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A b s t r a c t : SNAr reaction of p - c h l o r o n i t r o b e n z e n e with - subs t i tu ted pyrrolidines 
under high pressure gave p - p y r r o l i d i n o n i t r o b e n z e n e and ring open ing products 
depending on the electronic and steric factor of ^-subst i tuents . The reactions with N-
ethylaziridine and A / -e thylazet idine g a v e ring opening products without affording 
deethylat ion product. 

N u c l e o p h i l i c substitution of aromatic hal ides with amines is not fac i le in 
comparison with the reaction of aliphatic halides (1) , and is l imited to halides having 
strong e lectron-withdrawing substituents with amines of strong nucleophi l ic i ty . In 
our previous papers, w e have reported that SNAr reactions of aromatic halides with 
primary and secondary amines are ef fect ive ly accelerated under high pressure (2) . 
Because of low reactivity of tertiary amines due to in comparison with primary and 
secondary amines , the title reaction has been recognized to be difficult to proceed 
under ordinary pressure . The reac t ion of 2 - c h l o r o b e n z o t h i a z o l e wi th N-
methylpyrrol id ine under high pressure has been reported to g i v e demethylat ion 
product in high yield without affording any ring opening product (3) . Accord ing to 
our previous paper, the SNAr reactions of mono- and dichloronitrobenzenes with N-
methy lpyrro l id ine under high pressure g a v e d e m e t h y l a t i o n products and ring 
opening products through quaternary ammonium chloride intermediates (4) . On the 
Other hand, the reactions with A / -methylpiper idine and A / - m e t h y l m o r p h o l i n e g a v e 
only demethy la t ion products ( 4 ) . Therefore, w e studied the SNAr reactions of p-
ch loroni trobenzene 1 with various -substituted pyrrolidines under high pressure of 
0.75 GPa in order to clarify the steric and electronic effects of - subst i tuents of 
pyrrolidines on selectivity of dealkylation and ring opening processes . The effect of 
ring strain on the se lect iv i ty was a lso studied in the react ion of L with N -
ethylaziridine and A / - e t h y l a z e t i d i n e . 

The reaction of p - c h l o r o n i t r o b e n z e n e 1. with 4.0 molar amount of N - m e t h y l -
pyrrolidine 2 a under high pressure (0.75 GPa, 80 °C, 48 h, in THF) gave demethylation 
product 2. and l :2-product 5 i through pyrrolidine ring opening in 36.7 and 62 .4% 
yields, respectively (Table 1, run 1). 
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0.75 GPa 
()2rJ-/"Vci + R - N ^ l 

\ = = / N^J 8 0 ° C , 4 8 h 
1 2 THF 

3 4 

0 , N - ^ N ' 2 a :R = Me 
212 : R = Et 
2c :R = Pr^ 
2 d :R = Bu" 

2e :R = PhCH2CH2 O^N-O-iO 
21 : R = CH2=CH-CH2 
2a :R = PhCH2 

Scheme 1 

R 

PhCH2 

CH2Ph PhCH2^ ^ 

fi Z 

Table l . Y i e l d s o f the Reaction of 1 with A/-Substituted Pyrrolidines'̂ ^ 

Yield/% Recovered 1 
Run R 

Total 
(4 + 5 ) / Total 

1 Me 36.7 0 62.4 99.1 0.63 0 

2 Et 3.8 4.5 62.2 70.5 0.95 27.8 

3 Pr" 1.9 2.7 56.8 61.4 0.97 36.5 

4 Bu" 1.6 2.4 49.0 53.0 0.97 45.3 

5 PhCH2CH2 1.4 1.7 39.1 42.2 0.97 56.8 

6 CH2=CH-CH2 29.7 1.0 16.5 47.2 0.37 52.1 

7 PhCH2 8.1 0 0 17.6^) 0 80.5 

a) Isolated yield by medium pressure column chromatography. 
b) Reaction conditions: 1.0 mmol of 1 and 4.0 mmol of amine, in THF (5 ml). 
c) Compounds fi and 7 were obtained in 9.5% and 9.2% yields, respectively. 

The rat io of r ing open ing p roduc t s to total yield of the produc ts was 0 .63 . N-
E t h y l p y r r o l i d i n e 2 J l gave dee thy l a t i on p r o d u c t i in low yield toge ther with r ing 
open ing p roduc t s 4J2. and S b . The total yield of the react ion of H i is lower than the 
case of i a - The obv ious increase of the ra t io of r ing opening products to total yield 
was o b s e r v e d ( 0 . 9 5 ) . T h e r e a c t i o n s of 1. wi th A / - p r o p y l p y r r o l i d i n e 2c,. -
b u t y l p y r r o l i d i n e and i V - p h e n e t h y I p y r r o l i d i n e 2 ^ a l so gave s i m i l a r r e su l t s 

affording dea lkyla t ion p roduc t 2 . and, r ing opening produc ts 4 and 5 . (Table 1, runs 3¬ 
5 ) . 

On the contrary, the react ion of A^-a l ly lpyr ro l id ine 2 f increased the dea l ly la t ion 
p roduc t 3 decreas ing the yields of 4£ and ££ . C o n s e q u e n t l y , the ra t io decreased to 
0.37 ( Table 1, run 6 ). Because /V-allyl-, and A/-propylpyrrol idines have similar 
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Run Amine 
Yield/% Recovered 1 

Run Amine 
9 IQ Total % 

1 AAethylaziridine 20.6 28.4 49.0 50.3 

2 A/-ethylazetidine 0.5 81.2 81.7 15.4 

a) Isolated yield by medium pressure column chromatography. 

b) Reaction conditions: 1.0 mmol of 1 and 4.0 mmol of amine, in THF (5 ml). 
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bu lk iness , the difference in the ra t io may be a t t r ibuted to 
the e l e c t r o n i c effect of the N - s u b s t i t u e n t s . In t he c^^V^^ 
t r ans i t i on s ta te of d e a l l y l a t i o n the p o s i t i v e c h a r g e on L ^ ' ^ ' ' - 5̂  
qua te rna ry a m m o n i u m ni t rogen de loca l i zed to al lyl g r o u p C H j ^ ^ C H ^ ^ C H z 

as s h o w n in F o r m u l a T S , w h i c h a c c e l e r a t e s t h e N u ' 
TS 

d e a l l y l a t i o n . 
The react ion of yV-benzy lpy r ro l i d ine i £ , with 1 gave a debenzy l a t i on p roduc t 2. 

( 8 . 1 % yield) and an unexpected product ^ (5 ) ( 9 . 5 % yield) along with A / , A / - d i b e n z y l -
p y r r o l i d i n i u m c h l o r i d e J_ (6) ( 9 . 2 % y ie ld ) w i t h o u t the fo rma t ion of r ing o p e n i n g 
p r o d u c t . The preference of the debenzy la t ion to r ing opening is also expla ined by the 
similar e lec t ronic effect as the react ion of 2£- Product ^ was p r e s u m a b l y formed via 
S t e v e n s r e a r r a n g e m e n t of y l i d e i n t e r m e d i a t e w h i c h w o u l d be f o r m e d by the 
depro tona t ion of y V - b e n z y l - ( p - n i t r o p h e n y l ) - p y r r o l i d i n i u m c h l o r i d e f rom a m e t h y l e n e 
group adjacent to a m m o n i u m ni t rogen of py r ro l id ine r ing , fo l lowed by the migra t ion 
of benzyl g roup . High pressure assumed to acce lera te the r ea r r angemen t , because the 
Stevens rea r rangement is usually l imited to the react ion ca ta lyzed by s trong base such 
as s o d a m i d e under the ord inary p re s su re ( 7 ) . T h e p r o d u c t J_ co r r e l a t e s wi th the 
debenzy la t ion p rocess of the qua te rna ry a m m o n i u m ion i n t e r m e d i a t e . TV-Phenyl- and 
y V - ( p - m e t h o x p h e n y l ) p y r r o l i d i n e s fa i led to r e a c t w i t h 1 . u n d e r t he s a m e r e a c t i o n 
c o n d i t i o n s . 

W e also s tud ied the r eac t ions of 1 . w i th te r t ia ry a m i n e s of t h r e e - and four-
m e m b e r e d r ing in order to inves t iga te the effect of r ing s ize on the r ing o p e n i n g 
process of the qua te rnary a m m o n i u m salt i n t e rmed ia t e (Tab le 2 ) . 

/TX 0.75 G P a r-\^ 
O s N - f > - C I + E t - N (CH2)n . - O s N - f > - N - ( C H 2 ) n - C I + 

\ = = / 80 °C, 48 h \ = = / I 
1 a THF 2 

Sa: n = 2. /V-ethylaziridine O s N ^ ^ - N - l C H s ) , , — N (CH2)nCr 
ab: n = 3, yv-ethylazetidine Et — ^ 

S c h e m e 2 — 

Table 2. Yields^' of the Reaction of 1 with A^Ethylaziridine and AZ-Ethylazetidine*^' 
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The reaction of i with N-ethylazir idine fia gave the ring opening products 5»a and 
1 0 a exc lus ive ly (49% total yield) without affording any deethylation product. The 
reaction of TV-ethylazetidine fill also gave similar results. 

In conclus ion, the SNAr reactions studied here proceeds in a similar manner as 
those of the von Braun reaction of tertiary amines with cyanogen bromide, and the 
chemical behaviors of the quaternary ammonium ion intermediates formed in the 
initial step of these two reactions are quite similar (8) . The bulkiness of the N-
substituents seems to suppress the initial step to form the quaternary ammonium salt 
intermediate. The nucleophilic attacks of chloride ion and tertiary amine on the alkyi 
group or a methylene carbon of pyrrolidine ring of the intermediate g ive the 
dealkylation and ring opening products, respectively. The increase of bulkiness of N-
substituent of the tertiary amine increases ring opening products by the nucleophil ic 
attack on methylene carbon. Aziridine and azetidine ring systems are highly strained 
and unstable than the pyrrolidine ring, and then the ring opening reactions are prone 
to be easier in these systems than the pyrrolidine system. 

Further invest igat ion on the reaction of L with tertiary amines of other N-
substituted cycl ic system is now in progress. 
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