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Dimethyldioxirane (DMD) has proven to be an effective reagent for the selective conversion of 
phosphoranylidene intermediates 4 to the corresponding vicinal tricarbonyls 5. Unlike existing 
oxidation protocols which employ relatively vigorous conditions, this transformation is conducted 
rapidly at low temperature under neutral conditions, without the necessity of an aqueous workup. 
Selective oxidation of the phosphorus ylides in the presence of a variety of sensitive functionality 
was achieved by lowering the reaction temperature and controlling the concentration of oxidant. 

Introduction 
The development of new methods for preparing vicinal 

tricarbonyls has stimulated renewed study of these 
reactive systems, which, as stable hydrates, take part in 
many reactions of value in the synthesis of organic 
pr0ducts.l The recent discovery of the powerful immu- 
nosuprressants FK-5062 and rapamy~in,~ incorporating 
a vicinal tricarbonyl unit in the form of a hemiacetal, has 
added special significance to the studies on the chemistry 
of this arraye4 The highly electrophilic nature of the 
carbonyl groups, particularly the central carbonyl, favors 
nucleophilic attack by donor reagents as weakly basic as 
amides, and the attachment of other acceptor sites to the 
tricarbonyl core have provided opportunities for ring- 
forming reactions with di- and trinucleophiles. We have 
demonstrated the generality and usefulness of this 
methodology in the preparation of ~yrroles ,~ indoliz- 
idines,6 pyrrolidines,' in the fusion of five- and six- 
membered rings to j3-lactam~~-~ and in the synthesis of 
various natural products.lOJ1 During these studies, we 
have developed new methods for forming tricarbonyls in 
which the central carbonyl group is generated by an 
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oxidation reaction involving the cleavage of a carbon- 
phosphorus double bond. In this paper we describe the 
advantageous use of dimethyldioxirane (DMD) as an 
oxidant in this process. 

The first general method for preparing a vicinal 
tricarbonyl was reported almost 100 years ago by Sachs.12 
The oxidation of a 1,3-diketone was accomplished by 
pnitroso(dimethy1amino)benzene to form an imine in- 
termediate which was then hydrolyzed by strong acid to 
form the central carbonyl group. Most of the methods 
developed since that time have similarly involved oxida- 
tion of 1,3-dicarbonyl systems as summarized in Scheme 
1. 
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These methods along with others developed in the 
course of synthetic studies related to FK-50613 have 
limitations with respect to the availability of starting 
materials, efficiency of the reaction sequences, and the 
functionalities which can tolerate the strong oxidizing 
conditions. 

As exemplified in Scheme 1 (clockwise), such proce- 
dures include the following: hydrolysis of imines,12 
singlet oxygen oxidation of enamines: oxidation of phenyl 
iodonium ylides by ozone14 or dimethyldi~xirane,'~ ozo- 
nolysis of enol ethers and other ylides containing either 
sulfur or nitrogen,16 oxidation of 1,3-dicarbonyl com- 
pounds by singlet oxygen in the presence of fluoride ion,l' 
Dess-Martin oxidation,18 or selenium dioxide oxidation,lg 
reaction of 2,a-dibromo 1,3-diones with singlet oxygen20 
or sodium dimethyldioxiraneZ2 or tert-butylhy- 
pochl~ri te~~ oxidation of 2-diazo-1,3-dioxo derivatives, and 
elimination of the nosy1 group in an a-nosyloxy 1,3- 
d i k e t ~ n e . ~ ~  

One procedure recently worked out in our laboratory 
generates precursors of the tricarbonyl system by a mild, 
generally applicable coupling reaction starting with 
carboxylic acids. In this convergent method, the car- 
boxylic acid or its acid chloride undergoes reaction with 
the phosphorane 3 to form the ylide 4 as shown in 
Scheme ZZ5 This ylide 4 can be looked on as a tricarbonyl 
precursor or a protected tricarbonyl, since it can be 
readily converted to this system by oxidative cleavage of 
the carbon-phosphorus double bond. To date, this 
oxidation has been accomplished with singlet oxygen,26 
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ozone,27 and Oxone.28 These two-step procedures are 
particularly convenient and general, providing good to 
excellent yields of phosphorus ylides and corresponding 
tricarbonyls. Of the oxidants employed, Oxone has thus 
far proven to be the mildest oxidizing agent for the second 
step conversion. While Oxone has provided some degree 
of selectivity, certain functional groups including sulfides, 
enol ethers, isolated olefins, and nitrogen-containing 
heterocycles undergo serious competitive oxidation in the 
presence of this reagent. 

Results and Discussion 

Seeking to obtain selectivity in the oxidative generation 
of the tricarbonyl from the intermediate ylide, we have 
now investigated the use of DMD, an oxidant which has 
been shown to be efficient and highly selective for a 
variety of  substrate^.^^ Solutions of DMD in acetone are 
prepared by the reaction of Oxone with acetone according 
to known methods.30 The oxygen transfer with DMD 
occurs rapidly at low temperature under neutral condi- 
tions. 

We have now found (Scheme 3) that the phosphorus 
ylide intermediates 4 can be selectively oxidized to the 
corresponding vicinal tricarbonyl by DMD in the presence 
of a variety of oxidizable functional groups, as outlined 
in Table l.31 For the phosphorus ylides shown in entries 
1 and 2, Table 1, DMD provides the tricarbonyls in 
quantitative yield. These reactions were conducted with 

(27) Wasserman, H. H.; Fukuyama, J. ;  Murugesan, N.; van Duzer, 
J.; Lombardo, L.; Rotello, V.; McCarthy, K. J. Am. Chem. SOC. 1989, 
111, 371. 

(28) Wasserman, H. H.; Vu, C. B. Tetrahedron Lett. 1990,31,5205. 
(29) For recent reviews see: (a) Murray, R. W. Chem. Rev. 1989, 

89, 1187. (b) Curci, R. in Advances in Oxygenated Processes; Baum- 
stark, A. L., E d .  JAI: Greenwich, CT, 1990; Vol. 2, Chapter 1. (c) 
Adam, W.; Hadjiarapoglou, L.; Curci, R.; Mello, R. In Organic 
Peroxides; Ando, W., Ed.; Wiley: New York, 1993; Chapter 4, pp 195- 
219. (d) Adam, W.; Hadjiarapoglou, L. In Topic in Current Chemistry; 
Herrmann, W. A,, Ed.; Springer-Verlag, Berlin, 1993; Vol. 164, p 45- 
62. 

(30) (a) Murray, R. W.; Jeyaraman, R. J. Org. Chem. 1985,50,2847. 
(b) Adam, W.; Chan, Y. Y.; Cremer, D.; Gauss, J.; Scheutzow, D.; 
Schindler, M. J. Org. Chem. 1987,52, 2800. (c) Adam, W.; Hadjiara- 
poglou, L.; Smerz, A. Chem. Ber. 1991, 124 227. 



Oxidation of Phosphorus Ylides by Dimethyldioxirane 

Table 1. Phosphorus Ylide Oxidations 

entry phosphorus ylide tricarbonyl DMD other 

v ObU 7woa 

0 0  

1 M e v O ' B u  76% Me 
PPh3 09H20 

0 0  0 0  

2 P h w O M e  96% P h v O M e  100%~ 63%' 
PPh3 O*H2O 

0 0  0 0  

3' M b u  91% M : B u  80960 

CI 

0 0  0 0  

A A 

a 3.0 equiv DMD, 25 "C, 1 h. 
(aq). '2.0 equiv DMD, -78+25 "C, 4 h. dl .8 equiv DMD, -78+25 "C, 
4 h. '1 .5 equiv Oxone, THF/H20, 25 %,12 h. 'Sensitox, Q, CHCI,, 
hv. Oa) 1.5 equiv Oxone, THF/H20, 25 OC; b) THF/NaHC03 (aq). h3.0 
equiv Oxone, 5:l benzene/H20, 55 OC. 'see ref. 28. 'see ref. 25. 

a) 3.0 equiv DMD, 25 OC; b) THF/NaHC03 

3 equiv of DMD at room temperature and were generally 
complete within 1 h as revealed by TLC analysis or the 
disappearance of the yellow reaction color. In addition, 
these reactions required no special precautions for the 
exclusion of water or atmospheric oxygen. The analogous 
oxidations with either Oxone or singlet oxygen are also 
presented for comparison. 

Our first examples of selective oxidation involved 
variously substituted conjugated olefins (Table 1, entries 
3-5). Despite the oxidizability of carbonyl-conjugated 
olefins by DMD,31a they remained intact under the 
comparatively mild conditions used in the conversion of 
the phosphorus ylides to the corresponding tricarbonyls. 
In reactions where oxidation selectivity was required, 
DMD was added at -78 "C and the resulting solution 
was then warmed slowly to room temperature. With a 
trisubstituted isolated olefin (Table 1, entry 6), more care 
was required in that a deficiency of DMD (1.8 equiv) was 
employed in order to avoid overoxidation to the epoxide. 
This series of examples shows that DMD can oxidize the 
carbon-phosphorus double bond in the presence of 

(31) Functional group oxidation by DMD: (a) a#-unsaturated car- 
bonyls: Adam, W.; Hadjiarapoglou, L.; Nestler, B. Tetrahedron Lett. 
1990, 31, 331. Baumstark, A. L.; Harden, D. B. J. Org. Chem. 1993, 
58,7615. (b) Furans: Adger, B. J.; Barrett, C.; Brennan, J.; McGuigan, 
P.; McKervey, M. A.; Tarbit, B. J. Chem. SOC., Chem. Commun. 1993, 
1220. (c) thiophenes: Miyahara, Y.; Inazu, T. Tetrahedron Lett. 1990, 
31, 5955. (d) p-Oxo enol ethers: Adam, W.; Hadjiarapoglou, L. Chem. 
Ber. 1990, 123, 2077. 
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Table 2. Hetero-Substituted Phosphorus Ylide 
Oxidations 

entry phosphorus ylide tricarbonyl DMD other 

1 

0 0  0 0  

0 0  0 0  

a2.0 equiv DMD, -78+25 "C, 4 h. b1.5 equiv Oxone, THF/H20, 
25 "C, 12 h.. 

unsaturation and that the conversions to the tricarbonyl 
are improved relative to known methods. 

The preparation of tricarbonyls with substituents 
containing heteroatoms and heteroaromatics is of special 
interest in the synthesis of biologically interesting agents. 
Furan-31b and thiophene-sub~tituted~~~ ylides (Table 2, 
entries 1, and 2) were oxidized selectively by DMD to the 
tricarbonyl in much improved conversion relative to the 
Oxone procedure. Another sensitive functional group, the 
/3-oxo enol ether (Table 2, entry 3), was readily converted 
to the tricarbonyl using DMD while the Oxone procedure 
resulted in oxidative degradation. However, like other 
oxidizing agents previously studied, DMD was not selec- 
tive in oxidizing phosphorus ylides in the presence of 
nitrogen heterocycles including pyrroles, indoles, and 
pyridines.32 

Conclusion 
Dimethyldioxirane has proven to be an effective re- 

agent for the selective conversion of phosphorus ylide 
intermediates 4 to the corresponding vicinal tricarbonyls 

Unlike existing oxidation protocols which employ 
relatively vigorous conditions, this transformation is 
conducted rapidly at low temperature under neutral 
conditions, without the necessity of an aqueous workup. 
The DMD conversions take place much more rapidly than 
the corresponding Oxone reactions. Selective oxidation 
of the phosphorus ylides in the presence of a variety of 
sensitive functionality was achieved by lowering the 
reaction temperature and controlling the amount of 
reagent. Use of DMD under these conditions should 
provide easier access to more complex and biologically 
interesting vicinal tricarbonyl systems. 

Experimental Section 
General Procedure A. Preparation of 3-0xo-2-(tri- 

pheny1phosphoranylidene)allcanoates. A dry 15 mL round- 

(32) We have recently found that Davis reagent (2-(phenylsulfonyl)- 
3-phenyl oxaziridine) also provides selective oxidation of phosphorus 
ylides in excellent yields after 6-24 h at  rt. Unfortunately nitrogen 
heterocycles are oxidized competitively. 

(33) In work to be published elsewhere, we have used DMD for the 
preparation of an a-keto ester, which has been evaluated as an enzyme 
inhibitor. 

, 1 ,q 0 
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bottomed flask was charged with tert-butyl (triphenylphos- 
phorany1idene)acetate (1.0 mmol) and BSA (1.2 mmol) in dry 
CH2C12 or benzene (5 mL). The stirred solution was cooled to 
5 "C, and the appropriate acid chloride (1.0 mmol) was added 
via syringe, The resulting slurry was stirred as it warmed to 
room temperature for 2-16 h under N2. The reaction was 
quenched by the addition of H2O (2 mL). The layers were 
separated, and the aqueous layer was extracted with CH2C12 
(2 x 1 mL). The combined organic layer was dried over 
MgS04, filtered, and concentrated. 
General Procedure B. Preparation of 3-0xo-2-(tri- 

pheny1phosphoranylidene)alkanoates. A dry 15 mL round- 
bottomed flask was charged with tert-butyl (triphenylphos- 
phorany1idene)acetate (1.2 mmol) and the appropriate carbox- 
ylic acid (1.0 mmol) in dry CHzCl2 (5 mL). The stirred solution 
was cooled to 5 "C, and EDCI (1.1 mmol) was added in one 
portion. The resulting slurry was stirred as it warmed to room 
temperature for 16 h under N2. The reaction was quenched 
by the addition of H2O (2 mL). The layers were separated, 
and the aqueous layer was extracted with CHzClz (2 x 1 mL). 
The combined organic layer was dried over MgS04, filtered, 
and concentrated. 
tert-Butyl 3-0xo-2-(triphenylphosphoranylidene)bu- 

tanoate (Table 1, entry la). Procedure A: Chromatography 
(Si02, 60% EtOAchexane) afforded 4.0 g (98%) as a white 
solid IR (neat) v max 3054,3009,2965,2930,1667,1654 cm-'; 
'H NMR (CDCl3) 6 0.95 (s,9H), 2.34 (s, 3H), 7.7-7.3 (m, 15H). 
Methyl 3-Phenyl-3-oxo-2-(triphenylphosphoranyli- 

dene)propionate (Table 1, entry 2a). Procedure A Chro- 
matography (Si02,50% EtOAhexane) afforded 300 mg (95%) 
as a pale yellow foam: 'H NMR (CDC13) 6 3.14 (s, 3H), 7.33- 
7.35 (m, 4H), 7.45-7.52 (m, 8H), 7.69-7.79 (m, 8H); I3C NMR 

128.3, 129.2, 129.3, 130.3, 131.5, 131.7, 132.2, 132.9, 142.4, 
142.5, 167.7, 192.92; IR (KBr) v max 3060, 2940, 1720, 1670, 
1590, 1500, 1480, 1440, 1340, 1290, 1190, 1100, 1080, 1030, 
910, 730 cm-'; HRMS calcd for CzgH2303P [M + HI+ 439.1462, 
found 439.1463. 
tert-Butyl5-Methyl-3-Oxo-2-(triphenylphosphoranyli- 

dene)-Chexenoate (Table 1, entry 5a). Procedure A Chro- 
matography (Si02, 50% EtzOhexane) afforded 0.5 g (77%) as 
a white solid: IR (neat) v max 3060, 2974, 2931, 1654 cm-'; 

(brs, lH), 7.35-7.50 (m, lOH), 7.60-7.73 (m, 5H); HRMS calcd 
for C2gH3'03P [M + HI+ 459.2089, found 459.2084. 
tert-Butyl5,9-Dimethyl-3-oxo-2-(triphenylphosphora- 

ny1idene)-8-decenoate (Table 1, entry 6a). Procedure A 
Chromatography (Si02, 50% EtOAhexane) afforded 2.7 g 
(94%), or procedure B afforded 2.4 g (84%): IR (neat) v max 
3080, 2980, 2890, 1675 cm-l; 'H NMR (CDC13) 6 1.07 (s, 9H), 
1.18-1.38 (m, 6H), 1.56 (brs, 3H), 1.68 (brs, 3H), 1.85-2.05 
(m, 2H), 2.75-2.82 (m, 2H), 5.00-5.12 (m, lH), 7.32-7.75 (m, 
15H). Anal. Calcd for C28H4103P: C, 77.24; H, 7.82. Found: 
C, 77.17; H, 7.85. 
tert-Butyl3-(2-Furanyl)-3-oxo-2-(triphenylphosphora- 

ny1idene)propionate (Table 2, entry la). Procedure A: 
Chromatography (Si02,50% EtOAhexane) afforded 700 mg 
(97%) as a pale yellow solid: H NMR (CDC13) 6 1.06 ( 8 ,  9H), 
6.42 (dd, lH, J = 1.63 Hz), 7.15 (d, lH,  J = 3.27 Hz), 7.42- 
7.54 (m, lOH), 7.72-7.79 (m, 5H); I3C NMR (CDC13) 6 28.0, 
82.1, 110.9, 114.1, 128.4, 131.6, 133.2, 133.2, 142.7, 154.2, 
166.5, 199.9; IR (KJ3r) v max 3040, 2980, 1670, 1570, 1510, 
1460, 1170, 1100, 1060, 750, 690 cm-l; HRMS calcd for 
C29H2704P [M + HI+ 471.1725, found 471.1723. Anal. Calcd 
for CzgH2704P: C, 74.03; H, 5.78. Found: C, 74.11; H, 5.78. 
tert-Butyl3-0xo-3-(2-thiophene-yl)-2-(triphenylphos- 

phorany1idene)propionate (Table 2, entry 2a). Procedure 
A: Chromatography (Si02, 50% EtOAhexane) afforded 580 
mg (88%) as a yellow solid: 'H NMR (CDCl3) 6 1.05 (s, 9H), 
7.01 (d, lH,  J =3.99 Hz), 7.32 (t, lH, J =4.91 Hz), 7.40-7.49 
(m, 9H), 7.74-7.81 (m, 6H), 7.94(d, lH, J =  3.55 Hz); NMR 
(CDC13) 6 27.7, 69.8, 78.3, 125.8, 126.2, 127.0, 128.1, 128.3, 
128.4, 130.2, 131.3, 132.7, 132.8, 146.6,166.2, 182.6; IR(Kl3r) 
v max 3030,2990,1670,1480,1310,1250,1170,900,700 cm-'; 
HRMS calcd for CzgH2703PS [M + HI+ 487.1497, found 
487.1488. 

( C D C ~ ~ )  6 49.4, 69.9, 124.8, 126.0, 126.9, 127.7, 127.8, 128.1, 

'H NMR (CDC13) 6 1.06 (s, 9H), 1.85 (s, 3H), 1.89 (s, 3H), 6.93 

tert-Butyl S-Methoxy-3-0~0-2-(triphenylphosphoran- 
ylidene)-4-trans-pentenoate (Table 2, entry 3a). Procedure 
B: Chromatography (Si02, EtOAc) afforded 490 mg (75%) as 
a yellow foam: 'H NMR (CDCl3) 6 1.00 (s, 9H), 3.18 (d, lH, J 
= 4.42 Hz), 3.26 (s, 3H), 5.02 (d, lH, J = 4.42 Hz), 7.31-7.37 
(m, 9H), 7.60-7.66 (m, 6H); I3C NMR (CDCl3) 6 27.8, 43.0, 
52.4, 72.7,78.2, 102.4,126.1, 127.4,128.1, 128.3, 128.4,131.1, 
132.5, 132.7, 166.7, 192.5; IR (KBr) v max 3060, 2980, 1660, 
1550, 1440, 1360, 1170, 1070, 700 cm-l; HRMS calcd for 
C2gH2s04P [M + HI+ 461.1882, found 461.1881. 
General Procedure C. Oxidation of 3-Oxo-2-(triphen- 

ylphosphorany1idene)alkanoates with Dimethyldiox- 
irane. A round-bottomed flask was charged with a solution 
of the appropriate 3-oxo-2-(triphenylphosphoranylidene)al- 
kanoate (0.5 mmol) in CHzClz (2.0 mL), and to this was added 
a solution of dimethyldioxirane in acetone (0.1 M, 3.0 equiv). 
The reaction mixture was stirred at 25 "C. After 1 h, the 
starting material had been consumed. The crude mixture was 
concentrated and purified on silica gel. 
General Procedure D. Oxidation of 3-Oxo-2-(triph- 

enylphosphorany1idene)alkanoates with Dimethyldiox- 
irane. A round-bottomed flask was charged with a solution 
of the appropriate 3-oxo-2-(triphenylphosphoranylidene)al- 
kanoate (0.5 mmol) in CH2Cl2 (2.0 mL) and then cooled to -78 
"C. The reaction mixture was then treated with a solution of 
dimethyldioxirane in acetone (0.1 M, 2.0 equiv) and gradually 
warmed to 25 "C over a 4 h period. The crude mixture was 
concentrated and purified on silica gel. 
tert-Butyl2,3-Dioxobutanoate Hydrate (Table 1, entry 

lb). Procedure C: Chromatography (Si02,20% EtOAdhexane) 
afforded 100 mg (100%) as a white solid IR (neat) v max 3406, 
2985, 2938, 1745, 1722 cm-l; 'H NMR (CDCl3) 6 1.50 (9, 9H), 
2.27 (s, 3H), 4.92 (brs, 2H); NMR (CDC13) 6 23.1,27.7,85.0, 
92.7, 168.0, 201.3; HRMS calcd for Cl6H2805 [M + HI+ 
301.2016, found 301.2020. 
Methyl 3-Phenyl-2,3-dioxopropionate Hydrate (Table 

1, entry 2b). Procedure C: Chromatography (Si02, 50% 
EtOAhexane) afforded 105 mg (100%) yellow oil: 'H NMR 
(CDCl3) 6 3.66 (s, 3H), 5.81 (bs, 2H), 7.38-7.44 (m, 2H), 7.54- 
7.58 (m, lH), 8.05-8.08 (m, 2H); I3C NMR (CDCl3) 6 53.4,91.9, 
128.6,129.0,129.8, 131.1,170.1, 191.4; IR (neat) v max 3600- 
3300, 3060, 2940, 1760, 1750, 1690, 1600, 1450, 1440, 1230, 
1130, 1100, 1010 cm-'; HRMS calcd for C10H1005 [M + HI+ 
211.0603, found 211.0606. 
tert-Butyl S-Phenyl-2,3-dioxo-4-truns-pentenoate Hy- 

drate (Table 1, entry 4b). Procedure D: Chromatography 
(Si02, 25% EtOAchexane) afforded 14 mg (85%) as a white 
solid: 'H NMR (CDC13) 6 1.47 (s, 9H), 5.25 (s, 2H), 6.92 (d, 
lH, J = 16.25 Hz) 7.31-7.68 (m, 5H), 7.91 (d, lH,  J = 16.25 
Hz); IR (CHC13) v max 3450, 3025, 3010, 2980, 1735, 1695, 
1395, 1370, 1120,1070 cm-l; HRMS calcd for C15H1805 [M + 
HI+ 279.1232, found 279.1220. Anal. Calcd for C15H1805: C, 
64.73; H, 6.52. Found: C, 64.12; H, 6.48. 
tert-Butyl 5-Methyl-2,3-dioxo-4-hexenoate Hydrate 

(Table 1, entry 5b). Procedure D: Chromatography (Si02,15% 
EtOAhexane) afforded 100 mg (100%): IR (neat) v max 3410, 
1750, 1724 cm-'; 'H NMR (CDCl3) 6 1.47 (s, 9H), 2.00 (s, 3H), 
2.26 ( 6 ,  3H), 5.11 (s, 2H), 6.16 (brs, 1H); NMR (CDCld 6 
21.7, 27.7, 28.2, 84.5, 92.2, 117.1, 168.9, 191.1; HRMS calcd 
for CllH1805 [M - H2O + HI+ 213.1127, found 213.1128. 
tert-Butyl5,9-Dimethyl-2,3-dioxo-8-decenoate Hydrate 

(Table 1, entry 6b). Procedure D (1.8 equiv of DMD): Chro- 
matography (Si02,30% EtOAhexane) afforded 80 mg (83%): 
IR (neat) Y max 3470,2990,2940,1740 cm-'; 'H NMR (CDC13) 
6 0.96 (d, 3H, J = 6.6 Hz), 1.18-1.45 (m, 2H), 1.50 (s, 9H), 
1.60 (brs, 3H), 1.69 (brs, 3H), 1.93-2.04 (m, 2H), 2.05-2.20 (m, 
lH), 2.39 (dd, lH, J = 17.90 Hz), 2.61 (dd, lH, J = 17.90 Hz), 
4.95 (s, lH), 4.98 (9, lH), 5.04-5.13 (m, 1H); HRMS calcd for 
C16H2805 [M + HI+ 301.2016, found 301.2020. 
tert-Butyl3-(2-Furanyl)-2,3-dioxopropionate Hydrate 

(Table 2, entry lb). Procedure D: Chromatography (Si02,50% 
EtOAchexane) afforded 60 mg (97%) as a yellow oil: 'H NMR 

Hz), 7.37 (d, lH, J = 3.65 Hz), 7.62 (d, lH,  J = 0.97 Hz); I3C 

180.6; IR (neat) v max 3420, 3380, 3120, 2970, 1740, 1670, 

(CDC13) 6 1.32 (s, 9H), 5.21 ( 8 ,  2H), 6.53 (dd, lH, J = 1.33 

NMR (CDC13) 6 27.4, 84.8, 91.1, 112.8, 122.2, 148.2, 168.2, 
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1270, 1130, 1110, 1040, 890, 780 cm-l; HRMS calcd for 
CllH1406 [M + HI+ 243.0869, found 243.0870. Anal. Calcd 
for CllH1406: C, 54.54; H, 5.83. Found: C, 54.66; H, 5.87. 
tert-Butyl2,3-Dioxo-3-(2-thiophene-yl)propionate Hy- 

drate (Table 2, entry 2b). Procedure D: Chromatography 
(SiOz, 25% EtOAdhexane) afforded 66 mg (97%) as a yellow 
oil: '€3 NMR (CDC13) 6 1.35 (9, 9H), 5.37 (s, 2H), 7.18 (d, 1H, 
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IR (KBr) v max 3420,2980,1740,1700,1170,1100,1050 cm-l; 
HRMS calcd for CloH& [M + HI+ 233.1025, found 233.1017. 
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J = 4.80 Hz), 7.78 (t, 1H, J = 3.99 Hz), 7.93 (d, J = 3.45 

137.0. 168.6. 185.3: IR (neat) v max 3420. 3100. 2980. 1740. 

D, Cook for the preparation of phosphorus ylides, Table 
Hz); 13C NMR (CDC13) 6 27.4, 84.9, 92.0, 128.5, 135.9, 136.1, 1, entries 4 and 5.  
1660,'1250, 1130, 720 em-'; HRMS calcd for C~IHMOSS [M + 
HI+ 259.0640, found 259.0638. Anal. Calcd for CllH1405S: C, 
51.15; H, 5.46; S, 12.41. Found: C ,  51.14; H, 5.47; S, 12.50. 
tert-Butyl5-Methoxy-2,3-dioxo-4truns-pentenoate Hy- 

drate (Table 2, entry 3b). Procedure D: Chromatography 
(SiOz, 50% EtOAdhexane) afforded 53 mg (70%) as a yellow 
residue: lH NMR (CDCl3) 6 1.50 (s, 9H), 2.94 (d, lH,  J = 5.54 
Hz), 3.37 (s, 3H), 4.94 (d, lH,  J = 5.54 Hz), 5.10 (s, 2H); 13C 
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entries 2a and 2b of Table 1, and entries 2a, 3a, and 3b of 
Table 2. 'H-NMR spectra for entries 5a and 5b of Table 1 (7 
pages). This material is contained in libraries on microfiche, 
immediately follows this article in the microfilm version of the 
journal, and can be ordered from the ACS; see any current 
masthead page for ordering information. 

NMR (CDC13) 6 27.5,40.2,53.8,85.0,92.7, 100.7, 167.7,200.3; 509514230 


