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Sttmmaty: Nitrile oxiaks react with some organometallic compounds with or without the aid if L.ewis acid 
depending on the organomekallic nucleqhiles w give oxime derivatives in good yiekk 

Nitrile oxides cycloadd with many unsaturated compounds leading to hetemcyclic compounds. ’ They also 

react with many kinds of hetetnatom containing nucleophiles such as amines. alcohols, water, thiols. carhoxylates, 

azide, thiocyanate. cyanide, and chloride ions to give l&addition ptoducts2 However, only a few studies have heen 

reported on the teaction of nitrile oxide with carbon nucleophiles involving imponant carbon-carbon bond formation. 

Previously repotted carbon nucleophiles included lithium salt of 1,3dithiane,3a acetaldehyde, 
3b 

and methyl 

phenylacetate. 3c 

Recently we reported on the reaction of nitrile oxides with aromatic compounds with the aid of Lewis acid to 

increase the electrophilicity of the carbon atom of nitrile oxide.4 In a continued ptogmm, we have studied the 

reactions of nitrile oxides with some organometallic compounds such as RLi. RMgX. R2z”. and organotin 

compounds. To examine the intrinsic reactivity of nittile oxide toward these organometallic compounds, we chose 

2.6-dicblorobenxonitrile oxide (la) and 2.4.6~trimethylbenxonitrile oxide (lb) as substrates due to their stability 

toward dimerization to furoxan. 2a The results obtained from the reaction of la-b with some selected organometallic 

compounds am listed in Table 1. As shown in Table 1, la-b reacted well without the aid of Lewis acid with 

organolithium compounds and Grignard reagents (entries l-5 and ll-12).’ whereas Lewis acid such as BF3’0Et2 

was needed in the case of diethylxinc and organotin compounds (entries 6-7,9-10, and 13-15).6 As shown in entry 

8, the reaction of la with allyltributyltin in the absence. of BF3’0Et2 afforded the [3+2] cycloaddition product7 

quantitatively instead of the 1,3-addition product The use of other Lewis acids such as AICl3 or TiCI found to be 

not effective in the reaction. 

We also examined the reactivity of Grignard reagents as organometallic nucleophiles with some hydroximoyl 

chlorides, the precursor of nitrile oxides. Treatment of hydroximoyl chloride with 1.0 equivalent of Grignard reagent 

produced the corresponding nitrile oxide complexed with Lewis acid MgClX as Kanemasa et al. have reported,8 

which was then treated with additional Grignatd reagent to give the desired oxime derivatives as shown in Scheme 

1 and Table 2. 
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Table 1. The xaction of la-b with organometallic nucleophiles RMLn. 

fjoH 
CEN--, 0 C-R 

la 

Me 

4 

- 

Me 1 1 C-N+0 

Me 

CH$&. Nucleophile RMLn 
W 2a 

(Lewis acid) 

-78’C----,fl Me 

- 

Me 
4 

toH 

\ / c-R 

Me 

lb 2b 

Entry Nitrile Oxide Lewis Acid 

(equiv) 

Nucleophiles RMLn 

(equiv) 

Time PlUdUCt 

(h) (R) 

Yielda 

(%) 
1 la - MeLi (1.3) 5 

2 la - n-BuLi (1.3) 5 

3 la - MeMgCl (1.2) 5 

4 la EtMgBr (1.2) 5 

5 la FllMgCl (1.2) 5 

6 la E’zZn (1.1) 24 

7 la BF3’0Et2 (1.1) uzz” (1.1) 24 

8 la Cl-$=CH-CH,Sn(n-Bu)3 (1.2) 24 

9 la BF3.0Et2 (1.2) Cl-$=CH-CH,Sn(n-Bu), (1.2) 24 

10 la BF3.0Et2 (1.2) CH3CH=CHCH2Sn(n-Bu)3 (1.2) 24 

11 lb n-BuLi (1.1) 5 

12 lb FWvlgQ (1.2) 5 

13 lb BF3.0Et2 (1.1) Et2Zn (1.1) 24 

14 lb BF3.0Et2 (1.2) CH2=CH-CHSn(n-Bu)3 (1.2) 24 

15 lb BF3.0Et2 (1.2) CH3CH=CHCH2Sn(n-Bu)3 (1.2) 24 

5 (Me) 45 

2a (n-Bu) 94 

2p (Me) 95 

2a (Et) 95 

2a (ph) 97 

29 @) 30 

5 (Et) 99 

b 99 

2a (-CH2CH=CH2) 75 

2a (-CH(CH3)-CH=CH2) 85 

2b (n-B@ 58 

2b (ph) 96 

2b (Et) 93 

2b (-CH2CH=CH2) 75 

2b (-CH(CH3)-CH-CH2) 72 

aIsolated yields of pure products and identified by MS, ‘H NMR, and 13C NMR spectroscopy. b[3+2] Cycloaddition 

product was obtained in 99% isolated yield (see reference 7). 

The reaction of Grignani reagents with benzohydn-x&noyl chlorides as well as aliphatic hydmximoyl chloride 

(entry 5) afforded the corresponding oxime derivatives in moderate to good yields.9 

In conclusion, we have examined the reactivity of nitrile oxides and hydroximoyl chlorides toward some 

organometallic compounds and developed an important carbon-catlxm bond forming reactions. 
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Scheme 1 

Table 2. The Reaction of Hydroximoyl Chlotides with Gtignard Reagents. 

Entry Hydtoxhnoyl Cblotide (R) RMgX (equiv) Time (h) Yielda (96) 

1 
‘SHS- PhMgQ (2.4) 5 96 

2 2,4.6-Me3C6H2- PhMgQ (2.4) 5 97 

3 2,6-C12C6H2- EtMgBr (2.4) 5 94 

4 2.3,5.6-F4C6H- PhMgQ (2.4) 5 95 

5 CH3-(CH2)4- PhMgQ (2.4) 5 65 

aJsolated yields of pure products and identified by MS, ‘H NMR. and 13C NMR spectroscopy. 
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Typical procedure for the formation of 2a (R = n-Bu) from la and n-BuLi (entry 2 in Table 1): To a stirmd 
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SolotiOn of 2.6diChlotobenzonit OX& (la. 283 mg. I.5 mmol) in dry CH.$I, (10 mL) was added dropwise 

n-BuLi (2.5 M solution in.hexa~~O.78 mL. 1.95 mmot) at -78 ‘C! during 5 min. The reaction mitin was 

warmed to IOOm temperahIm slowly and stirred for 5 h, and pooled hlw samrated aqueous NH4Cl sohnion, 

The reaction mixture was extracted with ether (50 mL x 2). and the oqanic layers wem washed with 1 N HCI 

solution, brine, and dried with MgS04. Removal of solvents gave the desind pmdua 21 (R= n-Bu). 

Anatylicatly pure product was obtained by silica gel eolmmt chmmatography (hexanektkr. 8:2) as a white 

solid. 345 mg (94%); MS (70 eV) mh (ml intmsity) 47 (24). 49 (23). 84 (loo), 86 (61). 168 (4). 246 (M++l, 

2); ‘H NMR (CDC$ 300 MHz) 6 0.85 (1. I = 7.09 Hz. 3H). 1.25-1.41 (m. 4H). 2.69 (tn. 2l-I). 7.17-7.32 (tn. 

3H). 9.33 (brs. IH, oxime proton); 13C NMR (CDCl3, 75 MHz) X 13.70. 23.01, 27.07, 28.78, 128.02, 129.96, 

134.55. 134.92, 157.84. 

Typical procedure for the formation of 2a m = -CH2CH=CH2) fmm la and aUyltributyRin (entry 9 in Table 

1): TO a stirred solution of 2.6dichloroknmniUile oxide (la, 376 mg. 2.0 mmol) in dry CH2Q2 (15 mL) was 

added dmpwise a solution of BF3.0Et.2 (340 tog. 2.4 mmol) in dry CH2C12 (0.5 mL) at -78 ‘C during 5 min. 

After stirred 5 min. a solution of aUyltributybin (795 mg, 2.4 mmol) in dty CH2C12 (0.5 mL) was added 

dropwise during 5 min. ‘Ibe reaction miXNIt was warmed to twm temperature slowly and stirred 24 h, and 

poured into saturated aqueous NH4Cl solution The maction mixture was extracted with ether (50 mL x 3). 

and the organic layers were washed succcssk.ly with 1 N HCt solution, 0.5 N KOH solution. water and 

dried with MgS04. AtIer removal of solvents followed by silica gel column cbmmatngmphy (hexaw/edw, 

8:2) pure product 2a (R = -CH2CH=CH2) was obtained as a white solid. 345 mg (75%): MS (20 cV) m/z (ml 

intensity) 41 (45). 124 (44). 185 (100). 186 (71), 187 (100). 198 (100). 199 (61). 200 (100). 212 (51). 230 

(M*+l, 50). 232 (27); ‘H NMR (CDC$, 300 MHz) 6 3.48-3.52 (m, 2H). 4.94-5.13 (m. 2H). 5.63-5.77 (m, lH), 

7.18-7.34 (tn. 3H). 9.05 (brs, IH, oxime proton); “C NMR (CDQ3.75 MHz) 6 33.56, 118.68, 127.92. 130.21, 

130.81. 133.93. 134.92, 155.82. 

Characterization of the [3+2] cycloaddition product: a colodass oil (entry 8 in Table 1): MS (20 eV) m/z (ret 

intensity) 231 (25). 233 (32). 235 (40). 291 (30). 460 (29), 461 (31). 462 (hi+-Bu, 45), no M+; ‘H NMR 

(CDC13, 300 MHz) 6 0.80-1.00 (m. 15H). 1.05-1.70 (tn. 14H). 2.80 (dd. J = 16.60 and 7.60 Hz, lH), 3.35 (dd, 

J = 16.60 and 9.85 Hz. lH), 4.99-5.08 (m, IH), 7.24-7.38 (m. 3H): % NMR (CDCI,, 75 MHz) 8 9.35, 13.61, 

16.64, 27.28, 29.03, 44.96, 82.48, 127.98, 129.34, 130.70, 135.07, 153.49. 

S. Kanemasa, S. Kobayashi, M. Nishiuchi, H. Yamamoto. and E. Wada. Tetmhedmn Len.. 1991, 32. 636% 

6370. 

Typical procedure for the formation of 2b (R’ = Ph) from 2,4,6-ttimethylbenzohydmximoyl chloride and 

PbMgCl (entry 2 in Table 2): To a stirred solution of 2,4,6-ttimetbylktxohydroximoyl chloride (297 mg, 1.5 

mmol) in dry CH2Cl2 (IO mL) was added dmpwise PhM8Q (2.0 M solution in THF. 1.8 mL, 3.6 mmol) at 

-78 ‘C during 5 min. The macdon mixture was warmed to mcm temperatote slowly and s&red 5 h. After 

following the same workup procedure as shown in reference 5, pure pmduct was obtained as a white solid, 348 

mg (97%); MS (20 eV) m/z (rel intensity) 120 (21), 144 (78). 222 (1CQ. 224 (57). 239 (M+, 31); ‘H NMR 

(CDC$, 3COMHz) 6 2.16 (s, 6H), 2.31 (s, 3H), 6.89 (s. 2H). 7.30-7.69 (m, 5H). 9.45 @rs. 1H. onime proton); 

t3C NMR (CDC$. 75 MHz) 8 19.80, 21.10, 128.02. 128.45. 129.50. 130.05, 132.34. 133.24, 137.10, 

138.02. 155.36. 
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