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Abstract- I n  the  presence o f  LDA, 2-(trimethylsilylmethy1)pyridine reacts 

w i t h  p -subs t i t u ted  benzaldoxime methyl ethers t o  g i ve  s te reose lec t i ve l y  

t rans-2-aryl-3-(2-pyr idy1)azir id ines and (2)-1-amino-I-aryl-2-(2-pyridy1)- 

1 ethenes. From the temperature-dependent H-nmr spectra of trans-Z-phenyl-3- 

(2 -py r i dy l )az i r i d i ne ,  hF* was estimated t o  be about 14 kcal lmol a t  the 

coalescence temperature (Tc = 0 "C). 

A z i r i d i n e  de r i va t i ves  are inflammable, explosive, and very poisonous. These problems slowed down 

any research on t h e i r  chemistry. But recen t l y  these der iva t ives  have a t t r a c t e d  considerable 

a t t en t i on ,  because o f  t h e i r  easy conversion i n t o  h igh  polymers, t h e i r  use as aminoa lky la t ing  agents, 

and t h e i r  powerful phys io log ica l  action.' Generally, az i r i d i ne  de r i va t i ves  a re  prepared from ( i )  

8-amino alcohols,  ( i i )  ketoximes and excess Grignard reagents, ( i i i )  1,2,3-tr iazol ines,  ( i v )  benzyl 

ketoximes and l i t h i u m  aluminum hydride, o r  ( v )  alkenes and n i t r enes  ( o r  imines and c a r b e n e ~ ) . " ~  

The f o r t h  reac t i on  i s  s tereose lec t ive ,  but  the y i e l d  i s  not so high. Although the f i f t h  reac t i on  

gives a z i r i d i n e s  i n  h igh  y ie lds ,  i t s  s t e r e o s p e c i f i c i t y  depends upon t h e  sp in-s ta te  of a n i t r ene  o r  

carben. 

I n  the course of our i n v e s t i g a t i o n  of a - s i l y l  carbanion with carbonyl compounds o r  t h e i r  analogs, 

we have repor ted t h a t  l i t h i a t e d  2-(trimethylsilylmethy1)pyridine reacted w i t h  imines t o  g i ve  

(E)-2-alkenylpyr id ines s t e r e o ~ p e c i f i c a l l y , ~  and w i t h  benzon i t r i l e  t o  g i ve  (E)-1-phenyl-2- 

(2-pyridyll-I-(trimethylsilylamino)ethene under the k i n e t i c a l l y  con t ro l l ed  cond i t ions  and the 

2-isomer under the  thermodynamically con t ro l l ed  condit ions. 5,6 

As an extension of our i nves t i ga t i on  mentioned above, we now wish t o  repo r t  a reac t i on  of 2 - ( t r i -  

methylsilylmethy1)pyridine ( l )  w i t h  p-subst i tu ted benzaldoxime methyl ethers,  (a) n. (&), t o  g i ve  

the corresponding trans-2-aryl-3-(2-pyridyl)aziridines (2) and (2)-1-amino-I-aryl-2-(2-pyridy1)- 

ethenes ($. I n  a t y p i c a l  run, twenty- f ive  m o l  of was l i t h i a t e d  w i t h  LDA i n  THF a t  -90 T, and 

the r e s u l t a n t  s o l u t i o n  was t reated w i t h  a THF s o l u t i o n  o f  2 (25 mmol) a t  -90 "C t o  af ford 2 and ,+, 
(4. 1).  



I Their y i e l d s  were determined by means o f  H-nmr spectra, and the r e s u l t  i s  shown i n  Table. 

Benraldoxime methyl e ther  (a) gave trans-2-phenyl-3-(2-pyr idy1)azir id ine (&17 i n  38% ( i s o l a t e d )  

y i e l d  and (2)-I-amino-1-phenyl-2-(2-pyridy1)ethene (&) i n  11% y i e l d .  The p-ch loro  d e r i v a t i v e  a 
gave the corresponding a z i r i d i n e  and enamine der iva t ives ,  & and i n  12 and 30% ( i so la ted )  

y ie lds.  The p m e t h y l  and pmethoxy l  de r i va t i ves ,  & and a, also gave the corresponding products, 

,&. &, x, and $j,, i n  15, 30, 17, and 28% y i e l d s .  Thus, the replacement o f  the  X group i n  2 by 

chloro, methyl, o r  methoxyl group decreases the y i e l d  o f  2 t o  ca. 15% and increases t h a t  of ,f t o  

c a .  30%. On the o ther  hand, i f  the R group i n  2 was replaced by a methyl o r  phenyl group, the  y i e l d  

o f  2 diminished g rea t l y  and 3  was undetectable (see Table). The reason f o r  t h i s  lower r e a c t i v i t y  o f  

&and may be explained by  s t e r i c  hindrance around the methoxyimino carbon. I n  a l l  cases, the 

unreacted J, was q u a n t i t a t i v e l y  recovered, bu t  ,? was p a r t i a l l y  decomposed. 9 

The s t ruc tu re  o f  2 was spect romet r ica l ly  The ir spectrum o f  &, measured i n  KBr 

disk, suggested the presence of the hydrogen-bonded NH group a t  3230 cm-l, bu t  the cis isomer was 

reported1' t o  e x h i b i t  an absorpt ion band o f  the  f ree NH group a t  3300 cm-l. This suggests t h a t  the 

inversion o f  the  n i t rogen atom i n  & i s  f i x e d  i n  syn form ( 2 )  i n  c r y s t a l  because of the intramolec- 

1 u l a r  hydrogen bond. A t  room temperature, the H-nmr spectrum o f  the a z i r i d i n e  & shows s ing le t s  a t  

T a b l e .  Y i e l d s  o f  t h e  p r o d u c t s  2 and  ,f and  t h e i r  r a t i o  

Y i e l d ,  R a t i o  
E n t r y  X R 

2 . 4 .  2 : 3  
t ' H  - H ( 3 8 )  11 78 : 2 2  

k c 1 H 1 2  ( 3 0 )  2 9  : 7 1  

k CH3 H 15  30  33 : 67 

$ 0CH3 H 1 7  28 38 : 62  

H CH3 t r a c e  - d 
r;. - 

f, H t r a c e  - d 
'gH5 

- 

a) Based on i charged i n i t i a l l y .  b) Determined by means o f  IH-nmr spectra using benzyl 

alcohol as an i n t e r n a l  standard, and y i e l d  of the pure product i s o l a t e d  i n  parentheses. 

c) Most of the unreacted was recovered. d) Undetectable. 
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6 3.2 and 2.99, assignable t o  the a z i r i d i n e - r i n g  protons, and a broad s igna l  a t  6 2.46 assignable t o  

the imino proton. This broad s igna l  disappeared when deuterium oxide was added. The cis isomer was 

repor ted t o  show a s i n g l e t  a t  6 3.7 f o r  the az i r i d i ne - r i ng  protons and a s i n g l e t  a t  6 1.92 fo r  an 

imino proton.' '  The s igna ls  fo r  the a z i r i d i n e - r i n g  protons o f  & a t  f i r s t  broaden w i t h  decreasing 

temperature and u l t i m a t e l y  s p l i t  i n t o  AB quartets,  as shown i n  Figure.  The coup l ing  constant JAB 

obtained from conventional analyses o f  these AB-l ike patterns a t  low temperature i s  2.2 Hz, which i s  

near ly  equal t o  those of o ther  t r ans -az i r i d i ne  der ivat ives."  This temperature dependence o f  the  

l ~ - n m r  spectrum c f  & i s  explained by the i nve rs ion  o f  the imino n i t rogen as shown i n  Eq. 2. I n t r a -  

molecular hydrogen bonding between the NH group and the py r i d i ne - r i ng  n i t rogen i n  the invertomer 2 
w i l l  s t a b i l i z e  t h i s  syn form. These temperature-dependent spectra of & show us t h a t  Av = vA - vB = 

295.10 - 285.36 = 8.74 Hz fo r  the r i n g  proton at tached to C-3, and t h a t  the coalescence temperature, 

Tc = 0 T,  from which ha l f  of the l i f e  t ime of e i t h e r  s i te ,  r = 0.0258 sec, and AF* i s  about 14 

kcal/mol a t  Tc. This value i s  la rge compared w i t h  t h a t  f o r  2,2,3,3-tetramethylaziridine, perhaps, 

because of the  in t ramolecu lar  hydrogen bonding. 13 

1 Figure. Temperature-dependent H-nmr o f  & 

The s t ruc tu re  of ft was a lso  determined s p e c t r o m e t r i c a ~ l y . ' ~  The a z i r i d i n e  2 was no t  converted 

i n t o  the enamine $, by the  ac t i on  of excess LDA. Th is  simultaneous format ion of 2 and $, suggests 

t h a t  the in termedia te  adduct ( I )  should e l iminate  methyl t r i m e t h y l s i l y l  e ther  t o  form the a z i r i d i n e  

2 as shown i n  s o l i d - l i n e  arrows, and the enamine $, as shown i n  do t ted - l i ne  arrows (Scheme). 

L i k e  some o the r  methods t o  prepare a r i r i d i n e s ,  t h i s  method has the advantage o f  complete stereo- 

s e l e c t i v i t y .  For example, the  Ki tahonoki-Kotera's method gives the cis isomer o f  & i n  the reac- 

t i o n  of 2-(2-pyridy1)acetophenone oxime,ll wh i le  t h e  present method gives the trans isomer, &, i n  

the reac t i on  o f  benzaldoxime methyl ether.  I n  add i t ion ,  the reac t i on  o f  w i t h  n i t rones,  repor ted 

2 I ," 4 
Scheme 



by Tsuge and h i s  coworkers,12 gave mix tu res  of cis- and t r ans -az i r i d i ne  de r i va t i ves .  The present  

method, however, has r e g r e t t a b l y  a disadvantage t h a t  i t  g ives  a considerable amount o f  t h e  enamine. 

Further i n v e s t i g a t i o n  i s  now i n  progress. 

Experimental procedure has been repor ted  p r e v i o ~ s l y . ~  To the  r e a c t i o n  m i x tu re  was added water  a t  

0 "C a f t e r  s t i r r i n g  fo r  1 h a t  -90 'C and 2 h a t  room temperature, and the  e the rea l  e x t r a c t  was 

1 evaporated. The condenced reac t i on  m i x t u r e  was ( a )  d i s so l ved  i n  carbon t e t r a c h l o r i d e  f o r  H-nmr 

analysis a f t e r  a d d i t i o n  o f  an i n t e r n a l  s tandard (benzyl  a lcoho l ) ,  and (b )  separated by column chroma- 

tography on  F l o r i s i l ,  o r  by p repa ra t i ve  h p l c  (Shodex Polymer HP-125). 
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