poured into 
water (15 ml). Extraction with ether (2 X 20 ml), washing with 10% 
sodium carbonate solution and brine, and removal of solvent yield- 
ed diketone 14, 0.18 g (70%), ir (neat) 1740 (cyclopentanone), 1718 
cm-l. 

Oxidation of Pentacyclo[5.3.0.02~6.03~s.04~*]decan-5-one (2) 
with Ceric Ammonium Sulfate. To a magnetically stirred slurry 
of ceric ammonium sulfate (3.5 g, 5.5 mmol) in water (7 ml) a solu- 
tion of 1,4-bishomocubanone (0.2 g, 1.4 mmol) in acetonitrile (3.5 
ml) was added. The reaction mixture was stirred a t  60 OC for 3 h 
and worked up as described above to yield 0.2 g of a waxy solid. Di- 
rect sublimation (75 OC, 1 mm) gave 0.175 g (80%) of white crystals 
of 15: mp 130-132 OC; ir (KBr) 1755,1260,1075 cm-l (lactone); 'H 
NMR (CCld 6 5.0 (H-C-0-C=O, 1 H, m), 1.5-3.5 (CH ring, 10 H, 
envelope). Anal. Calcd for C10H1002: C, 74.08; H, 6.17. Found: C, 
74.13; H, 6.15. 

Baeyer-Villiger Oxidation of 2 with m-Chloroperbenzoic 
Acid. To a solution of 1,4-bishomocubanone (2, 0.1 g, 0.7 mmol) in 
dry benzene (10 ml) was added rn-chloroperbenzoic acid (0.15 g, 
0.87 mmol, Aldrich) and a catalytic amount of p-toluenesulfonic 
acid with gentle swirling of the flask. Reaction was complete in 2 h 
(TLC) and usual work-up as described in the earlier case yielded 
0.095 g (86%) of lactone 15 identical with the CAS oxidation prod- 
uct of 2. 

Oxidation of Pentacyclo[6.2.1.02~7.04~10.05~9]~ndecane-3,6- 
dione (3) with Ceric Ammonium Nitrate. To a magnetically 
stirred slurry of ceric ammonium nitrate (16 g, 30 mmol) in water 
(30 ml) a solution of diketone 3 (1 g, 5.7 mmol) in acetonitrile (20 
ml) was added. The reaction mixture was stirred a t  30 "C for 1 h 
and worked up as described above to yield 1.1 g of a solid residue. 
Direct recrystallization from methylene chloride-ether gave 0.9 g 
(82%) of colorless crystals of 16: mp 280-282 OC; ir (CHZC12) 1780 
(&lactone), 1725 cm-l (cyclopentanone); IH NMR (CDCl3) 6 5.17 
(H-C-0-C=O, 1 H, t, J = 7.5 Hz), 2.45-3.4 (CH ring, 5 H, enve- 
lope), 1.7-2.3 (CH ring, 4 H, m); MS rnle 190 (M+), 146 (M+ - 

CO - H), 91 (C7H7+), 79 (CsH30+ or C&7+), 66 (C5H6'). Anal. 
Calcd for CllH1003: C, 69.46; H, 5.30. Found: C, 69.63; H, 5.19. 

Beayer-Villiger Oxidation of 3 with m-Chloroperbenzoic 
Acid. To a solution of diketone 3 (0.25 g, 1.4 mmol) in dry benzene 
(15 ml) was added rn-chloroperbenzoic acid (0.29 g, 1.4 mmol, Al- 
drich) and a catalytic amount of p-toluenesulfonic acid with gentle 
swirling of the flask. Reaction was complete in 2 h and usual work- 
up as described in the case of 1 yielded 0.28 g of dilactone 20. Re- 
crystallization from methylene chloride gave colorless micronee- 
dles (0.13 g, 43%): mp >300 OC; ir (CHzClz) 1760 cm-l @-lactone); 
MS rnle 207? (M+ + l ) ,  206 (M+), 178 (M+ - CO), 150 (M+ - 
2CO), 134 (M+ - COP - CO). The lH NMR spectrum of 20 could 
not be recorded owing to its insolubility in CDCl3 and 
(CD3)2C=O. Anal. Calcd for CllH1004: C, 64.07; H, 4.89. Found: C, 
63.86; H, 4.73. The mother liquor from the recrystallization of 20 
showed the presence of unreacted starting material. When BV oxi- 
dation of diketone 3 (0.25 g, 1.4 mmol) was carried out with rn- 
chloroperbenzoic acid (0.58 g, 2.8 mmol) as described above, dilac- 
tone 20 was obtained in 93% yield. 

Registry No.-1, 15584-52-8; 2, 15745-99-0; 3, 2958-72-7; 4, 

COz), 145 (M+ - COzH), 118 (M+ - COz - CO), 117 (M+ - COz - 

57051-35-1; 5,  57051-34-0; 6, 57719-10-5; 7, 57719-11-6; 8, 57719- 
12-7; 9, 57719-13-8; 10, 57719-14-9; 11, 57719-15-0; 12, 57719-16-1; 
13,57719-17-2; 14,57719-18-3; 15,57051-36-2; 16,57719-19-4; ceric 
ammonium sulfate, 7637-03-8; rn-chloroperbenzoic acid, 937-14-4; 
lithium aluminum hydride, 16853-85-3; diazomethane, 334-88-3; 
methyl iodide, 74-88-4; ceric ammonium nitrate, 16774-21-3. 
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