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ABSTRACT

Accessing natural products via de novo synthetic methods is important for the
discovery of new medicines, antibiotics, agrochemicals and more. Design and investigation
of efficient strategies is of interest to many pharmaceutical industries.

Herein, we discuss several strategies geared towards the synthesis of the natural
product falcatin A. First, a general discussion of the class of natural products is discussed.
Secondly, we discuss our first generation photoredox cascade cyclization approach toward
the synthesis of falcatin A. This strategy allows for the efficient and convergent synthesis
of two halves of falcatin. Next, a transition metal-catalyzed cascade cyclization approach
is discussed in which we were able to successfully synthesize the core of the natural product
on a model system. Efforts are ongoing to elaborate to more advanced fragments for the
synthesis of falcatin A. Lasty, we discuss our work on the yttrium-catalyzed asymmetric
Diels—Alder reaction of a-acyloxy enone dienophiles, performed in collaboration with
BASF. We demonstrate that this methodology can be utilized to access enantioenriched

natural product T-4-ol.
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Chapter 1

An Introduction to the Myrsinane Family of Natural Products

1.1  INTRODUCTION

Extracts from the roots, leaves, and flowering parts of the Euphorbia genus of plants
have long been used in traditional Chinese medicine.!? In efforts to identify the chemical
components which make the Euphorbiaceae medicinally relevant, isolation chemists have
elucidated the structure of a number of natural products from these plants (Figure 1.1).

Figure 1.1 Terpenes isolated from the Euphorbia genus

HO™ iYE
Me Me Bz2O 7 5ac™0Ac
ingenol (1) euphorangionol B (2) retusolide A (3) paralianone (4)
Euphorbia ingens Euphorbia wangii Euphorbia retusa Euphorbia paralias

One subclass of these natural products is known as the myrsinane diterpenoids.
Myrsinane natural products possess a highly conserved 5-7-6 carbocyclic framework and
are of particular interest to both biologists and chemists alike. Several myrsinane
diterpenoids have been shown to demonstrate a variety of excellent medicinal properties
such as anti-inflammatory (euphorbialoid B), anti-HIV (15-0O-acetyl-3,5-O-dibutanoyl-7-
nicotinoylmyrsinol), anti-cancer (proliferin), and K-channel blocking (euphorproliferin D)

activities (Figure 1.2).38
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Figure 1.2 Bioactive myrsinane-related terpenes

"Bu "Bu
15-0-acetyl-3,5-O-dibutanoyl

euphorbialoid B (5) -7-O-nicotinoylmyrsinol (6) proliferin A (7) euphorprolitherin D (8)
anti-inflammatory anti-HIV anti-cancer K-channel blocking
BV-2 IC5q = 15.6 uM HIV-RTase IC5q = 0.119 uM A2780 IC5q = 7.7 UM HEK-hERG IC5q = <30 M

1.2 PROPOSED BIOSYNTHESIS OF THE MYRSINANE FAMILY

It has been proposed that the myrsinane family of natural products originates
biosynthetically from geranylgeranyl pyrophosphate (GGPP) (Figure 1.3).3*%1° A cationic
cyclization is proposed to effect the first cyclization of GGPP to access the casbane
skeleton 10. Subsequent cyclization affords the five-membered ring-containing lathyrane
skeleton 11. Next, a transannular cyclization then furnishes both the six- and seven-
membered rings, giving rise to the premyrsinane skeleton 12. Lastly, a cyclopropane
opening of 12 affords the myrsinane skeleton 13. Due to the interesting biological activities
of natural products from the myrsinane family, efforts have been made to elucidate the
biosynthetic pathway by which these natural products arise (Figure 1.4).

Figure 1.3 Proposed skeletal rearrangement pathway to access myrsinane family

Me Me M
Me \(' OPP Me Ve e Me
—_— —_— ‘ Me
V Me — Me
== == Me
Me

Me Me
geranylgeranyl casbane lathyrane
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myrsinane premyrsinane
skeleton (13) skeleton (12)
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In 2016, the Graham group detailed their work on the elucidation of the biosynthetic
pathways for the production of jolkinol C (18) and 8-epi-jolkinol C (19).° It is proposed
that casbene (14) is oxidized by the enzyme CYP726A35 at C5 to form 5-ketocasbene (15)
followed by a second enzymatic oxidation alpha to the carbonyl to furnish o-hydroxy
ketone 16. Next, enzyme CYP71D495 can effect oxidation at C9 to afford diketone 17.
Tautomerization of 17 to dienol 17a followed by extended tautomerization affords
intermediate 17b. Intramolecular cyclization of 17b then furnishes the five-membered ring
of the lathyrane natural products jokinol C and 8-epi-jolkinol C. Currently, the biosynthetic
pathways from lathyrane to premyrsinane and myrsinane natural products are not well
studied. However, a single report from 1995 provides some evidence towards this goal.

Figure 1.4 Bioenzymatic pathway from casbene to lathyrane member
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l CYP71D495
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HO, Me HO, Me
Me \ Me Me. \ Me
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tautomerization Vo tautomerization Ve
(@) = fo) <
Me Me
17a 6-hydroxy-5,9-

diketocasbene (17)

R =B-Me jolkinol C (18)
R =a-Me 8-epi-jolkinol C (19)

(lathryane members)
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In 1995, the Berendsohn group isolated several new natural products from Euphorbia
seguieriana (Figure 1.5).'! In this report, the Berendsohn group hypothesized that
lathryane 20 may undergo a cationic epoxide-opening reaction to afford tertiary
carbocation 21. Next, a pendant alcohol could trap the cation followed by an acid-mediated
cyclopropane opening to afford the myrsinane core 23. However, it is noteworthy that the
only evidence for this hypothesis is the isolation of several myrsinane natural products of
the form 23 and prior isolation of similar but non-identical lathyrane natural products such
as 24 and 25.

Figure 1.5 Proposed biosynthesis of myrsinane natural products

HO H™ Y Me

latilagascene F (25) Euphorbia factor L7b (24) myrsinane skeleton
L J

1.3 SYNTHESIS OF RELATED NATURAL PRODUCTS

To date, few reports have been published investigating the de novo synthesis of
myrsinane natural products and their derivatives. Herein, we would like to present a
summary of that work including the total synthesis of a single lathyrane natural product,
several synthetic efforts towards lathyrane natural products, as well as a study in the

degradation of natural product extracts for semi-synthesis.
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1.3.1 Total Synthesis Efforts Toward Euphorbia Natural Products

Figure 1.6 Synthesis of (-)-bertyadionol
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Met - - 42 °C
3 THPO 30% yield
HO 0
(

—)-bertyadionol (26) 33

In the literature, there has only been a single total synthesis of a lathyrane natural
product. In 1986, the Smith group detailed the synthesis of (—)-bertyadionol accomplished
in 19 steps (Figure 1.6).!>!3 Retrosynthetically, the Smith group aimed to construct the
macrocycle through the use of a Horner-Wadsworth-Emmons (HWE) reaction of
intermediate 27. Disconnection of this intermediate resulted in the identification of 28 and
29 as valuable targets.

In the forward sense, Arndt-Eistert homologation of (—)-cis-chrysanthemic acid (30)
followed by regioselective oxidation, dithioacetal formation, and condensation with

lithioethyl diethylphosphonate provided 31 in 1:1 dr. Next, deprotonation of the
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phosphonate followed by lithiation of the dithiane allowed the coupling of 31 and 28 to
furnish 32 in 58% yield. In 6 additional steps, the Smith group was able to obtain
cyclization precursor 27. Subsequent HWE reaction of 27 afforded the desired macrocycle,
albeit in only 30% yield. In an additional 7 steps, the Smith group was able to elaborate
macrocycle 33 to the natural product. In addition to the single reported total synthesis of
lathyrane diterpenoid bertyadional, there has been some work towards the synthesis of
other related natural products.

In 1993, the Yamamura group detailed the synthesis of an optically active cyclopentane
derivative as a versatile intermediate toward the Euphorbia diterpenes (Figure 1.7).'* This
group identified euphohelioscopin and euphoscopin as suitable natural product targets for
which intermediate 34 may be a valuable synthon. 34 was synthesized in 9 steps starting
from resolved cyclopentene 37. In three steps, they achieved the cyclopentenone 38
containing a benzylidene acetal. From there, four steps were required to install the methyl
group diastereoselectively and homologate the acetal. A final two-step sequence allowed
them to achieve their desired intermediate 34. To date, there have been no further studies
reported towards the use of intermediate 34 in the synthesis of any euphorbia natural
products; however, this synthon possesses significant homology to this class of natural
products quite nicely and thus could prove valuable for future synthetic endeavors.

Figure 1.7 Synthetic work towards euphohelioscopin and euphoscopin
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O Me Me o Me Me

Me
Me1 -

- (0]
nd H o< —
Me
Me /

euphohelioscopin (35)

Mer+

\OH (0]

o 3 steps 4 steps 2 steps
AcOr ..@ R — —_— Mer:- —_—
— — —
O\/o O,
37 L 38 O 39
Ph Me’ Me

In 2000, the Terada group detailed the facile construction of the lathyrane-type
framework via sequential NHK reactions as their key step (Figure 1.8).! With much
interest in the lathyrane scaffold, this group sought to synthesize 40 as a model system for
studying the lathyrane skeletal framework. Retrosynthetically, intermediate 40 could be
disconnected via two sequential NHK reactions, leading back to 41 and 42 as two useful
coupling partners. First, an NHK reaction between 41 and 42 afforded 43, which could be
deprotected and converted to the alkenyl iodide precursor for a subsequent cyclization. A
second NHK reaction then provided macrocycle 45 in 43% yield. A final oxidation of the
bis-allylic alcohol furnished the desired model system 40 in an overall 13 steps from
commercially available starting materials.

Figure 1.8 Synthetic work towards a lathyrane model system



Chapter 1 — An Introduction to the Myrsinane Family of Natural Products 8

( o) 0 o’> Me S
Me Me (o) N Me
v T D> A P
Me ——> Me| —> + Me
I
Me Me 0 Me | H (@]
lathryane model 3| 42
skeleton L system (40) )
O’> S
o o Me CrCl,
NiCl, (5 mol %) 2 steps
+ Me
I DMF, rt, 3h
Me™ I H™ ~O 48% yield
8 steps from 8 steps from
cyclopentanone (+)-3-carene 43
a1 42
- 5 N OH Me |
Me Me CrClp CHO |
. > 1step . > NiCl, (1 mol %) Me
-
Me Me DMSO, rt \ Me
43% yield
Mée’ (¢} Me’ o oy Me OH
model 45 44
system (40)

J

1.3.2 Natural Product Derivatization

In 2001, the Sterner group detailed the synthesis of unnatural products isolated from the

transannular cyclization of Euphorbia factor L, an agricultural commodity (Figure 1.9).'°

First, reduction of 46 by NaBH4 with concomitant acyl transfer provided 47 in quantitative

yield. Next, Yb(OTf)s;-meditated transannular cyclization provided the three products 48,

49, and 50. The proposed mechanism for transannular cyclization first involves Lewis acid

coordination to the acyl group and dehydration followed by cyclopropane opening with

methanol trapping of the resulting tertiary carbocation to furnish intermediate 47b. Next,

epoxide opening provides secondary carbocation 47¢. This intermediate carbocation can

then undergo one of two different processes: 1) elimination to diene 47f followed by

etherification to afford 50 or 2) 1,2-hydride shift to afford intermediate 47d. Intermediate
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47d can then undergo either etherification to afford 49 or acyloxy transfer followed by

hydrolysis to give 48.



Chapter 1 — An Introduction to the Myrsinane Family of Natural Products 10
Figure 1.9 Natural product degradation studies for semi-synthesis
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