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Elvirol methyl ether has been syn the sized from p-cresol via 2-(2-cyclopentenyl)-4-methylphenyl methyl
ether by ozonolysis, dithioacetalization, re duc tion, and Wittig re ac tion. The over all yield was 18.8%.

Elvirol (1a), a me tab o lite of Elvira biflora  DC. (fam ily
Compositae),1 pos sesses a car bon skel e ton which does not
con form to the “isoprene rule”, and is likely to arise in na ture
from -curcumene by un der go ing Ar-epoxidation and sub se -
quent 1,2-alkyl shift. The struc ture 1a was con firmed by sev -
eral syn the ses. 2,3,4  Our in ter est in phe no lic sesquiterpenes5

has led us to de velop a dif fer ent ap proach to elvirol.
A retrosynthetic anal y sis in di cated the trisnor- aldehyde

(2) as a vi a ble pre cur sor. Con sidering atom econ omy, the
only sen si ble struc ture for gen er at ing 2 is that based on an in -
ter nal as so ci a tion of the trigonal car bon atom to the sec ond -
ary methyl group. Thus, a 3-arylcyclopentene emerged as our 
choice. Ow ing to the prox im ity of an ox y gen substituent in
the ar o matic ring to one end of the disubstituted dou ble bond
we hoped that the ox i da tive cleav age of such a struc ture may
give rise to dif fer en tia ble functionalities by some ma nip u la -
tion ex ploit ing neigh bor ing group par tic i pa tion.6

2-(2-Cyclopentenyl)-4-methylphenol 3a is con ve -
niently pre pared by alkylation of p-cresol with cyclo pen -
tadiene in the pres ence of phos pho ric acid.7 When this phe nol 
was ozonolyzed the prod uct ap peared to be a tau to meric mix -
ture of 4 and 5. Un for tu nately, the Wittig re ac tion of this mix -
ture with isopropylidenetriphenylphosphorane was found to
be to tally nonregioselective. Both 6 and 7 were gen er ated (to -
gether with re cov ered start ing ma te rial) even when only one
equiv a lent of the Wittig re agent was em ployed. As an at -
tempted for ma tion of the methoxydihydrobenzofuran de riv a -
tive failed, we turned our at ten tion to the ozonolysis of the
aryl methyl ether8 3b in meth a nol and fol lowed by treat ment
with ace tic an hy dride and triethylamine.9  By this pro to col the 
aldehydo-ester 8 was ob tained in ap prox i mately 50% yield
and the regioisomer 9 (slightly im pure) in 25% yield. More
im por tantly, these iso mers could be sep a rated by sil ica gel
col umn chro ma tog ra phy. The aldhyde group of 8 was trans -
formed into a dithiane (10) al most quan ti ta tively which was
then desulfurized with Raney nickel. The re sult ing es ter 11
was re duced with diisobutylaluminum hy dride to give 2 and a 
small amount of the pri mary al co hol due to overreduction,
and fi nally a Wittig re ac tion com pleted the syn the sis of

elvirol methyl ether (1b). Since 1b has been con verted to
elvirol by re ac tion with so dium ethanethiolate in N,N -
dimethylformamide, our work con sti tutes a for mal syn the sis
of the phe no lic terpene.

The 2:1 se lec tiv ity for the trans for ma tion of the
ozonide de rived from 3b is still quite in ter est ing. Ap par ently,
the aryl group in the cy clic per ox ide in ter me di ate ex erted
some steric hin drance to the base for deprotonation at the
prox i mal anomeric cen ter.

EX PER I MEN TAL SEC TION

2-(2-Cyclopentenyl)-4-methylphenyl Methyl Ether (3b)
The re ac tion of p-cresol with freshly dis tilled cyclo -

pentadiene in the pres ence of a cat a lytic amount of 80% phos -
pho ric acid in to lu ene at room tem per a ture for 18 h gave phe -
nol 3a in 70% yield. Methylation of this phe nol (1.0 g, 5.75
mmol) in refluxing ac e tone (10 mL) with dimethyl sul fate
(1.45 g, 115 mmol) and po tas sium car bon ate (2.38 g, 17.25
mmol) for 36 h af forded, af ter cool ing, wash ing with
NH4OH, ex trac tion with di chloro methane and sil ica gel chro -
ma tog ra phy, the methyl ether 3b (1.0 g, 92.6%). 1H NMR
(CDCl3, 300 MHz)  2.28 (3H, s), 2.36-2.48 (4H, m), 3.82
(3H, s), 4.24-4.26 (1H, m), 5.74-5.94 (2H, m), 6.71-6.95 (3H, 
m); 13C NMR (CDCl3, 75 MHz)  20.7 (q), 32.4 (t), 32.5 (t),
43.8 (d), 55.6 (q), 110.3 (d), 127.1 (d), 128.0 (d), 129.6 (s),
131.7(d), 134.1 (d), 134.5 (s), 154.9 (s).

Methyl 4-(2-Methoxy-5-methylphenyl)-5-oxopentanoate
(8)

Ozone was passed through a mix ture of 3b (1.0 g, 5.32
mmol) and so dium bi car bon ate (0.14 g, 1.33 mmol) in di -
chloro methane (20 mL) and meth a nol (4 mL) at -78  un til the
liq uid phase be came blue. Di luted with more di chloro -
methane (20 mL) the re ac tion mix ture was brought to 0 ,
treated with triethylamine (1.11 mL, 7.98 mmol) and ace tic
an hy dride (1.5 mL, 15.96 mmol), and stirred for 15 min. Re -
moval of the ice bath to al low the de com po si tion of the
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ozonide at room tem per a ture for 4 h, the prod uct 8 (0.66 g,
49.6%) was then iso lated by wash ing with HCl, NaOH, and
wa ter, dry ing over Na2SO4, evap o ra tion in vacuo, and sil ica
gel chro ma tog ra phy us ing a 4:6 mix ture of EtOAc and hex -
ane as eluent. The iso meric arylacetate es ter 9 was ob tained
in im pure form from later frac tions. For 8: IR (film)  1737,
1729 cm-1 ; 1H NMR  1.83-1.96 (2H, m), 2.16 (3H, s),
2.26-2.35 (2H, m), 3.43 (3H, s), 3.71-3.73 (1H, m), 3.72 (3H,
s), 6.65-6.75 (2H, m), 6.97 (1H, dd, J = 6.9, 1.5 Hz), 9.52 (1H, 
d, J = 3.6 Hz); 13C NMR  20.2 (q), 23.5 (t), 31.1 (t), 51.0 (q),
51.9 (d), 55.1 (q), 110.6 (d), 124.0 (s), 129.1 (d), 129.9 (s),
130.5 (d), 155.1 (s), 173.0 (s), 199.8 (d); HRMS (m/z)
250.1205 (250.1209 calcd. for C 14H18O4).

Methyl 4-(1,3-Dithian-2-yl)-4-(2-methoxy-5-methyl -
phenyl) butanoate (10)

Bo ron tri fluor ide etherate (0.2 mL) was added to a
stirred mix ture of 8 (0.56 g, 2.24 mmol) and 1,3- pro pane -
dithiol (0.24 g, 2.24 mmol) at -25 . Af ter the ad di tion was

com plete the mix ture was warmed to room tem per a ture, kept
for 15 h and dis solved in di chloro methane. Af ter al ka line
wash, dry ing (Na 2SO4) and evap o ra tion, the crude prod uct
was chromatographed (SiO2/1:9 EtOAc-hexane) to fur nish
10 (0.76 g, 99%). IR (film)  1715 cm-1 ; 1H NMR  1.95-2.08
(4H, m), 2.24 (3H, s), 2.36-2.70 (2H, m), 2.70-2.87 (4H, m),
3.56 (3H, s), 3.75-3.78 (1H, m), 3.76 (3H, s), 4.28 (1H, d, J =
8.7 Hz), 6.69-6.97 (3H, m); 13C NMR  20.7 (q), 25.9 (t), 26.9 
(t), 29.8 (t), 30.0 (t), 32.3 (t), 51.2 (q), 52.0 (d), 55.5 (q),
110.7 (d), 128.0 (s), 128.3 (d), 128.4 (d), 129.3 (d), 129.4 (s),
155.8 (s), 173.4 (s); HRMS (m/z) 340.1159 (340.1161 calcd.
for C17H24O3S2).

Methyl 4-(2-Methoxy-5-methylphenyl)pentanoate (11)
Raney nickel (ca. 1 mL) was washed with and sus -

pended in eth a nol (5 mL) and heated with the dithiane 10 (0.1
g, 0.3 mmol) at re flux for 17 h. On cool ing to room tem per a -
ture the solid was re moved by fil tra tion, and the fil trate was
evap o rated. The res i due was pu ri fied by sil ica gel chro ma -
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tog ra phy to give 11 (0.06 g, 90%). IR (film)  1729 cm-1; 1H
NMR  1.16 (3H, d, J = 5.1 Hz), 1.83-1.91 (2H, m), 2.14-2.22
(2H, m), 2.26 (3H, s), 3.14-3.17 (1H, m), 3.58 (3H, s), 3.76
(3H, s), 6.68-6.91 (3H, m); 13C NMR  20.8 (q), 20.9 (q), 31.5 
(d), 32.3 (t), 51.3 (q), 55.4 (q), 110.4 (d), 127.2 (d), 127.6 (d),
129.6 (s), 134.0 (s), 155.0 (s), 174.1 (s); HRMS (m/z)
236.1406 (236.1413 calcd. for C 17H20O3).

4-(2-Methoxy-5-methylphenyl)pentanal (12)
To a stirred so lu tion of es ter 11 (0.07 g, 0.3 mmol) in

dry to lu ene (2 mL) at -78  was added diisobutylaluminum
hy dride (1 M in hex ane, 0.26 mL, 0.39 mmol). The re ac tion
was main tained at -70  for 4 h, quenched with sat u rated
NH4Cl so lu tion, warmed to room tem per a ture and sep a rated
into lay ers af ter add ing di chloro methane. The crude prod uct
was treated with pyridinium chlorochromate (0.1 g, 0.45
mmol) to reoxidize the overreduced ma te rial for 0.5 h. Sol -
vent re moval and chro ma tog ra phy gave the al de hyde 12
(0.056 g, 91.7%). IR (film)  1708 cm-1; 1H NMR  1.15 (3H,
d, J = 7.5 Hz), 1.82-1.94 (2H, m), 2.20-2.36 (2H, m), 2.27
(3H, s), 3.14-3.21 (1H, m), 3.76 (3H, s), 6.69-6.93 (3H, m),
9.66 (1H, t); 13C NMR  20.7 (q), 20.9 (q), 29.6 (t), 31.4 (d),
42.2 (t), 55.4 (q), 110.5 (d), 127.3 (d), 127.6 (d), 129.7 (s),
133.8 (s), 154.9 (s), 202.1 (d); HRMS (m/z) 206.1309
(206.1307 calcd. for C13H18O2).

2-(1,5-Dimethyl-4-hexenyl)-4-methylphenyl Methyl Ether 
{Elvirol methyl ether} (1b)

n-Butyllithium (1.6 M in hex ane, 0.12 mL, 0.2 mmol)
was added to a stirred sus pen sion of isopropyltriphenyl -
phosphonium io dide (80 mg, 0.2 mmol) in tetrahydrofuran (2
mL) at 0 . Af ter 10 min, a so lu tion of the al de hyde 12 (20 mg,
0.1 mmol) in dry tetrahydrofuran (1 mL) was in tro duced
dropwise via a sy ringe. Af ter 2 h the re ac tion mix ture was
quenched with meth a nol (1 mL) and chromatographed over
sil ica gel to give 1b (16.1 mg, 71.6%). IR (film)  1610 cm-1;
1H NMR  1.33 (3H, d, J = 7.2 Hz), 1.59 (3H, s), 1.68-1.76

(2H, m), 1.85 (3H, s), 2.04 (2H, m), 2.42 (3H, s), 3.28 (1H,
m), 3.88 (3H, s), 5.24 (1H, t, J = 6.9 Hz), 6.80-7.43 (3H, m);
13C NMR  17.6 (q), 20.7 (q), 21.2 (q), 25.8 (q), 26.4 (t), 31.5
(d), 37.2 (t), 55.3 (q), 110.4 (d), 125.1 (d), 126.7 (d), 127.5
(d), 129.4 (s), 130.8 (s), 135.5 (s), 157.5 (s); HRMS (m/z)
232.1820 (232.1828 calcd. for C16H24O).
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