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Abstract—Six new macrocyclic sesterterpenoids 1-6 were isolated from the secretion of a scale
insect, Ceroplastes ceriferus Anderson, and their structures determined. Chemical correlation has also
been accomplished. Stereochemistry was elucidated by comparison of the CD spectra of the ozonolysis
product of 1-acetate and a corresponding synthetic substance of known absolute configuration.

Keywords: Macrocyclic sesterterpenoid; Scale insect; Secreted wax; Ceroplastes ceriferus

The interesting discovery of sesquiterpenes sec-
reted by Cempla.ms ceriferus belonging to the opti-
cally antipodal series compared with those of C.
rubens on the same host tree has recently been
reported.' We present here the results of structural
elucidation of six new macrocyclic sesterterpenoids,
cericerol-I 1, cericerol-II 2, 13-methoxy-cericerene
3, 13-ethoxy cericerene 4, a-cericerol-I §, and
cericeroic acid 6, which were isolated from the
secretion of C. ceriferus Anderson (fam. Coccidae).

At the time the present investigations were un-
dertaken, it had been reported” that the secreted
wax consisted of true wax and “cyclic wax” in
which the fatty acids were esterified with an unsatu-
rated cyclic alcohol found to be identical to 1.
Though the occurrence of three sesterterpenoids
had been reported’ on the basis of GC-MS, practi-
cally nothing was known about their structures. As
a result of this work, contrary to biogenetic consid-
erations for albocerol* it has become clear that in
14 -membered macrocyclic sesterterpenoids 1-6,
A" has the Z-configuration.

C. ceriferus fed on the host Diospyros kaki
Thunb. was collected in Osaka Prefecture, Japan,
in January 1978. The material was soaked in
chloroform, which ensured complete removal of
insect debris (30%) with coloring matter, and also
removed water (20%). The resulting slurry (50%)

was precipitated with acetone for separation into
acetone-soluble and -insoluble fractions. Usual
working up of the acetone-soluble fraction (13%)
gave neutral substanws (5.8%) wlnch consisted of
sesquiterpenoids,’  diterpenoids,’ triglycerides,®
sesterterpenoids 1-4, and uncharacterized com-
pounds. From an acidic fraction (5.6%), a sesterter-
penc 6 and diterpenoids® were obtained. The
acetone-insoluble fraction (36%) consisted of esters
(25%) and uncharacterized lipids (10%). The es-
ters,® which on mild hydrolym with base gave a
mixture of aliphatic acids,® aliphatic alcohols,® and
sesterterpene alcohols (1, 2 and 5), were considered
to consist of polyesters of two types, i.e. aliphatic
and cyclic. The separation procedures are shown
schematically in Fig. 1.

Structural relationships of sesterterpenoids 1-6
Cericerol-1 1, [a]lg —30.6°, has the molecular
formula C,sH,;,O. The PMR spectrum of 1 shows
four vinylic methyls at § 1.53, 1.61 (each 3H) and
1.67 (6H), and vinylic protons at § 4.9-5.4 (4H).
The presence of an exo methylene group is
suggested by signals at § 4.72 (2H) m the PMR
spectrum and the band at v,.. 886 cm™' in the IR
spectrum. Two protons at § 3.89 (1H, d, J = 12) and
4.12 (1H,d, J = 12) were assigned to —CH—O—
adjacent to a double bond exhibiting a downfield
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Table 1. '*C chemical shifts of cericerol-I 1, cembrene-A, cericerene 15, 13-methoxy cericerene 3,

13-ethoxy cericerene 4, cericerol-I acetate 7, a-cericerol-1 acetate 13, cericerol-II 2, and methyl
cericeroate 6’
C-atom 1 (T, .cembrene-A 18 3 4 7 13 2 6
C-1 30.7 (0.40)* 32.5* 30.5* 310~ 309 307 294 283 30T
C-2 128.6(0.72) 1259 125.1* 1293 1285 1315 131.7° 1292 1416
C-3 136.5(6.42) 1347 134.1 1349 1347 1334 1332 1365 1302
Cc4 30.3 (0.40)* 34.0° 31.1* 30.8* 30.8* 303° 303" 29.1* 308
C-5 31.0(0.41)* 24.9° 31.4* 314 313* 3100 309* 303 304
C-6 1253(0.74) 121.9° 125.1° 1255 1254 1255 1258 1264 1257
C-7 133.3(6.84) 1334%  1329° 132.7° 1333 131.5° 13L7° 1342 1339
C-8 35.6(0.39)° 39.0° 362 363 363 361 359° 351 355
Cc-9 24.1(0.42)° 238° 246 240 239 244° 244% 244°% 256°
C-10 124.8 (0.85) 124.1¢ 125.0° 1214 1215 1244¢ 1246 1260 1244
C-11 133.1(7.03) 133.9¢ 133.0° 1333 1333 1334 1337 1342 1332
c-12 36.0(0.42)" 39.4° 403 314 316 361 361° 390 362°
C-13 24.6 (0.42)° 283 246 883 864 247 248" 247 26.0°
C-14 44.5 (0.66) 46.0 446 441 441 447 469 472 447
C-15 152.4 (6.65) 149.2 1530 1532 1532 1256 1371 757 1525
C-16 33.4(0.83) 18.0 337 341 341 335 1236 399 335
C-17 26.4(1.02) 266 267 267 265 269 222 265
C-18 124.2 (2.85) 124.6° 1246 1245 1247 1246 1247 1244
C-19 131.1 (14.30) 1313 1314 1315 1312° 13L.7° 1315 1312
C-20 25.6 (2.72) 257 257 256 256 257 257 256
C-21 17.7(7.40) 178 178 117 176 178 117 17.6
c-22 108.7(0.37) 110.1 1089 1089 1088 1090 109 236 1090
C-23 59.7 (0.71) 15.5¢ 156 154 154 615 617 598 1685
C-24 22.4(2.10) 19.3 225 225 225 223 224 222 224
C-25 15.5(3.19) 153! 15.5¢ 98 100 155 15.7 15.5 15.3
—OR (R:Me, Et, Ac) 554 627 1709 1709

154 209 210
—COOCH, 51.0

Values labelled with a given lotter (s—f) in each column may be in a different order and do not necessarily
indicated.

apply to the particular carbon atom

shift to 54.54 (2H, brs) in the acetate 7,
CrH;0;, [afh ~88.2°. On catalytic hydrogena-
tion, a saturated hydrogenolysis product 8, C;sHs,,
was obtained, which was inferred to be a 14-
membered monocyclic structure with a C-8 unit
side chain on the basis of its MS spectrum. Thus,
the presence of an allylic primary hydroxyl group
was established. Measurement of the spin-lattice
relaxation time (T,) and the observation of NOE at
vinyl methyl carbons in the CMR spectrum con-
firmed the presence of two vinylic methyl groups in
cis geometry to the vinyl protons. One was inferred
to be on the ring and the other on the side chain
based on the differences in the relaxation times
(Table 1) and by comparison of the chemical shifts
in the CMR spectrum of 1 with those of cembrene-
A®, which is a 14-membered diterpene having all-
trans trisubstituted double bonds. Ozopolysis of
cericerol-I acetate 7, followed by catalytic hydroge-
nation gave a mixture of aldehydes 9-11, which
were separated by column chromatography. The
first compound ecluted was identified as 4-oxo-
pentenoic aldehyde 9 on the basis of its spectral
data. The second compound. C,H,,O, 10, gave
PMR signals indicative of CH, r— at
82.14 (3H,s) and 4.72 (2H, brs), —CHO at
3 9.75 (1H, 3) and methylenes at 8 2.76 (4H). The
third eompound, C"HNO“ gave two —CHO sign-
als at 8 9.67, 9.78 (each 1H, s) and —COCH, at
2.14 (3H, ), indicating the formula 11, The forma-

tion of 10 and 11 requires that the allylic alcohol
and the side chain are at the positions C-3 (or C-7)
and C-14, respectively. The stereochemistry at C-
14 was deduced to be R-configuration by compari-
son of the CD spectra of the ozonolysis product 11
and a corresponding synthetic substance which was
prepared from (+)-(R)-limonene. The geometry of
the ring-olefinic bonds and the position of the
allylic alcohol are not implied and remain to be
clarified.

Cericerol-II 2, CpsHyOs, [aT —28.1° gave a
PMR very similar to that of 1 except fora
signal due to a methyl group attached to the carbon
with the hydroxyl group at 8 1.03 (3H, s) in place
of the exo-methylene group in 1. Observation of
twoprommatassoand425 (cach 1H, d, J = 12)
with large differences in chemical shift compared to
those of 1 suggests that the position of its primary
allylic alcohol group is not at C-7, but at C-3.
Dehydration of the tertiary alcohol in cericerol-II
acetate 12, C,H,O,, with thionyl chloride-
pyridine gave a mixture of three geometric isomers
in a ratio of 7:3:1. They were scparated by
passage through a silver nitrate-impregnated silica
gel column. The major product was identical with
cericerol-I acetate 7. The second product was iden-
tical with the acetate 13 of a-cericerol-I, which
should be formulated as 8, in good accord with its
spectral data. The minor product can be drawn as
structure 14, having a tetrasubstituted double bond.



New macrocyclic sesterterpenoids from a scale insect

This correlation also establishes R-chirality for C-
14 in 2 and 5. The geometry of the ring-olefinic
bonds remains to be elucidated.

The minor compounds 3, C;,iH,,0, [« ~69.4°,
and 4, C,H, O, [a]5 —69.5°, showed similar PMR
spectra and their spectral characteristics were as
follows: —CH—OCH,: &, 3.16 (3H, s), 3.28 (1H,
dd,J=35, 12); —CH-—-O—CH,CH;: §, 1.17 (3H, t,
J=17), 325 (24, q,J=7), 3.40 (1H, d.d, J=4, 12).
Except for the substituents, the spectral data indi-
cate a marked structural resemblance to cericerene
18, C:sHy, [aTF —48.3°, which was derived from
(I)-tosylate by lithium aluminum hydride reduc-
tion, suggesting that the methoxyl group of 3
[ethoxyl group of 4] should be at C-13, which is the
only non-allylic position in the structure, so as to
account for the chemical shifts of —CH—OR.
Thus, the minor products 3 and 4 can be identified
8s 13-methoxy cericerene and 13-ethoxy
cericerene, respectively. A comparison (Table 1) of
the CMR spectrum of a 14-membered diterpene,
cembrene-A°®, with those of 3 and 4 suggests that 3
and 4 have three trisubstituted double bonds, one
in Z- and two in E-configurations. Clearly, A** has
an E-configuration, by comparison of 1 with 3 and
4. Observation in 3 and 4 of a —5 ppm eflect on a
trans vinyl methyl up at around 8 15 ppm in
15 indicates E—A'""" and thus Z-A*’ configura-
tions.

The structure of cericeroic acid 6, CysH3,0;,
[a5 ~116.2°, was readily deducible from addi-
tional information in the PMR and CMR spectra
concerning the carbon skeleton. After treatment
with diazomethane, the product was reduced with
lithium aluminum hydride. On the basis of all spec-
tral data, the resulting alcohol was identical with
cericerol-I 1, including the stereochemistry.
Though the substituent configurations at C-13 in 3
and 4 and at C-15 in 2 still remain to be clarified,
the structures 1-6 can be illustrated as shown in
Fig. 2.

EXPERIMENTAL

The following instruments were used to obtain
spectral/analytical data: a Hitachi EPI-G2 infrared spec-
trometer (compounds were measured as films); Hitachi
R-20B and JEOL FX-100 spectrometers (PMR, CMR;
& (ppm), TMS as an internal standard); a Hitachi RMU-6
mass spectrometer (70 eV, direct inlet system); a JEOL
JMS-018G (high resolution MS) unit for determination of
the molecular formulase of new compounds; a Perkin-
Elmer 141 polarimeter ({a], at 589, 578, 546, 436 and
365 nm in CHCl,); a Jasco ORD/UV-$ unit (CD, ORD;
in EtOH); a Varian Acrograph model 920 (prep. GLC;
3ftx } in Al column packed with 10% Silicone OV-17 on
Diasolid L, with He as a carrier gas); a chromatography
column (Malinckrodt, Sitica gel, 100 mesh; 15% AgNO,-
silica gel; prepacked Lobar column, silica gel 60).

Isolation. C. ceriferus (2.77 kg) was extracted with
CHQL;. After insect debris (854 g) had been filtered off,
the filtrate was divided into the CHCl, and acqueous
layers. Chloroform was concentrated to ;"5 of its original
volume and the residuc was precipitated with acetone to
obtain soluble and insoluble fractions. After concentra-
tion of the acetone fraction, the concentrate was dissolved
in E4,O and extracted with 2% NaOH aqueous solution.
The ethereal solution was washed with water, dried over
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anhydrous Na,SO, and evaporated down to give a
neutral fraction (161g). The alkaline solution was
acidified with HCl aq. and extracted with Et,O. The
cthereal solution was worked up as usual to give acidic
compounds (157 g). The neutral fraction, which contained
sesquiterpenoids, diterpenoids, sesterterpenoids,  tri-
glycerides and so on, was chromatograpbed. Four neutral
sesterterpenoids, cericerol-1 1, cericerol-II 2, 13-methoxy
cericerene 3 and 13-ethoxy cericerene 4, were obtained.
The acidic fraction, which contained fatty acids, diter-
penoids and a sesterterpenoid, namely cericeroic acid 6,
was esterified with ethereal CH,N,. On chromatography
methyl cericeroate 6 was obtained. The acetone-
insoluble fraction was chromatographed to yield ca. 30%
unsaturated esters, which consisted of fatty acids and
sesterterpene alcohols: cericerol-1 1, cericerol-1I 2, and
a-cericerol-I 8. The fatty acids consisted of saturated C,,,
Cjp(major component) and C,,.

Cericerol-1 1, C,sH O (M, obsd. 356.3088, calcd. for
356.3089), [a}) —84.1° (c, 1.88); vy, (cm™'): 3300,
1636, 1008, 886; PMR (CCl,): 1.05 (1H, br.s), 3.89, 4.12
(each 1H, d, J=12), 4.72 (2H, m), 4.9-5.4 (4H, m); m/e
(%): 356 (M*, 20), 338 (10), 287 (M-C.H,, 15), 269 (13),
229 (10), 93 (94), 69 (100).

Acetylation of 1 (Ac,O-pyridine, overnight) gave an
acetate 7, [a]2] ~88.2° (¢, 1.3); v, (cm™"): 1738, 1638,
1235, 1012, 886; PMR (CCl,): 1.53, 1.61 (cach 3H, br.s),
1.68 (6H, br.s) 1.98 (3H, 5), 4.54 (2H, brs), 4.72 2H, m),
4.9-5.4 (4H, m); mie (%): 398 M, C,;H,,0,, <1}, 338
(44), 269 (34), 93 (100), 69 (66).

Hydrogenation of cericerol-1 acetate 7 to the yerhydro
derivatives 8 and 8

A solution of 7 in MeOH was hydrogenated over 10%
Pd-C for 0.5 hr. The catalyst was filtered off and the
filtrate was evaporated down to give a mixture of hyd-
rogenolysis product 8 and perhydro derivative 8' in the
ratio of 9:1. These products were isolated by preparative
GLC at 150°C, Hydrogenolysis product 8, m/e (%): 350
(M"*, C,cHy,, 14), 236 (M—C,H,,, 100), 97 (52); PMR
(€cC1,): 0.89 (18H, d, J=6), 1.24 (32H, br.s). Perhydro
derivative 8', m/e (%): 408 (M*, C,yH;,0,, <1), 348
{(M—AcOH, 84), 234 (M—AcOH—C,H,,, 64), 97 (100);
Vouax (cm™1): 1740, 1240, 1040.

Ozonolysis of cericerol-1 acetate 7. A stream of
ozonized oxygen was passed through & solution of 7
(520 mg) in AcOEt (8 ml) at ~70°C until it turned faint
blue (2 h). The ozonide in the solvent was left overnight at
5°C and hydrogenated over 10% Pd-C. On usual work-up
8 mixture of aldchydes 9, 10, and 11 was obtained. The
mixture was separated on a Lobar column eluted with
CHCl;—AcOEt {9:1) to give 9 (24 mg), (10) (92 mg) and
an optically active product 11 (10 mg). Product 9, m/e
(%): 100 (M*, C4H,0,, <1), 101 (M+1, 4), 85 (50), 57
(15), 43 (100); PMR (CDCl,): 2.20 (3H, s), 2.74 (4H,
br.s), 9.78 (1H, br.s). Product 10, m/e (%): 159 (M*+1,
C,H,,0,+1, <1), 98 (11), 85 (100), 57 (14), 43 (76);
PMR (CDCY,): 2.14 (3H, s), 2.76 (4H, br.s), 4.72 (2H,
brs), 9.75 (1H, br.s). Product 11, m/e (%) 212 (M*,
C, H,,0,<1), 127 (9), 108 (7), 85 (100), 71 (10), 58
(10), 57 (14), 43 (85); PMR (CDCly): 1.16 (2H, m), 2.14
(7H, br.s), 2.35-2.9 (5H, m), 9.67, 9.78 (each 1H, br.s);
[aF)+51.2° (c, 0.5, EtOH); CD: [8)5,4 0, [8L5+313,
{o]us 0; ORD: {¢Loo+ 127, [éLN+848s [¢1rm+466»

Ozonolysis of (+)-B-bisabolene. (+)-B-Bisabolene,
which was identical with an authentic sample, was synth-
esized from (+)-R-limonene by the method of Crawford
et al.’ and subjected to ozonolysis. Decomposition of the
resulting ozonide was accomplished by hydrogenation
under the same conditions as for 7. On usual work-up,
the optically active product obtained was identical with
11, having R chirality as expected from the CD spec-
trum.
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Reduction of cericeroi-]1 1 to cericerene 18, A solution
of 1 (100 mg) in pyridine (1 mi) was trested with TaCl
(130 mg) at 0°C and left overnight at 5°C. The reaction
mixture was poured into ice-water with stirring and ex-
tracted to give a colorless oil. The oil was refluxed in THF
(7mi) for 1b with LiAlH, (16 mg). Excess LiAIH, was
decomposed by the addition of 1% HCl aqueous solution.
This mixture was extracted with Et,O, washed, dried,

evaporated down and purified on 2 Lobar column using
hexane to give a hydrocarbon which was named
cericerene 18 (36 mg). Cericerens 18, [a}) —48.3° {c,
0.48); mje (%): 3400(!\‘1’; CasHyp, 305,{25%@1}4.
18),.229 (13), 93 (100), 69 (100) 41 (100); v, (cm™!):
1620, 1640, 892; PMR (CDCly): 1.56, 1.59, 1.64 (each
3H, br.s), 1.69 (6H, bra), 4.75 (2H, m), 4.9-5.3 (4H, m).
a-Cericerol-1 8, C,sH,,0, [aF] ~71.6° (c, 0.24); m/e
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{%): 356 (M", B), 338 (52), 269 (M—H,0—CH,, 42),
93 (100), 69 (78); v, (cm™?) 3400, 1630, 1008; PMR
(CDCl,): 1.53 (6H, brs), 1.77 (9H, brs), 2.69 (2H, t,
J=7), 4.00, 4.27 (each 1H, d, J= 12), 4.9-5.4 (5H, m).

Acetylation of 5 (Ac,O-pyridine, t) gave an
acetate 13. a-Cericerol-]1 acetate 13, [a], —84.3° (c,
1.08); mie (%) 398 (M*, C,H,,0,, 4), 338 (32), 269
(30), 93 (100), 69 (68); v, (cm™'): 1740, 1660, 1235;
PMR (CDCl,): 1.53 (6H, br.s), 1.64 (6H, brs), 1.69 (3H,
br.s), 2.07 (3H, s), 2.70 (2H, t, J=7), 4.64 (2H, br.s),
4.9-5.5 (5H, m).

Cericerol-T1 2. C, H,,0, (M*, obsd. 374.3128, calcd.
for 374.3123); [a}g —28.1° (¢, 1.3); v, (cm™'): 3400,
1660, 1020; PMR (CCL)): 1.04 (3H, ), 1.53, 1.65 (each
3H, br.s), 1.67 {6H, bra), 3.80, 4.25 (each 1H, d, I =12),
4.9-5.4 (4H, m); in CD,0D &, 3.80, 4.25 shifted to 8§,
4.12 (2H, brs); mle (%): 374 (M*, <1), 356 (28), 338
(9), 287 M—H,0—C,H,, 15), 269 (19), 109 (C,H,,,
98), 69 (100).

Acctylation of 2 (Ac,O-pyridine, overnight) gave the
monoacetate 12. Cericerol-II monoacetate 12, m/e (%):
416 (M*, C;,H,0,, <1), 398 (10), 338 (40), 269 (50),
109 (56), 69 (86), 43 (100); »,,, (cm™'): 3500, 1730,
1650, 1240; PMR (CCl): 1.09 (3H, s), 1.53 (3H, bras),
1.64 (9H, br.s), 1.99 (3H, s), 4.54 (2H, brs), 4.9-5.4
{4H, m).

Dehydration of cericerol-I1 monoacetate 12 to 7, 13 and
14. Thiony! chloride (0.4 mI) was added dropwise to 12
(90 mg) in pyridine (1 ml) at 0°C and left to stand for
15 min. The reaction mixture was poured into ice-water
slowly with stirring and extracted with Et,O. The ethereal
solution was washed, dried, evaporated down, and
chromatographed on a 15% AgNO,-silicic acid column,
eluting with increasing amounts of AcOEt in CHCI,, to
give 14 (Smg), 13 (17 mg) and 7 (35 mg) in this order.
The compounds 13 and 7 were identical in all respects
with a-cericerol-1 acctate and cericerol-1 acetate, respec-
tively. Compound 14, m/e (%): 398 (M*, C;,H,,0;, 9),
338 (7), 109 (72), 93 (50), 69 (42), 43 (100); PMR
(CDCly): 1.58 (6, br.s), 1.68 (6H, br.s}, 1.70 (3H, br.s),
2.61 (2H, m), 4.63 (2H, brs), 4.9-5.5 (4H, m).

13- cericerene 3, C, H,,O (M*, obsd.
370.3209, caled. for 370.3207); [a]] -69.4° (c, 0.36);
Vase (Cm~'): 1634, 1094, 886; PMR (CDCY,): 1.58 (6H,
br.s), 1.63 (3H, br.s), 1.68 (6H, br.s), 3.16 (3H, ), 3.28
(1H, d.d, J=5, 12), 4.73, 481 {each 1H, brs), 4.9-5.4
(4H, m); m/e (%): 370 (M*, 6), 338 (M—CH,OH, 4),
301 (M—C,H,, 2), 269 (7), 229 (3), 164 (C,,H,,0, 39),
98 (Csl’llno! 100), 69 (36)‘
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13-Ethoxy cericerene 4, C,H, O (M*, obsd. 384.3395,
calcd for 384.3395); [a2) —69.5° (c, 0.6); vpu, (cm™'):
1638, 1086, 888; PMR (CDQL,): 1.17 (3H, t, J=7), 1.58
{6H, brs), 1.62 (3H, brs), 1.68 (6H, br.s), 3.25 (2H, g,
J=17),3.40 (1H,d.d, I =4, 12), 4.73, 4.80 (each 1H, br.s),
4.9-5.4 (4H, m); m/e (%): 384 (M*, 7), 338 (3), 315 (2),
269 (5), 229 (3), 178 (42), 112 (100), 69 (40).

Cericeroic acid 6, m/e (%): 370 M*, C,5H,50,, 40),
301 (M—C.H,, 30), 109 (73), 93 (74), 69 (100); PMR
(CCl,): 1.56, 1.65 (each 3H, br.s), 1.69 (6H, brs), 4.8
(2H, m), 4.9-5.4 (3H, m), 5.92 (1H, m).

Esterification of & (ethereal CH,N,) o yield methyl
cericeroate §'. Methyl cericeroate €', O,, mie (%):
384 (M*, 32), 315 (30), 93 (88), 69 (94), 41 (100); [aJ&)
~116.2° {¢, 7.93); v, (cm™'): 1720, 1638, 886; PMR
(CDCl,): 1.53, 1.62 (each 3H, br.s), 1.70 (6H, br.s), 3.75
(3H, s), 4.74, 4.80 (each 1H, br.s), 5.0-5.4 (3H, m), 5.71
(1H, dd, J=4, 10).

Reduction of methyl cericeroate €' to  cericerol-1
1. Methyl cericeroate §' (45 mg) was refluxed in Et,O
(7 ml) for 1h with LiAIH, (10 mg). Excess LiAIH, was
decomposed by the addition of 1% HQ! aqueous soln.
The mixture was extracted with Et,0O, washed, dried and
evaporated down to give an alcoholic compound (36 mg)
which was identical with cericerol-I 1.

Acknowledgements—The authors would like to express
their thanks to Dr. Y. Asakawa (Tokushima Bunri Univ.)
for providing some of the C. Ceriferus, and to Prof. S.
Takagi (Hokkaido Univ.) for its identification. We also
thank Dr. T. Kato (Tohoku Univ.) for providing CMR
spectra of cembrene A and related compounds.

Y. Naya, F. Miyamoto, and T. Takemoto, Experientia
34, 984 (1978).

2A. Hashimoto, H. Yoshida, and K. Mukai, Nogei
Kagaku Zasshi 41, 498 (1967).

3K. Doi, Y. Yachida, H. Kishida, and Y. Itagaki, 19th
TEAC Meeting at Fukuoka (Japan), Abstract, p. 155
(1975).

“R. Veloz, L. Quijano, J. S. Calderon, and T. Rios, J.C.S.
Chem. Comm. 191 (1975).

SThese results will be reported elsewhere.

éy. D. Patil, U. R. Nayak and Sukh Dev, Tetrahedron 29,
341 (1973).

"R. J. Crawford, W. F. Erman, and C. D. Broaddus, J.
Am. Chem. Soc. 94, 4298 (1972).



