
B) A mix tu re  of 1 g (2.5 mmole)  of sa l t  X and 8 ml  of a 40% K2CO 3 solution was refluxed fo r  4 h, a f te r  
which it was cooled, and the p rec ip i t a t e  was removed  by f i l t rat ion,  washed with water ,  and dried to give 0.56 g 
(74.7~ of shiny pale-yel low p la tes  with mp 155-156 ~ (from ligroin).  The product  was identical  to the product  
obtained by method A. 
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C O N F O R M A T I O N A L  S T U D Y  O F  C H I R A L  

E N A M I N O  K E T O N E S *  

V .  M.  P o t a p o v ,  G .  V .  G r i s h i n a ,  
E .  V.  K o r o t k o v ,  a n d  G ,  N.  K o v a l '  

C I S O I D  

UDC 541.653 : 547.829.83 

A study of a number  of ch t ra l  cisoid cycl ic  enamino ketones by the c i r c u l a r  d i ch ro i smmethod  
showed that  they contain an inner  d i s y m m e t r i c  chromophore .  The p r e s e n c e  of homoconjugation 
of the phenyl and enamino ketone ch romophore s  as a r e su l t  of the drawing toge ther  of the i r  
orb i ta l s  in space  was a lso  establ ished~ 

In an invest igat ion of chira l  cisoid cycl ic  enamino ketones by the optical  ro ta to ry  d i spe r s ion  method in 
the case  of III and IV we es tabl i shed [2] that  the c h a r a c t e r  of the ro t a to ry  d i spe r s ion  curves  ref lec ts  the nature  
of the c i s - enamino  ketone chromophore .  To obtain fur ther  informat ion regard ing  the th ree -d imens iona l  s t r u c -  
tu res  of the enamino ketones we synthesized a s e r i e s  of compounds (III-VIII) and invest igated them by the c i r -  
cu la r  d i ch ro i sm (CD) method.  The enamino ketones  n e c e s s a r y  for  the study were  obtained by condensation of 
cycloalkenones with optical ly act ive f l -aminopropionic  acid e s t e r s  in the p r e s e n c e  of catalyt ic  amounts of t r i -  
f luoroacet ic  acid: 

O O 

7---  

I [ 
R--CI I - -CH a R--CH--CH a 

n = 1.2.3 I , I I  I l l - V I I I  

I R=C6Hs; [1 R=CH2C6H~; III n=l, R=C6Hs; IV n=2, R=C6Hs; V n=3, R=Cetts: 
VI n= I, R=CH=C~Hs; VII n=2, R=CH2C6Hs; VIII n=3, R=CH2C6H5 

The UV spec t roscop ic  data indicate the p r e s e n c e  in the products  of an enamino ketone chromophore ,  the 
absorp t ion  m a x i m u m  of which in all ca ses  is found at 310-330 nm. A ba thochromic  shift  as the po la r i ty  of the 
solvent  i n c r e a s e s  and a l a rge  extinction coefficient  (log e > 4) a r e  observed  for  this  absorpt ion  band, and this 

* Communicat ion XXXVI f rom the s e r i e s  "S te reochemica l  Studies"; see  [ 1] for  communica t ion  XXXV. 
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TABLE ,1. S )ec tra l  Character i s t i c s  of Enamino Ketonss  III-VIII 

C o m -  
pound 

11I 

1V 2 

V 3 

vi  i 

V I I  2 

V I I I  3 

n 

b i n  heptane. 
In CF3COOH. 

t i n  methanol .  

UV s p e c t r u m  

C6FIs 310~ 
32O ~ 
340 c 

Cd~s 315~ 
328 D 
338 c 

C~H5 319~ 
320: 
340 ~ 

CH~CsH5 318~ 
315 ~ 
340 c 

CH2C6H5 315~ 
324 ~ 
338 c 

CH2C6H5 310~ 
315 ~ 
332 c 

kmax' nm (~) 

(14580) 
(1oooo) 
(21000) 

(15840) 
(14040) 

Xma'x' tim 

32o~ 
318 
330 c 

324 
327 b 

CD 

(o1 

(+22700) 
( + 17810) 
(+27810) 

(+18590) 
(+37900) 

(19120) 

(16530) 
(11960) 
(2]800) 
(t3030) 
(10680) 
(18330) 
(12200) 
(19160) 
(23250) 
(18200) 
(12800) 
(16430) 

337 c (q 43400) 

330F (+14000) 
323~ (+48600) 
342 c (+45300) 

313~ (+12820) 
316 ~ (+42250) 
336 c (+47700) 

315F {+49000) 
338 b (+57800) 
322 c (+68400) 

309~ (+42850) 
313 ~ (+54900) 
332 e (+45130) 

2~ 

o " 

i 

Fig. 1. Circular  d i chro i sm of 
enamtno ketones  III-V in heptane. 
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Fig. 2. Circular d i chro i sm o f e n -  
a m i n o k e t o n e s  VI-V!II in heptane.  

m a k e s  it poss ib le  to as s ign  this  m a x i m u m  to a t - v *  trans i t ion  of the enamino ketone chromophore .  The 
band of the phenyl chromophore  appears as a shoulder  at 240-250 am, but this  is not true for  all o f  the 

compounds . . . . . .  

The p r e s e n c e  of a chiral  substituent at nitrogen in the invest igated enamino ketones  m a k e s  its e l e c -  
tron trans i t ions  optical ly  act ive  and converts  the enamino ketone chromophore  to s tr ic t ly  a d i s s y m m e t r i c  
chromophore .  This  in turn crea te s  the poss ib i l i ty  for  the determinat ion,  by m e a n s  of CD curves ,  of the 
change in the t h r e e - d i m e n s i o n a l  s tructure  of the chromophore  and, consequently ,  of the invest igated en-  
amino k e t o n e s . .  

An examinat ion  of t h r e e - d i m e n s i o n a l  mode l s  of s i x - m e m b e r e d  enamino ketone IV shows that the con-  
format ion  in Which both rings have  ha l f - cha ir  f o r m s  is  the m o s t  favorable  one.  Free  rotation of the phenyl-  
ethyl substttuent is  substantial ly  hindered,  as Confirmed by an analys is  of the PMR spec trum of N - b e n z y l -  
&9-octahydro-4-quinol ine ,  in which one observed  nonequivalence  of the protons  of the methylene  group of 
the N-benzy l  substituent (quartet, 5, 4 ppm), which attests  to retarded rotat ion of the benzyl  group [3]. An 
examinat ion  of m o l e c u l a r  m o d e l s  of  enamino  ketones  Ill and V-III showed that the ir  construct ion ls  s i m i l a r  
to that of IV, but a different degree  of, d i s tort ion  of the he terocyc l i c  ring as  a function of the s i z e  of the 
carbocyc le  is  observed .  
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T h e  CD curves  of solutions of enamino ketches  I I I -VIII  in solvents  with differing po la r i t i e s  were  in- 
ves t igated.  Three  Cotton ef fec ts  (CE) a r e  o b s e r v e d o n t h e  CD curve  of enamino ketone IV in heptane: a 
s t rong posi t ive  effect  with a m a x i m u m  at 324 nm cor responding  to a r - - ~ *  t rans i t ion  of the enaminoke tone  
chromophore ,  a low- in tens i ty  negat ive effect  at 250 nm, which we ass igned to the tL b band of the a roma t i c  
chromophore ,  and a s t rong negative effect  at 210 mm,,which is apparent ly  the r e su l t  of mixing of the IL a 
t r ans i t ion  of the a r om a t i c  ch romophore  and the n - - ~ *  t rans i t ion  of the enamino ketone (Fig. 1). Only a 
longwave pos i t ive  CE assoc ia ted  with a ~r--~* t r ans i t ion  of the enamino ketone ch romophore  with a peak  
at 339 nm and a val ley  at 300 nm is observed  on the DC curve .  The midpoint  of this CE p rac t i ca l ly  coin- 
cides with the m a x i m u m  of the pos i t ive  band of the T - - r *  t r ans i t ion  in the CD spec t rum.  Cor re la t ion  of 
the band of the ~ - - ~  * t r ans i t ion  in the UV and CD spec t r a  is also observed .  The t rends  of the CD curves  
of enamino ke tches  III and V-VIII  in heptane a r e  s imi l a r ,  but the m o l e c u l a r  el l ipt ici ty values change (Table 
1), and the re  is a slight change in the pos i t ion  of the m a x i m a  (AX 5-9 nm). 

One should note the d e c r e a s e  in the absolute value of the m o l e c u l a r  el l ipt ici ty of the pos i t ive  band of 
~ 2 . r ,  t r ans i t i on  as the s ize  of the ca rbocyc l ic  r ing i nc rea se s  (0ii i=+22,700, 0IV = +18,590, and 0V= 
+14,000). On the other  hand; the magnitude of the absorp t ion  for  this s e r i e s  i nc rea se s  as the s ize  of the 
ca rbocyc le  i nc rea se s  (elii = 14,580, eIV = 15,835, and eV = 16,530). This  i nc r ea se  in the absorp t ion  con- 
s t i tutes  evidence  fo r  m o r e  favorable  conditions fo r  conjugation in the enamino ketone chromophore .  Inns= 
much as the ch romophore  s y s t e m  s imul taneous ly  becomes  m o r e  p lanar ,  this reduces  the degree  of d is -  
s y m m e t r y  of the ch romophore  and leads to a dec r ea se  in the m o l e c u l a r  ell iptiei ty.  Internal ly,  the d i s s y m -  
m e t r i c  na ture  of the enamino ketone eh romophore  is also conf i rmed by our  calculat ion of the rat ional  force  
[4], which is on the o r d e r  of 103B. 

F r o m  an analys is  of models ,  for  enamino ketone I I I -VIII  one can p ropose  the exis tence  of two p r e -  
f e r r e d  conformat ions  h and B: 

The existence of enamino ketone molecules preferably in confomation B may make an additional 
contribution to rotation as a result of the drawing together in space of the �9 orbitals of both chromophores, 
i.e., through homoconjugation [5]. To verify this possibility we investigated enamino ketones VI-VIII, 
which have a benzylethyl substituent attached to the nitrogen atom. The phenyl ring and the enamino ketone 
ohromophore in these compounds are separated by three c bonds, and the configuration of the asymmetric 
center remained S. An examination of the molecular models of enamtno ketones V-VIII showed that the 
benzylethyl  group has much g r e a t e r  spat ia l  f r eedom and may  be si tuated a lmos t  pa ra l l e l  to the enamino 
ketone ch romophore  in such a way that  t he i r  e lec t ron  clouds in teract .  This sor t  of in teract ion should lead 
to changes in the absorpt ion  of the individual ch romophores .  The CD data in heptane (Fig. 2) were  in- 
ves t iga ted  fo r  enamino ketches  VI-VIII ,  and an i nc r ea se  in the m o l e c u l a r  el l ipt icl ty of the posi t ive band of 
the ~ - - r *  t r ans i t ion  was noted. The magnitude of the m o l e c u l a r  el l ipt ici ty of the negative CD based at 
250 rim, which c o r r e s p o n d s  to the ~L b t r ans i t ion  of the a roma t i c  chromophore ,  a lso  i nc rea se s  for  enamlno 
ketches  VII and VIII as  compared  with the e l l ipt ic i ty  of the s ame  t rans i t ion  in enamino ketches  IV and V. 
In other  r e s p e c t s ,  the t rend  of the CD curves  of enamino ketches  VI-VIII  is s i m i l a r  to the trend of the 
curves  fo r  I I I -V.  In conformi ty  with these  data, the inc rease  in the m o l e c u l a r  e l l ip t ic i t ies  of the examined 
bands is a ssoc ia ted  with homoconjugat ion of the phenyl and enamino ketone ch romophores .  

The t rend of the CD curve  in t r t f luo roace t i c  acid fo r  enamino ketches  I I I -VIII  does not change ap- 
p rec iab ly ,  although, in conformi ty  with [6], they exis t  in the O-protonated form,  i .e. ,  the nature  of the 
ch romophore  changes:  

o 

(Cll). H+ ~ (s -OCOCF~ 

I I 
R R 

n=51B.7 

An apprec iab le  i nc rea se  in the el l tpt ic i ty  of the ~ *  band (Table 1), which is apparent ly  assoc ia ted  
with noncoplanar i ty  of the enolimine s t r u c t u r e  that  develops (Fig. 3), was  obse rved  for  all of the enamtno 
ke tches .excep t  f i v e - m e m b e r e d  III and VI on protonat ion.  The ex is tence  of noncoplanari ty  g ives  r i s e  to a 
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C i r c u l a r  d i c h r o i s m  of enamino  k e t o n e s  I V ,  V,  a n d  VI I  in 
t r i f l u o r o a c e t i c  acid.  

Fig.  4.  C i r c u l a r  d i c h r o i s m  of enamino  k e t o n e s  IV, V,  VII ,  and 
VII I  in m e t h a n o l .  

TABLE 2. Pro 

Corn- . mp, ~ 
pound 

I 
v 

vI 
VII 

VIII 

70--71 
126--127 
124--125 
99--100 

) e r t i e s  of Enamino  Ketones  V - V I I I  

IR spectrum, ... 
v, cm-1 Empirical Found,% Calc.,% 

formula 
C=O C=C C H C H 

i 
1610 1540 CIsH2aNO 80,1 8,5 80,4 8,6 
1595 1530 C~H21NO 79,2 8,5 7919 8,3 
1615 1 5 5 0  CIsH2aNO 79,9 8,5 80,3 8,6 
1620 1 5 6 0  C19H~sNO 80,1 8,6 80,6 8,9 

I Yield, 
M * ~ 

269 40 
255 54 
269 . 61 
283 ! 57 

* T h e  m o l e c u l a r  w e i g h t s  (M) w e r e  d e t e r m i n e d  by m a s s  s p e c t r o m e t r y .  

d e c r e a s e  in the conjugat ion  and, consequent ly ,  the in tens i ty  of the absorpt ion  but leads  to an i n c r e a s e  in 
the ch i ra l i ty  of the  e n o l i m i n e  c h r o m o p h o r e ,  which  i s  m a n i f e s t e d  m a x i m a l l y  in s e v e n - m e m b e r e d  enamino  
ke tone  V.  

The i n c r e a s e  in the e l l i p t i c i t y  of the r ~ ~* band of the e n a m i n o  k e t o n e s  in methano l  i s  a l s o  a s s o -  
c iated with a contr ibut ion  to  rotat ion  of the  ch i ra l  d ipo lar  m e s o m e r i c  f o r m  - the a z a  analog of c i s o i d  d ienes  
[7,8] (Fig.  4): 

I I 
R R 

n = 3 , 4 , 5  

EXPERIMENTAL M E T H O D  

The IR s p e c t r a  w e r e  r e c o r d e d  with  a U R - 2 0  s p e c t r o m e t e r .  The UV s p e c t r a  w e r e  r e c o r d e d  with a 
C a r y - 1 5  s p e c t r o p h o t o m e t e r .  The PMR s p e c t r a  of  CC14 so lu t ions  w e r e  r e c o r d e d  with a Var ian  T - 6 0  s p e c -  
t r o m e t e r  with  h e x a m e t h y l d i s i l o x a n e  as the internal  s tandard.  The m a s s  s p e c t r a  w e r e  r e c o r d e d  with an 
MKh-1303  m a s s  s p e c t r o m e t e r .  The CD m e a s u r e m e n t s  w e r e  m a d e  with a J - 2 0  s p e c t r o p o l a r i m e t e r .  
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Ethyl f~-N-(a-Benzylethyl)aminopropionate (II). A 10.8-g (0.11 mole) sample of ethyl acry la te  was 
added dropwise with s t i r r ing  to 9.9 g (0.07 mole) of (+) -S-a-benzyle thylamine  in 108 ml of absolute alcohol, 
and the mix ture  was s t i r r ed  at room t empe ra tu r e  for  2 h and allowed to stand overnight.  The solvent was 
removed,  and the res idue was vacuum disti l led to give 13.9 g (84%) of e s t e r  II with bp 107-109 ~ (1 mm), 
[a]D +16.9 ~ (without a solvent), dl ~ 0.8975, and n~ 1.5005. Found: C 71.3; H 9.2; N 6.0~. CI3H21NO 2. Cal- 
culated: C 71.7; H 9.0; N 6.0%. 

Enamino Ketones III-VIII (Table 2). These  compounds were  obtained by the method in [2] by ref lux-  
ing 0.01 mole of the amino e s t e r  and 0.15 mole of the cycloalkanone in absolute xylene in the p re sence  of a 
few drops of t r i f luoroace t ic  acid in an apparatus with a D e a n - S t a r k  t rap for  3-9 h. The pure  compounds 
were  isolated with a column filled with activity II A1203 and success ive  elution with benzene, b e n z e n e - e t h y l  
acetate  (1:1),  and ethyl aceta te .  

1. 

2. 

3. 

4. 
5. 
6. 
7. 

8. 
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