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CARBOCYCLIZATION IN NATURAL PRODUCTS—II*

BROMINATIVE CYCLIZATION OF DIHYDROCOSTUNOLIDE™

TIKAM C. JAINS® CaLviN M., BANKS® and (in part) J. Eomunp MoCrosxey’
Department of Chessistry, University of Victoris, Victoris, British Colimbia, Canada

{Received in the USA 28 July 1978}
Absiract—Treatment of dihydrocostunolide | with NBS in aqueous acetone at room temperature furnished

bromolactones 3, 4 and 8. Structural evidence for these bromolactones rests upon spectral data and chemical
correlations with santanolide “c™ 18, Mass spectral fragmentation patterns for the bromolactones, with special

reference to &, have been also discussed.

‘!’beoranicchemisthsbeenfwadwkhthepmbkmaf
imitating Nature's process of cyclizing acyclic olefing
since 1953, when the elaborate biogenetic pathway of the
mvmdmkmmcmctdmm’
These b:opneuc cyclizations are enzyme controfled.
However in 1955 Stork® and Eschenmoser® indepen-
denﬁymfaththemnceptthtthemmumofthe
wychcohﬁnmoimnmmwm&ccycb
nuonproeen Th\utheproblemfmm-euymweych«
mations has been to obtain suitable olefinic substrates
which could adopt the correct orientation of double
bonds for facile cyclization.

N-Bromosuccinimide (NBS) has been clegantly ap-
plwdbym‘!‘ame!enac&tovmacychcpoiy-
mmwmmrmmmmm
yielded terminal bromohydrins,* which were idesl pre-
cursors for the corresponding epoxides. The epoxide
group in an olefinic system provided an excellent site for
initiating the cyclization step in a given molecule
{Scheme 1). It has been demonstrated that the course of
carbocyclization largely depends, among other fsctors,

*For Part I in this serics see Ref. 1.

*For a preliminary communication on this work see Ref. 2.
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N.R.C.C. Postgraduate Scholarship, 1968-71.
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N.R.C.C. Bursay, 1970-71.

the solvent employed. If in a given substrate two olefinic
sysumsueomnwdmmowﬁcppmm then the
oxidative attack of NBS with concurrent cyclization
would yield the bromohydrin (Scheme 2). The significant
features of this resction are formation of a new C-C
bond and the introduction of two functional groups in a
stercospecific manner. This prompted us to undertake a
detniledmdyofthismoﬁononcommolidezmdiu
derivatives where the conformation of the ring would
play s major role, This study woukd provide us with
mmfuncﬂonahzzd:tﬂ«hndﬁ-&,wm&for&t
syatheses of certain bicyclic astural products.
The cychc substmn previously investigated were
7 -and bumulene.®® As it will become
widemfmmthcfoﬁommtourmmudﬂcmd
markedly from those obtained by Sutheriand. The con-
formational characteristics of these cyclic substrates
were largely respoasibie for the variation.
Dikydrocostunolide as a substrate for brominative
cyclization. Due to several cousiderations dihydrocos-
tunofide 1.'% rather than the parent lactone costunolide 2,
was chosen for our initial brominative cyclization stu-
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whercupon the hydroxylactone 6 was obtaimed. The
NﬂmWamuﬂnvﬁh«
splittings centered st 5.96 (HC-0-C=O) which indicated

Pd/C, H,) in the preseace of a trace of

creatioa of a new methylene group from the former

methine position « 10 the bromine. The C-10 Me (r9.00)

Scheme ).
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Fig. L

pummdnmmmu&unl-womcm
mumofmmmmbym
NMR spectrum of the crude material which showed
signals characteristic of endocyclic and exocyclic double
bonds. Cohmn chromtomphy of the dehydration

'!'her!Rspectmmofthemdo-now? m.p. 137~
139.5%, revealed a broad one-proton multiplet at r4.63
(~C=C-H) and & poorly resolved triplet at r8.18 ascribed
to the C-4 Me. The endo-isomer 7 was found identical
with an authentic sample [IR, NMR, MS and mixed
m.p.]l"” The exo-isomer 8, m.p. 137-140°, in its NMR
spectrum exhidited two singlets characteristic
ofnnexocychcdoubleboad(fsw. 5.24) which was

by its comparison with an authentic specimen [IR, NMR,
MS and mixed m.p.].'* Thus, the chemical correlation
between the bromobydrin 3 and the isomers 7 and 8
confirmed the occurrence of the transannular oxidative
cyclization of dihydrocostunclide 1 deduced initially on
the basis of the NMR spectral festures of the product
(vide supra).
Stereochemic.

trans. The OH group in Iactone 6 pliaced at C
assigned an a-equatorial configuration due to
dominance of the exocyclic isomer 8 during the dehy-
dration experiments.'* These data indirectly established
the presence of a truns ring juncture and the equatorial
:m-eonﬁg\muo'nof@to}!minthepuentbmm
in 3.

The chemical transformation carried out accounted for

the eon&unnom at all nynmic centers of the

arguments suggested the S-configuration of the Br atom
at C-1 in the bromohydrin 3. Further evidence was
provided by the failure to replace the Br atom with
nucleophiles even under rigorous conditions (Experi-

mental). An attempt was made to dehydrohalogenate the
bromohydrin 3 using LiBr/LiyCO, in refluxing dimethyl
sulfoxide;'” after 7S min the bromohydrin was recovered
unchanged. No climisation product was detected by
NMR or mass spectrometry. These negative experiments
suggested the S-equatorial placement of the bromine
confirming the assignment based upon the mechanism of
the transannular cyclization. Finally, additional proof
was secured by a detailed analysis of the splitting pattern
of the resonances arising from the hydrogen at C-1 in the
NMR spectrum of bromolsctone 4 described in the
sequel

Bromolactones 4 and 8. Crystallization of fractions 12
to 17 (Experimental) from ethyl acetate led to the isols-
tion of bromolactone 4, m.p. 136-137°, which analyzed
for CisH»,0,Br confirmed by high resolution mass spec-
trometry (Table 1. The trisubstituted nature of
the olefinic linkage was demonstrated by its IR spectrum
(853 and 793cm™'). The NMR spectrum exhibited the
broad muitiplet at 74.73 and (-C=C-H) and the vinylic
methyl signal at v8.19 as a triplet (J = 1.5 Hz). The lone
protonnColpvetheXputofmABXsplmmg
pattern'® as a quartet centered at #5.74 (Jax =9.5 Hz,
Jax>1.5Hp)* These splittings were consistent with
axial-axial and intersctions respectively
and hence Hx at C-] must be axial. This in turmn
established the equatorial and B character of the C-1-Br
linkage in the bromolactone 4.

Fractions 19-24 (Experimental) yielded the exo-isomer
8" m.p. 169-170°, the exocyclic nature of which was
revealed by its spectral features: vu., 1655 and 893cm™';
NMR (25.02 and 5.14, 5, 2H, -C=CH,). High resolution
mass measurement as well as elemental analysis revealed
its composition as C;sH,,0,Br (Table 1).

Unlike the NMR spectrum of bromolactone 4, the
NMR spectrs of 3 and § were not very informative from
the stereochemical viewpoint in analyzing the X part of
an ABX splitting pattern since the multiplet due to C-6
hydmaen overlspped that of the C-1 hydrogen. However,

from a mechanistic viewpoint the genesis of the other
two products 3 and § was presumed to be the same as
that of 4 and therefore their configuration must be iden-
tical at C-1. This deduction was strengthened by the
identical assignment of the Br atom in the bromohydrin
derived from germacratriene by Sutherland ef al*

Structure ducidation of bromolactones 4 and 8. The
spproach taken in elucidating the structures of the
isomeric bromolactones 4 and § was conversion of these
compounds to a derivative of known structure. The
Iactones were hydrogenated in giacial acetic acid which
surprisingly yielded the same compound, 1-B-bromo-
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santanofide *c™ 9, m.p. 199-200°" The NMR and IR
spechmdevoﬁofoieﬂmmhmdbws
respectively, Catalytic debromination of 9 by the pre-

viously described method produced a known compound

wh;chmfmmdmbemumlwuhum»e-
cimen of santanolide “c” 19" (IR, NMR, mixed m.p.].
The trans-ring configuration of bromolactones 4 and 5§
fonwedfromdmﬂeaﬁty since for santanolide “c™ 10

swwhma:mrlwmlmh 10 bas been
rigorously proven,

Mass spectral fragmentation. The bromolactones 3, 4,
5 and 9 revesled many of the mass spectral frag-
mentation patterns common to the derivatives of san-
mnm”Szhme(depmdwmdhmhcm

cyclization
of dihydrocostunolide 1 differs from thet of the cor-
responding reaction of germacratriene in terms of yield

“This unnsual bebavior of 4 and 5 towards catalytic hydro-
penation iy dificalt to understand.

' Although in the oxidation of sicohols with NBS in potar media
:,:,,n_n’ el st oo mor

Br

X-ray stodies, the ground state would appear to be
comprised of a conformation with the C-10 and C-4
methyl groups syn. Inasmuch as all the germacranclides
studied 3o far adopt the aforementioned conformation, it
would appear that in the ground state dihydrocostunolide
1 has the structure shown in Scheme 5.
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3

Scheme $.

with coscomitant cyclization to yield the possible inter-
meodiate 11. The fate of the carbosinm ioa 11 is decided
by chimination of a protoa from either C-3 and C-14 to
give bromolactones 4 and $ or by owcleophdlic attack of
hydroxide ion (or water) to produce the bromobydrin 3.
The overall process leading to the formation of 3, 4 and §
z:lbem' a concerted or a malti-step process or

It may be argmed that the unsaturated bromolactoscs 4
and § could have beea formed from the bromohydria 3
during the reaction or workup procedures. However, due
to the extremely mild conditions this is highly unlikely
since tertinry OH groups generally require an acid cate-
lyst or high temperatures for dehydration.

The NBS-induced tramsannuler cyclization of dihy-
drocostunolide 1 aflords aa exceBent preparative method
of transiorming germacranclides into eudesmasolides is

a stereoepecific mmaner fusctionaliring positioas 1 aad 4.
AWMu&MMIM
provide estry imto the syntheses of bicyclic sesquiter-

/For general experimontal detadls see Ref. 25.

Mu“*n&dmﬂlﬁnam
%  ecthasolbcazene and cllomlom

Table 2.

Practios Solvent Volese !!n& -
1-4 Beuszene 720 m trace -
13 Benzene 1620wl 1.32g 1630 cal

14-20 Bensene/CRC), (1:1) 1260 a1 trace -

21-24 oxci, 0.  1.93g 3400 e’

* m%)
Y '
A A Iy 4 A
3500 2500 1300 1100 800 700

Rg 2



Bremokydrin 3. The combiasd fractions (21-24, Tabie 7) were
crystallingd from BaOAc to yisld cubic crystals of 3, m.p. 160.0-
166.5° (block prebsated 0 150). ()ue— 1509, (@)~ 156",
[oha=176 (elos - 8L, lahy—-808 (¢, 143 2. IR: Py.
1. NMR: ¢ 592 (m, 2H, HC-Br, HC-O-Ca0}, 8463 (5. 3 H.
HO-C-CH), 878 (d, I=&SHz, IH, HC-CHy. L87 (s, 3N,
~C-CHy); MS: sfe 390 (M, %1, 0.05). (Found: C, 54.17, 3420,
M5 H, 499, &9, 747; Br, 2440, 2892, 2608, Calc. for
CisHnOsBr: C, 3439, H, 789; Br 24.12%). An accarsie smalysis

wnhdﬂ‘ﬁdﬂxlbd}.lolwﬁbym x 10 mi).
The orgamic: layer was dried over NoySO, and the solvest wae
removed i vacno. Crysiallization from other alfforded

L

fakes of 6, mp. H-110. [alyet 1LY, [abn+ 124,
[aloas+ 14.5%, [nlos + 219, loba+ 525 (¢, 124 & 2% IR
317 cm™* (trtinry OH) sad 17T cm ™' (y-inctons) (Pig. 7). NMR:
r 396 (m, 1 H, BC-O0-C~0), 847 (a 3H, HO-C-CH). AT (4,
I=708Hz, IH, HC-CH)), 980 {3, 3H, -C-CHy. MS: wfe 252
(M°, %4 0.48). (Fouad: C, 71.29; H, 9.57. Cakk. for CysHpOy: C.
T H, 2.90%)
Senienclides

was crysallized

ywhku.u 17-195 (w sdmixtere with
s suthentic sampie).” [alye + T8.7°, (.1..+:w {akat 2P,
[0dese + TELT", (g + 264.1° (c, 074 ot 29). IR: 1TH0cm™ (o~
ctone), 854 amnd T cm' (triowbetiomed double bond), the
spectrem wis with thet of an authoutic sample.
NMR: r 463 (s. brond. | H, -C<CH), £18 (. J= 13 Hz, 3H,
HC<C-CHy, 878 (d, J=6S5Hz, IH, HC-CH,. 388 (s, IH,
L-CH

Isomer 8. Crystallizasion, again from E:OH, alforded 4-exo0-
satenciide §. m.p. 137-140° (sndopresssd apon admixture with
a8 sutheatic smple).”’ [ahy + 192, (ahﬂli&l‘ (ke +
178.2°, (@)oo + JB2", [@has + 7.7, (¢, 0.9 a1 357 IR: 16 cm”"
{y-dacsone), HS3 and 3857 cm™' (exocyclic methylens), the spec-
trem was sperimpossbls with that of aa smthestic sample.
NMR: ¢ S.08, 524 (s, 2 H, -O=CH,), 681 (m, broad, 1 H, HC-O-
Co0), 877 (4, J = 65 Hs, 3H, HC-CHy), .14 (. JH. -C-CH,.
(Found: C, TT.00; R, 941 Cak. for C;jHpOy: C. 7608, H,
SAUR).

Atianpied dimination studics on bromokydrin 3. Composad 3
{50 mg) was disscived in dimethyformamide (S ml) ®o which LiBr
(30 mg) and Li,CO,\ (40 mg) was added: the mixture was refuxed
for 7S min. The comtents of the fissk were powred isto AcOH
(Smi) snd extracted with CH,CY; (4 xS mi). The orpanic leyer
was washed with water (3% S mi), dried over N3350, sed was

T.Cimad

?
I
By
:

xSwi) snd weter (3x

bined together ae shows in Tabls 3.

Crystallization of fractions (317 (Tabls 3) frem BiOAc yiskded 4
{00 mg, 10%), mp. 136-137. [ahw - 20, [akn-2F, [ehu-
L, (el — S0, lahu-T0 (¢, 14 &t 299 I 1% ad

:u-un:.:.,ﬂ.mx.m.nc-m.um.:-ua:.m
HC«C-CHy), 878 (4, I=63Hx, 3H, HC-CHy, 908 (s, 3R,
«C-CH,): MS: mie 312 (M°, %3y 1.I7). (Fomad: C, 5744, R,
7&;‘“&. M. Cale. for C HyWOuBr: C, $751; R, 675: By,
B31%).

Crysaliization of frectioss 19-24 (Table 3) from Et0AC gave
seedies of 3 (70 mg, 298), mp. 1S-1. [ahg + M.1°, [lon +
L6, [akau+ 342", [alos+ M2, [ahe + HL1° (c, 146t 297,
R: 179 and llﬂc‘" {y-dactons), 1653 and 993 cm™' (exocyciic
methylone). NMR: ¢ S42, 5.14 (s, 2H, -C«CH)), 597 (m. 2H.
HC-Br and HC-0-C=01,8.79(4, ] = T8 He, 3 R, HC-CH,), 908(s.
IN,-C-CHy). MS: mie MI2(M°, %% 1.24). (Fownd: C, 36.%: H.
657. Cakc. for CysHiyOpBr: C, 57.51: R, 479%).

1-Bromesantanciide “c” 9. (a) Bromolachns & (S0 mg) die-
solved in AcOH (5 mi) was kydrogensted (% br) in the presencs of
P10, (25 mg). Pitrution followed by removal of seiveat yiskded
crede § (40 mg). Crystalization from EsOH gave shiny asedies of
9 mp 19200 [ahot+ll?, I-l,,.ﬂl‘f’ {ahe + 146",
[0lae + 2502, [whe + 408° (c, 069 &t 29). [R: INIcm™ (o
ncions). NMR: r 401 (m, 2H, RC-Br and HC-0-C=0), A7),
48 (4 6 H, HC-CH,, partially superimposed os singlet dwe %
C-10 Me), 896 (4, J =70 Hz, JH, HC-CH,). MS: /e 314 (M",
%X, 0.36). (Found: C, §7.29; H, 733, Cak. for CisHpyOyr: C,
$7.14: H, 73%%).

(B) Bromolactone $ (45 mg) dissoived in AcOH (Smi) was
hydrogensted (23 ie) in the provence of PO, (25 mg). Pikration
followed by removal of scivest allorded crede # (€7 mg). Crys-
tallization from EtOAc gave shiny seedies of 9. The m.p. was
wndepressed upon acmixture with the sample of 9 prepared from
4, furthermore their IR and NMR spectra ware ideutical.

Sentenclide “¢” M. Compound # (20 mg) disscived in EIOH

Table ).
Yraction m Voluge  Meight ....&.
1-¢ Potrolows BIher 480 al  trace
7-11 Put. Bther/Bonsese (3:1) 400 al  trace -
12-17 Pat. Bther/Benxens (1:1) 430 nl 400 ug -
1 Pet. Sther/Bessess (1:1) 0wl 106 mg 1630 >
1920 Pat. Seder/Bemsece (1:3) 00 mi 70 wg 1630 ot
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(10 ml) containing a trace of Et;N was hydrogeasted (60 br) in the
presence of 10% Pd/C (S0 mg). The catalyst was filtered off and
solvent was removed i sacao; the crystalline residue was taken
up in other washed with dil. HC1 (3 X 10 mi) and then with water
(3x 10mi). The organic layer was dried over NSO, sad the
solvest was removed under reduced pressure. Chromatography
over silica gel and clation with benzeae gave 2 fraction, crystal-
lization of which from EtOH afforded shiny flakes of 16, m.p.
155-156° (undopressed wpoa admixtwre with an suthoatic sam-
ple).” IR: 1772 cm! (y-iactone), the specirum was superimpos-
able with that of an sutheatic compound.

Acknowisdgement—The avthors wish to thank the Natiomal
Rescarch Council of Canada for finaacial support.

. M. Banks and J. E. McCloskey, Experientia 25,

m.

1. M.Gmenwood J. K. Suthertand and A. Torre, Ibid. 410
(1965).

*). M. Groeawood, M. D. Solomon, J. K. Sutheriand and A.
Torre, J. Chem. Soc. (C), 3004 (1968).

%3, C. Bhattacharyys, G. R. Kelkar aad A. S. Rao, Chem. Ind.
1069 (1995); see also V. Herout and F. Sorm, /hid. 1067 (1959).
YR, N. Jones aad B. S. Gallagher, J. Am. Chem. Soc. 81, 5242

(1959).
BR. N. Sathe, G. H. Kulkarsi and G. R. Kelkar, Chem. Ind. 43

“E. vou Rudioff, Can J. Chem. 3, 1360 (1961).

BT, C. Jaim and ). E. McCloskey, Tetrshodron Latters 4525

(1969); see also A. S. Rao, G. R. Kelkar and S. C. Bbat-

tacharyys, Tetrahedron 9, 275 (1960).

“D. H. R. Bartos, A. Das. Campus. Neves and R. C. Cookson, J.

Chem. Soc. 3500 (1956). ,

L. F. Fieser and M. Ficser, Reagents for:Ovganic Synthesis, p.

298. Wiley. New York (1967).

®N. S. Bhacca sad D. H. WM.AMJO{N‘R&«:

y in Orgenic Chemistry, Chap. 6. Holdea-Day, San
(1964).

PE. E. van Tamelen and E. J. Hessler, Chem. Commun. 411

(1966).

%0 Kovacs, V. Herout, M. Horak and F. Sorm, Collection

Cyoch. Chem. Commmn. 21, 225 (1956).

N. Wasada, T. Teuchiya, E. Yoshii and E. Watanabe, Tetra-

23, 4623 (1967).

BE E. vas Tamelen and K. B. Skarpiess, Tetrahedron Letters

2685 (1967).

BN, S. Srinivasan and N. Veakatasubrameniaa, /hid. 2039 (1970).

T, C. Jain, C. M. Banks and J. E. McCloskey, Ibid. 2387 (1970);

soe also T. Kato, I. Ichinose, S. Kumazawa and Y. Kitahara,

Biovrg. Chem. 4, 188 (1975).

BT. C. Jain. C. M. Baaks 2ad J. E. McCloskey, Tetrakedron 32,

765 (1976).



