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The der ivat ives  of pyrido[2,3-d]pyrimidine may be regarded as the deazo analogs of the pteridines;  
the introduction of an alkyl group in position 10 causes them to resemble  the soporific d r u g s - t h e  5 ,5-di-  
substituted barbi tur ic  acids. Because the synthetic approach to obtaining the different substituted pyr ido-  
[2,3-d]pyrimidines is very  limited, in the p resen t  work, as a resul t  of the synthesis  of 2 - imino-4-oxy-8 ,10-  
diethyl-2,3,4,5,6,7,8,10-octahydropyrido(2,3-d)pyrimidine (I), it has been shown possible to introduce sub- 
stitution groups in posit ions 2 and 4 of the pyrimidine ring, to the nitrogen atom of the piperidine ring, and 
also to the angular  substitution group in posit ion 10, with the resul t  that a more  detailed investigation may 
now be made of pyr ido[2,3-d]-pyr imidine .  

1 ,3-Diethyl-2 ,2-dimethoxy-3-carbethoxyhexahydropyr id ine  (II) required for the production of I may be 
made from 3-e thyl -3-carbe thoxypiper idone-2  (III) in two ways, as follows: 
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It has been shown that the method of producing II through the intermediate  lactim es t e r  IV has im-  
portant  advantages over the method involving alkylation of HI into VI, because of the low yield of VI. 

Because the synthesis  of III by alkylation of 3-carbethoxypiperidone (VII) with C2HhI involves con-  
siderable difficulty [1], we have used another method corresponding to the prepara t ion of VII from the malo-  
nic e s t e r  [1], and consist ing in the t ransformat ion  of ethyl malonate (VIII) by Michael ' s  react ion into ethyl-  
beta-cyanethylmalonic  es te r  (IX) and by reductive cyclizat ion of IX into III: 

C?.H~- CH(COOCtH~)t = c H c N _ . :  2- c 
ON OOOCtH,~ 

From III obtained in this way, through IV we synthesized II whose condensation with guanidine p r o -  
duced I: 
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At the same  t ime f rom N , O - d i e t h y l - 3 - c a r b e t h o x y p i p e r i d i n e  f luorobora te ,  d e s c r i b e d  in our  p rev ious  
communica t ion  [2], we produced  1 - e t h y l - 2 - e t h o x y - 3 - c a r b e t h o x y - l , 4 , 5 , 6 - t e t r a h y d r o p y r i d i n e  (X), f rom which 
by condensat ion with guanidine and th iourea  we syn thes ized  XI and X I I - 2 - a m i n o -  and 2 - m e r c a p t o - 4 - o x y - 8 -  
e t h y l - 5 , 6 , 7 , 8 - t e t r a h y d r o p y r i d o  [23-d]pyr imidine  s: 
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The object  of the  p r e s e n t  work has been to compare  the r e a c t i v i t i e s  of II, X, and the lac t im e s t e r  of 
3 -ca rbe thoxyp ipe  r idone-2  (XIII). 

It is known that XIII, and p a r t i c u l a r l y  l'I, a r e  ve ry  unstable compounds which a r e  hydro lyzed  in water  
to the co r r e spond ing  l ac t ams .  

A study of the hyd ro ly s i s  of X showed that this compound, unlike II and XIII, is  more  r e s i s t a n t  to hy-  
d r o l y s i s ,  and only when heated with concen t ra ted  hydroch lo r i c  acid  does it become t r a n s f o r m e d  into N- 
e t h y l - 3 - c a r b e t h o x y p i p e r i d o n e - 2  (XIV). A s i m i l a r  s i tuat ion concerning  the r e l a t i ve  r e a c t i v i t i e s  was found 
by condensat ion of II, X, and XIII with guanidine. As judged by the yie ld  of subs t i tu ted  pyr ido  [2 ,3 -d ]pyr imi -  
d ines ,  II is  the mos t  r e a c t i v e ,  then comes  XIII, and the l ea s t  r eac t ive  is  X. 

E X P E R I M E N T A L  

1 , 3 - D i e t h y l - 3 - c a r b e t h o x y p i p e r i d o n e - 2  (IV}. Into 20 ml of boi l ing absolute" toluene was added 0.8 g Na, 
bi t  by bit.  The t e m p e r a t u r e  was lowered  to 70 ~ and 6 g of 3 - e t h y i - 3 - c a r b e t h o x y p i p e r i d o n e - 2  (III)was added; 
the mix ture  was cooled to 55 ~ and 4.8 g of e thyl iodide was added. Af ter  being heated for  11/2 hours  at  
90-100 ~ the r eac t ion  mix tu re  was cooled,  the NaI was f i l t e red ,  the toluene was d i s t i l l ed  off, and the r e -  
s idue d i s t i l l ed  in vacuum. We obtained 2.2 g (32%) of IV, having a boi l ing point of 118-127 ~ at 3-4 mm. F o r  
ana lys i s  the subs tance  was r e d i s t i l l e d ,  boi l ing point 127-128 ~ at  4-5 ram, r  Found, %: C 63.65; 

H 9.54; N 6 .16 .Formula  C12H21NO3; ca lcula ted ,  %: C 63.44; H 9.25; N 6.17. vCOOC2H ~ = 1734 cm -1, vCO_amide = 
1650 cm -1. 

3•  (III). In 376 g of ethyl  malonate  (VIII) we d i s so lved  4 g of Na at  
60 ~ main ta in ing  this  t e m p e r a t u r e  for  1 hour. We added 160 g of a c r y l o n i t r i l e ,  r a i s e d  the t e m p e r a t u r e  to 
80 ~ and mainta ined  it the re  for 2 hours .  Heating then ceased ,  and the mix ture  was s t i r r e d  for  1 hour, 
cooled,  neu t r a l i zed  with g lac ia l  ace t i c  acid;  300 ml of d ich lore thane  were  added,  and 200 ml of water .  The 
l a y e r  of d ich lore thane  was s e p a r a t e d ,  washed in water ,  d r i ed  over  anhydrous Na2SO4; the solvent  was d i s -  
t i l led  off, and the r e s idue  d i s t i l l ed  in vacuum. We obtained 445 g (91%) of e thy l - f l - cyane thy lmalona te  (IX), 
bp 155-160 ~ at  6 mm.  On s tanding IX c r y s t a l l i z e d  out, mp 46 ~ [3]. 

To a solut ion of 220 g of IX in 1 l i t e r  of alcohol  we added 50 g o f R a n e y n i c k e l  the mix tu re  was hydro -  
genated for  2 hours  at  50 ~ and at  a hydrogen p r e s s u r e  of 90 arms;  the mix tu re  was cooled,  f i l t e red ,  the a l c o -  
hol evapora ted  off, and the r e s idue  was d i s t i l l ed  in vacuum. We obtained 144 g (80%) of III bp 162-168 ~ at 
4 mm.  On s tanding III c r y s t a l l i z e d  out; mp 46 ~ [1]. 

N - E t h y l - 3 - c a r b e t h o x y p i p e r i d o n e - 2  (XIV). To 2.3 g of N - e t h y l - O - e t h y l - 3 - e a r b e t h o x y - l , 4 , 5 , 6 - t e t r a h y -  
d ropyr id ine  (X) [2] was added 1.5 m l  of concent ra ted  hyd roch lo r i c  acid;  the mix tu re  was heated and kept at 
60 ~ for  5 minutes ;  it  was evapora t ed  in a vacuum, and the r e s idue  d i s t i l l ed .  We obtained 1.2 g (60%) of XIV, 
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bp 135 ~ at 4 mm; n~=1.476. Found, %: C 60.25; H 8.44; N 7.06. Formula Cl0Hi~O3; calculated, %: C 60.30; 

H 8.54; N 7.06 vCOOC2Hs= 1740 cm -I, vCO_amide = 1650 cm -I. 

2-Mercapto-8-ethyl-4-oxy-5,6,7-tetrahydropyrido[2,3-d]pyrimidine (XII). To a solution of sodium 
ethoxide (obtained from 0.35 g Na and 25 ml of absolute alcohol) we added 0.76 g of thiourea and 2.3 g of X; 
the mixture was boiled for 3 hours~ the alcohol evaporated off in vacuum, and the residue taken up in I0 ml 
of water, cooled to 5 ~ and neutralized with 2 N HCI. We obtained 1.4 g (66%) of XII 0R=SH). For analysis 
we recrystallized from an aqueous solution (I : 25), and yellow prismatic crystals separated out; mp 236-237 ~ 
Ultraviolet spectrum (in alcohol): kmax=260; 301 nm. Log e 4.44; 4.14. UV spectrum (in 0.i N NaOH); 
kmax=258; 295 rim. Log e 4.52; 4.12. Found, %: C 50.60; H 6.16; N 20.17; S 15.31. Formula CgH3N3OS; 
calculated, %: C 51.18; H 6.16; N 19.95; S 15.16. 

Similarly we obtained IX (R=NH2), yield 12%, mp 286-288 ~ (from water). UV spectrum (in alcohol); 
Xma x 228, 288 nm. Log e 4.41; 4.23. UV spectrum (in 0.I N HCI); Xma x 290 nm. Log g 4.28. Found %: 
C 55.40; H 7.38; N 28.65. Formula CgHIr calculated, %: C 55.67; H 7.22; N 28.87. 

2-Imino-4-oxo-8,10-diethyl-2,3,4,5,6,7,8,10-octahydropyrido[2,3-d]pyrimidine (I). Complex (V) made 
from 7.1 g IV and 6.6 g triethyloxonium fluoroborate [2] was added to a solution of sodiu~n methoxide (0.95 g 
Na in 30 ml absolute methanol) at -I0~ the mixture was agitated for 15 minutes, the NaBF 4 was filtered off, 
washed with methanol, and without further treatment the methanolic solution of II was used for condensation 

with guanidine hydrochloride. 

To a solution of sodium methoxide (1.85 g Na in 40 ml of absolute methanol) were added 3.15 g guani- 
dine hydrochloride and a solution of II in methanol. The mixture was boiled for 4 hours, the alcohol evapo- 
rated off, and the residue distilled in 15 ml water; the residue was filtered off. The aqueous mother liquor 
was neutralized with 2 N HCI to pH 8.0, evaporated until crystallization started, cooled to 0% and compound 
I was filtered off. Altogether we obtained 4.35 g of I, a yield representing 63.5% of the lactim (IV). For 
analysis the product was recrystallized from dimethylformamide (I :13), mp 247-248 ~ UV spectrum (in 
alcohol): kmax 244; 291 nm. Log e 4.26; 4.02. UV spectrum (in 0.i N HCI); kmax 217; 298 nm. Log e 
4.14; 4.23. Found, ~: C 59.55; H 8.50; N 25.14. Formula CIIHIsN40; calculated, %: C 59.46; H 8.11; N 25.23. 

We have synthe sized 2-imino-4- oxy-8,10-diethyl-2,3,4,5,6,7,8,10-octahyd ropyrido [2,3-d]pyrimidine 
from l-ethyl-3-carbethoxypiperidone-2; this example indicates that it is possible to obtain various 2,4,8,10- 

substituted hydrogenated pyrido [2,3-d]pyrimidines. 
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