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Abstract - a-Damascone (1), a rose fragrance chemical, was synthesized by an
allyimagnesium chioride addition to ketene 7 as key step. When the same
ketene 7 was reduced by two different aluminium hydride reagents, a-cyclo-
citral was obtained. The presumed intermediates, enolates II and III, were
first trapped as silyl enol ethers and then hydrolyzed with D20 to give the
expected a-monodeuterated carbonyl compounds. Mixed aluminium hydride reduc-

tion of ketenes is recommended as a facile entry into the chemistry of
aldehyde enolates.

a-Damascone (1), a carotenoid metabolite, is one of the most important representative of the so-
called rose ketones,]‘z’a’4 and was found in tea 011.3 a-Damascone (1) exhibits a strong odour of
roses with a pronounced green, fruity undertone reminiscent of green apples, and has become a much
appreciated and widely utilized fragrance chemica].4 In view of its commercial importance, several
syntheses have been reported, all of which, however, possess certain drawbacks.
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One of the synthetic strategies consists in assembling a C]0 unit with a C3 chain as exem-
plified by the first synthesis of a-damascone (1) by Demole et al.:] 1-propenyImagnesium bromide was

allowed to react with a-cyclocitral (g),b and this was followed by chromium trioxide oxidation of
the allylic alcohol intermediate (scheme 1).

* Dedicated to Professor R.A. Raphael on the occasion of his 65th birthday.
% Throughout the publication, the carotenoid numbering shown is used.

b a-Cyclocitralsa is obtained in moderate yields by either acid-catalyzed cyclization of citral-
anil1db,c.d, citral-pyrrolidine enamine,5¢ or ozonolysis of a-ionone.>T For a detailed discussion
of the cyclocitral problem, cof. 59
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Since a-cyclocitral (2) is not commercially available and the chromium trioxide oxidation
possesses serious technico-economical drawbacks, direct Grignard reaction between methyl a-cyclo-
geraniate (4) and allylmagnesium chloride was reported in the patent 1iterature.b A major disadvan-
tage of this approach resides in a double addition of the allylic Grignard reagent leading, via 3,

to the carbinol §6’7 (scheme 2).
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Originally puzzled by the formation of the undesired waste product 5, Snowden and Schulte-E’lte7
developed a general method to cleave by base a homnallylic alcohol into a ketone and an alkene
allowing 5 to be transformed into the a-damascone precursor 3; the value of this fragmentation has
been further shown in a total synthesis of (¥)-trichodiene ]n, also cf.a’g

A more elegant approach to a-damascone (1) by Fehr et al.]] starts with methyl a-cyclogeraniate
(4) and uses a Grignard addition of allylmagnesium halide in the presence of a strong base, such as
lithium diisopropylamide. The primary addition product, ketone 3, is rapidly deprotonated to give
enolate I which protects the molecule from a second attack by allylmagnesium chloride.]] Hydrolysis
of enolate 1 followed by acid-catalyzed isomerization gives a-damascone (1) (scheme 2).

We now present a simple alternative access to a-damascone (1) and a-cyclocitral (2) using
cheap reagents and starting materials in conjunction with straightforward classical chemistry
(scheme 3). The key step consists in a Grianard addition to the stable ketene 112 which is readily
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accessible in four steps from commercial citral.® When ketene 7 was allowed to react with a solution
of allylmagnesium chloride in THF at room temperature (3 h) and the resulting mixture was hydrolyzed
with aqueous ammonium chloride, mostly monoaddition products were obtained, consisting (by GC) of
3,57 1,7 and 857 (80:11:9 ratio, 70% vield of 3 and 1). Acid-catalyzed isomerization®*’ of this
mixture using a trace of p-toluenesulphonic acid gave pure a-damascone (1) (35% yield based on 7).

Analogously, 1ithium aluminium hydride reduction of ketene 7 followed by hydrolysis furnished
a-cyclocitral (2) (35% yield) (scheme 4). Use of sodium bis(2-methoxyethoxy)aluminium hydride in
toluened increased the yield of a-cvclocitral to 53%. Catalytic hydrogenation of 7 (5% Pd/C, cyclo-
hexane, atmospheric pressure) was not successful, the starting material being recovered.

A mechanistic rationale of the two ketene reactions was suggested by literature and corrobo-
rated by experiment, Grignard]7 and organolithium reagentsw’]g‘zo are known to add in a 1,2-fashion
to ketenes producing magnesium and 1ithium enolates prior to hydrolysis. In the damascone case, the
expected magnesium enolate II was trapped as the silyl enol ether g,"’ both geometrical isomers 9a
and 9b (9:1 ratio)f'g being formed. Enolate II is automatically nrotected from an undesired, second
attack by allylmagnesium chloride, and is hydrolysed - as are similar dienolates - with formal
protonation at the a-position®> leading to the deconjugated ketone 3. As additional proof nydrolysis

 Citral is oxidized (by NaC10713 or Ag2014) to gz/s)-geranic acid13,14,15 which, upon acid-catalyzed
cyclization, leads tp a-cyclogeranic acid.14,15 chlorination {oxalyl chloridel?) gives a-cyclo-
geranyl CIHoride (6) 2,16 which, upon heating with triethylamine at 160°. produces the stable
ketene 7.

d Trade name VITRIDER, Hexel Corporation, San Francisco, USA.
€ For the silylation of enolates, see e.g.19.21,22

£ The NMR attribution of the geometric fsomers is in accord with the deshielding effect of the silyl
ether oxygen upon either the gem dimethyl groups (in 9a) or the methyl group at carbon-5 {in 9b).
Shielding of the C-5 methyl group by the C-8 methylene and of the C-8 methylene by the C-5 methyl
group in 9a as opposed to 9b was also observed. The observation of a nuclear Overhauser effect
(nOe) in 9a, namely signal enhancement of the C-5 methyl group upon irradiation at the C-8 methy-
lene, confTrmed the present stereochemical assignment.

9 We should emphasize, however, that the (2/E)-ratio of the silyl enol ethers is not necessarily an
accurate wmeasure for the (Z/E)-ratio of the initial enolates since this ratio may be influenced
by the silylation selectivity and/or (destructive) work-up.
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of IT with 020 exclusively furnished the monodeuteroketone 3-6-d (for deuteration of organic
compounds, cf. 2“).

In the cyclocitral case, a similar mechanism, via aldehyde aluminium enolate II1 could be
demonstrated. Silylation of III led to the enol silyl ethers 10a and 1ob (2:1 ratio).g'h Again
deuterolysis of IIl occurred at the a-position producing monodeuterc-aldehyde 2-6-d.

Nucleophilic attack to ketene 7 is obviously controlled by the adjacent geminal substituents,
and shows a pronounced anti preference (i.e. opposite to the gem methyl groups) in both cases, the
complex hydride reduction and the allyl Grignard addition.i

It should be emphasized that aldehyde enolates are potentially useful intermediates in the
directed aldol condensation. Our hydride reduction of ketenes‘i is an elegant entry into this class
of compounds which is not easily accessible by other means. A subsequent publication will report

further work concerning aldehyde enolate chemistry.

EXPERIMENTAL

Bulb-to-bulb distillation was done on a BUchi apparatus with external temperature reading. Gas
chromatography SGC) was done on a Hewlett-Packard 5890 instrument using a Methyl Silicone 530mu x
5m column (KHP n® 190 955) unless otherwise stated. IR spectra were measured in CHC13 on a Perkin-
Elmer 125 spectrometer, and UV spectra in C2H50H on a Kontron Uvikon-880 instrument. NMR spectra
were measured in COC13 on a Bruker WH-360 instrument (operating at 360 MHz for 'H-NMR spectra, using
the Bruker Software Library DISN 85; chemical shifts are in ppm downfield from tetramethylsilane,
and coupling constants J are in Hz). Mass spectra (MS) were obtained using a Finnegan 1020 quadru-
pole spectrometer coupled to a ?as chromatograph containing a 30m glass capillary column packed with
SE 54 stationary phase. Generally the most prominent values of m/z are quoted, with the relative
abundance in brackets.

Ketene 7.- It was prepared as described earlier!2 in 71% yield from a-cyclogeranic acid chloride
6.TZ,T6 It could be stored without obvious decomposition at -10° in the refrigerator for several
weeks. The spectral data ?f‘ 7 were identical with those reported. Amax 233nm (e 9460); vmax 2080,
1705, 1640, 1380, 1360.- 'H-NMR: 1,13 (s, 6H); 1.42 (t, o 7, 2H); 1.74 (d, 7 2, 3H); 2.1 (m, 2H);

h Configurational assignment by NMR in analogy to 9a/9b.

* For a ?enera'l discussion of the stereoselectivity of nucleophilic attack of unsymmetrical ketenes,
cf.18,19,20 and references quoted therein.

J A new general access to ketenes has recently been reported by Seebach ¢t al.18 from 2,6-di-tert-
butyl-4-methylphenyl esters via their 1ithium enolates.
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5,14 {broad t, J °5, 1H}.- MS: 150 (Mt, 64}, 135 (100}, 122 {9), 107 (94), 91 (90), 79 (83), 65 (19},
53 (15), 39 {21).

igo-a-Damascone (3) from ketene 7 and allyimagnesium chloride.- AT.Tyl chloride (1.53 g, 20 mol).in
anhydrous IHF (20 m1) was added to a stirred suspension of magnesium turnings (0.48 9, 20 mmol) in
anhydrous THF (5 m1) at 20-30°, The mixture was stirred at 20-30° for 1 h (acidimetric titration of
the whole base: 12 mmol), Ketene 7 (1.5 g, 10 rmol) in anhydrous THF (10 m1) was added dropwise to
the Grignard solution at 20-25°, The reaction was slightly exothermic and the yellow colour of the
ketene solution disappeared immediately. The mixture was stirred at room temperature for 3 h,
concentrated in the vacuum on a Rotovapor {bath temperature 40-50°), hydrolyzed with ice-water and
aqueocus ammonium chloride, extracted with ether, washed {IN HC1, NaHCO3, H20), dried (!:!9504) and
concentrated. The crude material (; } was bulb-to-bulb distilled (85-95°/0.01 Torr) giving 1.61 g
of a mixture of 3,647 1,1 ang 5&» ?e@:n:e). Yield of 3 and 1 ~70% . The compounds obtained were
identical in all Fespects with authentic material.

Acid-catalyzed {somerization of iso-a-damascone (3) into a-damascone (1).- fso-a-Damascone {mixture
from the previous reaction, 0.96 g, ~6 mmol) and p-toluenesulphonic acid {30 mg) were stirred at

20° for 28 h, The reaction mixture was taken up in ether, washed (NaH(CO3, H20}, dried (MgS{)A); and
concentrated. The crude material (0.9 g) was bulb-to-bulb distilled (70-80°/0.01 Torr) giving 0.71 g
of a mixture containing a-damascone (1) and diallyl carbinol 5 (82:18). The compounds cbtained were
identical with authentic material.

a~Cyclacitral (2) by lithium aluminium hydride reduction of ketene 7.- A solution of ketene 1'(1.5 [:
Y0 mmoTY in anhydrous ether (10 m1) was added at 20-30° to & siurry of lithium aluminium hydride
(6.19 g, 5 mmol) in anhydrous ether {10 m1). The mixture was stirred at 25° for 2 h, then water

{5 m1) followed by 10% hydrochloric acid (20 m1) was added, and the mixture was extracted with
ether, washed (NaHCO3, H20), dried (MgS04), and concentrated. The crude material {1.4 g) was bulb-
to-bulb distilled (50-100°/0.01 Torr) giving 0.73 g of volatile material, containing 73% of a-cyclo-
citral {2)5 (35% yield based on 7). The compound obtained was identical in all respects with an
authentic sample prepared accordTng to ref.5¢ TH-NMR: 0.91 (a, 3H); 0.99 (s, 3H); 1.3}—].3g {m, H);
1.59 { broad e, 3H); 2.36 (d, / 5, 1H); 5.73 (broad s, 1H}; 9.47 {d, 7 5, TH}.- MS: 152 (M., 5},

137 {4), 134 {3), 123 {59), 107 (20), 94 (43}, 81 (100), 67 (34), 556 (21}, 41 (30).

a-Cyclocitral {2) by sodium bisgZ-methoxxethoxi(}a]minim hydride reduction of ketene 7.- A 70%
solution of (CH30CHCHZ0),ATHoNa In toluene ml, ~3.5 mmol} was added to a soiution of ketene 7
(0.75 g, 5 mmol) in cyclohexane {5 ml) at 10-20° (exothermic reaction, external cooling}. The
originally yellow ketene solution became colourless after the addition. The mixture was stirred at
20° for 2 h, poured into a mixture of crushed ice and 10% agueous HC1, extracted twice with ether,
washed (1N HC1, saturated NaHCO3, H20), dried (MgS0a), and concentrated. The crude material (0.7 q)
was bulb-to-bulb distilled (90-100°/10 Torr) to give 0.48 g of volatile material, containing 75%
of a~cyclocitral {2) without the corresponding alcohol 8 (53% yield of 2 based on ketene 7).

Silyl enol ethers 9a and 9b.~ Ketene 7 {0.37 g, 2.5 mmol) in anhydrous THF (5 ml) was added at 20°
to 2 Grignard soTutTon made from magnesium {0.24 g, 10 mmol), allyl chloride (0.76 g, 10 mmol) in
THF (12 m1) as described previously. After 1 h at room temperature, the sclution, which is assumed
to contain enolate 11, was treated dropwise with a solution of trimethylchlorosilane (1.08 g,

10 mmol) in anhydrous THF (5 m1) followed by triethylamine (1.01 a, 10 mmol) at room temperature.
After stirring at 20° for 3 h the mixture was poured onto ice-cold NH4C1 solution, extracted
{pentane, 2x), washed with fce-cooling (IN HC1, saturated NaHCC3, Hp0, aqueous NaCl), dried {SOgMg),
and concentrated (25°). Bulb-to-bulb distillation (70-80°/0.01 Torr) gave 0.58 g of an oil which, by
NMR analysis, contained 9a and b {3:1) as main products. GC analysis gave the same ratio, For
analysis the compounds were captured by GC (10% silicone on Chromosorb W, 0.4 x 250 cm).- 9a,
TH-NMR: 0.13 (s, 9H}; 1.12 (s, 6H}; 1.31 (m, 2H); 1,81 (broad s, 3H, C(5)-CH3); 1.89 (m, 2H); 2.95
{d, 4 5, 2H, C{8)Hp); 5.0 (m, 2H); 5.51 (&, WH); 5.74 (d of d of t, 1H). NDe experiment: irradiation
at 2.95 (C(8)H7) gave increase (10%) at 1.81 (C{5)CH3) exclusively.- MS: 264 (M, 10), 249 (5),

233 (14), 208 {3), 193 (4), 181 {2}, 167 gZ), 188 {7), 150 (4), 143 (2), 135 (12), W17 (7), 107 {12},
91 (14), 73 (100), 59 (5}, 45 (15).- 9b. 'H-NMR: 0.05 {s, 9H); 1.08 (s, 6H); 1.31 (m, 2H); 1.83
(broad s, 3H, C(5)-CH3); 1.89 {m, 2H)7 3.04 (d, 7 5, 1H); 5.0 (m, 2H); 5.42 (¢, TH); 5.74 (dof d
of ¢, 1H).- MS: 264 (MV, 11), 249 (5), 235 (1), 223 (13}, 208 (4}, 193 {5}, 181 {2}, 169 (1),

158 (8), 150 {6). 135 (13), 117 (7), 107 (12), 91 (16), 73 {100), 59 (5), 45 (15).

Monodeutero-ketone 3-6-d.- The enolate solution, prepared as described above {2 ml), was added at

t0 D0 (0.2 ml). The solution was filtered, concentrated {<30°), and analyzed by GC: one major
peak was detected. NMR analysis of this crude material showed 3-6-d as main product. However
attempts to trap 3-6-d by injecting the crude material on a fiTled colum {10% silicone on
Chromosorb W, 0.4 x 250 cm) generated a mixture of 3-6-d (20%), 1’ -6-d (55%), and 1 ~6-d (25%), the
latter two compounds are therefore not the result of deuterolysis but were formed in the injector
of the gas chromategraph.- 3-6-d. TH-NMR: 0.91 (s, 3H); 0.94 (a, 3H}: 1.58 (s, 3H); 2.8 (8, 1H ~90%
absent, C(6)-D(H)); ABX system with A 3.21 {d of d, Jag 17. Jax 7. 4}, B 3.32 (d of d, Jpa 17,
Jax 7, W) 5.12 {d, 717, WH); 5.19 {d, 7 10, H); 5.6 (s, WH); 5.94 {(dof d of £, & 7. 78, and 17)
.~ la-§-d. TH-NMR: 0.87 {8, 3M); 0.96 (8, 3H); 1,57 (broad s, 3H); 1.9 {(dofd, s 2 and 7, H);
2.90 (s, TH ~90% absent, C{6)-D(H)); .62 (broad s, 1H); 6.32 (d, < 14, 1H); 6.89 {(d of g, J 7 and
14).- 1b-6-d, 0.89 (s, 3H); 0.94 (s, 3K); 1.59 (s, 3H); 2.1 (d, 7 7, 3H); 2.7 (s absent, C(6)-D);
5.6 (broad s, 1H}; 6.16 (d of g, 4 11 and 7, H); 6.32 (d, & 11, H).

Silyl enol ethers 10a and 10b.- Ketene 7 (0.3 g, 2 mmol) in cyclohexane {5 ml) was treated dropwise
with & solution (0.8 ml, AZ mmol) of Vitride (70%) in toluened at 10-20°. After stirring for 2 h at
25°. m,0-bis(trimethylsilyl)trifluoroacetamide was added at 25°. The solution was stirred for 3 h
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at 25°, poured onto ice, extracted with pentane, washed (ice-cold NH4C1, ice-cold NaHCO3, Hp0),
dried (MgS04), and concentrated (20°). The crude material (0.74 g) was bulb-to bulb distilled
{90-100°/10 Torr) to give 0.31 a of 10a and 10b (2:1). ["‘or analysis the compounds were captured by
GC (10% silicone on Chromosorb W, 0.% x 250 ©cm).- 10a. 'H-NMR: 0.21 (s, 9H); 1.21 (s, 6H); 1.75
(8, 3H); 5.4 (¢, 1H); 6.33 (s, 1H).- MS: 224 (Mt,722), 209 (36), 193 (1), 181 (3), 165 (2), 151
(1), 134 (7), 119 (55), 103 (9), 91 (15), 73 (100), 59 (6), 45 (20).- 10b. TH-NMR: 0.19 (s, 3H);
1.02 (s, 6H); 2.03 (s, 3H); 5.33 (¢, 1H); 6.21 (s, 1H).- MS: 224 (M*, ZBY, 209 (52), 193 (2), 181
(4), 165 (2), 151 (2), 134 (9), 119 (67), 103 (9), 91 (23), 73 (100), 59 (6), 45 (19).

Monodeutero-a-cyclocitral (2-6-d).- The enolate solution (2 ml), prepared as described in the
previous experiment, was added at 25° to Dp0 (0.2 ml). The solution was filtered (cotton wool),
concentrated (<30°) and analyzed by NMR and GC (one major peak). H-NMR: 0.90 (8, 3H); 0.99 (&, 3H);
1.59 ("s", 3H); 5.72 ("s", 1H); 9.46 (s, 1H).

ACKNOWLEDGEMENT
We thank Mr Robert Brauchli and Mr Walter Thommen for the NMR measurements. Stimulating discussions
with Dr Roger Snowden and Dr Charles Fehr are warmly acknowledged.
REFERENCES
1. E. Demole, P. Enggist, U, S¥uberli, and M. Stoll, #elv. Ghim. Acta 1970, 53, 541.

2. G. Ohloff in "Proaress in the Chemistry of Organic Natural Products", vol. 35, W. Herz, H. Gri-
sebach, and G.W. Kirby, editors, Springer Verlag, New York 1978, p. 431.

3. W. Renold, R. N¥f-Muller, U. Keller, B. Willhalm, and G. Ohloff, Helv. Chim. Acta 1974, 57, 1301.
4. D. Kastner, ParfUmerie & Kosmetik 1985, 66, 5.

5. a) F. Tiemann, Ber. deumsoh. Crem. Ges. 1900, 33, 3719; b) H. Kister, Ber. deuts ch. Chem. Ges .
1944, 77, 553; c) L. Colombi, A. Bosshard, H. Schinz, and C.F. Seidel, #elv. Chim. Acta 1951,
34, 265; d) H.B. Henbest, B.L. Shaw, and G. Woods, J. Chem. Soc. 1952, 1154; e) S. Yamada,

M. Shibasaki, and S. Terashima, Tetrdiedron Lett. 1973, 377; f) N. Miller and W. Hoffmann,
Yynthesd 1975, 781; R.D. Clark and C.H. Heathcock, J. Org. Chem. 1976, 41, 1396; g) A.F.
Thomas and Y. Bessiare in "The Total Synthesis of Natural Products Vol. ™, J. ApSimon editor,
Wiley-Interscience, New York 1981, p. 451; A.F. Thomas in "The Total Synthesis of Natural
Products Vol. 2", J. ApSimon editor, Wiley-Interscience, New York 1973, p. 1.

Swiss Patent CH 563 951 (1975), example 3b.

. R.L. Snowden, B.L. Miiller, and K.-H. Schulte-Elte, Tetrahedron Lett. 1982, 23, 335.
R.L. Snowden and K.-H. Schulte-Elte, Helv. Chim. Acta 1981, 64, 2193.

R.L. Snowden, Helv. (him. Acta 1983, 66, 1031.

10. R.L. Snowden and P. Sonnay, J. Org. Chem. 1984, 49, 1464.

11. C. Fehr, Firmenich SA, unpublished results; European Patent EP Al O 093 840 (1982); C. Fehr
and J. Galindo, paper submitted to Helv. Chim. Acta.

12, J.D. Wuest, A.M. Madonik, and D.C. Gordon, J.0rg. Cherm.1977, 42, 211,

13. B.S. Bal, W.E. Childers, Jr, and H.W. Pinnick, Tetrahedron, 1981, 37, 2091.
14. K. Bernhauer and R. Forster, J. Prakt. Chem.1936, 147, 199,

15. L. Ruzicka and H. Schinz,delv. Chim. Acta 1940, 23, 959.

16. K. Bernhauer and R. Hoffmann, J. Prakt. Ciem. 1937, 149, 317.

17. M.S. Kharasch and 0. Reinmuth, "Grignard Reactions of Nonmetallic Substances", Prentice-Hall
Inc., New York 1954, p. 238,

18. R. Haner, Th. Laube, and D. Seebach, J. Amer. Chem. Soc. 1985, 107, 5396.

19. L.M. Baigrie, H.R. Seikaly, and T.T. Tidwell, /. Amer. Chem. Soc. 1985, 107, 56391,

20, L.M. Baigrie, D. Lenoir, H.R. Seikaly, and T.T. Tidwell, J. Org. Chem. 1985, 50, 2105.

21. J.K. Rasmussen, Synthems 977, 91.

22, T.K. Jores and S.E. Denmark, J. Org. Chem. 1985, 50, 4037.

23. H.0. House, "Modern Synthetic Reactions", 2nd ed., W.A. Benjamin, Inc., Menlo Park 1972, p. 502.
24. AF. Thomas, "Deuterium Labeling in Organic Chemistry", Appleton-Century-Crofts, New York 1971,

O o N



