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Synthesis of derivatives of 
2-hydroxyimino- and 2-alkoxyimino-3-(acylhydrazono)butanoic acids 

V. V. Zakharychev,* M. D. Golubtsava, and L. V. Kavalenko 

O. I. Mendeleev University of Chemical Technology of Russia, 
9 Miusskaya pL, 125047 Moscow, Russian Federation. 
Fax: +7 (095) 200 4204. E-mail: rector@mhti.msk.su 

Esters and N-methylamides of 2-hydroxyimino- and 2-alkoxyimino-3-(acylhydrazono)- 
butanoic acids were synthesized by condensation of acyl hydrazines with the corresponding 
alkyl 2-hydroxyimino- and 2-alkoxyimino-3-oxobutanoates and N-methyl-2-methoxyimino- 
3-oxobutanamide. The compounds obtained are analogs of strobilurins, fungicidal antibiotics�9 

Key words: esters and amides of 2-hydroxyimino-3-oxobutanoic and 2-alkoxyimino- 
3-oxobutanoic acids, hydrazones; strobilurin analogs. 

Strobilurin A (1) is an antibiotic of high fungicidal 
activity. But it is light-sensitive, which significantly l im- 
its the area of  its application. 1 There have been synthe- 
sized a large number of  structural analogs ofstrobilurin A 
that have various biological activities and are more 
stable and promising as agrochemical preparations against 
a broad spectrum of  plant diseases. Esters and amides of 
aryl-  and hetarylacet ic  acids bearing the methoxy- 
methylene or methoxyimino group in the a-posi t ion are 
the major strobilurin analogs studied. 2-4 

Acylhydrazones of esters and amides of 2-alkoxy- 
methylene- and 2-alkoxyimino-3-oxobutanoic acids (2) 
are structurally close to strobilurin and therefore can 
also exhibit similar biological activity. 

~ M e  A--NHN.... Me 

OMe R 1Y . ~ Z O R  2 

0 
1 2 

A =Acu =CH, N;Y = 0 ,  NR 3,R ~ =AIk;R 2,R 3 H, AIk 

Earlier ,  we showed 5 that  hydrazones  of  ethyl  
2-(ethoxymethylene)acetoacetate  could not be prepared 
by the condensation of the ester with substituted hydra- 
zincs. However, derivatives of 2-(hydroxyimino)aceto-  
acetic acid smoothly react with various acyl hydrazines 
to give the corresponding hydrazones (Scheme 1). 

Condensat ion of  acyl hydrazines 3 a - - f  with esters 
4 - -9  or amide 10 was carried out by heating equimolar  
amounts of the reagents in ethanol (thiosemicarbazones 
were obtained in an e thanol--water  mixture). Some 
hydrazones (compounds 12c,d and 160 were not formed 
under these conditions.  For this reason they were syn- 
thesized in the presence of  hydrochloric acid as a cata- 

Scheme 1 

A --NHNH 2 
0 .. Me A-NHN_.. Me 

+ X . ~ N O R  ~ X . . ~ N O  R 

0 0 

3a - - f  4 - - 1 0  1 1 - - 1 7  

3a- - f :  A = PhCO (a); p-BrCsH4CO (13); m-BrC6H4CO (c); 

N ~ - - C O  (d); (e); EtOCO H~NCS (f). 

X = MeO, R --- H ( 4 , 1 1 a ~ e ) ;  Me (5, 12a--f ) ;  Et (6, 13a-- f ) ;  
X = EtO, R = H (7, 14a---e); Me (8, 15a--f ) ;  Et (9, 16a-- f ) ;  
X = MeNH, R = Me (10, 17a--e). 

lyst, which, in most cases, allowed the reaction to be 
completed after 20 min against one hour in usual prac- 
tice. The fact that the yields were not always close to 
quantitative may be explained by the high solubility of 
the target products in the reaction mixture and losses 
during recrystaUization. The melting points and yields of 
hydrazones 11--17 are given in Table I. 

As can be seen from the above scheme, the conden-  
sation in both neutral and acidic media involves the keto 
group of derivatives of acetoacetic acid rather than the 
azomethine group. Under these conditions,  the hydra- 
zones formed do not undergo cyclization involving the 
ester or amide group to give pyrazolidine derivatives. 

Alkyl 2-alkoxyimino-3-oxobutanoates (5, 6, 8, and 9) 
were obtained by ni t rosat ion of  ethyl and methyl 
acetoacetates with sodium nitrite in acetic acid followed 
by alkylation of  hydroxyimino derivatives 4 and 7 ob- 
tained with dimethyl or diethyl sulfate (Scheme 2). 
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Table 1. Melting points and yields of acylhydrazones 11--17 

Com- 

pound 

X R A a Yield (%) M.p. /~ 

Without With 
catalyst catalyst 

! l a  M e O  H PhCO 
I Ib  MeO H 4- BrC 6 H4CO 
l i e  MeO H 3-BrC6H4CO 
I ld MeO H 4-pyCO 
l i e  MeO H H2NC(=S) 
12a MeO Me PhCO 
12b MeO Me 4-BrC6H4CO 
12c MeO Me 3-8rC6H4CO 
12d MeO Me 4-pyCO 
12e MeO Me H2NC(=S) 
12f MeO Me EtOCO 
13a MeO Et PhCO 
13b MeO Et 4-BrC6H4CO 
13c MeO Et 3-BrC6H4CO 
13d MeO Et 4-pyCO 
13e MeO Et H2NC(=S) 
13f MeO Et EtOCO 
14a EtO H PhCO 
14h EtO H 4- BrC6H,tCO 

"i4c EtO H 3-BrC6H4CO 
14d EtO H 4-pyCO 
14e EtO H H2NC(=S ) 
15a EtO Me PhCO 
15b EtO Me 4-BrC6H4CO 
15c EtO Me 3- BrC6HaCO 
15d EtO Me 4-pyCO 
15e EtO Me H2NC(=S ) 
15f EtO Me EtOCO 
16a EtO Et PhCO 
16b EtO Et 4-BrC6H4CO 
16c EtO Et 3- BrC 6 H4CO 
16d EtO Et 4-pyCO 
16e EtO Et H2NC(=S) 
16f EtO Et EtOCO 
17a MeNH Me PhCO 
17b MeNH Me 4-BrC6H4CO 
17e MeNH Me 3-BrC6H4CO 
17d MeNH Me 4-pyCO 
17e MeNH Me H2NC(=S) 

23.5 -- 155--158 
44 -- 182-- ! 86 (decomp.) 
22 -- 184--186 
43 -- 170-- 172 (decomp.) 
66 -- 180--I 82 (decomp.) 

6 47 164-- 166 
89 - -  157--160 

0 98 179--181 
0 91 201 - -205 (decomp.) 

20.5 -- 206--211 (decomp.) 
65 --  126-- 1 28 
--  71 155--157 
-- 79 157--159 
- -  75 t62- -164  
-- 41 164--167 
79 -- 195- -200  o 
- -  40 119- -1  21 
79 -- 180--181 
66 --  179- -182 
44 -- 127-- t28 
57 -- 181--182 
69 -- 181--1 83 (decomp.) 
63 -- 120--122 
58 -- 144--146 
64 -- 1 t9- -122 
59 -- 186--188 
35 - -  215--218 (decomp.) 
60 -- 104--105 
-- 61 135--139 
- -  28 130--132 
-- 70 127--131 
- -  63 158--160 
33 - -  decomp.  > 180 

0 6O 95--97 
- -  13 188--192 
- -  41 216--2 18 (decomp.) 
- -  59 234--236 (decomp.) 
- -  22 213--216 (decomp.) 
--  61 174--178 (decomp.) 

a 4-pyCO = s ~ c o -  . b In a sealed capillary. 

MeCOCH 2COO R 1 

R 1 = Me, Et 

O :.. Me 

X ~ N O R  

O 

5, 6,  8,  9 

S c h e m e  2 

NaNO2 O .. ~Me 

AcOH ~" R 1 O O C ~  NOH 

4: R I = Me, 
7: R ~ = Et 

(RO)2SO 2 
i l .  

N- Me thy l -  2 - m e t h o x y i m i n o - 3 - o x o b u t a n a m i d e  (10)  
was ob ta ined  by aminolys i s  of  e t h y l  2 - m e t h o x y i m i n o -  
3 -oxobu tanoa t e  (8) ( S c h e m e  3). 

Scheme 3 

0 ... _Me 0 .. Me  

EtO ~ N O M e  MeNH2 "- M e N H O C  ~ N O M e  

0 
8 10 
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Tahle 2. IH NMR. and IR spectroscopy data of acylhydrazones 11--17 

Corn- JH NMR, 8 ( J /Hz)  IR, v/cm -I 
pound 

I l a  2.15 (s, 3 H, MeC=); 3.65 (s, 3 H, COOMe); 7.50 (m, 3 H, atom.); 3200 (NH, OH), 1760 (C=O est.), 
7.80 (d, 2 H, atom.); 10.90 (s, 1 H, NH): 12.10 (s, I H, OH) 1630 (amide 1) 

l i b  2.15 (s, 3 H, MeC=); 3.70 (s, 3 H, COOMe); 7.70 (s, 4 H, atom.); 32t0 (NH, OH), 1760 (C=O est.), 
II.00 (br.s, 1 H, NH); 12.20 (s, I H, OH) 1670 (amide 17 

l i e  2.15 (s, 3 H, MeC=); 3.70 (br.s, 3 H, COOMe); 7.60--7.90 3330, 3230 (NH, OH), 
(m, 4 H, atom.); I 1.00 (br.s, I H, NH); 12.20 (s, I H, OH) 1770 (C=O est.), 1670 (amide I) 

l id  2.15 (s, 3 H, MeC=); 3.60 (br.s, 3 H, COOMe); 7.60 3230 (NH, OH), 1760 (C=O est.), 
(br.s, 2 H, atom.); 8.70 (d, 2 H, atom., J = 4.5); 11.20 (br.s, 1670 (amide I) 
I H, NH); 12.20 (s, I H, OH) 

2.t5 (s, 3 H, MeC=); 3.70 (s, 3 H, COOMe); 7.00, 8.35 (both br.s, 
each I H, NHI); 10.60 (s, 1 H, NH); 12.20 (s, 1 H, OH) 

2.15 (s, 3 H, MeC=); 3.70 (s, 3 H, COOMe); 3.95 (s, 3 H., NOMe); 
7.50 (m, 3 H, atom.); 7.80 (d, 2 H, arom., J" = 7); 
11.00 (br.s, I H, NH) 

2.15 (s, 3 H, MeC=); 3.70 (s, 3 H, COOMe); 3.95 (s, 3 H, NOMe). 
7.70 (s, 4 H, atom.); tl .10 (br.s, I H, NH) 

2.15 (s, 3 H, MeC=); 3.70 (br.s, 3 H, COOMe); 4.00 (s, 3 H, 
NOMe); 7.30 (t, I H, atom., J = 7.9); 7.65 (dr, 1 H, arom., 
J = 7.9, J =  1,7); 7.75 (dt, t H, atom., J = 7.9, 
J = 1.77; 7.95 (t, I H, atom., J = 1.7); 9.15 (br.s, I H, NH) 

2.15 (s, 3 H, MeC=); 3.60 (br_s, 3 H, COOMe); 3.95 (s, 3 H, 
NOMe); 7.60 (br.s, 2 H, atom.); 8.70 {d, 2 H, atom., J = 4.5); 
11.30 (br.s, 1 H, NH) 

2.15 (s, 3 H, MeC=); 3.70 (s, 3 H, COOMe); 3.95 (s, 3 H, NOMe); 
7.10, 8.40 (both br.s, each 1 H, NH2); 10.65 (br.s, I H, NH) 

1.25 (t, 3 H, CH2M___q, J = 7); 2.05 (s, 3 H, MeC=); 3.75 (s, 3 H, 
COOMe); 3.95 (s, 3 H, NOMe); 4.20 (q, 2 H, CH 2, J = 7); 
10.40 ('or.s, I H, NH) 

1.25 (t, 3 H, CH2Me_, J = 7); 2.20 (s, 3 H, MeC=); 3.70 (s, 3 H, 
COOMe); 4.20 (q, 2 H, CH 2, J = 7); 7.40--7.60 (m, 3 H, atom.); 
7.80 (d, 2 H, atom., J = 7); 10.95 (s, 1 H, NH) 

1.25 (t, 3 H, CH2Me, J = 7); 2.20 (s, 3 H, MeC=); 3.70 (s, 3 H, 
COOMe); 4.20 (q, 2 H, CH2); 7.70 (s, 4 H, arom.); l l .05 (br. s, 
I H, NH)  

1.25 (t, 3 H, CH2__Mg, J = 7); 2.20 (s, 3 H, MeC=); 3.70 (s, 3 H, 
COOMe); 4.20 (q, 2 H, CH 2, J '=  77; 7.45 (t, 1 H, atom., 
J = 8); 7.75 (d, 2 H, atom., J = 87; 7.90 (s, 1 H, arom.); 
11.05 (s, I H, NH) 

1.25 (t, 3 H, CH2Me, J =  7); 2.20 (s, 3 H, MeC=); 3.60 (br.s, 
3 H, COOMe); 4.20 (q, 2 H, CH 2, J = 77; 7.60 (br.s, 2 H, arom.); 
8.70 (d, 2 H, arom., J = 4.5); I1.30 (br.s, I H, NH) 

1.25 (t, 3 H, CH2Me, J = 7); 2.15 (s, 3 H, MeC=); 3.80 (s, 3 H, 
COOMe); 4.20 (q, 2 H, CH2, J = 7); 7.00, 8.40 (both br.s, 
each I H, NH2); 10.65 (br. s, 1 H, NH) 

1.25 (2 t, 6 H, CH2_Me, J = 7); 2.05 (s, 3 H, MeC=); 3.75 (s, 3 H, 
COOMe); 4.20 (2 q, 4 H, CH2, J = 7): 10.35 (s, 1 H, NH) 

1.20 (t, 3 H, CH2.h~lg, J = 77; 2.15 (s, 3 H, MeC=); 4.15 (q, 2 H, 
CH 2, J = 7); 7.40--7.60 (m, 3 H, atom.); 7.80 (d, 2 H, arom., 
J = 8); 10.85 (s, I H, NH); 12.10 (s, 1 H, OH) 

1.25 (t, 3 H, CH2Me, J = 7); 2.15 (s, 3 H, MeC=); 4.!.5 (q, 2 H, 
CH2, J = 7); 7.70 (s, 4 H, arom.); 11.00 (br.s, I H, NH); 
12.10 (s, 1 H, OH) 

1.20 (t, 3 H, CH2Me, J = 7); 2.15 (s, 3 H, MeC=); 4.15 (q, 2 H, 
CH 2, J = 7); 7.60--7.90 (m, 4 H, atom.); II.00 (br.s, I 1-1, NH); 
12.10 (s, I H, OH) 

l i e  3460, 3300, 3210 (NH, OH), 
1740 (C=O) 

12a 3200 (NH), 1760 (C=O est.), 
1690 (amide I) 

12b 32e0 (NH), 1760 (C=O est.), 
1670 (amide 1) 

12c 1770 (C=O est.), 1670 (amide I) 

12d 

12e 

12f 

13a 

13b 

13c 

13d 

13e 

13f 

14a 

14b 

14c 

3t00 (NH), 1760 (C=O est.), 
1690 (amide 17 

3450, 3300, 3200 (NH), 1750 (C=O) 

3270 (NH), 1770 (C=O est.), 
1730 (amide 1) 

3270, 3240 (NH), 1750 (C=O est.), 
1670 (amide I) 

3200 (NH), 1740 (C=O est.), 
1660 (amide I) 

3270, 3240 (NH), 1760 (C=O est.), 
1670 (amide I) 

3100 (NH), I760 (C=O est.), 
1690 (amide I) 

3460, 3300, 3210 (NH), t750 (C=O) 

3260, 3180 (NH), 1770 (C=O est.), 
1710 (amide I) 

3200 br (NH, OH), 1770 (C=O), 
1650 (am[de I) 

3300 br (NH, OH), 1730 (C=O est.). 
1690 (amide I) 

3300 br (NH, OH), 1770 (C=O est.). 
1645 (amide l) 

(to be continued) 
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Table 2 (continued) 

Corn- IH NMR, 6 (d/Hz) iR, v/cm -I 
pou nd 

14d 1.15 (br. s, 3 H, CH2Me); 2.15 (s, 3 H, MeC=); 4.10 (br.s, 2 H, 3230 (NH, OH), 1750 (C=O est.), 
CH2); 7.60 (br.s, 2 H, atom.); 8.70 (d, 2 H, atom., . / =  7); 1700 (amide I) 
11.20 (br.s, I H, NH); 12.10 (br.s, 1 H, OH) 

14e 1.25 (t, 3 H, CH2__M~., J = 7), 2.15 (s, 3 H, MeC=); 4.30 (q, 
2 H, CH2, J = 7); 6.90, 8.40 (both br.s, each 1 H, NH2); 
10.60 (s, I H, NH); 12.15 (s, I H, OH) 

15a 1.20 (br.s, 3 H, CH2M_~); 2.15 (s, 3 H, MeC=); 3.93 (s, 3 H, 3370 
NOMe); 4.20 (br.s, 2 H, CH2); 7.40--7.60 (m, 3 H, arom.); 1700 
7.80 (br.s, 2 H, atom.); 11.10 (s, 1 H, NH) 

15b 1.20 (t, 3 H, CH2Me, J = 7); 2.15 (s, 3 H, MeC=); 3.95 (s, 3370 
3 H, NOMe); 4.20 (q, 2 H, CH 2, J = 7); 7.70 (s, 4 H, arom.); 1730 
11.05 (br.s, I H, NH) 

15r 1.20 (br.t, 3 H, CH2Me, J = 7); 2.15 (s, 3 H, MeC=); 3230 
3.95 (s, 3 H, NOMe); 4.20 (br.q, 2 H, CH 2, . / =  7); 7.45 (t, 1 H, 1680 
arom., J = 7); 7.75 (d, 2 H, atom., J = 7); 7.90 (s, 1 H, 
atom.); 11.I0 (s, 1 H, NH) 

15(I 1.15 (br.s, 3 H, CH2M~_); 2.15 (s, 3 H, MeC=); 395 (s, 3 H, 
NOMe); 4.10 (br.s, 2 H, CH2); 7.65 (br.s, 2 H, atom.); 8.70 
(d, 2 H, arom., J = 4.5); 11.30 (br.s, 1 H. NH) 

15e 1.25 (t, 3 H, CH2,_M.r J = 7); 2.10 (s, 3 H, MeC=); 3.95 
(s, 3 FI, NOMe); 4.30 (q, 2 H, CH 2, J = 7); 7.00, 8.40 
(both br.s, each 1 H, NH2); 10.70 (s, [ H, NH) 

15f 1.25 (2 t, 6 H, 2 CH2M_e., . / =  7); 2.00 (s, 3 H, MeC=); 
3.95 (s, 3 H, NOMe); 4.20 (2 q, 4 H, 2 CH 2, J = 7); 
10.35 (br. s, 1 H, NH) 

16a 1.20 (m, 6 H, 2 CH2M_~); 2.20 (s, 3 H, MeC=); 4.20 (m, 4 H, 
2 CH2); 7.40--7.60 (m, 3 H, atom.); 7.80 (d, 2 H, atom., J = 7); 
10.95 (s, 1 H, NH) 

16b 1.20 (br.s, 3 H, COOCH2Me,); 1.30 (t, 3 H, NOCH2Me, 
J = 7); 2.15 (s, 3 H, MeC=); 4.20 (br.s, 2 H, COOCH2); 
4.25 (q, 2 H, NOCH 2, . / =  7); 7.56--7.73 (A282-system, 4 H, 
atom.); 9.00 (br. s, I H, NH) 

16c 1.20 (2 t, 6 H, 2 CH2_.M.r J = 7); 2.20 (s, 3 H, MeC=); 
4.20 (2 q, 4 H, 2 CH 2, l = 7); 7.45 (t, 1 H, afore., J = 7); 
7.75 (d, 2 H, atom., J =  7); 7.95 (s, 1 H, acorn.); ll .10 
(s, t H, NH) 

16d 1.15 (br.s, 3 H, COOCH2~g);  1.20 (t, 3 H, NOCH2Me, 
J =  7); 2.20 (s, 3 H, MeC=); 4.10 (br.s, 2 H, COOCH2); 
4.20 (q, 2 H, NOCH2, J = 7); 7.65 (br.s, 2 H, arom.): 
8.80 (d, 2 H, atom., J = 4.5); 11.25 (s, 1 H, NH) 

16e t.15 (2 t, 6 H, 2 CH2Me, J = 7); 2.15 (s, 3 H, MeC=); 
4.25 (2 q, 4 H, 2 CH 2, J = 7); 7.20, 8.65 (both br.s, 
each I H, NH2); 10.70 ('s, 1 H, NH) 

16f 1.30 (m, 9 H, 3 CH2Me); 2.02 (s~ 3 H, MeC=); 4.25 (2 q, 4 H, 
2 CH 2, J = 7); 4.40 (q, 2 H, CH2, J = 7); 7.65 (br. 5, 
2 H, arom.); 7.90 (br.s, 1 H, NH) 

17a 2.11 (s, 3 H, MeC=); 2.60 (br.s, 3 H, NMe); 3.88 (5, 3 H, 
NOMe); 7.40--7.60 (m, 3 H, arom., J = 7); 7.79 (d, 2 H, 
atom., J = 7); 8.15 (br.s, 1 H, .N__~Me); 10.95 (br.s, 
1 H, NHN =) 

17b 2.1l (s, 3 H, MeC=); 2.55 (br.s, 3 H, NMe); 3.88 (s, 3 H, 
NOMe); 7.70 (br.s, 4 H, arom.); 8.15 (br.s, I H, NHMe); 
I1.10 (br.s, I H, NHN =) 

17e 2.12 (s, 3 H, MeC=); 2.61 (br.s, 3 H, NMe); 3.89 t,s, 3 H, 
NOMe); 7.40 (t, I H, atom., J = 8); 7.70 (d, I H, arom., 
J = 8)" 7.80 (d, I H, atom.; J = 8), 7.97 (s, I H, 3pore); 
815 (br.s, I H, NHMe); 11.05 (br.s, 1 H, NHN =) 

3450, 3300, 3230 (NH),  1750 (C=O) 

(NH), 1730 (C=O est.), 
(amide 1) 

br, 3210 br (NH),  
(C=O est.), 1710 (amide 1) 

br (NH), 1760 (C=O est.), 
(amide 1) 

1750 (C=O est.), 1685 (amide I) 

3480, 3300, 3200 (NH),  1775 (C=O) 

3300, 3200 (NH), 1760 (C=O est.), 
1715 (amide |) 

3250 (NH), 1755 (C=O est.), 
1675 (amide I) 

3240 br (NH), 1770 (C=O est.), 
1670 (amide I) 

3230 (NH), 1750 (C=O est.), 
1675 (amide I) 

1760 (C=O est.), 1680 (amide I) 

3400, 3300, 3200 (NH),  1745 (C=O) 

3260 (NH), 1770 (C=O est.), 
1725 (amide 1) 

3370. 3205 (Nit) ,  1680, 1645 (amide 1) 

3315, 3220 (NH), 1680, 1650 (amide 1) 

3340, 3225 (Nit) .  t670, 1650 (amide 1) 

(to be continued) 
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Table 2 (continued) 

Corn- IH NMR, ~ (J/Hz) IR, v/cm -x 
poured 

17d 2.08 (br.s, 3 H, MeC=); 2.40/2.65* (br.s, 3 H, NMe); 3390, 3200 (NH), 1700, 1645 (amide I) 
3.87 (br. s, 3 H, NOMe); 7.56/7.75 (br.s, 2 H, arom.); 
8.66/8.75 (br.s, 2 H, arom.); 8.05/8.20 (br.s, I H, N__H_Me); 
11.30 (br.s, 1 H, NHN =) 
2.07 (br.s, 3 H, MeC=); 2.64 (d, 3 H, NMe, l = 4.7); 
3.88 (s, 3 H, NOMe); 6.95, 8.64 (both br.s, each 1 H, NH2); 
8.20 (q, I H, NHMe, J = 4.7); 10.80 (br.s, 1 H, NHN =) 

17e 3300, 3170 (NH), 1640 (amide I) 

* Signals for two geometric isomers are separated by a solidus; the intensity ratio -1 : 1. 

Table 3. Data of elemental analysis of acylhydrazones 11--17 

Corn- FOulad .(%) Molecular Corn- Fo_._u~91 (%) Molecular 
pound Calculated formula pound Calculated formula 

C H N C H N 

l la  54,~1- 4__.9_!. 15.9J.  Ct2Ht3N304 14d 52.01 5.15 20.0..0 Ct2HI4N404 
54.75 4.98 15.96 51.80 5.07 20. I4 

l ib  42.24 ~ 12,11 CI2HI2BrN304 14e 7,̀ 5.70 5-18 2 4 , 5 5  CTHI2N403S 
42.13 3.54 12.28 36.20 5.21 24.12 

l ie  4.~. 30 ~ 12 -40  CI2HI2BrN304 15a ;i7.72 5.77 14.41. Ct4HITN304 
42.13 3.54 12.28 57.72 5.88 14.42 

l id 49,7~ 4.45 21.06_ CtlHI2N404 15b 46.1.0 4.37 11.-42 CI4Ht6BrN304 
50.00 4.58 21.20 45.42 4.36 11.35 

1 le 33-tl 4.70 25.69 C6H 10N403S 15c 45.64 4.28 11,52.  CI.4H tsBrN304 
33.02 4.62 25.67 45.42 4.36 t 1.35 

12a .~6,12 ~ 1~,21 CI3HtsN304 15d .53.90 ~.60 .L.8....9_Q CI3H 16N40~1 
56.31 5.45 15.15 53.42 5.52 19.17 

12b 43.75 3.81 11,7~ CI3HI4BrN304 15e 39.48 5.82 ~ CsH 14N403S 
43,84 3.96 11.80 39.01 5.73 22.73 

12c 44.41 3.88 12._9_~ CI3HI4BrN30:t 151' 46.28 6.70 I_6..,_19 C10HITN305 
43.84 3.96 I 1,80 46.33 6.6l 16.21 

12d 52.12 5.2'1. 2-0.05 CI2HI4N404 16a 58.74 6.16 1 3 . 7 7  CIsHt�N304 
51.80 5.07 20.14 59.01 6.27 13.76 

12e ~36,74 5,2:~ 4.2~[4_ C7HI2N403S 16b 47.~5q 4.90 1 0 , 7 8  CIsH 18BrN304 
36.20 5.21 24.12 46.89 4.72 10.94 

12f 43.60 .C__.9..7_ 1 7 . 1 8  C�H~sN305 16c 47,97 4,8[ 10.69 CIsHtsBrN304 
44.08 6.t6 17A3 46.89 4.72 10.94 

13a 57.69 ~,80 ~ .  CI4HITN304 16d 55.01. 5.92 1 7 . 8 9  CI4HIsN404 
57.72 5.88 14.42 54.90 5.92 18.29 

13b 46.10 ~ l lA0 CI4HI6BrN304 16e 42_56 6.29 2 1 . 0 5  C�HI6N403S 
45.42 4.36 11.35 41.52 6.20 21.52 

13c 45.14 4.15 ~ CI4Ht6BrN304 16f 48.44_ ~ 1 5 . 4 8  CaIHt�N305 
45.42 4.36 I t.35 48.34 7.01 15.38 

13d 54,3~, 5~60 ~ CI3HI6N404 17a 57.24 $.83 2 0 . 8 1  CI3HI6N403 
53.42 5.52 19.17 56.5l 5.84 20_28 

13e 39.60 5.72 2.3.16 CsH 14N403S 17b 43.07 4.21 15.97 C~3HtsBrNaO3 
39.01 5.73 22.73 43.96 4.26 15.77 

13f ~ 6_:_6~ 1 6 , 2 2  CIoHI7N305 17e 44.,50 442 15.5.4 CI3HIsBrN403 
46.33 6.60 t6.21 43.96 4.26 15.77 

14a 56.48_ 5..~9_59 [~.~8 C|3HIsN304 17d 52-91 ~ 2 5 - 3 6  CI2HIsN503 
56.31 5.45 15.15 51.98 5.45 25.26 

14b 44.89 3.89 I.L .[_~ Ct3Hl4OrN304 17e 36.64 ~ 30.28 CTH 13N502S 
43.84 3.96 11.80 36.35 5.67 30.28 

14c 44,~0 3-99 I~_14 CI3HI4BrN304 
43.84 3.96 I. 1.80 
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Experimental 

IR spectra were recorded on an IKS-29 instnlment in 
Vaseline oil for all compounds except for 6 and 10 (thin film). 
~H NMR spectra were recorded on a Bruker AC-200 instnl- 
ment (200 MHz) in DMSO-d 6 (in CDCI 3 for compounds 12e 
and 16h). 

Methyl and ethyl 2-(hydroxyimino)acetoacetates (4 and 7) 
were synthesized by nitrosation of the corresponding alkyl 
acetoacetates. 6,7 Alkyl 2-(methoxylmino)acetoacetates (5, 8) 
and ethyl 2-(e~oxylmino)aeetoacetate (9) were obtained by 
alkylation of  esters 4 and 7 with dimethyt and diethyl sulfate, 
respectively 63 

Methyl 2-ethoxylmino-3-oxobutanoate (6). Diethyl sulfate 
(21 g, 0.136 tool) was added with stirring to a suspension of 
methyl ct-(hydroxyimino)acetoacetate (4) (18.9 g, 0.13 mol) 
and finely pulverized anhydrous K2CO 3 (35 g, 0.255 rnol) in 
103 mL of acetone. The reaction mixture was stirred at -20 ~ 
for 2 h. After addition of water (1 L), the products were twice 
extracted with CHCI 3 (I00 and 50 mL). The extract was dried 
over MgSO 4, and the solvent was removed to give ester 6 
(17.3 g, 77%), no 2~ 1.4370. IR, v /cm-t :  1765 (C=O est.), 
1710 (C=O ket.), 1615 (C=N).  

N-Methyl-2-methoxyimino-3-oxohutanamide (10). A 30% 
aqueous solution of MeNH 2 (20 mL) was added to a solution 
of ethyl e~-(methoxyimino)acetoacetate (7) (t0.5 g, 66 retool) 
in 40 mL of THF.-'The reaction mixture was allowed to stand 
at -20 ~ for a week. Concentration of the solution gave 
N-methyl-2-methoxyimino-3-oxobutanamide l0 (9.4 g, 98%). 
IR, v/era-I :  3300 (NH),  1690 (C=O ket.), t660 (amide I), 
t605 (C=N).  

Condensation of methyl 2-methoxyimino-3-oxobutanoate (5) 
with benzohydrazide (3a). A (without a catalyst). Ester 5 (1 g. 
6.29 retool) and benzohydrazide (3a) (0.86 g, 6.29 rrtmol) were 
dissolved in 5 mL of EtOH. The reaction mixture was refluxed 
for 1 h and cooled. The crystals that formed were filtered off 
and reccystallized from EtOH to give methyl 2-methoxyimino- 
3-(benzoylhydrazono)butanoate 12a (0.I. g, 6%). 

B (with a catalyst). The reaction was carried out with the 
same amounts of the reagents, but one drop of cone. HCI was 
added. The reaction mixture was refluxed for 20 rain and 

cooled. The crystals that formed were filtered off and recrystal- 
lized from EtOH to give hydrazone IZa (0.S g, 47%). 

Condensation of compounds 4- -10  with other acyl hydra- 
zincs, except for thiosemicarbazide, was carried out  in a 
similar way. 

Condensation of methyl 2-methoxyimino-3-oxobutanoate 
(5) with thiosemicarbazide (3e). Boiling solutions of ester 5 
(1 g, 6.29 retool) in 3 mL of EtOH and thiosemicarbazide 
(0.57 g, 6.29 retool) in 3 mL of water were mixed and re- 
fluxed with stirring for 30 rain. The reaction mixture was then 
cooled, and the precipitate that formed was fiitered off and 
washed with hot water and EtOH to give methyl 2-methoxy- 
imino-3-oxobutanoate thiosemicarbazone 12e (0.3 g, 2t%). 

Condensation of compounds 4--  10 with thiosemicarbazide 
(3e) was carried out in a similar way. 

Melting points and yields of hydrazones 11--17 are given 
in Table 1. IR and tH NMR spectral characteristics are sum- 
marized in Table 2. Data of elemental  analysis are listed in 
Table 3. 
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