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Abstract. The title banzoxalas la-d react cleanly with allylic Grignard 

reagents 2.9-c undergoing ring Gng to give good yields of N-diallyl- 

alkyl-o-aminophenols 3a-m. A plausible mechanism is discussed. 

It is known that Grignard reagents and organolithiums do not add directly 

to the C-N double bond of thiasole,' oxazole 
2 
and imidaxole3 derivatives. Indeed, 

for the addition of the organometallic reagent to such a C=N link takes place to 

give the corresponding asoline, a preliminary quaternisation of the asa group, 

that renders the 2-carbon much more electrophilic, is necessary ( Scheme I 1. 

SCHEME I 

Xr S,O,N E= l lkyl , l cyl 
However, such an activation, usually accomplished by alkylation 

l-3 
or acyla- 

tion, 
4 

presents some drawbacks as the alkyl group, previously introduced on the 

asa group, is difficult to be removed and with the acylazolium salts in some 

cases the organometallic reagent attacks the carbonyl group of the acyl function 

rather than the 2-carbon atom. 
4 

Only quite recently we have discovered that allylic Grignard reagents add 
5 

directly to the C-N double bond of a large number of bensothiasoles, provi- 

ding allylbenzothiazoles, allylbenzothiazolines and N-allylalkyl-o-aminobenze- 

nethiols, the formation of which has been rationalised by assuming that the 

reactions proceed through a cyclic transition state following a preliminary co- 

ordination of magnesium of the Grignard reagent on ths ara group of the thiasole 

system. 

As an extension of our researches concerning the reactions of Grignards 

with heterocycles containing the C=N link, 
5 
we report here the results of the 
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reaction between some benzoxazole derivatives and allylic Grignard reagents. 

RESULTS AND DISCUSSION 

Treatment of benzoxazole la ( 1 mole 1 with 2-propenylmagnesium bromide 2a - - 
( 2.2 mole 1 at -15°C and subsequent quenching of the reaction mixture with 

aqueous ammonium chloride gives a good yield of the ring opened product 3a. Un- - 

der the same experimental conditions la reacts with 2-methyl-2-propenylmagne- - 

sium chloride 2b and - Pbutenylmagnesium bromide 2c to give the ring opened com- - 

pounds 3b and 3c respectively. Similarly, benzoxazoles lb-d react with 2a-c to - _- 

furnish the N-diallylalkyl-o-aminophenols 3d-m. ( See Table 1. 

la: R=H - 

lb: R=Me - 

1~: R=Et - 

Ia: R=Bz - 

2a : R’ =R2=R3-_H - 
2b: R1=R3=R; R2=Me - 

2C R1=R2=H; R3=Me - 

3a: - 

3b: - 

3c: - 

36: - 

3e: - 

3f: - 

3: 

3h; - 

31: - 

3k: - 

31: - 
3m: - 

RtR’ =R2zR3 =H 

R=R1=R2=H: R3=Xe 

R=Re* R1=R2=R3=P , 

R=R2=Me ; R’ =R3=H 
R=R3sMe; R’=R’=H 
R=Et. R1zR2=R3=H , 
R=Et; R'=Me; R'=R3,H 

R=Et; R3=Me; R'=R'=H 

R=Bz; R1=R2=R3=H 

R=Bz: R'=Me; R'=R3=H 

R=Bz; R3=Me; R'=R2=H 

The ring opened compounds 2 form specifically with allylic Grignards since, 

in agreement with the previous observations that 2-oxaxolines' ware inert to 

alkyl and aryl Grignards, no reaction occurs under the same experimental condi- 

tions with n-BuMqBr and PhMqBr. 

It is worthy noting that the reaction of benzoxazoles la _-' 'l&, lc and 1P - - 
with the allylic Grignard reagent prepared from crotyl bromide 2c leads exclusi- - 
vely to the open-chain products 21, 3&, 31 and 3m respectively in which the al- - - 
lylic groups turn out to be attached through the more substituted carbon. 

A likely mechanism that may account for the formation of the N-diallylalkyl- 

o-aminophenols 2 is shown in Scheme II. According to this mechanism, the first 

stage of the r+*action involves the coordination of magnesium on the aza group of 

the oxazole system that provides activation for the nucleophilic attack of the al- 

lylic moiety on the 2-carbon. Also with alkyl and aryl Grignards such a coordina- 

t&n shwld axurbut, as nenticned above, no reaction takes place. Therefore it is li- 
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kely to think that allylic Grignard reagents do react as they permit a six-membe- 

red cyclic transition state such as i. Then, the benzoxazoline 5 would form as an 

intermediate, from which the ring opened product 2 would derive by reaction of a 

second equivalent of the Grignard reagent 2 assisted by the complexation of magne- 

sium on the heterocyclic oxygen atom leading,viathe six-membered cyclic transition - 

state 5, to the open-chain salt 1 and after quenching to 1. In agreement with this 

mechanism, the fact that with the crotylmagnesium bromide 2c the formed ring opened - 

products have the allylic groups bonded through the more substituted carbon may be 

explained if one considers the bidentate nature of this Grignard reagent in which 

there exists an equilibrium between the linear and the branched chain forms. 
6 

A good support to the mechanism above would come from the isolation of the 

benzoxazoline 4. However, attempts to isolate i by carrying out the reaction using 

a 1:l molar ratio between reactants and low temperature failed. In all cases we 

obtained the open-chain products 1 and unreacted starting material. Specifically 

in the case of the reaction between 2-benzylbenzoxazole Id and methallylmagne- - 

sium chloride 2b the use of hexamethylphosphoramide ( HMPA ) in order to minimi- - 

ze the complexation of magnesium on the heterocyclic oxygen, 
7 
an event that would 

provide activation for the second nucleophilic attack of the Grignard on the 2-car- 

bon to give 1, led to amixture of o-aminophenol and ketones 8 and 9. 

SCHEME II 

a--- w--e---- 
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this result clearly indicates that the 2,2-diallylbensoxazoline lo actually forms 

but rapidly decomposes ( perhaps during the work-up procedure ) undergoing ring 

opening to give the ketone a that may isomerise to the ketone 2. 

An alternative mechanism for the formation of the ring opened compounds 2 

involves the Schiff's base ll_, produced by the ring cleavage of 2, and subsequent 

addition of 2 on its C-N double bond ( Scheme III 1. 

TABLE. Reactions of benzoxazoles la-d with allylic Grignard reagents Za-c in te- 
trahydrofuran. 

Benzoxazole Grignard Reactants Temperature 'C Product(yield 0) a,f 

Reagent Molar Ratio 

la - 

lb - 
" 

Id - 

2aC 

zbd - 
I 

2cc - 
II 

2a - 
II 

2b - 

2c - 

2a - 

2b - 

2c - 

2a - 

2b - 

2c - 

2be - 

1:2.2 

n 

1:2 

1:l 

1:2.2 

n 

" 

-15 

" 

-60 

I, 

-15 

" 

-78 

-15 

" 

n 

Z( 70 1 

3b ( 69 ) - 

" ( 49 lb 

2 ( 28 lb 

n ( 73 1 

3d ( 65 ) - 

" ( 45 lb 

3e ( 67 1 - 

3f ( 45 ) - 

3J (79) 

3h ( 66 ) - 

2 (77 1 

3k ( 85 ) - 

31 ( 87 ) - 
3m ( 78 1 - 

i (33) 

2 (66) 

a) Yield based on the starting material and determined on isolated purified 
products; b) Also some unreacted starting material was recovered: cl Grignard 
reagent prepared in ether; d) Grignard reagent prepared in THP; e) Reaction 
carried out in the presence of HMPA ( 2:l molar ratio with respect to the 
Grignard reagent); f) All new compounds gave satisfactory microanalytical data 
for C, H, and N. 
----_---------_-_--------- 

SCHEME III 

More work is needed for the mechanism to be clarified, however, whatever it 
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N-(di-1-methyl-2-propenyl)ethyl-o-amino henol 3f. Oil; IR(neat): 3560-31QO(broad 
-*- band, OH and NH) and 164O(C-C) cm-l. H NMR(CDCl3 + D20):6 1.1 (a, 3H), 1.2 (6, 6H), 

2.4-3.0 (m, ZH), 5.0-5.4 (m, 4H3,5.8-6.4 (m, ZH), 6.7-7.3 (m, 4H). 

N-(di-2-propenyI)-n-propyl-o-amino henol 2. Oil; IR(neat): 3540-3200(broad band, 
-+ OH and NH) and 164O(C-C) Cm-l. H NMR(CDCI3 + D20): 60.9 (t, 3H), 1.65 (q, 2H)r 

2.35 (d, 4H), 5.0-5.4 (,m, 4H),5.6-6.3 (m, ZH), 6.8-7.2 (m, 4H). 

N-(di-2-methyl-2-propenyI)-E-propyl-o-amino henol 3h. Oil; IR(neat): 3520-3160 

- hREDC13 + D20): 6 0.9 (t, 3H), 1.7 liro;;jband, OH and NH) and 164O(C=C) cm 

I , 1.8 (8, 6H), 2.4 (s, 4~1, 4.8-5.1 (m, 4H), 6.5-7.2 (m, 4H). 
. 

N-(di-l-methyl-2-propenyl)-n-propyl-~-aminophenoI 31. Oil; 'H NMR(CDCI3): 6 0.9 (t, 

3H), 1.1 (d, 6H), 1.6-2.0 (m, ZH), 2.5-3.0 (m, 2H),3.6-4.8 (broad peak, 2H, 1 OH 
and 1 NH, exchange with D20), 4.9-5.3 (m, 4H), 5.8-6.5 (m, 2H), 6.7-7.2 (m, 4H). 

N-(di-2-propenyljphenylmethyl-o-amino henol 3k Oil; IR(neat) -__&___-' : 3540-3160 (broad 
band, OH and NH) and 164O(C=C) cm- . H NMR(CDC13 + D20): 6 2.35 (d, 4H), 2.95 (s, 

2H), 5.0-5.4 (m, 4H), 5.7-6.4 (m, 2H), 6.8-7.5 (m, 9H). 

N-(di-2-methyl-2-propenyl)phenylmethyI-o-amino henol 31. Oil; IR(neat): 3540-3160 
-w- (broad band, OH and NH) and 164O(C=C) cm- . H NMR(CDC13 + D20): 61.9 (s, 6H), 2.5 

(s, 4H), 3.2 (s, 2H), 5.0-5.2 (m, 2H), 6.8-7.5 (m, 9H). 

N-(di-1-methyl-2-propenyl)phenylmethyl-o-amino henol 3m. Oil: IR(neat): 3540-3160 
---7-e--- (broad band, OH and NH) and 1635(C=C) cm-l. H NMR(CDC13 + D2G): 61.2 (d, 6H), 

2.7-3.2 (m, 2H), 3.3 (s, ZH), 4.9-5.4 (m, 4H), 5.6-6.5 (m, 2H), 6.7-7.6 (m, 9H). 

4-Methyl-1-phenyl-4-penten-2-one 8. IR(neat): 172O(C=O) and 165O(C=C) cm-l. 'H NMR 
(CCl4): 61.7 (s, 3H), 3.1 (s, 2H); 3.65 (s, 2H), 4.8 (s,lH), 4.9 (8, lH), 7.3 (s, 
5H). 

4-Methyl-1-phenyl-3-penten-2-one 2. IR(neat): 1685(C=O) and 162O(C=C) cm -l. lH NMR 
(cc14): 6 1.9 (s, 3H), 2.2 (9, 3H), 3.6 (9, 2H), 6.0-6.1 (m, lH), 7.3 (8, 5H). 
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Elemental analyses 
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Compound 

3a - 

3b - 

3c - 

3d - 

3e - 

3f - 

3 

3h - 

3i - 

3k - 

31 - 

3m - 

Molecular 
Formula 

C13H17No 
(203) 

'15"21No 
(231) 

'15"21No 
(231) 

C14H19No 
(217) 

C16H23No 
(245) 

C16H23No 
(245) 

'15"21No 
(231) 

C17H25No 
(259) 

C17H25No 
(259) 

C20H23No 
(293) 

C22H27No 
(321) 

C22H27No 
(321) 

Calcd. 

C% H% 

76.8 8.4 

77.9 9.1 

1, II 

77.4 8.8 

78.4 9.4 

,I ,I 

77.9 9.1 

78.8 9.7 

II II 

81.9 7.8 

82.2 8.4 

II II 

NX 

6.9 

6.1 

6.5 

5.7 

II 

6.1 

5.4 

I, 

4.8 

4.4 

,I 

Found 

C% HX 

76.6 8.3 

77.8 9.2 

77.6 9.0 

77.2 8.7 

78.5 9.3 

78.6 9.2 

77.7 9.0 

78.6 9.5 

78.7 9.6 

81.7 7.8 

82.3 8.2 

82.4 8.5 

N% 

6.8 

6.3 

6.2 

6.4 

5.6 

5.4 

6.2 

5.5 

5.6 

4.9 

4.5 

4.3 


