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Reaction of 13-aminopropionohydroxamic acid with aldehydes and ketones 
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13-Ammopropionohydroxamic acid reacts with aliphatic aldehydes or ketones to give 
2-substituted l-hydroxytetrahydropyrimidin-6-ones, while its reaction with aromatic carbo- 
nyl compounds leads to either the same products or Sckiff's bases, which can exist in 
tautomeric equilibrium in solution. 
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The reaction of  o-aminobenzohydroxamic acid with 
aliphatic or aromatic  aldehydes is of general character 
and affords der ivat ives  of  3 - h y d r o x y - l , 2 - d i h y d r o -  
quinozal in-4-one,  t 

We s tudied  the reac t ion  of  13-aminopropiono- 
hydroxamic acid (1) with a series of  aliphatic, aromatic, 
and al iphat ic-aromatic  aldehydes and ketones with the 
aim of  extending this react ion to aliphatic [3-amino- 
hydroxamic acids. It was established that the treatment 
of  a m i n o h y d r o x a m i c  acid  (1) with formaldehyde,  
i sobutyra l ,  a ce tone ,  or  cyc lohexanone  leads to 
l -hydroxyte t rahydropyr imidin-6-one or its 2-substituted 
derivatives (Scheme 1, Table I )  

Scheme I 

HzNCH2CH2CONHOH + RR'CO = ~ , ~ O  
H N x N O H  

1 R R" 

2 a - - d  
a: R = R' = H; b: R =  H; R '=  pri; 
c: R = R '=  Me; d: R--R" = (CH2)  5 

The structures of the products was confirmed by data 
from elemental analysis and tH and I3C NMR spectro- 
scopy as well as by a positive reaction with FeC13 for the 
hydroxamic fragment. The signals of the methylene or 
methine protons at C-2 (8 4.1--4.2) are present in the 
IH N M R  spectra of  compounds 2a,b in DMSO, while 
signals corresponding to the Schiffs bases (in the range of  
5 8.2) are absent. In addition, the signals for C-2 (5 75--  
80) were observed in the 13C N M R  spectra of compounds 
2b,c,fl, while only one signal o f a  carbonyt group appeared 
at 5 > 100 (5 164--167) (Tables 2 and 3). 

The reaction of  aminohydroxamic acid (1) with aro- 
matic aldehydes and ketones is much more ambiguous. In 

the case of  be nz a lde hyde ,  its 2-,  3- ,  and 
4-nitroderivatives, and 4-methox-ybenzaldehyde, the cor- 

Table 1. Melting points, yields, and data from elemental 
analysis of 1-hydroxy-2-R-2-R "-tetmhydropyrimidin-6-ones (2, 
3, 5) and SchilTs bases RR'C=NCH2CH2CONHOH (4) 

Corn- R R" M.p. Yield Found Molecular 
pound /~ (%) Calculated (%) formula 

C H 

2a H H 147-- 48 41..0 6.90 C4HsN202 
149 41.4 6.89 

2b H Pr i 123-- 53 5_2_.7_.7 8.84 C7H14N202 
126 53.2 8.86 

2e Me Me 140-- 49 49.7 8.30 C6H~2N202 
142 50.0 8.33 

2fl --(CH2)5-- 137-- 53 58.8 8.60 C9HI6N202 
139 58.6 8.69 

3a H Ph 149-- 74 61.9 6.29 C10Hl2N202 
150 62.5 6.25 

3b H 2-NO2CrH 4 168-- 72 50....4 4.89 CIoHI1N304 
169 50.6 4.64 

3c H 3-NO2C6H 4 138-- 65 49.4 4.79 CIoHltN304 
139 50.6 4.64 

3d H 4-NO2C6H 4 148-- 67 50-5  .4..6~ CIoHIIN304 
149 50.6 4.64 

3e H 4-MeOC6H4103-- 26 --  -- CltH14N203 
105 

4a H 2-HOC6H 4 86-- 34 56.6 6,18 CIoHI2N203 
89 57.7 5.77 

4b H 2-HO-3- 97-- 28 --  --  Ct3Ht6N202 
AI1C6H 3 99 

4e H 3-MeOC6H4117-- 53 5~,7 6.28 ClIHI4N203 
118 59.5 6.31 

4d H 4-Me2N- 140- -26  ~J.,.8 7..7~ CI2HITN302 
C6H 4 141 61.3 7.23 

4e H 9-CI4H 9 151-- 48 73..7 5.52 CtsHt6N202 
153 74.0 5.48 

5 Me Ph 118-- 32 63,7 6.78 CIIHI4N202 
120 64.1 6.80 
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TaMe 2. IH NMR spectra of 1-hydroxy-2-R-2-R'-tetrahydropyrimidin-6-ones (2, 3, 5) 

Corn- Solvent 8 

pound NOH R" 14(4) H(5) R 

H(2) Me 

2a DMSO-d 6 -- 4.19 (s) --  2.9 (t) 
2b DMSO-d 6 -- 4.18 (d) -- 2.7 (m); 3.0 (rn) 
2e DMSO-d 6 5.3 oar.s) -- 1.32 (s) 2.87 (m) 
2d DMSO-d6 5.3 oar.s) -- -- 2.82 (t) 
3a CDCI 3 -- 5.57 (s) -- 3.1--3.3 (m) 

DMSO-d 6 -- 5.3 (s) -- 2.85 (t) 
3b DMSO-d 6 -- 6.0 (s) -- 2.8 (m); 2.7 (m) 
3e DMSO-d 6 -- 5.5 (s) -- 2.9 (t) 
3(I DMSO-d 6 9.45 oar.s) 5.45 (d) --  2.9 (rn) 

CDC13 1.2 (s) 5.65 (s) -- 3.15 (s) 
3e DMSO-d 6 -- 5.35 (s) -- 2.85 oar.s) 

CDCI 3 3.9 (s) 5.5 (s) -- 3.0--3.2 (m) 
5 DMSO-d6 -- -- 1.7 (s) 2.5;* 2.7 (br.s) 

CDC13 -- -- 1.9 (s) 2.6--2.8 (m); 
3.0 (m) 

2 . 2 7  ( t )  - 

2.1--2.5 (m) 0.8 (d, 3 14); 0.93 (d, 3 H); 2.2--2.3 (m, 1 H) 
2.3 (t) 1.35 (s, 6 H) 
2.3 (t) 1.05 (rn, 1 H); 1.4--1.6 (m, 7 H); 1.9 (m, 2 H) 
2.28 (t) 7.5 (s, 5 H) 
2.35 (m) 7.35 (s, 5 H) 
2.4 (t) 7.55 (m, 2 H); 7.7 (t, 1 H); 8.0 (m, 1 H) 
2.4 (m) 7.65 (m, 1 14); 7.70 (m, 1 H); 8.2 (m, 2 H) 
2.4 (m) 7.65 (d, 2 H); 8.35 (d, 2 H) 
2.7 (s) 7.6 (d, 2 14); 8.3 (d, 2 H) 
2.35 0at.s) 7.25 (d, 2 H); 6.85 (d, 2 H); 3.75 (s, 3 H) 
2.6 (t) 7.3 (d, 2 H); 6.9 (d, 2 H); 3.7 (s, 3 H) 
2.4 (s) 7.4 (s, 4 H); 7.8 (s, 1 H) 
2.5 (m); 7.4 (s, 5 H) 
2.6--2.8 (m) 

* The signal is overlapped by the solvent signals. 

Table 3. 13C NMR spectra of 1-hydroxy-2-R-2-R'-tetra- 
hydropyrimidin-6-ones (2, 3, 5) in DMSO-d 6 

Corn- 
pound C ( 2 )  C(4) C(5) C(6) R" R 

2b 79.75 39.08 35.125 167.04 28.00; 18.41; -- 
14.58 

2e 75.69 36.38 34.79 164.69 25.52 25.52 
2d 77.59 35.62 34.78 164.67 32.40; 25.02; 22.00 
3a 78.05 39.02 34.87 166.43 127.26; 127.85; -- 

127.92. 128.03; 
128.65; 139.77 

311 73.03 37.91 34.56 165.96 124.48; 128.55; -- 
129.35; 132.31; 
149.07; t57.39 

5 80.12 36.47 34.33 165.2 126.56; 127.11; 26.95 
127.82; 128.00; 
128.15; 143.48 

responding condensation products could be isolated. The 
quite narrow melting ranges of these products (see 
Table i) suggest that they do not contain considerable 
amounts of their isomeric forms. However, the signals of 
both 2-arylsubstituted l-hydroxytetrahydropyrimidin-6- 
ones .and the isomeric Schiffs bases were observed in the 
N M R  spectra of these compounds in DMSO (Tables 2-- 
5). Their ratio depends on the type and position of the 
substituent in the aromatic ring. The presence of electron- 
acceptor substituents favors the cyclic form, while the 
presence of electron-donor ones favors the linear form 
(the Schiffs base form). The latter is also stabilized if the 
substituent is present in the ortho-position (Table 6). The 
IH N M R  spectra of the condensation products of acid 1 
with benzaldehyde, 4-nitrobenzaldehyde, and 4-methoxy- 
benzaldehyde in CDC13 exhibit only signals of cyclic 
isomers, which exist in DMSO in tautomeric equilibrium 
with the isomeric SchilTs bases (Scheme 2). 

Table 4. IH NMR spectra of Sch2ffs bases RR'C=NCH2CH2CONHOH in DMSO-d 6 

R R" 8 

R R" NCH2 CH2CO 

H Ph 8.35 (s) 
H 2-NO2C6H4 8.65 (s) 
H 3-NO2C6H4 8.52 (s) 
H 4-NO2CrH4 8.5 (s) 
H 2-HOCrH 4 8.55 (s) 
H 2-HO-3-AII- 8.55 (s) 

CsH3 
H 3-MeOCrH4 8.5 (s) 
H 4-MeOCrH4 8.35 (s) 
H 4-Me2NCsH4 8.2 (s) 
H CI4H 9 9.50 (s) 
Me Ph 2.20 

7.4 (s, 3 H); 7.7 (s, 2 H) 3.80 (t) 
7.73 (m, 1 H); 7.77 (rn, 2 H); 7.9 (1 H) 3.85 (m) 
7.7 (s, I H); 8.12 (s, t H); 8.4 (d, 1 H); 8.52 (d, t H) 3.85 (t) 
7.95 (d, 2 H); 8.3 (d, 2 H) 3.85 (t) 
6.85 (m, 2 H); 7.3 (t, I H); 7.4 (d, 1 H) 3.85 (t) 
3.35 (d, 2 H); 5.05 (m, 2 H); 6.0 (m, 1 H); 3.85 (t) 
6.85 (t, 1 H); 7.2 (d, 1 H); 7.3 (d, 1 H) 

3.7 (s, 3 H); 6.8 (2 H); 6.95 (d, 1 H); 7.05 (s, 1 H) 3.85 (t) 
3.75 (m, 3 H); 7.0 (d, 2 H); 7.65 (d, 2 H) 3.80 (t) 
2.9 (s, 6 H); 6.72 (d, 2 H); 7.5 (d, 2 H) 3.70 (t) 
7.55 (s, 4 14); 8.10 (s, 2 H); 8.5--8.7 (m, 3 H) 4.12 (s) 
7.3 (s, 4 H); 7.75 (s, I H) 3.65 oar.s) 

2.40 (m) 
2.40 (m) 
2.40 (m) 
2.45 (m) 
2.40 (s) 
2.40 (t) 

2.40 (t) 
2.30 (br.s) 
2.30 (t) 
2.57 (s) 
2.38 (s) 
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Scheme 2 

H2NCH2CH2CONHOH + X--CsH4--COH 

1 

r • O  DMSO XCsH4CH=NCH2CH2c~O 
H N y N O H  NHOH 

CeH4X 
3a--e 

a: X = H; b: X = 2-N02; c: X = 3-N02; 
d: X = 4-N02; e: X =  4-MeO 

In the case of  aromatic aldehydes containing the HO 
or MeO groups in the ortho- and recta-position and 
the Me2N group in the para-position as well as with 
9 -an thra ldehyde ,  only Sch i f f s  bases are formed 
(Scheme 3). 

Scheme 3 

H2NCH2CH2CONHOH + RCHO -'-- 

1 
-.- R.--CH=NHCH2CH2CONHOH 

4a--e 

a: R = 2-HOCsH4; b: R = 2-OH-3-AIICsH3; r R = 3-MeOCsH4; 

d: R = 4-Me2NC6H4; e: R = 

Attempts to obtain condensation products with ac- 
etophenone or benzophenone under the same condi- 
tions failed. However, the condensation product with 
acetophenone (but not with benzophenone) was synthe- 
sized by heating acid 1 with acetophenone N-methylimine 
(Scheme 4). 

Scheme 4 

Me 
H2NCH2CH2CONHOH + "C=NMe 

ph / 
1 

HN_ NOH 

M Ph 
5 

The latter, like products 3a,e,d, is an individual 
cyclic isomer in CDCI 3, while in DMSO it exists as a 
tautomeric mixture with its linear isomer in the ratio ~1/ 
1.5 (Scheme 5). 

Table 5. 13C NMR spectra of Schiffs bases 
RR'C=NCH2CH2CONHOH in DMSO-d 6 

R R" ~5 

CH2(N) CH2(CO) P. R" 

H Ph 56.41 33.83 -- 136.01; 130.66; 129.15; 
128.03; 127.92; 127.23 

H 2-NO2C6H4 56 .48  33.57 -- 157.37; 149.07; 133.43; 
131.22; 129.35; 124.12 

H 2-HOC6H4 5 4 . 3 7  33.57 -- 160.74; 132.36; 131.71; 
t 18.65; 118.5; 116.52 

Me Ph 47.57 34 .17  15.03 126.00; 126.35; 127.67; 
127.86; 129.25; 140.33 

Table 6. The composition of condensation products of 
aminohydroxamic acid 1 with aromatic carbonyl compounds 
RCOC6H4--X in different solvents (%)* 

R X DMSO CDCI 3 

H p-NO2 87/13 100/-- 
H ra-NO 2 83/17 -- 
H o-NO 2 75/25 -- 
H H 60/40 100/-  
Me H 40/60 I00/-- 
H p- MeO 40/60 100/-- 
H m-MeO --/100 --/I00 
H p-Me2N --/100 -- 
H o-OH --/100 -- 

* Cyclic isomer/Schiffs base. 

Scheme 5 

~ 0  DMSO M e  ~0 
HN _NOH _ ~ C=NCH2CH2C~.NHOH 

M e ~ P h  Ph/ 

Experimental 

IH and 13C NMR spectra were recorded on a Bruker-300 
AM instrument. Melting points were measured on a Kofler 
stage. Aminohydroxamic acid 1 (see Ref. 2) and acetophenone 
N-methylimine 3 were obtained according to procedures de- 
scribed earlier. 

Synthesis of l-hydroxytetrahydropyrimidin-6-ones 2a--d, 
4e (general procedure). To a solution of aminohydroxamic 
acid 1 (0.2 g) in 5 mL of anhydrous MeOH an equimolar 
amount of an aldehyde or ketone was added. The mixture was 
refluxed for 3 h (with aldehydes) or for 6 h (with ketones), and 
the solvent was removed. The residue was recrystallized from 
priOH (2a,b and 4e) or acetone (2c,d). 

l-Hydroxytetrahydropyrimidin-6-ones 3a--d were obtained 
by the reaction of equimolar amounts of an aldehyde and acid 
1 in EtOH. After refluxing for 3 h, the solutions were cooled to 
-20 *C. The crystals that formed were filtered off and recrys- 
tallized from EtOH. 
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1-Hydrox-ytetrahydropyrimidin-6-one 3e. Anisaldehyde 
(0.25 mL) was added to a solution of  acid 1 (0.1 g) in 5 mL of 
PriOH. The mixture was kept for 4 h and the solvent was 
evaporated. The residue was washed with ether several times, 
and a small amount  of T H F  was added. The resulting solution 
was left overnight. The crystals that  formed were filtered off 
and recrystallized from CHC13. 

Imiaes 4a,b were synthesized by analogy with product 2. 
After the solvent was removed, the residue was washed with 
ether several times and left overnight. The crystals that formed 
were washed with petroleum ether and reerystallized from the 
same solvent. 

lmine 4e. m-Methoxybenzaldehyde was added to a solu- 
tion of acid 1 (0.2 g) in 5 mL of pr ioH.  After refluxing for 3 h, 
the solution was cooled, and the precipitate that formed was 
filtered off and recrystallized from PriOH. 

Imine ,Id. 4-N,N-Dimethylaminobenzaldehyde (0.12 g) was 
added to a solution of acid 1 (0.1 g) in 4 mL of anhydrous 
MeOH, and the mixture was left overnight at -20 ~ The 

mixture was then refluxed with activated carbon, concentrated 
to dryness, and T H F  was added. The solid residue was filtered 
off and recrystaUized from THF. 

l=Hydroxytet rahydropyrimidin-6-one 5. Acetophenone 
N-methylimine was added to a solution of  acid 1 (0.1 g) in 
MeOH (molar ratio 1.3 : 1). The rmrture was refluxed for 4 h, 
and the solvent was evaporated. The product was repeatedly 
extracted from the residue with hot petroleum ether and 
reerystallized from the same solvent. 
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