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CARBOCYCLIZATION IN NATURAL PRODUCTS-I 

AMBERLITE IR-120 CATION EXCHANGE RESIN CATALYZED CYCLIZATION 
OF COSTUNOLIDE. STRUCTURE OF PCYCLOCOSTUNOLIDEtS 
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Department of Chemistry, University of Victoria, Victoria, British Columbia, CanadaI 
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AMraet-A simple and efficient method of cyclization of coshmolide leading to the isolation of pure p 
cyclocostunolide is described. Evidence leading lo the assignment of absolute stereostructure 4 10 B_ 
cyclocoshmolide is presented. 

The trans,trans - cyclodeca - 1.5 - diene system in a 
germacranolide readily undergoes transannular cycliza- 
tion under the influence of acid catalysts. Costunolide 1,’ 
undergoing similar carbocyclization by a stepwise process 
would proceed via the tertiary carbocationic intermediate 
2 yielding, theoretically without further rearrangement the 
three possible unsaturated isomers 3,4 and 5, as well as 
the alcohol 6 (Scheme 1). It is also conceivable that a 
similar reaction could be catalyzed in natural systems by 
means of suitable enzymes. Consequently it might be 
expected that the isomers 3, 4 and 5 and the alcohol 6 
would occur as natural products.y Successful chemical 
transformation of costunotide 1 to these potential natural 
products was a prime objective of the present investiga- 
tion. In this paper we report the full details pertaining to 

tAbstracted, in part, from the Ph.D. Dissertation (University of 
Victoria. 1971) of J. E. McCloskcy. 

SFor a preliminary communication see Ref. 2. 
iPresent address: Smith Kline & French Laboratories, 1500 

Spring Garden Street, Philadelphia, PA 19101, U.S.A.. Inquiries 
about this paper should be addressed to T.C.J. at Philadelphia. 

‘Holder of a University of Victoria Bursary (1968-69); an 
N.R.C.C. Bursary (M&71). 

la-Cyclocostunolide 3 and C-II dihydrcderivative of & 
cyclocostunolide 4 have recently been isolated as natural products 
from the Brazilian plant MocAino oellutina’ This lends further 
support to the intermediacy of a ten-membered carbocycle in the 
biogenesis of bicyclic sesquiterpenes originally suggested by 
Barton and de Mayo,’ and later extended by Hendrickson.’ 

the conversion of costunolide 1 to cyclocostunolides 3 
and 4.’ 

Earlier studies6 had shown that costunolide 1 when 
treated with a mixture of perchloric and acetic acids in 
ether at 0” for 72 hr, yields a mixture of olefins from which 
the unsaturated lactone 3 was isolated in low yield. A 
liquid sample with [aID t 59” was assigned structure 4. A 
careful examination of the experimental details coupled 
with certain anomalous features in the published spectra 
of the products led us to suspect the purity of /?- 
cyclocostunolide 4. Consequently we undertook to re- 
examine this reaction under comparatively milder condi- 
tions. 

Costunolide 1 has a great tendency to polymerize and 
consequently in attempting a cyclization it was decided 
that mild experimental conditions, patterned along the 
lines of natural systems, were highly desirable. As a result 
of preliminary experiments, Amberlite IR-120 cation ex- 
change resin (H’ form) was chosen to provide a suitable 
template where the acidic sites should initiate the car- 
bocyclization.’ 

Treatment of costunolide 1 with Amberlite IR-120 in 
dioxan at 50” for 140 hr yielded a viscous liquid. The crude 
reaction mixture showed a strong tendency to polymerize; 
on standing at room temperature for a few hours a sample 
hardened into a polymeric mass, insoluble in organic 
solvents. However, this could be largely prevented by 
storage of the reaction product at -20” under nitrogen. 
TLC analysis of the reaction product with different sol- 
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vent systems indicated the presence of two principal 
components in the crude mixture. The NMR spectrum 
(3.95, 4.61 and 8.15 T) confirmed the presence of the u- 
and B-isomers 3 and 4. Our previous experience in resolv- 
ing such closely related structural isomers suggested the 
use of silver complexing as an effective means of separat- 
ing this mixture. Thus, chromatography of the crude 
product over a S&fold column of silica gel impregnated 
with silver nitrate (4: 1) was carried out. Elution with light 
petroleum/benzene (1: 1) [Table 1, Experimental] led to 
the isolation of a-cyclocostunolide 3: while elution with 
benzene afforded g-cyclocostunolide 4; the overall yield 
of TLC pure crystalline fractions was 67%. 

Structure of j3-cyclocostunolide 4. Crystallization of 
fractions 19-25 (Table 1, Experimental) from ether gave 
S-cyclocostunolide 4, m.p. 66*5-67”, in 36% yield. Com- 
bustion analysis of the lactone gave the molecular formula 
of CuH~02, confirmed by high resolution mass measure- 
ment of the molecular ion peak (obs: 232.1466; cal: 
232.1463). The presence of the @-unsaturated ylactone 
unit was indicated by bands at 1765 and 1145 cm-’ in the 
IR spectrum (Fig. 1) as well as by its UV maximum at 
205 nm (c, 15130). The NMR spectrum given in Fig. 2 was 
particularly instructive and permitted the identification of 
nearly every proton in the molecule. The key features of 
the NMR spectrum were two sets of sharp doublets at 
3.95 and 4.61 T (1H each, J = 3.0 Hz), and two broadened 
singlets at 5.07 and 5.20 T (1H each) assignable to the 
exe-methylene groups at Cr, and C, respectively. A 
one-proton triplet at 6.03 T (J = 10.5 Hz) is attributed to 
the Cs methine hydrogen; the coupling constant confirm- 
ing the axial-axial-axial arrangement of the protons at CJ, 
Cs and CT? Finally, the Cl0 quatemary Me group resonates 
as a sharp 3-proton singlet at 9.16 T. The structure and 
stereochemistry were proven by its catalytic hydrogena- 
tion to the known compounds 4,exo-santenolide 7 and 
santanolide ‘a’ 8. These compounds were shown to be 
identical with authentic specimens by mixed m.p. and 
through spectral comparison. 
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Fig. 2. NMR spectrum of /3-cyclocostunolide. 
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disappeared. A multiplet between 6.14 and 6.53 r integrat- 
ing for three hydrogens was attributed to protons alpha to 
OH groups. Finally, two broadened singlets at 5.03 and 
S-33 T (1H each) contirmed the presence of the C, 
exo-methylene grouping. Final proof of the structure and 
stereochemistry was provided by a rigorous comparison 
with an authentic sample. 

Initial attempts to selectively reduce the unsaturated 
lactone 4 to its dihydroderivative 7 involved the use of 
sodiumborohydride.9 Contrary to expectation, however, 
treatment of S-cyclocostunolide 4 with NaBI& in ethanol 
solution yielded a diol, m.p. 109-ill”, subsequently 
shown to have structure 9. The IR spectrum of the 
reduction product displayed bands due to OH and exocyc- 
lit methylene moieties (3280, 1647 and 878cm-‘); the 
absence of a band in the region of 1770 cm-’ indicated the 
cleavage of the lactone ring. The presence of OH groups 
was further confirmed by deuterium exchange whereupon 
a 2-proton singlet at 7.25 T in the NMR spectrum, 

-AL. 

M.ps were determined on a Kofler hot-stage microscope and are 
uncorrected. JR spectra were recorded in KBr pellets on a 
Perkin-Elmer model 337 grating spectrophotometer calibrated 
with polystyrene film at 1601~4 and 1028.0 cm-‘; model 700 was 
used for routine scans. UV spectra were obtained in abs EtOH 
with Unicam models S.P. 700 and S.P. 800 spectropbotometers. 
Mass spectra were measured with A.E.I. MS-9 double focusing 
mass spectrometer, chamber voltage being 70 eV; all mass spectra 
are reported in terms of total ionization current (%I). Specific 
rotations were determined in chloroform with a Perkin-Elmer 
model I41 polarimeter. NMR spectra were obtained in CDCI, with 
Varian Associates HA-60 spcctrometcr. the chemical shift data 
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Fig. 1. IR spectrum of /3-cyclocostunolide. 
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are given in ppm (T) from TMS. The removal of solvent lmder Sanlanolfde ‘c’ 11. PtO, (IeOmg) was added to a soln of 3 
reduced pressure was accomplished with a Bfkhi flash evaporator (IlOmg) in abs EtGH (IS@, and the mixture was stied under 
at -25 oun of Hg. Thin layer chromatography (I’LC) plates were H, for 15.5 hr. The catalyst was l&red and the solvent removed 
prepared, 25~ thick, from Camag silica gel and alumina. All in oacuo, yielding a cnuk product which was analyzed by NMR 
chromatographic solvent mixtures are v/v, and were freshly spectmscopy to ascertain the extent of the reaction. This material 
distilled. Visualization of the thin layer plates was a&ted by was then dissolved in *ial AcGH (1Oml) and stirred in the 
exposure to iodine vapour. Microanalyses were performed by prewnce of PtG, (25 mg) in an atmosphere of K for 23 hr. The 
Scandinavian M&analytical Laboratories, Herlev. Denomrk and catalyst was removed by flltration, solvent distilled off under 
by Swartzkopf Microanalytical Laboratory, New York. The au- reduced pressure to yield crude 11, crystallized from BtOH to give 
thentic samples used in this investigation were prepared by pure 11, m.p. lSClS5” (undepressed on admixture with an authen- 
modifying the literature procedures. For complete details includ- tic sample); [a]: +58.P (c, 0.79); Found: C, 76.22; H, 1066. 
ing their spectra (see Ref. IO). C,,H,OI requires: C, 76.22; H, 10.24%). 

Acid catalyzed corbocyclization oj costunolide 1. Amberlite 
IR-120 cation exchange resin (10 g; 20-50 mesh)t was added to a 
soln of 1 (l.Og) dissolved in dioxan (50 ml). The mixture was 
stirred magnetically in an atmosphere of dry N, at 50” (bath temp) 
for 14Ohr. On coaling the resin was filtered off and the solvent 
removed in o4cuo. The gummy residue was taken up in benzene 
@ml), washed with water (5 x25ml), dried over NaZSO, and 
evaporated under reduced pressure to give a viscous liquid (I. 1 g) 
which showed two soots on a silica ael/AaNG, TLC date. The 
product (5.3 g) obtaiied from several-mns was &roma&raphed 
over silica gel/AgNO,S (2oOg). In all 25 fractions were collected 
and combined as shown in Table 1 on the basis of TLC and 
spectral analysis. 

The IR, NMR and mass spectra of this product were identical 
with those of the authentic specimen. 

B_Cyclocostunolide 4. Crystallization of fraction 19-25 (Table 
1)hm ether gave 4 (36% yield), m.p. 66*%7.0”; [a]: +179@ (c, 
0.94): UV soectrum: A,.. 205 nm (c. 15130): IR soectrum (Fig. 1): 
176j,’ 1147 cm-’ ($actone), 1674,. 1650, &I cm-’ @n&&ted 
linkages); Mass spectrum m/e (%I,,): 232 (7.28, M’); (Found: C, 
77~58; H, 8.65. C,,H,O, requires: C, 77.55; H, 868%). 

pCyclodihydmcostunolide 7. wyclocostunolide 4 (40 mg) 
dissolved in abs EtOH (IO ml) was hydrogenated in the presence 
of PtO* (I.0 mg) for 2.25 hr. Filtration followed by removal of 
solvent yielded crude product (40 mg). Crystallization from EtOH 
yielded cubic crystals which melted at 137-138” (uodepressed on 
admixture with an authentic sample of 7); [a]g+ 166.70 (c. 0.88); 
(Found: C. 76.84: H. 9.56. C,,H,O, reauires: C. 76.88:. H. 946%). Table I. 

Ir.CfiOll solnot VC.lUU !kiaht vnx 
l-4 mt. .tlmr 2.0 f trux 

S-6 P.t. .rh.r--.~ 2.0 L tr.ca __ 

0:1) 

9-13 hf. Mh.l‘h_rn 2.5 f 1.51 s 1672 c.-' 
(1:l) 

U-16 ht. .hr-knun. 1.5 L IT.ce __ 

(kl) 

17-1s p*‘C. ~th.I‘-2al‘- 0.5 .t rr.Ca __ 

(1:3) 

l9-25 Lluum 3.5 f 1.81 * 1650 a-1 

a-Cyclocostunolide 3. Crystalliition of fraction 9-13 (Table I) 
from ether yielded 3 (31%), m.p. 83-84”; [a]:: +ll9.P (c, 1.04); 
UV spectrum: Amu 205~1 (E, 12004); IR spectrum: 1765, 
1141 cm-’ (@Zone), 1672,866 cm-’ (double bonds); Mass spec- 
trum m/c (%&): 232 (4.70, hf.); NMR spectrum (7): 3.95 (d, lH, 
J = 3*0Hz, >C=CH& 4.61 (d, 2H, J = 3*0Hz, >C=CHz and 
-C=CH), 6.12 (q, IH, ABX pattern with J, = ll.OHz, Jsx= 
10.7 Hz, HC-D-C=D), 8.15 (t, 3H, J = 1.5 Hz, -C=C-CH,), 9.09 (s, 
3H, -C-CH,). (Found: C, 77.39: H, 8.61. C,,H,O* requires: C, 
77.55; H, 8&%). 

a-Cycfodihydmcostulide IO. &yclocostunolide 3 (37 mg) 
was dissolved in abs EtOH (10 ml) and PtO, (1.0 mn) was added to 
tbe soln. The mixture was stir& in an &nosph;re of HZ for 
17.5 hr. Filtration of the catalyst and removal of the solvent under 
reduced pressure yielded a solid material crystallized from pet 
ether-ether and then from EtGH to give crystals of 10, m.p. 
139-140” (undepressed on admixture with an authentic sample). 
The IR and mass spectra of this product were identical with those 
of an authentic specimen. 

tstrongly acidic sulfonated polystyrene type of medium poros- 
ity: supplied by Mallinckrodt Chemical Works, Montreal. 

SSilver nitrate impregnated silica gel has been extensively used 
in our laboratory with remark&k success in resolving various 
closely related structural isomers. For this purpose, we have 
standardized its preparation and the experimental details are as 
follows: Silica gel (Soog) was added with vigorous stirring to a 
boiling solution of AgNO, (12Sg) dissolved in water (l*OI). 
Stirring and heating was maintained for 30 min. The mixture was 
then Altered by suction for 1 hr. and baked overnight a1 11s”. A8 
operations were shielded from light. 

#This was inadvertently reported as santanolide ‘c’ in Ref. 2. 

The IR, &MR &d mass spectra of this comp&nd w&e identi&l 
with those of the authentic sample. 

Cotolytic hydmgenotion of B_cyclocostunolide 4. p 
Cyclocostunolide (30 mg). dissolved in EtOH (10 ml) was hydroge- 
nated (3 hr) in the presence of PtO, (1 .O mg). Catalyst and solvent 
were removed, the product analyzed by NMR and then returned 
for further hydrogenation (22hr) in glacial AcOH (10ml) over 
PtO, (20mg). Upon completion of tbe reaction the catalyst was 
hltered off, and the solvent removed in u4cuo. The crude product 
was crystallized twice from EtOH to give pure 8.5 m.p. 153-154”. 
and was shown by IR and NMR spectroscopy to be identical with 
an authentic sample. 

Sodium bomhydtie reduction of &cyclocostunolide 4. p 
Cyclocostunolide 4 (200 mg) dissolved in abs EtGH (20 ml) was 
treated with NaBI& (162mg; Seq) at room temp. for 22hr. 5% 
NaOHaq (1 ml) was added to decompose the complex, the 
resulting solution was filtered through celite, and the solvent 
removed in u4cuo. The residue taken up in ether was washed with 
brine, the organic layer dried over Na*SO. and concentrated in 
uocuo to give a gummy material. Crystallization from ether 
yielded needles, m.p. 109-t I I”; [a]; +57@ (c, 0.78). (Found: C, 
75.50; H, 11.03. C,,H,O, requires: C, 75.58; H, 11.00%). , 

Dial 9 from Ecyclodihvdmcostunolide 7. Sodium borohvdride 
(27 mg; S;q) was added to a soln of 7 (35 mg) in abs EtGH (i0 ml). 
The mixture was stirred for 24 hr at room temp and was worked up 
as described above lo give a viscous liquid which upon crystalliza- 
tion from ether furnished dial 9, m.p. 111~0-112~5”; [a]: +5O+P (c, 
0.74); IR spectrum: 3281 cm-’ (OH), 1645, 877cm-’ (exocyclic 
methylene); Mass spectrum m/e (IL): 238 (0.14, hi’); NMR 
spectrum (7): 503,534 (s, IH each, >C=CH,), 6.15-6.53 (m, 3H, 
<CljOH and >CIj,OH), 7.41 (s, 2H, OH groups, disappeared on 
exchanne with D,O). 9.10 Id. 3H. J = 7.0 Hz. HC-CH3 and 9.27 (s. 
3H, -C>-CH,).(F&nd: c,‘76.i1; H, 11.23: C,,HZ$irequires: c; 
75.58; H, 11~00%). 

The IR, NMR and mass spectra of the dio19 were identical with 
the corresponding spectra of the product obtained by NaBH, 
reduction of 4 described above. Furthermore, the mixed melting 
point of the two products remained constant. 
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