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NEW MACROCYCLIC SESTERTERPENOIDS 
FROM A SCALE INSECI’ 

(CEROPLASIES CERRBRUS) 

F. MIYAMOTO, H. NAOKI, T. T,uasmro and Y. NAYA* 
The Insthte of Focd Chemistry, Shimamoto-cho. h&hima-gun, Osaka 618. Japan 

(Recehwd fn the UK 13 Febmwy 1979) 

M&ad-!& new macrocyclic scsterterpeooids l-6 were isolrtcd from the secretion of a scale 
ioacct. Ckopkzsru ceri~enu Anderson, and their structww determined. Chemical correlation has also 
been accomplished. Stercocbemistry was elucidated by comparison of tbe CD qxctra of tbc ozonolysis 
product of l-acetate and a corresponding synthetic substance of known absolute configuration. 
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The interesting discovery of sesquiterpenes sec- 
reted by C&up&&s cuifa belonging to the opti- 
cally antlpodal 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 sesterterpenolds, 
cericerol-I 1, cericerol-II 2, 13-methoxy-cericerene 
3, 13-ethoxy cericerene 4, a-cericerol-I 5, and 
cerlcerolc acid 6, which were isolated from the 
secretion of C uriferus Anderson (fam. Co&l@. 

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 esterifled with an unsatu- 
rated cyclic alcohol found to be identical to 1. 
Though the occurrence of three sestcrterpcnoids 
had been reported” on the basis of CC-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 l-6, 
Ah.7 has the Z-configuration. 

C cerifmcs fed on the host Diarpyms 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%) 

r 

insect debris (854 a) 

was precipitated with acetone for separation into 
acetone-soluble and -insoluble fractions. Usual 
working up of the acetone-soluble fraction (13%) 
gave neutral substances (5.8%) which consisted of 
sesqulterpenoids,’ diterpenoids,” triglycerides, 
sesterterpenoids 1-4. and uncharacterixed com- 
pounds. From an acidic fraction (5.6%). a sesterter- 
pene 6 and diterpenoids’ were obtained. The 
acetone-insoluble fraction (36%) consisted of esters 
(25%) and unchamcterlxed lipids (10%). The es- 
ters,’ which on mild hydrolysis with base gave a 
mixture of allphatic acids,’ aliphatic alcohols,’ and 
scsterterpene alcohols (1,2 and S), were considered 
to consist of polyesters of two types, i.e. aliphatic 
and cyclic. The ‘separation procedures are shown 
schematically in Pig. 1. 

Srructuml rdatimsh of sestatcrpmoids l-6 
cericerol-I 1, F [a D -30.6”. has the molecular 

formula C&&O. The PMR spectrum of 1 shows 
four vinylic methyls at 8 1.53, 1.61 (each 3I-I) and 
1.67 (6I-I). and vinylic protons at S 4.9-5.4 (4I-I). 
The presence of an exo methylene group is 
suggested by signals at g 4.72 (2I-I) in the PMR 
spectrum and the band at u_ 886 cm-’ in the IR 
spectrum. Two protons at g 3.89 (lH, d, J = 12) and 
4.12 (lH, d, J = 12) were assigned to -CHz-O- 
adjacent to a double bond exhibiting a downfield 

1) chroma- I 

Fq. 1. 
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Table 1. ‘% cbemkal shifts of cericcro~-i 1, cembrenc-A, cerkcrene U, 13-tn&xy cericmnc 3, 
l3-&boxy cefi~rene 4, cwicurol-l acetate 7. cret-x acetate 33, ccri~t-ff 2, and methyl 
ariamatc 6’. 
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shift to II 4.54 (2H, br.s) in the acetate 7, 
C&,HJ&, [ag -88.2”. 00 catalytic hydrogena- 
tion, a saturated hy~~~l~ product 8, c;L;H,, 
was obtained, which was inferred to be a 14- 
membered monocyclic stnwture with a C-8 unit 
side chain on tho basis of its MS qectrum. Thus, 
the presence of an allylic primary hydroxyl group 
was established. Measurement of tho @a-lattice 
relaxation time (T,) and tho observation of NOE at 
vinyl methyl carbons in the CMR 8pecWum con- 
firmed tho presence of two vlnylic methyl groups in 
cis geometry to the Yinyl protons. oao was inferred 
to be on the ring and tho other on the side chain 
based on tho differences in the relaxation times 
(Tablo 1) and by comparison of tho chemical shifts 
in the CMR spectrum of 1 with those of cembreno- 
A”, which is a M-membered diterpeno having all- 
hruu triaubstituted double bonds. Ozonolysis of 
cericerol-I acetate 7, followed by catalytic hydroge- 
nation gave a mixture of aldehydes 9-U which 
were separated by column chromatography. The 
fkst compound eluted was identified as 4-o%& 
pentanoic aldohyde 9 on the basis of its spectml 
data. l’he second compound. C,H,,,O. 10, gave 
Ph4R signals indicative of CHaCO-O-CHr at 
8 2.14 (3H, s) and 4.72 (2H, br.s), -CHO at 
b 9.75 (ZH, a) and methylenes at 8 2.76 (4H). The 
third compound, GIHlsO., gavo two -CHO sign- 
als at 8 9.67, 9.78 (each 1H. 8) and -COC!H> at 
2.14 (3H. s), indicating tho formula 11. ‘I&o forma- 

tion of 10 and 11 require8 that the allylic alcohol 
and the side chain are at tho positions C-3 (or C-7) 
aad C-14, rwqectivoly. Tho stereochemistry at C- 
14 was de&cdl to be R-conQuration by compari- 
son of the CD spectra of the oxonolysia produu 11 
and a correspondiug synthetic substance which was 
prepa& from (+)-(R)-limoneno. The geometry of 
the ring*lofinic bonds and the position of tho 
alh& alcohol are not hut&d and remain to be 
caed. 

Ckiceroi-II 2, C&I&Oz, CUE -28.1*, gave a 
~~v~~~~toflex~tf~a 
signal due to a mothyl group attached to the carbon 
with tbe hydroxyl pup at 8 1.03 (3H, I) in place 
of the oxo-methylone group in 1. Observation of 
two protons at 8 3.80 and 4.25 (each lH, d, J = 12) 
with large di&eaces ia 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 tertky alcohol in c~ricerol-II 
acetate 12, .C&&O,, &th thionyl chloride- 
pyridine gave a mixture of three geometric isomen 
in a ratio of 7:3: 1. Tbey wore separated by 
pasrago throu@~ a silver nitrate-impregnated silica 
gel column. The major product was identical with 
cericerol-I acetate 7. ‘Ill0 second product was iden- 
tical with tho acetate l3 of a-cericerol-I, which 
shouldbeformulateda8S,ingoodaccordwithits 
S&WCtd&~ThOHlillOrprodpaCanbO~Wllacl 

structur0 14, having a tetrasubetituted doube bond. 
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‘Ibis correlation also estabhshes R-chirahty for C- 
14 in 2 and 5. The geometry of the ring-oIefInic 
bonds remains to be cluc&iated. 

The minor compounds 3, C&i&O, [a$ -69.4”. 
and 4, &&.,O, [a$ -69.5”. showed similar PMR 
spectra and their spectraI characteristics were as 
~~~~g~: a, 3.16 (3H, s), 3.28 @I, 

--O--CH&H~: 6 1.17 (3H, t, 
J+, 3.i5 &I, q, J=7), 3.40 (lH, d.d, J=4 12) 
Except for the snbstituents, the spectral data ‘mdi-’ 
cate a marked st~chmd resemblance to cericerene 
15, C&G, [up,’ -48.3*, which was derived from 
(Wosylate by lithium aIuminum hydride reduc- 
tion, suggesting that the methoxyl group of 3 
[etboxyl group of 41 should be at C-13, which is the 
only non-aIIyIic position in the structure, so as to 
aceount for the chemicaI shifts of -CH-OR. 
Thus, the minor products 3 and 4 can be identilied 
as 1Imetboxy cericerene and 13-etboJcy 
cericerene, respectively. A comparison (Table 1) of 
the CMR spectrum of a M-membered diterpene, 
cembrene-A6, 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-eon@uatio~~, by comparison of 1 with 3 and 
4.~~a~n~3Md4ofa-S~meff~ona 
tmns vinyl methyl group at around 6 15 ppm in 
15 indicates E- 6”. ’ and thus Z-A”’ configura- 
tiOtlS. 

The smcture of cericeroic acid 6, C&HmOz, 
[a$ -116.2“‘ was readiIy deducible from addi- 
tional information in the PMR and CMR spectra 
concerning the carbon skeleton. After treatment 
with diazomethane, the product was reduced with 
Iithium ahnninum hydride. Ou the basis of ah spec- 
trai data, the resulting alcohol was identical with 
cericerol-I 1, including the stereochemistry. 
Taough the substitueat contigurations at C-13 in 3 
and 4 and at C-15 in 2 stiIl remain to be clarified, 
thestructures 1-6canbc ilhstratcdasshown in 
Pig. 2. 

-AL 
The folhnviug instruments were used to obtain 

spectml/a@tical data: a Hitachi EPLG2 infrared spcc- 
trometer (compounda were measured as t&s); Hitachi 
R-20B sod JROL PX-100 spcctrontetcrs (PMR, CMR; 
8 &pm), TMS as an internal standard); n Hitachi RMU-6 
mass qcctmmetcr (70 tV, dii inkt syutem); a JEOL 
JMS-OISG (k&h rcaoiution MS) unit for determination of 
the molecular formulae of new compaunds; a Perkin- 
Elmer 141 polarimetcr (iaJ, at 589, 578, 546,436 and 
365 mn in C&it&); a Jasco ORD/UV-5 unit (CD, ORD; 
in EtOii); a Varian Aerograph model 920 (prep. Gu3; 
3ftX) in Al column packed with 10% Silicone OV-17 on 
Diocogd L, with He -as a carrier gas); a chromatography 
Oofumrt (Malinckrodt. Silica act. 100 mesh; 15% A&JO,- 
8iIica gel; prepacked .Lobar column, silica~gef 60). ” ” 

Iroiclf&u. C cerifwus (2.77 kg) was estractcd with 
CRC&. After insect debris (8548) had been 6ltered off, 
the tIltram was divided into the CHCY 
layers- Cldomform was concentrated to & 

and acqueous 
of its origmal 

volume and the residue was precipitated with acetone to 
obtain sobrbk and insolubk fractions. After unmet&a- 
tion of the acetone fractkrn, the conccntratc was dissolved 
in EtsO and es&acted with 2% NaOH aqueous uWion. 
The ethereal s0lution was washed with water, drkd over 

anhydrous Na@, and evapunted down to give a 
ueutnl fraction (16lg). ‘Ibe dkalinc sofotion was 
acidified with HCJ 4. and exbacmd with R&o* The 
ethereal solution wu worked up as usuaJ to give acidic 
compounds (157 g). The neutral fmction, whkb contained 
sedquiterpeaoids, ditcqnoidr, sesterterpeaoids. tri- 
g&erkks & so on, was ~~uwM~M. Four neutral 
sutertcrpeao* cericeroL1 t, cericerol-II A 1Smetboxy 
ceriare~e 3 aad 13-ethoxy aniareae 4, were obtained. 
Ihe acidic fraction. which contahd fatty acids, diter- 
pcnoids and a se&teqa&d, namely c&~rok acid 6, 
was estcri6cd with ethereal cH,N,. On cbromatograpby 
methyl oericeroatc 6’ was obtained. The acetone- 
ins&Me fraction ~SS chromatogmphed to yield CB. 30% 
unsatmated trten, which cons&cd of fatty acids and 
scstcrterpeae alcohob: ariceroI-I 1, cericcrol-II 2. and 
aarkcro~-I 5. Tbe fatty acids coasistcd of saturated C&, 
C&&major component) aad CL& 

Gwiceml-1 l. C&L-,0 (M*, obwl. 356.3088, cakd. for -- 
356.3089), [a$ -84.1” (c, 1.88); v-&m-‘): 3300, 
1636. 1008.886: PMR ICC’lh 1.05 (1H. br.8). 3.89.4.12 
(cad; lli, ci, J=.l2). 4.i2 (& m), h-j.4 (4H. mj; m/e 
(%): 356 &f+. 20). 338 (10). 287 (M-C&,, 15), 269 (13), 
229 (10). 93 (94)‘ 69 (100). 

Acetylation of 1 (Ac#-pyridine, overnight) gave an 
acetate 7. [oj$’ -88.T (c, 1.3); u_ (cm-‘): 1738, 1638, 
1235, 1012,886; PMR (CCI,): X53.1.61 (each 3H, br.s), 
1.68 (6H. br.s) f.98 (3H. 6)). 4.54 (2H, br& 4.72 (2H, m), 
4.W.4 (4H, m); m/e (%f: 398 (M, q7H,aOzr W, 338 
(44). 269 WI.93 (MO), 69 (66). 

Hh~~daosa+cud-I acetate 7 to rhc @tydm 

A solution of 7 in McGH was hydrogenated over 10% 
W-C for 0.5 hr. The catalyst was 6ltcrcd off and the 
filtrate was evaporated &wu to give a mixture of hyd- 
rogeaolysii product 8 and pcrhydro derivative 8’ in the 
ratio of 9 : 1. These products were is&ted by preparative 
0L.C at 150°C. Hydrogcaolysis product 8, m/e (%): 350 
W, CuHsc. 14). 236 &f-C,,H,a, lOO), 97 (52); PhfR 
(CC&): 0.89 (18H. d. J-6). 1.24 (32H, br.s). Pcrhydm 
dcrivativc 8’, m/c (%): 408 (I@+. t&H,&, cl), 348 
(M-AcGHt 841,234 (M-AcGH-CsHts, 64),97 (lOOI; 
v,(au’1: 174O,124O, lO4O. 

otandpsis of wiormi-I accutrc 7. A strcam of 
ozonircd oxygen was passed through a solution of 7 
(52Ontg) in A&Et (Sml) at -7OT until it turned faint 
blue (2 h). ‘Ilm ozonide in the s0lvent was left overnight at 
5°C aad h~~n8~ over 10% W-C. Gn usual work-up 
a mixture of aldettydes 9, IO, and 11 wfts obtained. The 
mixture was separated on a Lobar cohrmn elutcd with 
CHf&-AcfXt (9 : 1) to give 9 (24 ms). (10) (92 mg) and 
an Optically active product Ll (10mg). Product 9, m/c 
(%I: 100 (M+, C&os, <l), 101 (M+ 1.41, 85 (SO), 57 
(15). 43 (100); PMR (CLXX): 2.20 (3H, II), 2.74 (4H, 
br.r), 9.78 (lkf; br.s). Product!“lO, m/e-(%): 159 (M’+ 1, 
C,H,,O,+l. <II. 98 (111. 85 (lOOk 57 (14). 43 (76): 
Pti”(C&& 2.iS (3-R.‘;). 2.76 (4R. b&),-b.72 (2H, 
br.s), 9.75 (IH, br.a). Product 11. m/e (%): 212 (M+, 
C,,H,,O.<l), 127 (9). 108 (7). 85 (lOO), 71 (101, 58 
(IO), 57 (14). 43 (85); PhiR (CDCQ: 1.16 (2H. m). 2.14 
(7H, br.s), 2.35-2.9 (5H. m), 9.67, 9.78 (each 1H. br.s); 
[apd+51.2’ (c, 0.5, EtOH); CD: [B&,, 0, [@h7s+313. 
[e& 0; ORI): [(a&,+127, [=+&,+84& [#&,+466. 

Ozonofys& of (+)-@-biwfwkne (+1-&Bkabokne, 
wbkb was idwk8l with an rutbeatic sample, was syuth- 
esized from (+)-R-limoacne by the method of Crawford 
ct al7 and subjected to oaonolysis. Decomposition of the 
rcsuhing oz&dc was accompgshed by hydrogenation 
umkr the same condittons & fOr 7. On usual work-up, 
the optically active product obtained was identical with 
11, having R chirality as cxpcctcd from the CD spix- 
trum. 



(2): R==CH&H 
02)~ R=CH&Ac 

cembmte A 
(3): R=CH2, R'4H, 
(4): R=C& R‘=CZH$H2 

arbxpol-I SetMe 
R=i3i20Ac 

Rk?4whof~-xlto- U. A iofudon evaporated down ad par&d on a Lobnr column odng 
of 1 (looa& in pyridine (Illa wm treated with T&I ttcxanc to gjve 8 aydrocsrbon which was l%8uwl 
(13Osnp) at 0-c *ad left overnight at PC. The rem 
mix- was potucd into ica-water with stirring and ex- 
MCtCdtogivc~~~oil*ThaoifW~rrflox&fnTHF 
(7ml) for 1 h with LAW, (16mg). ~cess L,iNH, MU 1620, 1640,892; PMR @X&I: 1.56, 1.59, 1.64 tudr 
dccompofed by tic addition of 1% SKI aqueow wlution. 39 bra), 1.69 (6W bra)), 4.75 (W;, m), 4.9-5.3 (4% m). 
Ibis mixhue was extracted with EkO. wwhed, d&d, a-M-1 5, C&&,0, [ag -71.6’ (c, 0.24); mls 



(%): 356 (M+, 8), 338 (52), 269 (M-&w 42), 
93 (100). 69 (78); v-&m-‘) 3400,163O. 1008; PMB 
(CDCI,): 1.53 (6H, bra), 1.77 (9H, bra), 2.69 (W, t, 
J-7),4.00,4.27 (uch lx, 6 J- 121.4.P5.4 (SH. ID). 

1.08); mir (%) 398 (M+, C$i&,.4j, F&3 (32), ti 
(30). 93 (lOO), 69 (68); u_(cm-‘): 1740. 1660, 1235; 
PMB (CDCI,): 1.53 (6H, brr), 1.64 (6H, bra). 1.69 (3H, 
br.s), 2.07 (3H, a). 2.70 (2H, t, J-7). 4.64 (2H, br.s), 
4.9-5.5 (SW, m). 

cerhuf-II 2. 
2 

Kz02 (MI, obsd. 374.3128, calai. 
for 374.3123); [a -28.P (c. 1.3); vk(cm-I): 3400, 
1660. 1020; Phii2 (CCl& 1.04 (3H, I), 1.53, 1.65 (each 
3H, br.s), 1.67 (6H, brr), 3.80.4.25 (each 1% d, J - 12). 
4.9-5.4 (4H, m); in CD,OD 8, 3.80, 4.25 nhifted to 4 
4.12 GH, brd; m/c (?&I: 374 CM”. <l). 356 (28). 338 
(9), i87 -(&ti@+&, 15); 26% Cl+), 109‘ (@f,,, 
98). 69 (1OOL 
iioetyiation of a (AC@-pyridine, ovcmight) gave the 

monoacetate l2. Cericcroi-II monoaixtite U. m/e (%): 
416 @I+. C&.,&OS, cl), 398 (10). 338 (40), 269 (SO), 
109 (56). 69 (86). 43 (100); v,(cm-‘1: 3500, 1730, 
16S0, 1240; PMR (CCQ: 1.09 (3H, s), 1.53 (3H, brr), 
1.64 (9H, br.6). 1.99 (3H, I), 4.54 (2H, bra). 4.9-5.4 
(4% mh 

Pchydmfion of--Ix -trl2to7,wand 
14. Thionyl chloride (0.4ml) wn added droim& to 12 
(90 ms) id pyridine (i ml) at 0°C and left tb stand for 
15min. The reaction mixture was pomed into icu-w8ter 
sfowiy with SthiIlg and extmchi with Et& The etherud 
solution was walhd, dried, Cvn~M down. mxl 
duom8tographad on a 15% AgNo&licic acid c&ma, 
Chltillg With ill taeasing amounts of AcoE4 ill CHCI,, to 
give 14 (5 mg), l3 (17 mg) and 7 (35 me) in this order. 
lRccompoundsl3and7wereidcnticalinaUmspucts 
with oSfxiuxo~-I acetate Md cericerol-I acetate, respec- 
tively. Compound 14, m/e (%): 398 OH+, t&H.&, 9). 
338 (7). 109 (72), 93 (50). 69 (42). 43 (100); PMR 
GDCI,): 1.58 (6H, br&, 1.68 (6H, br.s), 1.70 (3H, br.s)), 
2.61 (ZH, m), 4.63 (2H. br.s), 4.9-5.5 (4H, m)_ 

If-Jbfethy ce&emfle 3, q&420 @f+, obd. 
370.3209, c&d. for 370.3207); fag -69.8 (c, 0.36); 
v-&m-‘1: 1634, 1094. 886; PMR (CDCl,): 1.58 (6H, 
bra), 1.63 (3H, br.rh 1.68 (6H. br.s), 3.16 (3H. a). 3.28 
@-I, d.d, J=S, 121, 4.73, 4.81 (each lH, br.s), 4.9-5.4 
(4H, m); de (%I: 370 &l+, 6). 338 (M--cH,OH. 4). 
301 (M-c,%, 2). 269 (7). 229 (3). 164 (CI,H,,O. 39). 
98 (C&P, lOOh (36). 

13-EhoJcy cu&uwle 4. f&&O fM+, obsd. 384.3395, 
c&d for 384.3395); [ag -69.9 (c, 0.6); v,(cm-I): 
1638,1086,888; PMR (CDCI,): 1.17 (3H, ; J-7). 1.58 
(6H, br.s), 1.62 (3&i, bra), 1.68 (6H, br.s), 3.25 @ii, q. 
J- 7). 3.40 (lH, dd, J-4,12), 4.73,4.80 (each lH, bra), 
4.9-5.4 (4H, m); m/e (%): 384 (I@‘, 7), 338 (3). 315 (2), 
269 (5). 229 (3). 178 (42). 112 flOO), 69 (40). 

cnlccrolc udd 6, m/c (%I: 370 (M*, C+SH,SOZ, 401, 
301 (M--c;H, 30). 109 (73). 93 (74). 69 (100); PMR 
(CU.,): 1.56, i.65 (&ch 3H, br.s), 1.69 (6H, br.8). 4.8 
(2H. ml. 4.9-5.4 (3H. ml. 5.92 (1H. ml. . . . . 

Estn;yiurflon ej &-(crirmrJ ix&NJ to yield methyl 
- 6’. Methyl cericeroate 4, c&HJ& m/c (%): 
384 M+. 32). 315 (30). 93 (88). 69 @4h41(100); [al!? 
-116.20 .(c, 7.93); &,. (cm:‘); 1726, i638. -886;- m 
(cDcI,I: 1.53. 1.62 hcb 3H. bra). 1.70 (6H. br.8). 3.75 
(3H, sc4.74, h&O (c&b lH, &s),&I-5.i (3k, mj; 5.71 
(lH, dd, J-4, 10). 

Reductkm of me&y1 ariumcrte 4 lo ce&u&I 
l, Methyl ceriarorte 6’ (45mg) was refiuxed ia EtiO 
(7~)f~lh~~(lO_~.~~~~ 
dcaxnd bv the addition of 1% Ha auueous aoln. 
‘Ibe mixture w; extract4 with Et’LC.3, wash&, dried and 
evaporated down to give an alcol~oiic compound (36 mg) 
which WaB identical witb cericcrul-I 1. 
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