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An Efficient Synthesis of Alkyl Substituted Cyclic 1,3-Diones
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Abstract: An efficient method for the synthesis of cyclic a-alkyl
B-dicarbonyl compounds of cyclopentane, cyclohexane, tetronic
acid and o-pyrone seriesisdescribed. The method consists of the se-
lective transformation of the corresponding cyclic B,B'-tricarbonyl
compounds by NaBH;CN in a mixture of THF and 2N agueous
HCI.
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2-Alkyl cycloalkane-1,3-diones as well as 3-alkyltetronic
acids, and 3-alkyl-3,4-dihydro-2H-pyran-2,4-diones have
found awidespread application in the synthesis of natural
and structurally related compounds. Earlier we have de-
veloped a method for obtaining 2-alkyl cycloalkane-1,3-
diones and their heterocyclic analogs starting from the
readily available 2-acylcyclohexane-1,3-diones, 2-acyl-
cyclopentane-1,3-diones, 3-acyltetronic acids, and 3-acyl-
3,4-dihydro-2H-pyran-2,4-diones.? The method consists
of the regioselective hydrogenolysis of the carbony! func-
tion at the side chain of the latter compounds under the ac-
tion of Et;SiH in CF;CO,H in the presence of catalytic
amounts of BF;-OEt, or LiClO, (ionic hydrogenation).
The yields of the target B-dicarbonyl compounds werein
the range of 66-98%. In the case of arylidene acyl deriva-
tives of cyclic B-dicarbonyl compounds saturation of con-
jugated double bond of arylidene acyl fragment occurs
along with hydrogenolysis of the carbonyl function. Addi-
tionally, in furylidene acyl derivatives reduction of thefu-
ran ring takes place.

In the course of our investigations directed towards the
synthesis of natural products we searched for alternative
methods for selective reduction of cyclic ,3'-triones. In
view of the similar mechanistic aspects of the carbonyl
function reductions by NaBH,CN in acidic medium* to
those of reductions by organosilanes, we focused our at-
tention on the use of NaBH;CN for our synthetic purpose.
It should be noted that NaBH,CN has received extensive
application in organic reductions as versatile and remark-
ably selective reagent.®

Two decades ago Nutaitis et al.® have demonstrated that
treatment of acyl derivatives of Meldrum's acid, 5-acyl-
barbituric acids as well as dehydroacetic acid and 3-acyl-
4-hydroxycoumarins with 2 equivalents of NaBH;CN in
AcOH led to hydrogenolysis of the carbonyl group of the
acyl substituent to give the corresponding alkyl deriva-
tivesin excellent yields. Kende et al. successfully applied
this protocol for selective reduction of some acyl couma-
rines and acy! pyrimidinetriones.” Therefore, it was of in-

terest to extend the scope of the method by Nutaitis et al.
to B,B'-tricarbonyl compounds of the cyclohexane, cyclo-
pentane and tetronic acid series. However, in our hands at-
tempted application of this protocol to some 3,3'-triones 1
showed that although the reduction proceeded regiosel ec-
tively a the side chain the yields of the corresponding
a-alkyl-B-dicarbonyl compounds 2 in general were re-
markably lower as compared with the method of ionic hy-
drogenation. Probably, this is due to incomplete
crystallization of the reaction products from dilute ague-
ous solutions of AcOH during work-up of the reaction
mixtures. Another reason may be the drastic conditions
during removal of high boiling acidic solvent in the case
of the formation of oily materials.

In the present communication we wish to report an effi-
cient method for the selective reduction of cyclic ,B'-tri-
ones of cyclohexane, cyclopentane, tetronic acid and o-
pyrone series. As a result of our research efforts it has
been established that the use of approximately equal vol-
umesof THF and 2 N aqueous HCl instead of organic acid
improved considerably the yields (comparable with those
when Et;SIH/CF;,CO,H was employed) of the NaBH;CN
reduction of 1 to B-dicarbonyl compounds 2 (75-96%).2
The excess of reducing agent does not cause further re-
duction of the cyclic B-dicarbonyl system in the products
formed.

o O
NaBH,CN
X R . X R
~ THEF - 2N HClaq N
o rt,34h o
la-o 2a-0

Experimental results are summarized in the Table. Non-
conjugated double bonds without branching at the ethyl-
ene carbon® (entry 4), triple bonds (entry 9) and ester
groups (entry 5) in the side chain are tolerant to reduction.
Hydrolysis of the ethyl ester was not observed and thetar-
get 3-(6-ethoxycarbonyl) tetronic acid 2f was isolated in
94% yield. In the case of the methyl ester the main com-
ponent in the reaction mixture was 3-carboxyhexy! tetron-
ic acid 2g (R = H). Nonconjugated ketones were reduced
to give the corresponding hydroxy derivatives. Thus, for
example, reduction of 1n led to lactone 2n arising from
the transformation of the C-4 oxo-function into a hydroxy
group followed by intramolecular re-esterification in
acidic medium (entry 10).
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Table Reduction of cyclic B,p'-tricarbonyl compounds 1a-0 by sodium cyanoborohydridein THF-2 N aq HCI

Entry B.B'-Tricarbonyl compound'? NaBH;CN Product? YieldP
(equiv.) (%)
o] 0 (0]
1 1a 25 &/\ 2a 75(53)°
o) 0
0 o
= o) O
2 \ / 1b 3.5 \ 2b 90
0 o
o NNN) o)
3 Z R=CH; 1¢ 3.5 R=CH, 2¢ 87
rR=NO; 14 35 g R=NO, 24 83(79)°
o} o)
yZ =
4 ] CH), N le 25 O&\(CH2)7/\/ 2e 89
¢ o)
R=Me 1 2.5 R=Me 2 37
. g 5 g o
R=H
=
6 Q A R 1h 35 o) RR=H  2n 96(65)°
S R=0CH,; q; 35 R=0OCH, 2i 95
0
O (0]
7 R R=CH, 1j 25 R R=CH, 2 80(51)°
o R=C,H, 1k 2.5 o R=C;H,; 2k 92(68)°
O (o] @]
8 | 1 2.5 | 21 93
O (e} (0] @]
rac-Germicidin!!
(0] 0] O
9 /irk/\ Im 25 /K)‘:\(\/\\\ 2n 87(69)°
0] X (6]
o] 0] 0]
CO,EL
10 X in 35 2n 77
O
6]
6]
0] 6]
AP 0
11 \ / 1o 35 \ / 20 79
6] (0]

3|l new compounds gave satisfactory analytical and/ or spectral data.® Plsolated yields. “The yields when NaBH,CN/acetic acid was used

for reduction.
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Similar to the method of ionic hydrogenation in arylidene
acy| derivatives of cyclic B-dicarbonyl compounds reduc-
tion of the enone fragment of the arylidene acyl substitu-
ent takes place. The nature of substituents on the aromatic
ring (compounds 1c,d,i) does not interfere with the reduc-
tion.

Surprisingly, we found that reduction of furylidene acyl
derivatives 1b,0 by NaBH;CN under these conditions pro-
ceeded more selectively as compared to the method using
Et;SIH/CF;CO,H to furnish 2-furylalkyl derivatives 2b,0
(entries 2,11) even when a large excess of the reducing
agent was employed.

The proposed method offers an advantage over the proto-
col by Nutaitis et al. in terms of simple separation of the
reaction products. Thus, the work-up of the reaction mix-
ture is reduced to removal of THF in vacuo followed by
crystallization of the target p-dicarbonyl compounds from
the agueous sol ution of inorganic components. More com-
plete isolation can be achieved by extraction from the wa-
ter phase with organic solvents. Oily materials can be
isolated by extraction without evaporation of THF.

It should be noted that in contrast to ionic hydrogenations
where water-free conditions are essential, the presence of
water in the sodium borohydride reduction does not cause
any interference.

In conclusion, the reduction by NaBH;CN in THF - aque-
ous HCI is a simple and versatile method for selective
transformation of cyclic B,B'-tricarbonyl compounds of
cyclopentane, cyclohexane, tetronic acid and a-pyrone se-
ries to the corresponding cyclic a-alkyl-B-dicarbonyl de-
rivatives. By using Et;SiH and NaBH;CN furylidene acyl
B-dicarbonyl compounds can be converted to derivatives
with different extent of saturation of the furylidene acyl
fragment.
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2e (entry 4): mp 80-82 °C (from diethyl ether), *H NMR (200
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During ionic hydrogenation with silane hydridesin CF,CO,H,
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occursonly in the case when branching at the ethylene carbon
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medium: Kursanov, D.N.; Parnes, Z.N.; Lojm, N.M. Synthesis
1974, 633.
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protocol: Merenyi, F., Nilsson, M. Acta Chem. Scand. 1963,
17, 1801. Furylidene- and arylidene acy! derivatives (1b-
d,h,i,0) were obtained as aresult of Claisen-Schmidt
condensation of the readily available 2-acetylcyclopentane-
1,3-dione, 3-acetyltetronic acids and dehydroacetic acid with
furfural or aromatic aldehydes, see ref.2. B,p'-Tricarbonyl
compounds (1e-g,k,m,n) were synthesized according to the
protocol described in: Nomura, K.; Hori, K.; Arai, M.; Y oshii,
E. Chem.Pharm.Bull. 1986, 34, 5188 and ref. 2.
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