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MELDRUM'S ACID IN ORGANIC SYNTHESIS

Bang-Chi Chen

Department of Chemistry, Drexel University, Philadelphia, PA 19104, U. 8. A,

Abstract—The syntheses and reactions of Meldrum's acid derivatives as well as
their applications in natural product syntheses reported during 1978-1990 are

reviewed.
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1. INTRODUCTION

Meldrum's acid (1, 2,2-dimethyl-1,3-dioxane-4,6-dione, isopropylidene malonate), discovered by Meldrum,! is
a remarkable reagent of versatile reactivities. The susceptibility to electrophilic attack (viz the anion) at C-5 and
nucleophilic attack at C-4 and C-6 along with the unique ring opening reaction makes this reagent tremendously
useful in organic synthesis. The chemistry of Meldrum's acid before 1978 has been reviewed by McNab.2 In
this review the new applications of Meldrum's acid in organic synthesis during 1978-1990 is summarized.

Meldrun's acid is a white crystalline solid which can be readily prepared in large quantity by the condensation of

malonic acid and acetone in acetic anhydride containing catalytic amount of concentrated sulfuric acid.3
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2. 5-ALKYL, ALKENYL, ALKYNYL, AND ARYL MELDRUM'S ACIDS

2.1 Preparation

2.1.1 5-Alkyl Meldrum's Acids

2.1.1.1. With Alkyl Halides. Meldrum's acid undergoes the expected alkylation reaction with alkyl halides. A
number of new reaction conditions have been worked out for the successful alkylation of 1, which include K2COj3

and phase transfer catalysts in CHCl3,43 K2COj3 in DMFES triethylamine in DMSO7 and others.8

Q Q
W om —— XX
H o R (o]
o} O
3

H R'=alkyl

1.8
2. R = alkyl, aryl X=Cl,Br,l

The alkylation of 1 usually gives symmetrical dialkyl products (3, R = R'}. Unsymmetrical derivatives 3, R=
R’) couid be obtained from the corresponding monoalky! Meldrum's acid {2). Whereas 2 is normally prepared
through indirect methods (see section 3.2.1, 3.2.2.2 and 5.2.1). With a-bromoketones Meldrum’s acid can be
selectively monoalkylated 9-11

2.1.1.2. With Electrophilic Olefins. When treated with base Meldrum's acid reacts with electrophilic olefins (4)
via Michael-type addition to afford functionalized alkyl derivatives (5). The olefins which have been studied are

o, B-unsatuated carbonyl compounds, 12 sulfones,!3 and 2- or 4-vinylpyridines and the analogue quinolines.14
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On the other hand, depending upon the reaction conditions 1 undergoes single or double Michael additions to
bisvinyl ketones. !5

2.1.1.3. With Manish Bases. Meldrum's acid (1) condenses readily with Mannish bases (6) such as those
derived from acetone, ferrocene, B-naphthol and indole in the presence of acetic anhydride to give 5-alkylated
products (7). The mechanism of this reaction may involve the generation of vinyl ketone and subsequent reaction

through Michael addition.16

ls) O
R 0 R Q
- W
’ o)< ROHAR, ——= ooy g
O 6 O
10r2 7

R = Me, Et, Ph, PhCH,, MeCONH
R'= MeCOCH,, ferrocenyl, 3-indolyl, 3-(N-methyljindolyl
R"= Me, Et
2.1.14. With O N-Acetals. Reaction of O,N-acetals (8) with Meldrum's acid 1 gives 5-(ct-amino)alkyl

Meldrum's acids (9).17-20

RS O
0 R2 OR1 Rz O
>< + X e RoN )<
o] R3" NR, H Yo
© 8

R! = Me, MesSi, Ac

NR, = O\__IN- (- rtwe

2.1.1.5. With Aldehydes and Thiols. 5-(a-Thio)alkyl Meldrum's acids (10} can be readily prepared by treatment

of 1 with aldehydes and thiols in the presence of catalytic amount of piperidium acetate.?!

Pip/AcOH R
RCHO + PhSH —— = ><

R = Me, Et, Pr, i-Pr, Me(CHyp)s, Ph

2.1.1.6. With n-Allylpallodium Complexes. Meldrum's acid (1) reacts with m-allylpalladium complexes to
afford 5-allyl products (11).
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L = AcO-, Cl-, (RO},BO-
Pd cat. = Pd(dba},, Pd(acac),, Pd{PPhz}
The palladium catalysts investigated include Pd(dba)s,22 Pd(acac),23 and Pd{Ph3)4.24.25 The allylic substrates
used are allyl acetaes,22.23 allyl chlorides,25 and allyl borates.24 5-Diallyl Meldrum's acid (11) is the major or
the only product in these reactions,
2.1.1.7. With Isoprene and Rhodium Catalyst. In a recent report the use of isoprene as alkylating reagent was
realized. When isoprene was reacted at room temperature with 1 in the presence of rhodium/iris(sodium 3-

sulfophenylphosphine (TPPTS), the monosubstituted product (12) was obtained in 60% isolated yield.26

o o
o o
Rh()/TPPTS/Na,CO )<
)< N A/ 0] ,C05 W
o 60%
o, o
12

2.1.1.8. With Organoiron Complexes. Organoiron complex such as tricarbonyl(1-5-1-4-methoxy-1-

methylcyclohexadienylium)iron hexafluorophosphate (13) reacts with the enolate of 1 to give the monoalkylated
product (15) in 72% yield. However the non-methylated analogue {14) gives rise to product (16) in 97% yield.

The different regioselectivity can be explained in terms of steric effects.27

O OMe
o ==\ Fe(CO),
ove LRV >
72°/o O
 +—Fe(CO); - PRy O, M
o NaHA
R
13 R=Me o}
14 R=H
ReH o) =, Fe(CO);
= >( Y, OMe
97% o
e}
16
Scheme 1

2.1.2. 5-Alkenyl Meldrum's Acids
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2.1.2.1. With (1-Alkynyl)phenyliodonium Salts. 5-Alkenyl Meldrum's acid has been scarcely investigated.
Recently it was found?8 that when (1-decynyl)phenyliodonium tetrafluoroborate (18) dissolved in fers-butyl
alcohol was treated with the enolate generated from 5-methyl Meldrum's acid (17) compound (19) was obtained

in 62% yield. Similarly, 21 was obtained in 93% yield from [1-(3-cyclopentyl)propynyl]phenyliodonium

tetrafluoroborate (20).

O Me
t-BuONa/-BuQH/18 ><O

O 62“/0 O
Me 0)< 19
H o O
o O Me
17 +-BUOK/THF/20 >(
3% O
0
21
/\/\/\/\
I* CgHs Q/\H CeH
BF4 BF, 65
18 20
Scheme 2

2.1.3. 5-Alkynyl Meldrum's Acid
2.1.3.1.  With Trimethyl(phenylethynyl)stannane. Reaction of 5-methyl Meldrum's acid (17) with
trimethyl(phenylethynyl)stannane (22) and lead tetra-acetate {23) in chloroform afforded 5-phenylethynyl-5-

methyl Meldrum's acid (24) in 17% yield. Use of the lithium enolate of 17 and DMSO as solvent did not result

in much improvement in the yield of 24 (25%).29

o) 0
Me, }—O Pb(OAC)4 (23)/CHCls Me, >0,
>< + PhC=CSnMe, - ><
H) o 17% PhC= g
0 22 0
24

17

2,14, 5-Aryl Meldrum's Acids

2.1.4.1. With Aryllead Triacetates. As might expected 5-aryl Meldrum's acid (26) can not be readily prepared

via conversional methods. Pinhey and coworkers30-33 demonstrated that treatment of 1 or 2 with aryllead




538 HETEROCYCLES, Vol. 32, No. 3, 1991

triacetates (25) resulted in formation of 5-aryl derivatives (26) in high yields. A variety of 5-aryl Meldrum's acid

derivatives (26) have been prepared in this way.

O
R Q
+ ArPb(QOA
e X
O

1or2

It should be pointed out that 5,5-diaryl Meldrum's acids can only be obtained in poor yields by this method.
2.1.4.2. With Diaryliodonium Salts. Recently Chen and coworkers34 presented a convenient synthesis of both
5,5-diaryl and S-alkyl-5-aryl Meldrum's acid derivatives (26) and (28). Simple stirring of the potassium salt of 1
or 2 with the appropriate diaryliodonium salts (27) in tert-butyl alcohol at 700C gave after workup and isolation
the desired aryl products in good to excellent yields.

R= alkyi )g: )<
>< + Ararx  _FBUOK/EBUOH
70°C
H=
1or2 & ><

Scheme 3

2.1.4.3. With Quinoline N-Oxides. Reaction of quinoling N-oxides (29) with 1 in acetic anhydride smoothly

occurred to afford the corresponding 5-heteroaryl derivatives (30) in good yield.35

X %
0
\ >< _ A0 ~ o
+ »
t s “72.84% N7 )<
i 0
o o
29 0

X = H-, C- MeO-, 0 N-
L —

2.2 Reaction

2.2.1. Ring Opening Reaction
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2.2.1.1. Formation of Carboxylic Esters. In addition to the normal hydrolysis to carboxylic acids, 5-alkyl
Meldrum's acids undergo a number of unique reactions that their acyclic analogues can not. Refluxing 2 or 3
with alcohol in pyridine in the presence of copper gives directly the corresponding esters (31).36 Whereas
preparation of esters from the acyclic malonates requires two steps involving selective hydrolysis and subsequent

decarboxylation or hydrolysis followed by decarboxylation and esterification.

Q 0
R OMe R OMe
R OR" R’ NR",
CHaN2 CHzN2 o
a3 \ OH R"ZN/ 2
o]

CH2N2 R ><

R*OH Py/CuIA
2(R'=H)or3

0
31
Scheme 4

22,12, Formation of Malonyl Monoesters. Of interest is the fact that by changing the reaction condition the
monogster of malonic acids (32) can also be prepared from 5-alkyl Meldrum's acids (Scheme 4),37-40

2.2.1.3. Formation of Malonyl Diesters and Malonyl Monoester Amides. The free carboxylic acid of 32 can be
esterified using CHaN2,38 or more conveniently by the treatment of 3 with diazomethane in the presence of an
alcohol to afford malonyl diesters (33). If an amine is used instead of alcohol in this 'one pot' reaction malonyl
monoester amide (34) is obtained.41

2.2.1.4. Formation of a-Amino Acids. Ring cleavage of 5-alkyl Meldrurn's acid (3) with hydrazine followed by

treatment with sodium nitrite has been applied to the preparation of o-amino acid (36).42

Q 0
R 0>< NHoNH; R NHNH, NaNO,HCI RN
——— —_—
R e} R' OH R >3*OH
8] 0O o]
3 35 36

Scheme 5
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2.2.2. Enantioselective Ring Opening Reaction

2.2.2.1. Formation of Optically Active Malonyl Monoesters. Oda and coworkers?3 reported a moderate
differentiation of the enantiotopic carbonyl groups of 5-methyl-5-phenyl Meldrum's acid (37) by the use of
alkoxide anions paired with chiral quaternary ammonium cations derived from cinchona alkaloids (38). The
yield and the extent of stereoselectivity of the reaction were found to be highly affected by the nature of the
reaction medium, polarity of the solvent and the solubility of the nucleophile (38). Relatively non-polar and
aprotic solvent such as toluene, dimethoxyethane, and tetrahydrofuran were fount to be the preferable solvents

from both chemical and optical yields.

Q 1, PhMe/-50°C Q
Ph o) s WO Ph OR
)< + 38 S8y e *
Me o Me OH
lof o]
37 39
= H
H
N*% H
H
HO
P
=N

R = Me, Et, n-Pr, ~Pr,n-Bu

X =H, MeQ
2.2.3. Reactions on the 5-Substituent Groups
2.2.3.1. Reaction of 5-Allyl Meldrum's Acids. A recent study revealed that when treated with LDA in the
presence of tetramethylethylenediamine (TMEDA) 5-allyl-5-alkyl Meldrum's acids (40) underwent a novel
reaction to give 2,3-disubstituted maleic anhydrides (44) after work-up and distillation.** It appears that the allyl
anion (41) formed undergoes intramolecular 1,2-carbonyl migration, which can be rationalized in terms of attack
of the ester carbonyl by the anion at the latter's o-carbon, followed by C-C bond cleavage to result in ester
enolate (42), and finally, upon work-up, acid (43). Subsequent transformation in which 43 condenses with
migration of the double bond to yield the stable maleic anhydride (44) takes place during distillation and is not

unusual. The acids (43) can be isolated in low overall yield (32-46%).
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42
R'= Me, Ph R" l R"
R"=H, Me, Ph R R —
-
0P ~e” 0 HOOC  COOH
44 43
Scheme 6

Oppolzer and Gaudin25 observed that the diene (45) underwent catalytic intramolecular palladium-ene reaction
when heated with bis(dibenzylideneacetone)palladium [Pd(dba);] and PPh3 in acetic acid giving the cyclized
product (46) in 75% yield.

0.07 eq. Pd(db
H o q (dba); o
0.2 eq. PPhg o
AcO °>< ACOH, 80°C, 1.5 h ><
i8] 75% o
4 o
45 46

2.2.3.2. Reaction of 5-{Oxyalkyl) Meldrum’s Acids. The chemistry of 5-(1-oxyalkyl) Meldrem's acids (5-acyl
Meldrum's acids) will be discussed in detail in section 5.

2232.1. 5-{2-Oxyalkyl) Meldrum's Acids. Hydrolysis of 5-(2-oxyalkyl)-Meldrum's acids (47) in aqueous
acetic acid followed by reduction with sodium borohydride and subsequent cyclization or selective reduction of

the ketone functionality followed by thermal cyclization is a convenient method to prepare 4-alkanolides (48).45

Q
R 0
o a
o )< — —=~ Q
H o b
0

R
48

47

a) 1. ag. HOAG/A; 2. NaBH4

b) 1. NaBHg; 2. A
Scheme 7
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2.2.3.2.2. 5-(3-Oxyalkyl) Meldrum's Acids. Reaction of 1 with o,B-unsaturated ketones gives 5-(3-oxyalkyl)
Meldrum's acids (see section 2.1.1.2). This reaction has been employed in the preparation of heterocyclic
compounds. For example, substituted oxygen-bridged tetrahydro-2-pyridone (51) was synthesized by the
condensation of 4-(2-hydroxyphenyl)but-3-en-2-one (49) with 1 in the presence of ammonium acetate in
refluxing ethanol 46 The formation of 51 can be viewed as preceding via Michael addition to 49 of the carbanion
of 1 and aminal formation of 50. Nucleophilic attack of the amine nitrogen atom at the dioxanedione ring leads to

pyridone ring closure and acetone expulsion to give 51.

Vo g’ (29) 0
K QOH Me - o O><}
o NH,OAc O

O
;

Me NHZ 50

MeCOCH;COsMe
ArCHO
NH4OAC
Ar
MeQ,C Q
[
Me” “NTYQ Me™ N0
f 1
H H
52 51

Scheme 8

The reaction has been further utilized in a 'one-pot' fashion to the synthesis of substituted pyridones.
Heterocyclization of methyl acetoacetate and benzaldehydes with 1 in the presence of ammonium acetate yields a
number of substituted pyridone carboxylates (52). In spite of moderate yields, this reaction provides a convenient
entry into the chemistry of 3,4-dihydro-2(1H)-pyridones due to the availability of the starting components and an
easy work-up procedure.

2.2.3.3. Reaction of 5-(o-Thioalkyl) Meldrum's Acids. The chemistry of 5-(ot-thioalkyl) Meldrum's acids has
been studied by Eberle and Lawton.2! ‘The results are summarized in Scheme 9 using 5-(o.-thiobutyl) Meldrum's

acid (53) as an example. Treatment of 53 with potassium hydroxide in the presence of potassium ferricyanide
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gives 5-isobutyl Meldrum's acid (54). Oxidation with hydrogen peroxide results in the formation of epoxide
(55). Reaction of 53 with Meldrum's acid (1) in the presence of sodium periodate gives cyclopropane derivative
(56). Reduction with sodium borohydride, on the other hand, affords 5-isobutyl Meldrum's acid (37).
Treatment of (53) with nitromethane using tetrabutylammonium hydroxide as base gives rise a nitro compound
(58). Diels-Alder reaction also occurs between 5-(o-thiobutyl) Meldrum's acid (53) and 2,3-dimethyl-1,3-
butadiene, resulting in the formation of cyclohexene derivative (59), All the reactions could be rationalized in

termis of the formation of 54.

o~ o
oﬁ*o
o><o Prisa o><o

o] o]
O)fo Oyo
e) c)
o><o / Pr 5P \ .

a) Ka[Fe{CN)g], KOH; b) Hz00; ¢} 1, NalQy; d) NaBH.;
e) MeNOas, BuyNCH; f) 2,3-dimethyi-1-3-butadiene

Scheme 9

2,23 4. Reaction of 5-(a-Aminoalkyl) Meldrum’s Acids. The reaction of 5-(¢t-aminoalkyl) Meldrum's Acids
(60) has been extensively investigated by Vilsmaier and coworkers. The results are illustrated in Scheme 10.

All the reaction could be explained in terms of formation of the intermediate (61).
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O

(CHo)
6 (CH)4

2
‘C“z)ﬂ (ret. 47) (ref. 49) 63
(ret. 48)

(CHa)g
66
Scheme 1¢

65

2.2.4. Ring Reduction

2.24.1. With LiAlH4, Reduction of the ring of 5-alkyl Meldrum's acid has also been reported. Treatment of
compound (69) with lithium aluminium hydride in ether under reflux for 21 h after usual work-up and
chromatograghic separation affords the alcohol (70) in 36% yiald.S2 The alcohol (78) could be utilized as the

synthetic equivalent to the isoprenyl carbanion (71), useful synthon for the construction of some natural terpenes

bearing a terminal isoprene unit,

)< LA, /ELO P“S\/\’r\OH = /\n/
36%
70 71

Scheme 11
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3. 5-METHYLENE MELDRUM'S ACIDS

The chemistry of another kind of Meldrum's acid derivatives having a general structure (72) will be discussed in

O
X O)<
Y o}
0]
72

X, Y =H, R, Ar, OR, NR3, SR

this section.

Chart I

3.1 Preparation
3.1.1. 5-Alkylidene and Arylidene Meldrum's Acids
The reaction of Meldrum's acid (1) with ketones and aldehydes has been discussed in great details by McNab.2

The reaction was subsequently refined and used to prepare a variety of 5-alkylidene and arylidene Meldrum's acid

) 0
g:o R, n')=§:o
X + o — X
o R” R o
5 0
1 73

R', R*=H, alkyl, aryl

derivatives (73)2.53-60

3.12. 5-(o-Heteroatom Substituted)methylene Meldrum's Acids

Orthoformates (74) react with I to give 5-(ct-alkoxy)methylene Meldrum's acids (75).2

o) 8]
R or o) R Q
X + K D — — K
RO OR o R'O o]
74 o ©
_ 75
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A variety of other 5-(ct-heteroatom substituted)methylene Meldrum's acid derivatives have also been prepared.

These include 5-(a-amino)methylene Meldrum's acid (76} (Scheme 12), 5-(@-thio}methylene Meldrum's acid

(77) (Scheme 13), 5-(a-amino-o'-oxy)methylene Meldrum's acid (78) (Scheme 14), 5-(ct-amino-o'-

thio)methylene Meldrum's acid (79) (Scheme 15) and 5-(o,o'-bisthio)methylene Meldrum's acid (80) (Scheme

16).

R
__N/>_°Me I(ref 61-64) +N"“

Ho|
R +

SEt BF4

ASS}

{ref. 71-74)
» ><
/ ws&ss)
,>—SMe (ref. 63} AczN
{ref. 69,70
OR'
R_QOR'
N—
/
Scheme 12
0]
R (ref. 75,76 R Q (ref. 72.78)  _St-Se_
Yy~ ek LTSS
/S+X —5 o R
8)
Scheme 13

(0] 0
- ~ (ref. 79)
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(ref 81)
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ef. 80
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S s
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(ref. 82) \II: }
/N X
Scheme 15
(ref, 83) (rel 84) g é
§=C=8 —b- >< -~ \T/ x
S\
Scheme 16

3.1.3. Conversions bertween 5-Methylene Meldrum’s Acids

Another general preparation of 5-methylene Meldrum's acids is the conversion between each other (Scheme 17).

% >< (ref. 42)

o)
R o
(. 85-90 ><
(re ) R 0
o)

73
)l—'—"'-§: >< {ref. 70)

1 {ref. 31-95)

0 0]
R o)< (ref. 91) =S8 O><
— o -3 Q
4 0
77 80

Scheme 17

3.1.4. Miscellaneous
3.1.4.1. With Azomethine Imines. Azomethine imine (81) was found to react with 1 to give 5-methylene

product {82) in quantitative yield.96.97
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3.1.42. With Pyridinium salts. Mass and coworkers?8-100 gbserved that reaction of the anion of 1 with N-

(tetraalkylamidino)pyridinium salts (83) leads to the formation of azahexamethine merocyanines (86) via c-attack

at the pyridiniom ring followed by ring opening. In some cases, kinetically controlled reactions yield 1,4-

dihydropyridines (84) which isomerize thermally to give 1,2-dihydropyridines (85) which undergo ring opening

spontaneously. Neutral dyestuffs (87) can be obtained on deprotonation.

2 TIO

83

»
O <

R

Scheme 18
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3.1.4.3. With Dication Ether Salts. When the dication ether salt (88) is treated with the anion of 1 5-methylene
Meldrum's acid derivative (89) is obtained.101 Similarly when the dication ether salt (90} derived from 2,3-

bis(dimethylamino}cyclopropenone was allowed to react with 1, compound (91) was obtained in 42% yield.102

(o]
CL L
N+’ )20 N K
Lo 2TIO ' o
Me Me o

88
1 89
Me,N Me,N Q
o]
}—)zo jb{ 4

Me,N”» 2 TIO" Me,N 4 °

90 91

Scheme 19

3.1.44. Oxoindolizinium Ions. Oxoindolizinium ions (92) react with 1 in the presence of pyridine giving a class

of indolizine dyes (93) incorporating the 5-methylene Meldrum's acid structural unit.103

| R
o 1 1/Py
_ la —_—
Ar Ar
92
93
Ar =Ph, 97%
2,4,6-MegCgHo, 100%
4-MeQCgHa, 90%

3.1.4.5. With 4-Ethoxytelluropyrylium Salts. Condensation of 1 with 4-ethoxytelluropyrylium salts (94) and 4-
ethoxybenzotelluropyrylium salts (96) afforded compounds (95) and (97) respectively.104
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o 0
OEt 0 0
| ) Fsoy | ]
.
R Te R
R :I"_e R
95
94 1/Py
O><O
Okt R = {-Bu, Ph
O 0]
= FSOq
< |
R Te OMe |
96 R Te OMe
97
Scheme 20

3.2 Reaction

3.2.1 Conjugated Reduction

The conjugated reduction of 5-alkylidene and arylidene Meldrum's acids (73) is the way used most often to
prepare S5-monoalkyl Meldrum's acids (2). The reducing reagent commonly used is sodium borohydride107 and
more recently sodium hydrogentelluride.196 The monoalkylated products can also be obtained in a 'one pot’
fashion if a selective reducing reagents is emploied. For example treating 1 and carbonyl substrates in one pot

with borane-dimethylamined!%7 or sodium hydrogentelluride!96 readily gives the corresponding 5-monoalkyl

Meldrum's acids (2).

0
R 0>< NaBH, or NaTeH
R C
R, O
73 R O
T — "X X
H o]
0

0
o] R’ BH3' MaaNH or NaTeH 2
X+ o
o] R”

C 4

Scheme 21
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This methodology has been used in the total synthesis of (¥)-pentalenene (101).108

o o\{\ WL
(s} 1 NaBH/EtOH
& —_— (8] a 4’1
H 92% Z go%
98 H ©
99

2,

|

#,
111

¢

(£}-101

Scheme 22

3.2.2 Conjugated Addition

3.2.2.1. With Grignard and Organclithium Reagents. The conjugated addition of varicus Grignard and
organolithium reagents to 5-alkylidene and arylidene Meldrum's acids (73) has been the subject of several
investigations.109-112 Tn most cases the addition occurs rapidly with or without cuprous salt and the adducts are
obtained in high yields. This reaction provides the only opportunity to the preparation of highly (-substituted 5-
monoalkyl Meldrum's acids (2). The conjugated addition to Meldrum's acid derivatives has some advantages

over the acyclic malonate analogues as the latter often offer no reaction or low yield.

rR O
R _RMgXorRU R o
>< X X
’ H o

73

More recently, Larcheveque and coworkers!13 investigated the stereochemistry of the conjugated addition of
organometallic compounds R?2M (M = Li or MgX) to the protected a-hydroxy Meldrum's acids (102) in great
detail and found the stereoselectivity of the reaction was highly dependent on the nature of the protecting group;
in the case of the MEM group, syn-products (103) were obtained almost exclusively with Grignard reagents
whereas the use of non-chelating protecting group such as -BuPh2Si afforded nearly pure anti-compounds

{104) with organolithium reagents in the presence of 12-crown-4,
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OKO
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:_&
Qi
%0
+
N
D
Chn
&)
Q
%O

PO o™ "0

102 a) P = MEM 103 104
b) P = +BuPh,Si

The diastereoselectivity is interpreted as arising viag addition to the conformer (I} rather than IT since the existence
of the strong interaction between the carbonyl function and the R! group destablizes the conformer (II) and
favours the conformer (I). In the presence of a chelating protective group such as MEM, the approach of the

necleophile follows path a to give the syn-isomers; in contrast, with a non-chelating group, the addition takes

place via path b leading to the anti-isomers (Chart IT).
WV

H R
1
R HOL N
" 3 0>< H ><
o)
o) o)
oP © op
“a 11

I
Chart 1T

Laabassi and Greel14 have applied the conjugated addition reaction into the total synthesis of (-)-verbenalol (110)
and (-)-epiverbenalol (111) (Scheme 23). The reaction of the chiral aldehyde (105) with 1 yielded,
quantitatively, the olefin (106). Addition of methylmagnesium iodide to 106 was found to highly
stereospecifically to give compound (107) in 93% yield along with >96% diastereomeric excess. It was
confirmed that the reaction occurred by the attack of the Grignard reagent on the face anti to the Fe(CO)3 moiety
resulting in an (S)-configuration to the newly formed asymmetric carbon atom. After decomplexation (92%

yield) and hydrolysis under mild reaction conditions, the acid (109) was obtained which was then transformed

into (-)-110 and (-)-111 in multisteps.

Me0,c—7-, §\ CHO  a)

Fe
oc” | “co
co

105
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MeOZC
¢
r———
0
108 07f~
HO 1 Me
S o)
—-
——- N,
H
109 Y Meo,C T O meoc P ©
(-)-110 {-)-111

a) 1/Pyirt, 100%; b) MeMgl/THF/-40°C, 93%.:
¢) FeClyMeCN/-15°C, 92%: d) EXC(O)EVH,0/A, 82%

Scheme 23

3.2.2.2. With Enolates. Michael reaction of lithio cthyl acetate with 112 afforded an enantiomeric mixture of the
cthyl ester (113) in 93% yield. Compound (113) was subsequently transformed into 114, the AB ring moiety of

the potent antitumor natural product sesbanimide (115). 115

WLO LiCH,COEt

0 0 THF/-78°C
o) -
0 -0 93%
BnO ~O)(
112
OBn OH oHMe
o) o)
—_ ol_.o OMe Ie} 0
——
BnoNO OMe H-NO OC CH2
114 115
Scheme 24

In the study toward to synthesis of 11-deoxydoxorubicin antitumor antibiotics Mitscher and coworkers! 16 found

that reaction of leucoanthraquinones (116) with diisopropylidene methylenedimalonate (117) in aqueous

NaOH/Na38204 produces B-anthraquinoylpropionate esters (120) after decarboxylation and esterification. The
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reactive components in the process are believed to be 118 and 119. When heated diisopropylidene

methylenedimalonate (117) generates 119.
0 z
9904
X O OH
Y
116 1. aq. NaOH/Na;S;04 CUO CO,Me
+ 2. conc. HCI
0 0
><0 °>< 120
0 o

) 0O \ /
117
B OH Z ]
OCCYr vy
+
- 0. _0
X ol AN
i 118 L
Scheme 25

3.2.2.3. With Indoles. Indole has also been found to be good nucleophile for the conjugated addition reaction

affording 3-substituted indoles. As the ease formation of 5-alkylidene Meldrum's acids (73) from aldehyde and

1, the reaction has been developed in 'one-pot' fashion, i.e, warming the mixture of 1, aldehydes and indole

(121) readily provides 122, A number of 3-substituted indoles have been prepared by this convenient

mothod.36:117-120 Refluxing 122 in alcohol in the presence copper powder gives indolepropioic esters (123).

o R O
Q 0
)<+ HCHO+® — |
o N NT O o’l\/
O 4 H H

121 122
R
EtOH, Py, Cu CO.El
—_— |
* N
H 123

Scheme 26
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3.2.24. With Methyl 4-Mercaptocrotonate. Methyl 4-mercaptocrotonate (124) adds to isobutylidene Meldrum's
acid (125) in the presence of Triton B as base to give 126 which spontaneously cyclizes to thiolane (127)

through a second Michael addition, 12!

[~ iPr O “

. Q S o]
COMe i-Pr o} Triton B ><
/=—/ + — >< ——— H g
HSCH{ o { 4

CO,Me
125 126

Triton B

Pr O
S 0)<
o
MeO,C o
127

60% overall yield

Scheme 27

3.2.2.5, With Phloroglucinol. 5-Alkylidene Meldrum's acids (73) react with phloroglucinol (128) to give 129

which then cyclizes to dihydrocoumarins (130).122

OH 0 OH R R o OH R ©
R _ 0 ><
&K = K = S
HO OH d ° HO oH © HO 070
128 73 129 130
R =H, Ph, pHOCgH,, p-AcOCsH,
Scheme 28

3.2.2.6. With Hydrazine. Refluxing 5-Arylidene Meldrum's acid (73) with hydrazine hydrate in methanol for

1.5 h gives the corresponding dioxanopyrazolin (131) in 75% isolated yield.123
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O
PMeOCeH, © _MeOH/A pMeOCsH4)—§\: )<
= K + NH>NH
o 75%
o
73

3.2.3 Cycloaddition reaction.

3.2.3.1. Diels-Alder Reaction. 5-Alkylidene and arylidene Meldrum's acids (73) are good dienophiles.124-126

R2

H1
) 0 0
_b
oxo
73 132

The Diels-Alder reaction has found potential applications in natural product synthesis. For example, Holmes and
coworkers!27 prepared polycyclic compound (136) and (137), promising precursors for the highly biologically
active natural product aphidicolin (138) and stemodine (139) via the Diels-Alder reaction of 133 with 2-

trimethylsilyloxybuta-1,3-diene (134).

I\
S S
OTMS Q
j °><
o]

134

133 o)
p—— = “, A
—_— & +
o]

136
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HO,,

Scheme 29

Kraus and Krolski128 has also applied the Diels-Alder reaction of 5-arylidene Meldrum's acid into the synthesis

the ACE ring system of quassimatin (144). Cycloaddition of 140 with 141 afforded 84% of 142a and 142b in

aratio of 2:5. The adduct (142b) separated then was transformed to the intermediate (143), the ACE ring system

of quassimarin (144).

MeO — )<
+ \
MeQ /
EtO,C 141
140 142
: X=CH2CO5Et, Y=H
: X=H, Y=CH,CO,El
1. MCPBA
2. HCIO4 ,
3, CHoN. —CO,EL
1420 — 22 W 2 2

144
Scheme 30
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3.2.3.2. Hetero-Diels-Alder Reaction. 5-Methylene Meldrum's acid (119) is not only good dienophiles, but also
good oxy-dienes in hetero-Diels-Alder reactions.129:130 The reaction product (146) could be further transformed
into §-lactone (147) and +y,8-unsaturated carboxylic acid (148).

o X<H o T0
O _—
O (o] 148
L LN t
o) o7 "0 X=0Me
X 0 X e
119 147
146 07 ~0H
MeO 149

Scheme 31
Intramolecular hetero-Diels-Alder reactions have also been a subject of a number of investigations. Reaction of
149 formed in situ from citronellal and Meldrum's acid in the presence of ethylenediammonium diacetate (EDDA)

at room temperature for 45 min gives the intramolecular hetero-Diels-Alder reaction product {150) along with a

small amount of the ene product (151).131-133

EDDA/25°C

This reaction is extremely highly stereospecific, leading exclusively to the trans-fused dihydropyrans (150).

However, with substrates like 152, cis-fused dihydropyrans (153) are the exclusive cycloadducts.134.135

XXy 0 ,
EDDA/25°C
Y —
O
I
o” O
152
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A number of natural products such as (-)-kainic acid (156) (Scheme 32),136 deoxyloganin (159) (Scheme

33),137 furofuran lignans (-)-sesamolin (162), (-)-sesamin (163), and {-}-acminatolide (164) (Scheme 34),138

and heterosteroids (167) (Scheme 35)139 have been synthesized enantioselectively by using these intramolecular

hetero-Diels-Alder reaction as a key step.

o O‘Fs COOH
O —_—— M H
J o« — e wH
o o E COOH
0OBn OBn 156
154 155
Scheme 32
o) 0 o\#\ ¥ N
0 H
X — P == 1
/ H 0 o Me H g OH
o A HO OH
OMe Me T Ome OH
157 158 159
Scheme 33

164 163

Scheme 34
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0O-Bu-t

166 167
Scheme 35

3.2.3.2. [8+2] Cycloaddition. [8+2] Cycloaddition of 8-methoxyheptafulvene (168) with 5-phenylidene
Meldrum's acid (169) was reported to give compound (170).140

OMe
° ( %]
O~ "X — ;
— +
0
168 o)
169

3.2.4. Pyrolysis

Flash vacuum pyrolysis of 73 has long been known to give methyleneketenes which can afford
methylenecarbenes when one molecule of carbon monoxide is lost. A number of extremely reactive

methyleneketenes and methylenecarbenes that are difficult to obtain by conventional methods have been prepared

and their properties studied,141-151

Q
R 0 - COy, - Me,CO R .co R
>< - C=C=C=Q0 ~—» C=C:
Q
73

Scheme 36

This technology has made it possible to synthesize and characterize a number of theoretically interesting molecules

(see Chart III).

H R
:C:CzC::C:O :c=c=c=c=c=o 0=C=C=C=C=0
H R
(ref. 152,153) (ref. 153-155) {ref. 156}
-
NeN=C R-0-N=C m O‘ R=C=C~NH,
R" {ret. 157) R™'H {ret. 158)
(ref. 157) (ref. 157y {ref. 151)

Chart IIT




HETEROCYCLES, Vol. 32, No. 3, 1991 561

More synthetically useful aspect about pyrolysis of 5-methylene Meldrum's acids is that intramolecular reaction
may take place when a suitable trapping group is present in the molecule. Depending on the nature of the trapping
group the reaction can sometimes occur at much lower temperature. A variety of heterocyclic compounds have

been synthesized (see Chart VI).

0

o)
RS N7 H, N
(8 o O UL N
E: s O (o} f}l o 0)\':’ o
(ref. 74,95)
f, 159,171
(ref. 159-170) fre ) (ref. 72,173) ot 94,174
0
= o)
H*N [ 0O = =\ N-.__ 2
H E & o o) )
(ref. 178,179) {ref. 180) (ref. 180)

(ref. 84,174)  (ref. 175,176) fret. 177)

&QOTf@;;CQIQI

{ref. 180)

{ref. 181) (ref, 93,184,185} (ref. 185)
{ref. 92,92,157
182,183)
o /\r*
CH,_. (CH2) (CH"SO
f. 1 f.
(ref. 185) (ref. 186,187} {ret. 188) {ref. 189)
OH OH
{ref. 180)
(ref. 181)
(ref. 191)
{ref. 192}
Chart VI

3.2.5, Photoreaction
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The photochemistry of 5-methylene Meldrum's acid resembles that of o, B-unsaturated esters. Observed reactions

include deconjugation (173 —= 174),193 B,8-cyclopropane ring closure (175 — 176),193 and [2+2]

cycloaddition (177 —= 178 and 169 — 180)193 as well as ene-type addition to olefins (169 —

181).193’194

Q Ph O 0
Ph O o Ph @]
Ko ) - mK X
o) 179 o] o
169
180 181

Scheme 37
3.2.6. Ring Opening Reaction

3.2.6.1. Formation of B-Amino-o,B-unsaturated Esters, Thicesters and Amides. When treated with alkoxide

182 can be converted to B-amino-o.,B-unsaturated ester (183).61:62,66-68,195-198

0
(hix) 0>< RO (CHan Y= &
K:N - o \tN‘ OR
l|..| o) H O

182 183
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Alternatively, 183 could be obtained by the thermal decomposition of 182 in the presence of an alcohol. When

thiol or amine is used instead of alcohol B-amino-o,B-unsaturated thioesters (183 X = S) or amides (183 X =

NR) were obtained.199

e)

o
{CHaly Y= —_—
\_:N‘ o>< A NN

H
H O
182 184
H
RXH (CHo)n V==
H O
183
X=0,5 NR
Scheme 38

B-Amino-a.,B-unsaturated ester could also be obtained under acidic condition.200

0
CgHyq-HN °>< ROH/H»S04 _
o
o

CgHyy-HN OR
o)

186

CgHyy-HN
185

3.2.6.2. Formation of Lactones. Campaigne and Beckman201-203 observed that when treated with concentrated

H35804 S-methylene Meldrum's acids (187) could be converted into a-carboxy-y-lactones (188) which were

further converted to 189 and 190.

COzMe
Q (HCin A~
o COH R
O >< conc. Hp80, o - 189
c (HLID A~ o
RO R 1. CH,0, ’
. CHaO/EINH
187 188 2. NaDAc/HOAC o
N " % e
R
130

Scheme 39
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When crotonaldehyde (191a) and 1 was allowed to reflux in pyridine and HOACc in the presence of molecular
sieves for 48 h (4)-parasorbic acid (195a) was obtained in 76% yield after distillation of the product mixture
from K2CO3 (to isomerize 194 to 195). Under same reaction conditions (+)-massoilactone (195b, dec-2-en-5-

olide) was prepared in 59% yield from trans-oct-2-enal (191h).204

0 o
o
CHO 0 o & o
57K = T -0
R o R™ 0 O’k’ R™ 70 O/k’
o 192

191 193

a: R=Me
b: R = {CH.)Me ’I:Qfl§ ’If?jlh
R (o) R MO0

o]
195 194

Scheme 40

3.2.77. Miscellaneous

Reaction of 196 with 1-methyl-3,4-dihydroquinoline (197) gives rise to heterocyclic compound (198).205

Ph 0
?X: EtOH/A
+ ——
0 2N
Ph
o

CH,
196 197

198

Treatment of an ice-cooled solution of isopropylidene Meldrum's acid (199) in CCly with 1.2 equiv. of NBS
under irradiation from a 250 watt light bulb over a period of 10 h gave 200 which was treated with K2CO3 in aq.
THEF to afford on workup and recrystallization a single product (204) in 67% over all yield based on 199.206
The reaction was believed to take place through the intermediates (201), (202) and (203).

0 0 ~ o
K —- —_— HO -
o] 0 o]
0 0] [#)
199 200 201
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Q 0 Q
o) 0 o) OH 0
— >< — y K —_— K
~ 0 s} o]
('H ° o o o
B: 202 2013 204
Scheme 41

Treatment of 205 with SE4 in anhydrous HF gave 75% of 206.207

O
0 CF4
F
— )< SF4HF —
0 75% E CF,
)

205

Reaction of 207 with p-toluenesulfonic acid gave methylnaphthothiolium salt (208) which can be utilized to

prepare symmetrical cyanine dyes (209),75.208

o} o\‘_ CH,
O =7 0 pMeCgH4SO3H O |
—— -
o Q §+ [PMeCeH SO
(s
208

207

209
Scheme 42

Refluxing 210 in CCls gave product (211) and (212), The latter was the re-addition product of benzenesulfenic

acid from the initial thermal B-elimination to 211.209

o)
0
/ ><
0
Q o
/ 0 CCly 211
.
)< reflux +
© o
Ph—S-CH, g 0 °
0 _8
210 Ph ><
H 0
o
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5-(4'-Nitrobenzylidene) Meldrum's acid (215a) and 5-(2',4'-dinitrobenzylidene) Meldrum's acid (215b) were

found to be moderate oxidant to convert cinnamy! alcohol (213) to the cotresponding aldehyde (214).210

H

o] O
fo) o]
O,N ON 216
215a R=H
b R=NO;
Scheme 43

4, 5-ETHYLENE MELDRUM'S ACIDS

5-Ethylene Meldrum's acids (217, 6,6-dimethyl-5,7-dioxaspiro]2,5]octane-4,8-dione) are a special class of 5,3-
dialkyl Meldrum's acids. Because of the existence of the three member ring strains the chemical behavior of 217
is very close to 5-methylene Meldrum's acids.

4.1 Preparation

Several methods have been developed for the preparation of 5-ethylene Meldrum's acids (217). These include the
alkylation of Meldrum's acid (1) with l,2-dibromoethanc {218),7 the condensation of cyclopropane 1,1-
dicarboxylic acid (219) with isopropenyl acetate (220),211 the reaction of 5-methylene Meldrum's acid (73) with

diazo alkane (221),2212 nitroalkane (222),213 and sulfoxonium ylide (223).212

o]
Br o
[ + >< RIR"CN, (221)
Br o
0 N
1

o) 0
218 0>< R'R"CHNO, (222) R 0><
o 0 R" o
/ o MezS=CH, (223)

fs) 217 73

OH OAc

+ =<

OH

o 220
219

Scheme 44
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4.2. Reaction

4.1.2. Hydrogenation

Hydrogenation of 5-cthylene Meldrum's acid (217) gave mainly 5-ethyl Meldrum'’s acid (224) along with trace
amount of 5,5-dimethy! Meldrum's acid (225).214

Q o 0
°)< Hx/Pd-C °>< 9
—_— +
0 o] 0
9) 0 0
217

224 laon 225

4.2.2. Homoconjugated Addition (Propane Ring Opening)

5-Ethylene Meldrum's acid (217) is an example of activated electrophilic cyclopropanes.2!5 It can undergo
homoconjugated addition to a variety of nucleophiles.

4.2.2.1. With Nirrogen Nucleophiles.

422.1.1. With Amines. Amines readily react with 5-ethylene Meldrum's acid (217) resniting in the ring
opening of cyclopropane ring to give the intermediate (226) which subsequently cyclizes to o-carboxy-y-lactam

(227)211216

Q Q COM
O O
RNH,  + )< — - )< — o
O N. O N
R” HO J
0 R
217 226 227

Scheme 45

4.22.12. With Pyrroles. When the sodium salts of pyrroles (228) and 5-methylene Meldrum's acid (217)

were heated in DMF at 90°C compounds (229) were formed.217

R Q R O
= 9 DMF = Q
N"Na+ + )< —_— N ><
—_ o 90°C = o
R" R' O R" R O
217

228 299

The above reaction has been used in the total synthesis of (+)-isoretronecanol (232).218
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TolSO Cl
230
H
—_— I H
o NIV OH
232
Scheme 46

42.2.1.3. With Sodium Azide. Sodium azide reacts with 1-aryl-6,6-dimethyl-5,7-dioxaspiro[2,5]octane-4,8-
diones (233) to give 5-(2-azido-2-arylethyl) Meldrum's acids (234).212

0 0
Q NaNa o]
K —— Ar
Ar o Ny o]
o o)

233
A1 = Ph, pMeOCy4Hg, pNOLC4Hg

234

4222 With Carban Nucleophiles
4.2.22.1. With Enolate. The sodium enolate of B-keto ester {235) reacts smoothly with 217 in DME at room

temperature producing the adduct (236) in 65% yield.219.220

o
MeD,C
MeQ,C >< _NaH/DME
65% 0 0
's)
2 17 Ox
236

42222, With Allylirimethylsilane. Treatment of allyltrimethylsilane (237) with 217 in the presence of
ethylaluminium dichloride at -789C afforded the homoconjugated addition product (238) in 49% yield.221
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o
A SMe; [>§:°>< EIACK78C ><
237 0 49%
o

4.23. 1,3-Dioxane-4,6-dione Ring Opening Reaction

Treatment of 1-aryl{alkyl}-6,6-dimethyl-5,7-dioxaspiro[2,5]octane-4,8-diones (239) with sodium methoxide or
ammonium hydroxide gave exclusively E-1-methoxy-carboyl-2-aryl-cyclopropanecarboxylic acids (240) or Z-1-
carbamoyl-2-aryl(alkyl)cyclopropanecarboxylic acids (243) respectively. Compounds (240) under conditions of
Curtius-type reaction, yielded Z-methyl 1-isocyanate-2-arylcyclopropanecarboxylate (241), while the derivatives
(243) could be treated with hypobromite, leading to E-1-methoxycarbonylamino-2-aryl(alkyl)-
cyclopropanecarboxylic acids (244). Reaction of 241 and 243 with HC! produced the corresponding Z- and E-
1-amino-2-aryl(alkyl)cyclopropanecarboxylic acids hydrochlorides (242) and (245) respectively.212

CO.Me COMe CO,Me
) MeONa 2 J>( Hel J}( _
o R OH R N=C=0 R~ NHCI

b H 4

% o 240 241 242
R 0><

© 0
239 NH NHCO,Me NH;Cl
e Y T I

R OH

0243 245

Scheme 47

4.2.4. Pyrolysis
Pyrolysis of 5-ethylene Meldrum's acid (217) was reported to generate ethyleneketene (246).222

0
] - COs, - MeoCO
)< Oz, - Me |>=c=o
o]

o}

217

248
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5. 5-ACYL MELDRUM'S ADCIDS

5.1 Preparation

5.1.1, With Acyl Chlorides

In 1978 Yonemitsu and coworkers223,224 reported for the first time the preparation of 5-acyl Meldrum's acids
(247). When a dichloromethane solution of 1 was treated with 1.1 equiv. of acyl chloride in the presence of 2
equiv. of pyridine at 0°C for 1 h and then room temperature for 1 h under nitrogen, an acyl Meldrum's acid (247)

was isolated in almost quantitative yield.

§>< % X ”:»—Z{:ZX

2473 247hb

In contrast to alkylation of Meldrum's acid only monoacylation was observed under the reaction conditions. The
5-acyl Meldrum's acid was found to exist exclusively in the enol form (247b). Other base such as DMAP can be
used instead of pyridine 225,226

Acylation of Meldrum's acid with acyl chloride can also be performed under acidic condition. For example
reaction of 1 with 248 in CH»Cl; containing TMSC1 and CF3COzH at 0°C for 1 h and room temperature for 1 h
was reported to give 249 in 80% yield.227

o 0
0 TMSCHCF3COzH G 0
MeCOSCH,COCI  + )< - )<
248 o] 80% MeSCH o]
o o
1 249

5.1.2, With Carboxylic Acids
By use of diethyl phosphorocyanidate (DEPC),228.229 DCC230 or isopropenyl chloroformate (IPCF)23! together

with base such as triethylamine and DMAP, carboxylic acid can be directly used to acylate Meldrum's acid.

DEPC/EtN
o) 0
o 0 0
IPCF,
. >< CF/DMAP .~ ><
o R o
o, DCC/DMAP o
247

Scheme 48
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5.1.3. Basic Hydrolysis of 5-Methylthioglkylidene Meldrum's Acids

Basic hydrolysis of 5-methylthioalkylidene Meldrum's (250) acids is another approach to 5-acyl Meldrum's acid
derivatives (247).232 Michael-type addition of hydroxide to 250 generates the intermediate (251) which
eliminates methyl sulfide anion followed by deprotonation by excess hydroxide to give the thermodynamically
stable enolate (252). The deriving force for this basic hydrolysis could be the formation of the stable enolate

{252). Upon acidification the acyl Meldrum's acids (247) is regenerated.

%K a0, NaOH {Meﬂ,}—}__z L %K

251
_exess aq. NaOH NaOH \th >< } ag. HCl }_§: )<
2 52 2 47
Scheme 49

5.14, Miscellaneous
Carboxylic anhydride (253),233 acyl bromide (254),234 B-lactone (255),235 diketene (256),236.237 and acyl

imidazolide 257238 have also been used successfully as acylating reagents.

RCOBr
254 Q

(RCO)20 l Ef
253 \ . / 255

0 0><
R Q
o) 6]
— 247
5 ||-N/"-§I
=N
256 257
Scheme 50

5.2 Reaction

4.2.1. Reduction
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Reduction of 5-acyl Meldrum's acids (247) with sodium cyanoborohydride228.239 in acetic acid was reported to
give 5-monoalkyl Meldrum's acids (2). The reductions take place upon addition of two equiv. of sodium
cyanoborohydride to a mixture of the acyl compound (247) and acetic acid affording 2 in good to excellent yield.
This reductive transformation completes another synthetic method for the preparation of 5-monoalkyl Meldrum's

acid.

O
247

0
! °)< NaCNBH; HOAC H 0><
R o RCHY -0
o
2

The reaction has been nicely utilized by Obaza and Smith226 in the homologation of carboxylic acids (Scheme 51).

o 0 Po 98
I I 1/DMAP ><° ey 1 °>< NaCNBHg)HOAC -
— e - ———rr - - 2)n” e e
Gl C-(CHy)y-C—Cl N d
o d

258 259
0O 0
0 0
o Q HC! I H
5 (CHz)n,2 J TA . HO— G-{CHy),,,-C—OH
o 280 O 261
Scheme 51

5.2.1 Ring Opening Reactions
5.2.1.1. With Dilute Acids. Refluxing 5-acyl Meldrum's acids (247) under in dilute HCl or HOAc causes
cleavage of the 1,3-dioxane-4,6-dione ring and subsequent decarboxylation affording methyl ketones (262).240-

243 This is a non-organometallic method for the synthesis of methyl ketones from acyl chloride.

0

% °>< HOI {or HOAGYH,O )OL

R 0 A R™ "Me
0

262

247

5.22.2. With Alcohols. Heating 5-acyl Meldrum's acids (247) in the presence of an alcohol is a facile method
to prepare B-keto esters (263).223,224,233
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0
o o ,
)< B ReocHco.R
R o A 2
63
o
247

This methodology has been extensively used in organic synthesis2.227,238,244-273 including the total synthesis of a
number of natural products such as marine metabolite dysidin274.273 and cytotoxic cyclic peptides didemnins A
and B.229

Reaction of 5-formyl Meldrum'’s acid (264) with /-mentho! in benzene at 55°C for 2 h gave a half ester (265) in
quantitative yield. In this reaction, prolonged heating or higher temperature resulted in the formation of /-menthyl
formylacetate. Condensation of 265 with I-menthol using DCC gave the diester (266) as a crystalline substance,

which can be acetylated in a usual manner to give the chiral dienophile (267).276-278

O (0] Q
HO OH
HO, . 0)< I-mentho] — I-mentho| HO oM
H g 55°C H oM Dee H oM
0 Q o}
264 265 266
AcaO/Py
M = Fmenthy)
Q
AcO oM
H oM
o)
267
Scheme 52

52.2.3. WithThiol. Reaction of 5-acyl Meldrum's acid with thiol has also been reported to give B-keto thioester
(268).234

|

76%
268

0 o 1. BICH,COBr/Py 0 0
2, tBuSH/PhH B
)< > I'\)'K)LSBU-I
o
%,
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5.2.24. With Amides. Ring opening of 5-acyl Meldrum's acids (247) with benzamide (269) in refluxing

benzene gave N-acylacetylbenzamides (270).279

PhH/
F?_io)( * Ph)LNHz s280% "7 N R
o 269
247 270

R = Et, i-Pr, BrCHg, PhCH3, Ph

5.22.5. With Hydroxyamine. Phenylhydroxyamine (271) reacts with 5-acyl Meldrum’s acids (247) in
acetoniirile to give N-acylacetyiphenylhydroxyamines (272) 280

>< O e )RR
NHOH  60.95% N :

271 oH
247 272

R = Me, Et, -Pr, X(CHy)n, PhCHy, Ph

When N-acyl phenylhydroxyamines (273) were refluxed with 5-acyl Meldrum's acid in benzene in the presence
of copper compound (275) were obtained.28! The reaction was believed to proceed through the O-acylacetylation

intermediate (274) which underwent 1-aza-1"-oxa[3,3]sigmatropic rearrangement to 275.

R
Ix @, = O

0

NOH NH

\m S
o

ARG O 0

274
Scheme 53

24
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52.3. Intramolecular Ring Opening Reactions
5.2.3.1. Lactone Formation. When an intra-hydroxy group is present in 5-acyl Meldrum's acid, intramolecular
ring opening may occur producing lactones. For example upon heating 5-{B-hydroxy-acyl) Meldrum's acid

(276) gives lactone (277).235

H g oy’
0
il
< X = {
] O h
Boc o Baoc OH
276 277

5-(B-Oxoacyl) and 5-(B-hydroxy-acyl) Meldrum's acid (278) were found to undergo intra-molecular ring opening

reaction also (Scheme 53).236,237

OH
[ - COH
X=0
X Me 0 (8]
I C 279
Me-C-CH o
e 2 )< 1.A
HO o 2. Ho/Pd
0 OH
278 X=H, OH /d
e
Me O o
280
Scheme 54

5.2.3.2. Lactam Formation. Similarly when an amino group is present, lactam (282) is obtained.231.282

Q
HO ?X< HO,
— _— -
R o A R—2N>=o
1
NH ©
281 282

Boc
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5.24. Miscellaneous

5.2.4.1. With Schiff Bases. Reaction of Schiff bases (283) with various 5-acyl Meldrum's acids (247) in
refluxing benzene caused an exchange reaction of the acetone moiety of acyl Meldrum's acid with the Schiff base
moiety through the intermediate acylketenes (286b) formed in situ from 247 to give 2,3-disubstituted 5-acyl-
3,4,5,6-tetrahydro-2H-1,3-0xazine-4,6-diones (284). The oxazindiones (284) could undergo thermal
conversion to afford 2,3,6-trisubstituted 2,3-dihydro-1,3-oxazin-4-ones (285) in good yield. 283,284

Q 0O 0 /7 N\ 0
] o)< AN R RSN
+ PhCH=N-R'® — =
A 9 A P *ooen
4 283 y o770 H 0" "R

247 284 285
I 1 O,
*C
X ="
07 VO HO ~0O
286a 286bh

Scheme 55

Cyclic imino esters and oxazoline underwent similar reactions.285

5.24.2. With Ketone. Reaction of 5-formyl Meldrum's acid 264 with [-menthone 287 in refluxing toluene for
0.5 h gave 27% of 288 and 289, useful chiral dienophiles.286

0
HQ C PhCH3 0. .0 a0
~ X N |
H 8] . (0] A H O : o)
= = ~
0

/E\ N
287 2

264

6. 5-HETERO-ATOM SUBSTITUTED MELDRUM'S ACIDS

6.1 5-Nitrogen Substituted Meldrum’s acids

6.1.1. 5-Diazo Meldrum's acid

6.1.1.1. Preparation. 5-Diazo Meldrum's acid (292) can be readily prepared by direct reaction of Meldrum's
actd (1) with arylsulfonyl azide (290) in the presence of a base.2.270,287,288 Alternatively it can be obtained

under acidic or neutral conditions by using azidinium salts (291) as diazo-group transfer reagents.289.29
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R-@-SOZ,NG / base

290
Q O
Q L O
)< e @ BF4 /(pH0-8) — N, ><
o NN o}
Bl agq
0
1
Scheme 56

6.1.1.2. Reaction. Photolysis or thermolysis of 5-diazo Meldrum's acid (292) generates "Meldrum's carbene”
(293) which may undergo Wolff rearrangement to give rise to ketene (294).2,291,292

Reaction of 292 with olefin under direct irradiation (253.7 nm) was initially thought to afford
spirocyclopropanes.293.294 However X-ray crystallographic analysis revealed that the product turned to be
cyclobutanones (295). This result can be rationalized in terms of formation bf ketene (294) which undergoes a

remarkable regio- and stereospecific cycleaddition to olefin to give cyclobutanone (295).295

o) o o
hv _ Worf ]
Ne >< >< rearrangement )<
o] O;C O
o
292 2 93

294

R, R o
RZHR 4 R! R? O
= 0
R R O
295
Scheme 57

6.1.2. 5-Hydrazono Meldrum's Acids

6.1.2.1. Preparation. Reaction of Meldrum's acid with (1) diazonium salts (296) gives 5-hydrazono Meldrum's

o Q
o o)
A]* CT )< — N=
[Ame] * d Ar=N d
298 d H O

1 297

acids (297).296
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6.1.2.2. Reaction. Coupling between 298 and Meldrum's acid (1) occurred instantaneously to give 299 which

can cyclizes and decarboxylates to afford product (301} in very good overall yield.2%7 The whole reaction could

be carried in 'one pot' fashion.

0
o} 0
N ) o] N= )<
[\>—N§X + )< D—N‘ d
N o N H O
O 4 H

Hags 299

0 o

Hoch( KL
——ri N N N A
My — O

H B

Scheme 58

6.2 5-Halogen Substituted Meldrum's Acids
6.2.1 5-Bromo Meldrum's Acids
6.2.1.1. Preparation. Both 5-bromo and 5,5-dibromo Meldrum's acids (302) and (303) can be formed by

direct bromonation of MA in the presence of one or two moles of base respectively.2
Q
Br O><
H »o
Q 0
302
Q
8]
1 Br OK
Br o}
o
303

Scheme 59

6.2.1.2. Reactions. 5-Bromo Meldrum's acids were found to be mild and selective brominating reagents,298-301

For example 4-(2-ethoxycarbonylethyl)arsabenzene (304) can be brominated by using 5-methyl-5-bromo
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Meldrum's acid (305) as brominating reagent to give 306 in 55% yield.300 Under other brominating conditions

the arsabenzene ring suffers.

1. LDA
o
CH,CH,CO,EL Me_ -0 GH,CHBCO,Et
2. X (305)
S Br 0 S
- 0 - |
-~
As 559, AS
304 306

Reaction of 5,5-dibromo Meldrum's acid (303) with olefins (307} in the presence of CuBr gave 5-ethylene

Meldrum's acid derivatives (217).302

0 , (o]
Br Q R CuBr R Q
X« 2 X
Br o R R o]
0 Q
303

307
217

6.2.2. 5-Chloro Meldrum's Acid
6.2.2.1, Preparation. 5-Acyl Meldrum's acid (247) reacts with $0,Cl3 to give 5-chloro-5-acyl Meldrum's acid

Q 0
Q °>< SO,C1x/20°C ¢, 0
—— . X
R 0 o}
0 0d
247 308

6.2.2.2. Reaction. Hydrolysis of 308 was found to give a-chloro ketone (309),303.304

0
cl 0 HEO
R )< — = RCOCHCI
o 309
00
308

6.3 5-Oxvgen Substituted Meldrum's Acids

(308).303,304

6.3.1. 5-Hydroxy Meldrum's Acids
6.3.1.1. Preparation. 5-Aryloxy Meldrum's acid (311) can be prepared by the reaction of aryloxymalonic acid

(310) and acetone in trifluoroacetic anhydride. 305
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O o}
ArO, OH Me (CF3CO)0 ATO o
+ 0=< - )<
H OH Me H o
o 0
310 311

The parent 5-hydroxy Meldrum's acid (315) however was prepared later by Schank and coworkers306.307

according to the following Scheme.

><O NHPh 1.LHorNaH__ >< CH-NPh 1. HOAWA
H 2.(BNOCO), 0-C-0Bn 2. HyPd-C 5
' It
O=4 H
312 313 ><
0 O OH
0
0
><° N, CIOBu-#RCO.H >( cl 1. Naan:lazsaOs 315
- )
o] o) o-CR
o 0 O
292 314
Scheme 60

6.3.1.2. Reaction. 5-Hydroxy Meldrum's acid (315) reacts with acyl chloride3%6 or bromide308 to give 5-
acyloxy Meldrum's acid (316).

o} RCOCIMeCN 0
O H o H
XK ] s |~ X
o) OH PhCOBr/Py o) O-ICI—R
(o] 0 O
a5 316
Scheme 61

Like 5-monoalkyl Meldrum's acid 5-acyloxy Meldrum's acid can be further alkylated to give 5-alkyl-5-acyloxy
Meldrum'’s acid (317).308

0
[0} H Q R
>( + RX ——— >(
o—( O-CR o—{ OC-R

0o O o O
316 317
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Acylation of 5-acyloxy Meldrum’s acid (316) has also been reported. For example reaction of the acyl chloride
(318) with 319 gives product (320) which can be subsequently converted to hexahydrobenzopyranone aci-
reductones (321),309

o]
SURIRCG
318 °©

319

Scheme 62

Flash vacuum pyrolysis of 322 gave 1-phenyl-propane-1,2-dione (323).308
O
O
Me K FVP O o}
Ph-C-O° »—0 PH Me
0 O 323
322

6.3.2, 5-Oxy Meldrum’s Acid

6.3.2.1. Preparation. 5-Oxy Meldrum's acid (325) can be prepared by the reaction of 5-hydroxy Meldrom's
acid (315) with $02Cl»306 or by the ozonolysis310 of 5-methoxymethylene Meldrum's acid (324).

>§: >< _ SOLl2
Q

315 o
0 )<
0
103 [0
25
T 2.PCl

Ca24

Scheme 63

6.3.2.2. Reaction. Reaction of 5-oxy Meldrum's acid (325) with HyO gave 5,5-dihydroxy Meldrum's acid
{326) and reaction with phenylhydrazine (327) in acidic acid gave 328.306 More recently it was found that
reaction of 325 with cumulated ylide (329) afforded 330 in 6.9% yield.3!! The structure of 330 was confirmed
by an X-ray diffraction study.
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H-0 ><0 OH
o) OH
o]
326
0 o}
0, PhNHNH, (327)/HOAC 0 N.NHP"
o< X - X )=
o] 0
0 0
325 328
ool
PhzC=C=PPhs (329) PhyC. 0
o)
Ph,C PPh,
330
Scheme 64
o}
0
R;5e ><
o)
© 332
0 0
o) o}
RS >< ' PhyAs )<
0 0
d \ o / K
331 o >< 333
o]
(O |
0 0
7 N )< Ph,B )<
o o] 0
0 0
336 o 334
0
PhI )<
s}
© 335
Scheme 65
6.4 Ylides

64.1. Preparation



HETEROCYCLES, Vol. 32, No. 3, 1991 583

A number of ylides of Meldrum's acid have been prepared. These include sulfonium (331),2.312313 selenium
(332),2 arsonium (333),2.314 bismuthonium (334),315.316 and iodonium (335)2.317-319 ylides and N-ylide
(336) (Scheme 65)33

6.4.2. Reaction

Reaction of the sulfonium (331)320 and iodonium (335)319 ylides of Meldrum’s acid with ozone gave 5-oxy

Meldrum’s acid (325) in very good yield.

Mezs{ W
{ X

Reaction of bismuthonium ylide (334) with aldehydes gave tetraacylcyclopropanes (337) in moderate to good

C
Oy 0
o) )<
(o]
8]
325

Scheme 66

yield.316 The cyclopropane product (337) was believed to arise from a second reaction of 334 with the originally

formed normal Wittig reaction product 5-alkylidene Meldrum's acids which in some cases could be isolated.

Q
Q CH20|2/45°C
PhsBi )< + RCHO >( )<
d T a07a%
o o N-Ws)
334 R
337

Refluxing N-substituted isothiazol-3-ones (338) with 5-diazo Meldrum's acid in the presence of catalytic amount
of rhodium(II) acetate in benzene causes ring transformation of 338 to 3,4-dihydro-1,3-thiazin-4(2H)-ones (340)
in high yield.321 The most likely mechanism for the conversion of 338 to 340 may involve the trapping of a
carbene or carbenoid species to form an intermediate selfonium ylide (339), which undergoes ring expansion by a

1,2-shift to give final product (340).
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,=)§ 9 Rh(I 0 )\
3 (N +
. O + N —_— S8 — O N0
N 2 - ~ 0
! O o \Jrﬂ #\ :

R (o] R

o O R (o]

338 292 339 340

R=FEl, 74%
A = COxMe, 95%

Scheme 67

7. SUMMARY

Since the discovery and especially the correct structure assignment3 Meldrum's acid has been widely used in
organic synthesis. A number of novel reactions associated with the rigid ring structure of Meldrum's acid have
been identified which have not been documented in the chemistry of acyclic malonates. On the other hand,
however, some seemingly obvious but important transformations such as the 1,3-dioxane-4,6-dione ring opening
reaction with carbanion322 have been surprisingly less studied. It is hoped that this review will stimulate more

interest in the development of existing and new applications for Meldrum's acid in organic synthesis,

ACKNOWLEDGEMENT

It is a great pleasure to acknowledge Professors Xiang Huang and Franklin A. Davis for their encouragements.

REFERENCES
1. A, N, Meldrum, J. Chem. Soc., 1908, 93, 598.
H. McNab, Chem. Soc. Rev., 1978, 7, 345.
D. Davidson and S. A. Bernhardt, J. Am. Chem, Soc., 1948, 70, 3426.
C.-C. Chen and X. Huang, Synthesis, 1982, 452.

2
3
4
5. Q. Zhong and J. Shao, Yivao Gongve, 1987, 18, 484 (Chem. Abstr., 1988, 109, 92260¢).
6. D. G.Desai and R. B. Mane, Chem. Ind. (Iondon), 1982, 809.
7. B.-C. Chen and P. Lue, manuscript in preparation.
8. B.P. Bandgar, M. H. Jagdale, R. B. Mane and M. M. Salunkhe, Indian J. Chem., 1985, 24B, 1057.
9. S.1 Zavyalov and A. G. Zavozin, 1zv, Akad. Nauk SSSR, Ser, Khim., 1987, 1796 (Chem, Abstr.,
1988, 108, 221266s).
11, 8.1 Zav'valov and N. E. Knyaz'’kova, Izv, Akad. Nauk r. Khim., 1983, 215 (Chem. Abstr.,

1983, 98, 142923a).




12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28,

29.
30,
31.
32,
33
34,
35.
36.
37.
38.

HETEROCYCLES, Vol. 32, No. 3, 1991 585

C.-C. Chen and X. Huang, Synthesis, 1984, 224,

Y. K. Rao and M. Nagarajan,Indian I, Chem., 1983, 22B, 519.

L. G. Siperko and F. X. Smith, Synth. Commun,, 1979, 9, 383.

Q. Zhong, J. Shao and C. Liy, Youji Huaxue, 1988, 8, 466,

R, T. Jacobs, A. D. Wright and F. X. Smith, J. Org, Chem,, 1982, 47, 3769,

T. Nagasaka, M. Abe, N. Ozawa, Y. Kosugi and F. Hamaguchi, Heterocycles, 1983, 20, 985,
E. Vilsmaier, K. Joerg and R. Nauert, Chem, Ber., 1984, 117, 2928,

J. Weidner and E. Vilsmaier, Monatsh, Chem, 1987, 118, 1057.

J. Weidner, E. Vilsmaier, and R. Fries, Monatsh. Chem., 1987, 118, 1039.

M. Eberle and R. G. Lawton, Hely, Chim. Acta, 1988, 71, 1974,

D. Ferroud, J. P. Genet and J. Muzart, Tetrahedron Lett., 1984, 25, 4379.

M. Prat, M. Moreno-Manas and J. Ribas, Tetrahedron, 1988, 44, 7205.

X. Lu, X, Jiang and X. Tao, J. Organomet, Chem., 1988, 344, 109,

W. Oppolzer and J.-M. Gaudin, Helv, Chim. Acta, 1987, 70, 1477.

G. Mignani, D. Morel and Y. Colleuiile, Tetrahedron Lett., 1985, 26, 6337.

A. J. Pearson, E. Mincione, M. Chandler and P. R. Raithby, J. Chem, Soc., Perkin Trang. I, 1980,
2774,

M. Ochiai, M. Kunishima, Y. Nagao, K. Fuji, M. Shiro and E. Fyjita, J. Am. Chem. Soc., 1986, 108,
8281,

M. G. Moloney, J. T. Pinhey and E. G. Roche, J. Chem, Soc,, Perkin Trans. [,1989, 333.

I.T. Pinhey and B. A. Rowe, Tetrahedron Lett., 1980, 21, 965.

R, P. Kozyrod and J. T. Pinhey, Tetrahedron Lett., 1983, 24, 1301.

I. Morgan and J. T. Pinhey, J. Chem. Soc., Perkin Trans. 1, 1950, 715.

R. P. Kopinski, J. T. Pinhey and B. A. Rowe, Aust. J. Chem., 1984, 37, 1245,

Z.-C. Chen, Y.-Y. Jin and P. J. Stang, . Org. Chem.. 1987, 52, 4115.

M. Mohammed, Yoysif, §. Saeki and M. Hamana, Chem. Pharm. Bull., 1982, 30, 1680.

Y. Oikawa, H. Hirasawa and O. Yonemitsu, Tetrahedron Lett., 1978, 1759.

S. L. Schreiber, T. Sammakia, B. Hulin and G. Schulte, J. Am. Chem, Soc,, 1986, 108, 2106,

S. L. Schreiber, S. E. Kelly, J. A. Porco, Jr., T. Sammakia and E. M. Suh, J. Am. Chem_Soc., 1988,
110, 6210.




586

39.
4Q.
41.
42,
43,
44,

45.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

56.

57.

58.
59.
60,
61.
62.
63.

HETERQCYCLES, Vol. 32, No. 3, 1991

P. Gassmann, L. Hagmann, W. Keller-Schierlein and D. Samain, Helv. Chim. Acta, 1984, 67, 606,
M. Chorev, E. Rubini, C. Gilon, U, Wormser and Z. Selinger, J. Med. Chem., 1983, 26, 129.

K. Matoba and T. Yamazaki, Chem. Pharm. Bull.. 1983, 31, 29535,

X. Huang, Youji Huaxue, 1986, §, 329,

J. Hiratake, K. Shibata, N. Baba and J. Oda, Synthesis, 1988, 278.

C. Mahidol, Y. Pinyopronpanit, 5. Radviroongit, C. Thebtaranonth and Y. Thebtaranonth, I. Chem,
Soc., Chem. Commun., 1988, 1382,

S. I. Zav'yalov, G. 1. Ezhova and N, E, Kravchenko, Jzv. Akad. Nauk SSSR Ser. Khim., 1987, 667

{Chem. Abstr., 1988, 108, 5933q).

I. Svelik, L. Goljer and F. Turecek, J. Chem. Soc., Perkin Trans L, 1990, 1315.

M. Benzing, E. Vilsmaier, H. Martini, G. Michels and E. Anders, Chem, Ber., 1989, 122, 1277.
M. Benzing and E. Vilsmaier, Chem. Ber., 1987, 120, 1873.

T. Stamm, E, Vilsmaier, G. Maas, and E. Anders, Chem. Ber., 1988, 121, 1487.

E. Vilsmaier and T. Stamm, G. Michels, Synthesis, 1988, 838.

E. Vilsmater, K. Joerg and G. Maas, Chem. Ber., 1984, 117, 2947.

B. Cazes, E. Guittet, S. Julia and O. Ruel, J. Organomet. Chem., 1979, 177, 67.

D. Villemin, Chem, Ind, (London), 1983, 478.

B. R. Chhabra, M. L. Bolte and W. D, Crow, Aust. J. Chem., 1984, 37, 1795.

M. T. Thorat, M. H. Jagdale, R. B. Mane, M. M. Salunkhe and P, P. Wadagaonkar, Cyrr. Sci., 1987,
56, 771 (Chem. Abstr., 1988, 108, 149698q).

G. D. Krapivin, V. G. Kul'nevich and N. I. Val'ter, Khim. Geterotsikl. Soedin, 1986, 1325 (Chem.

Abstr., 1987, 107, 77720v).

M. Luo, J. Zhang and H. Fan, Shanghai Keji Daxue Xuebao, 1985, 64 (Chem. Abstr., 1997, 107,
23297u).

D. Villemin, J. Chem. Soc.. Chem. Commun., 1983, 1092,

C. H. Chen, G. A. Reynolds, H. R. Luss and J. H. Perlstein, J. Org. Chem., 1986, 51, 3282.

M. Pulst, M. Muller, A. Hantschmann and M. Weibenfels, Z. Chern., 1983, 23, 147,

I. P. Celerier, M. G. Richaud and G. Lhommet, Synthesig, 1983, 195.

M. Haddad, J. P. Celerier and C. Lhommet, Heterocycles 1987, 26, 2335.

G. Lhommet, M. G. Richaud and P, Maitte, J, Heterocycl, Chem., 1982, 19, 431.




65.
66,
67.
68.
69.

70.
71.
72.
73.
74.
75.

76.
77.
78.

79.
80.
81.
82.

3.
84.
85.
6.
87.
LI
89.

HETEROCYCLES, Vol. 32, No. 3, 1991 587

E. Wenkert, E. L. Michelotti and 1. S. Pyrek, J. Org. Chem,, 1984, 49, 1832,

D. A. Oparin, Khim. Geterotsikl. Soedin, 1987, 199 (Chem. Abstr., 1987, 107, 236426x).

J. P. Celerier, E. Deloisy, P. Kapron, G. Lhommet and P. Maitte, Synthesis, 1981, 130.

L. H. Klemm and D. R. Muchiri, J, Heterocycl. Chem., 1983, 20, 1717.

P. Kapron, G. Lhommet and P. Maitte, Tetrahedron Eett., 1981, 22, 2255,

T. V. Stezhko, N. Solov'eva, E. F, Kuleshova and V. G. Granik, Khim. Geterotsikl. Soedin, 1988, 184
(Chem. Abstr., 1989, 110, 75411h).

F. E. Ziegler, T. Guenther and R. V. Nelson, Synth. Commun., 1980, 16, 661.

J. P. Celerier, E. Deloisy-Marchalant, G. Lhommet and P, Maitte, Org. Synth., 1989, 67 170.

D. Bacos, I. P. Celerier, E. Marx, S. Rosset and G. Lhommet, J. Heterocvel, Chem., 1990, 27, 1387.
H.-D. Stachel, H. Poschenrieder and E. Immerz-Winkler, J. Heterocyel. Chem,, 1983, 20, 935.

Y. Yamamoto, Y. Morita and K. Minami, Chem. Pharm, Bull,, 1986, 34, 1980.

N. P. Vasilenko, F. A. Mikhailenko and A. G. Maidannik, Khim, Geterotsikl. Soedin, 1987, 418 (Chem.
Abstr,, 1987, 106, 215488).

D. M. McKinnon, K. A. Duncan and L. M. Millar, Can, J. Chem., 1982, 60, 440.

R. Neidlein and M. H. Salzl, Liebigs Ann, Chem., 1977, 1938.

D. A. Oparin and V. L. Kondakov, Khim. Geterotsikl Soedin, 1983, 1484 (Chem. Abstr., 1986, 105,
190815b).

M. Huche and G. Lhommet, J. Heterocycl. Chem,, 1986, 23, 701.

M. Augustin and E. Guenther, Z. Chem., 1987, 27, 68.

F. 8. Y. Chan and P. Sammes, J. Chem, Soc.. Perkin Trans, [, 1988, 899.

E. K. Mikitenko and N. N. Romanov, Ukr. Khim. Zh., 1981, 47, 295 (Chem. Abstr,, 1981, 94,
210279q).

X. Huang and B.-C. Chen, Svnthesis, 1986, 967.

D. I. Greig, M. McPherson, R, M. Paton and J. Crosby, J_Chem. Soc,, Chem, Commun., 1985, 696.

T. Chiba, J, Sakaki and C. Kaneko, Yakugaku Zasshi, 1986, 106, 154,

T. Asami, N, Takahashi and S. Yoshida, Agric. Biol. Chem,, 1987, 51, 2775.

T. Chiba, J. Sakaki and C. Kaneko, Pept, Chem,, 1984, 79.

A. Gomez-Sanchez, M. De Gargia Matin and C. Pascal, Carbohydr. Res., 1986, 149, 329,
O. S. Wolfbeis, Chem. Ber,, 1981, 114, 3471,




588 HETEROCYCLES, Vol. 32, No. 3, 1991

90, W. Ried and M. A. Jacobi, Chem. Ber., 1988, 121, 805.
91. X, Huang and B.-C. Chen, Synthesis, 1987, 480.
92. B.-C. Chen, X. Huang and J. Wang, Synthesis, 1987, 482.
93. F.-C. Ye, B.-C. Chen and X. Huang, Synthesis, 1989, 317
94, B.-C. Chen, X, Huang and §.-M, Ma, Synth. Commun., 1987, 17, 1519.
95. X. Huang and B.-C. Chen, Synth. Commun., in press.
96. R. M. Wilson and A. Hengge, Tetrahedron Lett,, 1985, 26, 3673.
97. R.M. Wilson and A. Hengge, I. Org. Chem., 1987, 52, 2699.
98. G. Maas and B. Feith, Angew. Chem., 1985, 97, 518.
99. B. Feith, H.-M. Weber and G. Maas, Chem. Ber., 1986, 119, 3276.
100. H.-M. Weber and G. Maas, Chem. Ber., 1988, 121, 1791.
101. B. Feith, H.-M. Weber and G. Maas, Liebigs Ann, Chem., 1986, 2123,
102. H.-M. Weber and G. Maas, Synthesis, 1988, 604.
103. C.H. Weidner, D. H. Wadsworth, S. L. Bender and D. J. Beltman, J. Org. Chem., 1989, 54, 3660.
104. M.R. Detty and B. J. Murray, J. Org, Chem,, 1987, 52, 2123.
105.  A.D. Wright, M. L. Haslego and F, X. Smith, Tetrahedron Lett., 1979, 2325.
106. X. Huang and L. Xie, Synth. Commun., 1986, 16, 1701.
107. D. M. Hrubowchak and F. X. Smith, Tetrahedron Lett., 1983, 24, 4951.
108. G. Pattenden and S. J. Teaque, Tetrahedron, 1987, 43, 5652.
109. M. L. Haslego and F. X. Smith, Synth. Commun,, 1980, 10, 421.
110. X. Huang, C.-C. Chen and Q.-L. Wu, Tetrahedron Lett,, 1982, 23, 75.
111. X. BHuang, C.-C. Chen and Q.-L. Wu, Synth. React. Inorg. Met.-Org. Chem., 1982, 12, 549.
112. Y. Zhang and X. Wu, Huaxue Xuebao, 1984, 42, 831.
113, M. Larcheveque, G. Tamagnan and Y. Petit, J. Chem. Soc., Chem. Commun,, 1989, 31.
114, M. Laabassi and R. Gree, Tetrahedron Lett., 1988, 29, 611.
115. M. Shibuya, Heterocycles, 1985, 23, 61.
116. L. A, Mitscher, T.-S. Wu and I. Khana, Tetrahedron Lett.,, 1983, 24, 4809.
117. Y. Oikawa, H. Hirasawa and O. Yonemitsu, Chem. Pharm. Bull., 1982, 30, 3092.
118, D. 8. Farlow, M. E. Flaugh, S. D, Horvath, E. R. Lavagnino and P. Pranc, Org, Prep. Proced. Int.,
1981, 13, 39.




119,
120.

121.
122,
123,
124,
125.
126.
127.

128.
129.
130.

131.
132.
133,
134,
135.
136,
137,
138.

139.

140.

141,
142,

HETEROCYCLES, Vol. 32, No. 3, 1991 589

H. Droste and T. Wieland, Licbigs Ann, Chem,, 1987, 901.

V. V. Kononova, A. A. Semenov, E. G. Kirdei, A. P. Fedoseev, A. Bulavintsev and V. 1. Nechaev,
Khim. Farm, Zh,, 1981, 15, 60 (Chem. Abstr., 1981, 95, 62031f).

E. Anklam and P. Margaretha, Helv. Chim Acta, 1984, 67, 2206.

V. Nair, Synth. Commun., 1987, 17, 723.

M. §. El-Houssini, A. A. Fadda and M. M. Youssif, Indian J. Chem,, 1985, 24B, 867.

G. A. Mock, A. B. Holmes and R. A, Raphael, Tetrahedron Lett., 1977, 4539,

J. F. Buzinkai, D. M. Hrubowchak and F. X. Smith, Tetrahedron Lett., 1985, 26, 3195,

V. L. Bell and A. B. Holmes, Synth. Commun,, 1982, 12, 323,

V. L. Bell, A. B. Holmes, S.-Y. Hsu, G. A. Mock and R. A. Raphael, . Chem. Soc., Perkin Trans. I,
1986, 1507,

G. A. Kraus and M. E. Krolski, J. Qrg, Chem., 1986, 51, 3347.

R. Stevenson and J. V. Weber, Heterocycles, 1988, 27, 1929.

J. Bitter, J. Leitich, H. Partale, O. E. Polansky, W. Riemer, U. Ritter-Thomas, B. Schlamann and

B .Stilkerieg, Chem. Ber,, 1980, 113, 1020.

L.F. Tietze and G. v. Kiedrowski, Teirahedron Lett., 1981, 22, 219,

S. Takano, S. Satoh and K. Ogasawara, Heterocycles, 1985, 23, 41.

L. F. Tietze, G. v. Kiedrowski, K.-G. Fahlbusch and E. Voss, Org. Synth., 1990, 68, 31.

H. Stegelmeimer, K. Harms and T. Brumby, Angew. Chem., 1982, 94, 868.

L. F. Tietze, M. Bratz, R. Machinek and G. v. Kiedrowski, J. Org. Chem,, 1987, 52, 1633.

S. Takano, T. Sugihara, S. Satoh and K. Ogasawara, J. Am. Chem. Soc,, 1988, 110, 6467.

L.F. Tietze, H. Denzer, X. Holdgruen and M. Neumann, Angew, Chem,, 1987,'99, 1305.

S. Takano, T. Ohkawa, S. Tamori, §.Satoh and K. Ogasawara, J. Chem, Soc,, Chem. Commun., 1988,
189.

L. F. Tietze, U. Beifuss, M. Lokos, M. Rischer, A. Gohrt and G. M. Scheldrick, Angew. Chem., Int.
Ed. Engl, 1990, 29, 527.

J. Daub, §. Gierisch, T. Knoechel, E. Salbeck and G. Maas, Z. Naturforsch. 1986, 41B, 1151,

R. J. Amstrong, R. F. C. Brown, F. W. Eastwood and M. E. Romyn, Aust. J. Chem., 1979, 32, 1767.
G. L. Blackman, R. D. Brown, R. F. C. Brown, F. W. Eastwood, G, L. McMullen and M. L.
Robertson, Aust, J. Chem,, 1978, 31, 209.




590

143.
144.

145.
146.
147.
148.
149.
150.
151.
152.

153.

154.

155,
136.
157.
158.

159.
160.

161.
162.
163,
164.
163.

HETEROCYCLES, Vol 32, No. 3, 1991

S. Mohmand, T. Hirabayashi and H. Bock, Chem. Ber,, 1981, 114, 2609.

G. 1. Baxter, R. F. C. Brown, F. W. Eastwood, B, M. Gatehouse and M, C. Nesbit, Aust. J. Chem.,
1978, 31, 1757.

G. 1. Baxter and R. F. C, Brown, Aust. J. Chem., 1978, 31, 327.

C. Wentrup, G. Gross, H.-M. Berstermann and P. Lorencak, J. Org, Chem,, 1985, 50, 2877.

R.F. C. Brown, N. R. Brown, K. J. Coulston and L. B. Danen, Tetrahedron Lett., 1986, 27, 1075,
J. Tseng, M. L. McKee and P. B. Shevlin, J. Am. Chem. Soc., 1987, 109, 5474.

C. Wentrup and P. Lorencak, J. Am. Chem. Soc., 1988, 110, 1880.

A. B. Cheikh, H. Dhimane, J. C. Pommelet and J. Chuche, Tetrahedron Lett., 1988, 29, 5919.

C. Wentrup, R. Blanch, H. Brieh! and G. Gross, J. Am. Chem. Scoc., 1988, 110, 1874,

R. F. C. Brown, K. 1. Coulston, F, W. Eastwood, A. D, E. Pullin and A. C. Staffa, Aust. J. Chem.,
1990, 43, 561.

R. F. C. Brown, K. J. Coulston, F. W. Eastwood, B. M. Gatehouse, L. W. Guddatt, M. Pfenninger and
I. Rainbow, Aust. J. Chem., 1984, 37, 2509.

R. F. C. Brown, K. J. Coulston, F. W. Easiwood, M. J. Irvine and D. E. Pullin, Aust, J. Chem., 1988,
41, 225.

N. R. Browne, R. F. C. Brown, F. W, Eastwcod and G. D. Fallon, Aust. L. Chem., 1987, 40, 1675,
D. Sulzle and H. Schwarz, Angew. Chem., Int. Ed. Engl., 1990, 29, 908.

H. Briehl, A. Lukosch and C. Wentrup, J, Org. Chem., 1984, 49, 2772.

C. Wentrup, H. Briehl, P, Lorencak, U. J. Vogelbacher, H.-W. Winter, A, Maquestiau and R,
Flammang, J. Am. Chem. Soc., 1988, 110, 1337.

A, J. Blake, G. A. Hunter and H. McNab, J. Chem. Soc., Chem. Commun., 1990, 734,
C. L. Hickson, E. M. Keith, J. C. Martin, H. McNab, L. C. Monahan and M. D. Walkinshaw, . Chem.

Soc., Perkin Trans. I, 1986, 1465.

H. McNab and L. C. Monahan, J. Chem. Soc., Perkin Trans. I, 1988, 759.

P. Lorencak, J. C. Pommelet, I. Chuche and C. Wentrup, J. Chem, Soc.. Chem. Commun,, 1986, 369.
H. McNab and L. C. Monahan, J. Chem. Soc., Chem. Commun., 1985, 213,

H. McNab and L. C. Monahan, J. Chem. Soc., Chem. Commun., 1937, 133.

H. J. Gordon, J. C. Martin and H. McNab, J._ Chem. Soc., Chemn. Commun., 1983, 957.




HETEROCYCLES, Vol. 32, No. 3, 1991 51

166. E. Anklam, R. Ghaffari-Tabrizi, H. Hombrecher, $. Lau and P. Margaretha, Helv. Chim, Acta, 1984,
67, 1402,

167. 1.-C. Pommelet, H. Dhimane, J. Chuche, J. P. Celerier, M. Haddad and G. Lhommet, J. Org. Chem,,
1988, 53, 5680.

168. H. McNab and L. C. Monahan, J. Chem. Soc.. Perkin Trans. 1, 1989, 419.

169. . McNab and L. C. Monahan, J. Chem. Soc., Perkin Trans. [, 1988, 863.

170. . McNab and L. C. Monahan, L. Chem. Soc.. Perkin Trans. I, 1988, 869.
. A. Hunter and H. McNab, J. Chem. Soc., Chem. Commun., 1990, 375.
. McNab, J. Chem. Soc., Perkin Trans. [, 1983, 1203.

. McNab and I. Stobie, J. Chem. Soc., Perkin Trans. [, 1982, 1845.

H
H
171. G
172, H
173. H
174, R. Cassis, R, Tapia and J. A. Valderrama, Synth. Commun,, 1984, 14, 961.
175. H. McNab, L. C. Monahan and T. Gray, J. Chem, Soc., Chem, Commun., 1987, 140.
176. A.J. Blake, H. McNab and L. C. Monahan, J, Chem. Soc., Perkin Trans, I, 1989, 425.
177. D. Grandjean, H. Dhimane, J.-C.Pommelet and J. Chuche, Bull. So¢, Chim. France, 1989, 657.
178. H. McNab, J. Org. Chem., 1981, 46, 2809.
179. A.J. Blake, H. McNab and R. Motrison, J. Chem, Soc., Perkin Trans. [, 1988, 2145.
180. H. McNab, I. Chem, Soc.. Perkin Trans, I, 1987, 653.
181. D. W. M. Benzies, M. Fresneda and R. A, Jones, I. Chem. Soc,, Perkin Trans. I, 1986, 1651.
182. R. G. Andrew and R. A. Raphael, Tetrahedron, 1987, 43, 4803.
183. R. Cassis, R. Tapia and J. A. Valderrama, Synth. Commun., 1985, 15, 125,
184, 1. Hermecz, A. Horvath, V. Vasvari-Debreczy and Z, Meszaros, Synthesis, 1984, 152,
135. F. Dennin, D. Blondeau and H. Sliwa, Tetrahedron Lett., 1989, 30, 1529.
186. V. Amstrong, O. Soto, J. A, Valterrama and R. Tapia, Synth. Commun., 1988, 18, 717.
187. E. A. Shirokova, G. M. Segal and L. V. Torgov, Bioorg. Khim., 1988, 14, 236.
188. H. Dhimane, J.-C. Pommelet, J. Chuche, H. Lhommet and M. Haddad, Tetrahedron Lett., 1987, 28,
885.
189. H. Dhimane, J.-C. Pommelet, J. Chuche, G. Lhommet, M. G. Richaud and M. Haddad, Tetrahedron

Lett., 1985, 26, §33.

190. R.F.C. Brown and C. M. Jones, Aust. . Chem., 1980, 33, 1817.




502 HETEROCYCLES, Vol. 32, No. 3, 1991

191. T. P. Culbertson, J. M. Domagala, P. Peterson, S. Bongers and J. B, Nichols, . Heterocycl. Chem.,
1987, 24, 1509.

192. M. V. Gorelik, S. P. Titova, V. A. Trdatyan and T. V. Kondaurova, Zh, Org, Khim,, 1979, 15, 1033
(Chem, Abstr,, 1979, 91, 56759a).

193. 7. Leitich, H. Partale and Q. E. Polansky, Chem, Ber., 1979, 112, 3293.

194. J. Maischein and E. Vilsmaier, Liebigs Ann, Chem., 1988, 371,

195. 1. P. Celerier, E, Deloisy, G. Lhommet and P. Maitte, J, Org. Chem., 1979, 44, 3089.

196, D. Bacos, J. P. Celerier and G. Lhommet, Tetrahedron Lett., 1987, 28, 2353.

197. T. Nagasaka, A. Tsukada and F. Hamaguchi, Heterocycles, 1986, 24, 2015.

198. D. Bacos, 1. J. Basselier, J. P. Celerier, C. Lange, E. Marx, G. Lhommet, P. Escoubas, M. Lemaire and
1. L. Clement, Tetrahedron Lett., 1988, 29, 3061,

199. 1. P. Celerier, G. Lhommet, and P. Maitte, Tetrahedron Eett,, 1981, 22, 963.

200. M. Augustin and E, Gunther, Z. Chem., 1988, 28, 436.

201. E. Campaigne and J. C. Beckman, Synthesis, 1978, 385.

202. E. Campaigne and M. R. Frierson, J. Heterocyel. Chem., 1979, 16, 235.

203. E. Campaigne, P, Raval and J. C. Beckman, |. Heterocyel, Chem., 1978, 15, 1261.

204, R. Stevenson and J. V. Weber, J, Nat, Prod., 1988, 51, 1215.

205. T. Eicher and W, Freihoff, Synthesis, 1986, 908.

206, N. R. Hunter, N. A. Green and D. M. McKinnon, Tetrahedron Lett., 1980, 21, 4589,

207.  A. M. Aleksandrov, A. E. Sorochinskii and A. P. Krasnoshchek, Zh, Org. Khim., 1979, 15, 336
(Chem. Abstr,, 1979, 91, 564431). '

208. D. A. QOparin, Zh. Org, Xhim., 1986, 22, 884 (Chem. Abstr., 1986, 105, 62198r).

209. R.F. C. Brown, K. J. Coulston, F. W. Eastwood and G. D. Fallon, Aust. J, Chem,, 1986, 39, 189,

210. K. Tanaka, X. Chen, T. Kimura and F. Yoneda, Chem. Pharm, Bull., 1988, 36, 60.

211, R. K. Singh and S. Danishefsky, Qrg. Synth., 1981, 60, 66.

212, M. L. Izquierdo, 1. Arenal, M. Bernabe and E. F. Alvarez, Tetrahedron, 1985, 41, 215,

213. Z, Cekovic and R. Matovic, J. Serb. Chem. Soc., 1988, 53, 257 (Chem, Abstr., 1989, 111, 194125y).

214. C. Groger, H. Musso and 1. Robnagel, Chem. Ber,, 1980, 113, 3621.

215, 8. Danishefsky, Acc. Chem, Res., 1979, 12, 66.

216. R. M. Freidinger, ). Org. Chem., 1985, 50, 3631.




217.
218.
219.
220.
221.
222,
223.
224.
225.
226.
227.

228.

229,
230.
231.
232,
233,
234,
235.
236.
237.
238.

239,
240.
241.
242,
243,

HETEROCYCLES, Vol. 32, No. 3, 1991 593

F. Franco, R. Greenhouse and J. M. Muchowski, J. Org. Chem,, 1982, 47, 1682,
C. Ortiz and R. Greenhouse, Tetrahedron Lett., 1985, 26, 2831.

M. Horton and G. Pattenden, Tetrahedron Lett,, 1983, 24, 2125.

M. Horton and G. Pattenden, J. Chem. Soc.. Perkin Trang I, 1984, 811.

R. Bambal and R, D. W. Kemmitt, J, Chem. Soc., Chem, Compup,, 1988, 734,
H. Bock, T. Hirabayashi and S. Mohmand, Chem, Ber,, 1981, 114, 2595.

Y. Oikawa, K. Sugano and O. Yonemitsu, J. Qrg. Chem,, 1978, 43, 2087.

Y. Oikawa, T. Yoshioka, K. Sugano and O. Yonemitsu, Org, Synth,, 1985, 63, 198.

I. Shinkai, T. Liu, R. A. Reamer and M. Sletzinger, Tetrahedron Lett., 1982, 23, 4899,

J. Obaza and F. X, Smith, Synth, Commun., 1982, 12, 19,

S. I. Zav'yalov, O. V. Dorofeeva and O. K. Taganova, Izv, Akad, Navk R. Ser. Khim., 1985, 1691
{Chem. Abstr,, 1985, 103, 178136g).

A. Rosowsky, R. Forsch, J. Uren, M. Wick, A. A. Kumar and J. H. Freisheim, J. Med, Chem., 1983,
26, 1719.

Y. Hamada, Y. Kondo, M. Shibata and T. Shiori, J. Am, Chem. Soc., 1989, 111, 669.

J. Maibaum and D. H. Rich, J. Med. Chem., 1989, 32, 1571

W. R. Ewing and M. M. Joullie, Heierocycles 1988, 27, 2843.

X, Huang and B.-C. Chen, Chem, Ind, (London), 1988, 661.

P. Houghten and D. J. Lapham, Synthesis, 1982, 451,

S. V. Ley and P. R, Woodward, Tetrahedron Lett., 1987, 28, 345,

J. Hausler, Liebigs Ann. Chem., 1983, 982.

J. Kang, Y. H. Kim, M., Park, C. H. Lee and W.-J. Kim, Synth, Commun., 1984, 14, 265.

J. Hausler, Monatsh. Chem., 1982, 113, 1213.

D. Alker, §. F. Campbell, P. E. Cross, R. A. Burges, A, J. Carter and J. Gardiner, J, Med. Chem,,
1989, 32, 2381.

C. F. Nutaitis, R. A. Schutz, J. Obaza and F. X. Smith, J. Org. Chem., 1980, 45, 4606.

T. A. Hﬁse and K. Solonen, Synth. Commun,, 1980, 10, 221.

D. G. Desai and R. B. Mane, Indian J. Chemn., 1981, 20B, 504.

H. Fritz, J. Lehmann and P. Schlesselmann, Carbohvdr, Res., 1983, 113, 71.

T. P. Emel'yanova, G. M., Segal and 1. V. Torgov, Bicorg. Khim., 1984, 19, 100.



584

244.
245.
246.
247,
248.

249,
250,

251,
252.
253.
254,
255.
256.

257.
258.
259.
260.
261.

262.
263.
264.
265.
266,
267.
268.
269.

HETEROCYCLES, Vol. 32, No. 3, 1991

M. Nakahata, M. Imaida, H. Qzaka, T. Harada and A. Tai, Byll, Chem. Soc. Jpn,, 1982, 55, 2186.

P. S. Clezy, B. N. Ravi and L. v. Thuc, Aust, J. Chem,, 1986, 39, 419,

B. M. Seletskii, G. M. Segal and L V. Torgov, Bicorg. Khim., 1984, 10, 104,

P. Callant, H. D. Wilde and M. Vandewalle, Tetrahedron, 1981, 37, 2079..

F. Yuste, F. K. Brena, H. Barrios, R. Sanchez-Obregon, B, Oritz and F. Walls, Synth. Commun., 1988,
18, 735.

R. F. Chapman, N. L J. Phillips and R. §. Ward, Tetrahedron, 1985, 41, 5229.

R. §. Vartanyan, Z. V. Kazaryan and S, P. Mambreyan, Arm, Khim. Zh., 1985, 38, 327 (Chem. Abstr.,
1986, 104, 1683 15w).

G. W. 1. Fleet and C, R, C. Spensley, Tetrahedron Lett., 1982, 23, 109.

R. J. Sims, S. A. Tischler and L.. Weiler, Tetrahedron Lett, 1983, 24, 253.

Q. A, Kozhich, G. M. Segal and L. V. Torgov, Bigorg. Khim,, 1983, 9, 1663.

0. Achmatowicz, Jr., T. Cynkowski and P. Bukowski, Pol, J, Chem,, 1983, 57, 1047.

G. A, Kraus, M. Silveira and S. J. Danko, J. Agric. Food Chem., 1984, 32, 1265.

M. V. Rangaishenvi, §, V. Kamath, A, §. Phadke and S. N. Kulkarni, Indian J. Chem., 1983, 22B,
684.

T. Fukuyama, A. A. Laird and L. M. Hotchiss, Tetrahedron Lett., 1985, 26, 6291.

S. 8. Ghabrial, I. Thomsen and K. B. G. Torssell, Acta Chem. Scand., 1987, B41, 426.

S. H. Wilen, D. Shen, J. M. Licata, E. Baldwin and C. S. Russell, Heterocycles 1984, 22, 1747,
D. H. Grayson and M. R. J. Tuite, J. Chem. Soc., Perkin Trans. 1, 1986, 2137,

S. L. Zav'yalov, O. V. Dorofeeva and O. K. Taganova, Izv. Akad. Wauk SSSR, Ser, Khim., 1986, 2042
(Chem. Abstr., 1987, 106, 213675t).

H. W. Schmidt and M. Klade, Org. Prep. Proced. Int., 1988, 20, 184.

C. H. Heathcock, R. A. Jennings and T. W. Geldern, J. Org, Chem., 1983, 48, 3428.

M. Koreeda and L. Brown, J. Org. Chem., 1983, 48, 2122,

N, Khoukhi, M. Vaultier and R. Carrie, Tetrahedron, 1987, 43, 1811.

S. C. Welch, J.-M. Assercq, J.-P.Loh and S. A. Glase, J. Org. Chem., 1987, 52, 1440.

C. Somoza, J. Darias and E. A. Ruveda, J. Org. Chem,, 1989, 54, 1539,

H. O. House, R, Qutcalt and M. D. Cliffton, J. Org. Chem,, 1982, 47, 2413,

G, A, Kraus and I. O. Pezzanite, J. Org, Chem., 1982, 47, 4337.




270.
271.
272.

273.
274,
275.
276.

277.
278.
279.
280.
281.
282.
283,
284,
285.

286.

287.
288.
289,
290,
201,
292.

263,
294,

HETEROCYCLES, Vol. 32, No. 3, 1991 595

Y. K. Rao and M. Nagarajan, Indian J. Chem,, 1986, 25B, 735.

K. Cooper and G. Patenden, J. Chem. Soc,. Perkin Trans, 1, 1984, 799.

W. Maul and D, Scherling, ], Labelled Compd, Radiopharm., 1989, 27, 457 (Chem. Abstir,, 1989, 111,
2325213j).

F. D. Mills, G. D. Mills, Jr. and R. T. Brown, J._Agric. Food Chem., 1989, 37, 501.

P. G. Williard and 8. E. Laszlo, J, Org, Chem., 1984, 49, 3489,

H. Kohler and H. Gerlach, Helv. Chim. Acta, 1984, 67, 1783.

N. Katagiri, T. Haneda, N. Watanabe, E. Hayasaka and C. Kaneko, Chem. Pharm. Bull., 1988, 36,
3867,

N. Katagiri, T. Haneda, E, Hayasaka, N. Watanabe and C. Kaneko, J, Org, Chem., 1988, 53, 226.
M. Sato, N. Katagiri, K. Takayama, M. Hirose and C. Kaneko, Chem, Pharm. Bull., 1989, 37, 665.

Y. Yamamoto, 8. Ohnishi and Y. Azuma, Chem. Pharm. Bull., 1982, 30, 3505.

K. Mohri, Y. Oikawa, K.-i. Hirao and O. Yonemitsu, Heterocycles, 1982, 19, 515.

K. Mohri, Y. Oikawa, K.-I. Hirao and Q. Yonemitsu, Chem, Pharm. Bull,, 1982, 30, 3097.

P. Jouin and B. Castro, J. Chem, Soc., Perkin Trans, I, 1987, 1177.

Y. Yamamoto, Y. Watanabe and S. Ohnishi, Chem. Pharm. Bull., 1987, 35, 1860.

Y. Yamamoto and Y. Watanabe, Chem. Pharm. Bull., 1987, 35, 1871.

Y. Yamamoto, Y. Watanabe, Y. Morita and M. Narita, Annu, Rep. Tohoky Coll, Pharm., 1986, 41
(Chem. Abstr., 1988, 108, 131715h).

M. Sato, K. Takayama, Y. Abe, T. Furuya, N. Inukai and C. Kaneko, Chem. Pharm. Bull,, 1990, 38,
336.

G. G. Hazen, L. M. Weinstorck and R, Connell, Synth, Commun., 1981, 11, 947.

1. §. Baum, D. A. Shook, H, M. L. Davies and H. D. Smith, Synth. Commun., 1987, 17, 1705.

H. Balli, R. Low, V. Muller, H, Rempfler and A. Sezen-Gezgin, Helv. Chim. Acta, 1978, 61, 97.

H. J. Monteiro, Synth. Commun., 1987, 17, 983.

M. Ulbricht, J.-U. Thurner, M. Siegmund and G. Tomaschewski, Z, Chem,, 1988, 28, 102.

V. A. Nikolaev, N. N. Khimich and I. K. Korobitsyna, Khim. Geterotsikl. Soedin, 1985, 321 {Chem.
Abstr., 1985, 103, 87818q).

T. Livinghouse and R. V. Stevens, J, Chem. Soc., Chem. Commun,, 1978, 754.

T. Livinghouse and R. V. Stevens, J. Am. Chem. Soc., 1978, 100, 6479,




596

2935.
296.
297,
298.
299.
300.
301.

302.
303.

304.

305.
306.
307.
308.
309.

310.
311

312.
313.
314,
31s.
316.
317.

318.

HETEROCYCLES, Vol. 32, No. 3, 1991

R. V. Stevens, G. S. Bisacchi, L. Goldsmith and C. E. Strouse, J, Org, Chem,, 1980, 45, 2708.
B. Vickery and G. R. Willey, J. Chem, Soc., Perkin Trans, IT, 1981, 1454,

J. Farras, E. Fos, R. Ramos and J. Vilarrasa, J. Org. Chem., 1988, 53, 887.

R. Bloch, Synthesis, 1978, 140,

R. 8. Lott, E. G. Breitholle and C. H. Stammer, J. Org, Chem,, 1980, 45, 1151.

A.J. Ashe, III and S. T. Abu-Orabi, J. Org, Chem., 1983, 48, 767.

V. L. Noviko, O. P. Shestak, A, V. Kamernitskii and G. B. Elyakov., Izv, Akad. Nauk SSSR, Ser.
Khim., 1982, 476 (Chem, Abstr., 1982, 96, 180832m). ‘

W. Wang, X. Ye and Y. Zhang, Hangzhou Daxue X Ziran Kexuban, 1989, 16, 358.

S. L. Zav'yalov, G. L. Ezhova and T. K. Budkova, Izv. Akad Nauk SSSR, Ser. Khim,, 1981, 2165

(Chem. Abgir., 1982, 96, 34486k).

8. 1. Zav'yalov, G. L. Ezhova, T. K. Budkova, O. V. Dorofeeva and O. K. Taganova,

Izv. Akad. Nauk SSSR, Ser, Khim., 1982, 468 (Chem. Abstr., 1982, 96, 181219d).

W. D. Crow and H. McNab, Aust, J. Chem., 1979, 32, 111,

G. Bouillon and K. Schank, Chem, Ber,, 1980, 113, 2630.

K. Schank and C. Blatner, Chem, Ber., 1981, 114, 1958,

R. F. C. Brown, N. R. Browne and F. W. Eastwood, Aust. J. Chem., 1983, 36, 2355.

D, T. Witiak, §. K. Kim, A. K. Tehim, K. D. Sternitzke, R. L, McCreery, S. U. Kim, D. R. Feller, K.
J. Romstedt, V. S. Kamanna and A. 1. Newman, J. Med. Chem., 1988, 31, 1437.

K. Schank and C. Schuhknecht, Chem. Ber., 1982, 115, 2000.

R. F. C. Brown, F. W. Eastwood, G. D. Fallon, L. LaVecchia and K. Schank, Aust. J. Chem., 1989,
42, 451,

O. Meth-Cohn, E. Vuorinen and T. A. Modro, J. Org, Chem., 1989, 54, 4822,

K. Schank and C. Schuhknecht, Synthesis, 1978, 678.

J. N. C. Hood, D. Lloyd, W. A. MacDonald and T. M. Shepherd, Tetrahedron, 1982, 38, 3355.

T. Ogawa, T. Murafuji and H. Suzuki, Chemistry Lett., 1988, §49.

H. Suzuki, T. Murafuji and T. Ogawa, Chem jstry Lett., 1988, 847.

B. Adamsone, D. Prikule and O. Neilands, Zh, Org. Khim,, 1978, 14, 2625 (Chem. Abstr., 1979, 90,
137416t).

M. Papadopoulou and A, Varvoglis, J. Chem, Res. Synop., 1984, 166.




319.
320.
321,
322.

HETEROCYCLES, Vol. 32, No. 3, 1991

K. Schank and C. Click, Synthesis, 1983, 392.
K. Schank and C. Schuhknecht, Chem. Ber,, 1982, 115, 3032,

W. D. Crow, 1. Gosney and R. A. Ommiston, J. Chem. Soc., Chem. Commun,, 1983, 643.
W. G. Dauben, A. P. Kozikowski and W. T. Zimmermann, Tetrahedron Lett., 1975, 515.

Received,

25th December, 1990

597




