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The epoxides 2a - u (Table 1) of the enol silyl ethers 1 a, b, 
enol phosphates 1 c - k, and enol esters and lactones 11 - u 
were prepared in excellent yields by  epoxidation with isolated 
dimethyldioxirane (4) (as acetone solution). These labile epox- 
ides (stable below 0°C) could be  isolated in pure form and 
characterized spectroscopically (IR, *H and I3C NMR). The de- 

rivatives 2p - u were sufficiently stable so that even C,H anal- 
yses were obtained. Warming up  to room temperature led to 
rearrangement to the corresponding a-oxy-functionalized car- 
bony1 products 3. Since epoxide 2c was sufficiently resistant 
towards hydrolysis, it  could be  prepared by the in situ method. 

The epoxidation of enol derivatives 1, e.g. en01 silyl ethers, enol 
phosphates, and enol acetates, can be problematic in view of the 
labile nature of the products. This is especially the case when peroxy 
acids are used as oxidants, because the resulting epoxides 2 readily 
rearrange to the cc-oxy-functionalized carbonyl products 3 (eq. 1). 
In earlier work on enol acetates it was shown2) that the more per- 
sistent a-acetoxy epoxides can be obtained under carefully con- 
trolled conditions and rearrangement thereby avoided. In fact, in 
this way the naturally occurring epoxy lactone jolkinolide B(2) 
could be prepared and its structure unambigously established by 
X-ray analysis3") and by total synthesis3b). 

1 2 3 

4 

In contrast to this, very little is known to date about epoxy 
phosphates, except that they readily rearrange at moderate tem- 
peratures (ca. 60°C) to the a-keto phosphate esters. Nonetheless, 
the stable n-pentyl-substituted representative 2c (cf. Table 1) could 
be prepared by epoxidation with p-nitroperbenzoic acid, isolated 
in good yicld, spectroscopically characterized, and shown to rear- 
range at elevated temperatures to the carbonyl product 3c4). In this 
context, a little suspect appears to be the claim in a Japanese 
patent that dehydrochlorination of a chlorohydrin by Amberlite 
IRA 400 in ethanol affords the corresponding epoxy phosphate; 
under these hydrolysis conditions the epoxy phosphate product 
should not survive. 

The still more labile silyloxy epoxides have been of more interest 
during the last two decades6). Early attempts to epoxidize enol silyl 
ethers with peroxy acids had led invariably to the corresponding 
a-silyloxy carbonyl products. Presumably, the silyloxy epoxides 
were formed as intermediates; however, sterically more hindered or 

tetrasubstituted representatives could recentlyn be isolated in the 
epoxidation of enol silyl ethers by m-chloroperbenzoic acid (m- 
CPBA) under buffered conditions. Finally, the use of very mild and 
stable oxygen transfer agent oxaziridine permitted the preparation 
of resistant silyloxy epoxides from enol silyl ethers even at elevated 
temperatures *). 

In view of the fact that dimethyldioxirane (4) is an efficient 
but yet mild epoxidant'), it was of interest to employ this 
remarkable reagent for the preparation of labile epoxides 
from enol silyl ethers, enol phosphates, and enol esters and 
lactones. This synthetic methodology appeared particularly 
promising because in isolated form (as acetone solution)") 
4 can be readily prepared and used under nonhydrolytic 
conditions at low temperature. While our work was in 
progress 'la-'), in a preliminary report 'ld) on the dimethyl- 
dioxirane epoxidation of enol silyl ethers it was demon- 
strated that such labile epoxides can be detected in situ by 
'H-NMR spectroscopy. Since reactive oxy-functionalized 
epoxides constitute potentially useful building blocks in syn- 
thetic chemistry, we take this opportunity to disclose the 
full experimental details for the preparation of the epoxides 
derived from enol silyl ethers, enol phosphates, and enol 
esters and lactones. Most of these persistent yet labile epox- 
ides represent novel and interesting combinations of oxy 
functionalities, the chemistry of which remains to be ex- 
plored. 

Results and Discussion 

The various enol derivatives 1 a-u were transformed by 
isolated dimethyldioxirane (4) into the corresponding epox- 
ides 2 in acetone/dichloromethane as solvent in excellent 
yields (eq. 1). The results are shown in Table 1, in which the 
equivalents of 4 used, the time of epoxidation, the reaction 
temperature, and the yields of isolated epoxides are stated. 

Most of the above described epoxides are rather labile 
and rearrange to the corresponding carbonyl compounds 
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when allowed to stand at room temperature. For this reason 
the epoxides 2 a - o could not be purified for elemental anal- 
ysis and were characterized on the basis of their spectral 
data (cf. Table 2). The disappearance of the C = C stretching 
vibration in the IR spectra without appearance of a C = O  
band at about 1700 cm-' confirms the successful conversion 
of the enol derivatives 1 into their corresponding epoxides 
2. Of course, the shift to higher frequencies of the C = O  
stretching vibration in 21- u is characteristic of epoxy esters 
and lactones. Moreover, clearly detected are the epoxide 
proton signals at 6 = 2.34-5.23 in the 'H-NMR spectrum 
and the resonances at 6 = 77 -94 and 47-72 of the C-1 
and C-2 epoxide atoms in the "C-NMR spectrum (cf. Table 
2). In the case of Zn, according to the chemical shifts of the 
methyl groups, the cis configuration (epoxide-0/4-CH3 cis) 

is tentatively assigned to the major isomer (6 = 16.7 vs. 13.2 
for the minor). Furthermore, epoxides 21- u exhibited small 
molecular ions in the mass spectra, and satisfactory elemen- 
tal analyses were obtained for the stable dcrivatives 2p,r - u. 

The dimethyldioxirane epoxidation of enol derivatives 
1 a - o,q, t, u readily proceeded at subambient temperatures 
(-40 to 0°C); this confirms that this dioxirane is an efficient 
oxygen transfer agent. For the cases l p , r  elevated temper- 
atures (ca. 20°C) and longer reaction times (up to 7 h) were 
necessary, while for I s  a large excess of the dioxirane, ca. 
20°C, and a reaction time of 88 h were necessary for its 
complete conversion. Particularly significant is the quanti- 
tative conversion of the enol silyl ethers 1 a, b into their epox- 
ides 2a,b even at -4O"C, because with N-sulfonyl- 
oxaziridines'' a temperature of +60°C was necessary, a re- 

Table 1. Epoxidation" of enol derivatives 1 by dimethyldioxirane (4) 

Enol 
Equiv. of Temp.  Time Yield 

4 b, ["CI [hl  (%) c )  
Epoxide 

OSiMeS 0 
l a  

qSiMe3 

l b  

l c  

Me 
I d .  R = Me 

e. R = Et 

I f :  R = Me 

g: R = Et 

0 
I I  

R',  ,0P(OMe)2 
c=c 

K2' ' M ~  

l h :  R' = Me; R2 = H d ,  

R 
K'  OP(OR), 

M 
l i :  R = Me; R' = H 

k: R = Et:  R1 = Me 

1.15 

1.43 

2.45 

1.52 

1.48 

1.34 

2.02 

1.86 

1.53 

1.48 

1.56 

-40 3 99 

-40 3 98 

0 6  99 

0 4.5 98 

0 3.5 99 

-10  3.5 96 

-10 2 99 

-10 2.5 co.  100 

-10 2.5 co. 100 

0 5 ca 100 

-10  3 99 

OSiMe3 Do 
20 

OSiMe, 
I 

26 

2c 

Me 
2d. R = Me 

e .  K = Et 

8 
0 OP(OK), 

/ 
HzC-C, 

Ph 

2f: R = Me 

g: R = Et 

Fi 
R' 0 OP(OR), 

8 
2j: R = Me; R'  = H 

k.  R = Et; R' = Me 
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Equiv. of T e m p .  Time Yield 
Enol  Epox ide  

4 b)  ["CI [ h l  (X) c )  

11: R = H 

m: R = Me 

R '  

H2C -\x 
I n :  R' = Me; R~ = H 

0 :  R '  = H; R2 = Me 

H 

Ph OAc 

1P 
I: 

O 0 C P h  

1q 

q Ph H 

l r  

q Ph Ph 

1s 

0 8 
I t  

0 L D  
l u  

1.24 

1.40 

1.28 

1.40 

1.30 

1.71 

1.67 

9.04 

1.61 

1.42 

-20 

- 2 0  

- 20 

-20 

ca. 20 

-20 

ca. 20 

ca. 20 

- 20 

-20 

2 

3 

3.5 

3 5  

7 

3 

6 

88 

3 

3 

91 

96 

9 5  

94 

84 

96 

ca. 100 

ca. 100 

79 

83 

HZC, $i0 
H & C 0  

21. R = H 

m R = M e  

2n. R' = Me: R2 = H') 
0 :  R'  = H; R2 = M e g )  

Hdh 
Ph 0 OAc 

2D 
0 

oz"'h 
q; 

Ph 
2r 

0 qEh Ph 

2s 

21 

0 m 
2u 

~ 

a' In CH2Cl2/CH3COCH3 a t  -40 to ca. 20°C under N2. - b, 0.05 -0.09 M in acetone. - LJ Yield of isolated pure product after evaporation 
of the solvent. Epoxides 2a-0 were not thermally stable to permit elemental analysis. - dl Z / E  ratio = 90: 10. - Z/E ratio = 17: 83. - " d r. = 6(1 40. - si d.r. = 65: 35. 

action temperature at which generally these thermally 
sensitive epoxides cannot be isolated due to rearrangement 

The variations in the temperature for the reactions of enol 
phosphates Ic-k (cf. Table 1) are due to the fact that op- 
timal temperatures were assessed at which the labile epox- 
ides 2c-k were isolated in pure form without contamina- 
tion of the corresponding carbonyl compounds 3. The epoxy 
phosphate 2c is the most persistent of all cases studied 
herein. It is stable at ca. 20°C for 24 h without any signifi- 
cant decomposition or at least for one week at - 20°C (mon- 
itored by 'H NMR). In fact, 2c is also quite resistant towards 

(es. 1). 

hydrolysis, so that the in situ method"") could be employed 
for the epoxidation of lc .  

The expected high ~tereoselectivity~' of the oxygen transfer 
by dimethyldioxirane is illustrated by the epoxidation of 
diastereomeric (Z,E)-enol phosphates 1 h,i. Although a com- 
petition experiment showed that (Z)- l  h was epoxidized by 
dimethyldioxirane faster than (E)-1 i, after complete conver- 
sion the diastereomeric composition of the enol phosphates 
was preserved in the corresponding epoxides. 

The enol lactones l n , o  present cases where 1,2- and 1,3- 
asymmetric induction may be effective since the methyl 
groups attached to the tetrahydrofuranone ring should ste- 
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Table 2. Selected 13C-NMR spectral data’) ofenol derivatives l a - u  
and epoxidcs 2a-u (C-1 and C-2 refer to the C = C  or epoxide 

C atoms, resp.) 

Xlue 

tive 

l a  
I b  
l c  
Id 
l e  
I f  

2 
:jk 
l i  

11 
l m  
In 
l o  
1P 
I q  
l r  
1s  
I t  
l u  

150.0 
126.1 
135.6 
152.2 
151.9 
152.3 
152.3 
145.0 
144.5 
147.7 
141.5 
155.9 
166.0 
161.9 
154.6 
146.6 
148.6 
144.4 
142.4 
139.0 
146.1 

103.9 
130.9 
117.6 
98.3 
97.7 
97.2 
97.3 

109.0 
109.5 
110.5 
11 8.7 
88.6 
85.7 
87.5 
88.4 

116.7 
114.3 
107.0 
124.8 
116.8 
109.6 

2a 82.0 
2b 82.5 
2c 79.3 
2d 81.8 
2e 82.0 
2f 83.2 

83.1 
85.7 
85.7 

2 
2i 

84.2 
88.7 

21 88.3 
2m 93.6 
2n 92.3 (90.3‘)) 
20 86.3 (86.9’)) 
20 85.6 

83.4 
90.0 

2; 
2r 
2 s  92.9 
2t 77.8 
2u 87.0 

59.8 
68.0 
58.2 
52.4 
54.5 
55.1 
55.0 
58.8 
59.3 
58.5 
61.3 
50.4 
47.7 
48.8 (48.2’’) 
49.5 (50.9 ’)) 
65.6 
59.3 
64.3 
72.1 
58.3 
61.5 

a) Cf. Experimental for details. - b, Values in parenthcses for minor 
diastereomcrs. 

rically hinder the syn transfer of oxygen. In fact, 60: 40 and 
65: 35 ratios of diastereomeric epoxide products were regi- 
stered, which parallel results of nitrile oxide cycloadditions 
to these substrates12) (53:47 and 83:17, to In  and lo). This 
may reflect the particular situation of conformational equi- 
libria of these enol lactones, but indicates also that the tran- 
sition state of dimethyldioxirane epoxidations shows little 
steric demand. 

The epoxides of enol esters and lactones are more resistant 
than those of the enol phosphates and enol silyl ethers, but 
they require more rigorous conditions in their preparation 
by dioxirane epoxidation. The long reaction time of 88 h 
used for the complete conversion of 1s into 2s is remarkable 
since generally tetrasubstituted alkenes are epoxidized fas- 
test by dioxiranes as well as peracids. The reduced reactivity 
of enol lactone 1s is presumably caused by the steric hin- 
drance and electronic deactivation of the C = C bond of the 
exo-diphenylmethylene moiety. 

The rearrangement of the epoxides of enol silyl ethers and 
enol esters and lactones is well documented 13). Indeed, the 
acid-catalyzed rearrangement of silyloxy-substituted epox- 
ides6’ constitutes an important synthetic route for the prep- 
aration of a-hydroxy compounds in the peracid oxidation 
of enol silyl ethers (eq. 1). Also, we observed that the two 
silyloxy epoxides 2a, b rearranged on standing at room tem- 
perature to the corresponding a-oxy-functionalized deriva- 
tives 3a, b (detected by NMR), but this aspect was not pur- 
sued further. 

Analogously, the epoxy phosphates 2d - i rearranged on 
standing overnight at room temperature to the correspond- 

ing a-dialkox yphosphinyloxy-substituted carbonyl products 
3d-h (eq. 1). These were isolated in 53-83% yield, and 
their ‘H- and 13C-NMR spectral data were in agreement 
with those reported (cf. Experimental). As expected, also the 
labile spiroepoxides 21 - o decomposed when allowed to 
stand at room temperature for several days, but the details 
of this behavior need to be elucidated. 

In summary, we have shown that dimethyldioxirane (4) 
is an effective oxidant for the preparation of labile epoxides 
2 of enol derivatives 1, which include enol silyl ethers, enol 
phosphates, and enol esters and lactones. Stored at suffi- 
ciently low temperatures, the rearrangement of these new 
epoxides into the a-oxy-functionalized carbonyl products 3 
(eq. 1) can be sufficiently suppressed, and thereby they can 
be made available as potentially useful building blocks in 
synthetic chemistry. 
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(Hanau, Germany) and Znterox Peroxid-Chemie GmbH (Miinchen, 
Germany) for generous gifts of potassium peroxomonosulfate. Fi- 
nancial support by the Deutsche Forschungsgemeinschaft (SFB 347, 
“Selektive Reaktionen Metall-aktivierter Molekiile”) and the Fonds 
der Chemischen Industrie is gratefully appreciated. 

Experimental 
Melting points (uncorrected): Reichert Thermovar hot stage ap- 

paratus. - Bulb-to-bulb distillation refers to horizontal short-path 
distillation in which the crude material was heated in a Buchi Ku- 
gelrohr oven. The temperature of the air chamber during distillation 
is reported as the boiling point. - 1R: Perkin-Elmer 1420. - ‘H 
and 13C NMR: Bruker AC 200 (200 MHz) or Bruker AC 250 (250 
MHz); chemical shifts refer to CDQ, [D6]benzene, or [D6]acetone. 
If not stated otherwise, all NMR measurements were performed at 
room temp. (a. 20°C). - M S  Varian MAT CH-7. 

All solvents were purified according to standard literature meth- 
ods. Acetone, butanone, and water, used in the preparation of diox- 
iranes, were distilled twice from EDTA. Potassium monoperoxo- 
sulfate, the triple salt 2 KHS05  . K H S 0 4  . K2S04, was used as 
received from Degussa AG [Caroate@] or Pcroxid-Chemie GmbH 
[Curox@]. 
3,4-Dihydro-4,4-dimethyl-2H-pyran-2-one (1 t) was commcrcially 

availablc; I-(trimethylsily1oxy)-1-cyclohexene 14) (1 a), (trimethylsi- 
lyloxymethy1cne)adamantane ‘’) (1 b), (E)-I -[(dimethoxyphosphinyl)- 
oxyl-1 -heptene4) (1 c), 1-[(dimethoxyphosphinyl)oxy]-1-methylethy- 
lene161 (Id), 1-[(diethoxyphosphinyl)oxy]-l-methylcthylene17~ (1 e), 
I-[(dimethoxyphosphinyl)oxy]-1-phenylethylcnc I*) (I i), I-[(diethoxy- 
phosphinyl)oxy]-I-phenylethylene 16) (1 g), (Z)-1 -[(dimethoxyphos- 
phinyl)oxy]-I ,2-dimethylethylene (1 h), (E)-I-[(dimethoxyphosphi- 
nyl)o~y]-1,2-dimethylethylene’~) (li), 1-[(dimethoxyphosphinyl)- 
oxy]-l-cyclohexene20~ (1 j), l-[(diethoxyphosphinyl)oxy]-2-methyl-l- 
cyclohexene 18) (1 k), y-methylene-y-butyrolactonesz1) (1 1-o), (Z)-a- 
acetoxystilbene*”) (1 p), I-cyclohexen-I-yl benzoate2*) (lg), (E)-3- 
benzylidenephthalide 23) (1 r), 3-benzhydrylideneisobenzofuran- 
1(3H)-oneZ4) (1 s) and 2-oxabicyclo[4.4.0]dec-1(6)-en-3-one25) (1 u) 
were prepared by standard literature procedures. Dimethyldiox- 
irane (4) (as acetone solution) was prepared according to the pub- 
lished procedure ’’*); the peroxide content was determined by oxi- 
dation of methyl phenyl sulfide, the latter quantitatively by ‘H- 
NMR spectrometry. The dimethyldioxirane solutions were stored 
over molecular sieves (4 A) at - 2 0 ~ .  

General Procedure for the Epoxidation of End-Type Substrates: 
A solution of dimethyldioxirane (4) (1.1 -3.5 equiv.) in acetone 
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(0.050-0.087 M), dried with molecular sieves (4 A) at -2O"C, was 
rapidly addcd to a cooled and stirred solution of 1 a - u (0.50 - 1 .I 3 
mmol) in absolute CH2CIz (10 ml) under N2 (for specific conditions 
cf. Table 1). Stirring was continued until complete consumption of 
the enol-type substrate except for derivative 1 s, for which additional 
batches of dioxirane 4 and further stirring were necessary to achieve 
complete conversion. The solvent was removed in vacuo (0 to ca. 
20°C/15 Torr) to yield the labile epoxides 2a-u in excellent yields 
and with high purity (IR, 'H NMR). At room temp. (ca. 20°C) most 
of these labile epoxides decomposed rapidly. 

f-(Trimethylsilyloxy)-7-oxabicyclo(4.f.0]heptane (2a), 134 mg 
(99%) was isolated as a colorless liquid according to the above 
procedure at -40°C for 3 h, in which a total of 10 ml of 0.084 M 
(0.084 mmol) dioxirane 4 and 124 mg (0.73 mmol) of 1-(trimethyl- 
sily1oxy)-1-cyclohexene ( la)  were employed. - IR (CC14): 0 = 2960 
(w) cm-', 2860 (w). 1450 (w), 1435 (w), 1365 (m), 1250 (m), 1220 (s), 
1180 (m), 1120 (m), 1070 (w), 985 (w), 975 (m), 965 (m), 920 (w), 890 
(m), 870 (m), 850 (m), 660 (w). - 'H NMR (200 MHz, C6D6): 6 = 
0.26-0.30 (m, 9H), 1.01-1.05 (m, 1 H), 1.22-1.39 (m, 3H), 
1.56-1.64 (m, 2H), 3.11-3.14 (m, IH). - ',C NMR (50 MHz, 
C6D6): 6 = 1.2, 20.1, 21.0, 25.3, 31.5, 59.8, 82.0. 

3'-(Trimethylsilyloxy)spiro[adamantan-2,2'-oxirane] (Zb): Ob- 
tained as described above, 166 mg (98%), colorless liquid, from 
13 ml of 0.074 M (0.96 mmol) dioxirane 4 and 159 mg (0.67 mmol) 
of 1 b at -40°C for 3 h. - IR (CC4): 0 = 2920 (w) cm-', 2850 
(m), 1450 (m), I375 (m), 1280 (m), 1260 (m), 1250 (s), 1210 (m), 1160 
(m), 11 30 (s), 11 15 (m), 1100 (m), 1080 (m), 1030 (w), 975 (m), 920 
(m), 890 (m), 870 (s), 845 (s), 665 (w). - 'H NMR (200 MHz, C6D6): 
6 = 0.26 (s, 9H), 1.32-2.23 (m, 14H), 4.67 (s, 1H). - I3C NMR 

68.0, 82.5. 
(50 MHz, C6D6): 6 = 0.2, 27.5, 28.2, 30.7, 34.3, 35.1, 35.5, 36.4, 37.0, 

(El-2- f (Dimethoxyphosphinyl)oxy]-3-pentyloxirane (2c): 234 mg 
(990/,), colorless liquid, obtained from 30 ml of 0.081 M (2.43 mmol) 
dioxirane 4 and 220 mg (0.99 mmol) of l c  at  0°C for 6 h. - IR 
(CCI4): 3 = 2970 (w) cm-', 2940 (m), 2860 (m), 1460 (w), 1305 (m), 
1290 (m), 1195 (w), 1120 (m), 1060 (s), 930 (w), 890 (m), 865 (m). - 

SH), 2.98-3.03 (m, IH), 3.40-3.53 (m, 6H), 5.02 (dd, J ,  = 3.26, 
'H NMR (200 MHZ, C6D6): S = 0.73-0.79 (m, 3H), 1.06-1.16 (m, 

J 2  = 0.69 Hz, 1H). 14.1 
(CHjCH,), 22.7 (CH,), 25.0 (CH,), 29.4 (CH2), 31.5 (CHZCHO), 54.0 

- I3C NMR (50 MHz, C6D6): 6 = 

(d, Jc,p = 2.96 Hz, OCH,), 54.1 (d, Jc,p = 2.70 Hz, OCH,), 58.2 (d, 

2 4  (Dimethoxyphosphinyl)oxy]-2-rnethyloxirane (2d): 170 mg 
(98%), colorless liquid, obtained from 20 ml of0.072 M (1.44 mmol) 
dioxirane and 358 mg (0.95 mmol) of Id at 0°C for 4.5 h. - IR 
(CCL): P = 3010 (w) cm-', 2960 (m), 2860 (w), 1400 (w), 1360 (w), 
1300 (m), 1280 (m), 1220 (m), 1190 (m), 1110 (m), 1095 (m), 1055 (s), 
1030 (s), 990 (m), 910 (w), 890 (w), 875 (m), 860 (m). - 'H NMR 
(200 MHz, CtjD6): 6 = 1.62 (d, J = 0.47 Hz, 3H), 2.57 (dd, J1 = 
4.24, J ,  = 0.70 Hz, 1 H), 3.12 (d, J = 4.24 Hz, 1 H), 3.62 (d, J = 
4.51 Hz, 3H), 3.63 (d, J = 4.51 Hz, 3H). - "C NMR (50 MHz, 

Jc,p = 6.85 Hz, CH2CHO), 79.3 (d, Jc,p = 4.53 Hz, OCHO). 

C6D6): 6 = 2.13 Hz, OCCH,), 52.4 (d, Jc,p = 
4.51 Hz, CH20), 54.1 (d, Jc,p = 3.00 Hz, OCHJ, 54.2 (d, Jc,p = 

20.4 (d, Jc,p = 

3.21 Hx, OCH,), 81.8 (d, Jc,p = 5.97 Hz, OCCH,). 

2-[(Diethoxyphosphinyl) oxy]-2-methyloxirane (2 e): 140 mg (99?&), 
coloriess liquid, obtained from 15 ml of 0.066 M (0.99 mmol) di- 
oxirane 4 and 130 mg (0.67 mmol) of l e  at 0°C for 3.5 h. - TR 
(CCI4): i. = 2980 (w) cm-', 2930 (w), 2910 (w), 1400 (w). 1390 (w), 
1370 (w), 1360 (w), 1270 (m), 121 5 (m), 1165 (m), 1105 (m), 1090 (m), 

6 = 0.99-1.10 (m, 6H), 1.57 (d, J = 0.57 Hz, 3H), 2.34 (d, J = 
1035 (s), 980 (m), 890 (w), 870 (W). - 'H NMR (200 MHZ, C6D.4): 

4.39 Hz, lH), 3.17 (dd, JI = 4.39, J2 = 0.69 Hz, 1 H), 3.83-4.00 
(m, 4H). - ',C NMR (50 MHz, C6D6): S = 16.1 (t, J = 7.10 Hz, 
OCHzCH,), 20.9 (OCCH3), 54.5 (d, Jc,p = 3.02 Hz, CH,O), 63.3 (d, 
Jc,p = 5.75 Hz, OCHZCH,), 63.8 (dd, Ji = 3.49, J2 = 1.90 Hz, 
OCHlCH,), 82.0 (d, Jc,p = 4.93 Hz, OCCHJ. 

2-[(Dimethoxyphosphinyl)oxy]-2-phenyloxirane (20: 213 mg 
(97%), colorless liquid, obtained from 15 ml of 0.080 M (1.20 mmol) 
dioxirane 4 and 206 mg (0.90 mmol) of I f  at - 10°C for 3.5 h. - 
IR (CCI4): 0 = 3080 (w) cm-', 3010 (w), 2970 (w), 2880 (w), 1450 
(m), 1370 (w), 1305 (m), 1285 (m), 1250 (m), 1190 (m), 1065 (s), 1035 
(m), 1015 (m), 1005 (m), 970 (m), 920 (m), 865 (m), 705 (m). - 'H 
NMR (200 MHz, C6D6): S = 2.52 (dd, Ji = 4.59, Jz = 0.58 Hz, 
lH), 3.41 (dd, J1 = 11.50, 52 = 6.42 Hz, 6H), 3.69 (dd, J1 = 4.59, 
J2 = 0.73 Hz, IH), 7.09-7.17 (m, 3H), 7.49-7.53 (m, 2H). - I3C 
NMR (50 MHz, C6D6): 6 = 54.1 (t, Jc,p = 6.89 Hz, OCH3), 55.1 

(arom.), 128.7 (arom.), 129.4 (arom.), 136.0 (d, Jc,p = 4.73 Hz, 
arom.). 

2-[ (Diethoxyphosphinyl)oxyj-2-phenyloxirane (2g): 116 mg (990/,) 
colorless liquid, obtained from 15 ml of 0.087 M (1.31 mmol) di- 
oxirane 4 and 167 mg (0.65 mmol) of 1 g at - 10°C for 2 h. - IR 
(CCI.,): 3 = 3090 (w) cm-', 3060 (w), 3020 (m), 2950 (w), 2930 (w), 
1500 (m), 1470 (m), 1415 (m), 1395 (m), 1310 (s), 1280 (m), 1190 (m), 
1160 (m), 1120 (m), 1100 (s), 1080 (s), 1040 (s), 940 (m), 860 (m), 720 

(d, Jc,p = 3.02 Hz, CHzO), 83.2 (d, Jc,p = 7.90 Hz, OCCH3), 126.3 

(m). - 'H NMR (200 MHz, C6D6): 6 = 1.05 (tq, J1 = 7.04, J2 = 
1.06 Hz, 6H), 2.61 (dd, JI = 4.67,52 = 0.26 Hz, 1 H), 4.67 (dd, J1 = 
4.67, Jz  = 0.64 Hz, lH), 3.92-4.04 (m, 4H), 7.16-7.25 (m, 3H), 
7.60-7.65 (m. 2H). - l3c NMR (50 MHz, c6D6): 6 = 15.9 (d, 
Jc,p = 7.35 Hz, OCH,CH,), 55.0 (d, Jc,p = 3.47 Hz, CHZO), 64.0 
(t, Jc,p = 6.94 Hz, OCH2CH3), 83.1 (d, Jc,p = 5.74 Hz, OCPh), 
126.4 (arom.), 128.6 (arom.), 129.3 (arom.), 136.3 (arom.). 

(2)-2-( (Dimethoxyphosphiny1)oxy]-2,3-dimethyloxirane (2 h): 219 
mg (ca. 100%), Z/E 90: 10, colorless liquid, obtained from 20 ml of 
0.084 M (1.67 mmol) dioxirane 4 and 201 mg (0.90 mmol) of 1 h at 
-10°C for 2.5 h. - IR (CCl4): 3 = 3010 (w) cm-', 2970 (w), 2950 
(w), 2850 (w), 1450 (w), 1385 (w), 1375 (w), 1320 (w), 1290 (m), 1270 
(m), 1230 (m), 1185 (m), 1120 (m), 1095 (m), 1040 (s), 1000 (s), 975 
(m), 905 (m), 880 (W), 850 (W). - 'H NMR (200 MHZ, C6D6): 6 = 
0.88 (d, J = 5.52 Hz, 3H), 1.52 (d, J = 0.32 Hz, 3H), 3.36-3.49 
(m, 7H). - I3C NMR (50 MHz, C6D,5): 6 = 13.4 (CH,CHO), 17.2 
(d, Jc,p = 1.96 Hz, CH,CO), 53.8 (d, Jc,p = 2.72 Hz, OCH3), 53.9 
(d, Jc,p = 2.97 Hz, OCH,), 58.8 (d, Jc,p = 4.08 Hz, CH,CHO), 85.7 

(E)-2-((Dimethoxyphosphinyl)oxy]-2,3-dimethyloxirane (29: 149 
mg (ca. loo%), Z/E 17: 83, colorless liquid, obtained from 15 ml of 
0.077 M (1.16 mmol) dioxirane 4 and 137 mg (0.76 mmol) of l i  at  
-10°C for 2.5 h. - IR (CC14): F = 3040 (w) cm-', 2995 (m), 2880 
(w), 1505 (w), 1465 (m), 1400 (m), 1300 (s), 1220 (m), 1205 (m), 1160 
(m), 1130 (m), 1115 (m), 1060 (s), 1010 (s), 990 (s), 930 (m), 890 (m), 

(d, Jc,p = 5.74 Hz, CH3CO). 

870 (s), 640 (w). - 'H NMR (200 MHz, C6D6): 6 = 1.21 (d, J = 
5.34 Hz, 3H), 1.65 (s, 3H), 2.47 (dq, J 1  = 5.34, J2 = 1.48 Hz, IH), 
3.34-3.49 (m, 6H). - I3C NMR (50 MHz, C6D,): 6 = 13.0 
(CH3CHO), 21.2 (CH3CO), 53.8 (d, Jc,p = 4.03 Hz, OCH,), 53.9 (d, 
Jc,p = 6.19 Hz, OCH,), 59.3 (d, Jc,p = 6.09 Hz, CH3CHO), 85.7 (d, 

l-[(Dimethoxyphosphinyl)oxy/-7-oxabicyclo(4.l.0/heptane (2j): 
162 mg (ca. loo%), colorless liquid, obtained from 15 ml of0.072 M 
(1.08 mmol) dioxirane 4 and 151 mg (0.73 mmol) of l j  at 0°C for 
5 h. - IR (CC4): $ = 2970 (w) cm-', 2860 (m), 1460 (m), 1450 (m), 
1435 (m), 1370 (m), 1345 (w), 1300 (m), 1285 (m), 1200 (m), 11 85 (m), 
1170 (m), 1100 (m), 1080 (m), 1055 (s), 1020 (m), 980 (m), 930 (m), 

Jy,p = 6.09 Hz, CH3CO). 
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920 (m), 900 (m), 890 (m), 860 (m), 670 (w). - 'H NMR (200 MHz, 
C6D6): 6 = 1.17-2.26 (m, 8H), 3.48 (d, .I = 3.59 Hz, lH), 3.63 (dd, 
J1 = 11.40, 5 2  = 2.34 Hz, 6H). - I3C NMR (50 MHz, C6D6): 6 = 
18.8, 19.9, 24.0, 28.4, 54.0 (d, J c , p  = 2.95 Hz), 54.1 (d, Jc,p = 

2.95 Hz), 58.5 (d, Jc,p = 4.15 Hz), 84.2 (d, Jc,p = 6.60 Hz). 

1-[ (Diethox yphosphinyl)oxy]-6-methyl-7-oxabicyclo[4.1 .O]hep- 
tune (2k): 165 mg (99%), colorless liquid, obtained from 12 ml of 
0.082 M (0.98 mmol) dioxirane 4 and 157 mg (0.63 mmol) of l k  at 
-10°C for 3 h. - TR (CCI4): 5 = 2990 (w) cm-', 2950 (m), 2870 
(w), 1450 (w), 1440 (w), 1390 (w), 1380 (w), 1370 (w), 1360 (w), 1260 
(m), 1250 (m), 1215 (w), 1190 (m), 1170 (m), 1150 (m), 1100 (w), 1040 
(s), 980 (s), 920 (m), 890 (w), 660 (w). - 'H NMR (250 MHz, C6D6): 
6 = 0.90 (dt, J ,  = 7.07, J2 = 0.93 Hz, 6H), 0.96-1.15 (m, 2H), 
1.20 (s, 3H), 1.25-1.49 (m, 2H), 1.98-2.13 (m, 2H), 2.32-2.43 (m, 
2H), 3.72-3.93 (m, 4H). - I3C NMR (63 MHz, C&): 6 = 16.1 
(d, Jc,p = 6.54 Hz, OCH,CH,), 19.0 (CH,CO), 20.3 (CHz), 21.1 
(CH,), 29.8 (CHZ), 30.8 (CH,), 61.3 (d, Jc,p = 5.09 Hz, CH,CO), 63.5 
(d,Jc,p = 3.46 Hz,OCH*CH,), 63.6(d,JC.p = 3.77 Hz,OCH*CH,), 
88.7 (d, Jc,p = 6.14 Hz, OCO). 

1,4-Dioxaspiro[2.4/heptun-5-one (21): 110 mg (91 %), colorless liq- 
uid, obtained from 25 ml of 0.052 M (1.31 mmol) dioxirane 4 and 
104 mg (1.06 mmol) of 11 at -20°C for 2 h. - IR (CC4): 0 = 
3070 (w) cm-I, 3010 (w), 2950 (w), 1815 (s), 1500 (m), 1450 (m), 1420 
(m), 1405 (m), 1290 (s), 1260 (m), 1185 (m), 1165 (m), 1135 (s), 1115 
(s), 1050 (w), 960 (s), 910 (s), 880 (m), 840 (m). - 'H NMR (250 
MHz, CDCI3): 6 = 2.32-2.43 (m, 1 H), 2.67-3.01 (m, 3H), 2.97 
and 3.31 (AB system, J = 3.72 Hz, 2H). - ',C NMR (63 MHz, 

eV): m/z (%) = 114 (8) [M'], 96 (8) [M+ - H20], 86 (5) [M+ - 
CDCI3): 6 = 26.0 (t), 28.1 (t), 50.4 (t), 88.3 (s), 174.1 (s). - MS (70 

CO], 85 (32) [M+ - CHO], 84 (19) [M ' - CH,O], 68 (4) [M+ 
- CH2021, 56 (100) [M+ - C2021, 42 (60) [M+ - C3H4021, 29 
(25) [M+ - CaHs02],28 (95) [M' - CdHs02-J. 

7,7-Dimethyl-1,4-dioxaspiro[2.4 Jheptan-5-one (2m): 145 mg 
(96%), colorless liquid, obtained from 20 ml of 0.074 M (1.48 mmol) 
dioxirane 4 and 134 mg (1.06 mmol) of l m  at -20°C for 3 h. - 
1R (CC14): t = 3070 (w) cm-', 2980 (w), 2940 (w), 1820 (s), 1490 
(m), 1420 (w), 1400 (w), 1380 (w), 1250 (w), 1230 (m), 1210 (m), 1200 
(m), 1120 (w), 1090 (s), 1020 (w), 980 (m), 925 (s), 880 (w). - 'H 
NMR (250 MHz, CDCI,): 6 = 1.11 (s, 3H), 1.25 (s, 3H), 2.54 and 
2.71 (AB system, J = 17.43 Hz, 2H), 2.95 and 3.23 (AB system, J = 

(q), 37.3 (s), 42.8 (t), 47.7 (t), 93.6 (s), 173.1 (s). - MS (70 eV): m/z 
3.53 Hz, 2H). - NMR (63 MHz, CDCI,): 6 = 21.7 (q), 25.4 

(%) = 142 (0.3) [M'], 113 (3) [M+ - CHO], 99 (0.5) [M - 

C,H,O], 83 (5) [M+ - C~H~OZ],  70 (7) [M+ - C3H40Jr56 (100) 
[M+ - C,H*03], 42 (15) [Mt - C3H4031, 41 (40) [MI - 
C3Hs031, 39 (16) IM+ - C3H703I928 (13) LM+ - C6Hi0021. 

7-Methyl-l,4-dioxaspiro[2.4/heptan-5-one (2 n): 138 mg (95%), 
d.r. 60:40, colorless liquid, obtained from 20 ml of 0.073 M (1.46 
mmol) dioxirane 4 and 127 mg (1.13 mmol) of 1 n at -20°C for 
3.5 h. ~ IR (CCl4): 0 = 3060 (w) cm ', 2960 (w), 2920 (w), 1810 
(s), 1480 (w), 1440 (w), 1410 (w), 1390 (w), 1370 (w), 1280 (w), 1250 
(w), 1220 (m), 1165 (w), 1150 (w), 1130 (m), 1115 (s), 1070 (w), 1010 
(m), 960 (m), 910 (m). - 'H NMR (250 MHz, CDC13): 6 = 1.05 
and 1.21 (2 d, J = 6.87 and 7.16 Hz, 3H, CH3 of minor and major 
isomers), 2.35-3.12 (m, 3H), 2.93, 3.30 and 3.02, 3.20 (AB ofminor 
and major isomers, J = 3.59 and 3.64 Hz, 2H). - NMR (63 
MHz, CDCI3): major isomer, 6 = 16.7 (9). 33.2 (d), 36.3 (t), 48.8 (t), 
92.3 (s), 173.6 (s); minor isomcr, 6 = 13.2 (q), 31.7 (t), 35.7 (d), 48.2 

[M+ - C,Hz03], 42 (100) [M+ - C3H2031, 41 (25) [M.' - 
GH@31,39 (14) [M+ - C3Hs031. 

6-Methyl- 1,4-dioxaspiro[2.4]heptan-5-one (20): 125 mg (%YO), 
d.r. 65: 35, colorlcss liquid, obtained from 15.5 ml of 0.074 M (1.15 
mmol) dioxirane 4 and 117 mg (1.04 mmol) of 1 o at -20°C for 
3.5 h. - IR (CCI4): 0 = 3070 (w) cm-I, 2980 (w), 2940 (w), 1815 
(s), 1490 (w), 1455 (w), 1445 (w), 1405 (w), 1380 (w), 1330 (w), 1285 
(w), 1240 (w), 1140 (m), 1130 (m), 1095 (m), 1085 (m), 1035 (m), 970 
(m), 940 (m), 870 (m). - 'H NMR (250 MHx, CDCI,): 6 = 1.37 
and 1.42 (2 d, J = 7.21 and 7.22 Hz, 3H, CH3 of major and minor 
isomers), 2.10-3.17 (m, 3H), 2.94, 3.25 and 2.96, 3.31 (AB of minor 
and major isomers, J = 3.90 and 3.63 Hz, 2H). - I3C NMR (63 
MHz, CDCI,): major isomer, 6 = 15.5 (q), 34.4 (d), 34.6 (t), 49.5 (t), 
86.3 (s), 177.4 (s); minor isomer, 6 = 16.4 (q), 33.9 (t), 35.6 (d), 50.9 
(t), 86.9 (s), 176.8 (s). - MS (70 eV): m/z (%) = 128 (1) [M'], 110 
(0.5) [M+ - 01, 99 (6) [M - CHO], 70 (19) [M+ - CZH2021, 
69 (7) [M+ - C2H3021, 56 (15) [M+ - C3H402],43 (17) [M+ - 
C,HO,], 42 (100) [Mf - C3H2031, 41 (28) [M' - C,H30,], 39 
(15) CM ' - GHs031. 

[2)-2-Acetoxy-2,3-diphenyloxirane (2p): 106 mg (84%), coforless 
needles, m.p. 61 -62°C (from CHC13/petroleum ether), obtained 
from 10 ml of 0.073 M (0.73 mmol) dioxirane 4 and 118 mg (0.50 
mmol) of l p  at ca. 20°C for 7 h. - IR (CC14): 5 = 3080 (w) cm-', 
3040 (w), 1770 (s), 1500 (w), 1455 (w), 1450 (w), 1370 (m), 1280 (w), 
1220 (s), 1200 (m), 1190 (s), 1115 (m), 1040 (m), 1025 (m), 975 (m), 
915 (m), 895 (w), 705 (s), 675 (m). - 'H NMR (250 MHz, CDC13): 
6 = 1.90 (s, 3H), 4.16 (s, IH), 7.31-7.43 (m, 8H), 7.44-7.52 (m, 

125.7 (d), 127.0 (d), 128.1 (d), 128.6 (d), 128.7 (d), 129.1 (d), 133.1 (s), 
135.5 (s), 168.8 (s). - MS (70 eV): m/z (%) = 238 (0.1) [M+ - 01, 

2H). - I3C NMR (63 MHz, CDCI,): S = 20.6 (q), 65.6 (d), 85.6 (s), 

212 (1) [M+ - C*H20],211 (6) [M+ - C,H,O], 196 (2) [M' - 

C ~ H ~ O Z ] ,  167 (2) [M' - C,HJ, 165 (2) [M+ - C,HS], 105 (100) 
[M+ - CYHYOJ, 90 (3) [M+ - C&j03], 77 (27) [Mf - 

C ~ O H Y O ~ I ,  51 (7) [M+ - CuHii031. 
C1&1403 (254.3) Calcd. C 75.58 H 5.55 

Found C 75.82 H 5.36 

7-Uxuhicyclo/4.l.O]h~~pi-l-yl Benzoatezd' (2q): 131 mg (96%), col- 
orless liquid, obtained from 15 ml of 0.071 M (1.06 mmol) dioxirdne 
4 and 128 mg (0.062 mmol) of l q  at -20°C for 3.0 h. 

[E)-3'-Pkenylspiro[isobenzojuran- l ( 3  H ) ,  2'-oxiran/-3-one (2r): 
225 mg yield ca. 100% at 97% conversion, colorless needles, m.p. 
134-135°C (from CHC13/pctroleum ether), obtained from 20 ml of 
0.081 M (1.62 mmol) dioxirane 4 and 216 mg (0.97 mmol) of l r  at 
ca. 20°C for 7.0 h. - IR (CCI4): P = 3090 (w) cm-', 3070 (w), 3040 
(w), 2980 (w), 1800 (s), 1610 (w), 1500 (w), 1465 (w), 1455 (w), 1430 
(w), 1340 (w), 1280 (w), 1250 (m), 1160 (m), 1125 (m), 1065 (m), 990 
(m), 925 (m), 885 (w), 695 (m), 685 (m). - 'H NMR (250 MHz, 
CDC13): 6 = 4.64 (s, IH), 7.39-7.43 (m, 3H), 7.50-7.55 (m, 3H), 

1.01 Hz, lH), 7.56 (d, J = 7.56 Hz, IH). - ',C NMR (63 MHz, 
CDC13): 6 = 64.3 (d), 90.0 ( s ) ,  121.5 (d), 125.7 (d), 127.5 (d), 127.8 
(s), 129.1 (d), 131.5 (d), 131.8 (s), 134.9 (s), 142.7 (s), 166.7 (s). - MS 
(70 eV): m/z (YO) = 238 (5) EM+], 222 (5) [M+ - 01, 209 (2) 

7.65 (dt, JI  = 7.48, J2 = 0.84 Hz, 1 H), 7.77 (dt, JI = 7.50, J 2  = 

[M+ - CHO], 194 (1) [M' - C2H40],165 (5) [M+ - C,HO,], 
132 (57) [M' - C7H6021, 105 (15) [MI  ~ CgHSOJ, 104 (100) 
[Mf - C8H602lr89 (6) [M+ - C8Hs031, 76 (35) [M+ - CgH6031. 

C1sH1003 (238.25) Calcd. C 75.62 H 4.23 
Found C 76.04 H 4.25 

(t), 90.3 (s), 173.4 (s). - MS (70 eV): m/z (YO) = 128 (0.6) [M'], 
110 (0.4) [M+ - 01,  99 (6) [M+ - CHO], 70 (24) [M'  - 

C2H202], 69 (5) [M ' - CZH302], 56 (16) [M' - C3H4O2], 43 (15) 

3,3'-Diphenylspiro(isobunzofuran-l/3H),2'-oxiran]-3-one (2s): 
106 mg (ca. loo%), colorless needles, m.p. 161-162'C (from 
CHCI3/petroleum ether), obtained from 81 .5 ml of 0.081 M (6.60 
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mmol) dioxirane 4 and 21 8 mg (0.73 mmol) of 1 s at ca. 20°C for 
88.0 h. - IR (CC14): F = 3090 (w) cm-I, 1820 (s), 1510 (w), 1480 
(w), 1460 (w), 1260 (w), 1160 (w), 1110 (w), 1005 (m), 970 (m), 965 
(m), 905 (w), 710 (m), 705 (m), 695 (m), 680 (w), 630 (w). - 'H NMR 
(250 MHz, CDCI,): 6 = 6.24 (d, J = 7.71 Hz, 1 H), 7.30-7.46 (m, 
8H), 7.50-7.57 (m, 4H), 7.88 (d, J = 7.60 Hz, 1H). - 13C NMR 

(d), 127.7 (d), 128.2 (d), 128.4 (d), 128.7 (d), 128.8 (d), 131.2 (d), 134.1 
(d), 135.7 (s), 135.9 (s), 141.6 (s), 166.7 (s). - MS (70 eV): m/z (YO) 

(63 MHz, CDC13): 6 = 72.1 (s), 92.9 (s), 124.4 (d), 125.3 (d), 127.6 

= 314 (5 )  [M'], 298 (3) [M+ - 0] ,  239 (2) [M+ - C&,], 209 
(2) [M+ - C,H=,O], 181 (1) [M+ CSH~OZ], 167 (14) [M+ - 
CqH702],166 (96) [M+ - CgH802],165 (30) [Mi - C9H902],132 
(15) [M '. - Cl,H,,O], 105 (16) [M+ - C14H9021, 104 (100) [M+ 
- Ci4Hio0zlr 77 (1 5 )  CM' - Ci5H903],76 (35) [M+ - Cj5Hi0031. 

CZ1HI4O3 (314.3) Calcd. C 80.24 H 4.49 
Found C 80.21 H 4.57 

5.5-Dimelhyl-2,7-dioxabicyclo[4.f .O]heptan-_l-one (2 t): 88 mg 
(79%), colorless liquid, b.p. lOOT/O.l5 Torr, obtained from 28 ml 
of 0.045 M (1.26 mmol) dioxirane 4 and 99 mg (0.79 mmol) of 1 t at 
-2OT for 3.0 h. - IR (CC14): F = 3060 (m) cm-', 2970 (s), 2930 
(m), 2870 (m), 1770 (s), 1470 (m), 1440 (m), 1410 (m), 1390 (m), 1370 
(m), 1310 (m), 1275 (s), 1260 (m), 1235 (s), 1200 (s), 1175 (m), 1130 
(s), 1105 (m), 1045 (m), 1010 (m), 970 (m), 955 (m), 940 (w), 860 (s), 
705 (m). - 'H NMR (250 MHz, CDC13): 6 = 1.12 (s, 3H), 1.26 (s ,  
3H), 2.23 (dd, J1 = 15.88, J2 = 1.48 Hz, 1 H), 2.49 (dd, J1 = 15.88, 
J 2  = 0.50 Hz, IH), 3.01 (dd, J1 = 2.55, Jz = 1.58 Hz, lH), 5.23 (d, 
J = 2.70 Hz, 1 H). - 13C NMR (63 MHz, CDC13): F = 23.7 (q), 
24.6 (9). 31.3 (s), 41.2 (t), 58.3 (d), 77.8 (d), 167.3 (s). - MS (70 eV): 
m/z ("/.) = 142 (1) [M'], 113 (15) [M+ - CHO], 100 (34) [M+ 
- C3H61, 85 (7) [M+ - C3HsO], 72 (65) [M' - C4H601, 71 (11) 
[Mi - C4H701, 57 (100) [M.' - C~HSO~] ,  56 (23) [M'  - 
C4H602],43 (48) [M+ - CSH7021, 39 (25) [M+ - C4H70J. 

C7H1003 (142.2) Calcd. C 59.14 H 7.09 
Found C 59.18 H 7.15 

2,~f-Dioxa~ricyclu(4.4.1.0'~'/1undecan-_l-one ( 2 4 :  109 mg (83%), 
colorless liquid, b.p. IlO"C/O.Ol Torr, obtained from 25 ml of 
0.045 M (1.13 mmol) dioxirane 4 and 120 mg (0.78 mmol) of l u  at 
-20°C for 3.0 h. - IR (CCL): 0 = 2970 (m) cm-', 2860 (w), 1770 
(s), 1440 (w), 1420 (m), 1365 (m), 1345 (m), 1320 (w), 1280 (w), 1250 
(m), 1220 (m), 1205 (m), 1200 (m), 1170 (m), 1150 (s), 1120 (w), 1095 
(s), 1085 (s), 1025 (m), lo00 (w), 970 (w), 965 (m), 925 (w), 885 (w), 

(m, 12H). - ',C NMR (63 MHz, CDCI,): 6 = 19.8 (t), 19.9 (t), 24.7 
(t), 27.4 (t), 27.5 (t), 27.8 (t), 61.5 (s), 87.0 (s), 168.1 (s). - MS (70 eV): 
m/z (Yo) = 168 (2) [M'], 152 (7) [M+ - 07, 140(6) [M+ - CO], 

870 (w), 660 (w). - 'H NMR (250 MHz, CDCI,): 6 = 1.20-2.54 

124 (30) [M' - COJ, 112 (15) [M' - C2021, 111 (100) [M+ - 
C,HOJ, 83 (24) [M+ - CZH2031, 67 (33) [M+ - C3H,O3], 56 
(44) [M+ - C4H5031, 41 (48) [M+ - CSH7031, 39 (47) [M+ - 
C5H9031, 28 (79) [M+ - CsHizOz]. 

C9H1204 (168.2) Calcd. C 64.27 H 7.19 
Found C 64.33 H 7.23 

Epoxidation of ( E ) -  I-[ (Dimethoxyphusphinyl) oxy/hept- 1 -ene 
( lc)  by Ethylmethyldioxirane Generated in situ from Caroate and 2- 
Butanone: To a cooled (0-5 "C), mechanically vigorously stirred 
mixture of 3.33 g (15.0 mmol) of lc,  2-butanone (50 ml) and phos- 
phate buffer (0.177 g of KH2P04 and 0.648 g of Na2HP04 in 150 ml 
of water) was added slowly within ca. 2.5 h a saturated aqueous 
solution of Caroate [58 g (0.094 mol) of 2 KHSOS . KHS04 . KZSO4 
in 200 ml of water]. The pH of the mixture was kept constant 
throughout the reaction at 7.3-7.5 by the help of 15% aqueous 
KOH. After 1.0 h of additional stirring, solid NaCl was added to 

thc cloudy reaction mixture until saturation; the organic phase was 
separated by decantation, and the aqucous phase was extracted 
with CHZClz (4 x 50 ml). The combined organic layers were dried 
with MgS04, and the solvent was evaporated (ca. 20 "C/15 Torr) to 
afford epoxide 2c (2.95 g, 83%) as a colorless liquid; for spectral 
data see above. 

Rearrangement of Epoxides 2 to Carbonyl Products 3: A C6D6 
solution of the enol phosphate epoxides 2d-i was allowed to stand 
overnight at room temp. After 12 h the 'H- and I3C-NMR spectra 
of the crude reaction mixture indicated the complete conversion of 
2d -i  into the a-[(dialkoxyphosphinyl)oxy]-substituted ketones 3. 
Distillation (Biichi Kugelrohr oven) afforded carbonyl compounds 
3 in good to moderate yields. 

Ketone 3d2? 129 mg (76%), colorless liquid, obtained from 
170 mg (0.93 mmol) of 2d. - 'H NMR (250 MHz, CDC13): 6 = 
1.72 (s, 3H), 3.56 (d, J = 11.20 Hz, 6H), 4.38 (d, J = 10.62 Hz, 
2H). - l3C NMR (63 MHz, CDC13): 6 = 20.8 (C-I), 53.8 (d, Jc,p = 
5.89 Hz, OCH3), 70.4 (d, Jc,p = 5.64 Hz, C-3), 201.2 (d, Jc,p = 
4.78 Hz, C-2). 

Ketone 3e"": 74 mg (53%), colorless liquid, obtained from 140 mg 
(0.67 mmol) of 2e. - 'H NMR (250 MHz, CDC13): 6 = 1.32-1.39 
(m, 6H), 2.22(s, 3H),4.04-4.26 (m,4H),4.59 (d , J  = 9.54 Hz, 2H). 
- 13C NMR (63 MHz, CDCI,): F = 16.1 (d, Jc,p = 2.77 Hz, 
OCH,CH3), 16.2 (d, Jc ,p  = 2.64 Hz, OCH,CH,), 26.0 (C-I), 63.7 (d, 
J c , p  = 5.79 Hz, OCHZCH3), 64.4 (d, Jc,p = 5.85 Hz, OCHZCH,), 
70.8 (d, Jc,p = 5.79 Hz, C-3), 202.5 (d, Jc,p = 5.85 Hz, C-2). 

Ketone 3f2? 183 mg (86%), colorless liquid, obtained from 
213 mg (0.87 mmol) of 2f. - 'H NMR (250 MHz, CDCI,): 6 = 

(m, 3H), 7.56-7.67 (m, 2H). - "C NMR (63 MHz, CDC13): 6 = 

(arom.), 128.8 (arom.), 133.6 (arom.), 134.4 (arom.), 192.3 (d, Jc,p = 

Ketone 3g27): 146 mg (83%), colorless liquid, obtained from 
176 mg (0.65 mmol) of 2g. - 'H NMR (250 MHz, CDCI3): 6 = 
0.98-1.16 (m, 6H), 4.00-4.12 (m, 4H), 5.12 (d, J = 10.55 Hz, 2H), 
7.00-7.19 (m, 3H), 7.63-7.68 (m, 2H). - I3C NMR (63 MHz, 

5.79 Hz, OCH2CH3), 69.1 (d, Jc,p = 5.09 Hz, C-2), 128.0 (arom.), 
128.8 (arom.), 133.6 (arom.), 134.5 (arom.), 192.4 (d, Jc,p = 4.78 Hz, 

Ketone 3hZ8): 173 mg (79%), colorless liquid, obtained from 
219 mg (0.90 mmol) of 2h. - 'H NMR (250 MHz, CDCI,): 6 = 
1.41 (d, J = 6.89 Hz, 3H), 2.18 (s, 3H), 3.64-3.80 (m, 6H), 
4.64-4.76 (m, 1H). - l3C NMR (63 MHz, CDCI,): 6 = 18.2 (d, 

3.56 (d, J = 11.22 Hz, 6H), 5.09 (d, J = 10.94 Hz, 2H), 6.98-7.18 

54.3 (d, Jc,p = 5.97 Hz, OCH3), 69.3 (d, Jc,p = 5.16 Hz, C-2), 127.9 

4.34 Hz, C-I). 

CDCI,): S = 16.1 (d, Jc,p = 3.71 Hz, OCH,CH,), 64.1 (d, Jc,p = 

c-I). 

Jc,p = 4.53 Hz, C-4), 25.5 (C-I), 54.5 (d, Jc,p = 6.15 Hz, OCH,), 
54.7 (d, Jc,p = 6.02 Hz, OCH3), 78.6 (d, J c , p  = 5.87 Hz, C-3), 205.9 
(d, Jc,p = 5.69 Hz, C-2). 

Ketone 3h2'): 118 mg (79%), colorlcss liquid, obtained from 
149 mg (0.76 mmol) of 2i (cf. above for spectral data). 

CAS Registry Numbers 

l a :  6651-36-1 / lb:  127632-97-7 / l c :  132170-11-7 / Id: 4185-82-4 / 
l e :  5954-28-9 1 I f :  4202-12-4 / 1 g: 1021-45-0 J l h :  50432-20-7 / l i :  
50523-01-8 1 l j :  3719-53-7 / l k :  30908-58-8 111: 10008-73-8 / l m :  
65372-43-9 J In:  65371-42-8 / l o :  89609-42-7 1 l p :  13892-81-4 / 
l q :  13163-64-9 / l r :  4767-55-9 11s: 1801-25-8 1 I t :  76897-39-7 / 
l u :  700-82-3 1 2a: 127632-98-8 / 2b: 127632-99-9 / 2c: 132170- 
12-8 / 2d: 132170-13-9 / 2e: 132170-14-0 / 2 f  132170-15-1 / 2g: 
132170-16-2 J 2 h :  132170-17-3 / 2i: 132170-18-4 / 2j: 132170-19-5 / 
2k: 132170-20-8 / 21: 126091-78-9 / 2m: 126091-79-0 / cis-2n: 
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20 :  126091-83-6 1 2 ~ :  135455-96-8 1 2 a :  62183-31-7 1 2 r :  135455- 
97-9 1 2 s :  135455-98-0 12t :  126186-9i-8 1 2 ~ :  126091-84-7 1 3 a :  
30094-70-3 13e: 30935-85-4 / 3 f  13392-51-3 / 3g: 33348-51-5 / 3h: 
19063-36-6 / 4: 74087-85-7 

I) la) Presented at the ORPEC 1991 Symposium, Miinchen, Ger- 
many, April 29-30, 1991; recipient of the INTEROX Junior 
Award 1991. - Ib) IAESTE Scholar from Yugoslavia, University 
of Wiirzburg, Autumn 1989. 

2, 2a) P. D. Gardner, J. Am. Chem. SOC. 78 (1956) 3421. - 2b) R. D. 
Hoffsommer, H. L. Slates, D. Taub, N. L. Wendler, J.  Org. Chem. 
27 (1962) 353. - "1 H. 0. House, B. M. Trost, J. Org. Chem. 30 
(1965) 2502. - 'dl R. A. Amos, J. A. Katzenellenbogen, J. Org. 
Chem. 42 (1977) 2537. 

3, 3a) D. Uemura, Y. Hirata, Tetrahedron Lett. 1972, 1387; 1977, 
283. - 3b) S. Katsumura, A. Kirnura, S .  Isoe, Tetrahedron 45 
(1 989) 1337. 

4, J. L. Kraus. G. Sturz. Bull. SOC. Chim. Fr. 1971. 4006. 
5, M. Murayama, S. Matsumura, T. Wada, Y. Ezure, Japan Kokai 

72 39033 [Chem. Abstr. 78 (1973) 71422kl. 
6, 6a) G. M. Rubottom, M. A. Vasquez, D. R. Pclcgrina, Tetrahedron 

Lett. 1974,4319. - nb)A. G. Brook, D. M. Macrae, J. Organomet. 
Chem. 77 (1974) C19. - A. Hassner. R. H. Reuss. H. W. 
Pinnick, J.'Org.' Chem. 40 (1975) 3427. 1 6d) Y. Horiguchi, E. 
Nakarnura, I. Kuwajima, Tetrahedron Lett. 30 (1989) 3323. 

L. A. Paquette H.-S. Lin, J. C. Gallucci, Tetrahedron Lett. 28 
(1987) 1363. - 7bj J. H. Dodd, J. E. Starrett, Jr., S. M. Weinreb, 
J. Am. Chem. SOC. 106 (1984) 1811. - ") Y. Watanabe. Y. Ishi- 

') 

mura, J. Am. Chem. So;. 111 (1989) 410. 
*) F. A. Davis. A. C. Shevvard. J. Ora. Chem. 52 (1987) 954. 
91 W. Adam, R. Curci,-f 0. Edwads, Acc. Cheh. Re$. 22 (1989) 

205. - 9b) R. W. Murray, Chem. Rev. 89 (1989) 1187. - R. 
Curci in Advances in Oxygenated Processes (A. L. Baurnstark 
Ed.), vol. 2, chapter 1, JAI Press, Greenwich CT, 1990. - 'dl W: 
Adam, R. Curci, L. Hadjiarapoglou, R. Mello in Organic Per- 
oxides (W. Ando, Ed.), John Wiley, in press. 
'Oa) W: Adam, L. Hadjiarapoglou, A. Smerz, Chem. Ber. 124 
(1991) 227. - lob) W. Adam, Y.-Y. Chan, D. Cremer, D. Scheut- 

zow, M. Schindler, J.  Org. Chem. 52 (1987) 2800. - lo') R. W. 
Murray, R. Jeyaraman, J .  Org. Chem. 50 (1985) 3890. 
'la) W. Adam, L. Hadjiara o lou, V. JBger, B. Seidel, Tetrahedron 
Lett. 30 (1989) 4223. - 'Ib7 W. Adam, L. Had'iarapoglou, X. 

Hadjiarapoglou, J. KliciC, Tetrahedron Lett. 31 (1990) 6517. - 
H. K. Chenault, S .  J. Danishefsky, J. Org. Chem. 54 (1989) 

4249. 
12)V, Jager, R. Franz, W. Schwab, B. Hafele, D. Schroter, D. 

Schafer, W. Hummer, E. Guntrum, B. Seidel in Chemistry of 
Heterocyclic Compounds (Studies in Organic Chemistry) (J. Ko- 
vac, P. Zalupsky, Eds.), Vol. 35, p. 58-75, Elsevier, 1988. 

'3) R. N. McDonald in Mechanism of Molecular Migrarions (B. S. 
Thyagarajan, Ed.), vol. 3, chapter 2, Wiley-Interscience, New 
York 1971. 

14) H. 0. House, L. J. Czuba, M. Gall, H. D. Olmstead, J. Org. 
Chem. 34 (1969) 2324. 

Is) X. Wang, Dissertation, Universitat Wiirzburg, 1990. 
16) F. W. Lichtenthalcr, Chem. Rev. 61 (1961) 607. 
'7)H. J. Jacombson, M. J. Griffin, S. Preis, E. V. Jensen, J. Am. 

18) I. J. Borowitz, M. Anschel, S. Firstenberg, J .  Org. Chem. 32 (1967) 

'"E. M. Gaydou, R. Freze, G. Buono, Bull. SOC. Chim. Fr. 1973, 

") A Jung R Engel, J .  Org. Chem. 40 (1975) 3652. 
'') *Ia) H. JI Giinther, E. Guntrum, V. Jager, Liebigs Ann. Chem. 

1984, 15. - 'Ib) V. Jager, H. J. Giinther, Tetrahedron Lett. 1977, 
2543. 

22) A. Goldblum, R. Mechoulam, J. Chem. SOC., Perkin Trans. f, 
1977, 1889. 

23) R. Weiss in Organic Syntheses (A. H. Blatt, Ed.), Collective Vol. 
11, p. 61, John Wiley & Sons, New York 1943. 

24) T. W. Koenig, J. C. Martin, J. Org. Chem. 29 (1964) 1520. 
25) J. Martin, W. Parker, B. Shroot, T. Stewart, J. Chem. SOC. C 

1967, 101. 
26) A. Pondaren-Raphalen, G. Sturz, Bull. SOC. Chim. Fr. 1978, 215. 
27) A. N. Pudovic, I. V. Konovalova, L. A. Buriaeva, Zh. Obshch. 

28) S .  Meyerson, E. Kuhn, F. Ramirez, J.  F. Marecek, H. Okazaki, 

120719 11 

Wang, Tetrahedron Lett. 30 (1989) 6497. - 4 W. Adam, L. 

Chem. SOC. 79 (1957) 2608. 

1723. 

2279. 

Khim. 41 (1971) 2413 [Chem. Abstr. 76 (1972) 153847a1. 

Adv. Mass Spectrom. 8A (1980) 577. 

Chem. Ber. 124 (1991) 2361 -2368 


