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proposed that regardless of the proton source, the first mechanistic step of these reductions
was two single electron transfers to the carbonyl of the ester to form first a carbon radical
and then a carbanion (Scheme 2-5). They suggested that in the presence of tert-butanol,
the next step would be loss of one fluorine to form a samarium enolate intermediate. This
would be followed by protonation to selectively yield the mono-fluoro-butenoate product.
Conversely, when a Sml.-ethanol system is used, there are two suggested mechanistic
pathways. The first proposed mechanism is analogous to the reaction mechanism proposed
for the use of tert-butanol, and would result in the same reductive elimination of a single
fluorine group. The second proposed mechanism follows the formation of the carbanion
with two sequential protonation steps, and the resulting product would be the difluoro-
butanoate. The group suggested this loss of chemoselectivity may be due the greater steric

hindrance of tert-butanol as a proton donor.?

Scheme 2-4. Study of Proton Donor Effects of Chemoselectivty by Otaka et al
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Scheme 2-5. Mechanistic Implications Observed by Otaka et al.
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samarium enolate

As mentioned in chapter one, the O’Neil group has previously worked with Sml»
in investigating control over selectivity of benzoyloxysulfones (see Scheme 1-5). Prior to
my Master’s Thesis work, the group had been employing a variable temperature scheme
when attempting Sml>-mediated elimination/isomerization reactions of allylic benzoates.
Specifically, the solution of Sml and any co-solvents was cooled to -78 °C, then warmed
to 0 °C for 10 minutes, then back -78 °C again, all prior to adding the elimination substrate.
The idea was that this allowed for pre-coordination of the additive to for the reactive
samarium complex.”® Results from these reactions were generally good, but the process
was cumbersome. In an attempt to improve the utility of the reaction, one of my first goals
was to simplify this set up. For instance could we simply perform the reaction by adding
the co-solvents/additives and substrate to Sml. all at room temperature?

This simplified experimental set up was utilized for several Smlz-mediated
eliminations on both compounds 2.1 and 2.2. Importantly, yields and selectivities for these

room temperature reactions proved similar or even better than those conducted at lower
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temperature. Results of these experiments are shown in Table 2-1. The regioselectivities
(i.e. conjugated vs. non-conjugated alkene products) for both compounds 2.1 and 2.2 were
the same, suggesting that both converge to the same organosamarium intermediate. The
results are also consistent with the idea that bulkier sterically hindered proton sources favor
the conjugated a-isomer. As mentioned in Chapter 1, this is likely due to preference for
open protonation due to steric hindrance of the preferred formation of a bound proton
source (see Scheme 1-10).1912 Interestingly, additives such trimethylamine also give the
conjugated alkene product. We suggest that triethylamine may compete with water for
samarium coordination thus disrupting the internal protonation mechanism and giving
preference for the a-isomer. Smaller proton sources such as water and methanol both gave
selectivity for the y-isomer. This is consistent with the proposal that less sterically hindered
proton sources can coordinate to samarium and protonation occurs internally via a
water/methanol-samarium complex.

Table 2-1. Investigation on Reaction Conditions and the Influence on Selectivity on
Compounds Type X

OBz
see
©)\/ or WOBZ ©/\/+ ©/\/
Table ) (o)
2.1 2.2

23 24

Entry Conditions? Ratio (y:a)® Yield (%)
1 H>0 (200 eq.) 56:44 to 70:30 75-85
2 tBuOH (200 eq.) 27:73 t0 0:100 21-76
3 MeOH (200 eq.) 100:00 90-100
4 MeOH (72 eq.), EtsN (72 eq.) 30:70 to 0:100 90-100
5 MeOH (72 eq.), MeNH, (72 eq.) 31:69 100
6 Dimethylethylamine (200 eq.) 48:52 71

Notes for Table: a) Reactions were performed with freshly prepared Sml, (7 equiv.) in degassed THF at
room temp. for 24 h. b) Determined by 'H NMR.
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The results from the Smlz>-mediated eliminations with methanol in particular were
noteworthy because it consistently exhibited total selectivity for the non-conjugated
terminal alkene product in very high yields. Although typically we had used a procedure
that allowed us to leave these reactions overnight, an NMR-based kinetic investigation of
SmI>-MeOH reductive eliminations showed that the reactions were complete within 5
minutes. Because of the various attractive aspects of the Sml>-MeOH experimental set up,
we continued to further explore its potential uses.

Thus far, our samarium mediated allylic benzoate elimination/isomerizations had
been conducted on substrates of type X (Figure 2-2), with a disubstituted trans-alkene or
a terminal alkene. We were interested in investigating the outcome of this reaction
performed on trisubstituted alkene-containing compounds of type Y (Figure 2-2). In
addition to further exploring the impact of substrate structure on the selectivity of this
reaction of the conjugated vs. non-conjugated compounds, the product from these reactions
would also contain a newly formed stereocenter. It was thought that these experiments
might therefore provide the basis for future enantioselective samarium
elimination/isomerization reactions. To test this, we began by preparing a series of
appropriate trisubstituted-alkene allylic-benzoate esters. Nine (9) differentially substituted
acetophenones (Figure 2-3) were subjected to a Horner Wadsworth Emmons reaction with
trimethyl phosphonoacetate to produce tri-substituted alkene methyl esters. Selectivities
from these reactions were generally 77:23 E/Z. All products were purified by column
chromatography, and in some cases it was possible to separate the isomers, giving some
mixed fractions and others of the pure E-isomer. All purified products were then reduced

with DIBAL-H to form the corresponding allylic alcohols. The allylic alcohols were
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purified by column chromatography, again being able to achieve some E/Z separation. The
purest fractions were then benzoylated and purified via column chromatography one last
time to give the desired starting materials of type Y for the Sml>-mediated elimination

study (Table 2-2).

Type X

Type Y ©)</ O)\A

2.5D -2.13D

Figure. 2-2. Substrates Type X and Y

X= Me, MeO, CI

@
@*@*

Figure. 2-3. The Scope of 9 Aryl Substituted Acetophenones used as Starting
Materials for the Series of Reactions in Table 2-2



Table 2-2. The Synthesis and Subsequent Reductive Elimination of 9 Tri-substituted
Alkene Compounds

o ~o F’ o~

OBz
N « i DIBAL-H “ BzCl N

l// NaH, THF |// |// pyr, DCM I//
X X

2.5-213

Smil,
Starting Material Yield (%) Isomers in Relative Ratio of y:atin
starting material products
Entry # (substitution) A B C D D

1 2.5 (0-Me) 95.3 | 59.5 | 75.7 E only 70:30

2 2.6 (m-Me) 90.3 97.7 23.4 E only 62:38

3 2.7 (p-Me) 90 | 745 | 3.3 E only 61:39

4 2.8 (0-Cl) 88.8 46.2 24.8 E+7Z 60:40

5 2.9 (m-Cl) 789 | 945 | 53.4 E only 74:36

6 2.10 (p-Cl) 809 | 68.4 | 13.5 E+2Z 75:25

7 2.11 (0-OMe) 89.5 | 88.8 | 99.8 Z only 49:51

8 2.12 (m-OMe) 99.7 68.5 64.6 E+7Z 72:28

9 2.13 (p-OMe) 94.7 | 68.6 | 7.1 E only 63:37

With the trisubstituted alkene allylic benzoates in hand, we could then examine
their reactions with Sml,. The results from these reactions are summarized in Table 2-2.
There are a few conclusions to be made from the results of these reactions. First, for all
compounds except 2.11, these reactions showed selectivity for the non-conjugated y
product. This could potentially be explained by the fact that 2.11 was the only reactant that
was purified to only the cis-isomer for reaction D. This total loss of selectivity could have
occurred due to steric hindrance of proton delivery via a pseudo-cyclic organosamarium

intermediate (Figure 2-4).
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Figure 2-4. Potential Steric Hindrance of Organosamarium Intermediate

It should also be noted that the results in Table 2-2 show that these Sml>-MeOH
mediated eliminations run on tri-substituted alkene starting materials were less selective
than the Sml,-MeOH mediated eliminations run on di-substituted compounds 2.1 and 2.2.
These results may suggest that the addition of a methyl group to the alkene disrupts (e.g.
slows down) internal proton delivery from a samarium-bound methanol. External
protonation then competes giving rise to higher amounts of the conjugated product.

The starting materials for reaction D of Table 2-2 can be thought of as analogous
to compound 2.2 (Figure 2-3). A complete set of data for these experiments would also
include compounds that were analogous to 2.1 as well. We proposed that this could be
achieved by through two synthetic steps. We anticipated that we could first utilize a
Grignard addition of vinyl magnesium chloride to compounds 2.5-2.13, then benzoylate
the resulting alcohols with benzoyl chloride (Scheme 2-6). The Grignard addition was
completed successfully on compound 2.10. However, the second benzoylation step was
unsuccessful. Even after several group members attempted what seemed like a simple
acylation, no formation of the desired product was observed. Instead, the attempted
benzoylation either yielded starting material or decomposition. We proposed that the lack

of success in formation of these starting materials was likely due to steric hindrance of the
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intermediate tertiary alcohol and the acidic prone elimination of the intermediate. The

synthesis of these compounds were not further investigated.

Scheme 2-6. Proposed Synthesis of Second set of Starting Materials for Selectivity
Study.

To expand the study, we also prepared compound 2.17, which began with the
reaction of ethynylbenzene and hexanal to produce alcohol 2.16. Treatment with benzoyl
chloride and pyridine then gave elimination/isomerization substrate 2.17. When 2.17 was
treated with Sml> and MeOH, both eliminated products 2.18 and 2.19 were observed by
IH NMR. This reaction resulted in a higher selectivity for the non-conjugated y product
than the reactions of Table 2-2, and more in line with the selectivities of the Sml>-MeOH
eliminations of disubstituted alkene compounds 2.1 and 2.2. This result again demonstrates

how substrate structure can influence selectivities from these reactions.

Scheme 2-7. Further Investigation of the Sml>-MeOH System
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Chapter 3. Total Synthesis of Honokiol

3.1 Biological Importance and Isolation of Honokiol

Honokiol was first identified as a component of Magnolia obovata, a magnolia tree
native to Japan, in 1973 by M. Fujita and coworkers.?? Honokiol occurs naturally in the
bark of trees in the genus Magnolia (Figure 3-
1) with a mixture of similar biphenolic natural
products, including its structural isomer
magnolol (Figure 3-2). For centuries the bark of
these trees have been ground into a powder and
used throughout Asia as herbal supplements.
Some of these traditional herbal remedies are
hou-po and saiboku-tu.? Although honokiol has

long been a component of ancient healing

methods, it was not until Fujita’s isolation of the

Figure 3-1. Magnolia x soulangeana
growing in Bellingham, Washington

compound that significant interest in the
biofunctionalities of honokiol began to rise. By
the 1990°s honokiol specific biological benefits had been further elucidated.?*? For
instance, it was shown that honokiol prevents the formation of blood clots through

inhibition of thromboxane formation. %

23



HO OH OH
ol ) O
honokiol magnolol

Figure 3-2. Structure of Honokiol and Magnolol

Honokiol was also determined to be an effective antioxidant through peroxy radical
scavenging,?* 2® although these studies generally relied on qualitative, indirect analysis of
the radicals themselves meaning that the exact mechanism by which honokiol exerts its
antioxidant activity was not known. In 2015 Amorati and coworkers used an autoxidation
method to quantitatively determine the antioxidant activity of honokiol, as well as that of
magnolol. The experiment involved using azobis(isobutyronitrile) as an initiator to produce
peroxy radicals. In the presence of a good antioxidant, the rate of oxygen consumption by
this initiator would be slower than if that antioxidant was not present in the reaction system.
By measuring the rate of oxygen uptake, the group was able to determine a rate constant
(k of Scheme 3-1) for the reaction of peroxy radicals that are responsible for the majority
of harmful oxidative chain propagation events in nature and man-made materials. The
group found that honokiol’s antioxidant activity was approximated double that of
magnolol. They suggested that this was due to the two ortho hydroxyl groups of magnolol
forming a strong hydrogen bond between one another. Tied up in this fashion they are less
reactive toward peroxy radicals which significantly decreases the antioxidant activity of

the compound. 2
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Scheme 3-1. Mechanism of Radical Scavenging by an Antioxidant (AH).

initator ———» R°®

Kk
ROO+ AH — ROOH +A°

A +ROO ——> nonradical products

Another biological benefit of honokiol is its anti-inflammatory properties. NF-kB
proteins are known pro-inflammatory activators, as well as being known to be responsible
for enhancing transcription of HIV. Honokiol has been found to inhibit NF-kB protein
activation through several pathways: inhibiting TNF induced activation, IkBa
phosphorylation and degradation, and RANKL-mediated activation. It has also been found
that honokiol is both capable of crossing the blood brain barrier and has low cytotoxicity
towards non-target cells.? 2" While these are all very attractive qualities for implementing
clinical use, perhaps one of the biggest reasons for the interest in honokiol, is its antitumor
properties.

The antitumor activity of honokiol proceeds through two primary pathways, both
involving the p53 protein. The p53 protein is sometimes referred to as “the guardian of the
genome.” It is comprised of 393 amino acids that make up four functional domains: a
domain that activates transcription factors, and domain responsible for regulating
tetramerization, a domain that recognizes specific DNA sequences, and a domain that
recognizes damaged DNA. It has 3 primary functions that are responsible for the regulation
of the cell cycle, and therefore it functions as a tumor suppressant. The first function of the

p53 is to target genes that regulate growth arrest of cells with mutations or damaged DNA.

25



The second function is to initiate DNA repair, and the third function is initiation of
apoptosis, which is considered a “last resort defense” against tumor growth. 29

Extensive amounts of research on many types of cancer has shown that the p53
protein has a significant role in tumor growth. While healthy tissues have cells with low
levels of the p53 protein, DNA damage and stress signals typically trigger an increase in
p53 levels. It has been determined that over 50% of all tumors contain mutant p53 proteins.
A mutant p53 protein may be incapable of cell regulation processes that prevent damaged
and mutant DNA from proliferating to form tumors. In other tumors with wild-type p53
proteins, it is typically the case that the wild type p53 is being inactivated or deregulated
by a DNA tumor virus. 28

Studies have shown that honokiol directly targets these p53 mutants that are
common in most tumors. It is not well understand exactly which mechanisms allow
honokiol to be so effective for the treatment of cancer, but the general anti-cancer pathways
that honokiol takes have been the subject of several studies, and there is a general
understanding that honokiol is capable of targeting tumors in at least two ways. For tumors
with mutant p53, honokiol has been found to promote cell cycle arrest and apoptosis,
providing the necessary “kill switch” on tumor growth that mutant p53s lack. For wild type
p53, it has been suggested that honokiol’s antioxidant properties prevents reactive oxygen
species from promoting tumor growth. 28

Isolation of naturally occurring honokiol is possible, but it requires extensive
processing, resulting in high costs to achieve pharmaceutical grade purity. On average,
there is about 9 mg — 100 mg of honokiol for every 10 grams of tree bark (0.1 — 1.0% w/w),

depending on the age of the tree. Trees around 2 years old will only contain 9 mg of
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honokiol. It is not until that tree is 20 years old that every 10 grams of bark will contain on
average 100 mg of honokiol.?

One isolation method reported by Liu and coworkers in 2010 described the use of
preparative HPLC as a “facile, fast and economical” method for purifying honokiol from
an extract of Magnolia officinalis.®*® However, when looking into the details of this
methodology, there are many preparative steps involved. First, a crude extract is produced
through several hours of ethanol reflux on about a 200 gram sample of powdered magnolia
officinalis (A 200 gram sample of 2 year old bark would contain about 180 mg of honokiol,
while a 200 gram sample of 20 year old bark would contain about 2 grams of honokiol).
The extract of main compounds (i.e. honokiol, magnolol, and 4-methoxyhonokiol) had to
be purified from the crude extract by drying, filtering, and pH adjustments. From there the
samples can only be loaded in portions of about 70 mg of the biphenolic mixture of main
compounds at a time, with a run time of 40 minutes each in order to achieve a purity of
>98% (but still less than 99% purity). One run of their optimized HPLC procedure
produced on average about 10 mg of 98.1% purity honokiol.*® That means for a sample of
young bark (assuming 2 years of tree growth), after preparation of the extract it would then
take 120 hours of preparative HPLC in order to recover the 1.8 grams of naturally produced
honokiol. For a sample of older bark (~1.0 % w/w honokiol), approximately 148 hours
(just over 6 full days) of preparative HPLC would be required in order to recover the 2
grams of naturally produced honokiol. This of course does not take into account the time
associated with harvesting, drying, processing, and extracting the biomass. Nor does it

include the 20 years of growing time required for the tree to mature.
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Another method for extracting and purifying honokiol from the natural source
involves reacting the extracted mixture of magnolol and honokiol with dimethyoxypropane
in order to selectively protect magnolol (Scheme 3-2).3The mixture can then be separated
by column chromatography on silica. While this method avoids the time-delay associated
with HPLC (silica chromatography can accommodate larger masses of material), the
overall yields from the magnolia tree is the same.

Scheme 3-2. Protection of Magnolol in Order to Achieve Separation by column
Chromatography

OH OH

HO HO OXO
pTsOH
oL = - O o * O
\ \ 2,2'-dimethoxypropane \ \

3.2 Previous Syntheses of Honokiol

The synthesis of honokiol is an area of great interest due to the difficulty of isolating
sufficient quantities of the natural product combined with its therapeutic potential. In 2009
the Chen group developed a five step method for synthesizing honokiol in 32% overall
yield (Scheme 3-3).%2 Bromination of 1-allyl-4-methoxy benzene resulted in a 68% yield
of the desired bromobenzene product C2. A Suzuki coupling with boronic acid C3 was
then utilized for the formation of the biaryl C-C bond. Notably, the Chen group found that
typical Suzuki conditions (PdCl; and KsPOs in toluene, Pd(OAc)—dppf and K2COs,

Pdz(dba):—P(t-Bu)z and Cs2COsz in 1,4-dioxane, Pdz(dba);—PCys and KsPO4 in 1,4-
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dioxane—H-O) resulted in only trace product formation. After investigating 14 different
experimental conditions, the catalytic system of Pdx(dba); along with the ligand 2-
dicyclohexylphosphino-2°,6’-dimethoxybiphenyl successfully yielded the desired biaryl
product C4 in 83% vyield. Allylation of the hydroxyl group with allyl bromide gave the
target allyl ether C5 in 90% yield. A Claisen rearrangement catalyzed by boron trichloride
followed by demethylation with boron tribromide provided honokiol in a 64% yield after

column chromatography. The overall yield for this sequence was 32% from C1. 3

Scheme 3-3. Chen’s 2009 Synthesis of Honokiol

C1

32% overall

64%

In 2010 Denton and coworkers devised a five step total synthesis of honokiol.
Similar to Chen, their synthesis featured a Suzuki coupling followed by an aromatic
Claisen rearragnement. The first step was directed ortho-lithiation of compound D1 to
produce allylic boronate ester D2 in 77% yield (Scheme 3-4). For the following cross
coupling step, they tried a large variety of conditions and found that the allyl group was

frustratingly sensitive to most conditions. The previously optimized Suzuki coupling
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conditions by Chen were necessary in order to successfully synthesize D3, the biaryl core
of honokiol, in 94% yield. Subsequent allylation of Suzuki coupling product D3 with allyl
bromide yielded the desired allyl ether D4 in 99% yield. The Denton group then utilized
microwave irradiation for a thermally initiated Claisen rearrangement to produce
compound D5 in 86% yield. Demethylation was completed in 91% yield with BClzeSMe;

to give honokiol in 55% overall yield.*?

Scheme 3-4. Denton’s 2010 Synthesis of Honokiol

nBuLl B(OH)Z
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D5

55% overall

86% 91%

Most recently, in 2014 Srinivas reported to date the highest yielding synthesis of
honokiol (Scheme 3-5) to date at 68% overall yield.>* First they converted 2-bromoanisole
to the corresponding organomagnesium intermediate with magnesium turnings and
catalytic iodine. A Kumada coupling with 4-iodoanisole catalyzed by Pd(PPhs)s yielded
biaryl core S2 in 85% vyield. Directed bromination in the presence of acetic acid and
hydrogen peroxide gave S3 in 96% yield. This was then converted into another

organomagnesium intermediate for another Kumada cross coupling with allyl bromide,
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again catalyzed by Pd(PPhs)s, to give S4 in 86% yield. Demethylation of both methoxy
substituents was achieved in 97% yield with AICl; and DMS to produce honokiol in 68%

overall yield.?*

Scheme 3-5. Srinivas’s 2014 Synthesis of Honokiol
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3.3 The Total Synthesis of Honokiol

We also became interested in synthesizing honokiol, due to its biological
importance and also because the two benzene allyl substituents of honokiol could
potentially be synthesized by reductive elimination/isomerization of a benzoyl ester with
samarium diiodide. The result would be a convergent synthesis of honokiol that would
involve cross coupling of two nearly complete fragments of honokiol, and a final

demethylation step (Scheme 3-6).
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Scheme 3-6. Proposed Retrosynthesis of Honokiol

3.2 3.5

MeO
Br:©\’//o

The commercial bromo methoxybenzaldehydes 3.4 and 3.7 were subjected to a one-
pot addition/benzoylation with vinyl magnesium bromide followed by trapping with
benzoyl chloride to produce compounds 3.3 and 3.6 in 92 and 90% vyields, respectively
(Scheme 3-7). Reductive elimination of the benzoyl groups with Sml, and MeOH resulted
in high selectivity (>9:1) for the non-conjugated terminal alkene products 3.2 and 3.5 in
high yields. These results are consistent with the selectivities observed for similar reductive
eliminations done by our group with Sml> and MeOH on less complex substrates (See
Table 2-1). It is worth noting that the potentially labile bromide substituent is tolerated in
the reaction. Overall, fragments 3.2 and 3.5 were obtained fairly quickly in 83% overall

yield on multi-gram scale, suggesting that we were on the path towards a quick, high

yielding synthesis of honokiol.
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Scheme 3-7. Steps One and Two of Our Proposed Four Step Synthesis

OMe
©/ MgBr Sml2 Br
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For the cross-coupling of 3.2 and 3.5, we attempted many different conditions in
line with our proposed synthesis in Scheme 3-6. In addition to different catalysts,
additives, solvents, and temperatures, one can also envision two different coupling
scenarios: (1) conversion of 3.2 to a suitable organometallic followed by cross-coupling
with 3.5 or (2) conversion of 3.5 to a suitable organometallic followed by cross-coupling
with 3.2. Results from these experiments are summarized in Table 3-1. Ultimately, we
concluded that the sensitivity of the allyl groups combined with the steric hindrance from
the methoxy group of fragment 3.5 made this an incredibly challenging coupling to

optimize (vide infra).
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Table 3-1. Attempted Cross Coupling Conditions

Br  MeO conditions
+
MeO Br
AN =
3.2 3.5
Entry Reagents Catalyst Solvent Temp, Time Yield (%)
-78°C, 4 hr,
1 Mg, | Pd(PPhs)as THF RT, 8 hr 0
tBuli, ZnBr; -78°C, 4 hr
2 ! ! Pd(PPh THF ! !
LiCl, NMP d(PPhs)s Reflux, 18 hr 0
tBulLi, ZnBr, -78°C, 4 hr,
3 Licl, NMP Pd(PPhs)s THF RT 4 hr trace
tBuli, ZnBr, .. -78°C, 4 hr,
4 Licl, NMP Pd-Peppsi-iPr THF RT, 2 hr 0
tBuli, ZnBr, .. -78°C, 4 hr
5 Licl, NMP Pd-Peppsi-iPr THF RT, 8 hr 0
-78°C, 1 hr,
N -Bu, D P | ! !
6 aOt-Bu, D3 d(dba); toluene 50°C. 5 hr trace
-78°C, 1 hr,
7 tBulLi Pd-P i-iP tol ! ’ 0
uli eppsi-iPr oluene 50°C. 5 hr
B,pin,, PAOAC, 80°C, 18 hr
Pd(PPh DMF 1
8 KOAc, Cs,CO3 d(PPha)s (x2) 0
B,pin,, PdOAC,
°C,18 h
9 NaOAc, Pd(PPhs)s DMF 80 %(2)8 f trace
CSzCO3
B,pin,, PdOAC, 80°C, 18 hr
1 Pd(PPh | -11
0 NaOAC, K,COs d(PPhs)a toluene x2) trace
B,pin,, PdOAC, 80°C, 18 hr
11 Pd(PPh THF
NaOAc, K;COs d(PPhs)s (x2) trace

Each entry in Table 3-1 was run with both 3.2 and 3.5 being first converted to an
organometallic reagent (see discussion above), and both routes gave yields that were
generally disappointing. Most reactions produced none of the coupled product or merely
trace amounts as detectable by MS. For instance, our attempted Kumada coupling gave

none of the desired product despite this reaction being reportedly successful by Srinivas on
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very similar substrates.3* Further attempts at a Negishi or Hiyama cross coupling method
were also unsuccessful. Most often the products we observed from these reactions seemed
to be products of polymerization, isomerization, or debromination. In order to investigate
if the allyl group was preventing the cross coupling reaction from proceeding, we treated
both starting materials 3.2 and 3.5 with both nBuLi and tBuLi (2 equiv, entries 2-5 and 7),
then quenched the reactions with D>O. This resulted in deuterium labelling at the allylic
position with minor amounts of deuterium labelling at the aryl bromine position. This
results is perhaps not surprising as the pKa of these protons in allylbenzene was reported
to be 34 (pKa of BuLi is ~50). This indicated that instead of the organolithium reagents
facilitating debromination and formation of the corresponding organometallic reagent for
cross-coupling, they were reacting with the allyl substituent. We also attempted several
organolithium-free cross couplings (entries 6, 8-11), but in all cases low Yyields
accompanied by some isomerization of the allylic alkenes to the more stable conjugated
internal alkene were observed. -The results suggested that cross coupling with the nearly
complete fragments 3.2 and 3.5 was challenging due to the sensitivity of the terminal
alkenes. In their synthesis of honokiol, Chen also commented on the sensitivity of the allyl
groups. We therefore set out to investigate a new synthesis, one where the allyl groups
would be added to the biaryl core post-coupling (Scheme 3-8). Among the final steps

would then be a bis-benzoylester elimination/isomerization reaction.
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