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THE CHEMICAL REACTIVITY OF 2,2,3,3-TETRAMETHYL-1-AZIRIDINECARBOXlWIDATE 
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A b s t r a c t  - The a c t i v a t e d  a z i r i d i n e ,  2,2,3,3-tetramethyl-I-aziridinecarboximidate, does 

n o t  rear range t o  t h e  co r respon~ l i ng  4,5-dihydro-4,4,5,5-tetramethyl-2-ethoxyimidazole 

i n  t h e  presence o f  e i t h e r  n u c l e o p h i l i c  c a t a l y s t s  o r  ac ids ,  r a t h e r  t h e  ma jo r  products 

ob ta ined  were ring-opened adducts.  The mechanism of these a t y p i c a l  t r ans fo rma t i ons  

a r e  discussed. 

4 z i r i d i n e c a r b o x i m i d a t e s  (L) a r e  e x c e l l e n t  s y n t h e t i c  p recu rso rs  t o  4,s-dihydro-2-ethoxyimidazoles 

(2). This  rearrangement proceeds s t e r e o s p e c i f i c a l l y  and i n  h igh  y i e l d s  w i t h  a  v a r i e t y  o f  
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I n  t h i s  Paper, we r e p o r t  t h e  unusual r e a c t i v i t y  p r o f i l e  observed d u r i n g  t h e  a t tempted convers ion 

o f  e t h y l  2 ,2 ,3 ,3 - te t ramethy l -1 -az i r id ine~arbox imida te '~  (2) t o  4.5-dihydro-4,4,5,5-tetramethyl-2- 

e thoxy imidazo le  (4). 
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RESULTS AND DISCUSSION 

3 Treatment o f  3 w i t h  Nal (DME, r e f l u x ,  1 day ) gave no d e t e c t a b l e  p roduc t  fo rmat ion  i . . ,  - 4 ) .  

Ex tens ion  o f  t h e  r e a c t i o n  t i m e  from one t o  seven days y i e l d e d  t h r e e  ma jo r  products  (2-L) along 

w i t h  two u n i d e n t i f i e d  minor  compounds. 
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Several  pathways a r e  conce i vab le  f o r  t h e  fo rmat ion  of adducts 5-1. One scena r i o  i n v o l v e s  i n i t i a l  

r i n g  opening o f  a z i r i d i n e  3 by NaI t o  y i e l d  g, f o l l owed  by e l i m i n a t i o n  o f  HI t o  genera te  9 (Scheme 

1 ) .  Compound 9 shou ld  serve as a  v i a b l e  p recu rso r  t o  t h e  observed products.  Displacement o f  t h e  

5 e t h y l  group i n  9 by i o d i d e  i o n  l eads  t o  1,4 w h i l e  ChN Chapman-type rearrangement o f  9 g ives  5. 

F i n a l l y ,  condensat ion  o f  1 and 9 i s  expected t o  genera te  2. The f a i l u r e  t o  form d i h y d r o i m i d a z o l e  

4 i n  t h i s  r e a c t i o n  can be a t t r i b u t e d  t o  a  v a r i e t y  o f  f a c t o r s .  F i r s t ,  c y c l i z a t i o n  o f  8 t o  4 would - 

n e c e s s i t a t e  a  b i m o l e c u l a r  d isp lacement  r e a c t i o n  a t  a  t e r t i a r y  cen te r .  Second, r i n g  c l o s u r e  o f  8 

t o  4 shou ld  be accompanied b y  unfavorab le  e c l i p s i n g  i n t e r a c t i o n s  o f  t h e  methyl  groups. 

Scheme 1. P o t e n t i a l  Pathway f o r  t h e  Format ion of Compounds I-1. 
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Conversion o f  a z i r i d i n e  2 t o  d i h y d r o i m i d a z o l e  4 was a l s o  a t tempted under a c i d  ca ta l yzed  con- 

d i t i o n s .  Treatment o f  3 w i t h  p i c r i c  o r  methanesu l fon ic  ac id  i n  t o l u e n e  produced t h e  cor respond ing 

s a l t s  o f  compound 9. I d e n t i f i c a t i o n  o f  t h e  methanesu l fonate  s a l t  o f  9 was accompl ished b y  conver- 

s i o n  o f  t h i s  compound t o  t h e  p i c r a t e  s a l t .  A d d i t i o n  o f  a  c a t a l y t i c  amount o f  aluminum c h l o r i d e  t o  

a  heptane s o l u t i o n  c o n t a i n i n g  1 y i e l d e d  m u l t i p l e  products .  Use o f  b u f f e r e d  r e a c t i o n  

3  c o n d i t i o n s  (Et3N.HI) f o r  t h i s  t r a n s f o r m a t i o n  l e d  t o  t h e  recovery  o f  t h e  s t a r t i n g  m a t e r i a l .  

Format ion  o f  9 w i t h  a c i d  can be r a t i o n a l i z e d  by t h e  E l  pathway dep i c ted  i n  Scheme 2. The 

cor respond ing i n t r a m o l e c u l a r  SN1 process t o  g i v e  4 was n o t  observed. Al though t h i s  hypothesis i s  

m e c h a n i s t i c a l l y  p l a u s i b l e ,  we no te  t h a t  i n  p r e v i o u s l y  r e p o r t e d  examples N-acyl a c t i v a t e d  

a z i  r i d i n e s  smoothly underwent r i n g  expansion w i t h  non-nuc leoph i l  i c  a c i d  c a t a l y s t s .  For example, 

2,2.3,3-tetramethyl-N-benzoylazir idines i somer ized t o  t h e  cor respond ing oxazo l i nes  w i t h  

Presumably, an i n t r a m o l e c u l a r  SN1 pathway was i n v o l v e d  i n  these processes. Th i s  unusual product 

d i sc repancy  ( e l i m i n a t i o n  versus r i n g  expansion) may be a t t r i b u t e d  t o  t h e  r e l a t i v e  b a s i c i t i e s  o f  

t h e  d e p a r t i n g  i sou rea  mo ie t y  versus t h e  amide group i n  these tm, se ts  o f  r i n g  c leavage r e a c t i o n s .  

8 .  Under t h e  a c i d  c o n d i t i o n s  employed, p r o t o n a t i o n  o f  t h e  i sou rea  m o i e t y  i n  10 shou ld  r e a d i l y  occur,  

t he reby  decreas ing t h e  l i k l i h o o d  of subsequent r e c y c l i z a t i o n  of t h i s  adduct t o  t h e  cor respond ing 

i m i d a z o l i n e  d e r i v a t i v e .  

Scheme 2. Format ion of 9.HX w i t h  k i d .  
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t r a c e  amount o f  t h e  unknown m a t e r i a l  and was n o t  f u r t h e r  i d e n t i f i e d .  The second f r a c t i o n  con- 

t a i n e d  5. R e c r y s t a l l i z a t i o n  from hexane gave pure 5 (0.16 g, 23%): mp 105-107°C; IR (KBr) 

3300, 2960, 2930, 1630, 1560 cm-l; 'H NMR (CDC13) 6 1 .07( t ,  3H, J=7 Hz), 1.39(s, 6H), 1.78(s, 3H). 

3.18(dq, ZH, J=5,7 Hz),  4.89-4.98(m, ZH), 5.10-5.38(m, Z i ) .  S e l e c t i v e  i r r a d i a t i o n  o f  t h e  s i g n a l s  

centered a t  6 1.07 l e d  t o  a c o l l a p s e  of t h e  doub le t  of q u a r t e t s  a t  6 3.18 t o  a doub le t .  

I r r a d i a t i o n  o f  t h e  s i g n a l s  a t  6 3.18 s i m p l i f i e d  t h e  t r i p l e t  a t  6 1.07 t o  a s i n g l e t .  l r r a d i a t i o n  

o f  t h e  s i gna l  a t  6 4.89-4.98 d i d  no t  change t h e  r e s t  o f  t h e  spectrum. 136 NMR (COCl3) 15.6, 19.0, 

28.0, 34.7, 55.2, 110.3, 151.1, 158.3 ppm; MS. m/e ( r e l a t i v e  i n t e n s i t y )  170(8) ,  155(18),  127(R), 

126(1) ,  98(8),  84(100),  83 (9 ) ;  m0l wt 170.1425 ( c a l c d  f o r  CgH18N20 170.1419). 

The t h i r d  f r a c t i o n  (Rf 0.30, 10% ethano l -ch loro form)  from t h e  column conta ined compound L ( 0 . 1 5  g, 

26%). R e c r y s t a l l i z a t i o n  from benzene-hexane ( 1 : l )  gave an a n a l y t i c a l  sample: mp 165-167°C; I R  

1 1  (KBr) 3440, 3340, 3200, 1640, 1610, 1540 ~ m -  ; H NMR (DMSO-d6) 6 1.29(s, 6H), 1.67(s, a ) ,  

4.67-4.76(m, 2H), 5.16-5.36(s, 2H, exchangeable w i t h  DzO), 5.74-6.04(s, lH, exchangeable w i t h  

D20); tt4R (CDC13) 19 . l ( q ,  J=127 Hz), 27.5(q, J=127 Hz), 54.3(s), 108.4(t ,  J=155 Hz), 151.1(s), 

157.7(s) ppn; MS. m/e ( r e l a t i v e  i n t e n s i t y )  142(14), 127(95) ,  98(20),  R4(100). 

Anal. Calcd fo r  C7H14N20: C, 59.12; H, 9.92; N, 19.70. Found: C, 59.10; H, 9.77; N, 19.68. 

Treatment o f  E thy l  2,2,3,3-Tetramethyl- I-azir id inecarboximidate (3) w i t h  P i c r i c  Acid.  A s o l u t i o n  - 
of  3 (0.40 9, 2.35 mnol) and p i c r i c  a c i d  hyd ra te  (0.64 g, 2.38 mmol) i n  t o l uene  (10 mL) was heated 

a t  r e f l u x  ( 8 h ) .  The r e s u l t i n g  s o l u t i o n  was se t  as ide  (6h) a t  room temperature  and then coo led  

(1Rh) i n  a r e f r i g e r a t o r .  The y e l l o w  p r e c i p i t a t e  was c o l l e c t e d  and d r i e d  i n  a vacuun d e s i c c a t o r  

(18h) t o  g i v e  0.70 g (75%) o f  t h e  p i c r a t e  s a l t  of 9. R e c r y s t a l l i z a t i o n  from to luene  gave an ana- 

l y t i c a l  sample: mp 170-171"~; IR (KBr) 3390, 3320, 3250, 1640, 1600, 1565 cm-l; l~ NMR (OMSO-d6) 

6 l t  a, 5.7 Hz), 1.41(s, 6H), 1.71(s, 3H), 4.37(q, Zi, J=7 Hz), 4.90(s, ZH), 7.72-8.62(s, 

3H, exchangeable w i t h  D ~ O ) ,  8.62(s, a); NMR ( ~ ~ s 0 - d ~ )  13.7(q, 5.127 HZ),  18.5(q, 5.126 HZ) ,  

27.0(q, 5.129 Hz) : 57.8(s), 68.0(t, 5.151 Hz),  110.6(t ,  5=168 Hz), 124.2(s), 125.2(d, J=168 Hz), 

142.0(s),  147.6(s), 159.8(s) ppn. 

Anal. Calcd f o r  Cl5HZ1N5O8: C, 45.11; H, 5.30; N, 17.54. Found: C, 45.04; H, 5.24; N, 17.45. 
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EXPERIMENTAL SECTION 

General. M e l t i n g  p o i n t s  were determined w i t h  a Thomas-Hoover m e l t i n g  p o i n t  apparatus and a r e  

uncor rec ted.  I n f r a r e d  spec t ra  were run on a Beckman IR 4250 spectrophotometer and c a l i b r a t e d  

aga ins t  t h e  1601 cm-' band of po l ys t y rene .  Nuc lear  magnet ic resonance spec t ra  were recorded on 

Var ian  Assoc ia tes  Msdel XL-100-15, FT-80A and T-60 i ns t rumen ts  w i t h  t e t r a m e t h y l s i l a n e  as an i n t e r -  

na l  standard.  Mass s p e c t r a l  d a t a  were ob ta ined  a t  an i o n i z i n g  v o l t a g e  of 70 eV on a 

Hewlet t -Packard 5930 gas chromatograph-mass spec t rone te r .  H i g h - r e s o l u t i o n  ( E l  mode) mass s p e c t r a  

were performed by  Drs. James Hudson and John Chinn a t  t h e  Department o f  Chemistry,  U n i v e r s i t y  o f  

Texas a t  Aust in,  on a CEC?l-1108 doub le- focus ing magnet ic -sec tor  spectrometer a t  70 eV. Exact  

masses were determined by  peak matching. Elemental  analyses were obta ined a t  Spang 

M i c r o a n a l y t i c a l  Labo ra to r i es ,  Eagle Harbor, MI. 

Treatment of E thy l  2 ,2 ,3 ,3-Tet ramethy l - I -az i r id inecarbox imidate  (3 w i t h  Nal. A s o l u t i o n  con- 

t a i n i n g  a z i r i d i n e  3 (0.70 g, 4.12 mmol) and NaI  (1.23 g, 8.20 mnol)  i n  1,2-dimethoxyethane (20 mL) 

was heated a t  r e f l u x  (7d)  under N2. A f t e r  6 days, no s i g n i f i c a n t  change i n  the  product  com- 

p o s i t i o n  was noted by TLC a n a l y s i s  (R f  0.92, 0.50, 0.30 [major], 0.53, 0.16 [minor], 10% 

e thano l - ch lo ro fo rm) .  A f t e r  evapo ra t i on  o f  t h e  v o l a t i l e  components i n  vacuo, t h e  res idue  was t r i -  

t u r a t e d  w i t h  e t h e r  (100 mL). Concen t ra t i on  of t h e  e the rea l  s o l u t i o n  under reduced pressure  gave 

0.60 g of residue. Column chromatography (S i02 ,  3% e thano l - ch lo ro fo rm)  of t h e  product  m i x t u r e  l e d  

t o  t h e  i s o l a t i o n  of t h e  t h r e e  ma jo r  products .  The f i r s t  f r a c t i o n  (Rf 0.92, 10% e thano l - ch lo ro -  

form) was i d e n t i f i e d  as compound 5 (0.11 g, 18%): mp 69-70°C; 1R (KBr) 3325, 2980, 2940, 1615, 

1515, 1425 on-'; 'H NMR (CDC13) 6 1.19(t, 3H, 5.7 Hz), 1.40(s, 6H), 1.43(s, 6H), 1.69(s, 3H), 

1.78(s, W), 4.16(q, 2H, 5.7 Hz), 4.74-4.92(m, 4 H ) ,  5.08-5.38(s, IH ) ,  8.92-9.22(s, 1H); 13c NMR 

(CDC13) 14.2, 19.1, 19.3, 27.8, 28.3, 55.4, 56.5, 62.1, 109.1, 150.3, 160.7, 164.0 ppm; MS, m/e 

( r e l a t i v e  i n t e n s i t y )  198(13), 197(24), 181(8), 170(7),  169(9),  155(25), 141(28), 127(11), 126(6), 

115(100),  98(2n),  87(29) ,  .84(35), 83(56); MS (CI) 296; mol w t  295.2267 ( c a l c d  f o r  

C16H29N302 295.2260). 

The second f r a c t i o n  was a b i n a r y  m i x t u r e  composed of 5 (Rf 0.50, 10% ethano l -ch loro form)  and a 

smal l  amount of an unknown m a t e r i a l  (Rf 0.53, 10% e thano l - ch lo ro fo rm) .  These two compounds were 

f u r t h e r  separated by  f l a s h  column chromatography (SO2 ,  e t h e r ) .  The f i r s t  f r a c t i o n  conta ined a 



Treatment o f  Ethy l  2,2,3,3-Tetramethyl-1-azir id inecarboximidate (3) w i t h  k t h a n e s u l f o n i c  Acid. A 
-. 

s o l u t i o n  con ta in ing  a z i r i d i n e  3 (0.20 g, 1.18 mnol) and methanesulfonic ac id  (0.12 g; 1.25 nnnol) 

i n  to luene (15 mL) was s t i r r e d  (18 h) a t  room temperature. The s o l u t i o n  was concentrated i n  vacuo 

and then the  res idue d isso lved i n  H20 (30 mL), made bas ic  w i th  Na2C03 and ex t rac ted  w i th  e the r  ( 3  

x  30 mL). The organic  l a y e r s  were combined, d r i e d  (Na2S04), and evaporated i n  vacuo t o  g i v e  0.13 

g of residue. 'H NMR ana lys i s  i n d i c a t e d  the  presence o f  3 and 9 i n  a  r a t i o  o f  1:4. The O- 

e thy l i sourea  adduct 2 was i d e n t i f i e d  as i t 5  p i c r a t e  s a l t .  Accordingly,  a  s o l u t i o n  o f  p i c r i c  ac id  

(0.21 g, 0.77 nnnol) i n  to luene (15 mL) was added t o  a  s o l u t i o n  con ta in ing  the above residue i n  

to luene (20 mL) leading t o  the  format ion of  a  p r e c i p i t a t e .  The s o l i d  was r e c r y s t a l l i z e d  from 

to luene t o  y i e l d  0.20 g (66%) of the  p i c r a t e  s a l t  of 2: mp 170-17Z°C. 
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