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Optically active cisoid, bicyclic,  enamino ketches - N-(~-phenyie thyl) -4-keto-Ag' i~  - 
hydroquinoline and N- (a-phenylethyl)-4-keto-A 8'9 -hexahydropyridine - were  synthesized 
by the condensation of ethyl f i -IN-(~-phenylethyl)amino]propionate with cyclohexanone and 
cyclopentanone, while ethyl fi-(N-benzylamino)propionate and cyclohexanone gave N- 
benzyl-4-keto-Ag,l~ A study of the ro ta tory  dispersion of the com-  
pounds obtained demonstra ted that a s trong positive Cotton effect at 330-350 nm, which is 
associated with the presence  of a c i s -enamino ketone chromophore ,  is charac te r i s t i c  for 
them. 

In a se r i e s  of papers  f rom our labora tory ,  we descr ibed  optically active compounds of the enamino 
ketone type [2,3] and the s imi la r  enamino es te r s  [4,5] - products of the condensation of (-)-phenylethyl- 
amine with benzoylacetaldehydes and with acetoacetic es te r .  The existence of i somer ic  forms that differ 
markedly  with respec t  to the cha rac te r  of the optical ro ta to ry  dispersion curves  (ORD curves)  was noted 
for these compounds.  This was explained by the existence of these compounds in c i s - t r ans  i somer ic  forms,  
while the s trong positive Cotton effect (CE) of the cis form (Ia,b) was explained by the presence  of a chelate,  
pseudoaromat ic  ring in the vicinity of the asymmetr ica l  center .  
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g c I ] b R'=CH 3, R"=OC2H 5 

R" 

For  fur ther  investigation of the relat ionship between the s t ruc ture  and configuration of such com-  
pounds and the cha rac t e r  of their  CE, we turned to cyclic enamino ketones with a fixed cisoid s t ruc ture .  

Cyclic enamino ketches have become of interest  in recent  yea r s  because of the diverse  possibil i t ies 
for their  synthetic utilization [6-8]. Owing to the conjugation of the free pair  of p e lectrons of the nitrogen 
atom with the ~ e lect rons  of the double bond and the carbonyl  group, the creat ion of a s t rong chromophore  
in enamino ketones leads to the development of three electrophilic (1, 3, and 57 and two nucleophilic (2 and 
47 centers ,  which also ensures  great  d ivers i ty  in the chemical  proper t ies  of enamino ketones. 

I 2 3 4 5 

There is no information in the l i te ra ture  regarding optically active bicyclic enamino ketches.  

We selected optically active N-(a-phenylethyl)-4-keto-Ag,l~ (IIa) and N-(~-phenyl -  
ethyl)-4-keto-AS,9-hexahydropyridine (IIb)for our investigations.  To obtain them, we attempted to use the 
condensation reaction recent ly  descr ibed in [9]. In [9], it was demonstrated that when a mixture of cyclic 
ketones and various f l -aminopropioni t r i les  is refluxed in toluene in the presence  of an equivalent of 
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Fig. 1. RD of N-(a-phenyle thyl) -A 9,1~ 
4-ketooctahydroquinoline (IIa): 1) in 
methanol (c 0.07); 2) in isooctane (c 
0.05); 3) in acetoni t r i le  (c 0.05); 4) in 
t r i f luoroacet ic  acid (c 0.07). 
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Fig. 2. RD of N-(a-phenylethyl)-A 8,9- 
ketohexahydropyrindine (Ilb) : 1) in 
methanol (c 0.07); 2) in isooctane (c 
0.03); 3) in acetoni t r i le  (c 0.025); 4) in 
t r i f luoroaeet ic  acid (c 0.076). 

p-toluenesulfonic acid, the corresponding salts  are formed in 
good yields;  alkaline hydrolys is  of the salts  gives the cyclic 
enamino ketones: 

N I,~ ~ ~1 ) 

I I { 
CH 3 C[I 3 CH 3 

Under s imi la r  conditions, we condensed cyclohexanone 
with/~ - [N-(a-phenylethyl)amino]propioni t r i le  (III), obtained by 
the addition of optically active ( - ) -~-phenylethylamine to 
acry loni t r i le .  Heating (for 15 mill) gave an almost quantitative 
yield of a crysta l l ine  substance,  the IR spec t rum of which did 
not contain the bands at 1640 and 1580 cm -t that are  cha rac -  
t e r i s t i c  for  enamino ketones but did contain a band at 2240 
cm -1, which cor responds  to the s tretching vibrations of the 
C---~ N bond. Variat ion of the react ion conditions (the react ion 
t ime was increased  to 20 h, and various solvents were  used) 
did not a l ter  the spec t ra l  cha rac t e r i s t i c s  of the compound ob- 
tained. The m a s s - s p e c t r a l  determinat ion of the molecular  
weight of the compound unambiguously indicated that the sub-  
stance is the salt  of the s tar t ing amino nit 'rile (IV). It is pos-  
sible that this react ion t rend should be explained by s t e r i c  
hindrance to the formation of in termediate  enamine V. 

{•H'2--CfI2--CN TsOH . ~It2--CH2--CN 
N I't--C H--C.f!~ 

- o r s  '~"~ 

i l l3  u o ( ~ _ ~  ~'NII2--CH--CoI| 5 

III " ~  IV Nc.] CH 2 

I 
Clta--CH--C6H, J 

V 

We also at tempted to synthesize enamino ketones IIa and 
IIb by condensation of the optically active e thy l /~ - [N- (~-  
phenylethyl)amino]propionate (Via) with cycl ic  ketones [10]. 
The star t ing amino e s t e r  (Via) was obtained in a lmost  quanti- 
tative yield by the addition of optically active ( - ) -~-phenyl-  
ethylamine to ethyl acry la te .  However,  the condensation of the 
amino e s t e r  with cyclohexane under conditions s imi la r  to those 
descr ibed  in the l i t e ra ture  [11, 12] (refluxing initially in tolu-  
ene in the presence  of p-toluenesulfonic acid and then in e thyl-  
ene glycol) gave only chromatographical ly  detectable amounts 
of IIa. 

The optimum react ion conditions were  ascer ta ined in the 
case  of the condensation of cyclohexanone with ethyl/~ -(N- 
benzylamino)propionate (VIb). The effect  of solvents and acid 
cata lysts  {p-toluenesulfonic acid, Dowex-50 res in ,  and poly- 
phosphoric and t r i f luoroacet ic  acids) was studied. The maxi -  
mum yield of N-benzyl-4-keto-AgJ~ (52gc) 
could be obtained by refluxing amino e s t e r  VIb with cyclohex-  
anone in o-xylene in the presence  of t r i f luoroacet ic  acid. 
Enamino ketones IIa and lib were  obtained under s imi la r  con-  
ditions, but the la t ter  proved to be unstable and was isolated 
chromatographical ly .  
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TABLE 1. Ro ta to ry  Di spe r s ion  of N-  (o t -Phenyle thyl ) -Ag ' i~  
ke tooctahydroquinol ine  (Ha) and N-  (e -Pheny le thy l ) -A 8 '9-4-ke to-  

hexahydropyr ind ine  (IIb) 

Comp. 

Iia 

lib 

Solvent 

Methanol 
Acetonil~ile 
Isooetane 
Triftuoroacetie acid 
Methanol 
Acetoni~dle 
/sooetane 
Trifluoroaeetie acid 

........ ~:_ Pm ...... 
peak valley 

3~8 
3@8 
36.9 
3r~5 
350 
344 
346 
345 

Molecular 
amplitude 

3,13 +:56,0 
3,15 +460 
300 + 296 
2,75 + 53:7 
3,I0 +(~30 
300 + 2,0E50 
295 + 4~0,8 
276 + 4,86,6 

The s t r u c t u r e s  of the enamino ketones  obtained were  conf i rmed  by t h e i r  IR s p e c t r a  (the p r e s e n c e  of 
bands at 1620-1630 and 1530-1560 cm - l ,  which c o r r e s p o n d  to the s t r e tch ing  v ibra t ions  of a conjugated c a r -  
bonyl group and a conjugated double bond), by the UV s p e c t r a  (an absorp t ion  max imum is obse rved  at about 
340 nm,  which, in conformi ty  with the l i t e r a t u r e  data  [13-15], conf i rms  the p r e s e n c e  of an enamino ketone 
grouping),  and a lso  by the PMR s p e c t r a .  The m a s S - s p e c t r o m e t r i c  de te rmina t ion  of the m o l e c u l a r  weights  
of enamino ketones  I I a -c  conf i rmed  the i r  s t r u c t u r e s .  

O rl 
itsC20/C,~ 0 

tt 2 Ci,3CO0tt C ~ / N  ~ + CIL 
( , ~o ,,~' " ( 

I } 
R .R 
i 

VI a R=cGtlS-CII-CII~,D R=CII2coHs; 

I l a  11=2. R~CotlS--C||--CH.5; bn=l, R=C6110-(~11-CII3; art=2, R=CI1~%tl 5 

The ORD curves  in va r ious  solvents  were  r e c o r d e d  for enamino ke tches  IIa and IIb (Figs~ 1 and 2). 
A s t rong  pos i t ive  CE at 340-350 nm (Table 1) is  d i sp layed  for  both enamino ketones  in polar  solvents  
(methanol and ace ton i t r i l e ) .  The cons ide r ab l e  i n c r e a s e  in the m o l e c u l a r  ampli tude in ace ton i t r f l e  (a = 
+2060) as c o m p a r e d  with the ampli tude in methanol  (a = + 630) should be noted for  N- (~ -pheny le thy l ) -A  s,9- 
4 -ke tohexahydropyr ind ine .  In i sooc tane ,  the posi t ion of the. e x t r e m a  i s  shif ted to the s h o r t - w a v e  reg ion  
(339-340 nm).  

0 o It 

I 1 R R 

It is  i n t e re s t ing  to examine  the RD curves  of enamino ketones  IIa and IIb in t r i f l u o r o a c e t i c  ac id .  It 
is  wel l -known that  enamino ketones  a r e  r e a d i l y  pro tona ted  at oxygen [16, 17]. However,  the t r end  of the 
RD curves  of enamino ketones  Ha and IIb in t r i f l u o r o a c e t i c  ac id  does not change apprec iab ly ,  despi te  p r o -  
tonation and, consequent ly ,  a change in the na tu re  of the ch romophore  (Figs .  1 and 2). This  indica tes  that  
the opt ica l ly  act ive bands of both ch romophores  l ie  approx ima te ly  in the same reg ion .  In this  r e s p e c t ,  the 
inves t iga ted  compounds differ  sha rp ly  f rom the p r e v i ous l y  s tudied [3- [N-(~-phenyle thyl )amino]vinyl  ketones 
[2-5], which a re  capable  of ex is t ing  as c i s - t r a n s  i s o m e r s .  

The data  obtained r e l a t i v e  to the RD of enamino ketones  IIa and IIb, which have a c i so id  enamino 
ketone grouping,  make  the e a r l i e r  cons ide ra t i ons  r e l a t i ve  to the na tu re  of the s t rong  pos i t ive  ro ta t ions  of 
compounds of the Ia type m o r e  p r e c i s e .  This so r t  of c h a r a c t e r  of the RD is a s soc i a t ed  with the p r e s e n c e  
of a c i s - e n a m i n o  ketone grouping,  while the format ion  in this  case  of a p seudoa romat i c  r ing,  desp i te  
e a r l i e r  a s sumpt ions  [2-5], does 'not p lay a subs tan t ia l  ro le .  

495 



E X P E R I M E N T A L  

The IR spe c t r a  were  r eco rded  with UR-20 and IKS-22 s p e c t r o m e t e r s ,  the UV s p e c t r a  were  r eco rded  
with a Cary -15  s p e c t r o m e t e r ,  the PMR s pec t r a  were  obtained with a Var ian  T-60 s p e c t r o m e t e r ,  and the 
m a s s  s p e c t r a  were  r e c o r d e d  with a Hitachi MU-6D s p e c t r o m e t e r .  The RD curves  were  m e a s u r e d  with a 
JASCO ORD/UV-5  s p e e t r o p o l a r i m e t e r .  

f i - [N-(~-Phenyle thy l )amino]prop ion i t r i l e  (liI). A 10.1-g (0.19 mole) sample  of ac ry lon i t r i l e  was 
added dropwise with s t i r r i ng  to 34.9 g (0.29 mole) of ( - ) -~ -pheny le thy lamine .  The reac t ion  mix tu re  was 
s t i r r e d  at room t e m p e r a t u r e  for  5 h, allowed to stand overnight,  and vacuum-dis t i l led to give 30 g (91%) of 
ni t r i le  III with bp 110-111 ~ (1 ram), n~  1.5235, d 2~ 1.0031, and [~]~ - 64.9 ~ (neat). Found: C 75.7, 75.8; H 
8.1, 8.0%; MR D 53.11. CI1H14N 2. Calculated:  C 75.8; H 8.1%; MR D 52.82. 

Tosyla te  of f i - [N-(vz-Phenylethyl)amino]propionic  Acid (IV). A mix tu re  of 5.22 g (0.03 mole) of 
aminoni t r i le  III,  5.88 g (0.06 mole)  of cyclohexanone, 5.16 g (0.03 mole) of p- toluenesulfonic acid, and 20 
ml  of absolute xylene was ref luxed for  30 h in a f lask equipped with a D e a n - S t a r k  adap te r .  The prec ip i ta te  
that s epa ra t ed  out on cooling was r emoved  by f i l t ra t ion to give 8.1 g (95%) of sa l t  IV with mp 103-105 ~ . 
Mass  spec t rum:  molecu la r - ion  peak with m a s s  number  346. IR spec t rum:  2240 cm -1 (C ~ N). 

Ethyl ~ - [N- (~-Pheny le thy l )amino]prop iona te  (Via). A 9.4-g (0.094 mole)  sample  of ethyl acry la te  was 
added dropwise with s t i r r ing  to 12 g (0.1 mole) of ( - ) -~-phenyle thylamine  in 80 ml  of absolute ethanol,  and 
the react ion mix ture  was s t i r r e d  at r oom t e m p e r a t u r e  for  3 h and allowed to stand overnight .  The alcohol 
was removed ,  and the res idue  was vacuum-dis t i l led  to give 20.5 g (92%) of amino e s t e r  Via with bp 121- 
123 ~ (2 mm) ,  n~  1.4997, d 2~ 1.008, and [~]~ - 3 5 . 7  ~ (neat). IR spec t rum:  3300 cm -1 (NH), 1730 cm -1 (C ---~O). 
Found: C 70.9, 70.7; H 8.7, 8.8%; MR D 64.58. C13HI3NO 2. Calculated:  C 70.6; H 8.6~; MR D 63.78. 

N-Benzyl-4-keto-Ag, l~  (lic). A mix tu re  of 3.1 g (0.015 mole) of amino e s t e r  VIb, 
29 g (0.03 mole) of cyclohexanone,  5 drops  of t r i f luoroace t ic  acid, and 30 ml  of absolute o-xylene was r e -  
fluxed for 30 h until the theore t ica l  amount of wa te r  sepa ra ted .  The solvent  was vacuum-evapora ted ,  
pe t ro leum e ther  was added to the res idue ,  and the prec ip i ta te  was r emoved  by f i l t ra t ion to give 1.8 g (52%) 
of enamino ketone IIc with mp 98-99 ~ (from heptane) and Rf  0.4 [A1203, b e n z e n e - a c e t o n e  (17:3)]. IR spec -  
t r u m  (in ethanol): ~ m a x  336 nm,  loge  4.16. PMR spec t rum (CCl4): 6 7.2 (singlet, C6H5) , 4.5 (singlet, 
methylene group of the benzyl  substi tuent) ,  3.46 ppm (triplet,  CH2-N group of the quinoline ring).  Found: 
C 79.5, 80.0; H 7.9, 8.0%; M 241o* CI6HIgNO. Calculated:  C 79.6; H 7.9%; M 241. 

N-(c~-Phenylethyl)-4-keto-Ag,l~ (IIa). This compound was obtained in 44% yield 
by the method used  to p r e p a r e  lie and had mp 114-115 ~ (from heptane) and Rf  0.36 [A1203, b e n z e n e -  
acetone (17.-3)], 0.42 [A1203, b e n z e n e - e t h y l  aceta te  (1:1)],  and 0.72 [silica gel,  ethyl a c e t a t e - c h l o r o f o r m  
(1:1)].  IR s p e c t r u m ;  1630, 1560 cm -1. UV spec t rum (in ethanol).- ~ m a x  308 nm,  loge  4.27. PMR s p e c -  
t r um (CC14);~ 6 7.21 (s, C6H5) , 5.0 (q, methyl idyne group of the phenylethyl substi tuent),  1.45 ppm (d, CH3). 
Found.- C 79.6, 79.8; H 7.8; 8.0; N 5.6, 5.1%; M 255. C17H21NO. Calculated:  C 80.0; H 8.3; N 5.5%; M 255. 

N-(c~-Phenylethyl)-4-keto-AS,9-hexahydropyrindine (IIb). A mix tu re  of 3.5 g (0.015 mole) of amino 
e s t e r  Via, 2.52 g (0.03 mole) of cyclopentanone,  5 drops  of t r i f luoroace t ic  acid, and 20 ml  of absolute o- 
xylene was ref luxed for  16 h until the theore t i ca l  amount of water  had been l ibera ted .  The solvent  was r e -  
moved in vacuo, and the res idue  was vacuum-dis t i l led to give a product  with bp 145-152 ~ (1 ram).  Ch ro -  
ma tography  in a thin layer  of A1203 demons t ra ted  that the m a t e r i a l  pa r t i a l ly  decomposed  during dist i l lat ion.  
The yellow oil was passed  through a column filled with neut ra l  Al203 with elution by benzene.  The solvent 
was r emoved ,  and the res idua l  viscous substance was t r i tu ra ted  with ve ry  cold pe t ro leum ether ,  during 
which a yellowish,  c rys ta l l ine  prec ip i ta te  [1.29 g (36%) of enamino ketone IIb with mp  56-57 ~ (from heptane) 
and Rf  0.52 [A1203, b e n z e n e - a c e t o n e  (10 : 7)] fo rmed .  IR spectrum.- 1630, 1540 cm -1. UV s p e c t r u m  (in 
ethanbl)-. ~ m a x  334 nm,  loge  4.19. PMR spec t rum (CC14).- 5 1.6 (d, CH3), 3.1 (t, CH2-N) , 4.9 (q, me th y l -  
idyne group of the phenylethyl substi tuent) ,  7.2 ppm (s, C6H5). Found: C 78.6, 78.8; H 8.1, 8.1; N 5.6, 5.6%; 
M 241. C~HIgNO. Calculated.- C 79.2; H 7.8; N 5.8~; M 241. 

*The molecu la r  weight was de te rmined  by m a s s  s p e c t r o m e t r y .  
tThe  following abbrevia t ions  a re  used  he re  and e lsewhere :  s is singlet ,  d is doublet, t is t r ip le t ,  and q is 
quar te t .  
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