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ABSTRACT
The Grieco group was interested in the total synthesis of the C;o quassinoid polyandrol. It was
realized that the carbon framework could be constructed from an intramolecular Diels-Alder reaction of a
1, 6, 8, nonatriene, resulting in construction of six of the ten stereocenters. Before the synthesis was

undertaken; a model study of the essential reaction was to be studied. Synthesis of the Diels-Alder adduct

was accomplished in thirteen continuous steps. The Diels-Alder can now be studied, with the triene in
hand.




INTRODUCTION

Quassinoids are a diverse group of highly oxygenated polycyclic natural
products.1Collectively, these natural products are the bitter constituents of the
Simaroubaceae botanical family, which possesses medical properties that have been
recognized long before the advances of modern medicine. They are known to treat a
variety of illnesses such as dysentery, fever, amoebiasis, malaria, and arthritis.2 More
recently, quassinoids have received intense attention from the scientific community as
antitumor agents. The mechanism of their biological activity has been investigated, and
extensive studies concerning structure-activity relationships have been conducted.3

The oldest of the Simaroubaceae species known is Quassia amara.4lts two major
constituents, quassin (1) and neoquassin (2), were isolated by Clark in 1939.5 Robertson
reported the separation of the two compounds in the early 1950’s,6 but it was not until
1961 that both structures were finally determined by Valenta and coworkers by means of

NMR spectroscopy.7

OMe OMe



The vast majority of quassinoids possess a C20 picrasane-like skeleton represented
by the tetracyclic framework of quassin (I). Consequently, all biological studies
conducted to date, as well as the synthetic work published in this area, have been almost
exclusively concerned with C0 quassinoids. To this date, Grieco’s synthesis of
samaderin B (3)8has been the only published account of a total synthesis ofa C19
quassinoid. In 1994 research efforts by the Grieco group culminated in the isolation and
characterization of a new C19 quassinoid, (+)- polyandrol (4), from the root bark of

Castelapolyandra.9

The intriguing structural features of polyandrol (4), as well as the virtual lack of
studies regarding its biological activity, prompted the initiation of a research project
aimed at the total synthesis of (+)-polyandrol.

Synthetic strategies by the Grieco group toward the synthesis of quassinl0as well
as a variety of other quassinoids have focused first on the construction ofthe A and B
rings. Then the C ring is then constructed by cycloaddition of dienophile 5 with ethyl
(E)-4-methyl-3,5-hexadienoate (6) (Scheme 1). Hydride reduction and subsequent

lactonization provides the intact carbon framework of quassin.



Scheme | : Preparation of C2Qquassinoid framework

The Diels-Alder strategy correctly establishes six of the seven stereocenters found in
quassin.

The complexity of the A and B rings of quassin dictated an approach through
dienophile 5. The framework for polyandrol displays a simplification in the A and B
rings. It was realized that an intramolecular Diels-Alder approach could provide a direct

route to the tricyclic core of polyandrol,” correctly establishing four
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stereocenters in polyandrol in a single transformation.
Careful scrutiny of the Diels-Alder strategy reveals that there are only two
possible cycloadducts that can be derived from triene 7. An exo-bridging transition state

(A) would provide the desired tricycle (scheme 2). The endo-bridging transition

Scheme 2: Exo (A) and Endo (B) bridging transition states

state (B), which would provide the undesired tricycle possessing the wrong configuration
at C(9) and C(13). The 1,6,8-nonatriene transition state (A) appears to suffer from
nonbonding interactions of the C(5) methyl substituent with the C(2) substituent and the
diene hydrogen at C(7).  Although, the nonbonding interaction of the C(5) substituent
and the diene hydrogen is relieved, transition state (B) appears to suffer from the
unfavorable interaction between the olefinic hydrogen atom of the diene and the axial

(Ha) hydrogen atom of the lactone ring.



MODEL STUDY

In order to test this methodology, a model study was to be investigated with

model triene 8.

8

Cyclohexanone was converted to the corresponding enamine and alkylated with
methyl methacrylate using the Stork procedure2(45% from cyclohexanone) (Scheme 3).
Resulting keto ester 9 was protected as its ketal with ethylene glycol and pyridinium p-
toluene sulfonic acid in refluxing benzene (>98%).1a Alkylation of the ester was
accomplished by generation of the lithium enolate and subsequent trapping with methyl
iodide to provide dimethyl ester 10 (94%).1la The ester was reduced to the alcohol with
lithium aluminum hydride (98%) and then protected with te/7-butylchlorodiphenylsilane
and imidazole in DMF forming silyl ether I1a (89%). Subsequent deketalization with
wet acetone and pyridinium /7-toluene sulfonic acid provided the desired ketone lib
(99%). A Stille like palladium catalyzed alkoxy-carbonylation3was undertaken to install
the dienophile alkene. Enol triflate 12 was formed by generation of the lithium enolate
in tetrahydrofuran and subsequent trapping with A-phenyltriflouromethanesulfonimidell

in 94% vyield. The resulting enol triflate was converted to unsaturated ester 13 in



Scheme 3

X
d,e,f
OTBDPS
Illa. X=OCH2CH20
Ilb. X=0
oTf
OTBDPS OTBDPS

(a) pyrrolidine, PhH, reflux (-H20), methyl methacrylate, DMF, 120 0C; (b) HOCH2CH20H, p-TsOH (cat ), PhH, reflux (-H2); (c)
LDA, THF, -78 °C; Mel -78°C->RT; (d) LiAIH4, Et20, -78 OC; (¢) TBDPSCI, imidazole, DMF; (f) p-TsOH (cat ), CHICOCH3

reflux; (g) LDA, THF, -78°C; TfNPh, 0°C; (h) Pd(OAc)23%, Ph® 6%, EtaN, C0(g, MeOH.

95% vyield by the palladium-catalyzed reaction.

With the unsaturated ester in place, the desired diene was realized by a series of
straightforward transformations outlined in scheme 4. Removal of the silyl protecting
group by treatment with HF pyridine afforded alcohol 14(89%). Interestingly, some of
the seven-member lactone was observed; the crude mixture was all converted to the
alcohol by treatment with potassium carbonate in methanol at 45 OC. The alcohol was
oxidized to aldehyde 15 under Swernb conditions (95%). The aldehyde was converted to
(E)-substituted vinyl iodide 16 by the Takai olefmation with CrCli and iodoform in THF

at 45 °C(72%)."*



(a) HF pyridine, THF, 45°C; MeOH1K2CO3 45°C; (b) DMSO1loxalyl chloride, EtaN1CHXCI2 -
78°C; (c) CrCI2 CHI3 THF, 45°C; (d) Tributylpropynylstannane, Pd2dba)3CHCI3(5%), tri(2-

furyOphosphine (10%), Cul (10%), NMP; (e) 9- BBN1THF, 50 0C then AcOH.

Enyne 17 was completed by a Stille coupling of 16 and tributylpropynylstannane
(72%).19 The enyne was converted to the (E, Z) diene by treatment of 17 with 9-BBN
and then acetic acid in 65% yield based on recovery of starting material. With the triene

in hand, efforts can now be made on the key Diels-Alder reaction.



 EXPERIMENTAL SECTION

Proton (IH) nuclear magnetic resonance spectra was recorded on a Bruker 300 MHz
spectrometer. Chemical shifts are reported in parts per million () relative td deuterated
chloroform (86 7.26). IR spectra were taken on a Perkin-Elmer 1600 fouriér transform
spectrometer as neat samples on NaCl salt plates. Absorption in'tfcnsiti'és are indicated as
strong (s), medium (m), or weak (w). Reactions were monitored by thin layer
chromatography (TLC) using E. Merck precoated silica gel 60 F-254 (0.25-mm
thickness) plates. The plates were visualized by ‘immf:rsion in a p-anisaldehyde solution
and warming on a hot plate. E. Merck silica gel 60 (23 0—2100 mesh) was used for flash
silica gel chromatography.

| All solvents were reagent grade. Anhydrous solvents were dried immediately
before use. Dichloromethane, dimethyl sulfoxide, diisopropylamine, dimethyl
formamide, iodomethane, triethylafrline, me;thanol, hexanes, and 1-methyl-2-
pyrrolidinone were distilled from calcium hydride. Diethyl ether and tetrahydrofuran

were freshly distilled from sodium benzophenone ketyl. Benzene was distilled from -~

‘sodium metal. Solve:nts were déoxygenated utilizing the freeze-pump-thaw method.




(10)
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10 was prepared according to the procedure of Stork.13

9b was prepared according to the procedure of Micalizio in 99% vyield. 1

10 was prepared according to the procedure of Micalizio in 94% yield. 1L
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A solution 0f5.04 g (19.5 mmol) of ester 10 in 40 mL of anhydrous diethyl ether
was added via cannula to a suspension of 1.5 g (40.0 mmol) of lithium aluminum hydride
in 40 mL of anhydrous diethyl ether at -78 °C under argon. After the solution was stirred
at -78 °C for 4 h, the reaction mixture was warmed to room temperature and quenched
by the addition of 10 mL of water, followed by 30 mL of I N NaOH, followed by 10 mL
of water. The heterogeneous mixture was filtered through Celite, and extracted with
dichloromethane. The organic layer was dried over anhydrous magnesium sulfate and
concentrated in vacuo to provide 4.33 g of the crude alcohol as a colorless oil. The
product was clean by TLC and H NMR; R/ 0.40 (petroleum ether-diethyl ether 1:1); H
NMR (300 MHz, CDCI3) 6 4.0-3.9 (m, 4H), 3.5 and 3.3 (AB quartet, J=10 Hz, 2H), 1.9-
11 (m, 11H), LI (s, 3H), 0.97 (s, 3H).

To a solution of 5.73 g (20.9 mmol) of te/7-butylchlorodiphenylsilane dissolved in
10 mL of NIN- dimethylformamide was added 2.84 g (41.8 mmol) of imidazole at room
temperature. After being stirred for 15 min, the reaction mixture was treated with a
solution 0f 4.33g (19.0 mmol) of the alcohol in 20 mL of NIN- dimethylformamide
dropwise over 5 min, followed by stirring at 50 ° for 1.5 h. After cooling to room
temperature the reaction mixture was diluted with 70 mL of diethyl ether, and the organic

layer was washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered,



and concentrated in vacuo. The crude oil was purified by column chromatography
(hexanes-diethyl ether 19:1) to provide 7.72 g (87% for two steps) of silyl ether 11 as a
colorless oil; R/ 0.47 (hexanes-ether 7:3); 1H NMR (300 MHz, CDCI3) 5 7.7-7.6 (m,
4H), 7.5-7.3 (m, 6H), 4.0-3.9 (M, 4H), 3.5 and 3.3 (AB quartet, J=1 | Hz, 2H), 1.9-1.1 (m,
11H), LI (bs, 9H), 0.93 (s, 3H), 0.89 (s, 3H); IR 3035 (m), 3015 (M), 2928 (s), 2855 (s),

1642 (w), 1599 (W), 1272 (m), 1092 (s), 700 (s).

(12)

oTf

OTBDPS

To a solution 0 9.18 g (20 mmol) of 11 in 200 mL of acetone was added 10 mL
of water and 3.95 g (15.7 mmol) of pyridinium/~-toluene sulfonate. The reaction mixture
was heated to reflux for 3 h, followed by cooling to room temperature. The mixture was
concentrated by evaporation for 30 min. The residue was diluted with water and the
product was extracted with diethyl ether. The ethereal layer was washed successfully
with saturated aqueous sodium bicarbonate solution and brine. The combined organic
layers were dried over anhydrous magnesium sulfate and concentrated in vacuo. The
crude product was purified by column chromatography (hexanes-diethyl ether 9:1) to
afford 8.30 g (98%) of the ketone as a colorless oil; R/0.45 (hexanes-diethyl ether 6:4);
H NMR (300 MHz, CDCI3) 5 1.1-1.6 (m, 4H), 1.5-13 (m, 6H), 3.4 and 3.2 (AB quartet,

J=10Hz, 2H), 2.4-1.3 (m, 11H), LI (bs, 9H), 0.93 (s, 3H), 0.89 (s, 3H).
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To 8.24 mL (60 mmol) of diisopropylamine in 82 mL of tetrahydrofuran at 0 0C
under argon was added dropwise 9.4 mL (23.5 mmol) ofa 2.50 M solution of n-
butyllithium in hexanes. After being stirred at 0 OC for 45 min, the solution was cooled
to - 78 °C. The solution of lithium diisopropylamide was treated dropwise over 20 min
with 8.30 g (18.8 mmol) of the ketone in 43 mL of tetrahydrofuran. After being stirred at
-78 °C for | h, the mixture was treated with 7.70 g (21.6 mmol) of
A-phenyltriflouromethanesulfonimide, followed by stirring at 0 °C for 9 h. The reaction
mixture was quenched by the addition of 75 mL of saturated aqueous ammonium
chloride solution and diluted with 50 mL of water and 200 mL of diethyl ether. The
organic layer was dried over anhydrous magnesium sulfate and concentrated in vacuo to
give a yellow oil. The crude product was purified by column chromatography (hexanes-
diethyl ether 19:1) to provide 9.14 g (94%) of product 12 as a clear oil with no color; R/
0.62 (hexanes-diethyl ether 7:3); HNMR (300 MHz, CDCI3) 8 7.7-7.6 (m, 4h), 7.5-7.3
(m, 6h), 5.8-5.6 (t, J=1.8 Hz, 1H), 3.4 and 3.2 (AB quartet, J=10 Hz, 2H), 2.5-2.3 (bs,
1H), 2.2-2.0 (d, J=1.8, 2H), 1.9-1.2 (m, 9H), LI (s, 9H), 0.93 (s, 3H), 0.89 (s, 3H); IR

3064 (w), 2957 (m), 2921 (s), 1683 (w), 1469 (s), 1416.2 (s), 1286 (), 1137 ().

(13)

MeO >

OTBDPS

To 9.50 g (18.4 mmol) of 12 in 30 mL (.736 mol) of methanol at 0 OC under argon
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was added 5.11 mL (36.7 mmol) of triethylamine, 123.9 mg (3 mol %) of palladium(Il)
acetate, 290 mg (6 mol %) of triphenylphosphine. Argon was bubbled through the
stirring reaction mixture for 30 min at 0 °C. At the same temperature, the argon was
removed and carbon monoxide gas was bubbled through the reaction mixture for 10 min.
After warming to room temperature, the reaction mixture was stirred for 6 h under carbon
monoxide gas. The reaction mixture was concentrated in vacuo. The residue was diluted
with diethyl ether, and washed successfully with I N aqueous hydrochloric acid,
saturated aqueous sodium bicarbonate, and brine. The combined organic layers were
dried over anhydrous magnesium sulfate, filtered through celite, and concentrated in
vacuo to give a brown residue. The crude product was purified by column
chromatography (hexanes-diethyl ether 19:1) to provide 7.96 g (92%) of the desired
product 13 as a clear, colorless oil; R/ 0.38 (hexanes-diethyl ether 7:3); I1H NMR (300
MHz, CDCfi) 5 7.7 -7.6 (m, 4H), 7.5-7.3 (m, 6H), 3.65 (s, 3H), 3.5 and 3.2 (AB quartet,
J=10 Hz, 2H), 2.7-2.6 (bs, 1H), 2.4-1.3 (m, 10H), TI (s, 9H), 0.93 (s, 3H), 0.89 (s, 3H);

IR 3030 (W), 3046 (W), 2928 (s), 2855 (s), 1715 (s), 1642 (), 1240 (m), 1225 (m), 1084

(s), 700 (s).
(14)
MeO r\

A solution of 7.03 g (15.9 mmol) of silyl ether 13 in 30 mL of tetrahydrofuran

was treated dropwise at room temperature with 3.15 g (31.8 mmol) of HF pyridine in a
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nalgene bottle. After the reaction mixture was stirred for 12 h at 45 °C, the reaction was
treated dropwise with éaturated aqueous sodium bicarbonate solution at 0 °C:. The
reaction mixture waslwarmed to room temperature, followed by dilution with diethyl
ether. The aqueous layer was separated and washed with several portions of diethyl
ether. The combined ethereal layers were dried over anhydrous magnesium sulfate, and
concentrated in vacuo to provlde the crude pfoduct asa nﬁxture of alcohol 14 and its
corresponding 7-membered lactone. Thus the crude product was diluted with 75 mL
methanol, treated with 1 g. of potassium carbonate and stirred for 5 h at 45 °C. After
cooling to roo'm temperature, the reaction mixture was concentrated iz vacuo aIl1d‘diluted
with dichloromethane and saturated aqueous ammonium chloride solution. After
separation, the orga_mic layer was washed with saturated aqueous sodium bicarbonate
solution and dried over anhydrous magnesium sulfate. After conceﬁtrating in vacuo, the
crude product was purified by column chromatography. Elution with hexanes-ethyl
acetate (19:1) provided 3.09 g (86%) of alcohol 14; R, l6.39 (ethyl acetate-hexanes 2:8); .
'H NMR (300 MHz, CDCl3) & 6.7-6.6 (t, 1H), 3.9 and 3.6 (AB quartet, J=11 Hz, ZH),
3.65 (s, 3H), 2.5 (bs, 1H), 2.2-1.3 (m, 10H), 1.0 (s, 3H), 0.9 (s, 3H); IR 3504 (m), 2949

(s), 2866 (s), 1715 (s), 1642 (m), 1248 (s), 1060 (s).




(15)

To a solution of 1.45 mL (16.6 mmol) of oxalyl chloride in 72 mL of
dichloromethane at -78 °C under argon was added 1.69 mL (24.1 mmol) of dimethyl
sulfoxide. After stirring at -78 OC for 15 min, 3.04 g (13.3 mmol) of alcohol 14
dissolved in 33 mL dichloromethane was added dropwise. After stirring at-78 OC for 15
min, 6.54 mL (49.2 mmol) of triethylamine was added dropwise. After stirring at-78 °C
for 30 min, the reaction mixture was warmed to room temperature and stirred for 30 min.
The reaction was quenched by addition of 50 mL of saturated aqueous sodium
bicarbonate solution. The aqueous layer was separated and washed with several portions
of dichloromethane. The combined organic layers were dried over anhydrous magnesium
sulfate and concentrated in vacuo to provide 2.80 g (94%) of ester-aldehyde 15; R/0.5
(hexanes-diethyl ether 6:4); 1H NMR (300 MHz, CDCI3 59.2 (s, 1H), 6.8 (t, 1H), 3.4 (s,
3H), 2.4 (bs, 1H), 2.1-1.7 (m, 2H), 1.4-1.1(m, 6H), 0.89 (s, 3H), 0.78 (s, 3H); IR 2964

(s), 2824 (s), 2694 (m), 1731 (s), 1643 (s), 1434 (s), 1263 (s), 1087 (m).
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(16)

To a suspension of 3.31 g (27 mmol) of chromium (I1) chloride in 45 mL of
anhydrous tetrahydrofuran at room temperature under argon was added a solution of 1.00
g (4.81 mmol) of 15 and 4.73 g (12.0 mmol) of iodoform in 15 mL of anhydrous
tetrahydrofuran. After being stirred at 50°C for 45 min, the reaction mixture was cooled
to room temperature, poured into ca. 100 mL water, and extracted with several portions
of diethyl ether. The combined extracts were dried over anhydrous sodium sulfate and
concentrated in vacuo. The crude product was purified by column chromatography
(hexanes-ethyl acetate 19:1) to provide 0.724 g (72%) of 16 as a light yellow oil; R/0.40
(hexanes-dichloromethane 1:1); H NMR (300 MHz, CDCI3) 8 6.9-6.8 (t, 1H), 6.23 (AB
g, 2H, Jab=IS Hz, Avab=189 Hz), 3.6 (s, 3H), 2.5 (bs, 1H), 2.2-1.1 (m, 8H), LI (s, 3H),
0.99 (s, 3H); IR 2999 (s), 2928 (s), 2863 (M), 1713 (s), 1643 (W), 1241 (s), 1084 (m),

1054 (m).
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(17)

MeO o

To 107 mg (0.31 mmol) of neat vinyl iodide 16 was added 112 mg (0.34 mmol) of
tributylpropynylstannane, 16 mg (5 mol %) of tris(dibenzylideneacetonyl)dipalladium,
7.2 mg (10 mol %) of tri(2-furyl)phosphine, and 5.9 mg (10 mol %) of copper(l)iodide.
I-methyl-2-pyrrolidinone (3.3 mL) was added to the reaction mixture in a liquid nitrogen
bath. After the reaction mixture was deoxygenated by the freeze-pump-thaw method, it
was stirred at room temperature for 10 min under argon. After dilution with water and
diethyl ether, the ethereal layer was separated and concentrated in vacuo. The black
residue was diluted with 6 mL of ethyl acetate and saturated aqueous potassium fluoride
and stirred for 30 min. After dilution with diethyl ether, the ethereal layer was
successfully separated, filtered, dried over anhydrous sodium sulfate, filtered through
celite, and concentrated in vacuo. The crude residue was purified by column
chromatography (hexanes-ethyl acetate 39:1) to provide 56 mg (72%) of triene 17; R/
0.32 (hexanes-ethyl acetate 30:1); 1H NMR (300 MHz, CDCI3) 5 6.9 (t, 1H), 6.12-6.06
(d, J=16 Hz, 1H), 5.37-5.29 (dg, J=16 Hz, J=2 Hz, 1H), 3.7 (s, 3H), 2.6 (bs, 1H), 2.25-
1.95 (m, 3H), 1.93-1.90 (d, J=2 Hz, 3H), 1.75-1.25 (m, 5H), 1.15 (s, 3H), 1.05 (s, 3H);
1 NMR (75 MHz CDCI3) 5 168.36, 153.48, 140.13, 135.61, 106.26, 84.74, 79.06,
51.75, 46.35, 37.82, 29.67, 28.89, 27.45, 26.60, 26.04, 17.18, 4.65; IR 3010 (m), 2916

(), 2804 (m), 1714 (s), 1663 (m), 1241 (s), 1163 (m), 1084 (m).
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To a solution of 22 mg (0.08 mmol) of enyne 17 in 100 uL of tetrahydrofuran
was treated dropwise at room temperature under argon with 169 uL (0.08 mmol) of a
5 M solution of (9 - Borabicyclo [3.3.1]) nonane in hexanes. After being stirred for 16
h at 50 °C, the reaction mixture was cooled to room temperature, followed by the
addition of 5 mL glacial acetic acid dropwise. After stirring for 90 min, 10 mL of 6N
NaOH was added dropwise. After stirring for 30 min, the reaction mixture was diluted
with 10 mL of diethyl ether and 5 mL of 30% H202. The ethereal layer was seperated
washed successfully with I N HCL, saturated aqueous sodium bicarbonate solution, and
brine. The combined ethereal layers were dried over sodium sulfate and concentrated in
vacuo. The crude product was purified by thin layer chromatography (Hexanes - diethyl
ether 9:1) to afford 12.5 mg (65%) of diene 18 and 3 mg of the starting enyne; R/0.30
(hexanes-ethyl acetate 30:1); 1H NMR (300 MHz, CDCI3 56.89 (t, 1H), 6.28-6.17 (dd,
J=16 Hz, J= 12 Hz, 1H), 6.06-6.00 (dd, J=12 Hz, J=I | Hz, 1H), 5.73-5.64 (d, J=16 Hz,
1H), 5.43-5.31 (dqg, J= 7 Hz, J=1 | Hz, 1H), 3.7 (s, 3H), 2.6 (bs, 1H), 2.2-2.0 (m, 3H),
1.74 (d, J=7 Hz, 3H), 1.49-1.2 (m, 5H), 1.15 (s, 3H), 1.05 (s, 3H); IR 3010 (m), 2916 (s),

2804 (m), 1714 (s), 1663 (m), 1362 (m), 1241 (s).
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