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(±)-Vitrenal (1) , a sesquiterpene aldehyde with a novel

vitrane skeleton, was synthesized from a monoterpene piperitenone

(2) by 12-step reactions in aa. 7% overall yield. 2-Formyl-

isocarane, derived from 2 via (±)-isocaran-2-one was allylated

stereospecifically and, after protection of the formyl group, the

allyl chain was modified to a 4-methoxy-3-butenyl group. Acid

treatment of the masked dialdehydic intermediate yielded 1 by

concomitant deprotection and aldol condensation.

(+)-Vitrenal is a plant-growth inhibitory sesquiterpene isolated from the

liverwort Lepidozia vitrea STEPH., its structure (1) including absolute configu-

ration being determined unambiguously by X-ray diffraction analysis. ' This

communication deals with a synthesis of (±)-vitrenal with a novel vitrane skel-

eton, the tetramethylated spiro[4.5]decane system fused with a cyclopropane ring.

The starting monoterpene, piperitenone (2) was converted in 4 steps into

isocaran-2-one (5), ' ' via car-2-ene (3) ' ' and ois-caran-trans-2-ol (4)2'5^ by

the known procedures. Treatment of diphenyl (methoxymethyl) phosphine oxide with

LDA in THF gave its lithium derivative, which was treated with 5 to give a

mixture {aa. 1:3) of geometrical isomers of methoxymethylene derivatives (63 and

6b) in aa. 30% yield.7) Acid hydrolysis (aq. HC1 in THF, reflux) of the mixture

O\
(6) gave an aldehyde (7) in 97% yield. A stereoselective introduction of a
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8 9 R = CH2CH=CH2

10 R - CHaOLOLOH
ll R= CH2CH2CHO
12 R = CH2CH2CH=CHOCH3

9)2-propenyl group was carried out by treatment of the aldehyde (7) with KH in THF

and then with 2-propenyl bromide to give 8 as a sole product in aa. 90% yield.

The 2-propenyl group of 8would be in a (5 disposition as a result of an attack of

the reagent to the C-2 position from the less hindered B-side of intermediate

enolate anion derived from 7. This stereochemical assignment was confirmed by

the transformation of 8 into (±)-1 as shown below.

After the aldehyde group of 8 was protected as an ethylene acetal (9,

obtained in 80% yield) , 9 was subjected to hydroboration with diborane in THF

followed by treatment with alkaline hydrogen peroxide to give an alcohol (10) in

almost quantitative yield. An aldehyde (ll) was obtained quantitatively by

oxidation of 10 with CrO^-pyridine complex in CH^Cl-•E Finally, treatment of ll

with the lithium derivative of diphenyl (methoxymethyl)phosphine oxide in THF

gave a methoxymethylene derivative (12) in aa. 60% yield, which was hydrolyzed

(aq. HC1 in THF, reflux) to afford (±)-vitrenal in 71% yield. '

The 1H NMR, UV, and mass spectra of the synthetic (±)-vitrenal were found to
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be identical with those of natural (+)-vitrenal (1). Reduction of (±)-vitrenal

with LiAlH. gave the corresponding alcohol whose H and C NMR and mass spectral

data are identical with those of the alcohol (13) derived from (+)-vitrenal.

Thus, (±)-vitrenal was synthesized from piperitenone (2) in an overall yield of

oa. 7%.

Characterization of 1, 6-12, and 13 is as follows; (±)-1: oil, IR (neat)

2800, 2710, 1680, and 1615 cm"1; UV (EtOH) A 242 nra(e 10,400); """HNMR (CDC1,)12)
nicix j

6 0.7-0.8 (2H, m), 0.78 (3H, d, J = oa. 5 Hz), 0.96 (3H, s), 1.19 (3H, s), 6.85

(1H, t, J = 1.5 Hz), and 9.77 (1H, s); C15H22O [m/z 218.1667(M+')];13) 6: each

component of the geometrical isomers (6a and 6b) was separated by column chromato-

graphy (SiO2); 6a(less polar on TLC): oil, """H NMR 6 0.85 (3H, s), 0.90 (3H, d,

J= 7Hz), 1.00 (3H, s), 3.54 (3H, s), and5.80 (1H, br. s); 6b(morepolaron

TLC): oil, 1HNMR60.84 (3H, s), 0.94 (3H, d, J=6Hz), 1.06 (3H, s), 3.51 (3H,

s), and5.80 (1H, br. s); 7: oil, IR (neat) 1730 cm"1; """HNMR 6 0.5-0.75 (2H, m),

0.90 (3H, d, J= 6 Hz), 1.01 (3H, s), 1.06 (3H, s), and 9.63 (1H, d, J = 2 Hz);

8: oil, IR (neat) 1725, 1640, and 920 cm"1; 1HNMR <5 0.5-0.75 (2H, m), oa. 0.88

(3H, diffusedd), 1.04 (6H, s), 5.0-6.1 (3H, m), and9.50 (1H, br. s); 9: oil,

1HNMR60.5-0.65 (2H,m), 0.86 (3H, d, J=7Hz), 0.99 (3H, s), 1.13 (3H, s),

3.6-3.9 (4H, m), and 4.8-5.9 (3H, m); 10: oil, IR (neat) oa. 3400 cm"1; 1HNMR

6 0.4-0.7 (2H, m), oa. 0.85 (3H, diffusedd), 0.95 (3H, s), 1.12 (3H, s), 3.3-4.0

(6H, m), and 4.68 (1H, s); C16H2g03 [m/z 268.2038(M+-)];13) ll: oil, IR (neat)

2725 and 1730 cm"1; 1H NMR S 0.35-0.75 (2H, m), oa. 0.85 (3H, diffused d), 0.97

(3H, s), 1.14 (3H, s), 3.65-3.95 (4H, m), 4.67 (1H, s), and9.70 (1H, t, J= 1.5

Hz); 12:l0) oil, 1HNMR&0.4-0.8 (2H,m), 0.87 (3H, d,J=6Hz), 0.99 (3H, s),

1.14 (3H, s), 3.42 (oa. 3H, s), oa. 3.8 (4H, m), oa. 5.7 (1H, m), and6.15-6.5

(1H, m); C18H3QO3 [m/z 294.2213(M+-)];13) (±)-13: oil, IR (neat) 3350, oa. 1650,

and 855 cm"1; -""HNMR (CDC13) 6 0.5-0.7 (2H, m), 0.72 (3H, d, J= 5.5 Hz), 0.94

(3H, s), 1.13 (3H, s), 4.17 (2H, br. s), and5.57 (1H,br. s); 13CNMR (CDCl3) &

17.0, 17.9, 18.8, 20.4, 20.5, 30.0, 30.6, 31.4, 34.2, 37.5, 43.5, 51.3, 62.5,

129.0, and 142.9; C15H24O [m/z 220.1827(M+*)].13)

The authors wish to thank Soda Aromatic Co., Ltd. for a generous gift of

piperitenone (2) •E
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