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Baeyer-Villiger Oxidation with Me;SiOOSiMe; under Assistance
of SnCl, or BF;-OEt,
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Treatment of ketones with bis(trimethylsilyl) peroxide and Lewis acid such as SnCl, or BF,-OEt, in
dichloromethane at room temperature affords esters in fair to excellent yields. Jasmine lactone is synthesized
from 2-[(Z)-2-pentenyl]cyclopentanone by means of Me,5i0O0SiMe;-BF,;- OEt, system without any protec-
tion of the carbon-carbon double bond. The oxidation of enol acetates of ketones to o«-hydroxy (or «-
acetoxy) ketones with MeySiOOSiMe,-FeCl; system is also disclosed.

The Baeyer-Villiger oxidation is one of the most
important processes in organic synthesis.!) Recent
publication? by Noyori and his coworkers on this
oxidation using Me;SiOOSiMe;—Me,SiOTf prompted
us to disclose our independent work.

Usual Baeyer-Villiger oxidants® such as H;O, or
peroxy acids react with the coexisting carbon—carbon
double bond of the substrate under epoxidation.¥ To
overcome this difficulty, we examined the oxidation
with Me,SiOOSiMe,® in the presence of Lewis acids®
being added in order to activate the carbonyl [unction
(Table 1). Among those examined, SnCl, was found
to effectively assist the oxidation in general. No reac-
tion occurred in the absence of Lewis acid.

The reaction rate with BF;-OEt, is comparable with
that by means of SnCl, in the case of cyclopentanones.
Other cycloalkanones reacted in the presence of BF,-
OEt, to produce generally cyclic peroxides,” which
decomposed slowly to afford a mixture of the desired
lactones and the starting ketones. The results of the
Baeyer-Villiger oxidation with Me,SiOOSiMe;—SnCl,
or —BF;-OEt, system are summarized in Table 2.

Although aliphatic ketones were oxidized in good

to excellent yields (runs 1,2), aromatic ketones such
as acctophenone gave complex mixtures.®) The ob-
served Baeyer-Villiger reaction in preference to C=C
bond attack (runs 3—6) features the present oxidation
procedure over the peroxy acid one.

TasLE 1. EFFECTS OF VARIOUS LEWIS ACIDS ON TIIE
TRANSFORMATION OF 4-{~-BUTYLCYCLOHEXANONE TO

4--BUTYL-6-HEXANOLIDE®)

0 Me3Si00SiMes 0
)ﬁ CHCh, 25°C, 4h ’)(Cg
1 2
Lewis acid Yield/% Lewis acid Yield/%
SnCl, 84 ZrCl, 34
BF,-OEt, 88» TiCl, 27
FeCl, 72 ZnCl, <5
AICL, 38

a) Two mol of Me;SiOOSiMe; and one mol of Lewis
acid were employed per mol of 4-t-butylcyclohexanone.
b) The reaction rate was inconveniently low. The
reaction required 2d for completion.

TABLE 2. BAEYER-VILLIGER OXIDATION wiTH Me;SiO0SiMe,-SnCl, anp -BF,;- OEt, sysTEMS®)

Yield?

Time
u Ester

h %

Lewis acid
Run Ketone (mol equiv)
1 /\/\/\0/\/\/\ SnCl, (1.0)
2 /\W SnCl, (1.0)
3 SnCl, (1.0)
W BF,. OEt, (2.0)

o]
4 'onf SnCl, (1.0)
5 % SnCl, (1.0)
BF,-OEt, (2.0)

o]

6 é/\)\ BF,- OFt,’ (2.0)

5 /\/\/\({\/\/\/ 93
11 \/\/\)’2{ 69

25, 389
17, 289

4 @:‘}o 80

3 o 64
4 ﬁ/\/ 58
4 01,\())/\)\ 44e.1)

a) Reactions were performed on 1.0 mmol scale at 25 °C.
f) Reaction with SnCl, gave a complex mixture in which the desired lactone

material. d) Ref. la. ¢) Ref. 4.

was absent.

b) Isolated yield. c) Based on the consumed starting
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TABLE 3. OXIDATION OF SIMPLE CYCLIC KETONES TO GIVE THE CORRESPONDING LACTONES
AND/OR ®-HYDROXY KETONES®)
n 5 6 10 11 12
Time/h 3 3 3.5 4 3 4 2.5
1
_ teld®
(- c 03 Yield 85 83 11 24 30 62
(CHa)n4 o
0 OH
(—E'I-('IHU Yfﬁld 09 00 49 42 35 33 20
(CH)n2

a) Reactions were done at 25 °C in CH,Cl,.
per mol of carbonyl compounds. b) Isolated yield.

Table 3 summarizes the reaction of simple cyclic
ketones?”) in the presence of SnCl,. The product dis-
tributions depend on the sizes of the ring. In the
case of 5, 6, 7, and 12 membered ring the corresponding
lactones were obtained in good yields. Meanwhile,
medium ring (8, 10, and 11 membered) cycloalkanone
gave a-hydroxy ketones.!® This is tentatively ascribed
to the oxidation of enol forms of the substrates.'t)

Treatment of silyl enol ethers with Me,SiOOSiMe,
in the presence of SnCl,, BF,;-OEt,, or FeCl,; gave
the starting ketones. In contrast, enol acetates are
oxidized to the corresponding o-acetoxy andfor «-
hydroxy ketones by means of Me;SiOOSiMe,—Lewis
acid system. Yields of x-acetoxy and «-hydroxy ace-
tophenone in the oxidation of 1-phenylethenyl acetate
and Me,;SiOOSiMe; in dichloromethane at 25 °C for
12 h were as follows: SnCl,, 289%, 419%2; BF,-OEt,,
28%, 0%. Iron(III) chloride proved to be the best
promoter for the oxidation (Fig. 1).12

OAc MesSi00SiMe; - FuCl o a
3770 OAc OH
Ph - - Ph/j\/ + Ph)J\/
CH,Cl,, 0°C,  80min 75% 1%

Qe MeSi00SiMes - FeCly Cojofxc 2

OH
+
CHClp, 0°C, 2h 27% 34°%

Fig. 1.

Relative migratory aptitude in the cleavage of un-
symmetrical ketones with Me;SiOOSiMe,—SnCl, and
-BF;-OEt, systems were examined (Fig. 2). The pres-
ent reactions have the same tendency as those with
peroxy acids.}® The selectivity was poor in the case
of 2-methylcyclohexanone.

0 [o} o]
@/ MeySi00SiMe;, CHCly, 25°C ':k/?\ + O\ij/
73% < 5%

sncl, 3h

BF5 OEt, 3h 72 10°
0 0 o]
0 [0}
Cr Co o+ O
snCl, 4h 56% 22%
Fig. 2.

Jasmine lactonc (4) is synthesized from 2-[(Z)-2-
pentenyl]cyclopentanone (3) in several steps.!¥) Pro-
tection of the olefinic bond is prerequisite in the previ-
ous procedures with perbenzoic acid, as treatment of

Two mol of Me,;Si0O0SiMe; and 1 mol of SnCl; were employed
¢) GLPC yield.

o] HO

Me;Si00SiMe; 01\;0;(\=/\ HO@\J\
i A\ +
BFl‘OElz
3 CH,Cly, 25°C, 45h a4 50% 5 8%
Fig. 3.

the ketone 3 with m-chloroperbenzoic acid (1.5 equiv)
in dichloromethane gave epoxide in 899, yield in our
hand. The Baeyer-Villiger oxidation in preference to
the epoxidation has now been achieved with
Me,SiOOSiMe,—BF;-OEt, system (Fig. 3). Addition
of portions of Me;SiOOSiMe, (2.2 equiv) and BFg-
OEt, (2.0 equiv) to the ketone 3 in dichloromethane
gave the lactone 4 in 509, yield along with the hydroxy
carboxylic acid (5) in 89, yield.1®

Although the vyields of the oxidation with
Me,SiO0SiMe,-SnCl, (or BF;-OEt,) system are better
than, or at least comparable to, those with Me,SiOTH,
easy accessibility of the Lewis acids characterizes this
system as a useful method for the Baeyer-Villiger
oxidation.

Experimental

The IR Spectra were determined on a Shimadzu IR-27-
G spectrometer, the mass spectra on a Hitachi M-80 ma-
chine, and the NMR spectra on a Varian EM-390 spec-
trometer. The chemical shifts are given in 4, with TMS3
as an internal standard. The analyses were carried out by
the staff at the Elemental Analyses Center of Kyoto Uni-
versity. Dichloromethane was dried on P,O; and distilled.
Bis(trimethylsilyl) peroxide was prepared according to the
reported procedure and purified by distillation (bp 40—
41°C/30 Torr, 1 Torr=133.322 Pa).» All the experiments
were carried out under an argon atmosphere. Purification
of products were performed by preparative thin layer chro-
matography (TLC) or column chromatography on silica gel
(Wakogel C-100). Analytical GLPC was performed with a
Yanagimoto GCG-550-F and a Shimadzu GC-4CPT.

4-t-Butyl-6-hexanolide (2): To a stirred solution of 4-¢-
butylcyclohexanone (1, 0.15g, 1.0 mmnl) and bis(trimethyl-
silyl) peroxide (0.18 g, 1.0 mmol) in CH,Cl, (10 ml) at 0°C
tin(IV) chloride (0.26 g, 1.0 mmol) was added slowly at this
temperature. After being stirred at 0°C for 15min and
25 °C for 1 h, bis(trimethylsilyl) peroxide (0.18 g, 1.0 mmol)
was added and the whole was stirred at 25°C for 3h. The
resulting mixture was poured into aq Na,S,0; (10 ml) and
extracted with ether. The combined organic layers were
washed with aq NaHCO; (10 ml) and brine, dried and con-
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centrated. Purification by preparative TLC on silica gel
(hexane-ethyl acetate, 2:1) gave 2 as a white solid (0.14 g,
849%). Mp 55°C (hexane); IR (CCl,): 1743, 1200, 1190,
1140, 1080 cm~!; NMR (CCl,): §=0.90 (s, 9H), 1.10—2.30
(m, 5H), 2.40—2.66 (m, 2H), 3.80—4.40 (m, 2H); MS
mle (%): 170 (M+, 2), 155 (2), 114 (80), 86 (60), 68 (13),
57 (100). The compound was identical with an authentic
sample.1®)

Hexyl Heptanoate: Bp 120 °C (bath temp, 3 Torr); IR
(neat): 1742, 1380, 1170, 1102 cm~'; NMR (CCl,): 6=
0.72—1.83 (m, 22H), 2.17 (t, J=7 Hz, 2H), 3.94 (t, J=
7Hz, 2H), MS m/fe (%): 131 (7), 84 (25), 69 (18), 61 (19),
60 (12), 56 (44), 43 (100), 42 (27).

9-Decenyl Acetate:® Bp 100 °C (bath temp, 3 Torr); IR
(neat): 1750, 1645, 1245, 910 cm~1; NMR (CCl,): 6=1.10—
2.20 (m, 14H), 1.96 (s, 3H), 3.94 (t, J=7Hz, 2H), 4.70—
5.10 (m, 2H), 5.68 (ddt, J=16.5, 10, 7Hz, 1H); MS m/e
(%): 198 (M+, 0.3), 155 (6), 138 (24), 110 (40), 96 (80),
82 (90), 68 (100), 54 (50).

2-Oxabicyclo[3.3.0]oct-6-en-3-one:)  Bp 80°C (bath temp,
1 Torr); IR (neat): 3090, 1780, 1180, 1020, 923, 720 cm™1;
NMR (CCly): 6=2.10—2.90 (m, 4H), 3.30—3.66 (m, 1H),
5.00—5.20 (m, 1H), 5.50—6.10 (m, 2H); MS m/e (%): 124
(M+, 16), 96 (54), 95 (49), 79 (60), 68 (38), 67 (100), 66
(54).

7-Octen-5-olide:» Bp 75°C (bath temp, 3 Torr); IR
(neat): 3090, 1740, 1645, 1245, 1050, 996, 924 cm~; NMR
(CCL): 6=1.15—2.95 (m, 8H), 3.96—4.10 (m, 1H), 4.78—
5.30 (m, 2H), 5.30—6.10 (m, 1H); MS m/e (%): 140 (M+,
5), 100 (57), 99 (92), 71 (96), 67 (21), 55 (100), 43 (87).

8-Methyl-7-nonen-5-olide: Bp 95 °C (bath temp, 0.15 Torr);
IR (neat): 1740, 1242, 1175, 1048, 920 cm~'; NMR (CCl,):
6=1.13—2.50 (m, 8H), 1.63 (s, 3H), 1.72 (s, 3H), 3.80—
4.40 (m, 1H), 4.90—5.30 (bt, 1H); MS m/e (%): 168 (M,
6), 99 (85), 71 (100), 69 (12), 55 (34), 43 (54): Found: C,
71.41; H, 9.479%,, Calcd for C, H,40,: C, 71.39, H, 9.59%,.

7-Heptanolide: The above procedure using cycloheptanone
(0.11g, 1.0 mmol) afforded after usual workup and purifica-
tion by preparative TLC (hexane-ethyl acetate, 2:1) a mix-
ture of 7-heptanolide and 2-hydroxycycloheptanone in 549,
yield (69 mg) in a ratio of 93:7 as determined by GLPC
(5% PEG 20 M, 1.5m, 128°C). 7-Heptanolide (7,=4.5
min) and 2-hydroxycycloheptanone (7°,=6.5 min) were iden-
tical with authentic sample.l®:19 7-Heptanolide had bp
90 °C (bath temp, 20 Torr); 1R (neat): 1715, 1240, 1150,
1098 cm—t; NMR (CCl): 6=1.36—2.13 (m, 8H), 2.35 (t,
J=6Hz, 2H), 4.25 (t, J=6Hz, 2H): MS m/e (%): 128
(M+, 12), 110 (44), 100 (78), 98 (100), 96 (60), 82 (74),
81 (85), 71 (55), 68 (92), 67 (52), 57 (75).

2-Hydroxycycloheptanone: Bp 83 °C (bath temp, 3 Torr); IR
(neat): 3490. 1705, 1078, 930 cm~!; NMR (CCly): 6=1.10—
3.00 (m, 10H), 3.45 (d, J=4Hz, 1H), 3.90—4.30 (m, 1H);
MS mfe (%): 128 (M+, 0.3), 126 (0.4), 110 (5), 82 (7), 67
(100), 44 (32).

8-Octanolide: The above procedure with cyclooctanone
(0.13 g, 1.0 mmol) gave a mixture of 8-octanolide (16 mg,
119%) and 2-hydroxycyclooctanone (60 mg, 429%,). These
compounds were identical with authentic samples.1®10 8-
Octanolide had bp 130 °C (bath temp, 20 Torr); IR (neat):
1740, 1142, 1032 cm-!; NMR (CCly): ¢6=1.10—2.00 (m,
10H), 2.10—2.36 (m, 2H), 4.28 (t, J=6Hz, 2H); MS m/e
(%): 142 (M, 5), 124 (6), 112 (25), 99 (77), 96 (48), 84
(50), 82 (69), 70 (43), 68 (100), 43 (46).

2-Hydroxycyclooctanone: Bp 100 °C  (bath temp, 3 Torr);
IR (neat): 3500, 1705, 1450, 1100, 950 cm—*; NMR (CCl,):
0=0.80—2.80 (m, 12H), 3.30—3.75 (m, 1H), 4.00 (dd, J
=3, 6 Hz, 1H); MS mfe (%): 142 (M*, 2), 124 (52), 98
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(100), 81 (57), 80 (39), 68 (38), 57 (93), 55 (60), 44 (43).

710-Decanolide:» Bp 130°C  (bath temp, 20 Torr), IR
(neat): 1720, 1480, 1450, 1080 cm—*; NMR (CCl): 6=
1.10—1.93 (m, 14H), 2.05—2.40 (m, 2H), 4.00—4.30 (m,
2H); MS mfe (%): 170 (M+, 2), 144 (6), 111 (14), 98
(100), 84 (34), 69 (16), 55 (20).

2-Hydroxycyclodecanone:»  Bp 110°C  (bath temp, 0.15
Torr): IR (neat): 3500, 1700, 1475, 1100, 1085, 995 cm—1;
NMR (CCl,): 6=0.83—3.40 (m, 16H), 3.50 (bs, 1H),
3.97—4.27 (m, 1H); MS mle (%): 170 (M+, 2), 134 (4),
96 (19), 82 (31), 68 (47), 57 (100), 55 (44).

77-Undecanolide:'» Bp 105°C (bath temp, 3 Torr): IR
(neat): 1705, 1480, 1192. 1090 cm~*; NMR (CCly): 6=
1.10—3.00 (m, 18H), 4.20 (dd, j=6, 8Hz, 2H); MS m/e
(%): 184 (M+, 25), 166 (14), 125 (23), 112 (25), 98 (100),
84 (33), 82 (39), 69 (66).

2-Hydroxycycloundecanone:*®  Bp 140°C (bath temp, 3 Torr);
IR (neat): 3500, 1705, 1470, 1100, 1045 cm~*; NMR (CCl,):
0=1.10—3.00 (m, 18H), 3.20—3.50 (bs, 1H), 4.15 (t, J=
4.5Hz, 1H); MS mfe (%): 184 (M*, 10), 119 (41), 111
(53), 98 (58). 82 (100), 81 (58), 68 (78), 55 (54).

12-Dodecanolide:** Bp 120°C (bath temp, 1 Torr); IR
(neat): 1740, 1465, 1280, 1140, 1050 cm~—t; NMR (CCl):
0=120—1.95 (m, 18H), 2.20—2.50 (m, 2H), 4.25 (t, J=
4.5Hz, 2H); MS m/e (%): 198 (M*, 6), 180 (16), 138 (33),
110 (34), 98 (100), 96 (67), 84 (72), 82 (63).

2-Hydroxycyclododecanone:®® Mp 79 °C (hexane/ether); IR
(CCly): 3500, 1710, 1470, 1075, 1010 cm~1; NMR (CCl,):
6=0.80—3.30 (m, 21H), 4.25 (t, J=4Hz, 1H); MS m/e
(%): 198 (M*, 6), 180 (10), 136 (20), 124 (22), 111 (23),
98 (53), 96 (49), 95 (47), 82 (100), 81 (44), 68 (56), 67
(37), 57 (36).

5-Hexanolide:*® The same procedure with 2-methylcyclo-
pentanone (98 mg, 1.0 mmol) and BF,- OEt, gave a mixture
of 5-hexanolide and 2-methyl-5-pentanolide in 819, yield
(92 mg). GLPC (5% PEG 20M, 1.5m, 130 °C) indicated
two peaks, T.=24min (5-hexanolide, 889%,), T.=22 min
(2-methyl-5-pentanolide, 129%,). 5-Hexanolide had bp 70 °C
(bath temp, 3 Torr); IR (neat): 1745, 1380, 1250, 1070
cm~t; NMR (CCl,): 6=1.33 (d, J=6 Hz, 3H), 1.44—2.10
(m, 4H), 2.20—2.50 (m, 2H), 4.33 (qt, J=6, 3Hz, 1H);
MS mfe (%): 114 (M+, 0.5), 71 (11), 70 (17), 55 (36), 42
(100).

2-Methyl-5-pentanolide:*» Bp 70 °C (bath temp, 3 Torr);
IR (neat): 1745, 1380, 1150, 1075 cm~*; NMR (CCl,): 6=
1.98 (d, J=6Hz, 3H), 1.30—2.73 (m, 5H), 4.28 (t, J=
6 Hz, 2H); MS mfe (%): 114 (M+, 28). 70 (22), 56 (48),
55 (100), 42 (82).

6-Heptanolide:*® The same procedure with 2-methylcyclo-
hexanone (0.11g, 1.0 mmol) and SnCl; (0.26g, 1.0 mmol)
afforded a mixture of 6-heptanolide and 2-methyl-6-
hexanolide in 939, yield (0.12 g) in a ratio of 72:28 as deter-
mined by H-NMR (the absorption of the methyl proton).
6-Heptanolide had bp 93°C (bath temp, 3.5 Torr); IR
(neat): 1735, 1180. 1078. 1018 cm~!'; NMR (CCl,): 6=1.31
(d, J=6Hz, 3H), 1.20—2.10 (m, 6H), 2.35—2.73 (m, 2H),
4,10—4.50 (m, 1H); MS mfe (%): 128 (Mt, 2), 84 (40),
56 (69), 55 (73), 41 (100).

2-Methyl-6-hexanolide: Bp 88 °C (bath temp, 3 Torr); IR
(neat): 1735, 1175, 1080, 1050 cm~*; NMR (CCl,): 6=1.13
(d, J=5Hz, 3H), 1.20—2.13 (m, 6H), 2.30—2.80 (m, 1H),
4.00—4.30 (m, 2H); MS m/e (%): 128 (M*+, 4), 70 (5), 69
(14), 56 (32), 55 (38), 43 (20), 42 (100), 41 (63), 40 (14);
Found: C, 65.56; H, 9.529%,, Calcd for C,H;,0,: C, 65.59,
H, 9.449%.

(Z)-7-Decen-5-olide (4):*» To a stirred solution of 2-
[(Z)-2-pentenyl]cyclopentanone (3, 0.15g, 1.0 mmol) and
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Me,;Si0O08iMe; (0.21 g, 1.2 mmol) in CH,Cl, (10 ml) under
an argon atmosphere BF,.-OEt, (0.14g, 1.0 mmol) was
added slowly at 0°C. The resulting mixture was stirred
at 0 °C for 15 min and 25 °C for 1.5 h. Additional BF;-OEt,
(0.14g, 1.0mmol) and Me,SiOOSiMe,; (0.18 g, 1.0 mrmol)
were added and the whole was stirred at 25°C for 3 h,
The mixture was poured into aq NaHCO; (10 ml) and ex-
tracted with ether. 'The combined organic layer was washed
with brine, dried and concentrated. Purification by pre-
parative TLC (hexane-ethyl acetate, 2: 1) gave (Z)-7-decen-
5-olide (jasmine lactone, 4, 84 mg, 509,) along with the
hydroxy carboxylic acid 5. The hydroxy carboxylic acid 3§
was heated at 100 °C under reduced pressure (10 Torr) for
1 h. Purification by preparative TLC afforded the desired
lactone 4 in 8% yield (13 mg): Bp 125°C (bath temp, 0.2
Torr); IR (neat): 3020, 1740, 1240, 1049, 928 cm~!; NMR
(CCL): 6=0.99 (t, J=7Hz, 3H), 1.20—2.93 (m, 10 Hz),
4.00—4.50 (m, 1H), 5.06—5.75 (m, 2H); MS m/e (%): 168
(M+, 14), 150 (10), 127 (6), 108 (6), 99 (100), 81 (10), 71
(40), 55 (18).

2-Acetoxyacetophenone:*®»  Iron(III) chloride (0.16g, 1.0
mmol) was added in portions to a stirred solution
of 1-phenylethenyl acetate (0.16mg, 1.0mmol) and

Me,5i005iMe, (0.21 g, 1.2 mmol) at 0°C under an argon
atmosphere. After stirring at 0°C for 80 min, the result-
ing mixture was poured into brine (5ml) and extracted
with ether. The combined organic layers were dried and
concentrated. Purification by preparative TLC (hexane-
ethyl acctate, 2:1) gave 2-acetoxyacetophenone in 759,
yield (0.13 g) and 2-hydroxyacetophenone in 1194 yield (14
mg). 2-Acetoxyacetophenone had bp 107 °C (bath temp,
3 Torr); IR (neat): 1753, 1708, 1600. 1215. 1080, 955. 750,
685cm-1; NMR (CCl,): 6=2.13 (s, 3H), 5.13 (s, 2H),
7.15—7.63 (m, 3H), 7.70—7.93 (m, 2H); MS m/e (%): 178
(M*, 1), 118 (12), 106 (23), 105 (100), 91 (12), 77 (71).

2-Acetoxycyclohexanone:*  Bp 90°C (bath temp, 3 Torr);
IR (neat): 1755, 1728, 1375, 1240, 1082, 1065 cm™; NMR
(CCly): 6=1.00—2.55 (m, 8H), 2.10 (s, 3H), 4.96 (dd, J=
7, 11 Hz, 1H); MS mfe (%): 156 (M+, 14), 114 (27), 113
(76), 85 (26), 76 (38), 57 (10), 43 (100).

2-Hydoxycyclohexanone:*9  Bp 78°C (bath temp, 3 Torr);
IR (neat): 3500, 1715, 1262, 1100, 1025, 8385 cmm~t; NMR
(CCly): 6=1.10—2.70 (m, 8H), 3.36 (m, 1iI), 3.94 (dd, J
=8, 11 Hz, 1H); MS m/e (%): 114 (M+, 11), 96 (7), 68
(9), 67 (15), 58 (16), 43 (100).

Financial support by the Ministry of Education,
Science and Culture, Japancse Government, (Grant-
in-Aid Nos. 57750744, 57307007) is acknowledged.

References

1) For example see: a) E.J. Corey and R. Noyori,
Tetrahedron Lett, 1970, 311; b) P. A. Grieco, J. Org. Chem.,
37, 2363 (1972).

2) M. Suzuki, H. Takada, and R. Noyori, J. Org. Ghem.,
47, 902 (1982).

3) Tor general reviews, see: C. H. Hassall, Org. React.,
9, 73 (1957); H. O. House, ““ Modern Synthetic Reactions,”
W. A. Benjamin, Inc., Menlo Park (1972), pp. 321—329,
J. B. Lee and B. C. Uff, Q. Rev. Chem. Soc., 21, 449 (1967).

Seijiro Marsubara, Kazuhiko Takar, and Hitosi Nozakt

[Vol. 56, No. 7

Recent examples of the Baeyer-Villager oxidation cited in
Ref. 2.

4) Treatment of 2-(3-methyl-2-butenyl)cyclopentanone
with m-chloroperbenzoic acid (mCPBA) in CH,CI, gave the
corresponding epoxide in 899, yield as a sole product. The
same substrate was treated with H,O,-BF;- OEt, system®®
to afford the desired lactone in 289, yicld along with the
complex by-products arising from the epoxide.

5) Me,;SiOOSiMe, was prepared according to the liter-
ature: P. G. Cookson, A.G. Davies, and N. Fazal, J.
Organomet. Chem., 99, C31 (1975); A. A. Oswald and D. L.
Guertin, J. Org. Chem., 28, 651 (1963).

6) a) H,0,-BF,;-OFEt,: J. D. McClure and P. H. Wil-
liams, J. Org. Chem., 27, 24 (1962); b) CH;CO,H-BF;-
OLt,: B. D. Mookherjee, R. W. Trenkel, and R. R. Patel,
ibid., 37, 3846 (1972).

7) Tor the dimeric and trimeric cyclic peroxide thus
formed see: P. R. Story, B. Lee, C. E. Bishop, D. D.
Denson, and P. Bush, J. Org. Chem., 35, 3059 (1970) and
refercnces cited therein.

8) Me,SiO0SiMe;-Me,;SiOTS system has also been re-
ported to give the undesired mixture in aromatic ketone
cases (Ref. 2). For hydroxylation of benzene ring by means
of Me,SiOOSiMe,-AlCl, system, sce: J. O. Apatu, D. C.
Chapman, and H. Heaney, J. Chem. Soc., Chem. Commun.,
1981, 1079.

9) The reaction rate for oxidation of simple cyclic
k=tones with PhCO,H has been reported. S. L. Friess, J.
Am. Chem. Soc., 71, 2571 (1949); S. L. Friess and P. E.
Frakenburg, ibid., 74, 2679 (1952).

10) E. Friedrich and W. Lutz, Chem. Ber., 113,
(1980).

11) Enol forms of simple medium ring ketones play an
important role in the iodonium ion attack case, see: A.
Gero, J. Org. Chem., 26, 3156 (1961) and N. L. Allinger,
L. W. Chow, and R. A. Ford, bid., 32, 1994 (1967).

12) P.D. Gardner, J. Am. Chem. Soc., 78, 3421 (1956).

13) M. F. Hawthorne, W. D. Emmons, and M. S.
McCalluim, J. dAm. Chem. Soc., 80, 6393 (1958) and M. F.
Hawthorne and W. D. Emmons, ibid., 80, 6398 (1958).

14) E. Demole and M. Winter, Helv. Chim. Acta, 45, 1256
(1962); A. Ijima, H. Mizuno, and K. Takahashi, Chem.
Pharm. Bull., 20, 197 (1972).

15) Jasmine lactone was obtained only in 199, yield by
using Me,Si0O0SiMe,;-SnCl, system.

16) P.A. Grieco, Y. Yokoyama, S. Gilman, and Y.
Ofune, J. Chem. Soc., Chem. Commun., 1977, 870.

17) M. P.J. Brennan and R. Brettle, J. Chem. Soc., Perkin

rans. 1, 1973, 257.

18) J. Levisalles and D. Villemin, Telrahedron, 36, 3181
(1980).

19) R. Huisgen and H. Ott, Tetrahedron, 6, 253 (1959).
20) W. H. Pirkle and P. E. Adams, J. Org. Chem., 44,
2169 (1979).

21) J. Falbe, N. Huppes, and F. Korte, Chem. Ber., 97,
863 (1964).

22) G. M. Rubbotom, J. M. Gruber, and K. Kincaid,
Synth. Commun., 6, 59 (1976) and A. L. Stockburn and
C. W. Thomas, Org. Mass. Spectrom., 9, 1027 (1974).

23) G. M. Rubbotom, R. C. Mott and H. D. Juve, Jr.,
J. Org. Chem., 46, 2717 (1981).

1245






