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An Improved Two-step Route for the Preparation of B-Diketones from
Aldehydes and its Application to the Synthesis of B-Damascone

By Roberto Pellicciari,” Renata Fringuelli, and Ettore Sisani, Istituto di Chimica Farmaceutica e Tossicol-

ogica, Universita degli Studi, Perugia, Italy

Massimo Curini, Istituto di Chimica Organica (Facoltad di Farmacia), Universitd degli Studi, Perugia, ltaly,

«-Diazo-B3-hydroxyketones, obtained by condensation of aldehydes with 1-diazo-1-lithioacetone, are efficiently
transformed into the corresponding {8-diketones by exposure to rhodium(i) acetate. The sequence is applied to a

new synthesis of 3-damascone (10).

SEVERE experimental limitations have until recently
limited the use of the long-known, synthetically appeal-
ing reactions of diazoacylmethanes with aldehydes.!
Indeed, while the diazomethyl carbon atom of diazo-
methyl ketones is not nucleophilic enough to attack
carbonyl groups at moderate temperatures, the thermo-
lysis of these compounds in the presence of aldehydes
leads to the formation of a variety of products, with
serious difficulties being encountered in attempts to
direct the reaction towards the formation of particular
products.?

The report of Schollkopf? in 1970, of the successful
preparation of ethyl diazo(lithio)acetate and the sub-
sequent report of its non-destructive aldol-type con-
densation with ketones ¢ and aldehydes to give the cor-
responding «-diazo-g-hydroxy-esters, has given new
importance to these reactions as synthetic tools. Thus,
a two-step procedure for the useful conversion of alde-
hydes into B-diketones, consisting in the condensation of
an aldehyde (1) with 1-diazo-1-lithioacetone (2) followed
by the acid-induced transformation of the a-diazo-g-
hydroxy-keto-derivative (3) thus formed into the cor-
responding 8-diketone (4) (Scheme 1), has recently been
described 5o
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The acid treatment required for the transformation
(3) — (4), however, is again a serious limitation to the
generality of the method. It has been reported, indeed,
that in this medium compounds (3) partially undergo a
retro-aldol reaction leading to the presence of variable
amounts of the starting aldehyde (1) and diazoketone (2)
in the reaction mixture. The method is unsuitable,

moreover, for the preparation ot 8-diketones from o-
diazo-B-hydroxy-keto-derivatives (3) which have acid-
sensitive groups or a double bond vicinal to the hydroxy-
group; in the latter case in particular, the acid treatment
gives rise to highly complex reaction mixtures.

We now report that the transformation (3) —»= (4)
occurs rapidly upon addition of a catalytic amount of
rhodium(11) acetate % to a solution of (3) in 1,2-dimeth-
oxyethane; by this technique the aforementioned acid-
induced side reactions are suppressed and higher yields of
cleaner products are obtained.

The results of the reactions of a number of represent-
ative aldehydes (1) with 1-diazo-1-lithioacetone (2)
followed by the rhodium dicarbonyl-dimer-catalysed
conversion of the resulting o-diazo-g-hydroxy-keto-
derivatives (3) into the corresponding B-diketones (4)
are shown in the Table.

Step 1 Step 2
Starting Yield  Time/ Yield Final
aldehyde Product (%) ¢ min (%) ® product
(1a) (3a) 60 ¢ 5 81 (85) (4a)
(1b) (3b) 61 ¢ 2 77 (80) (4b)
(1c) (3c) 50 ¢ 10 68 (86) (4¢)
(1d) (3d) ¢ 92 60 79 (82) (4d)
(1e) (3e) ¢ 68 10 (90) (4e)

2 The yields quoted refer to isolated samples of at least 989%,
purity. ® Numbers in parentheses refer to yields obtained by
g.l.c. standard method. ¢ Isolated yields are not optimized.
@ Prepared according to ref. 5b. ¢ Prepared according to
ref. 5a. f Analytical data in agreement with an authentic
sample.

The first entry in the Table provides an example of the
efficiency of the method for the preparation of aliphatic
p-diketones such as (4a), which had previously been
prepared in very low yield by Claisen condensation 8?
followed by copper(11) salt purification and preparative
g.l.c8 Earlier methods for the preparation of the y-
phenyl-g-diketone (4b) were based on Claisen condens-
ations ? or on the benzyne method; 1 an improvement
of the latter, the phenylation of pentane-2,4-dione with
diphenyliodonium chloride has been reported by
Hampton ef al.1:}  The only method for the preparation

+ Rh,(OAc), has been successfully employed for the conversion
of w-diazo-B-hydroxy-esters into the corresponding B-keto-esters
(see ref. 7).

4 There are a number of older, less advantageous methods for
the preparation of (4b); see ref. 12.
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of the y-diphenyl-p-diketone (4¢), which involves the
unravelling of a cyclobutanonic precursor has been
reported by Huisgen et al.,!3 while cinnamoylacetone (4d)
can be obtained in low yield from ethyl cinnamate,
acetone, and sodamide.!* Benzoylacetone (4e), finally,
can be prepared by a variety of methods such as con-
densation of ethyl acetate with acetophenone or of ethyl
benzoate with acetone, or by treatment of benzene with
keten dimer and hydrogen chloride in the presence of
aluminium chloride.!®* Qur procedure compares
favourably with the methods quoted above in such
aspects as number of steps, purity of the final products,
and overall yield.

B-Diketones can be usefully employed in the synthesis
of natural products. Scheme 2 outlines the application
of the reaction sequence (1) — (3) to a short synthesis
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SCHEME 2

of p-damascone (10), an important norisoprenoid con-
stituent of the Burley,® Greek,'” Virginia,® and
Oriental 1 brands of tobacco as well as tea 2 and rose
oils.2

g-Damascone (10) has been synthesized by a number of
methods,?2 the interest in this compound, as well as in the
other members of the small damascone family, being
motivated by their high value for the flavour and fra-
grancy industry.2® Aldol-type condensation of 1-diazo-
1-lithioacetone with B-cyclocitral (5) 2 afforded the cor-
responding «-diazo-p-hydroxy-keto-derivative (6) in
839, yield. Exposure of (6) to a catalytic amount of

* (4e) is an important synthetic intermediate and several
patented processes for its preparation are reported. See, e.g.
I. Yoshinori, Jap. P. 7,015,723 (Chem. Abstr., 1970, 73,
45136w).
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rhodium(1r) acetate in warm 1,2-dimethoxyethane for 3
h led to the formation of the corresponding p-diketone
(7) (869%), which is a crucial intermediate en route to 8-
damascone (10) and as such has already been employed
by Schulte-Elte ef al.?3/  We have developed an alternate
method for the preparation of (10) from (7). Treat-
ment of (7) with oxalyl chloride in chloroform led to a
reaction mixture consisting of the p-chloroenone isomers
(8) and (9) in the ratio ca. 4 : 1. The required isomer (8)
was easily separated by column chromatography and,
finally, dehalogenated with silver—zinc couple % to give
B-damascone (10) having analytical and spectroscopic
properties identical with those reported for the natural
product.1ée

EXPERIMENTAL

All reactions involving organometallic reagents were per-
formed in dry apparatus under nitrogen. Ether, 1,2-
dimethoxyethane (DME), and tetrahydrofuran (THF) were
distilled from LiAlH, immediately prior to use. Di-
isopropylamine was distilled from calcium hydride and
stored over 4 A molecular sieves. M.p.s were determined
on a Kofler micro-hotstage. I.r. spectra were determined
with a Beckman Acculab 5 spectrophotometer. 'H N.m.r.
spectra were recorded with a JEOL INM-C-60 HL and
Varian EM-360 spectrometers. G.l.c. was performed with
a Hewlett—Packard 5830 A gas chromatograph. All alde-
hydes were obtained commercially and were distilled from
nitrogen prior to use. Diazoacetone was prepared by the
reaction of acetyl chloride with an excess of diazomethane.
Column chromatography was performed with Merck silica
gel (0.063—0.200 mm), Florisil (Merck, 60—100 mesh),
and aluminium oxide (Merck, neutral, activity 1V).

3-Diazo-4-hydroxy-ketones (3).—A cold (—10 °C) solution
of lithium di-isopropylamide [from addition of n-butyl-
lithium in hexane (2 ml of a 2m solution) to a solution of
di-isopropylamine (4.5 ml) in tetrahydrofuran (10 ml)] was
added over 40 min to a stirred solution of butyraldehyde (1a)
(0.25 g, 3.47 mmol) and diazoacetone (0.3 g, 3.57 mmol) at
—78 °C. After being stirred at —78 °C for 30 min acetic
acid (0.3 g) in diethyl ether (3 ml) was added during 5 min
and the mixture was allowed to warm to room temperature.
Water (100 ml) was then added, and the organic layer was
separated, washed with saturated aqueous sodium hydrogen-
carbonate and brine, dried, and evaporated under vacuum
to give a yellow oil (0.6 g). Chromatography on Florisil
and elution with 7:3 (v/v) light petroleum-ether gave 3-
diazo-4-hydvoxyheptan-2-one (3a) as a yellow oil (0.32 g,
60%); v,.. 3610 (OH), 2090 (C-N,), and 1 640 (C=O)
cmt; §(CCl,) 2.2 (3 H, s, CH;CO), 4.65 (1 H, m, CHOH),
and 5.40br (1 H, s, OH) (Found: C, 53.7; H, 7.7; N, 18.0.
C,H,,N,0, requires C, 53.8; H, 7.7; N, 17.99%,).

Treatment of phenylacetaldehyde (1b) (0.29 g) by the
above procedure, followed by chromatography of the crude
product on Florisil with light petroleum-ether as eluant,
gave 0.3 g (609%,) of 3-diazo-4-hydroxy-5-phenylpentan-2-one
(3b), vy 2 100 (C=N,) em™; §(CCl) 1.98 (3 H, s, CH,CO),
3.45 (2 H, benzylic H), 6.8 (1 H, t, CHOH), and 7.0—7.3
(5H, m, ArH) (Found: C, 64.7; H,6.0; N,13.8. C,,;H;;,N,0O,
requires C, 64.7; H, 5.9; N, 13.7%).

Treatment of diphenylacetaldehyde (lc) (0.2 g) as for
(1a) above, followed by chromatography of the crude pro-
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duct on Florisil with 7:3 (v/v) light petroleum-ethyl
acetate as eluant yielded 3-diazo-4-hydrvoxy-5,5-diphenyl-
pentan-2-one (3c) (0.34 g, 50%), v,.. 2095 (C=N,) cm™;
3(CCly) 1.9 (3 H, s, CH;CO), 3.2br (1 H, s, OH), 4.05 (1 H, 4,
CHPh,), 5.22 (1 H, d, CHOH), and 7.2—7.4 (10 H, m,
ArH) (Found: C, 72.8; H, 5.8; N, 10.0. C,;H,N,O,
requires C, 72.8; H, 5.8; N, 10.0%,).

B-Diketones (4).—To a stirred solution of 3-diazo-4-
hydroxyheptan-2-one (3a) (0.18 g) in DME (4 ml) was added
rhodium(11) acetate (ca. 1 mg) and the mixture was stirred
at room temperature for 5 min. The mixture was then
filtered through a Celite pad, the filtrate was evaporated
under vacuum, and the residue was chromatographed on
Tlorisil. Elution with 4:1 (v/v) light petroleum-ether
gave heptane-2,4-dione (4a) (0.12 g, 819,) as an oil (Found:
C, 65.8; H, 93. C;H,;0, requires C, 65.6; H, 9.4%);
Yy 1 606 and 1700 cm™; $(CCly) 0.93 (3 H, t, CH,CH,),
1.5 (2 H, m, CH,CH,), 1.95 (3 H, s, CH,;CO), 2.15 (2 H, t,
CH;CH,CH,), 5.18 (1 H, s, CH=C), and 15.6br (1 H, s,
cnolic OH).

Treatment of 3-diazo-4-hydroxy-5-phenylpentan-2-one
(3b) (0.3 g) by above procedure for 2 min gave a residue
which was purified by chromatography on Florisil with 1: 1
(v/v) light petroleum-ether to give l-phenylpentane-2,4-
dione (4b) (0.2 g, 80%,), m.p. 50—53 °C, b.p. 150—155 °C at
6 mmHg) (lit.,"! 133—136 °C at 10 mmHg); v . (CHCly)
1605 and 1705 cm™; §(CCl,) 1.15 (3 H, s, CH;CO), 3.45
(2 H, s, CHy). 5.2 (1 H, s, CH=C), and 7.1—7.4 (6 H, m,
ArH).

3-Diazo-4-hydroxy-5,5-diphenylpentan-2-one (3c), treated
as above for 10 min, gave a residue (0.15 g) which was
chromatographed on silica gel with chloroform as eluant
to give 1,1-diphenvipentane-2,4-dione (4c) (68%), m.p.
45—47 °C (from pentane) (Found: C, 80.8; H, 6.5. Cy,-
H,,0, requires C, 80.8; H, 6.5%); v, (CCl) 1598 cm™*;
3(CCl,) 1.92 (3 H, s, CH3CO), 4.77 (1 H, s, CHPh,), 5.3
(1 H, s, CH=C), and 7.1—7.3 (10 H, m, ArH).

Treatment of 3-diazo-4-hydroxy-6-phenylhex-5-en-2-one
(3d) 5¢ for 1 h as above and chromatography of the residue
(0.32 g) on silica gel with hexane as eluant yielded 6-
phenylhex-5-ene-2,4-dione (4d) (0.22 g, 789,), m.p. 82—
84 °C (lit.,"* 83—84 °C], v, . (CCly) 1 640 (C=0) and 1 590
(C=C) em™; §(CCly) 2.07 (CH,CO), 5.47 (1 H, s, C=CH-CO),
6.28 (1 H, d, J 16.5 Hz, 5-H), 7.29 (5 H, m, ArH), and 7.46
(1 H, d, J 16.5 Hz, 6-H).

Treatment of 3-diazo-4-hydroxy-4-phenylbutan-2-one
(3e) %« for 10 min as above, filtration of the reaction mixture
over Celite, and evaporation of the filtrate under vacuum
gave a residue consisting 909, (g.l.c.) of benzoylacetone
(4e) identical (n.m.r. and i.r. spectra, mixed m.p.) with an
authentic sample.

3-Diazo-4-hydroxv-4-(2,6,6-trimethylcyclohex-1-enyl)butan-
2-one (6).—A cold (— 10 °C) solution of lithium di-isopropyl-
amide [from addition of n-butyl-lithium in hexane (11.2 ml
of a 2M solution) to a solution of di-isopropylamine in
tetrahydrofuran (2 ml)] was added over 45 min to a stirred
solution of B-cyclocitral (5) (3.1 g) and diazoacetone (1.7 g)
at —78 °C. After the mixture had been stirred at —78 °C
for 30 min a solution of acetic acid (3 ml) in ether (15 ml)
was added during 5 min and the reaction mixture was
allowed to warm to room temperature. Water (200 ml)
was then added and the organic layer was separated, washed
with saturated aqueous sodium hydrogencarbonate and
brine, dried, and evaporated under vacuum to give a yellow
oil (4.6 g). Chromatography on Florisil with 9:1 (v/v)
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hexane—ether as eluant gave the pure a-diazo-8-hydroxy-
ketone (6) as a yellow oil (4 g, 83%); v, 3400 (OH),
2 090 (C=N,), and 1 630 cm™ (C=0); 3 1.09 (6 H, d, CMe,),
1.82 (3 H, s, 2’-Me), 3.75br (1 Hd, J 3.75 Hz, OH), and 5.45
(1 H, d, J 3.75 Hz, OCH) (Found: C, 66.15; H, 8.55; N,
11.85. C,3H,,0,N, requires C, 66.07; H, 8.50; N, 11.799%,).

3-Hydroxy-1-(2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-one
(9-Hydroxy-B-damascone) (7).—A solution of the a-diazo-
B-hydroxyketone (6) and (2.1 g) rhodium(i1) acetate !5
(80 mg) in DME (35 ml) was stirred at 45 °C for 3 h and
the solvent was then evaporated off. G.l.c. of the residue
(1.75 g) revealed the presence of only one product (93%
vield). The residue was chromatographed on Florisil with
97:3 (v/v) light petroleum-ether as eluant to give the
ketone (7) (1.68 g, 869%) as an oil, b.p. 93—96 °C at 107!
Torr [lit.,** 65—68 °C at 1072 Torr]; v, 3 350 (OH) and
1600 cm™ (C=0); 8§ 1.07 (6 H, s, CMe,), 1.65 (3 H, s,
2-Me), 1.4—1.9 (6 H, m, 3 x CH,), 2.02 (3 H, s, Me),
5.38 (1 H, s, olefinic H), and 16 (1 H, s, enolic OH).

(Z)- and (E)-3-Chioro-1-(2,6,6-trimethylcyclohex-1-enyl)-
but-2-en-1-ones (8) and (9).—To a solution of the ketone (7)
(L.1 g) in chloroform (7 ml) was added slowly oxalyl chloride
(1.33 g). The mixture was stirred under nitrogen at room
temperature for 10 min and then refluxed for 3 h. The
solution was then evaporated to give an oily residue (1.5 g).
Chromatography on Florisil with light petroleum as eluant
yielded the pure (Z)-8-chioroenone (8) (0.89 g, 67%,) (Found:
C, 68.7; H, 8.5. C,;3H,,ClIO requires C, 69.0; H, 8.49%);
Voax, 1 670 (C=0) and 1595 cm™ (C=C); & 1.01 (6 H, s,
CMe,) 1.2—2.0 (6 H, m, methylenes), 1.6 (3 H, s, 2-Me),
2.58 (3 H, s, 1-Me), and 6.4br (1 H, s, olefinic H). I‘urther
elution with light petroleum-ether (97:3 v/v) gave the
(E)-B-clloroenone (9) (0.2 g, 16.6%,) (Found: C, 68.7; H,
8.6); v, 1670 (C=0) and 1 595 cm™ (C=C); 3§ 1.01 {6 H,
s, CMe,), 1.2—2.0 (6 H, m, 3 x CH,), 1.6 (3 H, s, 2-Me),
2.28 (3 H, s, Me), and 6.23br (1 H, s, olefinic H).

4-(2,6,6-Trimethylocyclohex-1-enyl)but-2-en-1-one  (trans-f-
Damascone) (10).—Aqueous HCI (109%,) (8 ml) was added to
zinc dust (1 g) (previously treated with H,SO,-HNO; (3: 1
v/v), then washed with water and acetone) and the resulting
suspension was mechanically stirred. After 1 h, the super-
natant liquid was decanted and the zinc washed several
times with acetone and then ether. A suspension of silver
acetate (40 mg) in boiling acetic acid (60 ml) was then added
and after the mixture had been stirred for 2 min, the super-
natant was decanted and the zinc-silver couple washed
with acetic acid (3 ml), ether (3 x 3 ml), and mcthanol
(5 ml). A solution of the B-chloroenone (8) (0.6 g) in
methanol (5 ml) was added to the zinc-silver couple and the
resulting suspension was vigorously stirred at room temper-
ature for 21 h. The mixture was then filtered, the residue
was washed with methanol, and the filtrate was evaporated
under vacuum to give an oily residue (0.5 g). Chromato-
graphy on silica gel with light petroleum as eluant gave
pure trans-B-damascone (10) (0.31 g, 60%), v,,, (EtOH)
225 nm; v, 980 (CH=CH-trans) and 1 615, 1650, and
1 680 (C=C—C=0) (no trace of the CH=CH-¢is band at 750—
780 cm™1); §(CDCl,) 1.0 (6 H, s), 1.50 (3 H, s), 1.91 (3 H,
dd, J 6.5 and 1 Hz), 6.0 (1 H, dq, J = 16 and 1 Hz), and 6.6
(1 H, dq, J 16 and 6.5 Hz); m/e 192 (M*). The above
spectroscopic data and analytical properties are identical
with those of natural trans-B-damascone.1e
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