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Hydrolysis of 2-alkoxyalk-2-enals 
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Hydrolysis of 2-alkoxyatk-2-enals with equimolar amount of water (in an organic 
solvent) and with an excess of water has been studied with the aim of synthesizing 
2-oxopropanal (methylglyoxal). 2-Oxopropanal obtained in an excess of water exists in the 
hydrate form. In organic solvents, the cyclic trimer of 2-oxopropanal, 2,4,6-triacetyl- 
1,3,5-trioxane, predominates (NMR data). 

Key words: 2-alkoxyalk-2-enals, hydrolysis, 2-oxopropanal (methylglyoxal), 2,4,6-triacetyl- 
1,3,5-trioxane. 

The C=C bond in c~,13-unsaturated carbonyl com- 
pounds containing an electron-donor alkoxy group in 
the or-position is polar ized  towards the CI3 a tom 
(see NMR data in the Experimental Section). Hence, 
electrophilic reagents add to such molecules according 
to the Markownikoff rule similarly to addition to alkyl 
vinyl ethers. ! 

We have studied hydrolysis of 2-alkoxy-2-alkenals 
( la ,b)  in an acid medium with the aim of  synthesizing 
2-oxopropanal (methylglyoxal) (2). Methylglyoxal is a 
low-molecular-weight cell growth regulator, including 
tumor cells, z,3 and a valuable starting compound in 
organic synthesis. 4 

Methylglyoxal is usually obtained and used in the 
form of 30--40% aqueous solutions, which makes it 
possible to avoid its irreversible polymerization, which 
easily occurs upon concentration of  the solution. It 
should be emphasized that the difficulties in the studies 
of  methylglyoxal are associated with the fact that it is 
very hygroscopic, readily gives mono- and dihydrate 
forms in aqueous solutions, s -7  and is prone to enoliza- 
tion. 5 

To obtain dilute solutions of methylglyoxal, hydroly- 
sis of  2-alkoxypropenals l a ,b  (Scheme 1) was carried 
out in a tenfold excess of  water in the presence of 
catalyst (HCI or a cation-exchange resin KU-2).  The 
reaction was considered completed when the band as- 
signed to the n- -n ' - t rans i t ion  of  the initial alkenals l a ,b  
(250 nm) disappeared in the UV spectra of the reaction 
mixture and the band assigned to the n--~t '- transit ion at 
285 nm (typical of  methylglyoxal) appearedT; this was 
observed in ca. 3 h at 40 ~ for ethoxypropenal lh and 
in I0 h for methoxypropenal  la.  The absence of  the 
band at 430 nm, which is typical of the conjugated 
ct-oxo aldehyde system, 7 indicates that methylglyoxal 
exists in a monomeric  hydrate form (4) in an excess of 
water. In the IR spectra of  the reaction mixture there 
were no vibrations of  C=C and C=O bonds (1610 a~ld 

1700 cm -I ,  respectively) typical of  2-alkoxypropenals, 
and a band due to the newly formed carbonyl group 
appeared at 1730 cm - l .  

Scheme 1 

CH2=C(OFI)CHO + H20 ~ EMeC(OH)(OR)CHO] 

la ,b  

-ROH = 
MeC(O)CHO • MeC(O)CH(OH) 2 
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3 

Me--C--CH=NNHC6H3(NO2) 2 
II 
NNHC6H3(NO2) 2 

5 

R = Me (a), Et (b) 

Methylglyoxal dilute aqueous solutions are not very 
suitable for its subsequent transformations, which are 
usually carded out in aprotic solvents. We have studied 
the removal of  water from methylglyoxal aqueous solu- 
tions by conventional procedures (distillation or azeo- 
tropic distillation) and have found that it leads to signifi- 
cant losses of  methylgtyoxal due to its decomposit ion 
and extensive polymerization. This prompted us to in- 
vestigate the possibility of hydrolysis of  2-alkoxypropenals 
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la,b with an equimolar amount of water in an organic 
solvent (MeCN, dioxane, and DMSO). 

A priori the result of interaction of aldehydes la ,b 
with equimolar amount of H20 is not obvious. Accord- 
ing to the electron density distribution in molecule !, 8 
the negative charge on the carbonyl oxygen is larger 
than that on the C!3. This allowed us to expect that the 
protonation of the oxygen will be more preferable and 
subsequent addition of O H - t o  the carbocation giving 
the hydrate form CH2=C(OR)CH(OH)2 will become 
the major direction of the reaction. In this case, hydra- 
tion of the C=C bond will be the secondary, slower 
process leading to negligible formation of methylglyoxal 
(because of the deficiency of water). 

However, complete hydration of the C=C bond 
proved to occur when the ratio of 2-alkoxypropenals 
la ,b and H20 was equimolar. The hydrolysis was moni- 
tored (from the beginning to 100% conversion) by 
IH NMR (in CD3CN) and IR spectroscopy. According 
to IR spectral data, the characteristic bands assigned to 
vibrations of the C=C and C=O groups (1610 and 
1700 cm -t) gradually disappeared, and a new broad 
asymmetrical band appeared at 1730 cm -1 (in CH3CN), 
1726 cm -1 (in DMSO), or 1734 cm -1 (in dioxane). We 
assigned this band to vibrations of the acetyl group of 
2,4,6-triacetyl-l,3,5-trioxane (3), the product of tri- 
merization of methylglyoxal 2. This is confirmed by the 
IH NMR spectra which contained the signals for the 
acetal and acetyl protons and did not contain a signal for 
the aldehyde proton. Transformation of saturated alde- 
hydes into trioxane derivatives is well known, 9 and 
splitting of the signals for the acetal and acetyl groups in 
the ~H NMR spectra of the latter observed in some' 
cases may be an indication of configuration non-  
uniformity of the trimerization product. I~ The presence 
of low-intense absorption at 430 nm in the UV spec- 
trum of the reaction mixture probably indicates that 
monomeric methylglyoxal 2 does exist under the re- 
ported conditions. However, the absence of the signal 
for the aldehyde proton in the IH NMR spectrum sug- 
gests that the content of form 2 in the mixture is beyond 
the limits of sensitivity of the instrument. We can draw 
the conclusion that the final product of hydrolysis of 
alkenals la,b with an equimolar amount of water is an 
equilibrium mixture of the monomeric form 2 and tri- 
merle form 3 (>90%). 

Compared to heterogeneous hydrolysis of propenals 
la,b (in an excess of H20),  hydrolysis in homogeneous 
solution proceeds much faster. For instance, hydrolysis 
of 2-ethoxypropenal lb  is over in 45 min in MeCN, in 
90 rain in dioxane, and in 120 min in DMSO. Hydroly- 
sis of 2-methoxypropenal l a  proceeds more slowly or 
requires an increased amount  of the catalyst: it is com- 
pleted in 30 rain in MeCN if the catalyst concentration 
is six times higher than that in the case of 2-ethoxy- 
propenal lb. 

The obtai~ed solution of methylglyoxal trimeric form 
3 can serve as the synthetic equivalent of methylglyoxal 

2. For example, when 2,4-dinitrophenylhydrazine was 
added to the solution of 3, methylgtyoxal bishydrazone 
(5) was formed, and the treatment of 3 with formalde- 
hyde and ammonia gave 4(5)-methylimidazole. tj 

Experimental 

~H and ~3C NMR spectra (89.95 MHz and 22.49 MHz, 
respectively) were recorded on a JEOL 90-Q spectrometer 
(HMDS was used as the internal standard). When the process 
was monitored by IH NMR spectroscopy, hydrolysis of sub- 
strate in CD3CN was carried out directly in an NMR tube. 
Monitoring by IR spectroscopy was carried out on a Specord 
IR-75 instrument using CaF 2 cells. UV spectra were recorded 
on a Specord UV--VIS in quartz cells. 

The initial aldehydes la and lb were obtained by the 
reported procedures. 12,13 

2-Methox'ypropenal (la). IH NMR (CDCI3), 6:5.10 and 
5.24 (both d, 2 H, =CH2, J" = 3.0 Hz); 3.69 (s, 3 H, OMe); 
9.29 (s, 1 H, CHO). 

2-Ethoxypropenal (lb). IH NMR (CCl4), & 5.05 and 5.17 
(both d, 2 H, =CH2, J = 2.0 Hz); 9.20 (s, 1 H, CHO); 1.38 
(t, 3 H, CH 3, J = 7.0 Hz); 3.83 (q, 2 H, CH2, J = 7.0 Hz). 
13C NMR (CDCI3), 8:102.0 (C-2); 157.8 (C-3); 187.2 (CHO); 
62.9 (OCH2); 13.07 (Me). 

Hydrolysis of 2-ethoxypropenal ( lb)  in an excess of water. 
Water (36 g, 2 tool) and 2 mol.% HCI were added to 
2-ethoxypropenal (lb) (20 g, 0.2 naol) and stirred at 40 ~ 
until a homogeneous .solution was formed (for ca. 3 h). As a 
result of the reaction, ca. 30% aqueous-ethanolic solution of 
methylglyoxal hydrate was formed (4). UV, Ln~ax/nm: 285. 
According to oxime titration carried out by the known proce- 
dure, the content of the dicarbonyl compound was 98%. The 
solution was stirred with anion-exchange resin AV-17 (0.1 g) 
to remove HCI. 

Hydrolysis of 2-ethoxypropenal (lb) in the presence of a 
KU-2 (H ~) resin was carried out similarly. Hydrolysis of 
2-methoxypropenal (la) in the presence of 2 mot.% HCI at 
40 ~ is completed in 10 h. 

Hydrolysis of 2-ethoxypropenal ( lb)  with equimolar amount 
of water. Water (0.18 g, 0.01 rnol), MeCN ([0 mL), and 
0.56 mol.% HCI were added to 2-ethoxypropenat (lb) (I g, 
0.01 tool) and stirred at 40 ~ 1R (for the reaction mixture 
after 45 rain), v/cm-|: 1730 (CH3CO). IH NMR (for the 
reaction mixture carried out in the tube, after 45 rain, CD3CN), 
& 2.17 and 2.19 (both s, 9 H, CH3CO); 4.74 and 4.80 
(both s, 3 H, OCHO). 13C NMR (for the reaction mixture 
after 45 rain, CDaCN), 6:23.72 (CH3); 95.62 (OCHO); 204.44 
(C=O). Hydrolysis in dioxane was carried out in a similar way. 
IR (for the reaction mixture after 90 rain), v/cm-I: 1734 br 
(CH3CO). Hydrolysis in DMSO was carried out similarly. IR 
(for the reaction mixture after 120 min), v/cm-l: 1726 
(CH3CO). The solutions were stirred with ion-exchange resin 
AV-17 (0.01 g) to remove HCI. 

Hydrolysis of 2-methoxypropenai (In) with equimolar 
amount of water. Water (0.02 g, 1.I mmol), MeCN (1 mL), 
and 3.27 tool.% HCI were added to 2-methoxypropenal (la) 
(0.01 g, 1.1 mmol) and stirred at 40 ~ IR (for the reaction 
mixture after 30 rain), v/cm-~: 1730 (CH3CO). IH NMR (for 
the reaction mixture carried out ira the tube, after 30 rain. 
CD3CN) , 3:4.71 (s, 3 H, OCHO); 2.15 (s, 9 H, CH3CO). 

Reaction of a solution of trioxane 3 with 2,4-dinitropheoyl- 
hydrazine. A soluzion of 2,4-(NO2)2C6H3NHNH2 (3.96 g, 
0.02 moo in EtOH (acidified with HCI) was added to an 
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aliquot of the reaction product in MeCN containing ca. 
0.0216 g (3.3 mmol) of trioxane 3, and the resulting mixture 
was heated for 15 rain at 60 ~ An orange precipitate of 
methylglyoxat bis-2,4-dinitrophenylhydrazone 5 that formed 
was filtered off. Yield 0.037 g (86%). The precipitate was 
recrystallized from C6HsNO 2 to give a product with m.p. 
296 ~ that is consistent with the literature data. 13 A specimen 
prepared by mixing 5 with an authentic product obtained from 
methylglyoxal (Aldrich) gave no depression of m.p. 

This  work was f inancial ly supported by the Russian 
Foundat ion  for Basic Research (Project No.  97-03- 
33132a). 
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Reaction of methyl iodide 
with organylethynyl silatranyimethyl chalcogenides 
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The reactivity of organylethynyl silatranylmethyl chalcogenides RC~=CYCH2Si(OCH2CH2)3N 
(R = Ph, Me3Si; Y = S, Se, Te) in the reaction with methyl iodide depending on the nature of 
the chalcogen Y, the substituent R at the triple bond, and the reaction conditions was studied. 

Key words: l-organylethynyl silatranylmethyl chalcogenides, methyl organylethynyl 
silatranylmethyl telluronium iodide, dimethyl silatranylmethyl selenonium and telluronium 
iodides, tH NMR and IR spectra. 

The  extremely high e l ec t ron -donor  effect ofs i la t ranyl  
- -S i (OCH2CH2)3N (~* = - 3 . 4 9 )  i and si latranylmethyl  
- - C H 2 S i ( O C H 2 C H 2 ) 3 N  (or* = - 2 . 2 4 )  1,2 groups ensures 
high nucleophil ici ty o f  the S and Se atoms in phenyl 
silatranylmethyl chalcogenides  PhYCH2Si(OCH2CH~)3N 
(Y = S, Se) in the i r  r eac t ions  wi th  Me l  

l ead ing  to the  c o r r e s p o n d i n g  iodides  
I - ( M e ) P h Y + C H 2 S i ( O C H 2 C H 2 ) 3 N .  3,4 

In a cont inua t ion  of  these studies, we investigated 
the reactivity o f  organylethynyl  s i la t ranylmethyl  chalco-  
genides RC=-CYCH2Si(OCH2CH2)3N (R = Ph, Y = S 
( I ) ;  R = Ph, Y = Se (2); R = Ph, Y = Te (3); R = 
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