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Atropoenantiomerism of the Z-adduct of 
2,3-diethoxycarbonyl-6,6-dimethyl-5,6-dihydro-4-pyridone 

with dimethyl acetylenedicarboxylate: 
synthesis and structure in solution and in the crystal 
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The title adduct (1) was synthesized, and its conformationally and configurationally rigid 
chiral structure in solution and in the crystal was established by NMR spectroscopy and by 
X-ray structural analysis Atropoenantiome~ of I were observed by the IH NMR method ira 
the presence of a chiral shift reagenL A barrier to their interconve~ion was determined, 
AG ~ > 25 kcal tool -I (200 ~'C)~ 
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At ropo isomer i sm is a rapidly developing division of. 
s tereochemist ry .  ! In this work, the nature of  the a t ropoi-  
somer ism of  adduct  1, which was obta ined by the reac- 
t ion of  2 ,3 -d i e thoxyca rbony l -6 ,6 -d ime thy l -5 ,6 -d ihydro -  
4 -pyr idone  2 with d imethyl  acetylenedicarboxyla te ,  has 
been s tudied (Scheme I). 
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The compos i t ion  and the structure of  adduct  1 have 
been unambiguous ly  established by e lementa l  analysis, 
spectral  methods  (see the Exper imental  sect ion),  and 
X-ray s tructural  analysis (Fig. I). 

Based on the value of  3JcHCiS = 4.4 Hz (the carbonyl 
carbon atom of  the ct-CO2Me group and the olefin pro- 

ton) it was established that the N-substituent at the double 
bond that formed has a Z-configuration because for iso- 
mer E - I  the corresponding cons tant  3JcHtran~ = 8,2 HZ 2 
(cf Ref. 3). Based on the data of  the tH and 13C N M R  
spectra of  adduct 1, it may be concluded that the methyl-  
ene protons of  the ring ~ well as the protons and carbon 
atoms of  the methyl groups of  the ring are nonequivalent.  
This is attributable to a rigid half-chair  con |b rmat ion  of  
this ring (Scheme 1), which is confirmed by the presence 
of  long-range spin-spin interaction between the protons of  
one methyl group and one of  the methylene protons at 
C(5), 4JMeaH n = 0.8 HZ. This aspect of  the tH N M R  
spectnam remained unchanged when a solution of  1 in 
Ph20 was heated to 200 ~C. Therefore, adduct 1 has a 
chiral  s t ructure ,  which mani fes t s  i tself  also in the 
d ias t e reo t rop ic i ty  of  the methy lene  p ro tons  in the 
2-CO2Et and 3-CO2Et groups. In this case, because of  
hindered rotation about the N--subst i tuent  bond, stable 
a t ropoenant iomers  (rather than a t ropoisome~ with differ- 
ent orientations of the N-substi tuent with respect to the 
ring, which has an invariant conformation)  occur. The 
a t ropoenan t iome~  were detected by I H N MR spectros- 
copy in the presence of  the chiral shift reagent Eu(tfc) 3 
from the splitting of the signals of  methyl protons at 
154 p p m ( A v  = 12 Hz) and3.91 p p m ( A v  = 3  H z ) . T h e  
lower limit of  the barrier to their  interconversion was 
estimated based on nonequivalence of  the protons of  the 
M% and M% groups (Av = 12.3 Hz) at 200 °C, AG ~ > 
25 kcal tool -1, 
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c(17) 
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Fig. 1. Overall view of molecule 1. H atoms were omitted for clarity. 

Note that no hindered rotation or conversion of the 
ring were observed in the initial dihydro-4-pyridone or 
its analogs z,3 or in the adducts of dialkyl acetylene- 
dicarboxylates with triacetonamine. 4,s 

With the aim of elucidating the nature of the atro- 
poenantiomerism observed, we carried out an X-ray 
structural analyis of the crystals of adduct 1 (Figs. I and 
2, Tables I--3).  It follows from the results obtained that 
the N-substituent is twisted with respect to the ring; the 
C(7)C(6)C(10)O(3)O(4)C(11)  angle between the 
N(I) ,C(I) ,C(5)  and C(9),O(2),C(8),O(I) planes is 66.5 ° 
Therefore, n--~ conjugation with the N-substituent is 
impossible, and in fact no shortening of the N(I ) - -C(6)  
bond occurs. 

The conformation of the ring (Fig. 2, Table 3) is 
close to that shown in Scheme l. The shortening of the 
N ( I ) - - C ( I )  (I.341(3) A) and C(2)--C(3) (I.439(3) A) 
bonds and the elongation of the C(1)=C(2) (1.361(4) A) 
and C(3)=O(9) (1.223(4) 3,) bonds 6 are indicative of 
the occurrence of conjugation in the N( I )--C( I )=C(2)--  
C(3)=O(9) cha in  However, the conjugation is weak- 
ened because of the nonplanarity of this fragment indi- 
cated by the substantial deviations of the endocyclic 
torsion angles from 0 or 180 ° (Table 3). To gain an 
understanding of the reason for these deviations, we 
carried out calculations of model compounds 2--4 by 
the PM3 method with full optimizaticm of geometry.* 

* The ranges of the values of the endocyclic torsion angles 
(deg.) are given in parentheses. 

0 0 O 

I H3C I H3C I 
H H H 

2 3 4 

(--22 +8.0) (-0.3+21.2) {-19.8+41 0} 

These results demonstrate that the conformation ac- 
tually observed is determined by spatial interactions 
between the substituents. An important consequence of 
these interactions is the occurrence of a virtually eclipsed 
orientation of the C(6) and C(19) atoms (Table 3) and, 
apparently, a substantial elongation of the N( I ) - -C(5 )  
bond caused by this conformation. As a result, the 
rotation about the N--substituent bond is hindered pri- 
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O(9) C(3 

C(2) 

N(1) 

C(1) 

C(6) 
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c(15) . I  
~ c ( 1 8 )  

Fig. Z Conformation of the ring of molecule I. 



At ropoenantiomerism Russ. C hem.Bull., VoL 45, No 7, July, 1996 1709 

Table I. Atomic coordinates in the structure of I 

Atom x y z. 

N(I) -@0204(2) 0.7529(2) 0.4046(2) 
O(I) -0.05820) 0 ~ 5 6 5 9 ( 2 )  0.2177(2) 
0(2) 0.1520(3) 0.3845(2) 0~1520(2) 
0(3) 0.1758(4) 0 ~ 5 7 7 2 ( 2 )  05725(3) 
0(4) 0.1097(3) 0.7715(2) 0.5912(2) 
0(5) 0.2843(3) 0.6173(2) 00918(2) 
0(6) 03193(2) 0.7083(2) 02743(2) 
0(7) -00023(3) 08736(2) 00319(2) 
0(8) 0.1789(3) 08814(2) 01237(2) 
O(9) -O3142(3) 0.9666(2) O2700(3) 
C(I) 00464(3) 07673(2) O2875(2) 
C(2) -00428(3) 0.8434(2) O2400(3) 
C(3) -0.2231(4) 0.8947(2) 0,3026(3) 
C(4) -02944(3) 0.8489(3) 0.4093(3) 
C(5) -02004(3) 0.8387(2) 0.4985(3) 
C(6) 0.0654(3) 0.6465(2) 0.4258(3) 
C(7) 0.1049(4) 05336(2) 03459(3) 
C(8) 00533(4) 0.5022(2) 0.2352(3) 
C(9) 0.1151(5) 03409(4) 00363(4) 
C(101  01213(4) 0.6604(3) 05370(3) 
C(II) 01650(7) 0.7931(4) 0.6997(4) 
C(12) 0.2320(3) 06892(2) 02048(3) 
C(13) 0.5031(4) 0.6327(4) 0.2073(4) 
C(14) 0.5472(6) 0.5468(7) 0.2696(8) 
C(15) 00429(4) 0.8671(2) 0.1203(3) 
C(16) 0.2847(6) 0 ~ 8 8 8 4 ( 5 )  0.0003(5) 
C(17) 0A335(11) 0.8663(13) -0.003fl(ll) 
C(18) -0.2085(4) 0.9620(3) 0.5736(3) 
C(19) -0.2711(4) 0.7826(3) 0.5978(3) 
H(I) 0.1842(33) 0.4630(24) 0.3666(27) 
H(2) 0.1004(74) 0.4100(55) -0~0367(62) 
H(3) 0.1812(85) 0.2514(61) -0.0250(70) 
H(4) -00094(64) 03482(46) 0.0672(51) 
H(5) 0 ~ 2 7 7 3 ( 5 5 )  0.7326(41) 0.6727(45) 
H(6) 0.2031(56) 08681(41) 0.6964(45) 
H(7) 0.0664(94) 0.7895(67) 07746(74) 
H(8) -0.2902(35) 0.7693(26) 03610(29) 
H(9) -0.4145(42) 0.8982(31) 0.4665(36) 
H(10) -0.1340(44) 09484(32) 0.6288(36) 
H(II)  -0.1397(44) 0.9986(32) 0.5045(36) 
H(12) -0B314(63) 1 .0144(47)  006379(52) 
H(13) -0.2059(46) 03729(33) 06468(38) 
tt(14) -0.3909(46) 0.8258(35) O6402(39) 
H(15) -02606(47) 0.6933(35) 0.5359(39) 

marily by the Me e and CO2Et-2 groups (Scheme I )  In 
this case, the C( I ) --C(12) bond is substantially longer 
than the C(2)--C(15) bond (Table 2) and is also longer 
than its normal value (I.470 A, cf Ref. 67; this elonga- 
tion occurs, apparently, owing to strong steric imerac- 
tions ill this portion of the molecule. 

The CO2Et groups at the C(I)  and C(2) atoms are 
not involved in conjugation because these groups are 
rotated with respect to the double bond of the ring by 
58.7 ° and 50.9 °, respectively (cf the data in Refs 2 
and 5). The geometrical modeling demonstrates that 
when the C( I )=C(2)  and C(12)=O(5) or C(12)--O(6) 
bonds are in cis orientations, the O atoms of the CO2Et 
group at the C(I )  atom and the C(6) atom are in 

Table 2. Bond lengths and bond angles in the structure of  I 

Bond d/A Bond d/A 

O(I)--C(8) 1.182(4) O(2)--C(8) 
O(2)--C(9) 1.448(5) O(3)--C(8) 
O(4)--C(10) 1312(3) O(4)--C( I I) 
O(5)--C(8) 1 ~ 1 9 1 ( 3 )  O(6)--C(12) 
O(6)--C(13) I 484(3) O(7)--C(15) 
O(8)--C(15) 1 . 3 2 9 ( 4 )  O(8)--C(16) 
O(9)--C(4) 1223(4) N{I)--C(I) 
N(I)--C(5) I 506(2) N(I)--C(6) 
C(I)--C(2) t 3 6 1 ( 4 )  C(I)--C(12) 
C(2)--C(3) I 439(3) C(2)--C(15) 
C(3)--C(4) I 499(4) C(4)--C(5) 
C(5)--C(18) I 523(4) C(5)--C(19) 
C(6)--C(7) 1321(3) C(6)--C(10) 
C{7)--C(8) 1457(5) C(13)--C(14) 
C{16)--C(17) 1.294(I 2) 

1.342(2) 
1.206(4) 
1443(6) 
1305(2) 
185(4) 
462(5) 
341(3) 
.420(3) 
510(3) 
476(4) 
502(5) 
522(5) 
A67(4) 
422( I 1 ) 

Angle ~o/deg Angle ~,Vdeg 

C(8)O(2)C(9) 
C(12)O{6)C(13) 
C(~}N(I)C(5) 
C(5)N(I)C(6) 
N(I)C(I)C(12) 
C(1)C(2)C(3) 
C(3)C(2)C(15) 
O(9)C(3)C(4) 
C(3)C(4)C(5) 
N(I)C(5)C(18) 
C(4)C(5)C(18) 
C(18)C(5)C(19) 
N(I)C(6)C(10) 
C(6)C(7)C(8) 
O(~)C(8)O(2) 
O(3)C(10)C(6) 
0{4)C(10)C(6) 
0(5)C(I 2)0(6) 
O(7)C(15)C(2) 
O(8)C(15)C(2) 

1152(3) C(10)0(4)C(I 1) 1170(3) 
t ~7,3{2) C(~5)O(8)C(~6) I ~5,1(3) 
1180(2) C(I)N(I)C(6) 1201(2) 
120.7(2) N(I)C(I)C(2) 1243(2) 
1157(2) C(2)C(I}C(12) 120 1(2) 
l l9 l(3) C(I)C(2)C(15) 120.9(3) 
1199(3) O(9)C(3)C(2) 124.1(3) 
121 2 ( 3 )  C(2)C(3)C(4) 114 7(3) 
112.1(2) N(I)C(5)C(4) 106.2(3) 
108,6(3) N(I)C(5)C(t9) 110 2(3) 

II 1 ( 2 )  C(4)C(5)C(19) 1094(3) 
I I 2 ( 3 )  N(I)C(6)C(7) 123,1(3) 
192(3) C(7)C(6)C(10) 117 6(3) 
253(3) O(I)C(8)C(7) 12Z8(2) 
229(3) O(2)C(8)C(7) 1093(3) 
23.2(3) O(3)C(10)O(4) 123.7(3) 
ILl(3) O(5)C(12)C(I) 121.3(3) 
26~9(2) O(6)C(12)C{I) I I 1~7(3) 
253(4) O(7)C(15)O(8) 123~5(3) 

1113(2) O(8)C(16)C(17) 1103(7) 

Table 3. To.ion angles in molecule I 

Angle (0/deg 

N(I)C(I)C(2)C(3) -125  
N(I)C(5)C(4)C(3) 576 
N(1)C(6)C(7)C(8) - 6 4  
C( I )C(2)C(3)C(4) - 4 8  
C( I )C(2)C(3)O(9) 177.8 
C(2)C(3)C(4)C(5) 41.2 
C(2)C( I )C(I 2)O(5) -58. I 
C(2)C(I )C(I 2)0(6) 1243 
C( I )C(2)C(15)0(7) 1393 
C(l)C(2)C(15)O(8) --41.2 
C(2)C(I)N(I)C(6) -1597 
C( l )N( 1 )C(6)C(7) -59,4 

proximity (2.45 A (O(5). C(6)) or 2.79 A (O(6)._C(6)). 
The twist of the CO2Et group at the C(2) atom results in 
the occurrence of O(7) . .£(12)  contact (2.32 A, for the 
cis orientation of the C(I)=C(2)  and C(15)=O(7) bonds) 
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and O ( 8 ) . . . C ( 1 2 )  c o n t a c t  (2 .64 A, for the cts o r i e n t a t i o n  
o f  the C ( I ) = C ( 2 )  a n d  C ( 1 5 ) = O ( 8 )  bonds ) .  

In m o l e c u l e s  c o n t a i n i n g  p l a n a r  a m i n o m a l e a t e  frag- 
m e n t s ,  w h i c h  we have  s t ud i ed  p rev ious ly ,  o n e  o f  the  
ester groups  is loca ted  in the  p l ane  o f  the  d o u b l e  bond .  L5 
T h i s  c o n f o r m a t i o n  is s tab i l i zed  by n ( O ) . . . ~ ' ( C = O )  in ter -  
a c t i on ;  the  s te r ic  i n t e r a c t i o n s  o c c u r r i n g  in this  case are 
offset  by an  i nc r ea se  in the  C = C - - C ( s p  2) b o n d  angles  to 
1 2 4 8 - - 1 2 9 7  ° In the  s t r u c t u r e  o f  a d d u c t  I, th is  inc rease  
in the  exocyc l i c  C ( 2 ) C ( 1 ) C ( 1 2 )  b o n d  ang le  would  lead 
to the  s h o r t e n i n g  o f  the  C ( 1 2 ) . . . C ( 6 )  b o n d ,  wh ich  is 
a l r eady  r a t h e r  sho r t  ( 2 7 4 3 ( 4 )  A). An inc rease  in the  
C ( I ) C ( 2 ) C ( 1 5 )  ang le  would  resul t  in the  s h o r t e n i n g  of  
the  C(15 )  .O(9)  b o n d  to 2 . 8 7 4 ( 4 ) A  There f i ) re ,  the  
p r e s e n c e  o f  the  bu lky  N - s u b s t i t u e n t  h i n d e ~  a cls or i en -  
t a t i on  of  C O ? E t  g roups  wi th  respec t  to the  d o u b l e  b o n d  
of  the  r i n g  T h e  r e m a i n i n g  b o n d  l eng t h s  and  b o n d  angles  
have s t a n d a r d  r a b i e s  lit the  cD'stal  o f  a d d u c t  I, no 
s h o r t e n e d  i n t e r m o l e c u l a r  c o n t a c t s  are obser '¢ed. T h e r e  
fore,  it is not  su rp r i s ing  tha t  the  resul ts  of  X- ray  s t r u c  
tura l  ana lys i s  agree  wi th  the  N M R  da ta  for s o h i t i o n s  

Experimental 

The N M R  spectra  were reco ided  on WM-400  (1tt 
400,13 MHz; 13C 100.62 MHz) and J N M - C - 6 0 - H L  (IH> 
60 MHz) spectrometers. The mass spectrum of i was.obtsa t e d  
on a Finnigan 4021 mass spectrometer  with an ionizing voltage 
of 30 eV. The IR spectrum was measured on a UR-20 spectro- 
photometer  using KBr pellets  Elemental anabs is  was carried 
out on a C H N O S - I I 0 6  analyzer  The melting point ~as 
determined on a Boetius PHMK-0  5 table at a heating rate of 
4--5 ° C / m i n  The initial dihydro-4-pyridone was obtained b~, 
the procedure reported previously 2 

Dimethyl 2- (2,3-diethoxycarbonyl-6,6-dimethyl-4-oxo- 
2,4,5,6-tetrahydropyrid-l-yl)fumarate,  1. A mixture ol  
2 ,3 -d i e thoxyca rbony l -6 ,6 -d ime thy l -5 ,6 -d ihyd  ro-4- pyridone 
(054  g, 2 mmol) in MeOH (3 mL) and dirnethyl acetylenedi- 
carboxylate (0.28 g, 2 rnmol) in ether (10 mL) was kept at 
20 °C tL~r I m o n t h  After evaporation of the solvents, the 
residue was recD, stallized from EtyO Large, transparent, slightl,, 
yellow parallelepiped-shaped c~'stals were obtained in a :,ield 
of 0 5 2  g (657  %), m p .  93--94 °C. Fotmd ( %)  C, 55 19 
H, 605 ;  N, 349.  CI,~H?sNO{ ~ Calculated (%): C, 5547;  
tt, 608 ;  N, 3 4 1  IR (KBr pellets), v /cm i: 1745, 1720, 1660 
(sh), 1645 (COL 1562 ( C = C 5  Mass specmim (KI, 30 eV)  
ml~ (/~el ( % ) ) 4 1 1  [M] + ( 6 6 6 5  396 (115; 366 (28)  352 (54); 
338 (64.8); 322 (30); 321 (25.2); 282 (61 2); 278 (252);  224 
(25); 194 (333) ;  178 (144) ;  83 (100). IH NMR (CI-)CI 3) ?,, 
d/Hz: 121 (t, 3 H, 3-~J_cCHyO, 3j = 7.0); 128 (t, 3 H, 
2 .McCHyO ' ad = 70) ;  1.29(s, 3 H, Mee); 1<54(d, 3 H, Me:, 
4JMeat/a = 0 8 ) ;  221 (d, I | t ,  H e, ?d = - 1 5 3 ) ;  3.28 (dq ,  
I H, II a, 2/ = -15 .3 ,  4j  = 08) ;  3.80 and 3091 (s, 2;',3 t t  
2 MeO); 4 1 6  (m, 2 tt,  3-MeQ[t?O,  ABX 3, *,VAB = 5.0, 2d .... 
--I 13);  4 2 0  (m, 2 H, 2 - M e ~ 2 0 ,  ABX 3, .',vAB = 210,  2d ,: 
- 11 .0 ) ; 704 ( :~ ,  I H, H C = ) ; a t 6 0  M H z i n  PhyO XvMe2C/Hz 
(T/K):  22.5 (293), 180 (373), 150 (423), 142 (443), 123 
(473)  

13C N M R ( C D C I 3 ) 6 ,  J / H z  l Y 3 0 a n d  13.89(q.t, MeC| t  2, 
Id = 1272.  2d = 3.6); 22.51 ( q m ,  Me e, ld = 1264, 3d = 36);  

25~68 (q~m, M%, I j  = 1279, 3j = 4.4); 4931 ( t in ,  ~ I t ?CO,  
I j  = 1315, 3j = 44) ;  5234 and 53 .20(q ,  MeO, I j  = 148.5); 
603  (m, ~ M e  2, 2j = 44) ;  6128 and 6 2 2 4  (t.q, ~ y M e ,  I j  = 
147.5, 2d = 44 ) ;  1298 (d, CH, I j  = 1671);  1400 (br.s, 
N~=);  156.4 (s, =~CO); 162.5 and 164.4 (t, ~OyEt, 3j = 
36) ;  162.72 (dq ,  (SO?Me-f}, 2j = 3j = 4.4); 16343 (dq ,  
CO?Me-~:~, 3J I = 3J 2 = 445; 18902 (t, CO, 2j = 58) .  

X-ray structural analysis of adduct !. The principal crystal- 
Iographic data are as follows: Ci,jHysNOg, M = 4114 ,  a = 
9211(2) ,  b = 12347(3), c = II 101(2) A, ~x = 10411(2) ° , 
[~ = 1245(2)", ~, = 7168(25 °, l . . . .  10598(8)  A s , space group 
PI, Z = 2, dcalc = 1 2 9 g / c m  3 A total of 2336 reflections with 
/ > 3o(/) were collected on an automated four-circle RED-4 
diffractometer  (Cu-K,, radiation, absorpt ion was ignored, 
~ (Cn-K,~) = 8 7  cm t5 

The structure was solved b~ the direct meth~;×t; positions of 
It atoms were I~a ted  from difference syntheses  The methyl 
cai1~on atoms of the CO2F.t groups have large amplitudes of 
thermal vibrations, and these atoms are involved ira shortened 
C-+C bonds, which indicates that these atoms we disordered 
m the crysial Because o l  d~is, the tt atoms at the C(13), 
( (14) ,  C I 6 ) ,  and C(17) atoms were not located 

The structure was refined by the ful l -matr ix least-squares 
method with anisotropic thermal parameters for ( ,  N, and O 
atoms and with isotropic thermal parameters fi~r tt a toms The 
final value of the R filctor was 0 0 6 5  All calculations were 
carried o u~;ng the Rentgen-75 program~ 

Quantum-chemical calculations of  model molecules 2--4 
were carried out by the PM3 method with fldl opt imizat ion of 
geomet~' using the MOPAC 60  program. 

This wo rk  was suppor ted by the Russian F o u n d a t i o n  
for Basic Research (Project  No.  94 -03 -08730) .  
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