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ABSTRACT |
The stereoselective total synthesis of (#)-LL-Z 1271

(1) 1s presented} The genefal synthetic scheme is shown

below, BN
- !
QTHP e
CH3 H = CHSO
......... )
0”7 "1 H
€0,CH5, CHy  COOH

LR = H
'Rp = OCHy
2,8 =O0CHy
R) =H

The synthetic approach presented incorporates & new sterao=
selective reductive alkylation reaction, a new method of lace
tonization, and a novel methanolysia reaction to give the

title sompound (1) and 1ts anomer (2) in & favorable ratios,
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INTRODUCTION

" The structure of a novel 017 terpenoid labeled as
(=)-Ll=Z 1271A (1) was 1sclated in 1970 along with a minor
amount of lactol (-)-LL-Z 1271y'(3) from the metabolic fer-
mentation products of an Acrostalagﬁus species, Compound 1
was found to exhibit in yitro and in 2112 antifungal activity

agalnst séveral experimental infections. This antifungal

antibliotic 1s noteworthy because it is the first terpane found
' 1

to have a 016 carbon skeleton.




Structural aésignments of ccmpound 1 were elucidated on
the basis of its elemental compoaition.CI7H2°05. its spectral
properties, and other physical methods in conjunction with
blogenetic consliderations. Several base catalyzed transform-
ations were also found to occur which supported structure ;.1

Treatment of compound 3 with ethereal diazomethane in

methanol affords compound 4, the ester aldehyde.

\_\,_/h"

Such a transformation is characteristlic of compounds cap-

able of equilibria of the type g§===i2.1'2

COOH

1]
o



Several factors were considered in devlsing a route
for the constrﬁctlon of (})-LlL-Z 12710((1); The synthetic
scheme focuses on thé effective utllization of previously
established reactions, hut more importantly on the creation
‘of new synthetic methods and ideas to effect the synthetic
goal., Factors such as functionality, presence of chiral
centers, and stability of intermedlates were taken into
account, The econony of such a synfhetic scheme dictated
-that the starting materials be readily avallable, the stereo-
selectivity of the reactions be high, and that the synthesls
consistof a limited number of specific steps in a proper
sequence,

The gensrsl gynthetic pethway 1s illustrated on Chaft I.
The starting material chosen was ketoester 5 which can be

prepared from the Wieland-Miescher ketone6

by the method of
Spencer and coworkers.B'4 The first étage involves the con-
version of compound 5 to blcyclic intermediate 10 by a new
reductive alkylation procedure to glve the proper stereo=-
chemistry in ring A.5 The second stage creates the lactone
by a novel reaction from compound 10. A protected O{~formyl
group is then introduced to give compound 14, The third
stage employs a double bond insertion reaction followed by
& methanolysis reaction based on the previousiy mentloned
transformation 5?===f§.2 to give (¥)-LleZ 1271« (1) and its

anomer (2).
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CHAPTER 1I
ESULTS AND DISCUSSICR



Stage 1 ‘ - - .
étartins material § was ﬁrepared from the well known and
readily availlable Wieland-Miescher ketonés by the method of
of Spencer and coworkers using the Stork reductive carbo-
methoxylation ﬂrocedure.3'u . ‘
Conversion of compound 5 to an important intermediate
Zb was performed in two steps as revealed on Chart II. The
basis of this conversion follows from the fact that exocyclic
enolates have a decided preferehce for alkylation in which
the alkylating agent approaches the cyclohexane ring frém the
less hindered side., Methylation of these types of enolates
usually produces equitorially alkylated products. Exocyclic
enolate ég may stereoselectively methylate to give‘the deglred
ester 7b. The best and most efflclent method ¢f generatlng
enclate § 1s vis the reductive elimination reaction developed
by Coates and Shaw,’! Ketoester 5 was treated with sodium
hydride in hexamethylphosphoramide (HMPA) ét room temperature
for two hours, then O-alkylated with chloromethyl methyl ether
for three hours to give methoxymethyleneoxyvinyl ether ester
6 in 91% yield., Treatment of compound 6 wifh lithium in
anhydrous liquid ammonia and l,2~dimethoxyethane (DME) followed
by methyl iodide and acid hydrolysis gave ester 7a in €4% yield,
The melting peint and spectral cherscteristice (ir and npr)
of compound 7a were 1deht1cal to that reported by Sperncer and
L

ecoworkers.,

This sequence of eactions represents a new type of



ZP_» R=THP

a) NaH, HMPA: D) ClCHZOCHB; ¢) Li, NHs, DME; 4) CHBI;

o) H40%, CH40H.



reductive alkylation reaction. The procedure 1s unique in
that it effects deoxygenation and sterecoselective methylation
of ring A in one steﬁ. Moreover, the important and versatile
intermediate 7b 18 obtained in a conslderably better overall
yield (32x) by this method than by that previously reported.4

Axial Cu esters of the type found in structure 7 are
extremely resistant to saponification under ordinary ccndi-
tions.“ Compound 7b could, however, be quantitatively cleaved
to the aclid by the method of Bartletf and Johnson.8 Treat-
ment of ester 7b with a previously prepared solﬁtion of 1lithium
n-propyl mercaptide in hexamethylphosphoramlde.(HMPA) at roonm
température overnight followed by removal of the tetrashydro-
pyranyl (THP) ather in e usual menner gives compound 3.

Alcohol 8 was smoothiy.converted to the crystalllhe keto-
acid 9 by a stendard Jones' oxidation? in 85% yleld. The
resulting keto-acid 9 was then brominated with a solution of
bromine and acetlic acid in dichloromethane to produce a mixture
of the two diastereomeric bromoketones which were dehydfo~
halogenated by heating at reflux with calclum carbonate in
N,N-dimethylacetamide (DMA) for 30 minutes to afford érystal-

line enone-acid 10 in 91% overall yield,:®

Stage 2

The next goal of the synthesls was to effect closure of
the acld to give lactone 11, All attempts to functionallze
Cg of enone-~acid 9 or the cerresponding enone-methyl ester

by oxidative procedures were unsucceésful. Another



CHART III
~ . . Stage 1 (cont'd)

OTHP
COZCH3
c
CH= o ‘CH30
d,e
{rxnissrmmengy
<G >
CHy  COOH . CH§  TCOOH

10 . .8

a) LISCH2CH,CH;, HMPA; b) Hq0*, CH0H; c) Jones' Reagent
d) Brp/HOAc/CH,Cly; e) CaCO,, DMA,AH .
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unsuccessful attempt was to prepare the ethylene ketal of the
e(.p-unsaturated ketone 10 which would presumabdly deoénjusate
the doubie bond to the more stable¢56'7 position thus providing
a sultable precursor for ring closure of the acid. The
ethylene ketal could readily be prepared but resulted in a
mixture of the two olefinic compounds. Atteppts to shift the
double bond g;g formation of the corresponding enamines or
vinyl ethers proved futile since thg enamines and vinyl ethers
could not be prepared by standard procedures.

Lactonization was finally realized by the route shown
on Chart IV, The original plan was an allylic bromination of
C6 to give compound l0a followed by treatment with base to
bring about ring closure by intramoiecular substitution of the
bromine atom. The absence of vinyl pfotons'ln thé nmr of the
bromide intermediate indicated that compound 10b was the pre-
cursor to compound 1l when enone 10 was treated with excess
phenyltrimethylammonium tribromide (PTAB) in tetrahydrofuran
(TEP) followed b& potassium carbonate in N,N-dimethylform-
amide (DMF) at room teiperature for one hour. Thereafter,
- bromine in carbon tetrachloride sclution followed by potassium
carbonate in dimethylformamide was used to effect the convér-
sion to lactone 1l in 69% yield after chromatography.

The proposed mechanism for this new method lactonization
is 1llustrated on Chart IV. The axial position of the carb-
oxylate aniocn restricte attack on C6 from the top side of the

molecule as shown in structure 10e to give the desired



CHgy
COOH
0
CH3
H
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a) PTAB, THEF cr DMF;

CHy

11

Br
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CHART V

_ Stage 2 (cont'd)

a) H,, Willkinson's Catalyst; b) NaH, ethyl formate, MeOH,

DME; ¢) sthylene glycol,. tenzene, p-tsOE.
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stereochemistry. ‘ B
i Attempted hydrogqnaﬁion of olefin ll using 5% palladium-
on-charcoal resulted in hydrogenolysis of the lactone as well
as hydrogenation of the carboh-oarbon double bond to afford
compound 9. The homogeneous catalyst tris-(triphenylphcs-
phine)chloro rhodiuvm (Wilkinson's Catalyst) was then tried
successfully.ll Compocund 11 was dissolved in a freshly
distilled benzene solution with a catalytic amount of Wilkin-
- son's catalyst,and-stirred for three hours under hydrogen at
low'pressure to give compound 12 in 95% yield after filtra-
tion through alumina., The saturated ketone 12 was then
stirred with sodium hydr;de in ethyl formate Wwith a catalytic
amount of methanoi at 0° for one hour then overnight after
the addition of 1,2-dimethoxyethane (DME) to produce hydroxy-
methylene derivative 13 in 96% overall yield.u

Ethylene acetal 14 was easily prepared by a standar@
procedure, The stereochemistry of chiral atom Cg thus formed
may be assigned on the basis of precedent as the more stable
equitorial isomer. A model examinatlon reveals that a severe
1,3=diexial interacticn occurs between the acetal group and
the axial Cyo methyl group in the axially substituted dia-
stereomer,
Stage 3

The next stage of the synthstic scheme called for reinser-
tion of the double bord to fofmcx,?-unsaturated ketone 16.
This step proved to be the most chailenging of the entire

sequence, Compound 135 was easlly obtalined in quantitative
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yield By bromination of compound 14 with phenyltrimethyl-
amﬁonium tribromide (PTAB) in tetrahydrofﬁran (TeF) .12 Sseveral
dehydrohalogenations of the bromide were tried under a wide
variqty of condtions. It was found that calcium carbonate
in N,N-diﬁethylformamide (DMA) at 180° provided the best
results, Olefin 16 could be obtained utilizing this procedﬁre
in 31% yield after purification by rrepargtive thin layer
chromatography.
Intermediate 16 dissolved in tetrahydrofuran was treated

with freshly prepared lithium ethoxyacetylide at -78° for

one hour followed by stirring for one hour at room temperature
to furnish the final precursor 12.13 The stereochemistry of
this compound be assigned as shown on structure 17 dua to the
preferred o -gide attack of the nucleophile, Due to the sus-
pected fraglile nature of compound 17 1t was not purified but
directly subjected to methanolysis by stirring in a méthanol
golution containing a catalytic amount of 5% sulfuric scid for
three hours at room temperature to complete the synthesis, The
final reaction proceeds through the ester aldehyde l17a as shown
in Chart VI, Compound l7a undergoes ring closure to give a
mixture of.compounds i and g.lu A careful separation by thin
layer chromatography gave the twq dlastereomers in 42% overall
yield from compound 1€, Racemis LL-Z 127k (1) and its anomer
2 wvere found tc be formed in a 70 ='30 ratio, respectively;
The spectral data (ir, nmr, uv) of compound (1) corresponded
directly with the literature values for the natursl product.1

No detectable amount of lactol 2 ecould be found,
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1, Ry =H ,Rp=0CH;3
‘2, R{ =0CH3,Rp=H

. &) PTAB, THF; b) Caco.g, DMA, 180°; c¢) LACZCOEt, THF; d) MeOH,
5% Hy30,,. '
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EXPERIMENTAL

Melting points were determined on a Flsher-Johns melt-
ing point apparatus and are uncorrected. Analyses were per=-
formed by Spang Microanalytical Laboratory, Ann Arbor, Michigan,

Silica gel PP 2544366 (E. Merck No. 7748) and silica gel
60 (E. Merick No. 7734, 70-230 mesh) avallable from Brinkmann
Instruments were used for thin laﬁer and column chromstography,
respectively. .

Infrared (ir) spectra were recorded on a Perkin-Elmer
700 spectrophotometer. Solild samples were recordéd in spectro-
quality carbon tetrachloride or chloroform using 0.10 mm sodium
chloride cells. Liquid samples were taken as thin films :
" .between sodium chloride plates,

Nuclear magnetic resonance (nmr) spectré were measured
on a Varian Assoclates Model T-60 spectrometer. The following
ebbreviations are used to describe nmr spectral bands reported

- herein: singlet (s), doublet (d), triplet (t), quartet (q),
: mnltlplét (m), and d (parts per millicn, ppm) downfield from
tetzameﬁhylsllane.

For all reactions performed under an atmosphere of dry
nitrogen, the equipment was dried in an oven at 120° for sev-
eral hours, then allowed to cool in s dessicator., All liquid
trensfers were made with nitreogen fillled syringes.

The term "pet-ether" refers to Baker "“Analyzed Reagent"
by 30-60°, The terms "dry tetrahydrofuran," "dry 1,2-dimeth-

oxyethane," and *dry diethyl other" rsfer to purification of
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the commercial materials by distlllafion from lithiym alume
inum hydride under enhydrous conditions. "Dry benzens" and
<"dfy hexamethylphosphoramide® were'obtained by distillation
of the commercial materials from calcium hydride. "Dry
dichloromethane” was obtained by distillation of the solvent
from phosphorus pentoxide,

3-Hefhoxyﬁetnzleneoxy-b-carbomethoxy-93~teéréhyéro-

~gi;éhxlogz-log-methyl-£2-“-trans-decalln (6)5+7-Sod1un hydride
(1.20 g, 28.5 mg-at, 57% dispersion) was washed with dry

-ether (3 x 10 ml) under dry nitrogen. The residual ether was
evaporated with an infrared heat lamp under a stream of dry
nitrogen. Dty hexamsthylphosphoramide (HMPA, 50 ml, stored
over molecular sieves 13x) was added followed by.ﬁ-ketoester
{3, 8.31 g, 25,6 mmole) in BMPA (3 x 15 ml). After stirring
at room temperature for 3.5 hours, chloromethyl methyl ether
(2.20 m1, 29 mmole) was added, The reaction mixturs was

. allowed to stir for an additional 2 hours under dry nitrogen.
Ths mixture was then poured 1n€o a separatory funnel cone
talning lce-water (500 ml)., The aqueous layer was extracted

with ether (4 x 50 ml). The combined ethareal layers were

washed with water (4 x 25 ml), saturated sodiuvm chloride scl-
ution (50 wl), dried (Nazsob). filtered (Mgsou). and evap-

orated in vacuo with a drop of pyridine to give 9.43 g (100%)
of vinyl ether 6. Compound 6 waé purified by column chrom-
tography on silica gel 60 using 40% ether : 60% pet-ether,

Fractions 9-16 were combined to give 8.59 g (91%) of purs

vinyl ether 6§ as a colorless ligquid: bp 1500 (external
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temperatnre. 0.5 mm ), ir (£ilm) 1725 (CO), 1685 om -1 (C=C);
nar (CCl,)d 0.85 (s, 3. CEj), 3.35 (s, 3, OCH ), 3.60 (s,

3, -COCH3). .69 ppm (AB, 2 Jap=6 Hz, -OCHZO-)
Anal. Caled. for CpoHgy04: C, 65.19; H, 8. 75.
Pound: C, 65,22; H, 8.71.

h«. 10&-Dimethxl-ug-carbometho;x Qp-hydro;y-tgéns-dééa;ig

!Zé[u'soAnhydrous liquid ammonia (250 ml, distilled through

two potassium hydroxide towers, then from sodium metal) was
collected in a flask fitted with a dry ice condenser. The
condenser was fitted with a soda-lime drying tube to protect
the ammonia from moisture., Lithiuxm ribbon (0.349 2, 55 mg-
at) cut in ten small pieces was added, After stirring at
—33° for 20 minutes vinyl ethen 6,(3.30 g, 8.96 mmole) dis-
solved in 1,2-dimethoxyethane (D¥E, 3 x 15 ml) was added.

- The mixture reialned blue and after 15 minutes methyl iodide
(3.0 m1, 48.2 mmole) was added rapidly. The resulting white
slurry was allowed to stir at -33° for one hour, then the
amnonia was removed by distillation (hot water bath), The
crude resction mixture was tsken up in water (100 ml) and 10%
hydrochloric acid soiution (500 ml) snd sxtracted with ether
(5 x 50 m1). The combined ether extracts were washed with
10% sodium sulfite solution (50 ml), water (4 x 50 ml), 3zste-
urated sodium chlcride solution (50 ml), dried Nazso“! fil-
tered (Mgsou). ethereal dlazomethane added (enough to give
2 slight yellow color) and concentrated in vacuo to give 2.85 g
(98%) of crude ester 7b ss a colorless oil.

The crude product was dissolved in methanol (150 ml)
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containing para-toluenesulfonic acid (p-tsOH, 0.5 g) and stir-
red at refluxz for 5 hours. The reaction mixture after cooling

was poured into ice-water (100 ml) and saturated sodium chloride

. '®olution (50 ml). The mixture was extracted with ether (5 x

50 mi). The combined ethereal extracts were washed with water
(4 x 50 m1), saturated sodium bicarbonate solution (50 ml),
saturated sodium chloride solution (50 ml), dried (Nazso#).
filtered (MgSOu). an¢ concentrated in vacuo to give 2.03 g
(97%) of crude ester-alcohol 7a. The crude product was chrom-
Atographed on silica gel 60 (200 g) using 60Fether : 40% pet-
ether eluant in a column 3 cm x 110 cm. Fractions 8-16 gave
1.38 g (64%) of compound 7a: mp 71-72° [iit.u mp 72.5-73.&5}
ir (CS,) 1730 (CO), 3500-3600 em=! (0H); ir (CHC1,) 1720 (co),
3500-3630 en™! (0H); ir (€C1,) 1730 (CO), 3500-3600 cm~l (0H);
nur (€S,) 40.58 (s, 3, CHj), 1.10 (s, 3, CHz), 3.53 ppm (s,
3, COpCH4)s numr (0014)4 0.64 (s, 3, CHy), 1.12 (s, 3, CHj),
3.57 (s, 3, COZCH3). These spectral data were identical to
those reported by Spencer and coworkers.u
Cempound 7b (2.85 g crude) from a similar experiment was
chromatographed on silica gel 60 (300 g) using 15% : 85% pet-
| ether as the eluant., Fractions 3-6 gave 2.09 g (72%) of pure
compound 7b as a colorless oil: 1ir (CCl,) 1725 cen~1 (co),
amr (cc1,)d 0.67 (s, 3, CH3), 1.10 (s, 3, CHy), 3.57 (s, 3,
OCHB). k.53 (m, 1, -OCHO-), This material was carried on to

the next experiment without further purification.

#ﬂ.103-D1methgl-—u-hﬁ-carboxyfgﬂ-hydroxx-trans-decalin-

§82u'8~The mercaptide reagent wes prepared by adding freshly
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distilled n-propyl mercaptan (4 ml) to a suspension of powdered
1ithium hydride (0.92 g) in dry hexamethylphosphoramide (EMPA,
20 ml)., The mixture was stirred under dry nitrogen at rocm
temperature overnight, i

The ester-tetrahydropyranyl ether (7, 0.7505 g, 2.31 mmcles)
was added to the reagent in dry EMPA (20 ml), After stirring
for 5 hours at room temperature, the mixturas was poured into
a separatory funnel containing 5% sodium hydroxide soluticn
(100 ml) end ether (100 ml). The baée layér was separated and
washed with ether (20 ml) and acidified with 10% hydrochloric
acld then xtracted with ether (5 x 20 ml). The combined
ethereal extracts were separated and evaporated in vacuo,.
The crude acld-tetrahydropyrany éthér was then dissoclved in
-methancl (150 ml) containing para-toluenesulfonic acid (0.5 g)
and stirred for several hours at room temperature to completely
remove the tetrahydropyranyl ether. The mixture waé diluted
with a large volume of water (300 ml), extracted with ether
(10 x 50 ml1)., The combined ethereal extracts were washed with
water (3 x 50 ml), saturated sodium chloride solution (50 ml),
dried (Nazsog). filtered (MgSOu), and concentrated in vacuo
to give 0.5172 g (99%) of crystalline acid-alcohol 8: mp
129-142%; [11t.% mp 142-144. 59) ; ir (cc1y) 3300-2550 cm™t
(C0); mar (CDC13)S 0.85 (s, 3, CHy), 1.2k (s, 3, CH,), 3.75
(s, broad, 1, OH), 7.10 (8, 1, COOH). These spectral data

were in agreement with those reported by Spencer and coworkers.u

ﬂg,log-Dimethxl-@ﬁ-ca;ﬁogy-tggns;deca;one-9 (9)%*19-To a
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golution of crude hydroxy acid (1.24% g, 5.48 mmole) in acetone
(50 m1) was added excess Jones' reagent (2.67 M) dropwise
untlil the stlrréd solution remained orange. After stirring
for 2 hours at room temperature, the mixture was poured into
a separatory funnel contalning water (700 ml). The aqueous
layer was extracted with ether (5 x 90 ml), The ethereal
extracts were combined and washed with water (3 x 50 ml),
saturated sodium chloride solution (50 ml), dried (Nazsou),

filtered (MgSO, ), and concentrated in vecuo to give 1.035 g
L

(85%) of crystalline keto acid: mp 155-156°; [Eit.“ mp 156-
157°) ; ir (CHC13) 2500-3300 (broad, COOH), 1690 cm~! (CO);
nmr (CDC1l5) §1.10 (s, 3, CH4), 1.28 (s, 3, CHy), 11.15 (s,
broad, 1, CH). These spectral data were in sgreement with,
those reported by Spencer and coworkers.u
.#d,lgg-Dimethxl-&?-ca;gg;y-tgggs-cé’7-decalone~9 (20)10-
To a solution Af keto-acid (9, 1.07 g, 4.,77mmole) in dichlorc-

methane (30 ml) was added bromine (0.834 g, 1.1 equivalent)

in glaclal acetic acid (8 ml) dropwiée o#er 30 minutes., The
reaction was st;rred at ambilent temperature for an additional
_15 minutes then poured into a separatory funnel containing
water (200 ml). The water layer was extracted with ether

'(5 x 70 ml). The combined ethereal extracts were washed with
water (5 x 100 ml), saturated sodium chloride solution (100 ml),
dried (Nazsou), filtered (Mgso#), and concentrated in vecuo

to give 1.466 g of crude b romide ., NMR dsta showed that no

starting material remalined, The crude<{-bromoketone
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was dissolved in N,N-dimethylacetamide (DMA, 50 m;) élong with
calcium carbonate (1.43 g, 14.3 mmole). The mixture was heated
at reflux under nitrogen for 30 minutes then poured into a
separatory funnel containing 10% hydrochloric acid (100 ml)
and water (200 ml), The aqueous mixture was extracted with
ether (3 x 70 ml), saturated sodium chloride so;utlcn (50 m1),
dried (Nazsou). filtered (Mgso“). and concentrated iﬁAéacﬁo
to give 0.970 g (91%) of unsaturated ketone 10. Thes analy-
tical sample was prepared by column chromatography on silica
gel 60 (75 g) using 40% : 60% pet-ether to elute the coluan.
The chromatographed sample was then recrystallized from ethere
pentans four times: mp 165-166°; ir (CHClg) 2500-3500 (COCH),
1690 exm™! (CO); nmr (cpc1;) d1.02 (s, 3, CHj), 1.30 (s, 3,
CH3), 5.86 (broed 4, J=10 Ez, 1, -CO-CH=), 6.93 ppm (m,
1, -C=CH)., |

Anal, Caled, for Cy3H;803: C, 70.24; B, 8.16.

‘Found: C, 70.12; H, 8.08,

3,4,5,5a, 8sek, Bbu-Hexahydro-2as, Saf-dimethyl~2H-naptho

Ii,8~bé! furan-2,6~(2aH)-7-an-dione {1l)-Method A: To &

solution of acid enone 10 (0.586 g, 2.6 mmole) in dichloro-

'methane {15 ml) was added bromine in carbon tetrachloride
(7.8 ml of 0,34 M) over 30 minutes, After stirring for an
additional 30 minutes, the reaction was poured intc a mixture
of ether (200 ml) and water (100 ml), The ether layer was
washed with 5% sodium sulfite solution (20 ml), water (20 ml),
saturated sodium chloride solution (20 ml), dried (Na2804),
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filtgred (Mgsou). and evaporated ;g;zgggg to give 1.109 g
of the crude dibromide., The dibromide was dissolved in N,N-
dimethylformamide (DMF, 10 ml) with a small amount of anhydrous
potassium carbonate (50 mg). Monitoring by gas phase chrom-
atography using a 3% SE=30 on Varaport 30, 100/120 mesh (Varian)
S-foot, stainless steel column, and flow rate of 15 ml/min at
200° (column temperature), revealed that the reaction h#d gone
-g@lmost to completlon. After stirring at ambient tempere
ature overnight, the nmixture was pouied into a separatory
funnel contéining water (50 ml) énd ether (100 ml). The ether
layer was separated and washed with water (10 x 25 ml), satur-
ated sodium chloride solution (50 ml), dried (NayS0, ), filtered
(MgS0,), and concentrated in wacuo to give 0.400 g (65%) of
crystalline lactons 10 after prepérative thin layer chrom-
"atography on silica gel using 90% ether : 10% pet-ether to
elute the plate.. | .
Method B: A solution of ecid enone 10 (0.138 g, O.éés
mmole) in N,N-dimethylformamide (DMF, 4 ml, distilled from
calcium hydride onto molecular sieves type 44A) was stirred
at 0° (ice-bath) under nitrogen while a solution of phenyl-
frimethylammonium tribromide in DMF (6.83 ml, 0.095 M solu=-
tion) was added slowly., After 30 minutes at 0° the ice=bath
was removed. Then after 2 hours at room temperature an
additional amount‘of phenyltrimethylammonium tribromide (20 ml,
0.364 M solution in DMP) was added, After stirring for a

total of 24 hours anhydrous potassium.oarbonate (0.5 ) was
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was added, After stirring at room temperature for 6 hours,
the reaction mixture was diluted with 10% hydrochloric acid
aolution (25 ml) and ether (100 m1). The ether layer was
separated., The ether layer was washed with saturated sodium
bicarbonate solution (25 ml), 5% scdium sulfite solution (25 ml),
water (8 x 25 ml), dried (Nazsou). filtered (ngsou). and cone
centrated in vacuo to give 0.100 g (73%) of lactone 10.
| An analytical samﬁle of lactone 10 was prépared by pra-.
parative thin layer chromatography fbllowed by recrystalliza-
tion from ether~hexane (4x): mp 114-115°; UV(EtOE) 209 nm
(€ 5040); ir (CHC1l3) 1780 (lactone), 1700 cm-l (o,funsaturated
ketone); nmr (CDCl;)d 1.20 (s, 3, CHj), 1.33 (s, 3, CHg),.2.13
(d, J=4,8 Hz, 1, bridgehead proton), 4.92 (t, J=4,8 Hz, 1,
oxymethine), 6.09 (4, J=10 Hz, 1, -CO-CH=C-), 6.88 ppm (q,
J=l Hz, 1, =CO-C=CH),

Anal, Calcd. for 013H16°3‘ c, 70.89; H, 7.32.

Found: C, 70.83; H, 7.21,

3.%,5,5,7,8,8a%, 8br-Octahydro-2ax, Sag ~dimethyl-2H-naptho
li,8~b,cl furah-Z,é-‘ZaH)-dione (l;lllalnto a 250-ml Parr

hydrogenation bottle was placed enone lactone (10, 1.457 g,

6.61 mmoie) and trié—(triphenylphosphine)chloro rhodium (Wilk-
‘inson's Catalyst, 0,100 g). Dry nanograde benzene (25 ml) was
distilled under nitrogen from calcium hydride into the hydro-
genation bottle which was then quickly transferred to the
hydrogenation apparatus then evacuated and filled with hydrogen

(3z). The sample was stirred for 3 hours at room tsmperature
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under 4 psi of hydrogen,The mixture was then filtered through
an alumina column (Woelm neutral, Activity III, 10 g) with
dichloromethane (3 x 50 ml) to remove the catalyst and to
give 1.39 g (95%) of saturated lactone 1l. The analytical
sample was prepared by recrystallizatlion four times from ether-
pentane: mp 121-122°, ir (CHClB) 1770.(1actone). 1715 cm=1
(ketone); nmr (CDC14)§1.18 (s, 3, CH4), 1.36 (s, 3, CHy), 1.95
(4, J=6 Hz, 1, bridgehead CH), 5.03 (m, 1, oxymethine).

Anal. Calcd, for Ci3Hy1805: C, 70.24; H, 8.16,
Found: C, 70.26; H, 8,13,
3;b,§§;zg,8,8§gl8hi-0ctahxdro-2ad,§a£»d1methyl-?x;fégmy1-
éﬁ-hapthallJB-bé] furan-2,6=(2aH)-dione 51324-1nto a flask

fitted with a nitrogen gas inlet and a septum was placed

sodium hydride (0.28% g, 6.67 mg-at, 57% oll dispersion}.

The sodium hydride was washed with anhydrous ether (3 x 1 ml)
and dried under vacuum, . A solution of ketone 12 (0.500 g,
2.2 mmole) and anhydrous methyl alcohol (1 drop) in ethyl
formate (5 ml) was added at O° (1cg;bath) followed by an
additional quantity of ethyl formate (2 ml) needed to complete
the transfer. After the mixture had stirred for 1 hour at
'0°, dry 1,2-dimethoxyethane (DME, 10 ml) was added to facil-
itate the dissolution. The resulting mixture was allowed

to stir overnight under an atmosphere of dry nltrogen then
poured into a separatory funnel containing 10% hydrochloric
acid solution (50 ml) and water (150 ml)., The aqueocus mix-
ture was extracted with ether (4 x 50 ml). The combined

ether extracts were washed with water (3 x 50 ml) and saturated
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gsodium chloride solution (50 ml), dried (Nazsoa). filtered
(ngsou). and concentrated in _vacuo to give 0.5365 g (95. 6%)

of crystalline hydroxy methylene dsrivative (13). An analy-
tical sample was prepared by recrystallization from a dichloro-
methane, ether; pet-ether mixture, followed by sublimation
(1309, s50g): mp 192-193%: ir (0301 ) 1765 (lactons), 1750
(ketone), 1585 cm™! (HC(0H)+ HC(-o) )s nmr (€DC13)d 1.19
(s, 3, CH3)' 1.31 (s, 3, CHB)' 2.95 (4, J=8 Hz, 2, CHZ), 5.00
(q, J=8 Hz, 1, oxymethire), 7.35 ppm (8, 1, 5C=C§-OH).

Anal, Caled. for CyyH,g0,: C, 67.18; H, 7.25.

FPound: C, 67.20; H, 7.11.
3,4, 5, 52,78, 8, 8ad, 8bk-Oc tahydro=2act, 5af=dimetryl-Pl~

fofgiléfhxienedixozacetal-ZH-napthoIi,s-bgl furgne2, b=—{2a4)=-
dions (1k)-Into a flask fitted with a Dean-Stark trap filled

with calcium sulfate (Drierite, & mesh) and fitted with a
reflux condenser, was added hydroxy methylene comﬁound i3.
(0.517. &, A2.O7 mmole), para-toluenesulfonic acid (p-tsOH,
0.20 g), dry benzene (40 ml), and ethylene glycol (1 ml)., The
reaction mixture was stirred at reflux under dry nitrogen for
40 hours during which time the trap was drained at irregular
intervals (10 x 2 ml). After cooling, the mixture was poured
into a separatory funnel contalining ether (200 ml). The ether
was washed with water (3 x 50 ml), and saturated sodium
chloride solution (50 ml). After drying (Nazso4), the solvent
was removed in vacuo to give 0,5982 g (98%) of acetal 14,

The analytical sample was prepared by recrystallization from
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ether-pentane (5x): mp 178-180°; ir (CDClB) 1765 (lactone),
1715 ca™! (ketone); nmr (CDC1,) d1.16 (s, 3, CH), 1.35 (s,
3. CH3)' 3.95 (s, 4, (-0-CHy~), ), 5.04 (m, 1, oxymethine),
5.46 ppm (4, J=2 Hz, 1, =-OCHO-), .
Anal. Caled. for CygH,,0st C, 65.29; E, 7.53.
Found: C, 65.31; H, 7.57.
j,ﬁ;slﬁa.7.8,8&%.8bd-0c£ahydro-2ad.5§P-dimg§§y1-7-b;9§g:

2-f6rﬁxléthxlenedioxzacetal-ZH-nagtho Ll.BQb;l furan-2,6=-

lgaﬁ)¥dione“ (15212-A solutlon of phenyltrimethylammonium

tribromide (PTAB, 0.255 g, 0.92 mmole) in dry tetrahydro=-

furan (THF, 12 ml, freshly distilled from L1A1H4) was added

to acetal 14 (0.189 g, 0,65 mmole) under a dry nitrogen
atmosphere., The reaction was stirred for 5 hours during which
time a heavy yellow preolpitaté formed, The mixture was poured
into a separatory funnel containing ether (150 ml), The ether
layer was washed with water (10 x 25 ml), saturated sodium
chloride soiution (1 x 25 ml), dried (NaZSOQ). filtered (MgsSQy),
and concentrated in vacuo to give 0.238 g (99%) of'the highly
crystalline bromo acetal 15. The analytical sample was pre=
.pared by preparative thin layer chromatography using silica

gel and 50% ether : 50% pet-ether as eluant followed by two
recrystallizations from dichloromethane, ether, pentane: mp
216-219°, ir (CHC1;) 1770 (lactone), 1720 cm~l (ketone);

nmr (€DC1;)d1.17 (s, 3, CH;), 1.38 (s, 3, CHj), 2.53 (4,

J=6 Hz, ), bridgehead CH), 2,90 (t, J=8 Hz, 2, =CH,-C-Br),

4,02 (s, 3, CHB)’ 5,04 (m, 1, oxymethine). 5.56 ppm (s, 1,
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<0CHO-), N |
Anal. caled. for CygHp 0gBr: C, 51.49; H, 5.67; Br, 21.41.
Found: C, 51.51; H, 5.69: Br. 21.39.

3,&;5;5al834;85d—Hexahydro-2ad.5&3-d1meth&l-7-formxl;
eth"ienedio acetal-2H-naphtho : -

dione (16)1°-To a solution of bromoacetal (15,0.067 g, 0.180 mmole)

in N,N-dimethylacetamide (DMA, 2 ml) was added calcium car-
bonate (0,054 g, 0,54 mmole), The sample was degassed and
filled with nitrogen (3x). The flaék was fitted with a con-
denser and immersed in an 0il bath preheated to 190°2, then
stirred at reflux for 50 minutes, The flask was allocwsd to
air cool for a few minutes then cooled to 0° in an ice tath,
The reaction mixzture was poured into water {100 ml) &nd ex-
tracted with ether (3 x 50 ml), saturated sodium chloride
solution (50 ml), dried (Nazsou).'filtered (Mgsou). and evap-
orated in vacuo to give 0,0407 g of a mixture. Compound 16
_was isolated in 31% yileld by preparative thin layer chrome
atography on silica gel using 75% ether : 25% pet-ether to
elute the plate. An analytical sample was prepared by recrye
stallization four times from dichloromefhane. ether, rentane:
mp 144-145°%; uv (CH;0H) 212 nm (€6390), 263 nm (€718);

ir (CHCl;) 1770 (lactone), 1695 cu™! (ketone); nmr (cDC1,)
d1.22 (s, 3, CHB). 1.35 (s, 3, CHB). 2,14 (4, J=5 Hz, 2,
bridgehead CE), 3,99 (s, 4, -OCHz-), 5.02 (¢, J=5 Hz, 1,
oxymethine), 5,70 (s, 1, -OCHO- , 6.97 ppm (4, J=5 Hz, 1,
~C=CH-)., |
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Anal. caled. for Cy¢Hyo0c: C, 65.74; B, 6.90.

~ . Pound: C, 65.76; H, 6.99.

1\ rr ‘ ‘ 1,13,14
(2)-LL-Z 1271A (1) and anomer (2)

taining ethoxyacetylene (0.0450 g, 0.56 mmole) in dry tetra-

-To a flask con-

hydrofuran (THF, 2 ml) cooled to -78° (dry-ice, acetone)
under nitrogen atmosphere, was added n-butyl 1lithium in hexane
(1.9M, 0.33 ml). After the solution of lithium ethoxyacetyilde
had stirred for 15 minutes, é solution of ketone 16 (0.0609 g,
0.208 mmole) in THF (2 ml) was added followed by an addi-
tional amount of THF (1 ml) needed to complete the transfer,
The resulting reaction mixture was stirred under dry nitrogen
for 1 hour at =-78°, The flask was then allowed to warm up
to room temperature and stir for an additional hour, The
resulting red solution was poured into a flask containing
water (50 ml), then extracted with ether (4 x 25 ml), The
combined ethereal extracts were washed with water (3 x 25 ml),
saturated sodium chloride solution (20 ml), dried (Nazsoa).
filtered (Mgsou). and concentrated in vacuo to give 00,0636 g
of crude ethoxyacetylide derivative 17: ir (CHC13) 3550
(0H), 1772 em™! (lactone); nmr (CDCl;) 1.38 (t, J=7 Hz),
4.1 ppm (q, J=7 Hz). Because of the sensitive nature of this
ccmpound it was carried on to the next step without purification,
The crude ethoxyacetylene derivative (00,0636 g) was dis-
solved in anhydrous methanol (2.5 ml) and cooled to 0°, Three
drops of 5% sulfurlc acid were added and the mixture stirred
at ambient temperature for 2.5 hours., The mixture was then

2isz0lved in ether (100 ml), washed with water (20 ml}, sodium
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chloride solution (20 ml), dried (Na,S0,), filtered (MgSO),
and concentrated in vacuo to yield a crude mixture of pro=-
ducts. The mixture was separdted by preparative thin layer
chromatography on silica and eluted with 60% ether .: 40%
. .pet-ether. Compounds 1 (0.0186 g) énd 2 (0.0081 g) were iso-
lated in a combined yield of 42% (ratio 70:30, respectively).

The analytical sample of anomer 2 was prepared by recrye
stéllization from dichloromethane, ether, pentane (3x): mp
151-153%; uv (CH40H) 258 nm (€16,000); ir (CHCl4) 1770 (lactone),
1720 cm~! («,funsaturated lactone); nmr (cnc13)<!1.18 (s, 3,
CHB)' 1.32 (s, 3, CH3)' l1.92 (4, J=5 Hz, 1, bridgehead proton),
3.56 (s, 3, OCHB). 5,02 (t, J=5 Hz, 1, oxymethine), 5.55 (s,
1, =CH-C0-) 5.74 (d, J=1.8 Hz, 1, HC-OMe), 6.3% ppm (4, J=1.8 Ez,
J=5 Hz, 1, C=C-H). These spectral data correspond to those
previously reported.la

Anal, caled. for CyoHz005: C, 67.09; H, 6.62,

Found: €, 67.14; H, 6.77.

The analytical éample of racemic LL-Z 1271«.was Prepared
by several recrystallizations from ether, pentane followed by -
sublimation (115°, 0,1 mm): mp 195-196°, uv (CH30H) 257 nm
(€13,250); ir (CHCl3) 1770 (lactone), 1715 em~l (x,funsat-
urated lactone); nmr (CDClj).<§1.17 (s, 3, CH;), 1.34 (s,
3. CH3)' 1.92 (4, J=5 Hz, 1, bridgehead'CH).ﬁB.?l (s, 3, OCHB),
5.00 (¢, J=5 Hz, 1, oxymethine), 5.73 (m, 2, =-0CHOMe, =CH~CO,-),
6.52 ppm (m, 1, =0-C«CH=z)., Thése spectral data are identical

to thoss reported for the natural product,l



Anal. calcd, for C17HZO°5‘ c, 67.09; H, 6,62,
Pound: ¢C, 66,.87; H, 6.79.
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