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Abstract ---- Electrophilic intramolecular aromatic 

substitution with an N-methoxy- or an N-allyloxy- 

acylnitrenium ion, generated by treatment of an N-methoxy- or 

an N-allyloxy-N-chloroamide with anhydrous zinc acetate in 

nitromethane, leads to formation of a nitrogen heterocyclic 

compound bearing an N-methoxy- or N-allyloxy group. The 

latter is readily converted to the corresponding N-hydroxy 

compound by palladium-catalyzed removal of the allyl group. 

The divalent positively-charged nitrogen species, known as the nitrenium ion, has been 

extensively investigated in recent years.1 The N-acyl-N-alkoxynitrenium ion is an 

excellent source of electrophilic nitrogen and has proved to have great utility in 

synthesis.2 Successful use of this species is due mainly to the fact that the nitrenium ion is 

stabilized by the electron donating effect of the neighboring methoxy group;3 the ion is 

thus long-lived enough to react with an aromatic ring. The synthetic utility of such ions 
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will be enhanced further by the development of simpler methods of generation of them 

from readily available reagents. 

In previous work, we described an intramolecular electmphilic aromatic substitution 

with a nitrenium ion generated from N-chloro-N-methoxyamides with anhydrous 

zinc acetate in nitromethane to give nitrogen heterocyclic compounds bearing an N- 

methoxy function.2~ This method overcomes shortcomings of previous methods,2a2b,d 

and is applicable to large scale preparations. The method was successfully applied by 

us for the synthesis of the alkaloid, e u p o l a d n e , 4  and for new oxindoles related to 

the alkaloid, gelsexnine, by others.5 

We now report full details of our studies, including synthesis of N-hydroxynitrogen 

heterocyclic compounds from the corresponding N-allyloxy compounds by palladium- 

catalyzed removal of the ally1 gmup.6 This process constitutes a new convenient route 

to nitrogen heterocyclic wmpounds bearing an N-hydroxy function. 

Results and Discussion 

Synthesis of N-Methoxynitrogen Heterocyclic Compounds---We have 

investigated practical syntheses of nitrogen heterocyclic wmpounds without use of silver 

salts or trifluoroacetic acid (TFA).2a2d The cyclization reaction is strongly affected by the 

nature of the transition metal salts and the solvent used. Several transition metal salts 

(SnClT2Hz0, ZnBrz, ZnCh, Znlz, Zn(OAch, Zn(OAc)~2H20, AgzC03, CoC12.6Hz0, 

CoClz, Co(OAc)z, Cu(OAch, and CuClz) and solvents (dichloromethane, 1,2- 

dichlorkthane, acetonitrile, ethanol, TFA, and nitromethane) were examined; the 

combination of Zn(0Ac)z and nitromethane proved to be the best. Treatment of l a  

with tert-butyl hypochlorite in dichloromethane afforded in quantitative yield the 

corresponding N-chloro compound, which was added to a hot (70-100 OC) solution of 

nitromethane containing a 5-fold molar excess of Zn(OAc)2. After a few min, the 

reaction was complete and 7a was obtained after the usual work-up. Various N- 

methoxyamides (1-6) were reacted in this way to produce N-methoxy heterocyclic 

wmpounds (7-14). and the results are presented in Table 1. Interestingly, there is 
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great difference in reactivity between Zn(OAc)2 and Zn(OAc)22H20. The 

coordination with two water molecules in the latter leads to a monomeric compound of 

distorted octahedral structure.7 On the other hand, Zn(OAc)2 forms a three 

dimensional polymeric network. The Zn ions are in a slightly distorted tetrahedral 

environment7 and may be assumed to have a higher ability to abstract a chlorine atom 

as an anion than Zn(OAc)~2H20. Reaction of N-chloro-N-methoxyphenylacetamide with 

ZnCl2 in nitromethane at room temperature (5 min) led to 1-methoxy-2-oxindole (7a) 

(15.5%) and the corresponding 5-chloro derivative @a) (41.2%). The latter product is 

rationalized by way of the intermediate (17), produced by pairing of 16 with 

chloride ion. Elimination of HCI or H2 from 17 gives 7a or 8a as shown in Scheme 1. 

0 
Table 1. Synthesis of nitrogen heterocyclic 
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Table 2. Synmesis of Nallyloxy- and Nhydroxynitrogen 
heterocyclic compounds 

UlPy Stamng Kdlyloxy mId(XP Nhydmxy Meld(%)' 
mdem a-nd mwurd 
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3 n o( 59 00 85 
4 Sb I& 84 10c 705 
5 52 1Bd 74 19. 71 

Told @ d &lain& snd &&n. W d d e p m t p t M .  
Crude $d. 

N-Chloro derivatives of N-methoxybenzamide (Ma), -octanamide (18b), and 

-cinnamamide (18c) were submitted to intermolecular reaction with a 50-fold molar 

excess of benzene under the same reaction conditions to give the corresponding N- phenyl 

derivatives (19a-c) in yields of 75.2%, 72.4%, and 67.4%, respectively. 

Synthesis of N-Hydroxynitrogen Heterocyclic Compounds from the 

Corresponding N-Allyloxy Compounds---Various synthetic methods have been 

introduced recently for the synthesis of N-hydroxynitrogen heterocyclic compounds;8 

there is, however, no versatile method generally applicable. Demethylation of the N- 

methoxy compounds (7-14) with AlC13-Me2S9 revealed, in some cases, concomitant 
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introduction of the methylthio moiety on aromatic rings.10 Thus, the selection of a 

suitable protecting group is an important step in this synthetic methodology. Benzyl 

and methoxyethoxymethyl (MEM) groups have been used for the 0-protection of 

phenylacetohydroxamic acid but cyclization by use of Z~(OAC)~-CH~NOZ or A&@- 

TFA of the N-chlom compounds bearing these groups fai1ed;ll very likely, the 

corresponding N-acylnitrenium ion is short-lived due to spontaneous decomposition 

to a benzyl or MEM cation and a nihoso carbonyl compound. The latter compound 

is readily hydrolyzed to the corresponding carboxylic acid during work-up. 

In the case of an 0-acyl derivative, the corresponding nihenium ion would be 

strongly destabilized by the adjacent 0-acyl groups and would decompose without 

cyclization. Finally, we found that allyloxy is a suitable protecting group for our 

purpose. Intramolecular cyclization of N-allyloxy-N-chloroamides and deprotection of 

the ally1 group by palladium-catalyzed reaction with hiethylammonium formate6 

proceeds smoothly and the corresponding N-hydroxy compounds are obtained in moderate 

to good yield. The results are presented in Table 2. 

Although the synthetic methods for aliphatic hydroxamic acids are well 

documented,l2 the methods for the synthesis of cyclic hydroxamic acids are limited. 

Therefore, the present method provides a convenient method for the synthesis of cyclic 

hydroxamic acids. 

EXPERIMENTAL 

Melting points are uncorrected. 1H Nmr spectra were measured at 60 or 270 MHz with 

tetrarnethylsilane (Me&) as an internal reference and CDC13 as the solvent, unless 

otherwise noted. Low and high resolution mass spectra (MS) were obtained with a direct 

inlet system at 70 eV. Elemental analyses were performed in the Microanalytical 

Laboratory of this University. Hydroxamic acids were prepared according to the 

published procedure.12.13 N-Alkoxyamides except 5c were prepared by the Schotten- 

Baumann reaction, using the corresponding acid chlorides and alkoxyamines.2 N- 

Allyloxyamides and 5c were prepared from the corresponding hydroxamic acids in 
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the presence of an equimolar amount of NaH in N,N-dimethylformamide ( D m  with 

ally1 bromide and ethyl iodide, respectively. Physical data of all new products are 

presented in Table 3. 

General Procedure for the Intramolecular Cycl i t ion  of N- 

Alkoxyamides---The intramolecular cyclization of N-methoxyamides and 5c were 

performed by the reported method.2~ The results are summarized in Table 1. 

Intermolecular Reaction of N-Chloro-N-methoxycinnamamide (18c) with 

Benzene---Compound (18c) (290.6 mg, 1.64 mmol) was added with stirring to a 

mixture of benzene (7.3 ml), nitromethane (15 ml), and Zn(OAc)2 (1.5 g, 8.2 mmol) at 

MOC. After 1.5 h, insoluble materials were filtered off, washed with ethyl acetate 

(20 ml), and the organic solvents were concentrated. The residue was diluted with 

ethyl acetate (50 ml). The organic layer was washed with 5% aq. NaHC@ (30 ml), 

brine (20 ml), dried over NazS04, and concentrated. The crude products were 

chromatographed on a column of silica gel. First elution with benzene-ethyl acetate 

(20:l) afforded an unknown compound (11.8 mg) and further elution with the same 

solvent mixture afforded N-methoxy-N-phenylcimamamide (19c) (280.0 mg, 67.4%), 

mp 65-67 OC (from Et20). 1H n m  6 3.75 (3H, s, MeO), 6.97 (lH, d, J=16, -CH=CHCO- 

), 7.50-7.62 (lOH, m, ArH), 7.80 (lH, d, J=16, -CH=CHCO-); v- (nujo1)Icm-1 1650 

(C=O); mlz 253 (M+, 0.32%), 131 (100%). Anal. Calcd for Cl&sN%: C, 75.87; H, 

5.97; N, 5.53. Found C, 76.07; H, 6.09, N, 5.44. 

General Procedure for the Cyclization of N-Allyloxyamides---To an N- 

allyloxyamide (2 mmol) in dichloromethane (6 ml) was added 2-butyl hypochlorite (0.27 

ml, 2.4 mmol) with cooling. After 20-30 min, the solvent was concentrated. The 

residue was added to nitromethan (20 ml) containing anhydrous zinc acetate (1.83 g, 10 

mmol) at 60 OC. After 10 min, insoluble materials were. filtered off, washed with 

ethyl acetate (20 ml), and the combined solvents were concentrated. The residue was 

diluted with ethyl acetate (50 ml). The organic layer was washed with 5% aq. N a H C e  

(30 ml), brine (20 ml), dried over Na~S04, and concentrated. The crude product was 
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chromatographed on a column of silica gel with benzene-ethyl acetate (51) as an eluent 

to give an N-allyloxynitrogen heterocyclic compound. 

Table 3. Physical and analytical data of new nitrogen heterocyAic mmpounds 

7d 95-97 75.10 5.47 5.71 1725 3.4s~2H,s,CH~1,4.02~3H,s,Me01,7.18~7,55(8Hm, 239 
(C,~H,,NOJ (Ether-Hexanel (75.30) (5.48) (5.85) Am) 

a 270MHr. Salvent : CD3COCD3. a Neat. O 0-Benzyl l 0 c  As a pmr mmbubtlon analysis was obtained probably due to 
a trace impurity with m e a  chelation. 10c was wnvertd to benzyi ether with Nan and benlyi bromide in DMF (61.4%). 

Highms r n h ( M 9 :  205.1102. Found: 205.1084. 
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General Procedure for Removal of the Allyl Group---A mixture of an N- 

allyloxynitrogen heterocyclic compound (4 mmol), Pd(OAc)2 (90mg, 0.4 mmol), Ph3P 

(420 mg, 1.6 mmol), formate reagent (5HCOOH-2Et3N) (5.19 g), and 80% aq. EtOH 

(15 ml) was stirred under reflux for 10 min. Insoluble materials were filtered off, 

washed with ethyl acetate (5 ml), and the organic layer was diluted with ethyl acetate 

(45 ml). The organic layer was washed with brine (30 ml), dried over NazS04, and 

concentrated. The crude product was chromatographed on a column of silica gel with 

benzene-ethyl acetate (2:l) as an eluent to give an N-hydroxynitrogen heterocyclic 

compound. The results are summarized in Table 2. 
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