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The novel transformation (1 - 3) of propargylic or homopropargylic nitroethers to dihydrofural- 
dehydes (n = 0) or dihydropyranaldehydes (n = 1) is reported. The transformation proceeds by a 
silyl nitronate olefin cycloaddition to an N-[(trimethylsilyl)oxylisoxazolidine intermediate which, 
upon acid workup, undergoes desilylation with subsequent elimination of hyponitrous acid to 3. 

In connection with our interests in the intramolecular 
nitrile oxide-olefin cycloaddition2 and intramolecular 
silyl nitronate cycloadditionS reactions, we report here 
an interesting product anomaly in the intramolecular 
silyl nitronate cycloaddition of propargylic and homopro- 
pargylic nitro ethers which delivers novel heterocycles 
of general structure 3. The intramolecular nitrile oxide- 
olefin cycloaddition reaction provides a particularly 
powerful means of relative stereochemical control4 as it 
delivers heterocyclic products with a wide variety of 
f~nct ional i ty .~ Applications in the synthesis of new 
drugs6 and agrochemicals' containing substituted isox- 
azoles are numerous.a 

We have observed that the intramolecular nitrile 
oxide-olefin cycloaddition reaction of a propargylic or 
homopropargylic nitro ether is facile and proceeds reli- 
ably to the isoxazole. Thus, nitro ether 1, prepared by 
Michael addition of the appropriate alkoxide and nitro 
olefin reaction partners: undergoes dehydrative cycliza- 
tion to dihydrofuro- and dihydropyrano-heterocycle 2. 
Indeed, as bracketed by entries a-c (eq l), this procedure 
delivers the targeted isoxazoles in excellent yield (96- 
98%). 

R 

1 R 

I J3= R '=  
a* 0 ph H 98% 
b 0 H Me 97% 
c 1 ph H 96% R' 

I v 
* See reference 12a. 2 

Silyl nitronates are easily prepared by deprotonation 
of the acidic a-proton of a primary or secondary nitroal- 
kane followed by 0-silylation of the resulting nitronate.1° 
These silyl nitronates hold important synthetic potential 
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in nitro-aldol and l,&dipolar cycloaddition reactions and, 
in the latter, the resulting N-[(trimethylsilyl)oxylisox- 
azolidines are readily converted to 2-isoxazolines upon 
treatment with acid.ll With this literature precedence 
and our results with 1 - 2 in hand, we were quite 
surprised to find that the intramolecular silyl nitronate 
cycloaddition of 1 (eq 2) delivered a very different final 
product from that of intramolecular nitrile oxide-olefin 
cycloaddition (eq 1). It was immediately evident from 
spectral analysis that the targeted isoxazole 2 was not 
present in any of the crude reaction mixtures. Rather, 
spectral data indicated that the product in each case was 
an a,&unsaturated aldehyde ['H-NMR C(-O)H singlet 
a t  9-10 ppm; 13C-NMR C=CC(=O)H a t  x140/145/190 
ppm; FT-IR C(=O)H a t  ~ 2 7 0 0  cm-'I. Further investiga- 
tion established that the product from each intramolecu- 
lar silyl nitronate cycloaddition was the dihydrofuran- 
carbaldehyde (n = 0) or dihydropyrancarbaldehyde (n = 
1) 3. 

i. TMSCI, Et3N & 
benzene, r.t. 

ii. 1 N HCI R' 
0 Ph Me 92% (2) 

H Me 97% 
CHo o 1 ph H 21% 

3 I -  C 

L A H+ 0 J 

On the basis of previous studies of diastereoselectivity 
in intramolecular silyl nitronate cycloadditions,lZb we 
noted several similarities between these novel transfor- 
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mations and the corresponding allylic and homoallylic 
nitro ether cycloadditions. First, like the homoallylic 
system, homopropargylic nitro ether lg apparently un- 
dergoes l,&dipolar cycloaddition only slowly, hence, the 
low yield of dihydropyran 3g af'ter a l-week dipolar 
cycloaddition. Second, the corresponding allylic and 
propargylic nitro ethers both undergo cycloaddition cleanly 
and in high yield. Third, Michael addition of a secondary 
potassium alkoxide to a &substituted nitro olefin results 
in the formation of a diastereomeric mixture of nitro 
ethers. For example, reacting the potassium alkoxide of 
3-butyn-2-01 with b-nitrostyrene gives an inseparable 2: 1 
diastereomeric mixture of nitro ether le. Subsequent 
silyl nitronate olefin cycloaddition with acidic workup 
delivers 3e where the diastereomeric ratio is unchanged 
from the starting nitro ether (entry e; 3e obtained as a 
2:l mixture of diastereomers 3e* and 3eb). 

We believe the novel transformation depicted in eq 2 
proceeds via N-[(trimethylsilyl)oxylisoxazolidine A, the 
anticipated product of silyl nitronate olefin cycloaddition 
from nitro ether 1. Upon acid workup, intermediate A 
presumably undergoes desilylation to /3-nitroso carbox- 
aldehyde B instead of the anticipated loss of trimethyl- 
silanol (i.e,, A - 2). Subsequent spontaneous elimination 
of hyponitrous acid from B delivers the observed dihy- 
drohancarbaldehyde (n = 0) or dihydropyrancarbalde- 
hyde (n = 1) 3. 

Experimental Section 

General Procedure A. To a stirred solution of nitro ether 
1 (1 equiv) in dry benzene was added triethylamine (3 equiv) 
followed by phenyl isocyanate (3 equiv). A white precipitate 
formed and the resulting mixture was allowed to stir under 
nitrogen at room temperature for 24 h, at which point TLC 
showed complete disappearance of starting material. Water 
(2.2 mLlmmol1) was then added and the reaction allowed to 
stir for an additional 12 h. The solution was filtered and the 
precipitate washed with ether (5.4 mLlmmol1). The combined 
organic layers were dried (NazSO4), filtered, and concentrated 
under reduced pressure. Purification by column chromatog- 
raphy gave 2. 
(f)-6-Phenyl-4R,BH-A[3,4-clisoxazole (2a). By gen- 

eral procedure A, (f)-2-[2-propyn-l-oxyryl-l-nitro-2-phenyle- 
thane (190 mg, 0.921 mmol), dry benzene (5 mL), triethylamine 
(390 pL, 2.76 mmol), phenyl isocyanate (310 pL, 2.76 mmol), 
and purification by column chromatography (1:15 EtOAc: 
hexanes) gave 2a in 98% yield (169 mg) as a clear colorless oil 
which turned brown upon standing [Rf = 0.25 (1:6 EtOAc: 
hexane); FT-IR (neat) 3061, 3029, 2890, 1720, 1665, 1630, 
1600,1069,1013,700 cm-1; lH NMR (300 MHz, CDCls) 6 4.96 
(dd, J = 1.1, 10.8 Hz, lH), 5.03 (dd, J = 1.1, 10.8 Hz, lH), 
6.11 (s, lH), 7.44 (m, 5H), 8.04 (s, 1H); 13C NMR (75.6 MHz, 

172.4; HRMS calcd for CllHeNOz 187.0633, found 187.06331. 
(f)-4-Methyl-4t1,68-t[~,4-clisox~ole (2b). By gen- 

eral procedure A, (*)-2-[3-butyn-2-oxyl-l-nitroethane (120 mg, 
0.840 mmol), dry benzene (5 mL), triethylamine (270 pL, 2.52 
mmol), phenyl isocyanate (350pL, 2.52 mmol), and purification 
by column chromatography (1:15 Et0Ac:hexanes) gave 2b in 
97% yield (92 mg) as a clear colorless oil which turned brown 
upon standing [Rf = 0.18 (1:6 Et0Ac:hexane); FT-IR (neat) 
3064,3033,2933,2879,1633, 1448, 1065, 927, 723 cm-l; lH 
NMR (300 MHz, CDCk) 6 1.49 (d, J = 6.3 Hz, 3H), 4.86 (d, J 
= 13.3 Hz, lH), 4.97 (dd, J = 1.0, 13.3 Hz, lH), 5.18 (9, J = 

(12) (a) Compound 2a is a known compound: Padwa, A.; Chiacchio, 
U.; Dean, D. C.; Schoffstall, A. M.; Hassner, A.; Murthy, K S. K 
Tetrahedron Lett. 1988,29, 4169. (b) Hassner, A.; Murthy, K. S. K; 
Padwa, A; Chiacchio, U.; Dean, D. C.; Schoffstall, A. M. J.  Org. Chem. 
1989,54,5277. 

CDCls) 6 63.9, 76.4, 122.9, 126.3, 128.5, 128.7, 137.9, 148.1, 

6.3 Hz, lH), 8.01 (d, 1.0 Hz, 1H); "C NMR (75.6 MHz, CDCls) 

NO2 125.0477, found 125.04791. 
6 21.7, 63.4, 72.2, 129.2, 147.8, 170.8; HRMS calcd for C&- 

( f : ) ~ ~ ~ 7 - p h ~ - 7 a - p y r a n o [ ~ ~ l ~ ~ l e  (%I. 
By general procedure A, (f)-2-[3-butyn-l-oxyl-l-nitro-2-phe- 
nylethane (200 mg, 0.908 mmol), dry benzene (5  mL), triethy- 
lamine (380 pL, 2.71 mmol), phenyl isocyanate (300 pL, 2.71 
mmol), and purification by column chromatography ( 1 : l O  
Et0Ac:hexanes) gave 2c in 96% yield (175 mg) as a clear 
yellow oil [Rf = 0.22 (1:6 Et0Ac:hexane)l; FT-IR (neat) 3063, 
3033, 2975, 2862, 1602,1444, 1094, 930, 752 cm-'; 'H NMR 
(300 MHz, CDCl3) 6 2.80 (m, 2H), 3.80 (ddd, J =  4.3,8.5, 11.8 
Hz, lH), 4.10 (ddd, J = 4.7, 5.2, 11.8 Hz, lH), 5.84 ( 8 ,  lH), 
7.39 (m, 5H), 8.22 (s,lH); 13C NMR (75.6 MHz, CDCM 6 19.8, 
63.1, 75.1, 112.1, 127.5, 128.5, 129.0, 138.1, 153.4, 180.0; 
HRMS calcd for ClzHllNOz 201.0790, found 201.07911. 

General Procedure B. To a stirred solution of nitro ether 
1 (1 equiv) in dry benzene was added triethylamine (3 equiv) 
followed by trimethylsilyl chloride (3 equiv). A white precipi- 
tate formed and the resulting mixture was allowed to stir 
under nitrogen at mom temperature for 24 h, at which point 
TLC showed complete disappearance of starting material. 
Aqueous HCl(1 N) was added and the layers were separated. 
The aqueous layer was extracted with ether (3 x 5 mL) and 
the combined organic layers were dried (NazSOJ, filtered, and 
concentrated under reduced pressure. Purification by column 
chromatography gave 3. 

( f ) - ~ ~ ~ 2 4 ~ ~ d e h y d  (3d). By 
general procedure B, (f:)-2-[2-propyn-l~xyl-l-ni~2-phenyle 
thane (280 mg, 1.36 mmol), dry benzene (7 mL), triethylamine 
(570 pL, 4.07 mmol), trimethylsilyl chloride (530 pL, 4.07 
mmol), aqueous HCl(1 N, 7 mL), and purification by column 
chromatography ( 1 : l O  Et0Ac:hexanes) gave 3d in 98% yield 
(149 mg) as a clear yellow oil [Rf = 0.28 (1:6 Et0Ac:hexane); 
FT-IR (neat) 3066, 3031, 2859, 2724, 1683, 1173, 703 cm-'; 
1H NMR (300 MHz, CDCg) 6 4.94 (ddd, J = 2.2, 3.9, 12.9 Hz, 
lH), 5.05 (ddd, J = 1.9, 5.7, 12.9 Hz, lH), 6.00 (m, lH), 6.86 
(d, J = 1.9 Hz, lH), 7.34 (m, 5H), 9.83 (8 ,  1H); 13C NMR (75.6 
MHz, CDCL) 6 73.0, 88.2, 126.3, 128.5, 128.8, 139.5, 142.4, 
146.9, 186.9; HRMS calculated for CllHloOz 174.0681, found 
174.06811. 
(f)-2,S-Dihydro-2-phenyl-S-methyl-4-furancarbalde- 

hyde (3e). By general procedure B, (f)-2-[3-butyn-2-oxyl-2- 
phenyl-l-nitroethane (2:l mixture of diastereomers; 168 mg, 
0.763 mmol), dry benzene (5  mL), triethylamine (410 pL, 2.29 
mmol), trimethylsilyl chloride (380 pL, 2.29 mmol), aqueous 
HCl(1 N, 5 mL), and purification by column chromatography 
( 1 : l O  Et0Ac:hexanes) gave 3e in 92% yield (2:l mixture of 
diastereomers 3e. and 3eb; 132 mg) as a clear yellow oil [Rf = 
0.27 (1:6 Et0Ac:hexane); FT-IR (neat) 3064,3030,2975,2927, 
2829,2719,1681,1173,702 cm-l; lH NMR (300 MHz, CD&) 
6 1.53 (d, J = 6.4 Hz, 2H, 3e9, 1.61 (d, J = 6.4 Hz, lH, 3eb), 
5.28 (dq, J = 1.6,6.4 Hz, 0.33H, 3eb), 5.42 (dq, J =1.6,6.4 Hz, 
0.66H, 389, 5.96 (dd, J = 1.6, 4.0 Hz, 0.33H, 3eb), 6.06 (dd, J 
= 1.6, 5.4 Hz, 0.66H, 389, 6.88 (m, lH), 7.37 (m, 5H), 9.90 (6, 
1H); 13C NMR (75.6 MHz, CDCl3) 6 21.0 (3ea), 21.5 (3eb), 80.0 
(3eb), 81.1 (3ea), 86.5 (3ea), 87.0 (3eb), 126.7, 127.0, 128.8, 
128.9,129.1,146.0 (3eb), 148.0 (3ea),148.5, 186.0; HRMS calcd 
for C12H1202 188.0837, found 188.08381. 

(f)-2,6-~~2.methyl5-Au9ncarbaldehyde (Sf). By 
general procedure B, (f)-2-[3-butyn-2-oxyl-l-nitroethane (185 
mg, 1.30 mmol), dry benzene (7 mL), triethylamine (540 pL, 
3.90 mmol), trimethylsilyl chloride (490 pL, 3.90 mmol), and 
aqueous HCl(1 N, 7 mL) gave 31 in 97% yield (143 mg) as a 
clear yellow oil [Rf = 0.11 (1:6 Et0Ac:hexane); FT-IR (neat) 
3034,2957,2926,2857,2720,1690,1194 cm-l; 'H NMR (300 

3.6, 17 Hz, lH), 4.88 (ddd, J = 1.9, 5.4, 17 Hz, lH), 5.14 (m, 
lH), 6.93 (dd, J =  2.0,3.5 Hz, lH), 9.83 (s,lH); 13C NMR (75.6 

calcd for Ce&Oz 112.0524, found 112.05211. 
( f ) - B , ~ ~ ~ ~ p h ~ l - ~ - ~ ~ d ~ d e  (3g). 

By general procedure B, (f)-2-[3-butyn-l-oxy]-l-nitr0-2-phe- 
nylethane (200 mg, 0.908 mmol), dry benzene (5  mL), triethyl- 

MHz, CDCls) 6 1.40 (d, J = 6.3 Hz, 3H), 4.78 (ddd, J = 1.9, 

MHz, CDCl3) 6 20.5, 73.9, 80.1, 137.0, 145.8, 186.7; HRMS 
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amine (380 pL, 2.71 mmol), trimethylsilyl chloride (350 pL, 
2.71 “ol), aqueous HC1 (1 N, 5 mL), and Purification by 
column chromatography (1:15 Et0Ac:hexanes) gave 3g in 21% 
yield (36 mg) as a clear yellow oil [Rf = 0.28 (1:6 EtOAc: 
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