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Abstract:

The design of efficient, stereocontrolled pathways for the preparation of natural products holds promise
as ground for developing and testing new synthetic strategies. The intramolecular photochemical [2+2]
cycloaddition reaction is a highly useful reaction in organic synthesis. The process allows the formation
of two carbon-carbon bonds and the possibility of four stereocenters.

This method was utilized in the synthesis of the tricyclic core of the natural product, pentalenic acid.
Subsequent fragmentation/cyclization of the formed cyclobutane ring can be accomplished through the
use of an oxovanadium reagent to establish the 5-5-5 ring system of pentalenic acid.

Stereoselectivity in the photochemical [2+2] cycloaddition was poor. The stereoselectivity may be
improved by increasing the steric interaction during cyclobutane ring formation. Greater stereocontrol
is needed in order for the synthesis of pentalenic acid to be successful.
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ABSTRACT

The design of efficient, stereocontrolled pathways for the preparation of
natural products holds promise as ground for developing and testing new
synthetic strategies. The intramolecular photochemical [2+2] cycloaddition
reaction is a highly useful reaction in organic synthesis. The process allows the
formation of two carbon-carbon bonds and the possibility of four stereocenters.

This method was utilized in the synthesis of the tricyclic core of the natural
product, pentalenic acid. Subsequent fragmentation/cyclization of the formed
cyclobutane ring can be accomplished through the use of an oxovanadium
reagent to establish the 5-5-5 ring system of pentalenic acid.

Stereoselectivity in the photochemical [2+2] cycloaddition was poor. The
stereoselectivity may be improved by increasing the steric interaction during
cyclobutane ring formation. Greater stereocontrol is needed in order for the
synthesis of pentalenic acid to be successful.




CHAPTER 1
INTRODUCTION

Terpenoids are a diverse group of natural products with a stunning array
of polycyclic frameworks. Nature has bestowed these natural products with an
unusual assemblage of rings and functionalities. Within the terpene family exists
an interesting subgroup known as polyquinanes, which are composed of fused
five-membered rings. Polyquinane natural products have been discovered in
marine, plant, and microbial sources. They have been known to contain up to
four fused five-membered rings, which display four characteristic carbocyclic

skeleta (Figure 1).

@ O
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| Figure 1. Characteristic Polyquinane Skeleta




Many polyquinane natural products have been shown to exhibit significant
biological activities, which range from antibiotic properties to antitumor activity.
As a consequence of this biological activity, polyquinanes have attracted rigorous
attention from the scientific community. They have been used as prime subjects
for synthetic and biosynthetic studies. In addition to the potential for drug
discovery, interest in polyquinanes has resulted from their structural diversity.
Which is primarily due to the structurally alluring assembly of five-membered
rings, displaying a variety of functionality. As with many classes of natural
products, polyquinanes hold promise as ground for developing and testing new
synthetic strategies. In fact, polyquinanes have provided the impetus for the
development of synthetic strategies for cyclopentannulations. The literature is
rich with methods directed toward polyquinane synthesis.™ Throughout the last
twenty years, polyquinane synthesis has been an intriguing area of natural
product synthesis and interest in them still remains.

Polyquinanes, which contain three fused five-membered rings, are known
ds triquinanes. The first natural product containing a triquihane nucleus,
retigeranic acid was isolated twenty-nine years ago by Shibata (Figure 2).° Since
then, numerous triquinanes have been isolated from natural sources.
Triquinanes are classified as either linear or angular (nonlinear), based on the

topology of the ring fusion.
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CHAPTER 3

RESULTS AND DISCUSSION

Attempted. Synthesis of () Pentalenic Acid

Research described herein is directed toward the synthésis of pentalenic
acid 1. Several research groups have previously synthesized pentalenic acid
1.821.22 |5 contrast, the present attempted synthesis features a 2-propylidene-
1,3-bis(silane) [2+2] photocycloaddition to provide a tricyclic cyclobutane 19.
Successive fragmentation/cyclization can then be accomplished through the use
of an oxovanadium reagent to establish the core 5-5-5 ring system of pentalenic
acid 1.

It was envisaged that pentalenic acid 1 could be prepa-re'd from the |
tricyclic intermediate 29 (Scheme 9). Elaboration of the exocyclic alkene,
decarbonylation of the methyl ester, and reduction of the ketone function should
provide 1. The fricyclic intermediate 29 can be obtained by a (TFEO)VOCI,
catalyzed fragmentation/cyclization sequenée of the tricyclic cyclobutane 19. A
[2+2] photocycloaddition of diene 18 can be utilized to provide 19. Preparation of
the photocyclization precursor 18 is possible by conjugate addition—cyc'loacylation

“of fragments 3 and 5.
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CHAPTER 4

SUMMARY

The formation of the tricyclic core of the natural product, pentalenic acid
has been achieved by utilization of an intramolecular [2+2] photocycloaddition.
Investigations into the stereoselectivity of the process should prove useful in the
progress toward pentalenic acid. The discovery of conditions needed to optimize
the conjugate addition-cycloacylation reaction resulted in the production of highly
functionalized cyclopentenones in good yield. Further studies into the
mechanism of the reaction may allow even greater increases in yield. It was
realized that the palladium catalyzed cross coupling of B-ketoesters with
(TMSM),Zn proved unsuccessful. However, removal of the ester function
allowed the coupling to proceed smoothly. It is hoped that the aforementioned

contributions are useful for future synthetic studies directed toward the synthesis

of pentalenic acid.
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CHAPTER 5

EXPERIMENTAL

General Methods

"H NMR and *C NMR spectra were performed with a Bruker AL-300 or

250 MHz spectrometer. 'H NMR chemical shifts are reported as & values in ppm
 relative to the residual protoh signal of CDCls (8 7.27). *C NMR chemical shifts
are reported as § values in ppm relative to the residual proton signal of CDCl; (8
77.23). "H NMR peaks refer to multiplicities which are indicated as follows: s
(singlet), d (doublet), t (triplet), g (quartet), m (multiplet), br (broad), app d
(apparent doublet), app t (apparent triplet), and app q (appareﬁt quartet. Infrared
spectra were recorded with a Perkin EImer 1800 FTIR.

| Gas chromatography was performed on a Varian Model 3700‘Gas
Chromatograph equipped with an Alltec Econocap SE 54 column (15 m, 0.54
mm id) and flame ionization detector. Low resolution mass spectra were
recorded on a Hewlett Packard 5890A Gas Chromatograph equipped with a
" Hewleit Packard 5970 Mass Selective Detector. Analytical thin layer
chromatography (TLC) was performed on silica gel POLYGRAM® SIL G/UV,s4
plates supplied by Alltec. Visualization of TLC plates‘ were effected by either: 1)

ultraviolet illumination (254 nm), 2) KMnO,4 oxidation, or 3) anisaldehyde
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derivitization. KMnOy indicator (TLC) was prepared with Na,CO3 (12.5 g),
KMnOy4 (2.5 g), and H,O (500 mL). Anisaldehyde indicator (TLC) was prepared
with p-anisaldehyde (5 mL), ethanol (95 mL), acetic acid (3.5 mL), and H,SO4
(0.5 mL). Column chromatography was performed using Scientific Adsorbents
Inc. silica gel (32-63 pum particle size, 60 A pore size). Solvent systems used for
elution are reported in % volume/volume.

Solvents used for reactions were distilled immediately prior to use.
Tetrahydrofuran (THF) and diethyl ether (Et,0) were distilled from sodium
benzophenone ketyl. Diisopropylamine, hexamethylphosphoramide (HMPA),
hexane, tetramethylethylenediamine (TMEDA), dichloromethane, triethylamine,
and dimethylformamide (DMF) were distilled under nitrogen or argon from
calcium hydride. Methanol was distilled from Mg(OCHzs). under argon.
Carbontetrachloride (‘CCI4) was distilled under argon from phosphorous
pentoxide (P20s).

The molarities of organolithium reagents were determined by direct
titration using N-pivaloyl-o-toulidine. The molarities of organomagnesium
(Grignard) reagents were determined by titration df a standard solution of 2-
butanol in toluene using 1,10-phenanthroline as an indicator.

All reactions were carried out in oven-dried vessels under argon or
nitrogeﬁ, unless otherwise indicated. Reaction mixtures were magnetically
stirred. Temperatures reported are bath temperatures. Solvent concentrations

were performed under reduced pressure with a Blchi (RE-111) rotary
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chloride 3 (1.00 g, 6.82 mmol), magnesium turnings (340 mg, 13.98 mmol), and
THF (10 mL) was added to a mixture of Cul (884 mg, 4.64 mmol) and TMEDA
(792 mg, 6.82 mmol) in THF (30 mL) at -78 °C. After the mixture was stirred for 1
h at -78 °C, the acetylenic diester 5 (919 mg, 4.64 mmol) in THF (2 m!) was
addéd slowly. The mixture was stirred at -78 °C fof 1 h and allowed to warm to
room temperature, overnight. The mixture was poured into 10% HCI and diluted
with Et,O. The ethereal layer was washed with saturéted ag. NaHCO3; (3X) and
brine. The organic layer was dried (MgSO,), filtered, and concentrated in vacuo.
The crude residue was p.urified by column chromatography (5-10% ethyl
acetate/hexanes) to afford 6 asa clear liquid (876 mg, 68%): "H NMR (CDCl,,
300 MHz) § 5.05 (t, 1 H, J=7.2 Hz), 4.94 (m, 1 H), 3.69 (s, 3 H), 2.59 (s, 2H),
2.01 (g, 2H, J= 7.4 Hz), 1.7-1.5 (m, 2 H), 1.66 (s, 3 H), 1.58 (s, 3 H), 1.30 (s, 6
H), 1.24 (d, 3 H, J = 6.3 Hz); *C NMR (CDCls, 75 MHz) § 176.5 (C), 153.3 (C),
132.4 (C), 123.2 (CH), 85.2 (C), 75.5 (C), 72.7 (C), 562.2 (CH3), 42.1 (CH), 35.8
(CHy), 29.6 (CHy), 25.7 (CHy), 24.7 (C), 24.0 (CHz3), 19.9 (CHa), 17.6 (CHg);

LRMS m/z 279 (M"); Rf0.33 (10% ethyl acetate/hexanes).
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To a round bottom flask containing lithium wire (24 mg, 4.76 mmol) and
Et,O (2.5 mL) was added a small portion of a mixture of’bromide 10 (287 mg,
1.50 mmol) and cyclopentenone 12 (150 mg, 1.36 mmol) in Etz0 (2.5 mL).
Ultrasonic irradiation (50 Hz) was initiated and continued throughout the addition,
over 30 min. After the addition was complete, the irradiation was continued for
1.5 h. The mixture was cooled to 0 °C and quenched with saturated ag. NH4CI.
The organic layer was diluted with Et,O and washed successively with 10% HCI
and brine. The ethereal layer was then dried (MgSO.), filt.ered, and concentrated
in vacuo. The residue was purified by column chromatography (5-10% ethyl
acetate/hexanes) to furnish the allylic alcohol 13 as a clear liquid (211 mg, 70%):
'"H NMR (CDCls, 300 MHz) § 5.68 (d, 1H, J = 5.5 Hz), 5.55 (m, 1H, J = 5.5 Hz),
5.’12 (app g, 1H, J = 7.0 Hz), 2.11 (br, 2H), 1.93 (m, 1H), 1.85and 1.80 (s, 0.5 H
each), 1.69 (s, 3H), 1.64 (m, 2H), 1.62 (s, 3H), 1.39 (s, 1H), 1.18 (s, 3H), 1.07 (s,
3H), 0.97 and 0.88 (d, 1.5 H each, J = 6.8 Hz each); "°C NMR (CDCls, 75 MHz)
§ 144.8 and 144.7 (C), 132.9 (CH), 131.6 (C), 124.9 (CH), 89.9 and 89.8 (C),
49.9 and 49.5 (CHy), 44.5 (CH), 41.6 (CHy), 32.6 and 31.6 (C), 31.0 and 29.2
(CHs), 26.5 (CHy), 25.9 (CH3), 17.9 (CH3), 15.1 and 14.3 (CH3); FTIR (neat)
3442 3034, 2955, 2863, 2728, 1673, 1618, 1461, 1376, 1360, 1140, 1020, 983
cm™: HRMS (El) calcd for C15H260 (M-H,0)* 204.1878, found 204.1874; R¢0.33

(20% ethyl acetate/hexanes). '
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