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Absbwct The c6iemation of the cycloadditioo of nitrile oxide to B-substituted-a&msatuWed aldehyde 
qliv~ts wasdireEtedby~oftbe~nylprotectivegroup;bothofmetwopospibleregioisonners 
of 2-isoxazolines were selectively prepad. Cycloaddition to the acetal derivatives preferentially gave 
the rema beating acetal group on C(4) position. While the opposite fegioselectivity was obsved 
for the cycloacldition to dithioacetal derivativeg where the sulfut functional group was mainly located 
at C(5) position. Tlmoretical studies on tkie regiochemical coufstx showed the C(5) orientation of 
dithioacdal groups to be ditected by steric control. whereas frontier orbital interaction conmdled the 
C(4) orientation of the acetal groups. 

The synthetic utility of the 1,3-dipolar cycloaddition of nitrile oxides has been well recognized recently.’ 

The two stereogenic centers of 2-isoxazolines are well controlled by the choice of dipolarophile geometry, 

since the nitrile oxide cycloaddition usually occurs with high stereospecificity. The single regioisomers of 

2-isoxazolines are usually formed via the cycloaddition to monosubstituted alkenes or 1,ldisubstituted alkenes, 

which afforded mainly the S-substituted or 5.5diiubstituted-2-isoxazolines in high yields, respectively. 

Furthermore, reductive treatment of 2-isoxazolines leads to P-hydroxy ketones or yamino alcohols 

stemoselectively.” These features of the nitrile oxide cycloaddition provide a useful method for the 

stereoselective construction of acyclic carbon skeletons which have contiguous multi stereogenic centers4 

In contrast to these powerful points, however, very poor results have been known in the cycloaddition to 

1,2-unsymmetrically substituted alkenes. Except for a few reported examples,s” the reaction proceeds 

non-mgioselectively to give a mixture of the two possible xegioisomers. For example, the reaction between 

benzonitrile oxide and methyl crotonate gave a mixture of the two possible regioisomers in about a 2:l 

ratio.’ In addition, the yields of the cycloadducts are usually very low since the nitrile oxides prefer the 

formation of furazan 2-0x&s, the nitrile oxide dimers, owing to the very low reactivity of these alkenes 

towards the cycloaddition process. As a result, this problem lowers the synthetic value of the nitrile oxide 

cycloaddition to unsymmetrically 1,2disubstituted alkenes, and remains as the biggest hurdle to overcome. 

Although the regiochemical course of the nitrile oxide cycloaddition is generally governed by frontier 

molecular orbital and/or steric interactions which vary according to the combination of the dipole and 

dipolarophile,‘b*lj these factors have not been often used for the general regiochemical control. Recently, them 

have been several reports illustrating mgiochemical control using hydrogen bonding or other factors which 

come from the allylic substituents of the dipolarophiles. @ Additionally, Kanemasa and coworkers have 
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reported that the coordination of dipole and dipolarophile to magnesium ion dramatically improves regio- and 

stereoselectivity of the cycloaddition to crotyl alcohol derivatives.i” 

Although some useful methods exist to selectively prepare one of regioisomers of 2-isoxazolines, none 

of them are capable of preparing both regioisomers selectively. Both of regioisomers are equally useful as 

synthetic building blocks, and hence a selective route to both is desired. If a simple modification of either the 

dipolarophile or the dipole changes the regiochemical course of the cycloaddition, this would provide a 

convenient methodology for the preparation of 2-isoxazolines. To our knowledge, no methods based on this 

strategy have yet been reported. In this paper, we report that the choice of the carbonyl protecting group 

switches the orientation of the nitrile oxide cycloaddition to ~substituted-a$-unsaturated aldehydes. The 

nitrile oxide cycloaddition with a$-unsaturated acetals affords C(4) acetal substituted 2-isoxazolines. In 

contrast, C(5) dithioacetal substituted derivatives are prepared by cycloaddition with a&unsaturated 

dithioacetals. We also performed MNDO” calculations to help explain the mgioselectivity of these reactions. 

RESULTS AND DISCUSSION 

1,3-Dipolar cycloaddition reactions of nitrile oxides were examined with various a&unsaturated acetals 

2 (eq 1). The results am summarized in Table 1. Benzonitrile oxide la andp-methoxybenzonitrile oxide lc 

were generated by treatment of the corresponding hydroximoyl chlorides with triethylamine, which was 

added very slowly over 12 hours via syringe pump (method A). This technique was found to be very 

important to obtain the cycloadducts in good yields and to avoid formation of the dimer of benzonitrile oxide. 

Phenylacetonitrile oxide lb was generated by treatment of 2-phenyl-I-nitroethane with phenyl isocyanate due 

to its convenience (method B).‘* 

R’-CNO ,“‘\ - &%; &&H(Onl, 11) 
WOR3)2 

2 R2 
1 2 4 5 

Table 1. 1,3Dipolar cycloaddition to allylic acetals 

R’ R2 R3 Method@ temp (“C) 4+5 yield (%)b) 4Bq 

1 Ph Me -(CH,),- A r.t. 4a+sa 39 66l32 

2 Ph Me -W2)2- A 111 4a+5a 46 62i36 

3 Ph Ph -W,),- A r.t. 4b+5b 56 91/9 

4 PhCH, Me -U42)2- B 80 &+5c 71 90110 

5 pMeOC,H, Me -G-f,),- A r.t. 4d+5d 41 6935 

6 pMeOC,H, C,l$ -W2)2- A r.t. 4e+5e ,35 66/84 

7 pMeOC..H, Ph -W2)2- A r.t. 4f +5f 62 85l15 

8 pMeOC,H, Me -GH,k A r.t. *+a 44 71f29 

9 pMedC,H, Me Me A r.t. 4h+5h 33 71l29 

a) A: Triethylamine (1.5 es) was added to a solution of R’CCkNOH and olefm (3 es) in CH$l, or toluene over 12 h at room 
tempature or 110 “C, and the mixture was sthal for an additional 12 h. B: Phenyl isocyanate (2.5 eq) was added to a solution of 
I-nitfo-2-phenylethane and olefm (3 eq) and nietbylamine (2 drops) in refluxing benzene over 4 h, and the resulting solution was 
stirred for 20 h at 80 “C. b) Isolated yield. c) De&mined by HPLC. 
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The reaction between la and 2-[(E)-1-propenyll-1,3dioxolane 2a in CH& gave a mixture of two 

isomeric products, 4a and St, in 39% overall yield with the ratio of 4aSa of 68:32 as determined by HPLC 

(entry 1). The ‘H NMR spectrum of 4a indicated that the carbon bearing the acetal functionality was attached 

to the C(4) carbon of the 2-isoxaxoline (vide infra). Although the yield of the cycloadducts was improved 

when the reaction was performed in toluene heated to reflux, the selectivity of the reaction was lowered 

slightly (entry 2). A dimethylacetal group or 13dioxane functionality in the dipolarophile did not change the 

regioselectivity in the reaction; thus the steric size of the acetal was not au influential factor (see Table 1, 

entry 8 and 9). The selective formation of the C(4) acetal isomer was enhanced by the presence of a phenyl 

group in the R* position; 4b was obtained in 56% yield in a 91:9 ratio (entry 3). The cycloaddition of 

a-phenylacetonitrile oxide lb also procee&d mgioselectively to give 4c as a main product with a regioisomeric 

ratio of 90: 10 (entry 4). Thus, the cycloaddition of nitrile oxides and u&msaturated acetals 4 preferentially 

forms compound 4 in ratios varying from 2: 1 to 9: 1. 

Table 2 smnman ‘xes the results of the cycloaddition to dithioacetal derivatives (eq 2). 

Table 2. 1,3-Dipolar cycloaddition to allylic dithioacetals 

R’ R* Method@ temp (“C) 6+7 yield (%)‘j 6n”) 

1 Ph Me A r.t. 6a+7a 32 17l63 

2 Ph Me A 111 6a+7a 53 2w2 

3 PhCH, Me B 60 6b+7b 26 3or70 

4 pMeOC&H, Me A r.t. 6c+7c 45 19161 

5 pMe%H, Ph A r.t. 6d+7d 43 27/73 

a) A: Triethylamine (1.5 eq) was added to a solution of R’CCkNOH and olefm (3 es) in CH$l, or toluene over 12 II at mom 
temperature or 110 “C, and the mixture was stined for an additional 12 h. B: Phenyl iaocyaaate (2.5 eq) was added to a solution of 
I-nitrc&phenylehae, and olefin (3 eq) and triethylamine (2 dropa) in duxing benzene over 4 h aod the resulting solution was 
stir& for 20 h at 80 OC. b) Isolated yield. c) Lktermmed by HPLC. 

The reaction of benzonitfile oxide with 2-[(E)-1-propenyll-1,3ditbiolane preferentially gave 7a (entry 

1). The ratio of 7a to 6a was detemined by HPLC and was shown to be 17:83. It is remarkable that the 

cycloaddition using dithioacetal derivative 3 led to the C(5) dithioacetal substituted 2-isoxaxolines 7 

predominantly, though the yield of the cycloadduct was moderate. This regioselectivity is opposite to that 

observed for the corresponding acetal derivatives 2. The total yield of the cycloadduct.~ was improved when 

the reaction was carried out in toluene heated to reflux, but this led to a lower selectivity in the reaction (entry 

2). A similar result was observed with p-methoxybenxonitrile oxide (entry 4). Although preferential formation 

of C(5) dithioacetal isomer 7b was observed in the reaction of aliphatic nitrile oxide lb, the 7bSb ratio was 

lower than that for aromatic nitrile oxides la and lc (entry 3). Compared with the acetal reaction, use of 

dipolarophiles bearing phenyl group in R2 was not as effective to obtain 7 selectively (see Table 1, entry 3 and 
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7 and Table 2, entry 5). All of these results reveal that the dithioacetal group furnishes a C(S)-dithioacetal 

orientation effect in nitrile oxide cycloaddition, the opposite regiocontrolling effect to the acetal group. 

N_O nh4.12 

lnb 
(dd, J = 4.3 Hz, 6.7 Hz) 

6 = 2.62 (dd, J = 5.6, 6.0 Hz) S = 3.04 (quint, J = 6.6 Hz) 

N-0 nb4.16 

Ph 
(dd, J = 6.0 Hz, 7.2 Hz) 

6 = 2.96 (t, J = 5.7 Hz) 7bL 6 = 2.66 (dq, J = 6.2 Hz, 7.2 Hz) 

Figure 1 

The structures of 4 - 7 were &term&d by their ‘H NMR spectra. For example, the wo ring protons of 
4c, H(4) and H(5), appeared at 6 = 2.82 ppm as a double doublet and 6 = 4.62 ppm as a quintet, respectively, 

and the signals of Se were observed at 6 = 3.64 ppm as a quintet and 6 = 4.12 ppm as a double doublet, 

respectively. Since the signal of H(4) usually appears at higher field than that of H(5), the former signals 

were assigned to be H(4) of 4c and Sc.r3 The signal patterns indicated that a methine group was located 

adjacent to C(4) in 4e but a methyl group was adjacent to C(4) in 5c Consequently, the structntes of 4e and 
5c were unambiguously determined as they ate shown in Figure 1. The structures of 6b and 7b were 

determined analogously. 

Scheme 1 
Steric t&x&ion 

6a 

In order to investigate the reason of the mgiochemical differences directed by the acetal and dithioacetal 

in the reaction, MNDO calculations were performed. At first, the thermodynamic stability of the cycloadducts 

were calculated. Scheme 1 depicts the two possible reaction pathways for the reaction between u,~unsaturated 

dithioacetals and nitrile oxides and gives the optimized structures for 6a and 7a. An almost planar structure 
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The interaction with the smaller MO gap (AE) acts as the favorable interaction of the reaction. In this case, 

the AE’s were estimated to be 10.77 eV for HO control and 11.08 eV for LU control, respectively. The 

difference between two AEk is not large, thus both interactions ate almost equally favored. 

phCH,-C=N -0 + 

lb 

5c 

minor 

less favor 

Scheme 3 

We focused on the magnitude of their MO coeffkients. In the dipole lb, the coefficients of C(1) and 

O(3) in ho are +0.573 and -0.746, respectively. The absolute value for O(3) in & is larger than that for 

C(1). The coefficient of C(1) in x*- is +0.639, much larger than that of O(3), +0.341. In contrast, the 

absolute x, coefficient values of the of C(a) in the dipolarophile 2a is larger than that of C(p), while in 

x*c, orbital, the value of CC@ is larger than that of C(a). Frontier orbital theory states that the interaction 

between the atoms which have larger MO coefficients occurs favorably.‘6b’y Therefore, O(3) in lb favors an 

interaction with C(p) in 2a. and C(1) in lb prefers to form a new bond with C(U) in 2a in HO control 

interaction shown in Scheme 3. The same discussion is applicable to LU control interaction. Hence, in both 

HO control and LU control interactions, the new bond formation occurrs preferentially between C( 1)-C(a) 

and 0(3)-C@) bonds to give 4-acetal substituted 2-isoxazolines 4c as the major product, We now conclude 

that the frontier orbitals govern the favorable regiochemical course of the cycloaddition to the acetal derivative 

2a. 

MO relations between nitrile oxide lb and dithioacetal b were also examined (Scheme 4). Since the 

MO gap for HO control (10.43 eV) is slightly smaller than that for LU control (11.13 ev). HO control is the 

most likely for this reaction. The frontier orbital coefficients of 3n have a larger value for C(p) than C(a) in 

the R* orbital. This means that the frontier orbital interaction in HO control prefers to form 6b. Therefore, it 

is impossible to predict the favorable product from FMO’s. In this case, the steric interaction discussed above 

determines the regiochemistry of the cycloaddition to give 7 preferentially. 

In conclusion, the regiochemical course of the 1.3~dipolsr cycloaddition of nitrile oxides is reversed by 

the modification of u&unsaturated aldehydes to their acetal or dithioacetal derivatives. Selectivity of 

cycloaddition to the dithioacetal derivatives is determined by steric interactions, but FM0 interactions control 









7978 A. KAM~MuRA and K. HORI 

Ar-), 4.98 (1 H, d, J = 3.6 Hz, S-CRH-S), 4.93 (1 H, dq, J = 4.9 and 6.7 Hz, H(5)). 3.86 (3 H, s, OMe), 3.72 

(1 H, t, J = 4.3 Hz, H(4)). 3.17-3.32 (4 H, m, S-CH,CiY~-S). 1.42 (3 H, d, J = 6.7 Hz, CH,). 7c: ‘H NMR 

(CD(&) 6 7.63 (2 H, d, J = 8.5 Hz, Ar-), 6.93 (2 H, d, .I = 8.6 Hz, Ar-), 4.56 (1 H, d, .J = 8.5 Hz, S-CR&S), 

4.27 (1 H, dd, J = 3.6 and 7.9 Hz, H(S)), 3.84 (3 H, s, OMe), 3.51 (1 H, dq, J = 3.7 and 7.3 Hz, H(4)). 

3.17-3.32 (4 H, m, S-CH,cH,-S), 1.36 (3 H, d, J = 7.3 Hz, CH,). 

6d:7d = 27:73 (HPLC). IR (nujor) 1253, 1177, and 837 ti’; Found: C, 63.25; H, 5.33; N, 3.86. Calcd 

for C,$&,NO& C, 63.84; H, 5.36; N, 3.92. 6d: ‘H NMR (CDC13 6 7.60 (2 H, d, J = 8.5 Hz,Ar-), 7.26-7.39 

(5 H, m, Ph-), 6.92 (2 H, d, J = 8.5 Hz, Ar-), 5.85 (1 H, d, J = 4.3 Hz, H(5)). 5.06 (1 H, d, .J = 4.3 Hz, 

S-CRH-S), 4.07 (1 H, t, J = 4.3 Hz, H(4)), 3.83 (3 H, s, OMe), 3.20-3.43 (4 H, m, S-C&C&S). 7th mp 

164-166 “C; ‘H NMR (CDCld 6 7.54 (2 H, d, J = 8.5 Hz, Ar-), 7.26-7.39 (5 H, m, Ph-). 6.80 (2 H, d, J = 8.5 

Hz,Ar-), 4.65 (1 H, d, J = 8.5 Hz, H(4)), 4.56 (1 H, d, .J = 3.7 Hz, S-CR&S), 4.45 (1 H, dd, J = 3.7 and 8.0 

Hz, H(S)), 3.76 (3 H, s, OMe), 3.20-3.43 (4 H, m, S-CH,cH,-S). 
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