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XXVII.* SYNTHESIS AND PROPERTIES 

OF 4-DIiVIETHYLAMINOMETHYLENE-3-OXOVALERO- AND -CAPROLACTAMS. 

TETRAHYDROPYRIDO[3,4-d]-PYRIMIDINE AND PYRIMIDO[4,5-c]AZEPINE 

DERIVATIVES 
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3-Oxo-4-N,N-dimethylaminomethylenecapro-  and va lero lac tams were  synthesized by react ion 
of d imethyl formamide  acetal  with c~-oxocapro- and valerolac tams,  and the kinetics of the hy- 
drolys is  of the f o r m e r  in acid and alkaline media were investigated by polarography.  2-Sub- 
stituted 9-oxo-9 H, 5,6, 7, 8- te t rahyd roazepino[ 3, 4-d]py r imidine s and 8- oxo- 8H, 5,6, 7, 8-tet  ra-  
hydropyrido[3,4-d]pyr imidines  were  synthesized on the basis of these enamino ketones.  

The t rans i t ion  f rom enamtnes of lac tams [2, 3] to ~-oxova le ro-  and a -oxocapro lac tams  (I, If) [4, 5] opens 
up definite p rospec t s  for  the p repara t ion  of the re la t ively  inaccess ible  fl-substituted lac tams and, f rom them, 
of various condensed he te rocyc l ic  compounds [6]. We have investigated the react ion of ~-oxolactams I and II 
with d imethyl formamide  diethylacetal  (HI). 

It is known that acetal  Ill readi ly  reac t s  with compounds having an active methylene link [7], but the re -  
action with aliphatic ketones (for example,  with aeetone) proceeds  with difficulty and gives the products  in low 
yields [8]. However, there  a re  no data in the Hte ra tu re  regarding the possibi l i ty of condensation of acetal  Ill 
with al icycl ic  ketones.  In a study of the p roper t i e s  of oxolactam II it was found that this compound readily 
reac ts  with acetal  HI to give 2 ,3-dioxo-4-N,N-dimethylaminomethylenehexahydroazepine (IV). As compared 
with the spec t rum of ~-oxocaprolac tam If, the absorpt ion band in the IR spec t ra  of er~mino ketone IV at 1720 
cm - i  (ketone C =O) vanishes,  and, in addition to absorpt ion bands at 3060 and 3180 (NH group) and 1660 cm -I 
(lactam CO), absorpt ion bands at 1640 and 1550 cm -I,  which a r e  cha rac te r i s t i c  for  the enamino ketone f rag-  
ment,  appear .  

Signals at 1.66 (2H, q,$ 6-H), 2.51 (2H, t, 5-H), 3.08 (2H, q, 7-H), 3.10 [6H, s, N(CH3)2] , 7.50 (IH, s, =CH), 
and 7.81 ppm (1H, t, NH) a re  observed in the PMR spect rum of this compound in deuterodimethyl  sulfoxide. 

It should be noted that on passing f rom the spec t rum of the base (in deuterodimethyl  sulfoxide) to the 
spec t rum of the protonated f o r m  (in CF3COOH), the singlet of the protons of the N(CH3) 2 group at 3.10 ppm 
is conver ted to two singlets at 3.68 and 3.84 ppm. The signal of the CH proton, without changing its form,  is 
shifted to weak field by A5 = 1.16 ppm. The indicated changes in the spect rum,  together  with the absence of 
splitting of the signal of the methylidyne proton, consti tute evidence in favor  of the fact that the O-protonated 
fo rm (B) with two nonequivalent NCH 3 groups is real ized under these  conditions ra the r  than the N-protonated 
fo rm (A). Cyclic enamino ketone IV could be the s tar t ing compound in react ions  with various nucleophilic r e -  
agents.  In this connection it seemed of in te res t  to study the s imples t  nucleophilic substi tution of the dimethyl-  

*See [1] for  communicat ion XXVI. 
tAbbreviat ions:  q is quintet, t is t r ip le t ,  and s is singlet.  
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Fig. 1. Dependence of the waves of reduction of enamino ketone 
IV and enol V in 0.093 N NaOH solution on time. Curves 1 -4were  
recorded  10 sec, 1 min, 3 rain, and 6 rain, respectively,  af ter  addi- 
tion of enamino ketone IV to the solution. The rate of potential im-  
posit ion was 1.25 V/ sec .  

Fig. 2. Po l a rog rams  of enamino ketone IV in a 0.98 M HC1 base 
e lectrolyte  15 sec (1), 10 rain (2), and 21 min (3) after  addition of 
the substance to the solution. The rate of potential imposition was 
1.25 V/min.  

amino group - hydrolys is .  To study the kinetics of the hydrolysis  of enamino ketone IV we used polarography.  
In the f i rs t  stage it was established that the hydrolysis  of enamino ketone IV proceeds  readily in alkaline media 
to give 4-hydroxymethylene-2,3-dioxohexahydroazepine (V). 
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I ,Vl l  n=2; II, IV, V . = 3  

A broad signal of a methylidyne proton is observed in the PMR spect rum of hydroxymethylene compound 
V at 8.96 ppm. When the solution (in deuterodlmethyl sulfoxide) is acidified with CF3COOH, the signal be-  
comes a narrow singlet, i.e., exchange of the proton of OH is accelerated,  and splitting (in this case  broaden-  
ing) of the =CH signal vanishes.  These data make it possible to ass ign a hydroxymethylene ketone s t ruc ture  
to V ra ther  than the i somer ic  hydroxyvinyl aldehyde s t ructure .  

A compar i son  of the polarographic  behavior  of IV and V shows that there  is one wave with El/2 = -  1.36 V 
on the po la rogram of enamino ketone IV in neutral and alkaline nonbuffered media, whereas a wave with an 
El/2 value of - -  1.59 V is observed in the reduction of enol V under these conditions (Fig. 1). This difference 
in the El/2 values of the two compounds is due to the fact that enol V is a ra ther  strong acid (pK a 4.11) and is 
present  in solution in alkaline and neutral  media in the form of an ion, the ra te  of protonation of which,under 
these conditions, is low. At the same time, enamino ketone IV is reduced in the form of the neutral molecule 
under s imi la r  conditions. The considerable difference in the half-wave potentials of these compounds makes 
it possible  to quantitatively observe  the rate of hydrolysis  of enamino ketone IV (Fig. 1). In HC1 solutions 
(0.02-1.0 M) the half-wave potentials of the two compounds coincide, but in this case,  in addition to the pr in-  
cipal wave on the po la rogram,  a small  wave at more  negative potentials is also p resen t  (Fig. 2); the change 
in this small  wave with t ime was adopted as a measure  of the rate of hydrolysis  of enamino ketone IV. Inmore  
acidic media enol V is reduced at m o r e  posit ive potentials than enamino ketone IV, and during hydrolysis ,  in 
addition to a dec rease  in the waves of reduction of IV, the appearance of a wave of reduction of hydrolysis  
product  V is observed on the po la rograms .  

In neutral  KC1 solutions the dependence of log Ili m of the wave of reduction of enamino ketone IV on t ime 
has nonlinear charac te r ,  and the react ion rate is relatively slow - when a 1 mM solution of IV was allowed to 
stand for  1.5 h in a 0.1 M KC1 solution, the reductive wave decreased  by ~10%. Acids and alkalis considerably 
acce lera te  the hydrolysis ,  since, under these conditions, the concentrat ion of the dimethylamine formed in the 
react ion is low and does not affect the pH of the medium, and the dependence of log IlL m of the wave of reduc-  
tion of IV on t ime acquires  l inear  charac te r .  The rate constants for  hydrolysis  of enamino ketone IV in alka- 
line and acidic media, calculated f rom a f i r s t - o r d e r  equation, are  presented in Table 1. 
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TABLE 1. 

M e -  I 2,1 M 
dium I HCI 

k-  104 2,3 

Rate Constants for  the Hydrolysis  of Enamino Ketone IV 

I 0,98 M I 0,096M 0,09 M 0.009 M 0,046M 0,093M 0,94 M [ 0,96 M 
HC1 HCI HCI NaOH NaOH NaOH NaOH NaOH 

TABLE 2. Pyr imido[4,5-c]azepine (VII) and Pyrido[3,4-d]pyrimidine 
( IX)  Derivatives 

�9 )n 
�9 

n 
o 

Colql - I pound R 

. VIIlb I CH3 
VIIlc[ C~H5 
VILd| SH 
Vl I I e~p-NH2CeH(SO2NH 
VIIIf / OH 

IXb! NH~ 
IXc i CH~ 

Empirical Found, % I Calculated, % 

3 242--243 C~4H,aN30 170,615,5[17,5 [ -- 170,315411761 -- 170 
248--249[CsHgN303S [48.714 4121 6[ 15,8149 0] 4 6121 6[ 16 4 [61 33 244-2451c,, 7o  O  . 47,4 5,0110,91 9:147,914:fl,9,91 9,,l S 

3 217--218[C~HgN302 [53,215,Ol23,41- [53,6150J235[-- 128 
2 >300 [CTHaN40 51,![5,1 34,4[-- [51,2]4,9134,2[-- 121 4 
2 I 212--213[C3HgN30 59,015,6 25,5 - 58,915,5 25,8 - 113 

81 ~" I0:Io 
: s e c - I  

0,0~ 0,08 0,12 0,16 0,2 CNeOH , M 

Fig. 3. Dependence.of the rate constant for hydrolysis 
of enumino ketone IV on the hydroxide ion concentration. 

As seen in Fig.  3, the dependence of the rate constants in alkaline media on the alkali concentrat ion 
has l inear  cha rac t e r  when kOH =3" 10 -~ l i te r"  mole -1 �9 sec -1. However, it follows f rom the data in Table 1 that 
in acid medic acce le ra t ion  of hydrolysis  as the hydronlum ion concentrat ion increases  is observed only up to 
a ce r ta in  limit, af ter  which the react ion rate again decreases ,  i.e., as in the hydrolysis  of enamines [9], in the 
case  of enamino ketone IV the dependence of the hydrolysis  rate constant on the H3 O+ concentrat ion is bell-  
shaped. An interpretat ion of this phenomenon was presented in [9]. The data f rom a compar i son  of the rate 
constants for  hydrolysis  of IV in acidic and alkaline media  made it possible to assume that in this case  (in 
contras t  to the s imples t  enamines) there  is no need to use an acid catalyst  to c a r r y  out the react ion with nucleo- 
philic reagents .  To verify this assumption we ca r r i ed  out the t ransaminat ion of enamino ketone IV with p-  
anisidine, both in the p resence  of TsOII and in the absence of a catalyst .  In both cases  we obtained 3-oxo- 
4-(p-methoxyphenyl)aminomethylenecaprolactam (VI) in high yield, and the catalyst  did not affect the t rend 
of the p rocess .  These resul ts ,  as well as data on the hydrolysis  of enamino ketone IV in alkaline and acidic 
media, constitute evidence for  considerable  activation of the enamine a posit ion of IV by both keto and lactam 
groupings.  This c i rcumstance  opens up considerable  prospects  for  the use of enumino ketone IV for  the prep-  
ara t ion of various heterocycl ic  compounds, par t icu la r ly  condensed pyr imidines .  Thus 2-substi tuted 9-oxo-  
5 ,6 ,7 ,8- te t rahydro-9H-pyr imido[4 ,5-c]azepines  (VIIa-e) are  formed in the react ion of IV with guanidine, am- 
idines, and thiourea (in the p resence  of sodium ethoxide). 

NH N N IV 
H H R 

11 li 
O O 

Vl VII 

v I Ia  R~NH~; b R=CHa; c R:CsHs; d R,~$H; e R'=NH2CeH4SO2NH; 
f RffiOH 
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. It should be noted that reac t ion  of enamino ketone IV with urea  could not be ca r r i ed  out and that 2-oxo der iva-  
tive Vff was obtained by diazotization of the NH 2 group in VIIa. The react ion of acetal III with lactam I leads 
to the ext remely  hygroscopic  enamino ketone VIII, which, without isolation, was subjected to react ion with thio-  
urea,  guantdine, and acetamidine.  This method was used to synthesize 2-substi tuted 8-oxo-5 ,6 ,7 ,8- te t rahydro-  
pyrido[ 3, 4-d]py r imidines (IXa-c). 

0 0 

Vlll IX 

IX a R = SH, b R=NH2, c R=CHa 

The physical characteristics of Vll and IX are presented in Table 2. 

EXPERIME NTA L 

The PMR spectra of the compounds were recorded with a JNIVI 4H-100 spectrometer with tetramethyl- 

silane as the internal standard.  

Polarography was ca r r i ed  out in a thermosta t ted  cell at 25 :~ 0.1 ~ on a dropping m e r c u r y  electrode (m = 
0.82 m g / s e c ,  t = 0 . 4  see). A saturated calomel electrode served as the anode. The po la rograms  were recorded 
with a Radiometer  PO-4 polarograph.  In the study of the kinetics of hydrolysis ,  the appropria te  solution of the 
base e lect rolyte  was poured into the cell, the curve was recorded,  and a f reshly prepared  aqueous solution of 
enamino ketone IV was added to the same solution; af ter  brief  (~ 10 sec) s t i r r ing  with a s t r eam of nitrogen, 
the curve was recorded.  The subsequent po la rograms  were recorded  at various t ime intervals as a function 
of the react ion rate in the investigated medium. The t ime required to reach the limiting currents  ofenamino 
ketone IV f rom the s ta r t  of recording of the po la rogram was taken into account in the construct ion of the de- 
pendence of log ili m on t ime. 

4-(N,N-Dimethyl)aminomethylene-2,3-dioxotetrahydroazepine (IV). An 8.82-g (0.06 mole) sample of 
dimethylformamide acetal was added dropwise to a solution of 5.1 g (0.04 mole) of a -oxocapro lac tam in 72 ml 
of dry benzene, and the mixture  was heated at 70-75 ~ for  2 h, af ter  which it was cooled, and the result ing p r e -  
cipitate was removed by filtration, washed with benzene, and dried to give 5.9 g (81%) of enamino ketone IV 
with mp 175~176 ~ (from isopropyl alcohol). Found: C 58.9; H 7.6; N 15.3~ CgHtdN202. Calculated: C 59.3; 
H 7.1; N 14.9~. 

4-Hydroxymethylene-2,3-dioxote t rahydroazepine  (V). A 7.28-g (0.04 mole) sample of IV was dissolved 
in 30 ml of 2 M NaOH, and the mixture  was s t i r red  to 0 ~ for  2 h, a f ter  which 2 N HCI solution was added up to 
pH ~2, and the mixture was maintained at 0 ~ for 1 h. The result ing precipi ta te  was removed by filtration, 
washed with cold water,  and dried to give 4.34 g (70~o) of azepines V with mp 144.5-145 ~ (from ethyl acetate).  
Found: C 54.1; H 9.0; N 5.8~c. CTHgNO 3. Calculated: C 54.2; H 9.0; N 5.8~. 

3-Oxo-4-  (p-methoxyphenyl)aminomethylenecaprolactam (VI). A 1.84-g sample of p-ants idine was added 
to a solution of 1.82 g of IV, and the mixture was refluxed for  5 h. It was then cooled, and VI was removed by 
fi l t rat ion to give a product  with rap 233-233.5 ~ (from DNIF) in 95~ yield. Found: C 65.0; H 6.5; N 10.8%. 
C14Hl~NzO3. Calculated: C 64.6; H 6.2; N 10.8%. When TsOH was used as the catalyst ,  VI was obtained in 95% 
yield. 

2-Amino-9-oxo-9H-5,6 ,7 ,8- te t ruhydroazepino[3 ,  4-d]pyrimidine (VIIa). A 2.5-g (0.0137 mole) sample 
of IV was added to a solution of 2 g (0.0134 mole) of guanidine carbonate in 40 ml of absolute methanol, and 
the mixture was refluxed for  4 h. It was then cooled, and the resul t ing precipi ta te  was removed by fi l t rat ion 
and washed with water  and ether  to give 2.1 g (86~0) of pyr imidine VIIa with mp 273.5-274 ~ (from water).  Found: 
C 53.6; H 5.6; N 31.1~0. CsH10NdO. Calculated: C 53.9; H 5.6; N 31.5%. Compounds VIIb-f  (Table 2) were s im-  
i larly obtained. 

2-Mercapto-8-oxo-8H-5,6 ,7 ,8- te t rahydropyr ido[3 ,4-d]pyr imidine  (IXa). A 14-g sample of acetal III was 
added to a solution of 3.4 g of lactam VIII in 20 ml of absolute alcohol, and the mixture was refluxed for  8 h. 
The alcohol was removed by distillation, 20 ml of alcohol, 2.5 g of thiourea,  and a solution of sodium methoxide 
(from 0.75 g of Na in 15 ml of alcohol) were added, and the mixture was refluxed for  4 h and allowed to stand 
overnight.  The precipi ta ted ixa  was removed by f i l t rat ion and crys ta l l ized  f rom water  to give the hemihydrate 
of IXa, with mp 221-222 ~ in 28%yield. Found: N 22.2; S 16.3%. CTHTN3OS-0.5 H20. Calculated: N 22.1; S 
16.8~o. Compounds IXb, c (see Tab le  2) were  s imi lar ly  obtained. 
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6H-A NTHRA [ 1 , 9 , 8 - c ,  d, e , f ] -  2 , 7 -  NA P H T H Y R I D I N E  D E R I V A T I V E S  

II.* NITRATION OF ANTHRANAPHTHYRIDINE-1,6,11-TRIONES 

S. V. R e z n i c h e n k o ,  S. I .  P o p o v ,  
a n d  N. S. D o k u n i k h i n ~  

UDC 547.838.1 : 542.958.1 

5,7-Dinitro derivatives are formed in the nitration of 2H, 10H-anthra[ 1,9,8-c,d, e,f]- 2,7-naph- 
thyridine- 1,6, l I - t r ione and its N,Nt-dimethyl derivatives. 5,7-Dichloro- and 5,7-dibromo- 
anthranaphthyridine- 1, 6,11-triones were obtained by reaction of 1, 8-diamtno- 4, 5-dihaloanthra- 
quinones with diethyl malonate. Disubstituted anthranaphthyridine triones react with amines 
to give the corresponding 5,7-diaryl(alkyl)aminoanthranaphthyridine 1,6,11-triones. 

We have previously synthesized 2H, 10H-anthra[ 1,9,8-c,d, e,~ ~ 2, 7-naphthyridine- 1, 6,11-trione (Ia) and 
its N,N'-dimethyl derivative {Ib) [1]. In a study of the nitration of these compounds it was observed that a 
difficult-to-separate mixture of the starting compound and the mono- and dtnttro derivatives is formed when 
one equivalent of nitric acid in sulfuric acid is used. When two equivalents of nitric acid are used, dinitro 
derivatives (IIa, IIb) are formed smoothly. It might have been expected that, like anthraquinone [2] and anthra- 
pyridone [3], nitration leads to substitution of the free ~ positions of the anthrone ring. Toverffythe structure 
of dinitro derivative IIa, it was converted by exchange reaction with p-toluidine to the di-p-tolylamino deriva- 
tive ([Ha), which in turn was obtained by arylaminatton of 5,7-dichloroanthranaphthyridinetrione (IVa). 

Compound IVa was obtained by condensation of 1,8--diamino-4,5-dichloroanthraquinone (Va) with diethyl 
malonate in the presence of potassium acetate. Compound Va was synthesized by nitration of 1,8-dichloro- 
anthraquinone and subsequent reduction. 

*See [1] for comraunication I. 
tDeceased. 
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