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Abstract:
A stereoselective synthesis of a bioactive triagtimane is described. Key to the synthesis is kehatalyzed Suzuki-Miyaura
coupling which proceeds with retention at the bdéinzgenter. This method is complementary to owvpusly reported nickel-

catalyzed Kumada coupling which proceeds with isir. Together, the two methods allow for effitietcess to either
enantiomer of biologically relevant triarylmethariEsn a common enantioenriched intermediate.
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1. Introduction

Triarylmethanes are important targets due to their OH
application in material and medicinal chemistry (Figure
e i soqe
In particular, the triarylmethane motif is found &mti-cancer O OMOM
lead compoundd. One such compound is anti-breast cancer
agent1.® In 2006, (+)1 was shown by Panda and co-workers 2

to inhibit proliferation of the MCF-7 breast cancezll line, ‘
with an in vitro 1G, of 3.88uM. In vivo, (3)-1 was shown to

ey R AT , Previous This
inhibit tumor growth and induce significant regiiess of Work ¢ Work
mammary tumors in mice. Synthetic access to enamtiched
samples of triarylmethanes is critical for theiraksation as <N>
medicinal agents and in determining three-dimeraion MeO o )\
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Figure 1. Bioactive triarylmethanes Suzuki and Kumada cross-coupling reactions havehdur

increased access to enantioenriched triarylmethaDesiden

Traditional syntheses of triarylmethanes, includihghave and co-workers have demonstrated a palladium-cadly
relied on Friedel-Crafts reactions that lead toemic  Suzuki reaction of enantioenriched boronic esterd aryl
products’'® To broaden substrate scope beyond electron-riciﬂd_ides?4 Our group has developed the umpolung approach in
aromatic compounds, access alternative regioisomansl ~ Which besnzyllc ethers or esters are coupled wityingatal
achieve stereocontrol, new methods have been dmaid® reagents’ _
Recent advances include methods that utilize clrahstead Our contributions provide a strategy to prepasoth
acids and C—H bond activatidi**>*® Approaches that develop enantiomers of a triarylmethane from a common éoetr of



()

N
OH (0]
HO. __OH
B 0 P>—ph oH J o’g o
| Ng pp GN cl
o = 20400 e
+ —_—
Et,Zn, PhMe OMOM NaH, DMF OMOM
OMOM
6 7 2 4
83% yield, 97% ee 68% yield, 96% ee
OMe OMe OMe

/O
w O
[e]

HCI, MeOH CICH,CH,;NMe;-HCI
NaH, DMF NMe;
wesae ro (] T v IO MR ORI S
KOtBu OMOM OH o
1:1 THF: PhMe
5 9 1

93% vyield
88% ee, 92% es

Scheme 2. Synthesis ofl via Suzuki protocol

an alcohol intermediate. In 2012 we reported eestpecific
nickel-catalyzed Kumada cross-coupling reactiont #illows
for the preparation of optically active triarylmaties from
enantioenriched benzylic ethers such3agScheme 1). We
employed this method in an enantioselective syighsfsl. *>?
This Kumada reaction proceeds with inversion atlieezylic
center. In 2013 our group reported a nickel-catdy
stereospecific Suzuki-Miyaura reaction of enanticdred
diaryl carbamates, such ds with aryl boronic esters™ In
contrast to our Kumada protocol, the Suzuki react@an
proceed with retention of configuration at the bgiczcenter if
tricyclohexyl phosphine is used as ligand, or isian if SIMes
is employed. Together, the Kumada and Suzuki i@zt
provide complementary methods to synthesize
enantiomers ofl from the same enantiomer of alcohal
Herein we report the synthesis of the opposite tomer of 1
via the Suzuki reaction.

2. Synthesis of 1

The synthesis was carried out as described in Seh&m
Enantioenriched alcoha? was prepared from commercially
available boronic acié and phenanthrene-9-carboxaldehyde
via an asymmetric arylation using chiral aziridicatalyst8.

%16 Alcohol 2 is. the common intermediate for both the

Kumada and Suzuki protocols. The Kumada protoequires
that the alcohol be converted into a methoxyethiyteleaving
group. The Suzuki reaction is more efficient ié thlcohol is
converted to an electron-withdrawing carbamate.
carbamate is installed by treatment2fvith sodium hydride
and 1-pyrrolidinecarbonyl chloride resulting imgoound4.

With carbamatet in hand, we were poised to test the key

step, the stereospecific Suzuki cross-coupling ti@ac
Subjection of 4 to Suzuki conditions with
tricyclohexylphosphine as ligand led to the effitiéormation
of triarylmethane5 in 93% vyield and 88% ee (92% €3).
Importantly, analysis of the reaction product byirahSFC
chromatography and comparison to material obtaimgdhe
Kumada route confirmed that the Suzuki reactiorc@eals with
overall retention. To achieve the highest yield, was
recrystallized prior to the cross-coupling reactias residual
alcohol 2 diminishes the yield in the Suzuki coupling.
Interestingly, when PQGyis replaced with SIMes, compoudd

e Th

98% yield 67% yield

provides low yields of the desired Suzuki prodict.

Completion of the synthesis was achieved by intctida of
the requisite side chain. In the penultimate sfefhe synthesis
the MOM group was removed under acidic conditian$otm
phenol9. Finally, alkylation of the phenol by treatmenittw
sodium hydride and 2-dimethylaminoethylchloride
hydrochloride afforded target compourdd® This synthesis
allowed for the preparation dfin 34% overall yield and 88%
ee.

3. Conclusion

In summary, either enantiomer of anti-cancer ttiagthane

botll can be synthesized using a complementary pairiakfeh

catalyzed cross-coupling reactions from a commangomer
of a chiral alcohol intermediate. For the syntbesf anti-
cancer agentl, when the Kumada protocol is followed, the
reaction occurs with inversion at the benzylic stereogenic
center. When the Suzuki protocol is followed, tleaction
occurs with retention at the benzylic stereogenenter,
providing the opposite enantiomer bf These syntheses allow
for efficient and selective preparation of eith@aetiomer of
triarylmethanes for biological testing. With theception of
the alcohol protection and the subsequent nickielhzed
cross-coupling steps, both syntheses are iderdivdlprovide
optically activel in five synthetic steps from commercially
available starting materials. With both enanticengr hand,
our lab is carrying out studies on the potency pfically
enrichedl against series cancer of cell lines.
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