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Abstract -  The [ 4+ 2]cyclo addition  reaction  utilizi ng trimet hyls ilyl -

ketene with 1,3-diaza-1,3-dienes  smoothly proceeded to give the des ired

cycloadducts, 4(3H)-pyrimidinones, in moderate to high yields.

Tri me th yl s i lyl ke te ne  ( TMS  k et en e, Me 3 S iC H= C= O) ha s  be en  co ns id er ed  as  a  u se fu l
building block for the introduction of the C2 unit in view of not only its  higher reactivity but
also ea s ier h andlin g, lower tox icity and ch emical s tabil ity re lative  to th e kete ne its elf.1 - 4

The synthetic utility of TMS ketene in [2+ 2] cycloaddition reaction to provide β -lactones 5

and in reactions  with nucleophiles 6  has  been reported.  Our group has  been independently
developing the TMS ketene chemis try for the facile and efficient synthes is  of heterocycles 4

ut i l i z i n g  el e c t r o n - r ic h  1 ,3 - d i en e s ,7  e n a mi n e s ,8  a c yl  i s o c y a n at e s ,9  n i t ro n e s ,1 0  8 -
azaheptafulvenes  and 6 -amino-1-azafulvenes . 1 1   In this  communica tion, we present a ne w
methodology for the synthes is  of nitrogen heterocycles  us ing 1,3-diaza-1,3-dienes to produce
4(3H)-pyrimidinone derivatives via the [4+2] cycloaddition.1 2

The 1,3- diaza-1,3-diene (1a), wh ich is  e as ily pr epared,1 3  was  fo und to p ossess  s ufficien t
reactivity toward TMS ketene (2), and the reaction of (1) with two equivalents  of 2 produced
the  d es ir ed  [ 4+ 2] cy cl oa dd uc ts  ( 3a) , 4( 3H )- py ri mid in on e, u nd er  q uit e mi ld  r ea ct io n
conditions .  Table 1 shows the results  of the solvent survey, which we initially attempted.
Ethyl acetate was  found to be the mos t effective to give 3a  in 94% yield as  a s ingle product,



though the other solvents  such as  toluene and THF also gave 3a  in moderate yield together
with 4a.
The possible mechanism of the reaction is  as  follows: In analogy with the related s tudies ,7 , 1 2

the  r ea ct io n of  1  wit h 2  sm oo th ly  p ro ce ed s  v ia  a  s te pwis e pr oc es s  to  g ive th e [4 + 2 ]
cycloadduct.  Subsequent migration of the s ilyl group would produce an intermediate (A ),
from  wh ich TMS NMe 2  (5 ) i s  e limi nat ed t o a ffo rd 3 .   The  rea son  why  2 equ iv. of 2  i s
req ui red  i s ,  we  a ssu me , dep en de nt on  th e s i de re act io n, as  s ho wn in  Sc he me  1.   Th e
quantitatively produced 5  would smoothly react with 2  to give the a-s ilylated amide (6) via
the s ilyl enol ether.  The formation of 6  was actually observed in the reaction of TMSNMe2

and 2, by GC analysis.

Table 1.
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Enco ura ged  by  th ese  res ult s , we nex t t urn ed o ur att ent ion  to  th e su bs t rat e e ffe ct.   As
expected, this  synthetic method was  found to be general for 1,2-diaryldiazadienes  to produce
3b - f  i n  h ig h  yi e l d s .   Fo r  e xa m p le , m et h y la t e d  s u b s t r a t es  s uc h  a s  1 b  o r  1 c we r e
success fully transformed into the corresponding cycloadducts  (3b ) and (3c) in high chemical
yiel ds , res pect ivel y.  The  ele ctr on-withd rawing grou p o n th e be nze ne r ing suc h as  th e



chlorine atom h ad no affect at  all, and the reaction smooth ly proceeded to  give 3d  in 80 %
yield.  Althoug h longer reacti on time is  requ ired, the 2-nap hthyl derivative (1e) was  als o
found to be effective to give 3e under reflux conditions .  An electron-donating group such as
MeO did accelerate the reaction to afford 3f  within 1 h.  These results  are summarized i n
Table 2.
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Other types of subs tituted diaza dienes  such as  1g  and 1h  were also found to be effective to
give the c orres pondi ng p roduc ts , a s  sho wn i n Sch eme 2 .  Fo r ex ample , com pound  (1g )
co nt ai ni ng  a  m et hy l gr ou p at  t he  4  p os it io n of  t he  d ie ne  was  t ra ns fo rm ed  i nt o 3g  i n



moderate yield accompanied with the 5-trimethyls ilyl derivatives  (4g), though the reactivity
was  s i gni fi can tly  d ecr eas ed (2 8 h ).  F ort una tel y, th e s id e p rod uct  ( 4g) 1 4  wa s  r ead il y
converted to 3g  by treatment with TBAF.  Also, 1h was  success fully converted into 3h  as  a
single product within 3 h.  Moreover, the thiomethyl group at the 2 pos ition accelerated the
reaction due to its  higher electron-donating property, and 1i  was smoothly transformed into
3i in 78% yield.1 5

In co nclus ion, we h ave d emons trate d th at TM S ket ene acts  as  a usefu l di enoph ile i n th e
[4+ 2] cycloaddition reactions  with the 1,3-diaza-1,3-dienes .  This  facile method represents
ano th er  as pe ct  of  t he  sy nt he tic  u ti lit y of  TM S ke ten e fo r t he  p rep ar at ion  o f nit ro ge n
heterocycles.  Further studies for its general development are now in progress.  
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