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Material dealing with methods for obtaining 1,3-dioxane-4, 6-diones and their derivatives, methods for cleaving 
the 1,3-dioxane rin~ and, within the framework of a synthone approach, trends in their utilization in organic 
synthesis is correlated. 

Steady interest in the chemistry and synthetic possibilities of cyclic malonate s -- 1,3-dioxane-4,6-diones --has been 
observed in the last decades. This has been promoted by both the successful use of dioxanediones in organic synthesis 
and by individual reports of the functional ability of 1,3-dioxane-4,6-diones to introduce specific fragments into the 
molecules of organic compounds; this makes it possible to regard them as synthetic equivalents of a number of 
synthones. However, previous reviews [1-3] devoted to the chemistry and individual derivatives of 1,3-dioxane-4,6- 
diones, as well as to certain trends in their utilization in organic synthesis, are incomplete, unsystematized, and do not 
take into account the examination of 1,3-dioxane-4,6-diones as synthetic agents. This is why we have written this 
review. 

The limited size of this review makes it impossible to examine in detail all 1,3-dioxane-4,6-dione derivatives and 
their properties and interconversions, and these data are therefore presented in a maximally condensed and schematized 
form. The examination of the synthetic possibilities of 1,3-dioxane-4,6-diones is primarily emphasized. 

1,3-Dioxane-4,6-diones are cyclic malonates -- malonic acid acylals. Their first representative, viz., 2,2-dimethyl-l,3- 
dioxane-4,6-dione (1, Meldrum's acid, isopropylidene malonate), which was obtained in 1908 [4], was for a long time 
considered to be oxetane derivative 2 [5-11], and its true structure was not established until 1948 [12]. 
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1. Methods for the Synthesis of 1,3-Dioxane-4,6-diones 

I.I. Formation of the 1,3-Dioxane Ring 

Ring formation is a general method for obtaining 1,3-dioxane-4,6-diones 3: 

R 3 R~ "~-'-O R 3 
R'..,.COOH + O,_.C.~R ' AczO ._ 2 0 ~ o  ~ 
R2"C"CO0 H HsSO 4 R R ~" 

3 

The carbonyl compounds can be aliphatic [4, 13-17] or aromatic [15] ketones and aromatic aldehydes [11, 15, 16]. 
The reaction is ineffective for all alkanals [5]. Compound 1 is formed in 48-60% yields by the methods of Meldrum 
[4] or Ott [5], as well as by slight modifications of these methods [8, 11, 12, 17]. A study of the reaction mechanism 
[18] made it possible to propose the optimum method for obtaining Meldrum's acid I (in 92% yield): acetic anhydride 
is added dropwise with cooling to a mixture of malonic acid, acetone, and sulfuric acid. There are also other methods 
for obtaining 1: condensation of malonic acid with isopropenyl acetate in the presence of H2SO 4 (50% yield) [12]; 
condensation of carbon suboxide C30 2 with oxalic acid and acetone in the presence of H20 4 [19]. 

The condensation of alkyl- [14, 20-22], dialkyl- [14, 23, 24], aryl- and hetaryl- [13, 14, 25, 26], alkylaryl- [13], and 
arylidenemalonic [27] acids with acetone or isopropenyl acetate has been used for the synthesis of 5-substituted 
derivatives of 1. 
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1.2. Substitution of  the Carbon Atom in the 2 Position 
of 1,3-Dioxane-4,6-diones 

The thermolysis of 1 and 5-alkyl-2,2-dimethyl-l,3-dioxane-4,6-diones (4) in the presence of cycloalkanones in a 
neutral medium leads to substitution of the isopropylidene fragment in the 1,3-dioxane ring and the formation of 2- 
spirocycloalkane-l,3-dioxane-4,6-diones 5 (R = H, Alk; n = 4, 5) in 45-90% yields [28]. 

l(C~2)nC___' 0 + R ~(CH2)n R 

4 5 

1.3. Substitution and Transformations at the Carbon Atom 
in the 5 Posit ion of  1,3-Dioxane-4,6-diones 

1.3.1. Aikyl Derivatives. The alkylation of the anion of I with alkyl halides leads to primarily 5,5-dialkyl 
derivatives [5, 29-32] in high yields (65-97%) under interphase-catalysis conditions [33]. It has been shown that the 
primary factor for monoalkylation is the steric factor rather than the electronic factor [30]; the introduction of a second 
alkyl substituent is facilitated significantly if there is already an alkyl substituent in the ring; dibromoalkanes alkylate 
Meldrum's acid 1 to give 5,5-spiro compounds [29, 31]. The alkylation of 1 with ~-bromo ketones in DMF gives 
exclusively a monoalkylation product [34]. Alkenes with an activated double bond add dioxanedione 1 to give a mixture 
of mono- and disubstituted derivatives [35, 36], while catalytic [rhodium(0) complexes] addition to isoprene gives 
exclusively the monosubstituted derivative [37]. Mannich bases [22] and l,l-substituted derivatives of cyclopropane 
and bicyclo[n.l.0]alkanes [38-44] are used as alkylating agents. There are a number of reductive methods for obtaining 
4: reduction of 5-acyl-2,2-dimethyl-l,3-dioxane-4,6-diones (--+6) [45], 5,5-spirocyclopropene derivatives of I (-+7) [23, 
46, 47], and 5-methylene derivatives of I (-+8) [48], and the reductive alkylation of Meldrum's acid 1 by ketones in the 
presence of complexes of borane with amines (48)  [49]. Grignard reagents add to the double bond of 5-methylene-2,2- 
dimethyl-l,3-dioxane-4,6-diones to give 9 [50, 51]. 
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Treatment of I and 4 with diazomethane leads to ring-cleavage products: acetone and substituted methyl 
malonates [52, 53]. 

1.3.2. Aryl Derivatives. The direct arylation of 1,3-dioxane-4,6-diones has the following modifications: 
1. The use of diaryliodonium salts as alkylating agents. The arylation of the anions of 1 and 4 gives 5,5-diaryl- 

or 5-alkyl-5-aryl-2,2-dimethyl-l,3-dioxane-4,6-diones (10 or 11) in 65-95% yields [54]. 
2. The use of aryllead triacetates. Compounds 10 (7-17% yields) and 11 (29-95% yields) were obtained [25, 55]. 
3. The reaction of dioxanediones 1 and 4 with 4-(1H)-pyridones (---,12, R = Alk, 40-57% yields) [32], 4- 

chloroquinolines (--+13, R = H, Alk, 38-51% yields) [56], or quinoline and isoquinoline N-oxides (--+14, R = H, Alk, 
48-84% yields; -+15, R = H, 93% yield) [57] in acetic anhydride. 

4. The reaction of o-naphthoquinones with Meldrum's acid 1 in a methanol solution of an alkali leads to 1,2- 
dihydroxynaphthalene derivatives 16 (in 53-63% yields) [58]. 

OH 

12 13 14 15 16 

1.3.3. Arylidene and Aikylidene Derivatives. Carbonyl compounds react with 5-unsubstituted 1,3-dioxane-4,6- 
diones 17 in the presence of bases to give substituted 5-methylenedioxanediones 18: 
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~ R' ~ R' 
R + O~C 

R 2 R 

17 18 
This reaction with Meldrum's acid 1 proceeds readily for aromatic aldehydes (52-96% yields) [59, 60], higher 

aliphatic aldehydes and aldehydes with a branched hydrocarbon chain (66-81% yields) [60], and aliphatic ketones (25- 
45% yields) [27]. Aromatic ketones require activation by means of a catalyst (TiCl4/pyridine, 18-72% yields) [61] or 
prior conversion to ketimines (38-55% yields) [62-66]. Compounds 18 are obtained in good yields when vinylogs of 
aromatic aldehydes (33-78% yields) [60] and conjugated ketones (monohydrazones of/~-dicarbonyl compounds and 
their vinylogs, 50-95% yields) [67,68] are used. Complex aliphatic ketones undergo condensation with Meldrum's acid 
1 in the presence of a catalyst (TiCl4/pyridine) [69, 70]. The condensation proceeds without a solvent in the presence 
of catalysts -- kaolin clays (80-95% yields) [71] and neutral AIzO 3 (40-95% yields) [72]. Other 1,3-dioxane-4,6-diones 
17 (R 3, R 4 = H, Alk, Ph) and their 2-spiro analogs undergo condensation with aromatic aldehydes to give products 
in 40-88% yields [73, 74]. 

2,2-Dimethyl-5-methylene-l,3-dioxane-4,6-dione (19) was obtained from the 5-methyl-5-phenylseleno derivative of 
1 in the form of a polymer [75]. 

0 Meph ~[O~Me [Ol. 0 0 

\ [ Se-Ph e~.o_ ~ CH2 

~ 19 

5-Methylene derivatives are formed in the condensation of Meldrum's acid 1 with alkoxycyclopropenylium (420, 
53% yield) [76], pyrylium and 4-alkoxypyrylium (-+21, 97-100% yields) [77-80], and 4-alkoxytelluropyrylium (---+21, E 
= Te, 80% yield) salts [81]. The condensation of I with the simplest aldehydes and, in the appropriate stoichiometric 
ratio, with alkylbenzaldehydes gives 5,5"-methylenebis derivatives 22 (R = H, Me, 97-98% yields [29, 52]; R = 
AIkC6H 4, 27-82% yields [82]). In the presence of indole or proline the condensation of 1 with aldehydes leads to 
dioxanediones 23 (X = 2-indolyl) [83, 84] and 24 (X = pyrrolidino) [85]. 

-o ' \ - ( P h  
20 21 

22 23, 24 

The activated C=C bond of arylidene and alkylidene derivatives 18 adds ~-electron-conjugated systems to give 
5,5-spirocycloalkane derivatives of 1,3-dioxane-4,6-diones -- structures of the A type: diazomethane and diazoacetic 
ester add to give spiro derivatives of cyclopropane [47, 86-88], the Diels--Alder addition of 1,3-dienes leads to the 
corresponding spiro derivatives of cyclohexene [89-93], and the [27r+27r]-cycloaddition of cycloalkenes to 18 gives 
spirocyclobutane derivatives of 1,3-dioxane-4,6-dione [94]. The addition of 5-methylenedioxanediones 18 as 
heterodienes to alkenes with an activated double bond makes it possible to obtain annelated systems of the B type [95- 
98]. O ~ a l  o---~ ~ la 

~176 o~ 
-A B 

1.3.4. Acyl Derivatives. The anion of I is readily acylated to give 5-acyl-2,2-dimethyl-l,3-dioxane-4,6-diones 25 in 
the stable enol form: 
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25 

Pyridine or its derivatives are used as bases, and organic acid anhydrides [99], acid chlorides [100-107], and acid 
bromides [108] are used as acylating agents. The condensation of Meldrum's acid 1 with ethyl orthoformate with 
subsequent hydrolysis leads to 2,2-dimethyl-5-formyl-l,3-dioxane-4,6-dione [109]. 

1.3.5. Amino.  and Diaminomethylene Derivatives. 5-(Aminomethylene)- and 5-(diaminomethylene)-2,2-dimethyl- 
1,3-dioxane-4,6-diones are formed in the condensation of Meldrum's acid 1 with ethyl orthoformate and aniline (26, 
92-95% yields) [110, 111], with imidates and their hydrochlorides (27, 7-92% yields) [112-114], with esters of cyclic 
lactams and their hydrochlorides (28, 58-94% yields) [115, 116], with dimethylformamide (DMF) diacetal (29, 84% 
yield) [117], and with dicyclohexylcarbodiimide (30, 78% yield) [118]. 

The 

0 R 
CH-NHPh NH2 

o 76 27 

amination of hydroxy and alkoxy derivatives 

R 

(CH2) n ~ NH-C6H~I 
28 29 30 

and the transamination of N,N-dimethylaminomethylene 
derivatives with aliphatic and aromatic amines leads to a large number of N-substituted aminomethylene derivatives 
31 in 32-95% yields [10%111, 117, 119, 120]. 

HNRIR 2 NR~R ~ 
P 

~ o 
31 

Thio-, Dithio-, and Aminothiomethylene Derivatives. The condensation of Meldrum's acid 1 with carbon 1.3,6. 
disulfide in the presence of sodium hydride [121] or triethylamine [122] with subsequent alkylation leads to 5- 
[di(alkylthio)methylene]-2,2-dimethyl-l,3-dioxane-4,6-diones 32, while with 2-alkylthio-l,3-dithiolium salts it leads to 
1,3-dithiol-2-ylidene derivatives (33, 52-95% yields) [16, 123]. 5-(Aminothiomethylene)-2,2-dimethyl-l,3:dioxane-4,6- 
diones are formed in the condensation of I with acyl isothiocyanates (--+34) [124] and with 2-methylthio-l,3-thiazoUum 

J O  

o - - e - ,  sR s R 

32 33 34 R 35 

salts (--,35) I125, 126]. 

5-[Di(methylthio)methylene]-2,2-dimethyl-l,3-dioxane-4,6-dione adds Grignard reagents to give intermediate 36, 
the subsequent treatment of which leads to/~-methylthiomethylene derivatives 37 (52-90% yields) or/3-aminomethylene 
derivatives 38 (53-93% yields) [127]. 

~I~ R 5XHC1 

OMgHal 
36 

IOXNH#CI , ~ ~  - ~ R  
- " -  

38 37 
1.3.7. Diazo Derivatives. The reaction of Meldrum's salt I with organic azides that have stable leaving groups as 

the organic residue leads to 5-diazo-2,2-dimethyl-l,3-dioxane-4,6-dione (39) in 45-75% yields. 

I + R-N:-N~N D N~+ RNH 2 

39 

Tosyl azide in the presence of strong bases [128, 129], p-acetamidobenzenesulfonyl azide [130], imino-activated 
azide 40 [131], and 1-ethyl-2-azidopyridinium tetrafluoroborate, generated in the reaction medium [128, 132, 133], are 
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used to introduce the diazo group. The photolysis of diazo compound 39 gives "Meldrum's carbene" 41, which, judging 
from the products of the reaction with alkenes, exists in the triplet state [134, 135]. 

Me ..+ Cl - I N  3 ~?_~u 
Me/N--C~-cI 

40 0 41 
1.3.8. Hydroxy, Oxo, Hydrazo, and Amino Derivatives. 5-Alkoxycarbonyloxy, 5-hydroxy, 5-acyloxy, 5-oxo, and 5,5- 

dihydroxy derivatives of 1 (42-45 and 46) are formed when 26 is used as the starting compound [110]: 

43 

26 
H~/Pd-C I" LIH/(ROCO)20 ~ ' ~  OCOR 

2.AcOH " ~O_~o 

42 

~ ~ 0  ,0 ~ ~ 0 ~  OH Ht o 
- 

45 46 

43 

R ICOCI 

0 0 

0 ' 0  
44  

Another pathway for obtaining hydroxy derivative 43 is based on the use of 5-diazodioxanedione 39 as the starting 
compound [136]. 

t-BuOCl Cl Na2S205 
39 mr ~ 44 43 RCO~H " ~O__~oOCOR 

4"2 

The ozonolysis of 2,2-dimethyl-5-(methoxymethylene)-l,3-dioxane-4,6-dione in aprotic solvents gives an ozonide, 
which is converted to dioxanetrione 45 on treatment with PC13 [137]. The oxidation of dimethylsulfonium ylid 52 with 
an equimolar amount of ozone in methylene chloride leads to DMSO and 45, which is isolated in the form of 
phenylhydrazone 48 (all R = H, 55% yield) or as the product (49, 69% yield) of condensation with 2-hydroxydimedone 
[138]. 2,2-R,R-1,3-Dioxane-4,5,6-triones [R = Me, RR = (CH2) n, n = 4, 5] were obtained in 82-88% yields in the 
ozonolysis in methylene chloride of the 5-phenyliodonium ylids of the corresponding dioxanediones [139]. 

o_.~o R I~_~R e 

~ "--~'R' 
48 

o_ O 0%.._, 

49 

The reaction of Meldrum's acid 1 with arenediazonium salts leads to arylhyrazones 48 in 32-56% yields [14, 140]. 
The electrochemical reduction of 48 gives 5-amino-2,2-dimethyl-l,3-dioxane-4,6-dione (50) [141]. Oxime 51 -- an 
unstable solid substance obtained by the reaction of I with sodium nitrite [14, 27] --gives amine 50 when it is reduced. 

48 
4H + + 4 e -  

ll 

o o 

6 0  51 

1.3.9. Ylids. Sulfonium ylids 52 are obtained by the following methods: 1) by condensation of Meldrum's acid 
I with sulfoxides by refluxing in acetic anhydride (40-82% yields) [142, 143], with DMSO activated by 3-sulfopropanoic 
anhydride (80% yield) [144], or with DMSO in the presence of dicyclohexylcarbodiimide and H3PO 4 (40% yield) [143]; 
2) by condensation of 5-bromo-2,2-dimethyl-l,3-dioxane-4,6-dione with DMSO (30-40% yield) [143, 145]; 3 ) b y  
treatment of phenyliodonium ylid 56 with dimethyl sulfide in anhydrous acetone (44% yield) [146]; 4) by the reaction 
of 39 with DMSO with UV irradiation (21% yield) [147]. 
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Selenonium ylid 53 is formed in 30% yield in the condensation of Meldrum's acid I with dimethyl dibromoselenide 
[143]. Arsonium ylid 54 (E = As, 40-42% yield) [149] and bismuthonium ylid 54 (E = Bi, 83% yield) [150] are stable 
compounds. 3-Bromoquinoline 1-oxide reacts with I at room temperature in acetic anhydride to give N-ylid 55 in 89- 
91% yield [57]. The condensation of Meldrum's acid 1 with aryliodoso diacetates leads to aryliodonium ylids 56 in 82- 
97% yields [14@ 

0 .Br  

~ ' \  "..)Z 7 ",R 1 *Me a + 
o'--%...o 

52 53 54 55 56 

1.3.10. Halo Derivatives. Fluoro- and iodo-l,3-dioxane-4,6-diones have not been obtained. 5-Chloro derivative 
57 is formed in 73% yield by treatment of ylids 56 with an equimolar amount of hydrochloric acid in acetone [146]. 
Treatment of enol 25 with sulfuryl chloride gives 5-acyl-2,2-dimethyl-5-chloro-l,3-dioxane-4,6-dione 58 [151]. The 
reaction of 1 with bromine in the presence of 1 mole of base leads to 5-bromo derivative 59 (R = H), while 5,5- 
dibromo derivative 60 (R = Br) is obtained in the presence of 2 moles of base [5, 152]. The bromination of 
dioxanedione 4 (R = Me) in chloroform in the presence of NaF gives 5-bromo-2,2,5-trimethyl-l,3-dioxane-4,6-dione 
61 (R = Me) [20]. 

o o 

,57 58 59 - 61 

The bromo derivatives are good sources of the bromonium ion: 59 and 60 brominate saturated aldehydes and a,~- 
unsaturated ketones with high selectivity to give the products in high yields [153], while 61 adds to polyenolates with 
high regioselectivity in a transfer-alkylation reaction [154-156]. 

2. Methods for Cleaving the 1,3-Dioxane Ring 

The 1,3-dioxane ring is cleaved by hydrolysis (acidic and alkaline), alcoholysis, solvolysis by phenols, and aminolysis 
and also by pyrolysis (5-diazo-2,2-dimethyl-l,3-dioxane-4,6-dione is cleaved by photolysis). 

Heating the 5,5-dimethyl derivative of 1 with dilute hydrochloric acid for a few minutes leads to acetone and 
dimethyimalonic acid [12]. The hydrolysis of 1 in excess alkali gives acetone and sodium malonate [4]. 2,2,5,5- 
Tetramethyl-l,3-dioxane-4,6-dione reacts with two equivalents of base in an aqueous solution of alkali [157], while 
titration with a methanol solution of potassium hydroxide includes the reaction with one equivalent of alkali to give 
the potassium salt of methyl dimethylmalonate [12]. 

The alcoholysis of 1 with an alcohol solution of hydrogen chloride leads to diethyl malonate at 20~ [14], while 
refluxing of 5-acyl derivatives 25 gives fl-keto carboxylic acid esters (see section 3.2.1). The solvolysis of Meldrum's 
acid 1 with equimolar amounts of phenols gives equal amounts of malonic acid and a diaryl malonate [158, 159]. 
Amines react with 1 to give malonic acid monoamides [160]; in some cases ring cleavage is accompanied by 
decarboxylation and the formation of acetamides [4, 32, 161]. 

Ketene, acetone, and carbon dioxide are formed in the pyrolysis of Meldrum's acid 1 at 400-600~ [4, 162], while 
methyleneketenes [11, 69, 75, 83, 158-169], which are unusually reactive particles with a wide range of synthetic 
applications (see section 3.3), are formed in the pyrolysis of methylene derivatives of 1. The corresponding acetylenes 
are obtained under more severe conditions of pyrolysis of the methylene derivatives (temperatures up to 700~ [164]. 
The pyrolysis of 5-aminomethylenedioxanediones 27 and 31 gives aminomethyleneketenes [170], while the pyrolysis 
of arylhydrazones 48 gives aryldiazoketenes, which immediately undergo decarbonylation to give substituted cyanamides 
[170]. 

During the pyrolysis of 5-acyloxydioxanediones 62 the intermediate ketenes are decarbonylated to give carbenes, 
which then undergo rearrangement to c~-diketones 63 in 77-92% yields [166]. 

The photochemically obtained "Meldrum's carbene" 41 undergoes Wolff ring contraction [171-173], while complete 
destruction occurs under more severe conditions [171]. 
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63 

41 ~ 0~0 : ~ :::~C C302 + CH3COCH3 + C02 

0 ~0 

3. Application in Syntheses 

3.1. The (CH2) 2-  and (CHR) 2-  Synthones 

Z--X - -- "-~ Z-CH-Y 
I 
R 

5-Methylene, 5-acyl, and 5-aryl derivatives of dioxanediones undergo acidic hydrolysis to give compounds that 
contain a methyl or alkyl substituent in quantitative yields. The method has been used to obtain 64-67, which are 
intermediates in the synthesis of polymethine dyes. 

OAlk 0~>~0 Me 

o 0 HY 
~, R1 a, 

Ph Ph 
X- y- 

Ph 64 

E = 0,NMe [78 ,79] ,  E = Tc [81] 

�9 I lIv- 
H yN"Et . 

65 [ 125,126] 66 [ 175] 0 67 [ 176] 

98]. 
The acidic hydrolysis of dioxanediones 25 and 27 leads to alkyl and aralkyl methyl ketones 68 in 30-58% yields [89, 

The hydrolysis of chloro derivative 58 in dilute acetic acid leads to 1-chloro-2-alkanones 69 in 20% yield [151]. 

1-1c1 
RCOIde ,4 27 

68 
RCOCI = 25 

Ac OH, H20 
~0~ C'~/ 58 - RCOCH2CI 

69 

Heating 5-hetaryldioxanediones 12-15 in acids gives the corresponding alkylhetarenes 70 (75-87% yields) [32] and 
71-73 (70-95% yields) [56] in high yields. 

R { ~H2R R ~ 

70 71 72 73 Me 

3.2. The C-'It2--C+O Synthone 

Z--X -- - 

O 
II z-cHic--y 
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3.2.1. Synthes i s  of  fl-Keto Esters. The alcoholysis of 5-acyldioxanediones 25 leads to fl-keto carboxylic acid esters 
74 in 38-85% yields [99, 100, 105, 107, 177-181]. The method has been used to obtain acylacetates of hydroxy steroids 
with a labile OH group [104, 182],/3-keto dicarboxylic acid esters 75 (n = 2-7, 33-80% yields) [183], and long-chain 
/Ldiketones 76 (n = 6, 12; m = 6, 14, 20; 82-95% yields) [106]. 

R ' Olt 
Z5 "-'----~" RCOCH2COCR 

94 

EtO~C(CH 2)nCOCH2CO2E% 

75 

Me (CH2)nCOCH2CO(CHa)mMe 
76 

Acylthioacetates such as 77 (76% yield) were obtained by thiolysis of 25 [108]. 

~ p, o o 
t - B " s "  " ,, 

-- 

o - - ~ o  
77 

o o 

ICH~)nBr 
78 

Thioester 77 is used in the synthesis of macrocyclic lactones, as are 78 -- products of the alcoholysis of 5-acetyl-2,2- 
dimethyl-l,3-dioxane-4,6-diones by ~0-bromoalkanols (n = 5-11, 41-57% yields) [184]. Refluxing phenylhyroxylamine 
with 25 (1:1) in acetonitrile leads to N-(acylacetyl)phenylhydroxylamines 79 in 51-95% yields. The introduction of yet 
another mole of 25 leads to the formation of an N,O-diacylacetyl derivative, which undergoes rearrangement and 
cyclization to indoles 80 in 21-58% yields [185]. 

COOBu-t 

- -  o- -. , o  " '" "OH R It 
79 80 81 

#-Keto acid esters were obtained in 41-58% yields in the alkaline alcoholysis and subsequent acidic treatment of 
aminomethylene derivatives 27 [112]. Pyrrolidin-2,4-dione 81 was synthesized from L-butoxycarbonylleucine, activated 
by isopropenyl chloroformate, and Meldrum's acid 1 [186]. 

3.2.2. Synthes i s  of  Carboxylic Acids and Their Esters. Adamantylacetic acid [187, 188] and 4-phenyl- and 3- 
methylbutyric acids [46] were obtained by the acidic hydrolysis of the corresponding dioxanediones 4. The alkaline 
hydrolysis of 4-pyridyl derivatives 12 with subsequent acidic treatment at room temperature gives 2-(4-pyridyl)butyric 
(77% yield) and 2-(4-pyridyl)caproic (84% yield) acids [32]. The ethanolysis of 23 in the presence of pyridine and 
copper powder leads to 3-(3-indolyl)-3-R-propionic acid esters (R = Alk, Ph; 62-87% yields) [83]. The acidic 
hydrolysis of dioxanediones 4 is convenient for lengthening the chains of carboxylic acids by a (CH2) 2 fragment; the 
chain of dicarboxylic acids is lengthened by a (CH2) 4 grouping [102]. 

CI COl CH2)nCOC 1 n=S, 10, 1 '2,14 HOOC( CH z) n+4COOH 

The method of acidic hydrolysis of 4 was used to obtain ~/-keto acids 82 [R = (CH2)7COOH ] and 83 (R = 
CH2NH3+CI - )  [189-192]. 

0 0 

RCOCH2CH~COOH 

8 2 , 8 3  
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3.3. The C2-H--C+O Synthone 

r 

x/C--Z ~- 

The mild hydrolysis, alcoholysis, or pyrolysis of methylene derivatives of 1 leads to cinnamic acids 84 [59, 73, 82, 
193] and esters 85-88 [112, 194, 195], amides 89, and thioesters 90 of o~,fl-unsaturated acids [195]. 

)n H2 "IF "R EtOH 
0 / -N- -CH R CH HC,.  

0 H ' H I H I COpEt 
C02Et  C02Et 

85 86 87 

( ~  85-160~ 05-0' Imm 

//60-90~ AIkOH 
H 

C -N ~CPI 
H II H I 

CO C'-O 8 8 - 9 0  I 
XR 

n=1,2,3; R=Alk; 88 X=O; 89 X=NH; 90 X=S 

The flash-vacuum pyrolysis of methylene derivatives, which proceeds through a step involving a methyleneketene, 
is accompanied by intramolecular acylation, which leads to stable mono- and polycyclic products with ring sizes from 
four to six (91, n = 1,  2 [196, 197]; 92, R1--R 4 = H, Alk, Ph [115]; 93, R--R 2 = H, Alk, Ph [120, 198, 199]). The 
cyclization of aminomethyleneketene 94 includes intramolecular substitution of the chlorine atom and leads to bicyclic 
enamino esters 95 (n, m = 1, 2) [200]. 
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Intramolecular acylation, which takes place at the nitrogen atom, leads to 3-pyridazinone 96 [67] and three isomeric 
azapyrrazolizinones 97 [201]; structural hindrance to N-acylation directs the synthesis to favor the formation of a 
product of addition of the intermediate methyleneketene to the carbon atom (98) [202]. The C-acylated cyclic products 
obtained by flash-vacuum pyrolysis from 5-(o-alkylaryliden- and [-hetarylidene])-2,2-dimethyl-l,3-dioxane-4,6-diones 
are stabilized due to the formation of aromatic systems -- arenols 99 [163, 165, 202]. 
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The thermal cyclization of 5-I(arylamino)methylene[-2,2-dimethyl-l,3-dioxane-4,6-diones in diphenyl ether leads 
to 4-quinolones l@O (60-96% yields) [111,203} and their aza analogs 101 (66% yields) [111], 102 (64-91% yields) [204, 
205], and 103 [206] in high yields. 
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The condensation o f2,2-dimethyl-5 - (methylthiomethylene) - 1,3-dioxane-4,6-diones 37 with arylhydrazines in diphenyl 
ether gives 2-aryl-3-pyrazolones 104 (60-82% yields) [207]. 5-Acyl derivatives 25 react with phenylhydroxylamine in 
the presence of anhydrous p-toluenesulfonic acid in benzene to give 2-phenylisoxazolin-3-ones 105 (76-97% yields) 
[185, 208]. Sulfonamides condense with 25 to give 1,2,6-thiadiazine 1,1-dioxides 106 [209]. 
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2,2-Dimethyl-l,3-dioxane-4,6-dione and its 5-mono- and disubstituted derivatives are used as malonylating agents. 
The method has been used to obtain ct-carboxylated penicillins 107 (33-90% yields) and cephalosporins 108 (40-87% 
yields) [26]. 
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In strongly acidic media (TsOH, H2SO4, polyphosphoric acid, BF3.Et20 ) cycloalkylidene derivatives are converted 
to u-carboxy-7-1actones 109 in 33-100% yields [70, 210]. Meldrum's acid 1 reacts with cyclic #-diketones on heating 
to 130-135~ to give O,C-malonylation products 118 [11, 212]. 

109 

The condensation of dioxanedione 1 with #-dicarbonyl compounds 

~ o 

OH 

I10 

and their amino derivatives, glyoxal 
monohydrazones, and substituted salicylaldehydes leads to, respectively, et-pyrone derivatives 111 [211], c~,pyridone 
derivatives 112 [211], ~-pyridazinone derivatives 113 [213], and coumarin-3-carboxylic acid derivatives 114 [211,214, 
2151 . 
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The cyclization of 2,2-dimethyl-5-(pyrimidinylaminomethylene)-l,3-dioxane-4,6-diones in polyphosphoric acid or 
in the presence of organic derivatives of silicon has been proposed as a method for obtaining pyridopyrimidinecarbox- 
ylic acids 115 [216-218]. 

o'>('o o 

I I 
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The alkaline alcoholysis of ylidene derivatives 33 with subsequent treatment with acid is a valuable method for the 
one-step synthesis of ylidenemalonic acid monoesters 116 (75-93% yields) [123, 219]. The acidic hydrolysis of 
methylenebis derivatives 22 (R = H, AIkC6H4) is a convenient method for obtaining tetracarboxylic acids 117 [52, 82]. 
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X y -- -- -- -~ XCHRCH COY 

\,,J \ ~ j 
The condensation of 5-arylidenc- and 5-alkylidenc-l,3-dioxanc-4,6-diones with binuclcophilic reagents, by 

introducing the C+HRCH2C+O fragment, makes it possible to obtain heterocyclcs in one step. Thus hcxahydro-5- 
coumarone derivatives 118 were obtained in 66-82% yields from cyclohcxanc-1,3-dioncs [220-222], while 
dihydrocoumarin derivatives 119 were obtained from floroglucinol [223]. 

0 0 R 
o o I 

0 ' 0  R I " / V ~ o H  R I " / ' V ~ o ' / " ~ O  
,118 

OH R 

119 

The reaction with anilines and naphthylamines leads to tetrahydro-2-quinolones 120 in 8-25% yields [65] and their 
benzo analogs 121 in 30-80% yields [62-65, 224-227]. The condensation of 5-arylidene-2,2-dimethyl-l,3-dioxane-4,6- 
diones with 3-aminocyclohexen-2-ones in alcohols leads to octahydroquinoline-2,5-diones 122 in 34-90% yields [228- 
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3.6. Acyl Derivatives in the Synthesis of Heterocycles 

Splitting out of a molecule of acetone from 5-acyl-2,2-dimethyl-l,3-dioxane-4,6-diones gives intermediate 123, 
which, depending on the conditions used, reacts with Schiff bases to give the corresponding addition products: 5-acyl- 
3,4,5,6-tetrahydro-2H-I,3-oxazine-4,6-diones 124 (54-86% yields), 2,3-dihydro-l,3-oxazine-5-carboxylic acids 125 (24- 
75% yields), 3-acyl-3-1actams 126 (35-85% yields), and 2,3-dihydro-l,3-oxazin-4-ones 127 (6-34% yields) [233, 234]. 

0 0 0 0 0 0 
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2,4-Disubstituted 1,3-oxazin-6-ones 128 are formed in 32-93% yields in the thermal cyctization of [5- 
(acylamino)methylene]-2,2-dimethyl-l,3-dioxane-4,6-diones [114]. The thermolysis of 2,2-dimethyl-5-formyl-l,3- 
dioxane-4,6-dione in toluene leads to 2,2-dimethyl-l,3-dioxin-4-one 129 -- an intermediate in the synthesis of 
prostaglandins [235]. 
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Material involving the description of a number of physical and chemical properties (acid---base equilibria, keto--enol 
tautomerism, spectral and structural characteristics, the results of kinetic experiments) of 1,3-dioxane-4,6-diones, which 
is necessary for comparing the characteristics of the initial state of synthesis (the reactants) and the final state (the 
products) and for elucidating the mechanisms of reactions with the participation of 1,3-dioxane-4,6-diones, was beyond 
the scope of the present review. The further development of the problems involved in the synthone approach, which 
makes it possible to conceive of organic synthesis as being the introduction of predesignated fragments into the 
molecules of compounds, will lead, in all likelihood, to the publication in the near future of research devoted to the 
possibilities and limitations of the applicability (right up to the specific conditions) of synthetic agents similar to the 
1,3-dioxane-4,6-diones described in this review and also specialized research on the cataloging of synthetic agents for 
the construction of organic molecules and molecular designing. 
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