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Physical Chemistry 
Conformational analysis of 2-oxo-l,2,3,4-tetrahydropyridine and its 

alkyl- and phenyl-substituted derivatives 
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The molecular geometries and inversion barriers of the rings in 2-oxo-l,2,3,4-tetra- 
hydropyridine and its alkyl-substituted (Me, Et, Pr i, or Bu t) and phenyl-substituted deriva- 
raves were calculated by the molecular mechanics method. The introduction of substituents 
has no substantial effect on the equilibrium conformation of the heterocycle (a distorted 
sofa). For 4-alkyl- and 3-alkyl-substituted derivatives (except for 4-Me and 4-Et derivatives), 
an axial orientation of the alkyl group is more favorable. The phenyl sub~ituents have 
equatorial and axial orientations at positions 4 and 3, respectively. 
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Previously, we have studied the spatial structures and 
steric effects of the substituents in the 3,4-dihydro- 
pyridine I and 5,6-dihydropyrimidine z molecules, which 
contain two endocyclic double bonds. It has been demon- 
strated that the introduction of alkyl substituents affects 
only slightly the conformation of the dihydrocycle. Only 
the degree of puckering of the ring varies within some 
limits depending on the volume of the radical. Analysis of 
the published data on the geometry, of the tetra.hydro 
analogs of these dihydrocycles, 3-s  which have similar 
cyclic conjugated systems (for example,  2-oxo-  
1,2,3,4-tetrahydropyridine, which contains an alternative 
planar fragment, namely, the amide group with the exo- 
cyclic C=O bond, instead of the endocyclic C=N bond), 
demonstrated that the partially hydrogenated ring in these 
molecules adopts a conformation similar to that observed 
in the dihydrocycles. It can be suggested that replacing 
one endocyclic double bond in the molecules of these 

compounds with a single bond can increase the sensitivity 
of the partially hydrogenated ring with respect to steric 
effects of substituents due to the decrease in the barrier to 
rotation about this bond. Therefore, it is of interest to 
study the steric effects of the substituents in these com- 
pounds. In this work, we carried out a conforrnational 
analysis of 2-oxo- 1,2,3,4-tetrahydropyridine and its alkyl- 
and phenyl-substituted derivatives 1--5. 

1:  R 3 = R 4 = R 5 = R 6 = H 

R4 2 :  R 3 = R 4 = R 5 = H, R 6 = M e  (a),  

R3 [ . _  R 5 Et (b),  Pr i (c:) Bu i (d) ,  Ph (e)  
3 :  R 3 = R 4 = R 6 = H, R 5 = M e  (a ) ,  

202J. _ ~[G~.....~N.~. Et (b),  Pd ( e )  E~u i (d) ,  Ph (e)  
RS 4 :  R 3 = R 5 = R 6 = H, R 4 ~- M e  (a),  

H Et (b),  Pr' ( c )  Bu i (d},  Ph (e)  

1 - - 5  5 :  R 4 = R 5 ----- R 6 = H, R 3 = M e  (a ) ,  

Et (b),  Pr ~ ( e )  Bu i (d) ,  Ph (e)  

Translated from tzvestiya Akademii Naulc. Seriya Khimicheskaya, No. 9, pp. 1584--1586, September, 1997_ 
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P r o c e d u r e  of  Calculat ions 

The spatial structures and conformational characteristics of 
compounds 1--5 were calculated by the molecular mechanics 
MMP method 6 modified for nitrogen-containing heterocycles. 7 
The parameters of  the potentials, which were unavailable in 
the standard force field, were chosen by reproducing the 
experimental data from the data on the molecular geometries 
of a number of model compounds, s,9 The additional param- 
eters are given in Table 1. 

The conformation of the tetrahydropyridine ring was char- 
acterized by the following puckering parameters: 1~ S is the 
degree of puckering, and 0 and W are polar angles that describe 
the conformational type. 

The inversion barriers were calculated using the dihedral 
driver method tl by scanning the C(2)--C(3)--C(4)--C(5) tor- 
sion angle. The results of calculations are given in Table 2. 

Resul t s  and D i s c u s s i o n  

The equi l ibr ium c o n f o r m a t i o n  of  the ring in m o l -  
ecule 1 is d e t e r m i n e d  by two groups  of  opposing factors.  
The first group involves conjuga t ion ,  which is m a x i m u m  
when  the g e o m e t r y  o f  t he  ring is planar. The s econ d  
group o f  factors involves t he  bend ing  strain that  occurs  
owing to the d e f o r m a t i o n  o f  the endocycl ic  bond angles  
at the saturated ca rbon  a toms  in the  planar  c o n f o r m a -  
t ion,  and the t e n d e n c y  to a staggered c o n f o r m a t i o n  
along the C ( s p 3 ) - - C ( s p  3) bond .  The t endency  to  an 

eclipsed c o n f o r m a t i o n  o f  the  carbonyl  group and  the  
vicinal H a toms is one  m o r e  factor.  Because such o r i en -  
tat ion of  each p ro ton  o f  t he  C(3)H2 group results in an 
unfavorable o r i en ta t ion  o f  the second  H a tom,  this 
interact ion stabil izes the  p lana r  confo rmat ion  o f  the  ring 
in which both H a toms  are equidis tant  from the C = O  

bond.  
According to  the  results  o f  calculat ions,  the equi l ib-  

rium confo rma t ion  of  unsubs t i tu t ed  2 -oxo-1 ,2 ,3 ,4 - t e t r a -  
hydropyridine 1 is a d i s to r ted  sofa, which agrees well 

Table I. Additional parameters (k, 0, V t, V 2, and Vs)a of  the 
molecular mechanics force field 

Bond angle e Torsion angle I�89 V 3 

/deg kcal mol - l  

C--C(=O)--N 1 I4.0 
O=C--N 120.0 
=C--N--C(=O)  121.0 
C(=O)- -N- -H 120.0 
C=O--LP b 120.0 
LP--O--LP 120.0 
C--N--C(=O)  120.0 

C - - C - - C ( = O ) - - N  0 0.4 
C - - C ( = O ) - - N - - C =  10 0 
C - - C ( = O ) - - N - - L P  10 0 
C = C - - N - - C ( = O )  10 0 
H- -C(=C) - -N- -C(=O)  10 0 
H - - C - - C ( = O ) - - N  0 0.2 
N - - C = O - - L P  0 0 
O = C - - N - - C ( = C )  10 0 
O = C - - N - - H  10 0 
H - - C - - N - - C ( = O )  0 0.3 
H - - C ( = C ) - - N - - C  10 0 

a In all cases, k = 0.5 mdyn ,~ tad -I,  V are the torsion 

constants; in all cases. V 1 = 0. 
b LP is a lone electron pair. 

with the  exper imenta l  data 3--5 and is indicat ive of  a 
p r edominance  o f  the  factors tha t  cause a dis tor t ion from 
planarity. The  N ( I ) ,  C(6),  C(5) ,  and C(4) a toms  are in a 
single plane.  The C(3) and C(2)  a toms deviate f rom this 
plane by 0.68 and 0.20 A, respectively.  The  analogous  
conformat ion  is also typical  o f  derivatives o f  3 ,4-di -  
hydropyr idine .  12,13 

As in the  case of  the  d ihydro  analog, the  in t roduc-  
tion o f  subst i tuents  at the  C a toms of  the partialIy 
hydrogena ted  ring leaves the  con fo rma t ion  of  the  ring 
essentially unchanged .  An increase  in the  size o f  the 
alkyl group in c o m p o u n d s  2 and  3 causes only  a slight 
increase in the  twist  o f  t he  equi l ibr ium con fo rma t ion  of  
the t e t rahydropyr id ine  ring owing to s t r e n ~ h e n i n g  o f  
the n o n b o n d e d  in te rac t ions  be tween  the subs t i tuen t  and 
the adjacent  H atoms.  

The or ien ta t ions  o f  the  subst i tuents  at the  saturated 
C atoms are de t e rmined ,  on  the  one hand ,  by the 

Table 2. Conformational characteristics (S, 0, and w) of the 
tetrahydropyridine ring, the relative stabilities of the conform- 
ers (AE, (a/e)). and the inversion barriers (rEin v) of the ring in 
compounds I - -5  

Corn- R Con- Puckering parameters 

po- forma- S 0 ~, 

und tion* deg 

~E(a/e) ~E~.~v 

kcal tool -~ 

1 - -  - -  0.6 42.6 17.6 - -  3.00 
2a 6-Me -- 0.6 41.7 17.6 - -  2.11 
2b 6-Et --  0.6 41.8 18.6 - -  3.10 
2c 6-Pr i - -  0.6 42.0 19.3 - -  2.75 
2d 6-Bu t - -  0.6 40.l 20.3 -- 3.48 
2e 6-Ph --  0.6 40.8 19.1 - -  3.41 
3a 5-Me --  0.6 43.1 16.2 --  2.96 
3b 5-Et --  0.6 43.0 15.8 --  3.02 
3c 5-Pr i - -  0.6 42.2 18.0 -- 3.36 
3d 5-Bu t - -  0.6 41.2 19.0 -- 3.69 
3e 5-Ph --  0.6 41.0 22.4 --  3.32 
4a 4-Me a 0.6 42.1 20.2 0.2 
4a 4-Me e 0.6 42.1 19.9 0 3.74 
4b 4-Et a 0.5 42.6 17.3 0.1 
4b 4-Et e 0.6 42.3 19.5 0 3.32 
4c 4-PP a 0.6 42.0 18.9 0 3.55 
4c 4-Pr i e 0.6 42.2 19.7 0.17 
4d 4-Bu t a 0.6 41.3 20.4 0 4.02 
4d 4-Bu t e 0.6 42.3 19.3 0.16 
4e 4-Ph a 0.6 44.3 14.0 0 4.74 
4e 4-Ph e 0.6 42.3 21.4 1.81 
5a 3-Me a 0.6 43.5 16.2 i .66 
5a 3-Me e 0.6 43.7 14.9 0 4.33 
5b 3-Et a 0.6 44.1 14.8 0.99 
5b 3-Et e 0.6 44.6 i2.4 0 4.91 
5c 3-Pr i a 0.7 44.2 14.9 0.85 
5c 3-Pr i e 0.6 45.3 19.8 0 5.04 
5d 3-Bu t a 0.6 45.2 13.7 0.86 
5fl 3-Bu t e 0.6 44.5 12.5 0 4.48 
5e 3-Ph a 0.6 41.2 21.8 2.06 
5e 3-Ph e 0.6 42.3 18.8 0 4.25 

* Notation: c is axial conformation, and e is equatorial confor- 
mation. 
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nonbonded interactions between the substituent and the 
remaining atoms of the partially hydrogenated ring and, 
on the other hand,  by the repulsion between the alkyl 
(phenyl) group and the vicinal H atoms. The first effect 
is maximum when the substituent is in an axial orienta- 
tion, whereas the second effect is maximum when the 
substituent is in an equatorial orientation. 

In 4-alkyl-substituted derivatives 4 containing small 
alkyl groups (R = Me or Et), the conformer with the 
equatorial orientation of the substituent is more stable. 
However, an increase in the volume of the substituent 
leads to destabilization of this conformer owing to an 
increase in the nonbonded interactions between the 
alkyl group and the vicinal H atoms. As a result, the 
conformer with the axial orientation of the substituent is 
more stable in the case of compounds 4c--e. In the 
molecules of 3-alkyl-substituted derivatives 5, the sub- 
stituent is located in proximity to the O atom of the 
carbonyl group, which stabilizes the axial conformer 
even when R = Me or Et. 

Changes in inversion barriers as the substituent vol- 
ume increases are caused by two factors, namely, 
strengthening of nonbonded interactions in a transition 
state that is close to planar, and increases in the strain of 
the ground state. The inversion barrier of the tetra- 
hydropyridine ring decreases as destabilization of the 
ground state increases (for example, in going from 1 to 
2a) or increases as destabilization of the transition state 
increases (for example, in the series 3b ~ 3e ~ 3d) 
depending on which effect is stronger. 

Therefore, replacing one endocyclic double bond in 
the 3,4-dihydropyridine molecule with a single bond in 
2-oxo-l ,2,3,4-tetrahydropyridine does not cause an in- 
crease in the sensitivity of the conformation of the ring 
to steric effects of substituents. 
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