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PREPARATION AND REACTIONS OF 4-0XOCARBONYL COMPOUNDS.
A REVIEW

Tetsuo MIYAKOSHI
Department of Industrial Chemistry
Faculty of Engineering
Meiji University
Higashimita, Tama-ku, Kawasaki-shi 214, JAPAN
INTRODUCTION
The 4-oxocarbonyl compounds are useful intermediates in
organic synthesis. They are used for the preparation of
pyrroles, furans, and thiophenes, as well as in the preparation
of synthetic perfumes and drugs. This review is concerned with

1,4-diketones, 4-oxoalkanals and 4-oxo esters which can be

represented by the general formula 1, 2, and 3, respectively.

R'\“/\)‘\ _? R WCHO R N COOR’

3

J4=
N

Certain members of this class of compounds, such as cis-8-
undecen-2,5-dione (1; Rl - CHg, R = ¢1s-CHgCHoCH=CHCHoCH,) , 4~
oxo-cis-7-decenal (2; R = cis-CH3CH,CH=CHCH,CH5), and methyl 4-
oxo-cis-7-decenoate (3; Rl = c1s-CHCH,CH=CHCH,CH,, R%Z = CHg)
are well known. They are useful intermediates for jasmonoids
such as cis-jasmone, methyl jasmonate and v-jasmolactone. The
vast preparative potential of 4-oxocarbonyl compounds has been

reviewed.1 Recent advances, mainly after 1982, are reviewed
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reviewed.l Recent advances, mainly after 1982, are reviewed
here.
I. PREPARATION OF 1,4-DIKETONES

1,4-Diketones are important intermediates in the prepara-

1 2

tion of natural products such as jasmone, prostaglandins,

3 and terpenoids.4 These natural products have

steroids,
attracted continuous attention owing to their economic values
and their being convenient testing targets for many new
synthetic methodologies. Many 1,4-diketones are available from
mild acidic hydrolysis of furans. Simple furans are readily
lithiated and then alkylated at C-2 of the furan ring, and can
be converted directly 1into the 1,4—diketones,5'6 or their
bisethylene acetals.6 Oxidation of 4-hydroxy ketones allows
versatile synthesis; Jones reagent can be used,7 but pyridinium
chlorochromate 1is particulary recommended.8 A wide range of
4,6-disubstituted pentane-2,5-diones is available from standard
reactions of a-chloro ketones with sodio ethylacetoacetate.9

A review of the formation of 1,4-diketones is given in Ref. 10.

A. Routes Based on Michael Addition

The use of aliphatic nitro compounds in organic synthesis
has been well documented.11 The synthetic application of
aliphatic nitro compounds includes interconversions of func-

tional groups as well as C-C bond forming processes. Nitro

olefins are synthetic equivalents to ketone functionalites.12

Aliphatic conjugated nitro olefins 4 undergo a Lewis acid-

catalyzed reaction with trimethyl silyl enol ethers 5 to give

13

Michael-type addition products. These intermediates 6 are

transformed in good yield in situ into 1,4-diketones 1 via the
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Nef reaction.

R R
3 4
RD/A\Tff\\Rz . R _ R 1. TiCly R g R'
> < 2 H,0 . N
NO, s OTMS U T
R 0 OTMs
4 3 &
R" o
P
Or *R
1
4 R =H, cH; 5 R®=(CHy), n=3to4
2 . 4 .
R = H, CH3 R™ = n—C6H13
R® = H, CHg

This method thus allows the regioselective introduction of
2-oxoalkyl substituents to a ketone functionality by a one-pot
reaction. Some results are shown in Table 1. The nitro olefins
have been prepared from appropriate mnitroalkanes and an
aldehyde followed by dehydration. Nitro olefins are very
sensitive to highly alkaline conditions, but they tolerate an
acidic environment very well. Other additions of conjugated
nitro olefins have been reviewed.l42 Similarly, the niro
olefins 4 react under somewhat modified conditions with ketene
silyl acetals 7 to afford the methyl 4-oxoalkanoates 3. Other
additions of this type of conjugated nitro olefins 4 have been
reviewed.l4 The reactions utilizing ketene silyl acetals have
been recently reviewed in detail.1l4D
The nitro group is a function of great synthetic potential

in organic chemistry because of the versatility with which it

663



10: 28 27 January 2011

Downl oaded At:

MIYAKOSHI

R
9
R' R COOMe
Jdor - ome TiCL &
NO,
OTMS
4 I 3

may react. In particular, it is well known that nitro alkanes
8§ wundergo base catalyzed 1,4-addition to various a,f-un-
saturated carbonyl compounds 9. These reactions are typically
run as homogeneous solutions of the reactants in an organic

solvent using soluble organic bases (e.g., tetramethyl-

15-18

guanidine, potassium fluoride/18-crown-6, sodium hydride/

16,19 16,20

18-crown—6,17 diisopropylamine, potassium t-butoxide,

22,23

alkoxides,21 tri-n-butylphosphine, triphenylphos-

phine.zo'24 1,5—d1azab1cyclo[5.4.0]undecene—525 and tetrabutyl-

20y,

ammonium fluoride A wide variety of Michael reactions by

TABLE 1. Synthesis of 1,4-Diketones 1 from Nitro Olefines 4
and Silyl Enol Ethers 5

Nitro Olefin 4 Silyl Enol Ether 5§ Lewis 1,4-Diketone
Acid 1

R} Rr2 RS R4 R® Yield (%)
H H H SnCl, 85
Me H -(CHg) 4~ H TiCl, 76
H Me H AlClqg 63
H H Me TiCl4 70
Me H ‘(CH2)4‘ Me TiCl4 82
H Me Me SnCl, 71
H H -(CHg) 3CHMe- H SnCl, 63
H H H Me(CH2)5 H SnCl, 65
H H - (CHy) 3- H SnCl, 70
H H Me SnCl, 41
Me H -{CHp) 3~ Me SnCl, 41
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26,27 28)

heterogeneous catalysts (e.g., KF-alumina and alumina
have already been reported in the literature.

The Nef reaction is one of the most important trans-
formations of a nitro group 1into a carbonyl group.11
Therefore, 1,4-diketones were obtained by the Nef reaction from
4-nitro carbonyl compounds 10. A number of methods have been
devised for accomplishing this transformation including the
classical Nef reaction29 by solvolysis of alkali nitronates

with acid (e.g., amine/HC1,3? NaoH/HC1,3! or basic $10,32).

1 R R ; R
R
~No L | Base g R R R
R o o)
R NO, R

8 9 10

1

Such variations include reductive (e.g., T1C1333) and oxidative

32 persulfate.34 hydrogen per-

ceric ammonium nitrate,37 or

conditions (e.g., permanganate,

oxide,35 38

molybdenum complex,
electrochemical oxidation23'38-4°). Results of the electro-
chemical Nef reaction of 4-nitro carbonyl compounds are shown
in Table 2.

Michael addition of the anions of acyclic dithio acetal S-
oxides 11 with a,f-unsaturated ketones 12 and the deprotection
of dithioacetal S-monoxide group 13 afforded the 1,4-diketone
14. The base catalyzed cyclization of 14 gave methylenemycin B
15.41

B. Using Organosulfur and Organophosphorus Agents

1,4-diketones were prepared by the condensation of a-

sulfonyl carbanions of alkyl or alkenyl sulfones 16 with esters

665



10: 28 27 January 2011

Downl oaded At:

MIYAKOSHI

TABLE 2. Conversion of 4-Nitrocarbonyl Compounds 10 into 4-

Oxocarbonyl Compounds by Electrolysis

4-Nitrocarbonyl Compounds 10 4-0Oxocarbonyl
3 4 5 Reaction Compound
r? RZ R R R° Conditions Yield (%) Ref.
n—C7H15 H H H CH3 MeOH-HCOzNa S0 38
CoHg CHy CHg3 H  CHg AgMeOH-HCO,Na 60 38
n—C7H15 H H H OEt EtOH-HCOzNa 72 38
(CHy) COoET H H H  CHy EtOH-HCO,Na 88 38
CH3(0AC)CH,oCHy H H H  OEt EtOH-CH3CO,Na 62 38
n—C5H11 H H H CN MeOH-HCOzNa 88 38
CHg H H H  CHy DMF-BuyNBr 82-86 39
CHg H H CHz OMe CH3CN-BuyNBr 98 39
CH3 Ph H H OMe CH3CN-Bu4NBr 68 39
n-C4Hg CH H H  OMe CH0H-CH3CO,K 88 40
n-CgH,, CHy H H OMe CH30H-CH3CO,K 85 40
Ets\\T// o 1. n-Buli :J\\//[:H/,\\
2. H,0
MeS
EtSO ¢ /\T(k/ EtSO
11 12 13
SMe
1. HCIO, o J\/Q‘/\ 1. NaOH_
2H,0 LNaIO‘
(o)
14 15

17, e.g., 7—valerolactone.42 ethyl levulinate ethylene

acetal.42'43 Using this method, Umani-Ronchi42 and Yoshida

43

synthesized cis-jasmone and dihydrojasmone, and Yoshida43
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prepared methyl jasmonate and y-jasmolactone.

0
CO,R? R'
R' SO.Tol . o LDA
~ o) (o] o~ Yo
/ SOJol \

16 17
3- (Phenylseleno)-2-alkenal 18 reacts with Wittig reagents 19 in
excellent yields. Hydrolysis with trifluoroacetic acid in
benzene yields 1,4-diketones, which are transformed to

Jasmone44 using described methodologies.

R P'Ph,X" ) R )
)\/cno W OH PP
PhSe R SePh PhSe
SePh
18 s

|+

This approch can be extended to the substituted cyclopentenones

of the type 20.

20 R = OH, OR, NH,

C. Organometallic Reagents

The a-silylated lactones 2l1a derived from y-butyrolactone

and vy-valerolactone react with a single equivalent of Grignard
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reagent to give a 2-substituted 4,5-dihydrofuran 22, which can

be hydrolyzed and oxidized to 1.4—d1ketones.45

Some results
are shown in Table 3.

TABLE 3. 1,4-Diketones from o-(Diphenylmethylsilyl)vy-

valerolactones
Grignard Reagent Product Yield
(RMgX) 1 2
R R R (%)
CHg CHg CHg 52
n-CgHqg CHg n-CgHy 5 75
n-CgHy+ CHg n-CgHq7 89
n-CgHyg CHg n-CgH; g 98
i-C4Hg CHg i-C4Hg 62
CHoy=CH CHg CHoCH,CH=CHgy 42
n-CgqH,C=C CHg n-CgH,C=C 46
PhCH, CHg PhCH, 49
Ph CHgq Ph 63

The application of this same procedure to the preparation of 4-

oxoalkanals and 4-oxocarboxylic acids from o«-silyl <v-lactones

21b gave similar results as can be seen from Table 4. The

reaction with hexylmagnesium bromide provides the precursor to
dihydrojasmone in 75% yield.

The reaction of y-lactone 23 with an organometallic
reagent gave the diol 24, and no 4-hydroxy ketone was obtained.
The key to the synthesis of 4-hydroxy ketones from <~ -lactones
and Grignard reagents is to prevent the opening of intermediate
to 4-hydroxyketone, which could then react with second

equivalent of Grignard reagent.
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SiPh,Me . H,0 SiPh,Me
* R'MgX ——
R oo R™ Yo7 R
21(a) 22

SithMe Hel
[ l L R CHO
* RMgX — pec ~N T

o

21(b)

N

(o)

3

Jones R\n/\/coou
reage;f

TABLE 4. 4-0xocarboxylic Acid and 4-oxoaldehydes from a-{(Di-

rhenylmethylsilyl)y-butyrolactone

Grignard Reagent Product
RMgBr
CHgMgI CH3CO(CH,) ,COOH
CH4CHoMgBr CH3CH4CO(CH5) ,COOH
n-CgH, {MgBr n-CzH;1CO(CHy) ,COOH
PhMgBr PhCO(CH,) ,COOH
(CHg) oCHCH,MgBr (CHg) oCHCH,CO (CH4) oCOOH
c-CgHj MegBr c-CgH, 1CO(CH,) ,COOH
n-CgH gMgBr n-CgH, 3CO0(CH,) oCHO
n-CgH, gMgBr n-CgH; gCO(CH5) oCHO
PhCH,MgC1 PhCH,CO(CH,) oCOOH
i-C4HgMgBr 1-C4HgCO(CH,) 5CHO

Yield (%)

71
73
83
75
25
50
53
66
78

49
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24

The reaction of ethy-2-(diphenyl methyl silyl)levulinate
ethylene ketal 25 with phenylmagnesium bromide produces the
carbinol 26 via addition to form the a-hydroxy silane, which
then undergoes desilylation. However, 25 reacts with primary
Grignard reagents to give the mono protected diketones in good

yield.46 The results are shown in Table 5.

O/ O\ SiPh,Me

tH0 0 0O
X)\ * RMoX 2KF M R
COOEt

o]

[\
itH0 _o__ O Ph
2 KF )Q/\'(
Ph
286 OH

Reaction of the alkylthexylchloroborane 29 with olefin
acetate 30 may be used to prepare compounds which are struc-
turally related to the 1,4-diketones.47 The key to the syn-
thetic approach is the utilization of an olefin containing the
acetoxy group, which could be appropriately chosen depending
upon the diketone that needs to be synthesized. The hydrobora-

tion of an olefin 28 with thexylchloroborane/dimethyl sulfide
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TABLE 5. The Reaction of Ester Ketal 25 with
Grignard Reagents

RCHoMgBr Mono-protected Diketones
R Yield (%)
Et 83

n-CgHy 66

n-CgHy7 73

n-CyoHgg 76
CgHg 62

27 gives the alkylthexylchloroborane 29, which, upon hydrida-
tion 1in the presence of the second olefin (containing the
acetoxy group) 30 by potassium triisopropoxyborohydride,
affords the trialkylborane. High pressure carbonylation of the
trialkylborane, followed by alkaline hydrogen peroxide oxida-
tion, produces the ketol, converted by pyridinum chlorochromate
to the 1,4-diketones 1 in 77-85% yield. Table 6 summarizes

these results in the exploration of this procedure.

R1 1
N R
[—s8Hct sme, - H g
a
28
27 29
RZ
~ \J
R o
OAc N\ co
s e
\/Y OH
30 OAc R'
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TABLE 6. Synthesis of 1,4-Diketones via Organoboranes

Rr! RZ 1,4-Diketones
Yield (%)

t-C4Hg n-C4Hg 80
n-CgH;7 CHg 78
n-CgH; g CHg 85
n-C4Hg CHg 82

CgHg CHg 77
n-CgHqg CHg 80

D. Misecllaneous Preparations

1,4-diketones are also obtainable by oxidative coupling.
Aliphatic linear and cyclic ketones 31 are converted into 1,4-
diketones 1 in a one pot oxidation reaction on treatment with
Na,S,0g 1in presence of Fe(II) ions. Thus, 2-hexanone is con-
verted on heating with Nap,S,0g-FeSO4 into 2,5-hexanedione 1in
50% yield.48 The mechanism of the reaction involves initial
generation of O-centered cation radicals that undergo 1,5-H
shift to C-centered cation radicals. Further oxidation of
these cation radicals via w-hydroxyketone 1leads to 1,4-di-

ketones 1.

+

2 o+ 0° OH
S,0g -Fe I 1,5-H I .
CH3CO(CH2)4R - CH3C(CH2)4R———————> CH3C(CH2)2CHCH2R
31
OH 2~ +
————;:——’-CHacO(CHZ)ZCHCHzR — CH3CO(CH5) ,COCH,R
R = H, CHg 1
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The anodic oxidation of some dioxolanes of g-ketoacids 32
gives symmetrical 1,4-bisdioxolanes 33 by dimerization of an
intermediate Kolbe's radical.4? A series of unsymmetrical 1,4-
bisdioxolanes has been prepared by a mixed coupling of the
Kolbe's radicals obtained by anodic oxidation of mixture of two
dioxolanes of pg-keto acids. The hydrolysis of the unsym-
metrical 1,4-bisdioxolanes leads with 80-95% yields to the
unsymmetrical 1,4-diketones 1. This technique has been applied
to the production of dihydro,jasmone.49 The palladium-catalyzed

oxidation of the terminal olefins to methyl ketones 1s an

important synthetic method for 1,4-d1ketones.50
0 (0] o
\v/o o\v/ —e \V/o °\~/°
RCCH,CO,H + R2CCH,CO,H ———— R3CCH,CH,CR?
2VV2 2%¥V2 2%152
KOH
32 33

g3 - rl g4 - g?
: R3 = R, R* - R?
: RS = R2, R - R?

E. Synthetic Applications

1,4-Diketones are highly important, versatile substrates
in organic synthesis. The main reaction of 1,4-diketones is
their cyclization to cyclopentenones via aldol condensation and
dehydration under mild basic conditions.1© Many of these
reactions have been used to make cis-jasmone and its side-chain
dehydro analogues. Reaction of 1,4-diketones with hydrogen
sulphide gives 2,5-disubstituted thiophenes, ammonia deriva-
tives give pyrroles, and direct dehydration gives furans by the

Paal-Knorr reaction. Excellent results in the furan synthesis

673



10: 28 27 January 2011

Downl oaded At:

MIYAKOSHI

are given by slow distillation from a sulphonic acid ion-ex-
change resin.10
In a recent approach aimed at prostanoids was devised a

very short synthesis of 6-oxo-PGE; 36 and -PGF; by Tanaka,51

starting from nitro olefins 34 and a,8-unsaturated enones 35.

COOM 2 ? i
e
w @ "“/u\/\/\COOMe
NO, u 5 N
OSiMe,-t-Bu OR
'\\;QN\V/A\V/”\\/’ OR

: 35
OSiMe,t-Bu

6-nitroprostaglandin

E, methyl ester

6-0x0-PEG; methyl ester 36 was proposed in a single pot
synthesis from (R)-4-t-butyldimethylsiloxy-2-cyclopentenone 35
by organocopper conjugate addition with an side-chain unit,
trapping of the resulting enolate with 6-methoxycarbonyl-2-
nitrohex-l-ene 34 and treatment with aqueous titanium(III)
trichloride (66% yield). Hydrolysis of the methyl ester was
accomplished by porcine liver esterase (89% yield). 6—Oxo—PGF1
37 gave 6-nitro-prostaglandin El methyl ester in four steps.
The recently disclosed procedures for the preparation of

cis—jasmone52

and dihydrojasmone using organometallic reagents
are of interest in that they provide the possibility for the
construction of a wide range of functionalized carbon chains

which can be further elaborated.
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An easy synthetic route to 1,4-diketone derivatives
starting from the thiazolium salt catalyzed addition of
aldehydes to methyl vinyl ketone has been developed by
Stetter (Table 7).53 This procedure represents an efficient
and elegant method for the synthesis of jasmine fragrances, y-
53f

lactones and 1,4-diketones.

Thiazolium salt/base
RCHO + CH4=CHCOCHg » RCOCH,CH,COCHg

1
II. PREPARATION OF 4-0XOALKANALS
4-0xocalkanals are an important class of compounds
especially as 1intermediates for the preparation of cyclo-
pentenones. The available routes to 4-oxoalkanals include ring

54 radical addition of an alde-

opening of substituted furans,
hyde to acrolein diethyl acetal.55 oxidative cleavage of
olefins,56 alkylation of 2,4,4,6-tetramethyldihydrooxazine with

57

2-iodomethyl-1,3-dioxolane, alkylation of 2-ethoxyallyl vinyl

t,58 condensation

sulfide followed by thio-Claisen rearrangemen
of 7vY-oxosulfone acetals with esters, and the reaction of
Grignard reagents derived from v-halo ketals or v-siloxy allyl-
silanes with acid chlorides.®? Many 4-oxoalkanals can be made
by the reaction of an enamine with the monoxide of ketene di-

methylthioacetal.60

A. Rearrangement Routes

The three-membered rings in 2-ethythoxycyclopropyl ketones
38 are easily opened by treatment with dilute hydrochloric acid
to form 4-oxoalkanals 2 and their hydrated forms. 81 After

dehydration of the latter in the presence of p-toluenesulfonic
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TABLE 7. Synthesis of 1,4-Diketones from Thiazolium Salt
Catalyzed Addition of Aldehydes to «,f-Unsaturated
Ketones
a, f-Unsaturated Yield
Aldehyde Ketone Cat. Product (%) Ref.
CH3CH=CHCHO CHo=CHCOCHg4 6-0Octen-2,5-dione 28 53a)
Citral 7.11-Dimethyl-6,10-
dodecadien-2,5-dione 65
Citronellal 7,.11-Dimethyl-10-
dodecen-2,5-dione 80
RCHO 5-NB-COCH=CH, 5-NB-COCHoCH,COR 53b)
R = CH3(CH2)2 46
R = (CH3)3CH 63
5-NB-CHO 5-NB-COCH=CH, 5-NB-COCH,CH,CO-NB-5 61 53b)
RCHO 2-Methylene-1- R §3¢)
cyclopentanone (o]
O
R = C4H3S 60
0
RCHO 2-Methylene-1- 53c¢c)
indanone R
R = CoHg ©O 74
R = CHS(CH2)2 76
CH,=CHCOR RCOCH,CH,COR 534)
R = CHg 37
R = CHy0AcC 43
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TABLE 7 (Cont'd)

a,8-Unsaturated Yield
Aldehyde Ketone Cat. Product (%) Ref.
R10(CH,),CHO CH,=CHCOR? A RI0(CH,),COCH,CH,COR? 53d)
n R R2
3 CHy CHj 68
4  CHy CHj 67
5  CH3CO CHj 52
RCHO  CH,=CHCO(CH,),COCH;  RCO(CHy)2CO(CH,),COCHg 53e)
A n =3 R = CypHg 71
n=3 R-= CsHll 75
B n=3 R=CgHs 87
n=4 R-= C6H5 80
R1CHO R2ZCH=CHCOR3 R1CORZ(CH,) ,COR3 53f)
1
A R = C (CH ) ’
RZ - RI% cZuZ 70
1
C Ry = C4Hz0, .
R = C6H5. R = CH3 80
1
¢ R} = C4H30, .
RZ - cft° B3 - cuy 34
n-CgH, 3CHO CHy=CHCN D n-CgHy3COCH,CH,CN 61  53g)

CHy=CHCO,CoHg D n-CgHy3COCH,CHoCOpHs 59

Abbreviations: A: 3-Benzyl-5-(2-hydroxyethyl)-4-methyl-1,3-~
thiazolium chloride; B: 5-(2-Hydroxyethyl)-3,4-dimethyl-1,3-
thiazolium iodide; C: 3-Ethyl-5-(2-hydroxyethyl)-4-methyl-1,3-
thiazolium bromide; D: 3-(2-Ethoxyethyl)-5-(2-hydroxyethyl)-4-
methyl-1,3-thiazolium bromide; NB: Norbornen ring.

acid, 4-oxoalkanals 2 are 1isolated. 2-Ethyoxycyclopropyl
ketones 38 were prepared from starting acid chlorides and allyl
chloride proceeding via alkyl 2,3-dichloropropyl ketones, alkyl
3-chloropropenyl ketones, and alkyl 3-chloro-2-methoxypropyl
ketones. The reaction of 3,4-dicholoroketones with tri-
ethylamine, and then with methanol under acidic conditions

gives 3-chloro-2-methoxypropyl ketones in 60-65% yields. The

677



10: 28 27 January 2011

Downl oaded At:

MIYAKOSHI

4-oxoalkanals 2 prepared by this procedure are outlined in

Table 8.61
RYQ/OMe H R CHO
h
o) o
38 2

TABLE 8. 4-0Oxoalkanals 2 Prepared from Alkyl 3-Chloro-
2-Methoxypropyl Ketones 38

4-Oxoalkanal (RCOCH,CH,CHO) Yield (%)
R: CHg 60
CoHg 83
n-CgHy 64
n-C4Hg 68
n-CgHyq 65
n-CgHj 3 67

B. Oxidation

Many 4-oxoalkanals 2 can be made by cleavage of the
olefinic group of appropriate 4-olefinic ketones. The palla-
dium-catalyzed oxidation of the terminal olefins to methyl
Ketones is an important synthetic method for 1,4-dicarbonyl
compounds.50 A simple synthetic method was based on the ally-
lation of carbonyl compounds with allyl halide as a Cs
component, followed by the palladium-catalyzed oxidation of the
terminal olefins to carbonyl compounds. This 1is a good
annellation method for cyclopentenones.62 There are many
examples of the palladium-catalyzed oxidation of olefins to

62

ketones. 4-0Oxopentanals are synthesized from allyl alcohols
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by [3,31sigmatropic rearrangement of their vinyl ethers, and
subsequent oxidation of the terminal double bond.

Cinnamyl alcohol 39 was converted to the allyl vinyl ether
40, which was subjJected to Claisen rearrangement to give 3-
phenyl-4-pentenal 41 in 50% yield. Oxidation of the terminal
double bond of 41 using palladium(II) chloride/copper(I)

chloride gave 3-phenyl-4-oxopentanal in 76% yield.

CGHSMOH -_— c.Hs/V\OA
39 40
CHO PdCI, CHO
——
//[:;§> CuCl
C.H, C.Hs
0
41

Syntheses of methyl dihydro jasmonate and dihydrojasmone were
carried out starting from 2-octenol, which was easily prepared
by palladium-catalyzed dimerization of butadiene and selective
hydrogenation with tris[triphenylphosphinelruthenium(II)
chloride.®3 2-0Octenol was converted to 2-octenyl vinyl ether.
The [3,3]sigmatropic rearrangement of 2-octenyl vinyl ether,
afforded 3-vinyloctanal 42 in 79% yield. The terminal double
bond was converted to the methyl ketone 43 1n 90% yield.
Methyl jasmonate 44 was synthesized from this ketoaldehyde 43
via the aldol condensation and the double bond migration.
Similarly, the synthesis of dihydrojasmone was carried out.
Rearrangement of 2-octenyl allyl ether gave the aldehyde in 60%

yield. By the same oxidation procedure as above, dihydro-
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CHO
,/\\//\\/4§>/”\2r/§> —_ .
2

42

COOMe
_PdCl, CHO — =
CuCl
0
(o)
43 44
jasmone was synthesized. 2-(3-Methylbut-2-enyl)cyclopenten-3-

one 45 undergoes selectlive ozonolysis in dichloromethane using
Fat Red 7B as indicator to produce the 2-(formylmethyl)-
cyclopenten-3-one 48 in 61% yield. This compound has synthetic
utility in the prostanoid field, and 11-deoxyprostanoids of
intermediate was obtained from this compound 46 by treatment
with carboxybutylidene triphenylphosphorane, compound 46 has

been converted into cis-jasmone by treatment with propylidene

triphenylphosphorane.64
\] 1 1
R R R
s —— 2
o, HO . &\—/\R
(o] o 0
45 46 47
R! = H, cHg
R? = CHyCHg, (CHy)gCO,H
C. Approaches by Use of Furans

Electrolysis of alkylfurans 48 in methanol in the presence

of NH4Br led quantitatively to dihydrodimethoxyalkylfurans 49,
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D™ oM eny—y .
o Me0” o R 50
a8 a9 50

R=H, CH5, CgHq,4, SCH4, CO,C,Hg, CH,o0H, CH,OCH5, CH,0Ac

O powo .
50 — = L /] .
R
o o

which on hydrolysis gave cis enedione §g.65 These enediones
reacted in a Diels-Alder reaction with cyclopentadiene to
afford the endo-cis-norbornene adduct in quantitative yields.
Subsequent 1intermolecular aldol condensation with base gave a
mixture of exo- and endo-tricyclodecenones in overall yields
ranging from 59-90%. Chemical transformation of the remaining
enone system in tricyclo[5.2.1.02'6]decane followed by thermal
cycloreversion regenerates the double bond and produces a
functionalized cyclopentenone. The result of this sequence 1is
actually a selective transformation of one of the olefinic
bonds on cyclopentadienone. Cyclopentenoids such as penteno-
mycin and analogs can be prepared from funtionalized tricyclo-
65

decenone.

D. Routes Based on Michael Addition

4-0xoalkanals 2 are prepared from the reaction of nitro-
alkane 8 with acrolein catalyzed by a tertiary phosphine such
as tributylphosphine, followed by Nef reaction of the resulting
4-nitro aldehyde ethyleneacetals §;.66'68 In the reaction of
nitroalkanes with acrolein, 4-nitro ethylene acetals 51 were

obtained in 62-70% yields. These were subjected to an electro-
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chemical oxidative Nef reaction to give 4-oxocaldehydes 2. Some

results are shown in Table 9.

o
NO t]
R//\/ 2 . é\CHO ——— RWO

NO,
8 51

- R/\n/\/CHO

o
2
TABLE 9. 4-0Oxoalkanals 2 Prepared from 4-Nitro Ethylene
Acetals 51
4-Oxoalkanal (RCOCH,CH,CHO) Yield (%) Ref.
R: CHg 54 68
CoHg 75 68
n-CgHq 80 68
i—C3H7 84 68
n-C4Hg 82 68
i-C4Hg 85 68
i-CgHyq 89 68
n-CgHj 3 89 66
n-CgH;g 81 67
n-CqoHoy 85 67

The reaction of acrolein diethyl acetal with nitroalkane,
triethylchlorosilane, and triethylamine in acetonitrile/benzene
produced the isooxazolidine 52. The reduction of acetal with

titanous 1ions to the expected 2-hydroxy-4-oxoaldehyde was un-
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successful. Cleavage of the c%-0 bond occurred and 4-oxo-
alkanal was obtained. Catalytic hydrogenation over Raney-Ni in
methanol cleaved the N-O bond smoothly and 4-oxo-2-hydroxy-
acetals were formed quantitativly. 4-0xo-2-hydroxyacetals were
converted into 4-oxo esters, «,f-unsaturated 4-oxoaldehydes,

and acetals.69

EtO

o)
R
R
e Y e
N
'

OH
(Et0) ;HC" Ng

R = CH3. CgHyg. (CHy)7CO,CHg

E. Use of Grignard Reagents

The treatment of f-chloropropyldioxolane with sodium c¢ya-
nide gave the cyanodioxolane derivative 53. Reaction of 53
with alkylmagnesium bromide was followed by selective hydroly-
sis with 1N aqueous HC1l to afford oxodioxolanes 54. Hydrolysis

of 54 with 5% aqueous H,S0, gave 4-oxoalkanals g.7°

o N 0 H
E Y~ . RMgX —n R —= 2
o o

53 54

The reaction of 3-cyano-1,l1-dimethoxypropane with c¢is-3-hexe-

nylmagnesium bromide in THF gave 1,1-dimethoxy-cis-7-decen-4-
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one in 54% yield. Deacetalization of the keto acetal followed
by cyclization afforded 2-(cls-2-pentenyl)-2-cyclopenten-1-one.
Methyl jasmonate was obtained from 54 (R = n‘3‘£l§'CsH11)-71
The prostaglandin intermediate methyl 9,12-dioxydodecanoate 58
can be made by the reaction of 2-(1,3-dioxolan-2-yl)ethyl-
magnesium chloride with nonanoyl chloride 55, followed by

cleavage of the dioxolane ring of the ketone.72'73

[°>/\/ e one 7 g
o

F. Synthetic Applications

Recently, Yajima72 investigated the flavor components of
watermelon essential oil which were obtained by steam disti-
llation under reduced pressure. They used the glass capillary
GLC procedure, and 1isolated five new characteristic minor
components which were determined to be 4-oxononanal, 2-hydroxy-
S-pentyltetrahyrofuran and three alkyl derivatives from GC-MS
and IR data. Syntheses of five characteristic flavor compo-
nents of watermelon essential oll were carried out starting

from 53 with Grignard reaction.’?

N e B

o CHy O OR

R = H, n-CgH;g,

Z-CH3(CHg) 4CH=CH(CHg) o,

Z,Z-CoH5CH=CHCH,CH=CH(CHy) 7
It is known that Z-13-eicosen-10-one 60a and Z-12-

nonadecen-9-one 60b are the pheromones of the Japanese peach

fruit moth (Carposia niponensis Walshingham), and that a

mixture of the ratio of 20:1 has the strongest biological
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activity. These pheromones were synthesized via 4-oxodecanal

and 4-oxododecanal with Wittig reagents.67'74

\/v\/-_\/YR
o)
R = CgHj7, CqHy5

The Michael addition of acrolein to nitromethane catalyzed by
tributylphosphine in benzene followed by acetalization gave
1,1-ethylenedioxy-4-nitrobutane 57. The method was applied to
the synthesis of cis-Jasmone. The Michael reaction of nitro
acetal to 3-butene-2-one gave 1,l-ethylenedioxy-4-nitrooctane
58 in good yield. 4,7-Dioxyoctanal 59 was obtained from the
nitro ketone by oxidation with Ho09-KoCOg and subsequently
hydrolysis in 85% yleld. The Wittig reaction between the alde-
hyde and propylidene triphenylphosphorane in benzene gave cis-
8-undecene-2,5-dione in 60% yield. Cis-jasmone was formed from

the 1,4-diketone under basic conditions in 83% yield.23

NO,
* —
r/N\v//<b NS o | :]
0
NO,
57 58
o] (o]
HO
0] 0
59
III. PREPARATION OF 4-0X0 ESTERS, 4-0XOCARBOXYLIC ACIDS AND 4-

OXONITRILES

4-0xoalkanoic acids and related compounds represent an
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interesting class of organic compounds. They can be used to
prepare cyclic products such as lactones, y-lactam antibiotics,
isoquinolines and lactonic sex pheromones. They are also used
without further transformation. Several methods to prepare 4-
oxoalkanoic acids have been developed.

A. Ring Cleavage Routes

Cyclopropanation of silyl enol ethers 60 by the Simmons-
Smith reaction or modified versions 1is a very common

75a

reaction. Much of the development of this process is due to

Conia, who has revealed early work.75b

Recent improvements
include the use of zinc-silver couple or diethylzinc instead of
zinc-copper couple. Alcoholysis of the initially formed siloxy
cyclopropanes 861 gives cyclopropanols 62, but many other

interesting transformations have been noted.76

R' oTMS CH,l, E:X<L\ R
Rz%RJ Lotms R i\:‘ OH
60 61 62
Some of these ring opening reactions are shown below. Most
involve cleavage of one of the bonds of the cyclopropane ring
next to the oxygen substituent, with concomitant loss of the
silyl group. Silyloxycyclopropane esters 63 undergo ring
opening on reaction with bromine to provide the 2-bromo-4-oxo-
alkanoates 64. Subsequent treatment with triethylamine gives
the 4-oxo-2-alkenoates 65. In the case of RS - t-C4Hg the
alternative pathway via 4-oxoalkanonates 66 and 3-bromo-4-oxo-
alkanonates 67 Jleads to the 4-oxoalkenonates 65.77 Cyclo-

propanation of ethyl 3-trimethylsilyloxy-2-alkenoates 68 with
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R‘l
R’ CO,Me 2 Re_Br 2
1 Br. s
N w/“\)\cozm
R~ SoTMms & o

63 64 65
o ® o R
L
R CO,Me R g <gt COMe
Rz
66 87

diiodomethane 1in the presence of zinc-copper couple, followed
by treatment with an alkali solution, gave the corresponding 3-
methyl-4-oxoalkanoic acids 69 and 5-oxoalkanoic acids 70 (69a,
b and ¢; 39, 68 and 54% yields, respectively). None of them

was found to be 4-oxo-4-alkyl butanoic acid which could be

produced by ring cleavag‘e.'78
/<R + CH, 1_’Zn-Cu R COH , R
A NoTMs TOm \"/\/\cozH
(o] (o)
68 69 10

R = Rh (a), Me,CHCHy (b), PhCHoCHy (c)
Enol ethers 71 react with ethyl diazoacetate to give mixtures
of stereoisomeric 2-alkoxycyclopropanecarboxylic esters 72.
Saponification of these compounds affords the corrresponding
carboxylic acids, which are quantitatively transformed into the

4-oxoalkanoic acids by heating in methanol/water.79

OR Cu R—OR H0 R COH
A wencos 2 e

o}
CO,Et

R = 1—03H7, t-C4H9, C6H5. Veratryl

71
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Methyl 2-(trialkylsilyloxy)cyclopropanecarboxylates 73 can be
cleaved under various conditions to give 4-oxocalkanoic acid
derivatives. The especially mild fluoride ion-induced ring
opening reaction gives high yields of 4-oxoalkanoates 74. In

situ quenching of the intermediate ester-enolate carbanion by

electrophiles allows the preparation of 2-substituted 4-oxo-
alkanonates 75. Further, suitable reaction conditions afford

the free acid or the 4-oxoalkanoic acid dervatives 76 by one-

80
RS
e AN
et ———ii
. COMe
5 R R
R CO,Me ¥}
R‘>X<055Mezrz‘ E” 0
R: Rz > E Rs
R Mco Me
& R R‘5 ? 5
o R

OH~ -
Serrerr——.
R’MCO,H
%

pot reactions.

R R

=
-
]

2 _ - - -

CHg, t-C,Hg R® = H, CHg, i-CgH;, t-C4Hg, CH,=CH, Ph
RS = H, CH4 R* = H, CH5, OTMS

R® = H, CH3, n-C4Hg, CH,=CHCH,, Bzl

B. Alkylative Assemblage

Silyl enol ethers 77 react with a-chloro-a-phenylthioesters
78 in the presence of a Lewis acid regioselectively to give

a-phenylthio keto esters 79 in 69 - 90% yields. Reductive de-

R' 0 p?
AL S S T P
+ [ —
OTMS ci coMe R CO,Me Rv/:;>//<;to;we
77 8 79 80
Rl = ph, Et, EtO RZ = H, Me RS = H, Me, Et
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sulfurisation with Raney nickel leads to the saturated 4-oxo
esters, whereas oxidative elimination affords the unsaturated
4-oxoalkenoates in 73 - 93% yields.81

Keto diacid derivatives were prepared from the g-keto
esters 80 and a-bromoacids in the presence of sodium ethoxide.
Phosphorus pentoxide/phosphoric acid mixture in dichloromethane
solution proved to be the most effective and general reagent
for c¢yclization to give lactones 82. The ester function of

compounds 82 can not be hydrolysed either in an acidic medium

or a basic medium.82
0
2 2
\1/\ )\ EtONa O R H EtO / R
COzEt . _— !
CO.Et
* 81 82

Rl

CHS’ D'C3H7. D—Csﬂll. 1’031{7. C—CGHll, Ph
R%Z = H, CH3, CyHg, 1-CgHy, Ph

C. Use of Grignard Reagents

4-Chloro-3-alkenoic acids 83 may be obtained 1in a
regioselective ring-opening reaction from pB-(l-chlorovinyl)-g-
propiolactone with Grignard or organo-copper reagents. With
diphenyl-, divinyl-, and diallyl-cuprates, higher yields of

acids were obtained than with the corresponding Grignard

TiCl, cop
o — R/\n/\/
CO. °
2
Cl 1NaOH
2.CrO,
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reagents. 4-Chloro-3-alkenoic acids 83 can be transformed
either into 4-oxoalkanoic acids by treatment with titanium(IV)
chloride in aqueous methanol or into 4-oxo-(E)-2-alkenoic acids
by hydrolysis with sodium hydroxide followed by Jones oxi-

83

dation. Some results are shown in Table 10.

TABLE 10. Synthesis of 4-Oxoalkanoic Acids 3 via 4-Chloro-3-
Alkenoic Acids 83

Yield (%)

Grignard Reagent 4-Chloro-3-Alkenocic 4-0xoalkanoic
(RMgX) Acid Acid
R 83 3
Me 81 66
Bu 81 82
s-Bu 85 77
t-Bu 76 71
Ph 73 71
CHo=CH 51 0
CHo=CHCH, 25 5

D. Miscellaneous Preparations

Dilithiated carboxylic acids 84 react with nitroolefins 85
to give a variety of 4-oxoalkanoic acids 3, which were isolated
as the methyl esters in good to moderate yields (Table 11).84a
The use of a-(phenylthio) dervatives 84 allows the further ela-

boration of synthetically wuseful 4-oxo-2-alkenoates (Table

84b
12).84b
)R\ /I?g(tq ~ Bl LRSR
* —- 4
R CO,H R R’ R)%COZH
R
84 85 3
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TABLE 11. Oxoalkylation of Phenylacetic and Some Aliphatic Acid
with Nitro Olefines

Carboxylic Acid Nitro Olefin Base Product Yield (%)
Rl R? RS R4
Ph H H CH; n-BuLi \n/Ycone 88
O pn
CO,Me
Ph H H CH3CH2 n-BuLi 73

O pn
Ph
Ph H _(CH2)4_ n-BuLi T2
O,Me
o)

CO,Me
CHg(CH,)3 H H CH, LDA \n/\'/ Me g5
o n-Bu
CO,Me
CHz(CHy)g H H CHgCH, LDA/W 2 55
o n-Bu

»-Bu
CO,Me
0
CH.(CH.,) CH H CH, LDA COMe 46
3 273 3 3
\g/><w8u
o n-Bu
O,Me
-(CHZ)S— H CH3 LDA 0 37
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TABLE 12. Synthesis of 7v-Keto Esters from Conjugated Nitro
Olefines and Ester Enolates
Ester Nitro Olefin Product Yield (%)
CH,(CH,) 4CO,Me . 81
O  coMe
YNOZ /\"/\(“'Bu 56
o CO,Me
»n-Bu
@\ CO,Me 54
NO, (o)
O coMe
"\ N°2 ﬂ'oct
\( /YY 53
0 CO,Me
CeH5CHaCOoMe \\(,qo2 th 79
O  comMe
X _-NO, Ph
\( /\(Y 75
O coMe
Ph
NO, 0
CoHeSCH,CO5Me 65
65 2~Y2 YNOI WSPh
o Cone
66

!

O co,Me
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o CN 2 g “Buli o § »
. = —_—
R? o R R o
86

Michael reaction of amino nitrile 86 with a, 8 -unsaturated
carbonyl compounds and various enolates gave the corresponding
4-oxocarbonyl compounds.85

One new method for the preparation of 4-oxoalkanoic acids
consists of the conjugate addition of primary nitro compounds
to acrolein on alumina surface in the absence of a solvent and

oxidation of the 4-nitroalkanals thus obtained with hydrogen

peroxide (Table 13).86

ALO, R

CHO
Ra_-NO; + -CHO M.R\r(\/mﬁ
NO, 0o

TABLE 13. Synthesis of 4-0Oxoalkanoic Acids from
Nitroalkanes and Acrolein

RCH,NO, RCOCH,CH,CO,H
R Yield (%)
CHg 62
CoHg 70

n-C4Hg 78
n-CgHy 80
CHg4C (OCH,CH40)CH, 56
HC (OCH,CH,0) CH, 57
CH300C(CHy) 4 40

In the presence of a catalytic amount of trityl salts,

a,f8-unsaturated orthoesters react with various silyl enol ethers
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to afford the corresponding Michael adducts as 5-oxo ester in

good yields (Table 14).87

2
R

OR

/l\/l<0R
R'7 N OR

TABLE 14.

OSiMe,

R: ~
R‘

R5

TrX

e

O R RO

R’WOR

R

R

The Reaction of a,p-Unsaturated Orthoesters
with Silyl Enol Ethers

a,B-Unsaturated Orthoester

rl
Me
Me
Me
Me
Me
Me

Me

Ph
Me

R2

f=JN= ~ I« o H « < < H = cH < > B - ~ B = - S < &

=
)

R

Et
Et
Et
Et
Me
Me
Me
Et
Et
Et

Me

Silyl Enol Ether

R4
MeO
MeO
Ph
Ph
MeO
MeO
Ph
MeO
Ph
MeO

MeO

Rs
H
Me

Me

Me

RS
Ph
Me
H

Me
Ph
Me
H

Ph
Me
Me

Me

Yield (%

73
75
67
58
84
87
65
61
70
92
90

)

Y-Lactones 87 are converted into methyl 4-oxocalkanoates by

treatment

with fluoride ion on polymeric support and

subse-

quent hydrolysis, followed by methylation with methyl iodide,88

R

1

R?
I\V;Z?jx;o

(o

87

R1
1. Amberlyst
——————
2. Mel R
3
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affords the methyl 4-oxoalkanonates.

It 1is well-known that =-allylpalladium complexes are
easily formed by the reaction of palladium(II) chloride with
«, 8 -unsaturated esters. An attempted oxidation of a,8 -un-
saturated esters with the palladium(II) chloride/copper(I)
chloride/oxygen catalyst system in aqueous dioxan or tetra-
hydrofuran led to 4-oxoalkanocates, with high regioselec-
tivity.89 Some results are shown in Table 15.

TABLE 15. Pd(II1)/Cu(l)/05 Oxidation of a,8-Unsaturated Esters
and Ketones

Olefin Product Yield (%)

o 52
"
N Ncoome \\/J\V/A\COOMe

0

- n-CoHt AN
"c¢“h\/”§;/“\COOMe i COOMe 61

o]
SN \\V/ﬂ\\//\\ 45
CocH, COCH,

0 61

- NN
n CSH“\/\/\COCH3 ﬂ‘CSHﬂ\)l\/\

COCH,

A palladium-catalyzed isomerization of cyanohydrin ace-
tates proceeded with nearly quantitative yield to give 4-
acetoxy-2-alkenenitriles. Solvolysis of acetates gave the 4-
hydroxy-2-alkenenitriles which were oxidized with oxalyl

chloride/dimethyl sulfoxide under mild conditions to afford the

695



10: 28 27 January 2011

Downl oaded At:

MIYAKOSHI

4-oxoalkenenitriles in good yields.90

Ac

a, 8 -Unsaturated ketones react with cyanotrimethylsilane
in the presence of a Lewis acid to give almost quantitatively
the 1,4-adducts. Subsequent hydrolysis affords the 4-cyano

ketones in quantitative yieldgl.

% _ Et;Al 0
M + MeSICN ———
NC

Michael addition of 2-(N-Methylanilino)acrylonitrile with
lithio nitrile, followed by alkylation, affords the 4-oxo-

alkanenitriles (Table 16).92
3

R
~ _~NMePh Et;Al CNRZ 3 O RZ R
R .

CN NMePh CN

E. Synthetic Applications

Succinic semialdehyde is formed from 4-aminobutanoic acid
by transamination 1in the brain and in microorganisms and is
therefore of relevance in neurochemistry and in pharmacology.
Succinic semialdehyde is rather unstable, since it easily poly-
merizes to the corresponding trioxane and is in equilibrium
with the cyclic form of 5-hydroxy-4,5-dihydro-2(3H)-furanone.
The equilibrium can be completely shifted to the lactone form
in water at room temperature, although a hydrate structure
cannot be excluded. 4-Octene-1,8-dioic acid was ozonized 1in

ethyl acetate at -78°C.
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TABLE 16. 4-0xoalkyl Nitrile from 2-(N-Methyanilino)acrylo-
nitrile and Lithio Nitrile
Rlx Product
2 3 Bp Yield
R R (°C/torr) (%)
CH3J CHg H 100/1 40
CoHgJd CHg H 50/0.01 70
CgH5CH,Br CHg H 90/0.05 92
CHgJ n-C4Hg H 50/0.01 94
CHzJ CHg CHg 70/0.01 76
CoHgJ CHg CHg 60/0.01 75
CHgJ -(CHg) g~ 100/0.01 84
CoHgJ -(CHy) 5- 110/0.01 88
CgHgCHoBr -(CHy) - 118/0.01 70

Treatment of the ozonide with a solution of triphenylphos-

phine in ethyl acetate at -78°C, followed by

extraction with

water, afforded an aqueous solution of succinic semialdehyde in

70% yield.93

Methyl

afford methyl 4-oxobutyrate in 90% yield.

CHO
0,3
e teiite:
PhyP
COOH

4,4-dimethoxybutyrate was refluxed in water to

vy -Jasmolactone was

synthesized by a one-pot reaction of methyl 4-oxobutyrate with
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cis-3-hexenylmagnesium bromide in 69% yield.7la

CHO
( . \F-_\/\Mga, — ,(o_)\/:\/

COOMe

From the reaction of acetylenic Grignard reagents with

ethyl 4-oxobutanoate unsaturated 7Y-lactones were obtained via

71b

hydroxy carboxylates. Y-Jasmolactone was prepared by the

Michael reaction of 1l-nitro-cis-4-heptene with methyl acrylate,

followed by Nef reaction and reduction of 4-oxoalkenoate.94

\/=\/\/N02 * \/COOMQ *\/z\/WCOOMe
NO,
. \/_-=\/Y\/C00Me

(o
3-Methyl-4-octanolide, a Y-lactone known as a constituent
of alcoholic beverages called Quercus lactone or Whisky lactone
was synthesized by Michael addition of nitropenthane with

methyl crotonate, followed by Nef electrochemical oxidation.40

A I

(o)

Ethyl 3-methyl-4-oxooctanoate has been synthesized by reaction

of pentanal with ethyl crotonate. Reduction with NaBH4 and

cyclization yields racemic cis/trans-Quercus lactone.95

Optically pure stereo isomers of Quercus lactone have then been

synthesized and separated by liquid chromatography.95a
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