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Abs t rac t  - The synthesis o f  3-carbomethoxy-4-quinol i lone f rom 2 -v i ny l py r i d i ne .  

dimethylmalonate and PdCIZ under m i l d  cond i t ions  i s  described. A mechanism i s  

discussed i n  which P d ( I I ]  f a c i l i t a t e s  i n i t i a l  a t t ack  by malonate anion on 

2 - v i n y l p y r i d i n e  and then ac t s  as an ox idant  t o  g i ve  the  f i n a l  product .  When the 

r eac t i on  i s  conducted i n  MeCN, a condensation o f  malonate w i t h  MeCN occurs as a 

competing r eac t i on .  X-ray c r y s t a l  s t r uc tu res  of t h i s  s i de  product  as we l l  as 

3-carbomethoxy-4-quinol i rone are presented. 

Since the  parent  and reduced q u i n o l i r i n e  r i n g  s t r uc tu res  are found n o t  on ly  i n  the  f r e e  s t a te  

i n  na ture  but  a l so  as p a r t  o f  numerous a l k a l ~ i d s , " ~ t h e  here in  f a c i l e  synthesis o f  subs t i tu ted  

4H-quinolizones was pursued. Substit .uted carbalkoxy-4-quinol izones have genera l l y  been 

prepared by the  condensation of  t h e  w a n i o n  o f  an ac t i va ted  p i c o l i n e  w i t h  ethoxymethylene 

de r i va t i ves  of a c t i v e  methylene c o r n p ~ ~ u n d s . ~ ~ - ~  Thus, 1-carbamethoxy-3-carbethoxy-4-quinolirone 

was prepared f rom methyl 2 -py r i dy l ace ta te  and d i e t h y l  ethoxymethylidenemalonate i n  73% y i e l d .  4 

Unfor tunately attempted monodecarbalk.oxylation o f  1 , 3 -d i subs t i t u t ed  4-qu ino l i rones  gave 

exc l us i ve l y  t h e  more s t ab le  1 - subs t i t u t ed  product. Bohlmann repor ted  the  synthesis of 

3-carbethoxy-4-quinol izone by reac t io 'n  o f  the a -an ion  of  2 -p i co l i ne ,  generated i n  s i t u  from 

Scheme 1. 
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picoline with NaNH2, with the same above electrophile; the yield was unreported.' Another 

synthesis involved initial generation of 2-ethynylpyridine, prepared in two steps from 

2-vinylpyridine, which was then condensed with diethyl malonate to give the desired quinolizone 
6 in a meager 8% overall yield from the olefin (Scheme 1). 

When the reaction depicted in Scheme 2 was conducted, the only isolable products were 

quinolizone 1 and enamine 2; no complexes were isolated. The addition of malonate to nitriles 

has generally been limited to activated nitriles (i.e. a-di- and tri-halo,"* cyanogen, 9 

12 benroyl.1° ethyl cyanoformatell and imidates ), thus the condensation of malonate and 

acetonitrile to give enamine 2 was unexpected. Recently however SnC14 i n  refluxing 

1,2-dichloroethane was reported to promote the addition of malonates to simple alkyl nitriles 

in fair yields.13 The new synthesis herein reported offers at least two distinct advantages 

over current procedures in that the Pd(ll)-promoted addition is not moisture sensitive and 

gives comparable or improved yields 

Scheme 2.  

During the spontaneous synthesis of the cyclometalated Pd(ll) complex 3 from its individual 

components (i.e. 2-vinylpyridine, dialkyl malonate and PdC12) in a one-pot synthesis, the 

unanticipated 1 and 2 were isolated. To be noted the synthesis of 3 was accomplished by 

Michael addition of 2-vinylpyridine with sodiomalonate, without transition 

3 E=COZR 4 E=CO,R - " 

metal catalysis, followed by Pd(l1)-N complexation and subsequent cy~lometalation.~~ In 

addition C-malonato Pd(I1) complexes 4 were also prepared,15 thus it was of interest to 

determine if the attempted one-pot synthesis of 3 would proceed through the bis(ma1onato) 

complex 5 (analogous to 4) or if Michael addition would occur first to give 6 (the previously 

reported precursor to 3), followed then by cyclization. 
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However when the one-pot react ion  was ca r r i ed  out, no Pd complex was obtained and on ly  1 and 2 

were iso la ted.  Due t o  the  very m i l d  'reaction condi t ions,  i t  became apparent t h a t  Pd(1l) was 

ac t i va t i ng  the v i n y l  group towards 

6 - 
Michael add i t ion .  [ I n  the  absence o f  Pd ( l I ) ,  add i t ion  o f  malonate t o  2 -v iny lpy r i d i ne  requires 

alkoxide, as base, under re f l ux ing  alcohol  temperatures (ca. 80'C).] To determine i f  the 

ef fect  was an induct ive  one o r  i f  a  Pd n-bond was present, the bis(2-vinylpyridine)PdC12 

complex 7 was i so la ted  by mixing 2 -v iny lpy r i d i ne  and PdC12 i n  a 2 : l  r a t i o  ( t o  avoid C1-bridged 

dimer format ion) i n  MeCN; the  desired complex 7 p rec ip i t a ted .  An X-ray c r ys ta l  s t ruc ture  

determinat ion o f  7 c l e a r l y  showed excllusive N-coordinat ion and t h a t  no Pd-v iny l  in terac t ions  

ex i s t .  Thus the Pd(l1) a c t i v a t i o n  o f  the o l e f i n  t o  nuc leoph i l i c  add i t i on  must be an induct ive 

e lec t ron withdrawing e f f e c t .  

A  mechanism which invokes pal ladium assistance i s  given i n  Scheme 3.  i n  the react ion  o f  7 w i th  

methyl sodiomalonate, the e lec t ron wii.hdrawing e f f e c t  o f  Pd(I1) on the py r i d i ne  r i n g  caused an 

SN2' react ion  t o  proceed [ ra ther  than exclusive 1,2-addi t ion as i n  the absence o f  P d ( I I ) ]  w i th  

sequential e l im ina t i on  o f  ch lo r i de  i on  from Pd(I1) t o  g i ve  8. Abstract ion o f  the ac id i c  

#-hydrogen o f  8 afforded py r i d i ne  9 w i t h  concomitant reduct ion  o f  Pd( l1)  t o  Pd(0). Based on 

the fac t  t h a t  no Pd(0) was i so la ted  from, o r  observed i n ,  the react ion  mixture,  the Pd(0) may 

then.form a  n-complex w i th  unreacted i ! -v iny lpyr id ine ,  which can decompose on work-up. Loss o f  

the l a b i l e  a l l y l i c  p ro ton under the b x i c  condi t ions and c y c l i z a t i o n  gave 1. Although 



quinol izone 1 was obtained when o ther  solvents were used (e.g. MeOH, EtOH, acetone, DMF and 

DMSO). DMF was the  bes t  so lven t  medium i n  t h a t  the  h ighes t  y i e l d s  (ca. 39%) were rea l i zed ,  

although the  r eac t i on  cond i t ions  were not  opt imized 

E 

Scheme 3 .  
Although d isorder  i n  the  c r y s t a l  o f  7 (F igure  1) prevented an accurate s t r uc tu re  determinat ion,  

several s a l i e n t  fea tu res  were ev ident .  There are no i n t e r -  or i n t r a -mo lecu la r  Pd-v iny l  

i n t e rac t i ons .  The geometry around Pd i s  square p lanar  w i t h  t h e  two t r ans  p y r i d i n e  r i n g s  being 

near ly  coplanar and both or thogonal  t o  the l i n e  de f ined  by Cl-Pd-11.  The Pd-Cl bonds are 

2.287(2) A and Pd-N average 2.02(3) A .  

Because o f  the  l a c k  of precedence f o r  the  fo rmat ion  of 2 under such cond i t ions  an X-ray c r ys ta l  

s t r uc tu re  de termina t ion  of  2  was undertaken t o  prove i t s  s o l i d  s t a t e  s t r u c t u r e  (F igure  2 ) .  It 

ex i s t s  i n  t h e  enamine form r a t h e r  than the  imine form as seen by t h e  shortened C(2)-C(3) bond 

[1.394(2) A] .  The carboxy la te  t r ans  t o  the  amino group i s  n o t  coplanar w i t h  the r e s t  of the  

molecule and i s  o r i en ted  such t h a t  the  t o r s i o n  angle O(2)-C(4)-C(3)-C(2) i s  135.6'; the  r e s t  o f  

the molecule i s  e s s e n t i a l l y  p lanar .  The second H-atom on N cou ld  no t  be loca ted  al though a l l  

o ther  H pos i t i ons  are ev iaent  i n  d i f f e rence  maps. Th is  H-atom i s  thought t o  be disordered i n  

s p i t e  o f  the  p o t e n t i a l  N-O(3) in t ramolecu la r  con tac t  of  2.613(2) A .  This s t r uc tu re  

determinat ion supports the  conformat ion pred ic ted  from v i b r a t i o n a l  spectroscopy. 
13,16 

Quinol izone 1 i s  p lanar  (F igure  3) and e x i s t s  as the  monohydrate w i t h  water forming a  near ly  

symmetric b r idge  between O(1) and O(2). I n  the  p y r i d i n e  moiety, the  C(1)-C(2) and C(3)-C(4) 

bonds are shortened [1.341(2) and 1.343(2) A, r espec t i ve l y ] .  I n  the  o the r  r i n g  the  C(8)-C(9) 

d is tance i s  shor t  [1.358(2) A] and the  C(9)-N bond long [1.468(2) A]. The ex te rna l  angles 

about the  r i n g  carbonyl carbon (C(8)-C(9)-O(1) [129.18(14)'] and N-C(9)-O(1) 
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[116.49(13)']) i n d i c a t e  t h a t  t h e  oxygen i s  t i l t e d  s l i g h t l y  toward t h e  r i n g  n i t r ogen  

because o f  N -e l ec t r on  d e l o c a l i z a t i o n  i n t o  t h e  r i n g  and onto the  oxygen al though not  

between C(9)-N [1.468(2) A] .  

F igure  2. ORTEP drawing o f  2 

perhaps 

d i r e c t l y  

Figure 1. ORTEP drawing of  7 F igure  3. ORTEP drawing o f  1 

EXPERlMENTAL 

A l l  me l t i ng  p o i n t s  were taken i n  c a p i l l a r y  tubes w i t h  a  Thomas-Hoover Uni-mel t  apparatus and 

are uncorrected.  'H and nmr were recorded on e i t h e r  an IBM NR/80 o r  IBM AF/100 spectro-  

meter us ing  CDC13 as so lven t  (unless otherwise spec i f ied)  w i t h  Me4Si and CDC13 as respec t ive  

1  i n t e r n a l  standards. 13c nmr da ta  were assigned us ing  s e l e c t i v e  H &coupled experiments. Mass 

spec t ra l  (rns) data (70eV) were de tern~ ined by M r .  D. A. Pat te rson on a  Hewlett-Packard HP 5985 

GC/mass spectrometer and repor ted  as (assignment, r e l a t i v e  i n t e n s i t y ) .  Prepara t i ve  t h i c k - l aye r  

chromatography (ThLC) was performed on 20 x  40 cm g lass  p l a tes  coated w i t h  a  2-mm l a y e r  o f  

Brinkman s i l i c a  ge l  PF-254-366. 



I n t e n s i t y  d a t a  f o r  1, 2 and 7 were c o l l e c t e d  on an Enra f -Non ius  CAD4 d i f f r a c t o m e t e r  equipped 

w i t h  Mo Ka r a d i a t i o n  (A=0.71073 A )  and a g r a p h i t e  monochromator. The c r y s t a l  o f  2 was sealed 

i n  a c a p i l l a r y  t o  p r e v e n t  sub l ima t ion .  V a r i a b l e  scan r a t e s  were employed i n  t h e  w-28 scans i n  

o r d e r  t o  achieve approx imate ly  equal r e l a t i v e  p r e c i s i o n  f o r  a l l  observab le  d a t a .  One quadrant 

o f  da ta  was c o l l e c t e d  f o r  t h e  m o n o c l i n i c  c r y s t a l ,  one hemisphere f o r  t h e  t r i c l i n i c  c r y s t a l s .  

C r y s t a l  d a t a  and angu la r  l i m i t s  f o r  each compound a r e  g i v e n  i n  Tab le  1. Data r e d u c t i o n  

inc luded  c o r r e c t i o n s  f o r  background, Lorentz,  and p o l a r i z a t i o n  e f f e c t s .  Absorp t ion  c o r r e c t i o n s  

f o r  7 were based on $ scans o f  r e f l e c t i o n s  near  y=909; t h e  minimum r e l a t i v e  t r a n s m i s s i o n  

c o e f f i c i e n t  was 61.24%. E q u i v a l e n t  d a t a  were averaged; d a t a  hav ing  1 > 3 o ( I )  were used i n  t h e  

ref inement  f o r  2, those  hav ing  I>O f o r  1 and 7 .  

The s t r u c t u r e s  o f  1 and 2 were so lved  u s i n g  MULTAN, t h a t  o f  7 by heavy-atom methods. 

Refinements o f  1 and 2 were f u l l - m a t r i x  l e a s t  squares based on F w i t h  we igh ts  W - ~ - ~ ( F ~ ) ,  

t r e a t i n g  nonhydrogen atoms a n i s o t r a p i c a l l y ,  w i t h  H atoms l o c a t e d  by AF and r e f i n e d  

i s o t r o p i c a l l y .  D i s o r d e r  i n  7 p reven ted  routine re f inement .  Only  Pd and C1 atoms w e r e  t r e a t e d  

a n i s o t r o p i c a l l y ,  w h i l e  h a l f - p o p u l a t e d  v i n y l p y r i d i n e  l i g a n d  atoms were t r e a t e d  i s o t r o p i c a l l y .  

Well  r e s o l v e d  hal f -a toms i n  t h e  d i s o r d e r e d  r e g i o n  were r e f i n e d  by f u l l - m a t r i x  l e a s t  squares, 

w h i l e  p o s i t i o n s  of CZ, C5, C7 and t h e i r  e q u i v a l e n t s  i n  t h e  a l t e r n a t e  o r i e n t a t i o n  were ad jus ted  

w i t h  t h e  a i d  o f  d i f f e r e n c e  maps. Ordered models i n  p o s s i b l e  a l t e r n a t e  space groups CZ and Cc 

l e d  t o  h i g h  c o r r e l a t i o n s  and d i d  n o t  l e a d  t o  improved agreement w i t h  t h e  data,  and thus  were 

abandoned. F i n a l  R f a c t o r s  and r e s i d u a l  e l e c t r o n  d e n s i t i e s  are g i v e n  i n  Tab le  1. 

Dichlorobis(2-vinylpyridine)palladium(ll) 7. F r e s h l y  d i s t i l l e d  2 - v i n y p y r i d i n e  (181mg, 

1.72mmol) was added t o  PdCI2 (132mg, 0.74mmol) i n  d r y  MeCN (30ml) and s t i r r e d  f o r  12h a t  25'C. 

The p r e c i p i t a t e d  complex was f i l t e r e d  and washed w i t h  a sma l l  amount o f  MeCN t o  g i v e  (74%) 7, 

as a b r i g h t  y e l l o w  s o l i d :  214mg; mp 178-18O'C(decomp.); 'H nmr 6 5.94 (d, O-CH(t,ans,, 

Jn,0(transl=11.2Hz, I H ) ,  6.10 (d, B-CH(cisl, Ja ,B(c i,l=17.5Hz, l H ) ,  7.16-7.35 (m, 5-pyrH, l H ) ,  

7.56-7.64 (m, 3-pyrH, I H ) ,  7.66-7.87 (m, 4-pyrH, I H ) ,  8.59 (dd, a-CH, J u , ~ ( c ~ s ) * ' ~ ' ~ ~ ' ~  

Ja,0(transl=11.2Hz, l H ) ,  8.98 (ddd. 6-pyrH, J5,6=5.6. J4,6=1.7, J 3,6- -0.8Hz, 1H). 

3-Carbomethoxy-4H-quinolizone (1). Method A. Reac t ion  i n  DMF. D imethy l  malonate (823mg, 

6.24mmol) and anhydrous K2C03 (1.629, l l .7mmol)  were added t o  dichlorobis(2-vinylpyridine). 

p a l l a d i u m ( l 1 )  (7, 3021119, 6.24mmol) i n  reagent  grade DMF (50rnl).  A f t e r  s t i r r i n g  a t  50'C f o r  

12h, t h e  s o l v e n t  was removed i n  vacua, t h e  r e s i d u e  d i s s o l v e d  i n  CHCI3 and f i l t e r e d .  The CHC13 

s o l u b l e  m a t e r i a l  was p u r i f i e d  by ThLC e l u t i n g  w i t h  5% MMeH/CHC13 t o  g i v e  1 as y e l l o w  

1 m i c r o c r y s t a l s :  61my (39%);  mp116.5-117,3'C(pet. e t h e r ) ;  H nmr 6 3.95 ( s ,  CH3, 3H), 6.66 (dd, 

I-quid!,  J1,2=8.5, J1,8=0.6Hz. lH ) ,  7.20 (ddd, 6-quinH, J5,6=7.3, JhS7=4.8, Jgf8=3.4Hz, 1H) 

7.57-7.65 (m, 7,8-quinH, ZH), 8 .41 (d, 2-quinH, IH) ,  9.40 (dd, 5-quinH, J 5,7=0.9Hz, 1H); I3C 

nmr 6 52.0 (CH31, 101.6 ( C l ) ,  115.9, 124.7 (C7 & C81, 133.0 (C51, 140.4 (CZ), 166.1 (3-CO), 
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167.2 (C4); ms m/z 203 (Mt,lO), 188 (Mt-cH3, 8 ) .  172 (M+-OCH~,  Il), 160 ( M ~ - C ~ H ~ O ~ ,  21), 132 

( M + - c ~ H ~ o ~ ,  37). 106 ( M ~ - C ~ H ~ O ~ .  39) .  78 (Mt-C6H5o3, 100) .  

Method B. Reac t ion  i n  CH3CN. Using t h e  same procedure as w i t h  DMF, gave 1 (20%) and methyl 

3-amino-2-carbomethoxy-2-butenoate ( 2 )  as c o l o r l e s s  m i c r o c r y s t a l s :  Rf=0.5; mp 83.5-84.5.C 

1 ( l i t . 1 3  mp 83-84.C); Subl .  50'C (2mtn); H nmr 6 2.15 (s, CCH3, I n ) ,  3 .71 (s ,  0CH3, IH) ,  3.74 

(s, 0CH3, 1H); I 3 c  nmr 6 22.2 (CCH3)', 51.1 (OCH3), 51.7 (OCH3), 164.1 (CO), 169.0 (CO); ms m/z 

173 ( M ~ ,  48), 142 (M'-cH~o, 100), 141 (Mt-CH~O, 88), 110 (26), 83 ( 2 2 ) .  

Table 1. C r y s t a l  Data and Data Co l l l ec t ion  Parameters. 

Compound: 

Formula: 

Formula W t :  

C r y s t a l  System: 

Space Group: 

a ( A ) :  

b ( A ) :  

c (A) :  

a ( ' ) :  

6 ( * ) :  
7 ( . ) :  
v ( A ~ )  : 

r i m c ) :  

f i (crn- l ) :  
C r y s t a l  s i z e  (mm):  

9 l i m i t s ( ' ) :  

Scan Speeds ( '  m i n - l ) :  

Unique Data: 

Observed Data: 

Var iab les :  

R: 

Rw: 

E x t i n c t i o n :  
3 

Res. Densi ty(eA- ) :  

H atoms: 

T r i c l i n i c  

PT 

6.905(2) 

7.789(2) 

10.458(2) 

70.63(2)  

75.48(2) 

74.48(2)  

5 0 3 . 1 0 )  

2 

1.460 

25 

1.05 
0 . 1 2 ~ 0 . 1 6 ~ 0 . 3 6  

1-27 

0.59-4.0 

2189 

1633 

190 

0.036 

0.038 

9 . 7 ( 1 7 ) ~ 1 0 - ~  

0.24 

r e f i n e d  

T r i c l i n i c  

P I  

7.669(2) 

8.930(2) 

7.094(2) 

111.10(2) 

109.21(2) 

94.61(2) 

417.0(5) 

2 

1.379 

27 

1.06 
0 . 3 2 ~ 0 . 4 0 ~ 0 . 5 2  

1-30 

0.63-4.0 

2421 

1415 

149 

0.049 

0.065 

0.20 

r e f i n e d  

7 

PdC12C14H14N2 
387.6 

Monocl i n i c  

C2/c 

15.403(5) 

7.268(2) 

14.699(4) 
-. 

113.82(3) 
-. 

1505(21 

4 

1.710 

22 

15.6 
0 . 0 6 ~ 0 . 2 6 ~ 0 . 3 2  

1-30 

0.74 4.0 

2186 

1755 

62 

0.076 

0.080 
. . 

0.93 

ignored  
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