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triclinic symmetry. Unit cell parameters were determined from 
25 computer-centered reflections with 26 values ranging from 4 
to 36O (Mo Ka). Based on the unit cell size there was one molecule 
per unit cell suggesting space group PI. Intensity data for the 
octants were collected on a Nicolet XRD R3 four-circle diffrac- 
tometer with monochromatized Mo Ka from 4O (20) to 60' (28) 
with 20/8 scans. The scan speed varied form 2O (2O)/min to 6' 
(20)/min depending on the intensity of the reflection. Scan ranges 
were from 1' < Ka1(26) to 1' > Ka2(26). Backgrounds were 
measured at the beginning and end of each scan for a total 
background counting time equivalent to that of the scan time. 
Two check reflections, (142) and (30$), were collected every 46 
reflections. The check reflections were used for scaling and then 
deleted. The measured reflections were corrected for Lorentz and 
polarization effects. Reflections with I < 0.5u(O were reset to 
I = 0.25u(o. The direct methods part of SHELXTLLg was used 
to find four possible phase sets, one of which was correct and 
indicated the positions of the ring atoms and parts of the isopropyl 
groups. The rest of the carbon atoms of the isopropyl groups were 
found on a difference Fourier map. Refinement was done by using 
the least-squares blocked-matrix-cascading algorithm of 
SHELXTL.lB The final model of 91 parameters used in the 
refinement included hydrogen atoms "riding" on carbon atoms 
with idealized geometry and with temperature factors fixed at  
1.2 (secondary and tertiary H's) of 1.3 (primary H's) times the 

(19) SHELXTL, Version 3.OA (Nicolet XRD), July, 1981. 

U ,  of the associated carbon atom. Carbon atoms of the isopropyl 
groups were refined with anisotropic temperature factors. All 
other C, N, 0 atoms were refined isotropically. H(1) and H(4), 
hydrogens at the ring junctures, were allowed to freely refine. 
Weights for the refinement were taken as w = 1/[u2(F) + g F ]  
with g = 0.002 (not refined). For 1653 reflections with IFoI > 
4u(F0), R = (E IFo - F,I/CF,,) = 0.080 after convergence. Final 
atomic coordinates and temperature factors are given in sup- 
plementary material. 

Crystal data for 9e: formula, CZ0HaN4O2; M ,  368.57 g/mol. 
Cell: triclinic, Pi; a = 5.981 (1) A, b = 9.529 (1) A, c = 10.021 
(2) A; a = 97.53 (1)O @ = 101.07 (1)O y = 99.66 (1)O. Density, d ,  
= 1.12 g/cm3. Crystal size, 0.13 X 0.18 X 0.54 mm3. Data col- 
lection: Mo Ka (monochromated); p =I 0.68 cm-' F(000) = 203.96; 
octants h E ,  hkt, hR1, hkl; shell 4O(26) to 60°(20); 3513 data; 2515 
unique reflections; 1653 reflections with F, > 40(Fo). Refinement: 
over A F  (blocked cascade); R = 0.080; GOF = 1.85. 

Registry No. lb, 110-70-3; IC, 140-28-3; Id, 150-61-8; le, 
4013-94-9; I f ,  4062-60-6; 2b, 61736-90-1; 2c, 96444-73-4; 3b, 
61736-89-8; 4b, 96444-72-3; 4c, 96444-74-5; 4d, 56018-47-4; 5b, 

96444-67-6; 8d, 96444-76-7; 8f, 96444-68-7; 9b, 96444-69-8; 9c, 
96444-70-1; 99, 96444-71-2; CHOCHO, 107-22-2. 

7556-57-2; 5c, 32705-80-9; 5e, 37791-60-9; 5f, 96444-75-6; 6f, 
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Diazotization of 5-aminoisoxazoles that bear at  least one electron-withdrawing group by reaction with sodium 
nitrite in AcOH-H20 affords substituted acetylenes. 

The nature of the products formed in the diazotization 
of 5-aminoisoxazoles is controversial,' and such reactions 
carried out at the same acidity have been reported to give 
different products.2 Diazotization in dilute acid or under 
aprotic conditions leads to either triazene derivatives or 
4-isoxazolyl-3,4-dialkylisoxazol-5-ones.3 Thermal or 
photochemical reactions of 5-amino-3,4-dimethylisoxazole 
with an excess of an alkyl nitrite are reported to generate 
the  corresponding isoxazol-5-yl r a d i ~ a l . ~  

(1) Butler, R. N. Chem. Rev. 1951, 75 241. 
(2) Saito, N.; Kurihara, T.; Yasuda, S.; Akagi, M. Yakugaku Zasshi 

1970,90, 32; Chem. Abstr. 1970, 72,90353. Saito, N.; Kurihara, T. Zbid. 
1970,90,20; Chem. Abstr. 1970, 72,90352. Quilico, A.; Fusco, R.; Roanati, 
V. Gazx. Chim. Ztal. 1946, 76, 30, 87. 

(3) (a) Kano, H.; Adachi, I.; Yamazaki, E. Chem. Pharm. Bull. 1964, 
12,1021. (b) Siv, C.; Vernin, G.; Metzger, J.  Helo. Chim. Acta 1979,62, 
1570. 

(4) Vernin, G.; Siv, C.; Treppendahl, S.; Metzger, J. Helu. Chim. Acta 
1976,59, 1705. Julliard, M.; Siv, C.; Vernin, G.; Metzger, J. Ibid. 1978, 
61, 2941. 

(5) Quilico, A.; Fusco, R. Zst. Lomb. Accad. Sei. Lett. 1936, LXIX, 1. 
(6) Dornov, A.; Teckenburg, H. Chem. Ber. 1960,93, 1103. 
(7) Present work. 
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A reaction path is proposed. 

We wish to report that 5-aminoisoxazo~es bearing at least 
one electron-withdrawing group react with sodium nitrite 
in AcOH-H20 solution to give substituted acetylenes 
(Scheme I). 

Good yields are obtained when the electron-withdrawing 
group is in the 4-position of the isoxazole (Table I). The 
effect of the group at the 4-position is illustrated by com- 
parison of the yields of ethyl phenylpropiolate from lb  and 
In. 

Isoxazoles 1 h,i, unsubstituted at the 3-position, gave 
acetylenes in very low yields (IO%), and (arylsulfonyl)- 

(8) Heep, U. Liebigs Ann. Chem. 1973, 578. 
(9) Neplynev, V. M.; Sinenko, T. A. Khim. Geterosikl, Soedin. 1978, 

969. Neplynev, V. M.; Sinenko, T. A. Zh. Org. Khim. 1974, 1953. 
(10) Harsanyi, K.; Heya, G. Chem. Ber. 1974,107, 2794. 
(11) Renzi, G.; Dal Piaz, V. Gazz. Chim. Ztal. 1965, 95, 1478. 
(12) Abushanab, E.; Lee, D. Y.; Goodman, L. J. Heterocycl. Chem. 

(13) Dal Piaz, V.; Pinazuti, S.; Lacrimini, P. Synthesis 1975, 664. 
(14) Graven, W. M. Anal. Chem. 1959,31, 1197. 
(15) Beccalli, E. M.; Gioia, B.; Marchesini, A. J. Heterocycl. Chem. 

1973, 181. 

1980, 17, 763. 
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Table I. Diazotization Products from 5-Aminoisoxazoles 1 

NaN02 - R-CSC-R'  'URD NH2 ACOH 2 

1 
starting material R R' product (yield %) eluant mp, "C (lit. mp, "C) 

ia5 Ph  CONHz 2a (52) 102" (99-10023~24) 
lbS Ph COzEt 2b (82) CHzClz-hexane 1:2 95-100 (8) (149 (15)24)b 
1 ~ 6 . 7  Ph  CN 2c (46) 90-95 (38.5-39u*2s) 
id7 Ph C6H4N0Z-p 2d (37) CHzCl2-hexane 1:4 118-1 19' (1 19-120%) 

lf7 Ph S0ZC6H5 2f (56) CHzClz-hexane 1:l 72-73' (72-75") 
lg7 Ph So2C6H4Me-p 2g (71) CHZClz-hexane 1:l 79-80" (80-81") 

le8 Ph PO(OEt)2 2e (64) 130-135 (0.1) (132 (0.1)27)b 

ih9 H S0ZC6HS 2h (10) CHzClZ-hexane 1:4 110-115 (0.1) (103-105 (0.1)30)b 
1 i9 H SOZC6H4Me-p 2i (10) CHZClz-hexane 1:4 73-74c (74-7530931) 

117 Ph  P yrazinyl 21 (80) EtzO-hexane 1:5 480 
1k7 Ph 4-Pyridyl 2k (55) EtzO-MeOH 20:l 92-93d (104.5-105.522) 

i m 7  COzEt C6H4NOz-P 2m (38) EtzO-hexane 1:7 120-121" (123-123B3') 
1n'O COzEt Ph 2b (34) 
io7 Ph  C6H4N02-0 30 (41) CHzClz-hexane 1:2 183O (186%) 
1P7 COzEt C&NOz-o 3P (45) CHzClz-hexane 1:2 105-106e (11136) 
1 q" COzEt COzEt 4q (30) EtzO-hexane 1:3 100-103 (0.5)b 
i r 7  C02Et CN 4r (25) EtzO-hexane 1:3 97-99 (0.5)b 
ls12 Me NO2 
i t 1 3  Ph  NO2 
1 u7 C02Et So2C6H4Me-p 

From EtzO-hexane. *Boiling range. From hexane. From EtOH-H20. e From CHzClz-hexane. 

Scheme I 
r 7 7  7 

Scheme 111 
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Scheme I1 - 

acetonitriles were also formed. The o-nitrophenyl-sub- 
stituted isoxazoles 10,p underwent ring closure to give the 
isatogenes 3o,p, which are probably derived from initially 
formed (0-nitroary1)acetylenes (Scheme 11). 

Diazotization of lq,r gave the diazo derivatives 4q,r, 
identified by analytical and spectroscopic data as well as 

Table 11. Synthesis of 6-Aminoisoxazoles 

R R '  

RC t R'CHzCN - k(, 
'CI N\O NH2 

1 

Droduct' eluant mD.OC (solvent) vield. % 
IC 190-L9lb (EtzO-hexane) 73 

1 g21 108 (EhO) 45 

Id 165-166 (CHZClz-EhO) 62 
lE20 120-121 (EtzO) 46 

l k  189-190 (CHzC1,) 41 
1lZ2 CHzClz-pentane 192-193 (CHzC1,-pentane) 46 

l m  CHzCl2-pentane 179-180 (CHzC1,-pentane) 25 

l o  CHzClz-hexane 156-157 (CHzCl2-E~0) 38 

2: 1 

3: 1 

1:l 
1P 185-186 (CHZClP) 20 
lr CHZClz-Et20 173-174 (CH2Cl,-Eh0) 48 

1uZ1 CHzClz 107-108 (EtzO-pentane) 39 
6: 1 

OReference to R'CHzCN. bReference 6 gives mp 193 "C. 

by chemical behavior and synthesis. Thus, irradiation of 
4q (EtOH, Pyrex, high-pressure Hg lamp) afforded a 
mixture of diethyl acetoxyfumarate and diethyl acetoxy- 
maleate, identified by comparison with authentic samples 
(Scheme I).16 

Compound 4q was also prepared in low yield by an 
independent synthesis that yielded a comparable quantity 
of 8, which was identified by analytical and spectroscopic 

(16) Kolind-Andersen, H.; Dymesli, R.; Lawesson, S. 0. Bull. SOC. 

(17) Domschke, G. Chen.  Ber. 1966, 98, 2920. 
Chim. Belg. 1976, 84, 341. 



2374 J .  Org. Chem., Vol. 50, No. 13, 1985 Beccalli, Manfredi, and Marchesini 

Table 111. Diazotization of 5-Aminoisoxazoles in the Presence of THF 
R R '  

5 
5 

starting material eluant 2 yield, % 3 yield, % mp, "C (solvent) yield, % 

Id Et.0-hexane 1:7 31 0 120-121 (Et?O-Dentane) 23 
lm CH2CI2-hexane 1:2 7 
In CH2C12-hexane 1:4 12 
lo  CH2C12-hexane 1:4 0 
1P CHzCl2-hexane 1:2 0 

Boiling range. 

Scheme IV 
R. , R '  

Me0 w 
6 b . c  

WR' 
R iLowe Me 

7c 

data (Scheme 111). The double bond stereochemistry was 
not investigated. 

The  formation of diazo derivatives 4q,r evidently de- 
pends on the ester function stabilizing the diazotate formed 
by decarboxylation. However, no analogous diazo deriv- 
atives were detected (IR) from diazotizations of lm,n,p. 

Isoxazoles 1s-u (Table I) failed to react with sodium 
nitrite under our conditions. 

Some of the isoxazoles used in this study were prepared 
by reaction of the appropriate hydroxamic acid chloride 
with a substituted acetonitrile in the presence of a base 
(Table 11). The  reaction path shown in Scheme I is 
proposed for the formation of alkynes from the 5-amino- 
isoxazoles, based on the following experimental evidence. 

A GLC analysis14 of the gas evolution during the reaction 
shows the  presence of N2 and COz, but  no NzO. Accord- 
ingly, the corresponding isoxazol-5-ones are not interme- 
diates in the reaction; indeed with NaNOz in AcOH-H,O 
they are converted into dimeric products.15 When the 
diazotization of ld,m-p was carried out in the presence 
of THF, the  principal products were 5-unsubstituted 
isoxazoles 5 accompanied by minor amounts of acetylenes 
(Table 111), whereas la,b,f-i gave only acetylenes under 
these conditions. These results indicate the  presence of 
an  intermediate isoxazol-5-yl radical. 

When the diazotization of lb  was carried out in the 
presence of 4-methylanisole, a small amount of 5-aryl- 
isoxazole 6b was formed in addition to acetylene 2b. A 
similar result was obtained with IC, except that two ary- 
lation products, 6c and 7c, were isolated in the ratio 7: l  
(see Experimental Section) (Scheme IV). 

The  formation of a-diazo esters and a-diazo ketones 
from substituted isoxazoles and aminoethylenes via nu- 
cleophilic addition is under investigation. 

Experimental Section 
Melting and boiling points are uncorrected. IR spectra were 

determined with a Perkin-Elmer 377 instrument. NMR spectra 

118-119 (EtiO)' 0 
0 

9 

105-107 (0.01)'' 
117-118 (Et2O) 12 79-80 (Et@) 

31 
70 
38 
47 

were recorded on a Varian EM-390 spectrometer with tetra- 
methylsilane as the internal standard. IR and NMR spectra are 
given in Table IV. 

Column chromatography was performed on Merck Kieselgel 
60, 0.063-0.2 mm. Magnesium sulfate was used as the drying 
agent. Evaporation was carried out under vacuum in a rotary 
evaporator. Irradiation was carried out with a 125-W HPK Philips 
high-pressure Hg lamp and a Pyrex fiiter. Satisfactory combustion 
analysis (*0.3%) for C, H, and N were obtained. 

Preparation of 5-Aminoisoxazoles 1. A solution of the 
substituted acetonitrile (0.05 mol, commercial source unless 
otherwise indicated in Table 11) in dry THF (80 mL) was added, 
at room temperature with stirring and under nitrogen, to a solution 
of EtONa (0.05 mol) in dry EtOH (80 mL). The mixture was 
cooled to 5 "C and a solution of the appropriate hydroxamic acid 
chloride'*J9 (0.05 mol) in EtOH (70 mL) was added dropwise at 
5-10 "C. After 1 h at room temperature, the mixture was heated 
to 45 "C for 1 h and then evaporated. The residue was taken up 
in water (150 mL), extracted with CH2C12 (3 X 100 mL) and dried, 
and the solvent evaporated. The crude product was purified by 
column chromatography on silica gel and/or by crystallization. 

Diazotization of 5-Aminoisoxazoles. The 5-aminoisoxazole 
1 (4 "01) was dissolved in a mixture of AcOH (20 mL) and H20 
(7 mL). NaNOz (40 mmol) was added under stirring at room 
temperature over a period of 1 h. The mixture was diluted with 
water (150 mL) and extracted with CH2C12 (3  X 50 mL). The 
organic layer was washed with NaHC03 solution and with water. 
Drying and evaporation of the solvent afforded the crude product, 
which was purified by silica gel column chromatography and/or 
distillation or crystallization. 

Diazotizations in the presence of THF were carried out by the 
same procedure by using the ivoxazole (4 mmol), AcOH (20 mL), 
H20 (7 mL), THF (10 mL), and NaN02 (40 mmol). 

(18) Piloty, 0.; Steinbock, H. Chem. Ber. 1902, 35, 312. Latif, N.; 

(19) Skinner, G. S. J. Am. Chem. SOC. 1924, 46, 738. 
(20) Gibson, D. T. J. Chem. SOC. 1937, 1509. 
(21) Arndt, F.; Scholz, H.; Frobel, E. Liebigs Ann. Chem. 1936, 521, 

95, 113. 
(22) Akkerman, A. M.; van Leeuwen, Geertruida C.; Michels, J. F. 

French Patent 1404514 (C1.A 61k C07d), July 2, 1965; Chem. Abstr. 
l966,64,3572c. 

(23) Stockhausen, F.; Gattermann, L. Chem. Ber. 1892,25, 3537. 
(24) Gough, S. T. D.; Trippet, S. J.  Chem. SOC. 1962, 2333. 
(25) Claisen, L. Chem. Ber. 1903, 36, 3671. 
(26) Stephens, R. D.; Castro, C. E. J. Org. Chem. 1963, 28, 3313. 
(27) Ionin, B. I.; Petrov, A. A. Zh. Obshch. Khim. 1962, 32, 2387. 

(28) Truce, W. E.; Hill, H. E.; Boudakian, M. M. J .  Am. Chem. SOC. 

(29) Miller, S. I.; Orzech, C. E.; Welch, C. A.; Ziegler, G. R.; Dickstein, 

(30) Maioli, L.; Modena, G. Ric. Sci. 1959, 29, 1931. 
(31) Truce, W. E.; Brady, D. G. J. Org. Chem. 1966, 31, 3543. 
(32) Katritzky, A. R.; Short, D. J.; Boulton, A. J.; J.  Chem. SOC. 1960, 

(33) Newman, M. S.; Merrill, S. H. J. Am. Chem. SOC. 1955, 77,5549. 
(34) Ruggli, P.; Caspar, E.; Hegedus, B. Helu. Chim. Acta 1937, 20, 

(35) Alessandri, L. Gazz. Chim. Ztal. 1928, 58, 551. 

Mishriky, N. Can. J. Chem. 1964, 42, 2893. 

Chattha, M. S.; Aguiar, A. M. J. Org. Chem. 1971, 36, 2719. 

1956, 78, 2760. 

J. I. J. Am. Chem. SOC. 1962,84, 2020. 

1516. 

250. 
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The same procedure waa used for diazotization in the presence 
of 4-methylanisole, replacing the THF with 2 mL of 4-methyl- 
anisole. From lb  (eluant CHzClz-hexane 1:4): 2b, 385 mg (55%), 
and 6b, 81 mg (6%), mp 84-85 "C (EtzO-hexane). From IC 
(eluant CH&12-hexane 1:4): 2c, 82 mg (l6%), 6c, 141 mg (12%), 
mp 105-106 "C (Et@-pentane), and 7c, 20 mg (2%), mp 103-104 
"C (EtzO-pentane). 

Irradiation of 4q. Compound 4q (350 mg, 1.36 mmol) was 
dissolved in EtOH (80 mL), Nz was bubbled through the solution 
for 5 min, and irradiation was carried out for 3 h. Evaporation 
of the solvent afforded a mixture of diethyl acetoxyfumarate and 
diethyl acetoxymaleate (285 mg 91%): bp 90-95 "C (0.4 mm); 
IR 1767, 1725, 1650, 1620 cm-'; NMR 6 6.7 (s,0.23), 6.17 (s,0.77), 
4.38 (m, 4), 2.38 (s, 0.69), 2.32 (s, 2.31), 1.36 (m, 6). The same 
mixture with a different E / Z  ratio was synthesized following a 
literature procedure.16 

Preparation of 4q from Diethyl Aminofumarate. Diethyl 
amin~fwnarate'~ (2 g, 10.7 mmol) was dissolved in AcOH (40 mL) 
and a solution of NaNOz (7.4 g) in HzO (15 mL) was added with 
stirring at room temperature over a period of 1 h. After workup 
as described for the diazotizations, the products were isolated by 
silica gel column chromatography (eluant hexane-E40,81): 4q, 
161 mg (6%); 8, 240 mg (9%), bp 98-100 "C (0.2 mm). 

Notes 

Registry No. la, 15783-70-7; lb, 29278-09-9; IC, 14246-77-6; 
Id, 96129-31-6; le, 49750-31-4; If, 96129-32-7; lg, 96129-33-8; lh,  
67960-26-3; li, 67960-27-4; lk ,  96129-34-9; 11, 96129-35-0; lm, 
96129-36-1; In, 53983-15-6; lo, 96129-37-2; lp, 96129-38-3; lq, 
15911-21-4; lr,  96129-39-4; ls, 41230-51-7; I t ,  19747-21-8; lu ,  
96129-40-7; 2a, 7223-30-5; 2b, 2216-94-6; 2c, 935-02-4; 2d, 1942- 
30-9; 2e, 3450-67-7; 2f, 5324-64-1; 2g, 28995-88-2; 2h, 32501-94-3; 
2i, 13894-21-8; 2k, 13295-94-8; 21,96129-41-8; 2m, 35283-08-0; 30, 
1969-74-0; 3p, 28048-30-8; 4q, 96129-42-9; 4r, 96129-43-0; 5d, 
96129-44-1; 5m, 96129-45-2; 5n, 96129-46-3; 50, 91477-03-1; 5p, 
96129-47-4; 6b, 96129-48-5; ' 6 ~ ,  96129-49-6; 7c, 96129-50-9; 8, 
5349-99-5; PhC(Cl)=NOH, 698-16-8; R'CH2CN (R' = CN), 
109-77-3; R'CH2CN (R' = CGH,N02-p), 555-21-5; R'CHZCN (R' 
= S02Ph), 7605-28-9; R'CHzCN (R' = SO2C6H4Me-p), 5697-44-9; 
R'CHzCN (R' = 4-pyridyl), 13121-99-8; R'CH2CN (R' = pyra- 
zinyl), 5117-44-2; EtOCOC(Cl)=NOH, 14337-43-0; R'CH2CN (R' 
= C6H4NO2-o), 610-66-2; diethyl acetoxyfumarate, 56715-92-5; 
diethyl acetoxymaleate, 56715-93-6; diethyl aminofumarate, 

Supplementary Material Available: Table IV containing 
principal infrared bands and NMR data for ld,f,g,le-o,p,r,u, 21, 
4q,r, 5d,m-p, 6b,c,7c, and 8 (1 page). Ordering information is 
given on any current masthead page. 
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We have recently described the selective formation of 
trimethylsilyl enol ethers from the corresponding keto 
esters using trimethylsilyl iodide in the presence of hexa- 
methy1disilazane.l In this fashion, the trimethylsilyl enol 
esters 1 and 2 were generated in high yield. In the case 

TMSO pH2 )%02E+ TMSO H:C02Et 

la n e 1  2 
l b  n . 2  

Ph Ph 

TMSO 

L C O 2 E  t 

c H3 
TMSO C 0 2 E t  

3 f 1 5 )  
4 ( 8 5 )  

of ethyl levulinate, which yields a mixture of both 3 and 
4, the chemoselectivity is maintained, but the reaction is 
less regioselective. In  spite of this, the internal olefin 4 
is still the  major component of the product mixture.l 

Since trimethylsilyl enol ethers are extremely useful 
synthetic reagentsY2 we felt that  derivatives such as 1-4 
which contain multiple but  differentiated chemical func- 
tionality offered considerable synthetic potential. In this 

(1) Miller, R. D.; McKean, D. C. Synthesis 1979, 730. 
(2) Weber, W. P., "Silicon Reagents in Organic Synthesis"; Springer- 

Verlag: New York, 1983. 

regard, if the Lewis acid catalyzed condensation of car- 
bonyl derivatives such as aldehydes and ketones3 could be 
directed selectively to  the silyl enol ether site, the resulting 
0-hydroxy ketones would be potential lactone precursors 
due to  the presence of the proximate ester f~nc t iona l i ty .~  
We report here the realization of this goal and describe 
the production of synthetically useful acyl-substituted 
y-butyro- and 6-valerolactone derivatives.6 

The condensation of la with trioxane in the presence 
of titanium tetrachloride leads to the formation of the 
corresponding aldol 6 (R, = R2 = H) in excellent crude 
yield. The aldol is, however, extremely prone to cyclization 
and produces the lactone 5 (Table I) in the presence of 
traces of acid. This cyclization occurs even upon prolonged 
standing over MgSO, drying agent. Similarly, the con- 
densation of la  with benzaldehyde proceeds as shown 
above. Although both diasterioisomers 6a and 6b are in- 
itially generated, most of 6a undergoes spontaneous in- 
tramolecular cyclization under the workup conditions to  
yield 7a. The stability of 6b is much greater, and it is easily 
isolated from the reaction mixture. Attempts to  cyclize 
6b using Lewis acids (BF,-EhO, TiC14, SnC14, etc.) resulted 
primarily in a retroaldol reaction to regenerate methyl 
0-benzoylpropionate and benzaldehyde. However, the use 
of protic acid catalysts such as p-toluenesulfonic acid 
caused rapid cyclization to  the lactone 7b. The structure 
and configuration of 7b were indicated by the spectral data 
and were confirmed by X-ray a n a l y ~ i s . ~  The reaction 
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