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was diamagnetically shifted by 10.12 units in the spec
trum of the hydroxylactone 6 due to removal of the
adjacent bromine at C-1. The above data were confirmed
by elemental analysis and mass spectrometry which
supported the formula C"H 240l (M+ mle 252).
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dies. Dihydrocostunolide was dissolved in 5%
water/acetone to which a molar quantity of NBS was
added. After stirring for 19 hr at room temperature the
reaction was worked up to yield a crude gum which
displayed three distinct spots in several solvent systems
on a silica gel tic plate. Careful chromatography over a
silicagel column separated the gum into three crystalline
compounds described in the sequel as the bromohydrin
3, and the bromolactones 4 and S.

Structure 0/ bromohydrin 3. The crystalline material
obtained from fractions 21 to 24 (Experimental) con
stituting about 55% of the product was thermally un
stable, indicated by its wide range of m.p. Nevertheless,
a reproducible range of 160.0-166.5° was obtained by
placing the crystals on a preheated block at 150°. Corn
bustion analysis gave the molecular formula of
C,~H230JBr supported by high resolution mass
measurements of the fragment ions given in Table I. Of
the three 0 atoms in the bromohydrin 3, one was present
in the form of a tertiary OH group evident by its IR
bands at 3605 and 3583 ern-'. The remaining two 0
atoms could be accommodated in a 'Y·lactone moiety
which was responsible for the characteristic bands at
1794 and l168cm- '• (Fig. I).

That a transannular cyciization had occurred was
revealed by the NMR spectrum of the bromohydrin 3
which showed that the diagnostic vinylic methyl signals
of the trans, trans - 1,5 • cyclodecadiene system" in
costunolide at 18.31 and 8.57 had shifted upfield to 18.63
and 8.87 due to HQ-C-Me and -C-Me groups respec
tively. This assumption was confirmed by the complete
absence of any olefinic resonances. A broad two-proton
multiplet centered at 15.92 was attributed to the methine
hydrogens a to a Br atom and a to the ethereal 0 of a
'Y·lactone ring.

The key experiment in the structure determination was
catalytic dehalogenation of the bromohydrin 3 (10%
Pd/C, H2) in the presence of a trace of triethylamine"
whereupon the hydroxylactone 6 was obtained. The
NMR spectrum displayed a one-proton triplet with finer
splittings centered at 15.96 (HC-Q-C=O) which indicated
creation of a new methylene group from the former
methine position a to the bromine. The C-IO Me (19.00)

'The bromohydrin exhibited a sharp inttnse CO band at
1783 cm- I in CHCll solution. Steroidal saturated r-Iactones
generally absorb between 1782 and 1772 em-, in the same
solvent."

Table I. Accurate mass measurements and composition of ions

Lactone Obs. Mass Calc. Mass Composition Fragment

315.0593 C1"H:ao o,,79Br
+

315.0596 M - CH,
1 +

250.1567 250.1569 C 1 5H:I2O, M - HBr

312.0724 C15H210279Br
+

312.0726 M

!!. 297.0495 297.0492 C 1 "H uOa 79 Br M+ - CH,

233.1540 233.1542 C15H2102
+

M - Br

312.0724 312.0726 Cl"H210279Br M+

.? +
233 .1540 233.1542 ClsH210:a M - Br

314.0882 314.0880 C15Ha"O:z79Br
+

M
2- +

235.1696 235.1698 C1,Ha"O:z M - Br
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Carbocyclization in natural products-II

o

Scheme 5.

with concomitant cyclization to yield the possible inter
mediate 11. The fate of the carbonium ion 11 is decided
by elimination of a proton from either C-3 and C-14 to
give bromolactones 4 and S or by nucleophilic attack of
hydroxide ion (or water) to produce the bromohydrin 3.
The overall process leading to the formation of 3. 4 and 5
could be either a concerted or a multi-step process or
both.

It may be argued that the unsaturated bromolactones4
and S could have been formed from the bromohydrin 3
during the reaction or workup procedures. However,due
to the extremely mild conditions this is highly unlikely
since tertiary OH groups generally require an acid cata
lyst or high temperatures for dehydration.

The NBS-induced transannular cyclization of dihy
drocostunolide 1 affords an excellent preparative method
of transforming germacranolides into eudesmanolides in
a stereospecific manner functionalizing positions 1and 4.
A parallel reaction on the substrate costunolide 2 should
provide entry into the syntheses of bicyclic sesquiter-

'For general experimentaldetails see Ref. 25.

penes with a methylenegroup at C-ll common to natural
products. This synthetic potentiality coupled with our
knowledge of the reaction of dihydrocostunolide promp
ted us to study the brominative cyclization of cos
tunolide," a full account of whichwill be reported in due
course.

EXPERIMENTAU

NBS-induced cyclization of dihydrocostunolide I. Dihydro
costunolide I (2.36 g) dissolved in 5% H20/acetone (480 ml) was
stirred magnetically overnight with N-bromosuccinimide (1.78 g).
Removal of solvent in vacuo resulted in a viscous gum which
was taken up in ether and extracted with H20 (3)( 10 ml) to
remove succinimide. The aqueous layer was back extracted and
the combined ethereal soln was dried over Na2S0, and the
solvent was removed under reduced pressure yielding a semi
crystalline mass (3.365 g). Tic (silicagel) in the following solvent
systems-benzene, 5% methanol/benzene and chloroform
revealed the presence of three compounds. The semi-crystalline
mass was chromatographed over a thirtyfold silica gel column.
There were 24 fractions collected and each fraction of 180 ml
was concentrated. examined by spectral data, and combined
together as shown in Table 2.

Table 2.

Fraction Solvent Volume Weight vmax-
I

1-4 Benzene 720 m1 trace

Benzene 1620 m1 1. 32 1650
-1

5-13 g em

14-20 Be nae ne-z Crlc L, (1: 1) 1260 m1 trace

3600
-1

21-24 CHell 720 ml 1. 93 g em

----~-
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Bromohydrin 3. The combined fractions (21-24. Table 2)were
crystallized from EtOAc to yield cubic crystals of 3. m.p. 160.0
166.5' (block preheated to 150'). [al'IN-15.0'. [al",-15.6'.
Ia I,.. - 17.6'. [a I,,,, - 28.2'. [ahM - 40.6' (c. 1.45 at 2lJO). IR: Fig.
I: NMR: T 5.92 (rn, 2 H. HC-Br. HC-O-C=O). 8.63 (s, 3 H.
HO-C-CH,J. 878 (d. ] ~ 6.5Hz. 3 H. HC-CH,J. 8.87 (s, 3 H.
-C-CH)); MS: mle 330 (M'. %1" 0.05). (Found: C. 54.17. 54.20.
54.05; H. 6.90. 6.79, 7.47; Br, 24.60, 28.92, 26.86. Calc. for
e"HBO)Br: C. 54.39; H. 7.00; Br 24.12%). An accurate analysis
for bromine was difficult to obtain. presumably due to the un
stable nature of 3.

Hvdroxvlactone 6. Compound 3 (50rng) in EtOH (10 ml) was
hydrogenated (66hr) in the presence of a trace of Et,N and 10%
Pd/C (100 rng) at ambient temp. and pressure. The catalyst was
removed by filtration and the solvent was evaporated at reduced
pressure. The crystalline residue was taken up in ether and
washed with dil. HCI (3x 10 ml), followed by water (3 x 10 mI).
The organic layer was dried over Na,SO. and the solvent was
removed in vacuo. Crystallization from petroleum ether afforded
shiny flakes of 6. m.p. 109-IWO. [als09+ 11.9". [alm+ 12.4'.
[a],.. + 14.5'. [alo.+27.lJO. (ah",+52.5' (c, 1.24 at 25°). IR:
3617 em" (tertiary OH)and 1777 cm-' (y-lactone)(Fig. 2). NMR:
T 5.96 (rn, I H. HC-G-C=O). 8.67 (s, 3 H. HO-C-CH,), 8.77 (d.
J ~ 7.0Hz. 3 H. HC-CH1). 9.00 (s, 3 H. -C-CH,). MS: mle 252
(M'. %118 0.48). (Found:C.71.29; H. 9.57. Calc. for C"H 2,Ol: C.
71.39; H, 9.58%).

Santenolides 7 and 8. Compound 6 (75 mg) mixed intimately
with alumina (150 mg. impregnated with 2% pyridine)" was
heated to 220° for 4 hr under N,. After completion of the reac
tion. the alumina was washed free of organic material with
boiling chloroform to yield after evaporation white crystals
(67mg). Chromatography over fiftyfold silica gel-AgN01 and
elution with petroleum ether-benzene mixtures afforded two
crystalline double bond isomers 7 (15 mg. 30% yield) and 8
(35 mg. 70% yield).

Isomer 7. 3-Endosantenolide 7 was crystallized from EtOH to
yield flakes. m.p. 137-139.5' (undepressed upon admixture with
an authentic sample)." [als89 + 78.7°, [aIm + 81.6°, [alw.+92.9",
[al.", + 162.7', [a]lbl+264.I' (c. 0.74 at 29"). IR: 1770cm-' (y
lactone). 854 and 794cm-' (trisubstituted double bond), the
spectrum was superimposable with that of an authentic sample.
NMR: T 4.63 (s, broad. I H. -C=CH). 8.18 (t. J = 1.5 Hz. 3 H.
HC=C-CH,). 8.78 (d, J = 6.5Hz, 3 H. HC-CHJ ) , 9.08 (s, 3 H,
-C-CH~

Isomer 8. Crystallization. again from EtOH, afforded 4-exo
santenolide 8. m.p. 137-140" (undepressed upon admixture with
an authentic sample)." [als09+150.2°, [ahn+ 156.4°. [a],.. +
178.2°. [aJ.",+308.2°.lah•.+497.7". (r. 0.9 at 35°). IR: 1766 em"
(v-lactone). 1655 and 887 cm' (exocyclic methylene), the spec
trum was superirnposable with that of an authentic sample.
NMR: T 5.08, 5.24(s, 2 H, -C=CH,). 6.01 (m~ broad, I H, HC-O
C=O). 8.77 (d, ] ~ 6.5Hz. 3 H, HC-CH,). 9.14 (s, 3 H. -C-CH,).
(Found: C. 77.00; H, 9.82. Calc. for C"H"O,: C. 76.88; H.
9.46%).

Attempted elimination studies on bromohvdrin 3. Compound 3
(50mg) was dissolvedin dimethylformamide (5ml)to which LiBr
(30mg)and Li,CO, (40mg)was added; the mixturewas refluxed
for 75min. The contents of the flask were poured into AcOH
(5ml) and extracted with CH,Cl, (4x 5 mI). The organic layer
was washed with water (3 x 5 ml), dried over Na,SO, and was

concentrated in vacuo. An NMR spectrum showed that the
bromohydrin was recovered unchanged. Similar results were
obtained when the refluxing was carried out for 3.5hr.

Attempted displacement studies on bromohydrin 3. Compound
3 (30mg)dissolved in 60% acetone/water was stirred at 75' with
a suspension of freshly prepared Ag,O (300 mg) for 24hr. After
filtration and removal of solvent the residue was taken up with
ether and washed with water (3x 5 mI). The organic layer was
dried over Na,SO. and the ether was removed in vacuo. TheNMR
spectrum of the product showed it to be unchanged bromo,
hydrin.

Attempted KOAc displacement studies on bromohydrin 3.
Compound3 (20mg)wasstirred for 4 hr in the presenceof KOAc
(35 mg) dissolved in glacial AcOH (3 mI). The mixture was
diluted with ice water (20ml) and extracted with ether (8x 5 ml);
followed by washings with Na,COJ (2x 5 ml) and water (3x
5 mI). The ethereal layer was dried over Na,SO. and concen
trated in vacuo. The product on the basis of its NMR spectrum
was identified as the starting material.

lsoiation 01 bromolactones 4 and S. The combined fractions
(5-13, Table 2) were rechromatographed over a thirtyfold silica
gel column. There were 24 fractions collected and each fraction
of 80ml was concentrated examined by spectral data, and com
bined together as shown in Table 3.

Crystallization offractions 12-17 (Table3)from EtOAcyielded 4
(400mg, 14%), m.p. I3frl37". [als89-2.8°. [alm-2.8°, [a], .. 
2.8°, [al'lb-5.O°, [allb,-7.8° (c, 1.4 at 29"). IR: 1766 and
1176 cm-' (y-Iactone), 853 and 793 em-I (trisubstituted double
bond); NMR: T 4.73 (s, broad, I H, -C=C-H). 5.74(quartet, ABX,
JAX ~ 9.5Hz, JBX ~ 7.5Hz, 1H, HC-Br), 8.19(t. J ~ 1.5 Hz, 3 H,
HC=C-CHJ) , 8.78 (d, J ~ 6.5Hz, 3 H, HC-CHJ) , 9.00 (s, 3 H.
-C-CH;);MS: mle 312 (M+, %1'0 1.17). (Found: C, 57.64; H,
7.02; Br, 24.79. Calc. for C"H 2,O,Br: C, 57.51; H, 6.75; Br,
25.51%).

Crystallization of fractions 19-24(Table 3) from EtOAc gave
needles of 5 (730mg, 25%), m.p, 169-170°. [a)'89+79.1'. [alm+
82.6°, [a1,.. + 94.2°. [aJ.lb + 162.6°, [allb' + 262.1° (r. 1.46 at 29").
IR: 1770 and 1173 em" (v-lactone]. 1655 and 893 em" (exocyclic
methylene). NMR: T 5.02. 5.14 (s, 2 H, -C=CH,), 5.97 (m. 2 H,
HC-Brand HC-o-C=O).8.79(d,J ~ 7.0 HZ,3H, HC-CH,),9.03 (s,
3 H. -C-CH)). MS: mle 312 (M+. %1,. 1.24). (Found: C.56.76: H.
6.67. Calc. for C"H 2IO,Br: C, 57.51; H, 6.75%).

t-Bromosantanoiide "c" 9. (a) Bromolactone 4 (50mg) dis
solved in AcOH (5ml)was hydrogenated (9 hr) in the presenceof
PtO, (25 mg). Filtration followed by removal of solvent yielded
crude 9 (40mg). Crystallization from EtOH gave shiny needlesof
9. m.p. 199-2000. (ah89+ Il.lJO. [alm+ 12.7°, [aj,.. + 14.6°.
[al'lb+25.OO, [ah",+4O.8' (c, 0.69 at 29"). IR: 1761cm-' (y
lactone). NMR: T 6.01 (m, 2 H, HC-Br and HC-o-C=O), 8.73.
8.83 (d. 6 H. HC-CHJ• partially superimposed on singlet due to
C-10 Me), 8.96 (d, J ~ 7.0Hz, 3 H, HC-CH1). MS: mle 314 (M'.
%1'00.36). (Found: C. 57.20; H, 7.33. Calc. for C"H B02Br: C.
57.14; H, 7.35%).

(B) Bromolactone 5 (45 mg) dissolved in AcOH (5ml) was
hydrogenated (23 hr) in the presence of PtO, (25 mg). Filtration
followed by removal of solvent afforded crude 9 (47mg). Crys
tallization from EtOAc gave shiny needles of 9. The m.p. was
undepressed upon admixture with the sampleof 9 prepared from
4. furthermore their IR and NMR spectra were identical.

Santanolide "c" 10. Compound 9 (20mg) dissolved in EtOH

Table 3.

Fraction Solvent Volume Weisht v
max--

1-6 Petroleum Ether 480 ml trace

7-11 Pe t. Et he r / Benzene (3;1) 400 m1 trace

12-17 Pet. Ether/Benzene (l; 1) 480 ml 400 mg

18 Pet. Ether/Benzene (l; 1) 80 m1 186 1650
-1mg em

19-24 Pet. Ether/Benzene (l; 3) 480 ml 730 ms 1650 -1
em

------
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