
B) An ether solution (40 ml) of ~ 1 g of diazomethane was added to a solution of 0.4 g (1.47 mmole) of 2- 
oxopyridine Ib in 100 ml of acetone, and the mixture was allowed to stand at room tempera ture  for 24 h. It was 
then vacuum evaporated, and the residue was treated with water  and crysta l l ized from ether to give 0.35 g (83%) 
of pyridine IIIh. 

C) This compound was obtained in 93% yield f rom chloropyridine IVb by method A in the synthesis of IIIa. 
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C O N F O R M A T I O N A L  S T U D Y  

OF t r a n s -  ( + ) -  ( 9 S , 1 0 S ) - D E C  A H Y D R O - 4 - Q U I N O L O N E  

AND I T S  N - S U B S T I T U T E D  D E R I V A T I V E S *  

V.  M. P o t a p o v ,  G. Vo G r i s h i n a ,  
a n d  E .  A.  G o l o v  

UDC 541.634:547.831.3.8 

The spec t ropola romet r ic  study of t rans-(+)-(9S,10S)-decahydro-4-quinolone indicates the exis-  
tence of inver tomers  with respec t  to the nitrogen atom, conformers  formed during rotation of the 
substituent attached to the nitrogen atom about the C - N  bond for trans-(9S,10S)-N-(o,-phenyl-  
ethyl)decahydro-4-quinolone,  and conformers  formed through convers ion of the two-r ing sys tem 
for  c i s -  (9R,10 S)-N- (~-phenylethyl) decahydro-4-quinolone.  

The hydrogenolysis  of the two isomeric  N-(a,-phenylethyl)decahydro-4-quinolones (I) with c i s -  and t r ans -  
fused rings leads to remova l  of the chira l  phenylethyl substituent and the formation of the same trans-(+)-(9S,-  
10S)-decahydro-4-quinolone in both cases  [4]. This subsequently made it possible,  during the preparat ion of 
optically active t rans-decahydro-4-quinolone  (II), to subject a mixture of the cis and t rans  i somers  of I to 
hydrogenolysis  without their  separat ion,  t rans-(+)-Decahydro-4-quinolone was recrys ta l l i ze f  from hexane until 
its melting point was constant.  The presence  of a second substance, which we assumed to be the cis i somer  of 
II, was detected during a chromatographic  study of the mother liquor; however, it was found to be impossible to 
isolate it because of the small  quantity present .  The formation of the same substance can be detected chromato-  
graphically after  UV ir radiat  ion or thermal  isomerizat ion of a solution of pure t rans i somer  II. 

Both r ings in t rans-decahydro-4-quinolone  are  linked rigidly, and ring conversion is impossible.  How- 
ever,  different positions of the substituents on n i t r o g e n -  equatorial  (IIA) and axial (IIB) - a r e  possible as a 
resul t  of inversion of the nitrogen atom: 

* Communication XXXVIII from the ser ies  "Stereochemical  Studies"; see [1] for communication XXXVII. 
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I I  A I IB 

We at tempted  to detect  the ex is tence  of the two inve r tomer s  IIA and IIB f rom the data obtained by UV 
spec t roscopy ,  c i r c u l a r  d i e h r o i s m  (CD), and opt ica l  r o t a to ry  d i spe r s ion  (OtlD). A posi t ive  Cotton effect  (CE) at 
290 rim, a s soc i a t ed  with an n--Tr* t r ans i t i on  in the ca rbonyl  chromophore ,  and the band of a negative CE at 
205-225 nm, a s soc ia t ed  with an n - -  o* t r ans i t i on  of the e l ec t ron  p a i r  of ni t rogen (the ass ignment  of a negat ive  
shor twave  band is conf i rmed  by its d i s appea rance  in the spec t rum of the hydroehlor ide  of the trams i s o m e r  of 
II), a re  obse rved  in the CD s p e c t r a  of the t r ans  i s o m e r  of II in solvents  with di f ferent  p o l a r i t i e s .  The c o r -  
responding  t r ans i t i ons  a r e  a l so  observed  in the UV spec t r a .  It should be noted that the in tensi ty  of the a b s o r p -  
tion in the UV s p e c t r a  i n c r e a s e s  as the po la r i t y  of the solvent  i n c r e a s e s  in the ease  of the n - - r *  t r ans i t ion ,  
during which a d e c r e a s e  in the molecu la r  e l l ip t i e i ty  is obse rved  (Table 1). 

The obse rved  bands in the CD s p e c t r a  of the t r ans  i s o m e r  of II, which contains two i so la ted  eh romophores ,  
should, it would seem,  exhaust  the p e c u l i a r i t i e s  of this sys t em.  In fact, however,  a pos i t ive  shoulder  is d i s -  
c e rn ib l e  in the CD s p e c t r a  at 260 nm (Fig.  1). Its appearance  p rov ides  evidence for  the ex is tence  of a th i rd  
band, which, accord ing  to the l i t e r a tu r e  data [3], a r i s e s  in s y s t e m s  with "W-or ien ted"  n i t rogen p e l ec t rons  and 
ea rbonyl  group ~r e l e c t rons ,  which in te rac t  along cr bonds or through space ,  in the t r a n s - de e a hyd r o - 4 - q u ino lone  
molecule  this  so r t  of in te rac t ion  r e q u i r e s  an equa to r i a l  o r ien ta t ion  of the f ree  e l ec t ron  p a i r  of ni t rogen.  The 
weak e x p r e s s i o n  of the pos i t ive  band of the in te rac t ion  of the i so la ted  ehromophores  and its appearance  only as 
a shou lde r  const i tu te  evidence for the ins ignif icant  contr ibut ion of i nve r tomer  IIB. The ex is tence  of a e h r o m o -  
phor ic  in te rac t ion  in the t r ans  i s o m e r  of II is a lso  re f l ec ted  in an i nc rea se  in the extinct ion coeff ic ient  of the 
n--~r* t r ans i t i on  in the UV spec t rum.  

When the t r ans  i s o m e r  of II is conver ted  to the ace ta te ,  methiodide,  and hydroehlor ide ,  i .e . ,  when the 
ni t rogen atom is qua tern ized ,  the c h a r a c t e r  and sign of the CE of the n--Tr* t r ans i t ion  do not change, and the 
pos i t ive  shoulder  at 260 nm also van ishes .  One should a lso  note the d e c r e a s e  in the molecu la r  e l l ip t i e i ty  of the 
n--* 7r* t r ans i t i on  in the sa l t s  as compared  with the f r ee  base  (Fig.  2). The pronounced d e c r e a s e  in the amp l i -  
tude of the CE of the hydroch lor ide  and methiodide of the t r ans  i s o m e r  of II in methanol  can be explained by the 
format ion  of an equi l ib i rum between the keto and hemike ta l  forms [4]. 

Like t r a n s - d e c a h y d r o - 4 - q u i n o l o n e ,  the t r ans  i s o m e r  of I has a conformat iona l ly  r ig id  s t ruc tu re  in which 
axia l  o r ien ta t ion  of the bulky subs t i tuent  a t tached to n i t rogen is p r a c t i c a l l y  not r ea l i z ed .  However,  the ex i s tence  
of c o n f o r m e r s  a r i s i ng  upon rota t ion of the phenylethyl  subst i tuent  about the C - N  bond is poss ib le  for the t r ans  
i s o m e r  of I. A marked  change in the mo lecu la r  e l l ip t i c i ty  as a function of the po la r i t y  of the medium is observed  
in the CD spec t rum for the n - - ~ *  t r ans i t i on  (0 + 1300 ~ in heptane and +3000 in methanol  and acetoni t r i le )  (Fig. 3). 
This  can be explained in conformi ty  with the octant p ro j ec t ion  by the ex is tence  of di f ferent  con fo rmer s  in so l -  
vents with di f ferent  p o l a r i t i e s :  

I 
! .~ - C61"IS--~--CH 3 

I 

(methanol and acetonit~ile) 

i - I (heptane) 

TABLE 1. n--Tr* Trans i t i ons  in the Spec- 
t r a  of t r ans -Decahydroqu ino lone  II 

Solvent 

Methanol 
Acetonitrile 
Hep tan e 

UV 

z,,ax, nm Is) 

290(70) 
290(40) 
294(35) 

CD 

Xmax" ~ (~) 

289(+2400) 
290(+2200) 
295(+2800) 
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Fig.  1. ORD of the t r a n s  i s o m e r  of II in heptane ( , 1) m e t h -  
anol  ( - - ' - - - ' ,  2) and ace ton i t r i l e  ( ~ O ~ O ~ ,  3); CD in heptane 
( , 4), methanol  ( - - A ~ A ~ ,  5) and ace ton i t r i l e  
( ~ X - - X ~ ,  6). 

Fig. 2. CD of salts of the trans isomer of If: methiodide in 
methanol (~,  1), hydroehloride in methanol (~,  2) and in water 
( ~ ,  3), and of the acetate in methanol ( ~ X ~ X - - ,  4). 
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Fig.  3. CD of the t r ans  i s o m e r  of I in  heptane ( - - ,  1), methanol  
( - - ,  2), and aee ton i t r i l e  ( , 3 ) .  

Fig.  4. CE of the cis  i s o m e r  of I in heptane ( - - ,  1), ace ton i t r i t e  
( - - ,  2), and methanol  (" , 3). 
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Not only inversion of nitrogen but ring conversion also is possible for the eis i somer  of I, which is a 
conformationally labtIe sys tem:  

CH~--CH--N~ ** ' 

IA 

C6H5 ~ O  

IC 

H3 0 
~ H--N.. 

IB 
C6Hs--~H--CH 3 

~N 

ID 

Conformers  IC and ID with an axial phenylethyl group are  unlikely, and we will not consider  them further.  A 
negative CE with a re la t ively small  amplitude is observed in the region of the n~Tr* transit ion In the CD spec-  
t ra  of the eis i somer  of I in heptane, and a s t rong negative CE is observed in methanol and aeetonitrile (Fig. 4). 
The application of the octant rule to the cis i somer  of I shows that a weak negative CE should be observed for 
conformation IA and a s t rong CE should be observed for conformation IB. 

r-i I I 
B 

Thus conformer  Ia evidently predominates  in nonpolar solvents, and conformer  IB predominates  in polar solvents. 

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

The CD and ORD spec t ra  were recorded  with a J-20 spec t ropolar imeter ,  t rans-Decahydro-4-quinolone 
(II) and c i s -  and t rans-N-(a-phenyle thyl )decahydro-4-quinolones  (I) were obtained by the method in [2, 3]. 

Isomerizat ion of t rans-Deeahydro-4-quinolone  (II). A) A 50-rag sample of the t rans i somer  of II was 
heated in benzene for 4 h, after  which the solution was chromatographed on Silufol in an ammonia-sa tura ted  
chloroform sys tem,  which revealed the presence  of two substances with Rf 0.65 (trans i somer  of II) and 0.8 
(identical to the substance found in the mother  liquor f rom recrys ta l l iza t ion  of the t rans i somer  of II). 

B) A solution of 20 mg of the t rans  i somer  of II in methanol was irradiated with a mercu ry  lamp for 2 h, 
after which it was chromatographed on Silufol, which revealed the presence  of two substances formed during 
thermal  isomerizat ion.  

The hydrochloride of the trans i somer  of II was obtained by mixing an alcohol solution of 200 mg of base 
II with an alcohol solution of hydrogen chloride. Workup yielded 240 mg (97%) of the salt  with mp 215-216 ~ 
(from ethanol). IR spec t rum:  1730 (C=O), 2700 cm -1 (> NH2). UV spectrum,  Xmax, nm (~): 203 (224), 280 
(20) (methanol); 245 (50), 278 (90) (water). 

The methiodide of the t rans i somer  of II was obtained from 100 mg of base II in 1 ml of acetone and 0.5 
ml of methyl iodide. The yield of product,  with mp 189-190 ~ (dec., f rom CH3COOH), was 170 mg (88%). IR 
spec t rum:  2400 (~HCH3) and 1735 cm -1 (C=O). UV spect rum,  Xmax, nm (a): 220 (15850) and shoulder 300 
(60) (methanol). 
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R E S E A R C H  ON 1 - A Z A B I C Y C L I C  S Y S T E M S  

XIV.* DIFFERENCE IN THE ENTHALPIES OF THE c i s -  AND trans-FUSED 

FORMS OF QUINOLIZIDINE 

I .  M. S k v o r t s o v  UDC 547.834.2 : 541.634'11 

The enthalpy of the c i s - t r a n s  convers ion of quinolizidine was calculated by two independent 
methods on the basis of the l i terature data on the heat content of decalins, the difference in the 
enthalpies of the N - H - a x i a l  and N - H - e q u a t o r i a l  conformations of piperidine, and the hydrogen 
bond energies  in the quinucl idine-phenol  and quinol iz idine-phenol  sys tems.  The calculations 
yielded AH values of 3.7 and 4.3 kcal/mole for gaseous quinolizidine and 3.3 kcal/mole in favor 
of the t r ans - fused  form for the liquid. 

The differences in the thermodynamic proper t ies  of c i s -  (Ia) and t rans-deca l in  (Ib) [2-6] have been the 
s tar t ing point and basis for compar isons  and calculations [3, 7, 8] of the pa ramete r s  of the conformational  equi- 
l ibrium between the c i s -  (IIa) and t rans - fused  (IIb) conformations of quinolizidine. 

l a  

I la 

Ib 

Hb 

The resul ts  of a determination of the difference in the thermodynamic pa ramete r s  that charac te r ize  the 
Ia~-Ib and IIa~-IIb equil ibria are  presented in Table 1. Except for [11], all of the determinations of the AH ~ or 
AG ~ values of the c i s - t r ans  conversion of quinolizidine presented in Table 1 are indirect, and their resul ts  
deviate considerably from one another. Data on the entropy of the p rocess  under consideration has not been 
obtained in any of the studies. If one takes into account the fact that IIa is an unseparable d , l -pair ,  the c is - fused  
conformation is p re fe r red  from an entropy point of view by no more than R In 2, i.e., 1.38 cal" deg -1 �9 mole -1. 
Relative to the conclusions drawn in [7], it has been noted that the calculations were based on erroneous notions 
of the dimensions of the unshared electron pair  of nitrogen [8, 12]. The data of [8, 9] met with disapproval 
[13, 14], but Aaron subsequently [10] re jected his previously obtained AG ~ value o f - 4 . 6  kcal/mole [8] and 
proposed a new AG ~ value of--2.6 kcal/mole.  The latter determination found support in a communication by 
Crabb and Newton, who made an attempt to explain the unexpected closeness  of the free energies of c i s - t r ans  
conversion of quinolizidine (II) and indolizidine (IH) [15]. 

�9 See [1] for communicat ion XIII. 
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