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4(3H)-pyrimidinone, a Promising New Herbicide 

Edward C. Taylor,* Ping Zhou 

Depar tmen t  of Chemistry,  Princeton University, Princeton, NJ 08544 

Colin M. Tice, Zev Lidert and  Renee C. Roemmele 

Research Laboratories,  Rohm & Haas  Company, Spring House, PA 19477 

Summary: A novel synthesis of the promising new herbicide 2-(2,6-dichloro-4- 
pyridyl)-3-propargyl-5-ethyl-6-methyl-4(3H__)-pyrimidinone (12) is reported 
which features (1) regioselective carbon, followed by nitrogen, dialkylation of 
an intermediate dianion, and (2) a tandem "one-pot" sequence of reactions 
involving sigmatropic sulfoxide elimination, lithium chloride-induced 
demethylation of a carbomethoxy grouping, decarboxylation, and 
isomerization/aromatization. © 1997 Elsevier Science Ltd. 

The design and  syn thes i s  of new herbic ides  is a cont inuing challenge in agr icul tura l  

chemis t ry  because  of the pe r s i s t en t  problem of res i s tance  development,  and  as  a resu l t  of 

economic and  envi ronmenta l  p re s su res  to find compounds  with different modes  of action. 

We repor t  he r e in  a novel  s y n t h e s i s  of a p romis ing  new herbic ide ,  2- (2 ,6-d ichloro-4-  

pyridyl)-3-propargyl-5-ethyl-6-methyl-4(3H__)-pyrlrnidinone (121. I 

Many synthe t ic  app roaches  are available for the cons t ruc t ion  of 4-pyr imldinones .  2 

None of these  proved in our  h a n d s  to be effective for the syn thes i s  of 12. As an  example,  
c o n d e n s a t i o n  of the  N-propargy l  amid ine  l b  with the  [~-ketoester 2 led only to the  

imidazoles  3a  and  3b, together  with the N-uns ubs t i t u t e d  4 -pyr imid inone  4; none  of the 

an t i c ipa ted  N-propargyl  compound  12 was  obtained.  It a ppe a r s  t ha t  d i spropor t iona t ion  

of I b  gave a mix ture  of the N,N'-dipropargyl amidine  I c  and  the N - uns ubs t i t u t e d  amidine  

l a ;  s u b s e q u e n t  c o n d e n s a t i o n  of l a  with 2 then  gave 4, while t he r m a l  cycl izat ion and  

a r o m a t i z a t i o n  of I b  and  I c  gave r ise to the  imidazoles  3 a  and  3 b  re spec t ive ly .  3 

P ropa rgy la t ion  of 4 y ie lded  only a t race  of the  ta rge t  N-propargyl  c o m p o u n d  12, the  
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dominan t  p roduc t  was  the resul t  of O-alkylation, apparen t ly  as  a consequence  of stertc 

crowding by the 2,6-dichloropyridyl subst i tuent .  
Me 

N. j Et 
~ c ~ N . .  o~Me c c 

~ ¢ ~  + Et C02Me " " ~  + " . f  
CI CI CI 

2 
la, R = R ' = H  3a, R = H  4 

b, R = H, R' = propargyl b, R = propargyl 
c, R = R' = propargyl 

Targe t  pyr tmld lnone  12 was  finally p repared  by the novel sequence  of reac t ions  

out ined in Scheme  1. Reaction of commercial ly available bromoace ta ldehyde  dlethylacetal  

with th iophenol  in the p resence  of t r iethylamine,  followed by an  aqueous  workup ,  gave 

p h e n y l t h i o a c e t a l d e h y d e  (6) in 64% yield. An aldol condensa t ion  of 6 with d imethyl  

m a l o n a t e  in t he  p r e s e n c e  of a c e t i c  a n h y d r i d e  t h e n  gave  d i m e t h y l  2- 

phen th iome thy l enem a l ona t e  (7). Condensat ion  of this extremely active Michael acceptor  

with amid ine  l a  then  gave the dihydropyr imidinone 8 in 53-65% yield following ei ther  

f lash ch roma tog raphy  or t r i turat ion with hexane.  4 

Scheme 1 
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Conditions: 
a, i. PhSH/NI::t3/MeCN; ii, HCI/H20 
b, CH2(CO2Me)2/Ac20 
c, la-HCI/DMF/NaHCO3 
d, 2.5 eq. KOBu-t/1.1 eq. Etl 
e, NaH/propargyl bromide 
f, mcpba 

g, LiCI 

D 
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Regioselective alkylation of dianions to effect subs t i tu t ion  at  the less acidic position 

is a widely utilized, general ly effective methodology, 5 and  this protocol was  successful ly  

appl ied to c o m p o u n d  8. Thus ,  t r ea tmen t  of 8 with 2.5 equivalents  of p o t a s s i u m  tert- 

butoxide in DMF smoothly  genera ted a dianion which was quenched  with 1.1 equivalents  

of ethyl iodide to give the 5-ethyl  derivative 9 in 91% isolated yield. 6 No compet ing  N- 

alkylat ion was  observed unde r  these  conditions. Subsequen t  t r ea tmen t  of 9 with sodium 

hydr ide  followed by  addi t ion  of p ropargy l  b romide  t hen  p r o d u c e d  the  N-propargy l  

compound  10 in 85% yield. 7 In this second alkylation, it was  gratifying to observe tha t  no 

O-propargylat ion occurred, apparent ly  as a consequence of severe steric congest ion arising 

from the f lanking qua te rnary  carbon at  C-5. 

Oxidat ion of the sulfide 10 with m-ch loroperbenzoic  acid gave the  sulfoxide 1 1 

(99%) which was  then  converted in a single step to 12 by heat ing with l i thium chloride in 

ref luxing pyr idine (24%). This  one-pot  t r ans fo rma t ion  involves s igmat rop ic  sulfoxide 

el imination,  8 l i thium chloride-induced demethylat ion of the ca rbomethoxy  grouping at  C- 

5, 9 decarboxylat ion,  and  final i somerizat ion/aromat izat ion.  IO 

A full r epor t  on the herbicidal  activity of 2-(2,6-dichloro-4-pyridyl)-3-propargyl-5-  

ethyl-6-methyl-4(3H_J-pyrimidinone (12) will be publ ished separately.  

A c k n o w l e d g m e n t :  Dr. Ping Zhou is grateful  for Rohm & H a a s  C o m p a n y  for a 

postdoctoral  research  fellowship. 

REFERENCES AND NOTES 

I .  

2. 

. 

Tlce, C. M. United States  Patent  5,300,477, Apr. 5, 1994. 

Brown, D. J . ;  Evans ,  R, F.; Cowden, W. B.; Fenn,  M. D. The Pyrimidines, 

Supplement II, Taylor, E. C. Ed., J o h n  Wiley & Sons, New York; 1994. 

(a) The Chemistry of Fttnctional Groups: ~ Chemistry of Amidines and Imidates, 

Patai, S., Ed: J o h n  Wiley & Sons, New York; 1975. (b) Similar cyclization react ions 

have been reported for the prepara t ion of oxazoles, thiazoles and  imidazoles. See 

Eloy, F.; Deryckere,  A. Chim. Ther. 1973, 8, 437. Chem. Abstr. 1974,  81, 13439; 

Overman,  L. E.; RoDs, J. P. J. Org. Chem. 1981, 46, 811. (c) These resul ts  require 

the in termediacy of the N,N'-dipropargyl amidine I c  and  the N-unsubs t i tu ted  

amidine l a ,  which p resumably  arise from amidine exchange react ions involving 

a m m o n i a  and  propargylamine (from decomposit ion a n d / o r  hydrolysis of Ib). 

Subsequen t  condensa t ion  of l a  with 2 would give 4, while the rmal  cyclization and  
aromat iza t ion  of I b  and  I c  would give rise to the imidazoles 3a  and  3b respectively. 



4342 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Compound  8 has  the following physical and spectroscopic properties: mp 155-6 oC; 
IH NMR (270 MHz, CDCI3) 5 3.21 (dd, J i=5 .3  Hz, J2=14.2 Hz, 1H), 3.41 (dd, J i=5 .6  

Hz, J2=14.3 Hz, 1H), 3.77 (s, 3H), 3.89 (d, J=9.9 Hz, 1H}, 4.45-4.55 (m, IH), 7.22- 

7.45 (m, 5H), 7.53 (s, 2H), 9.27 (br s, 1H). 
For an  excellent review on dianion chemistry, see Thompson,  C. M.; Green, D. L. C. 

Tetrahedron 1991, 47, 4223. 

Compound  9 has  the following physical and spectroscopic properties: mp 175-7oc; 
IH NMR (270 MHz, CDCI3) 8 0.86 (t, J=7.3 Hz, 3H), 1.90-2.05 (m, 1H), 2 .30-2.46 

(m, 1H), 3.34-3.67 (m, 2H), 3.68 (s, 3H), 3.91-3.96 (m, 1H), 7.25-7.49 (m, 5H), 7.65 
(s, 2H), 9.79 (br s, 1H). 

Compound  I 0  has  the following physical and spectroscopic properties: mp 129-130 
°C; 1H NMR (270 MHz, CDCI3) 5 0.87 (t, J=7.3 Hz, 3H), 1.90-2.08 (m, 1H), 2.32- 

2 .45 (m, 2H), 3 .38-3.40 (m, 2H), 3.74 (s, 3H), 3.84 (t, J=7.3  Hz, 1H), 4.25 (dd, 
J1=2.2 Hz, J2=17.6 Hz, 1H), 4.37 (dd, J i=2 .2  Hz, J2=17.6 Hz, 1H), 7.29-7.51 (m, 

7H). 

For  a d i scuss ion  of s igmatropic  sulfoxide el imination,  see (a) Trost ,  B. M.; 

Parquet te ,  J. R. J. Org. Chem. 1 9 9 3 ,  58, 1579. (b) Ohta,  A.; Tonomura ,  Y.; 

Odashima,  H.; Fujiwara, N.; Shimazaki, M. Heterocycles, 1989 29, 1199. 
For  l i th ium ha l ide -med ia t ed  deca rboxy la t ion  of carboxyl ic  es te rs ,  see (a) 

Cherbuliez,  E.; Leber, J.-P.; Bouvier, M. Helv. Chim. Acta  1953 ,  36, 1203. (b) 

Elsinger, F. Org. Syn.  1964,  45, 7. (c) McMurry, J.  E.; Wong, G. B. Syn.  Commun. 

1972, 2, 389. 

Compound  12 has  the following physical and spectroscopic properties: mp 143-144 
oC; 1H NMR (270 MHz, CDC13) ~ 1.16 (t, J=7.6 Hz, 3H), 2.35 (s, 3H), 2.43 (t, J=2.6 

Hz, 1H), 2.62 (q, J=7.6 I-Iz, 2H), 4.56 (d, J=2.6 Hz, 2H), 7.60 (s, 2H). 

(Received in USA 20 January 1997; accepted 6 May 1997) 


