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Abstract - a-Damascone (1). a rose fragrance chemical. was synthesized by an 
allylmagnesium chloride addition to ketene 1 as key step. When the same 
ketene 1 was reduced by two different aluminiun hydride reagents, a-cyclo- 
citral was obtained. The presumed intermediates, enolates u and III, were 
first trapped as silyl enol ethers and then hydrolyzed with D20 to glve 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 (i), a carotenoid metabolite, is one of the most important representative of the so- 

called rose ketones.1'2'3'4 and was found in tea 011.~ 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 chemical.4 In view of its cannercial importance, several 

syntheses have been reported, all of which, however, possess certain drawbacks. 

1 
a-dama8cone ’ 

One of the synthetic strategies consists in assembling a Cl0 unit with a C3 chain as exem- 

plified by the first synthesis of a-damascone (1) by Demole et aZ.:l I-propenylmagnesium bromide was 

allowed to react with a-cyclocitral (iJ,b and this was followed by chromium trioxide oxidation of 

the allylic alcohol intermediate (schema 1). 

:: Dedicated to Professor R.A. Raphael on the occasion of his 66th birthdqv. 

Q Throughout the publication, the carotenoid numbering shown is used. 
b 
a-Cyclocitral 5a is obtained in moderate yields by either acid-catalyzed cyclization of citral- 
anil6b.c.d. citral-pyrrolidine enamine.Se or ozonolysis of a-ionone.6f For a detailed discussion 
of the cyclocitral problem, cf. 69 
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Scheme 1 

2 1 

Reagents: I) eBr/Mg; il) CrOj /PY 

Since a-cyclocitral (2) is not conzaercially available and the chromium trloxide oxidation 

possesses serious technico-economical drawbacks, direct Grignard reaction between methyl a-cyclo- 

geraniate (4) and allylmagnesium chloride was reported in the patent llterature.6 A major disadvan- 

tage of this approach resides in a double addition of the allylic Grtgnard reagent leadlng, via 3. 

to the carbinol z6B7 (scheme 2). 

Sheme 2 

Resgants: I) ACI/Mg/ethcr; ii) p-TsOH; 

iii) KH/HMPA; Iv) LDA/ethcr; v) NH&l/H20 

Originally puzzled by the formation of the undesired waste product 5, Snowden and Schulte-Elte7 

developed a general method to cleave by base a hanoallylic 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 
1n , also ~,.~'g 

A more elegant approach to a-damascone (1) by Fehr et al. 
11 

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. 
11 Hydrolysis 

of enolate I followed by acid-catalyzed isomerization gives a-damascone (l_) (scheme 2). 

We nw 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 Grinnard addition to the stable ketene 7 
12 which is readily 
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Scheme 3 

9a 9b 

6 7 II 3(3-6-d) 

Reagents: I) Etfl/benzene; ii 

II) hCl/Mg/THF; 

iii) Hz0 br DyO); 
Iv) Me2SiCI/Et2N/THF; 
v)GC injector, 250’ 

6 

1’ (1’~6-d 

1 (1 -6-d) 

accessible in four steps from commercial citral.c When ketene 1 was allared to react with a solution 

of allylmagnesium chloride in THF at roan temperature (3 h) and the resulting mixture was hydrolyzed 

witi aqueous armi?Onim chloride, mstly monoaddition products were obtained, consisting (by GC) of 

3. 
6.7 , 1 _, and 5 6*7 (80:11:9 ratio, 70% yield of 2 and 1). Acid-catalyzed isaerization6'7 of this 

mixture using a trace of p-toluenesulphonic acid gave pure a-damascone (1) (35% yield based on 1). 

Analogously, lithium aluminium hydride reduction of ketenc l followed by hydrolysis furnished 

a-cyclocitral (2) (35% yield) (scheme 4). Use of sodium bis(2-methoxyethoxy)alunlnlun hydride in 

toluened increased the yield of a-cyclocitral to 53%. Catalytic hydroqenation of 7 (5% Pd/C, cyclo- - 
hexane, atmospheric pressure) was not successful, the starting material bein recovered. 

A mechanistic rationale of the two ketene reactions was suggested by literature and corrobo- 

rated by experiment. Grignardl'l and organolithlum rea9ents18g1g*20 are known to add in a 1,2-fashion 

to ketenes producing magnesium and lithium enolates prior to hydrolysis. In the damascone case, the 

expected magnesitnn enolate fi was trapped as the silyl enol ether z,e both geometrical isaners 9a 

and gb (9:l ratio)f'g 
- 

- being formed. Enolate fi is automatically protected fra an undesired. second 

attack by allylmagnesium chloride, and is hydrolysed - as are similar dienolates - with fonal 
protonation at the a-position 23 leading to the deconjugated ketone 3. As additional proof hydrolysis 

' Citral is oxidized (by NaC10213 or Ag2014) to 
cyclization. leads t a-cyclgeranic acid. 
;;;t;:17cCioride (6)' 

14.1 s 
z/E)-geranic acidl3.14.15 which. upon acid-catalyzed 
Chlorination (oxalyl chloridel2) gives a-cyclo- 

2916 which, upon heatinq with triethylamine at 160'. produces the stable 

-* 
' Trade name VITRIDER. Hexel Corporation, San Francisco, USA. 

' For the silylation of enolates, see e.g.1g*21*22 

f The NMR attributlon of the oeometric isomers is in accord wlth the deshieldlno effect of the silvl 

9 

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 nethyleneand of the C-A methylene by the C-5 mesyl 
group in 2 as opposed to gb was also observed. The observatfon of a nuclear Overhauser effect 
(nOe) in 9a, namely signal>nhancement of the C-5 methyl group upon irradiation at the C-8 methy- 
lene, conmnned the present stereochmical assignment. 

Ye should emphasize, however. that the (Z/&)-ratio of the silyl enol ethers is not necessarily an 
accurute measure 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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Scheme 4 

108 lob 

Reagents: I) LiAlH4 or (MeOCH$H#tAIH2Na; I0 HCI/HtO (or 0201; 

Iii) CF3C(OSiMe+N-SW3 

of II with D20 exclusively furnished the monodeuteroketone 3-6-d (for deuteration of organic 

compounds. ~f.*~). 

In the cyclocitral case, a similar mechanism, uia aldehyde aluminium enolate III could be 

demonstrated. Silylation of III led to the enol silyl ethers 10a and lob (2:l ratio). - -- -grh Again 

deuterolysis of III occurred at the a-position producing monodeutero-aldehyde 2-6-d. - 

Nucleophilic attack to ketene 1 is obviously controlled by the adjacent geminal substituents, 

and shows a pronounced onti preference (i.e. opposite to the gem methyl groups) in both cases, the 

complex hydride reduction and the ally1 Grignard addition.' 

It should be emphasized that aldehyde enolates are potentially useful intermediates in the 

directed aldol condensation. Our hydride reduction of ketenes" 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 [GC) was done on a Hewlett-Packard 5890 instrunent using a Methyl Silicone 530~ x 
5m column (HP n 190 955) unless otherwise stated. IR spectra were measured in WC13 on a Perkin- 
Elmer 125 spectraeter, and UV spectra in C2H5OH on a Kontron Uvikon-BBO instrunent. NMR spectra 
were measured in CDC13 on a Bruker NH-360 instrwnt (operating at 360 NHr for lH-NMR spectra, using 
the Bruker Software Library DISN 85; chemical shifts are in ppm dawnfield from tetramethylsilane. 
and coupling constants J are in Hz). Mass spectra (MS) were obtained using a Finnegan 1020 quadru- 
pole spectraneter coupled to a 

9 
as 

SE 54 stationary phase. General 
chranatograph containing a 3Om glass capillary colunn packed with 

y the most praninent values of m/a are quoted. with the relative 
abundance in brackets. 

Ketene 7.- It was prepared as described earlier12 in 71% yield from a-cyclogeranic acid chloride 
-It could be stored without obvious decomposition at -10" in the refriqerator for several 
iieeks. The spectral data pf 7 were identical with those reported. Xmax 233nm (c 9460); +, x 20130, 
1705, 1640, 1380, 1360.- H-mR: 1.13 (8. 6H); 1.42 (t. J 7, 2H); 1.74 (d. J 2, 3H); 2.1 fn~. 2H); 

h Configurational assignment by NMR in analogy to ga/gb --* 
' For a eneral discussion of the stereose1ectivit.v of nucleophilic attack of unsymsnetrical ketenes. 

cf.18. 9.20 and references quoted therein. 9 

' A new general access to ketenes has recently been reported by Seebach et aZ.lB 
butyl-4-methylphenyl esters uia their lithium enolates. 

from 2,6-di-tert- 
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5.14 (broad t. J 25, lH).- MS: 150 (g, 64), 135 (100). 122 (91, 107 (94), 91 (QO), 7Q (83), 65 (IQ), 
53 (15), 39 (21). 

ho-a-Oamascone (3) fran ketene 7 and a~~ylmagnesium chloride.- Ally? chloride (1.53 g, 20 -1) in 
anhydrous THF (20-ml)ixo a stirred suspension of magnesium turnings f0.48 O, 20 mO1) in 
anhydrous THF (5 ml) at 20-30*. The mixture was stirred at ZO-30° for 1 h (acidinntric titration of 
the whole base: 12 ml), Ketene 7 (1.5 g, 10 mnol) in anhydrous THF (10 ml) was added droprise to 
the Grignard solution at 20-25*. The reaction was slightly exothetmic and the yellow colour of the 
ketene sol&ton disappeared immediately. The mixture was stirred at room temperature for 3 h, 
concentrated in the vacuun on a Rotovapor (bath temperature 40-50'). hydmlyzed with ice-water and 
aqueous a~onium chloride, extracted with ether, washed (IN HCl, NaHC03, H20), dried (MgSO4) and 
concentrated. The crude material f 
of a mixture ofz,6*7 1_,1 and 56, 

) was bulb-to-bulb distilled (85-QS"/O.Ol Torr) giving 1.61 g 
8O:ll:Q). Yield of3 and _l_ 2.70% . The compounds obtained were 

identical in all respects with &thentic material. 

Acid-catalyzed tsonrerization of Zso-a-damascone (2) into a-damascone (I_).- iso+-Damascone ImiXtUre 
from the previous reaction, 0.96 g, 4 mnol) and p-toluenesulphonic acid (30 ms) were stfrrpd at 
20° for 28 h, The reaction mixture was taken up in ether, washed (NaHCO3, H20), dried (MgS04), and 
concentrated. The crude material (0,9 Q) was bulb-to-bulb distilled (70-80a/0.01 Torr) giving 0.71 g 
of a mixture containing a-damascone (1) and diallyl carbinol 2 (82:18). The compounds obtained were 
identical with authentic material. 

~~nh~drous ether (IO 1) 
a-C clocitral (2) by lfthfun albinos hydrtde reduction of ketene i.- A solution of ketene 1.(1.6 9, 

was added at 20-30' to a slurry of lithium alumini~ hydride 
(0.19 g. 5 mnol) in anhydrous ezer (10 m?). The mixture was stirred at 25" for 2 h. then water 
(5 ml) followed by 10% hydrochloric acid (20 ml) was added, and the mixture was extracted with 
ether, washed (NaHC03, H20), drfed (HgSOq), and concentrated. The crude material (1.4 Q) was bulb- 
to-bulb distilled (90-100p/O.O1 Torr) giving 0.73 g of volatile material, containing 73% of a-cyclo- 
citral (2)S (35% yield based on 7). The can ound obtained was fdentical in all respects with an 
authentic sample prepared accordTng to ref. ! c IH-NHR: 0.91 (8. 3H); 0.99 (a, 3H); 1.31-1.39 (m, ItI); 
1.59 f broad 8, 3H); 2.36 (d, J 5, 1H); 5.73 (broad 8, 1H); 9.47 Id, J 5, lH).- MS: 152 (Mt. S), 
137 (41, 134 (3), 123 (59). 107 (20). 94 (43), 81 (100). 67 (34), 55 (211, 41 (30). 

o-c CioCitral (2) b sodium bis 2-methox ethoxy)al~ini~ hydride reduction of ketene 7.- A 70% 
'~~~~~~H20~2A,H~N~ in tolined (1 1 3 5 1) 
(a.75 Qt S mnol in cyclohexane (5 ml) at 10-20°m(~x~the~~ reaction, external coaling), The 

was added to a solution-of ketene 1 

orj@natlY Yellm 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% aqueous HCl, extracted twice with ether, 
washed (IN HC1, saturated NaHC03, H20), dried (~gSO4), and concentrated. The crude material (0.7 Q) 
was bulb-to-bulb distilled (90-100p/10 Torr) to give 0.48 g of volatfle material, containinQ 75% 
of a-cyclocftral (2) without the correspondjng alcohol 3 (53% yield of; based on ketene 7J. 

Sflyl enol ethers 9a and Qb,- Ketene 7 (0.37 g, 2.5 ~1) in a~hydrous THF (S ml) was added at 20' 
to 4 GrfQnard so~u~o~a~ from maQn~s~~ (0.24 Q, 10 mmol), allyl chiorfde (0.76 g, lo mmol) in 
THF (12 ml) as described previously. After 1 h at room temperature, the solution, which Is assuned 
to contain enolate g, was treated droptise ~4th a solution of trime~ylchlorosilane (1.08 g, 
10 ml) in anhydrous THF (5 ml) followed by triethylamine (1.01 q, 10 mnol) at room temperature, 
After stirring at 20" for 3 h the mtxture was poured onto ice-cold NH4Cl solution, extracted 
(Pantane, 2x). washed with ice-COOlfng (1N HCl, saturated NaHC03, H20, aqueous N&l), dried (So4Hq), 

and COnCentrated (25’t. Bulb-to-bulb distillation (70~8o"/0,01 Torr) gave 0.58 g of an of1 which,'by 
HR analysis, contained 2 and $_ (Q:l) as mafn products, GC analysis gave the same ratio, For 
analysis the canpounds were captured by GC (10% silicone on Ch~~so~ u, 0.4 x 250 cm).- &, 
lH-NMR: 0.13 (8 , 9H); 1.12 fs, 6H); 1.31 (m, 2H); 1.81 (broad 8, 3H, C(5)-CH3); 1.89 (m, 2H); 2.95 
(d* J 5, 2H* C(8)+); 5.0 (a, 2H); 6.51 (t, 1H); 5.74 (d of d of t, 1H). NOe exgeriment: irradiation 
at 2.95 WW2) Qave inCreaSe (10%) at 1.81 (C(S)CH3) exclusively,- MS: 264 (n., lo), 249 (5), 
233 (14). 208 (3). 193 (4). 181 (21, 167 (2's 159 (71, 150 (4), 143 (z), 135 f12), 117 (7). 107 (121, 
91 (14)s 73 (100~, 59 (51, 45 (16).- Qb. H-WR: 0.05 (s, 9H); 1.08 (8, 6H); 1.31 @t, 2H); 1.83 
(broad *r 3H, C(5)-CH31; 1.89 (m, 2H);3,04 (d, J 5, 1H); 5.0 
of t, lH).- 

( mn, 28); 5.42 (t, 1H); 5.74 (d of d 

159 (81, 
MS: 264 (Me. 11)~ 249 (5), 235 (1)s 223 (13). 208 (4), 193 (5). 181 (2). 169 (l), 

160 (61, 135 (13). 117 f7), 107 (12), 91 (16), 73 (loo), 69 (5). 45 (15). 

Honodeutero-ketone 3-6-d.- The enOlat@ solution, prepared as described above (2 ml), was added at 
25" to 020 (0.2 ml): The solution was filtered, concentrated (<30*), and analyzed by 6~: ona major 
peak was detected. NHR analysis of this crude material showed 3-6-d as mafn product. However 
attempts to trap J-6-d bY infecting the crude material on a fiTled column (10% silicone on 
Chmosorb WV 0.4 x 250 an) genera~d a mjxture of 3-6-d (20x), Y-6-d (55%). and 1 -6-d (25x), we 
latter two compounds are thW?fOre not the result o? deuterolysiTbUt were fomd Tn the injector 
of the 9as chmmatoQraphe~-6-d. lH-NMR: 0.91 (s, 3H); 0.94 (8, 3H); 1.58 (s. 3H); 2.8 (8, 1~ 290% 
absent, c(6)-a(H)); A8X System with A 3.21 fd of d, J& 17, JAX 7. lH), 8 3.32 (d of d, J 
JBX 7. lH1; 5.12 (d, J 17. 1Hf; 5.79 (d, J 10, IH); 5.6 (8. 1H); 5.94 (d of d of t, J 7. ~$,'~~d 17) 
.- la-6-d. ~H-M~R: 0.87 (S 
2.9~(s, 

s m); 0,96 (8, 3H); 1.57 (broad 8, 3Hf; 1.9 (d of d, J 2 and 7, 3); 

14).- 
1H ~%I% absent, C(C)-D(H)); 5.62 (broad 8, 1H); 6.32 (d, J 14, 1H); 6.89 (d of 4, J 7 and 

Jb_-6-d. 0.89 (8. 3H); 0.94 (a, 3H); 1.59 (8, 3H); 2.1 (d, J 7, 3H); 2.7 (B absent, C(6)-0); 
5.6 (broad 8, 1H); 6.16 (d of q, J 11 and 7, IH); 6.32 (d, J 11. 1H). 

Silyl enol ethers 10a and lob.- Ketene 7 (0.3 g. 2 ~1) in cyclohexane (5 ml) was treated droprise 
With a solution ~OTiTmT;iTnnol) of Yfirlde (70%) in toluened at lo-20°. After stirrfng for 2 h 
25'. N.~-bis(tr~~thylsilyl)trifluoroacetam~~ was added at 25'. The solution was stirred for 3 h 

at 
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at 25% poured onto ice, extracted with pentane, washed (Ice-cold NH4Cl. ice-cold NaHC03, 14~13). 

dried (NqSDq), and concentrated (20'). The crude material (0.74 g) was bulb-to bulb dlstllled 
(go-100°/10 Torr) to give 0.31 g of 10a and lob (2:l). 
GC (10% sillcone on Chranosorb U, 0.4 250 x.- 10a. 

1 or analysis the compounds were captured by 

(8, 3H); 5.4 (t, 1H); 
H-NHR: 0.21 (8, gH); 1.21 (8, 6M); 1.75 

6.33 (8, lH).- MS: 224 (Mt.-=), Mg 193 181 165 151 
(1). 134 
1.02 (8. 6;;. 

(36), (1). (3). (2). 

(2): 
;lz3(;5). 

103 (9). 91 (15). 73 (100). 59 (6). 45 (20).- lob. lH-NHR: 0.19 (8, 3H); 
8, 

(4). 165 151 (2). 
3H); 5.33 (t, 1H); 6.21 (a ?(23), (wt. m .- MS: 224 209 (52) 193 (2). 181 
134 (9). 119 (67). 103 (9): 73 59 ;6), 45 (1;). (100). 

Monodeutero-a-cyclocitral (2-6-d).- The enolate solution (2 ml), prepared as described in the 
previous experiment, was adaed at 25' to 020 (0.2 ml). The solution was filtered (cotton wool), 
concentrated (<Xl') and analyzed by NHR and GC (one major peak). 'H-NHR: 0.90 (8, Xi); 0.99 (8. 3H1; 
1.59 ("8". 3H); 5.72 (IS". 1H); 9.46 (8. 1H). 
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