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Abstract: The allylic oxidation of ionone-like dienes catalyzed b esters. It is interesting to note that in nature alkali-earth-

Y, ; + . .
CaCl, or MgCl, with TBHP is presented. The method provides énetal ions, such as €zand Mgf , Can act as Le"Y'S acid
facile method to synthesize dienones derived from ionone-ligatalysts: Hence, we reasoned that such metal ions could

dienes in good to moderate yields. A plausible mechanism for teatalyze the allylic oxidation through Lewis acid cataly-

oxidation is proposed. sis. As part of our continuing interests in exploring novel
Key words: allylic oxidation, ionone-like dienes, calcium chloride, US€S Of S'mpl_e metal _cgtaly§t$|,ere|n we repqr'ged_ that
magnesium chlorideert-butyl hydroperoxide Ca* and Mg ions exhibited good catalytic activity in the

allylic oxidation ofa-ionone-like dienes.

The allylic oxidation of alkenes to carbonyl compounds i R! R? R R?
a useful transformation in organic synthesis. It is unde A cac, or Mgc, (20 molo) K
going continual refinement with the aim to develop mor tBUOOH (5 equiv)
environmentally friendly, efficient, and selective process ;, . MeCN 2acc

es. Some new strategies have been reported for suc

transformation, such as the protocols usteg-butyl Rl R2 Rl R2

hydroperoxide (TBHP) catalyzed by transition metal iol X CaCl, or MgCl, (20 mol%) N
centers (Cr, Ru, Cu, Co, PH)pdoxybenzene catalyzed +BUOOH (5 equiv)
by fluorous seleninic acitipr TBHP catalyzed by dirhod- MeCN

; 1d—f 0
ium(ll) caprolactamaté. ot

lonones and their derivatives are important synthetad:R!=R2=0; b,e: R'=0COMe, R?= H; c,f: Rt = OEt, R?=H
bUi!ding blocks in the_synthesjs of many biOIOgiCa”ySchemel The allylic oxidation of ionone-like dienes

active compoundéThe introduction of a carbonyl group

at their allylic C—H bond can result not only in more com- )

plex molecules, but also yield more important intermedising a-ionone (1 mmol) as the substrate and TBHP (5
ates for further transformatioAsHowever, the direct €quiv) as the oxidant in acetonitrile at 60 °C, we initially
synthesis of dienones through the allylic oxidation of iorExamined the catalytic effects of several simple calcium
ones and their derivatives required either a stoichiomet@¢ magnesium salts. Among them, both Ga@hd
amount of chromium reagents or a catalytic amount 8#9Cl>-6HO gave good product yields (66% and 65%,
chromium trioxide with TBHP. Although the latter respectively for2a). Compound?a was also obtained in
protocol avoided the use of stoichiometric reagents, tHe% Yield with MgSQ. However, only trace amounts
hazard arising from chromium trioxide remains aff 2a were found when CaSQO Ca(OAc)-H,0,
environmental problem. Therefore, it is highly desirabl€a@CQ,  CaHPQ-2HO,  Mg(OAc)-4H,0,  and

to develop practical, efficient, and safer reactions for tH¥19C0O;),Mg(OH),-5H,0 were employed. In the

allylic oxidation of ionones and their derivatives. presence of Ca(Ng-4H,0 as well as Mg(CIQ),-6H,0,

. . the allylic oxidation did not proceed aré could be
It is well known that the most effective catalysts for oxi-

! L . . recovered.

dation are transition-metal ions that readily undergo one ) )

or more electron redox processes, for exammyﬂfé+’ We then |nvest|gat8d the effect of the amount of gﬂCI
CU/CW*, C#ICo®, MnZ/Mn3*, CrR*Cre* V4vs+  MgCl-6H0 had on the allylic oxidation. As shown in
RK*/R*6 To date only a few reports were presented oh@ble 1, qnly trace amounts of the desired product were
the use of CH as a catalyst in oxidation reactions, such gPserved in the absence of CaGt MgCL-6H,0. The

the oxidation of alcohols and the functionalization ofi€lds were poor, when less than 20 mol% of Gafl

saturated hydrocarbons with CO to carboxylic acids ahd9Cl,6H,O were used. However, good yields were
obtained (65-67%) with 20-30 mol% of the catalyst

(Table 1, entries 4, 5, 8, and 9). In addition, the yields of
SYNLETT 2006, No. 16, pp 2617—2620 2a could not increase further when using more than 30
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Tablel Effect of Catalyst Loadirf The effect of reaction temperature on the efficacy of the
Entry Catalyst Loading Conversion Yield OXId.atlon. was also e.Xammed' .When the. C_;qﬂbmoted
(Mol %) (%) (%)° allylic oxidation ofa-iononela in acetonitrile was con-
ducted at 20 °C, 40 °C, and 50 °C, 3-axiBnone2awas
1 - 0 v trace obtained in 20%, 31%, and 45% yields, respectively.

Good yields (66% and 67%) were obtained when the

2 CaCl, 5 71 39 .
reaction was run at 60 °C and 70 °C. However, at 80 °C a
3 CaCl, 10 82 50 slight decrease in the yield @a (64%) was observed.
4 cacl 20 95 66 Similar results were obtained when Mg®&H,0 was
, ; .
employed. Thus, the optimum reaction temperature was
5 CaCl, 30 97 67 determined to be 60-70 °C.
6 MgCl,-6H,0 5 0 17 We _also_investigated the effect of other solvents on the
allylic oxidations at 60 °C or under reflux. It was found
7 MgCl,-6H,0 10 84 0 that with 20 mol% of CaGlor MgCl,-6H,0, good yields
8 MgCl,-6H,0 20 %5 65 (65% and 63%, respgctively) & were obtained in ace-
tone and moderate yields (54% and 58%, respectively) of
9 MgCl,-6H,0 30 % 66 2a were afforded in dichloromethane. Using chloroform,
a Conditionsi-ionone (1 mmol), TBHP (5 equiv), MeCN (6 mL), Nexane, benzene, toluene, tetrahydrofuran, diethyl ether,
60 °C, 4 h. and ethyl acetate as solvent, the allylic oxidatiog-mi-
® Conversions ofa. onela could also produce 3-ox@Honone2a but in poor
¢ Isolated yields ofa. yields. Moreover, we also found that under solvent-free

conditions 33% and 24% yields @ were afforded,

It was noted that the amount of TBHP used not only gi€SPectively, when 20 mol% of CaGind MgC}-6H,0
fected the outcome of oxidation reactions, but also creat&§"e €émployed.

experimental hazardé.We noted that a large amount ofUtilizing optimized conditions, 20-30 mol% of Ca®r
TBHP (5-30 equiv) had been used in previous reportsigCl,-6H,0, 3-5 equivalents of 70% aqueous TBHP in
Hence, we investigated the amount of TBHP required #xcetonitrile at 60 °C, we examined the oxidation of other
the oxidation reactions (Table 2). As shown in Table 2onone-like dienes including/B-ionone (a andid), a/B-
when the amount of TBHP reached three and five equivianyl acetateslp andle), anda/B-ionyl ether (c andif)
lents, the desired product could be obtained in good yiel@iRable 3).a-lonone and its acetate as well as ether deriv-
(64-66%; Table 2, entries 3, 4, 7, and 8). Further additi@nives could be oxidized to the corresponding dienones in
of TBHP did not improve the product yield. It was thupetter yields than that §tionone and its derivatives. This
established that this catalytic system required a lowesas probably due to the increased steric hindrance of the
amount of TBHP (3-5 equiv) than those required iallylic methyl of B-ionone and its derivatives. It is also

previous report$" noteworthy that the oxidation @fionyl acetate and/p-
ionyl ether had to be conducted in a shorter reaction time
Table2 Effect of the Amount of Oxidaft because prolonging the reaction time resulted in the oxi-
Entry Catalyst TBHP  ConversionYield dative cIea\(age of thg ester and ether bond to produce the
equiv) (%) (%) corresponding 4-ox@-ionone2b or 3-oxo¢-ionone2a.
1 caCl 1 53 % Mechanistically, the evolution of oxygen was confirmed
2 . )
by passing the evolved gas through aqueous potassium
2 CaCl, 2 75 50 pyrogallate and is consistent with the formatioteof-bu-
3 cac 3 o o tyl peroxy radicat-BuOO-. Furthermpre, the UV-visible
2 spectrum of the catalyst upon addition of TBHP revealed
4 CaCl, 5 % 66 a low-energy absorption at 269 nm, probably due to the
coordination of C&# or Mg?* to the oxygen atom of
5 MgCl-6H,0 ! 62 34 TBHP. The resulting mixture was investigated by GCMS
6 MgCl,-6H,0 2 78 50 after the reaction proceeded for 1 h, 2 h, and 3 h; in all
cases the existence @fiononetert-butyl peroxyethei7
! MgCl6H0 8 91 65 was confirmed. Based on the above observations, we
8 MgCl,-6H,0 5 95 65 speculated a radical mechanism catalyzed by the Lewis

acid accounted for the reaction (Scheme 2). Henc#, Ca
A or Mg?* was coordinated to the oxygen atom of TBHP and

Dﬂggnﬂéfs{g;)s' gfa. C.4h. promoted the homolysis of the O—O bond to produce rad-

¢solated yields ofa. icals HO- and-BuO-. Thea-BuO- then reacted with TBHP

to yield tert-butyl peroxy radicalt-BuOO- @), which

could then abstract a hydrogen atom from compdarnd

yield an allylic radicab. At the same time, HO- carried by

a Conditions:o-ionone (1 mmol), CaGlor MgClL-6H,0 (20 mol%),
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Table3 Allylic Oxidation of Six Substratég® Acknowledgment
Entry Substrate Catalyst Time Product Yield We thank the Science R_esearch Program of Guizhou Huang Guo
(h) (%)° Shu Tobacco Group for financial support.
1 la CaCl, 4 2a 66
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éi\/k t-BuOO- é(\)K t- BuOH
—_—
la t- BUOO ‘NCMe MeCN_ !
N+ N2
M M
4
5
H,0 t-BUOOH

Scheme2 Mechanistic proposal for the allylic oxidation catalyzed by Lewis acid Sa@WgCl-6H,0
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Allylic Oxidation of lonone-Like Dienes; Typical
Procedure: To a mixture of ionone-like dierie(1 mmol)

and CaCJ or MgCL-6H,0 (0.2 mmol) in MeCN (6 mL) was
addded aq TBHP (70%, 3—-5 mmol) in one or two portions
under vigorous stirring at 60 °C for 1-5 h. The resulting
mixture was concentrated under reduced pressure to give a
residue (0.5 mL), which was purified by column chromatog-
raphy on silica gel (PE-EtOAc, 3:1) to give dien@rand
small amounts of 5,8-epoxides. Alternatively, the product
could be isolated by distillation under reduced pressure,

Synlett 2006, No. 16, 2617-2620 © Thieme Stuttgart - New York

particularly when the reaction was performed on >5 mmol
scale. Analytical data for compoungis 2b, 2d, and2e is
consistent with those previously reportéé’

Compound2c: *H NMR (400 MHz, CDCY): § =5.92 (br s,
1H), 5.46-5.49 (m, 1 H), 5.46-5.49 (m, 1 H), 3.81-3.85 (m,
1 H), 3.29-3.50 (m, 2 H), 2.50-2.53 (m, 1 H), 2.31 (d,
J=16.8Hz, 1H), 2.06 (d=16.8 Hz, 1 H), 1.88 (d,= 1.2
Hz, 3 H), 1.22 (dJ =4 Hz, 3 H), 1.16 (1) = 5.4 Hz, 3 H),
1.01 (s, 3H),0.98 (s, 3 HFC NMR (400 MHz)3 = 198.75,
161.49, 137.07, 127.98, 125.69, 63.44, 55.46, 47.44, 35.88,
29.48, 27.27, 26.94, 23.45, 21.68, 15.22. HRMS (ESY:
calcd for GsH,,0, [M + NaJ*: 259.1674; found: 259.1669.
Compound2f: *H NMR (400 MHz, CDC}): § = 6.16 (d,
J=16.0 Hz, 1 H), 5.55 (d} = 16.4 Hz, 1 H), 3.93-3.99 (m,
1 H), 3.40-3.60 (m, 2 H), 2.50 = 7.0 Hz, 2 H), 1.85 (t,
J=6.8Hz,2H),1.81(s,3H), 1.31 B+ 6.8 Hz, 3 H), 1.23
(t,J=7.2 Hz, 3H), 1.16 (s, 3 H), 1.15 (s, 3 HC NMR

(200 MHz):8 = 199.26, 160.45, 139.02, 129.92, 126.77,
63.68, 37.17, 35.33, 34.22, 27.27, 27.27, 26.50, 21.77,
15.36, 13.31. HRMS (ESljvz calcd for GsH,,0, [M +

NaJ*: 259.1674; found: 259.1674.
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