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Stereo-Defined Synthetic Route to (E)- and (2)-Tamoxifen
Derived from(E)-1-Bromo-2-iodoalkenes.

Yoshino Fujii, Yuka Tamura, Nako Hashimoto, Naoki Endo, and Tetsuo Iwasawa*"

Straightforwardly stereo-defined syntheses of (E)- and (2)-
Tamoxifens were described, including a description of chemo-
selective activation of (E)-1-bromo-2-iodoalkenes. The (E)-1-
bromo-2-iodoalkenes were employed as starting materials; first,
the vinylic iodine was transformed into a phenyl group with
employing CuTC and PhSnBu; reagents. Then the resultant

Introduction

Tamoxifen is a historical tetrasubstituted alkene compound as
a biological active molecule.” From the viewpoint of effect for
estrogen receptor, Mother Nature gave a role of oestrogenic
and antioestrogenic activity to non-steroid skeletal (E)- and (2)-
Tamoxifen, respectively (Figure 1).®! The (2)-form as a synthetic
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Figure 1. (E)-Tamoxifen for oestrogenic activity, and (2)-Tamoxifen for
antioestrogenic activity.

estrogen analogue is clinically used in the treatment of breast
cancer to block the proliferative action of estrogens.” Thus, it
has been noted that (E)- and (2)-isomers of tetrasubstituted
olefins are endowed with significantly different attribute.
Despite the importance in tetrasubstituted olefins such as (E)-
and (2)-Tamoxifens, the development of concise and simple
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vinylic bromine undertook Suzuki reaction to afford an all-
carbon tetrasubstituted olefin; finally, the phenol-protective
group was converted into the corresponding amino-moiety.
The stereochemistry of the initial (E)-1-bromo-2-iodoalkenes
was fully retained throughout. Thus, it would provide us a new
entry for preparation of Tamoxifens and its related compounds.

stereoselective protocol still remains a grand challenge.®*” We
synthetic chemists have monumental approaches for construct-
ing carbon-carbon double bonds such as carbonyl olefination,
metathesis of 1,1-disubstituted olefins, carbometallation of
alkynes; however, even these protocols would face difficulties
in stereochemical control that were followed by producing
isomeric mixtures of particularly acyclic tetrasubstituted
alkenes.®™ The limitations have created the expectation of
synthesizing single isomers on differentially substituted olefin
templates and continuous efforts have aimed to refine the
diverse scaffold strategy.®'”

Herein we present a (E)-1-bromo-2-iodoalkenyl scaffold-
based synthesis of (E)- and (2)-Tamoxifens. The scaffolds are
singly prepared via reactions between commercially available
internal alkynes and the in situ-generated IBr from NIS and
(CH,),SiBr." We anticipated that the first example of chemo-
selective and stereo-retentive replacement of the vinylic iodine
by a phenyl group enables to achieve a stereo-defined platform
synthesis of (E)- and (2)-Tamoxifens (Scheme 1).
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Scheme 1. (E)-1-bromo-2-iodoalkenyl scaffold-based synthesis of Tamoxifen
skeletons via chemo-selective and stereo-retentive substitution reactions.

Results and Discussion

Our initial experiment utilizing between (E)-1-bromo-2-iodoal-
kene 1 and tributyl(phenyl)tin was performed in the presence
of CuTC and PPh; that was effective mediators for chemo-
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selective cross-coupling in our previous report (Table 1,
entry 1).% However, the chemical yield of desired adduct 2

Table 1. Evaluation of reactivities of 1 in the copper-mediated reactions

with PhSnBu;,.”!

| Cu source
- + > — +
Br BusSn solvent Br \\
1 T[°C], t[h] 2 3
Yield [%]®
Entry Cu Solvent T[°Cl t[h] ol 3 1
1 CuTC(1.5 eq PPh;)  toluene 90 10 ~10 53 15
2 CuTC toluene 90 6 20 20 37
3 CuMeSal® toluene 90 6 <3 - -
4 CuDPP" toluene 90 3 ~0 - -
5 CuTC dioxane 90 2 <7 - -
6 CuMeSal dioxane 90 2 ~0 - -
7 CuDPP dioxane 90 2 <6 - -
8 CuTC o-xylene 135 6 <479 10 4
9 CuTC toluene 105 6 44 1 8

[a] Conditions: 1 (101 mg, 0.3 mmol), tributylphenyltin (167 mg,
0.45 mmol), toluene (2 mL), copper precursor (85 mg for CuTC, 0.45 mmol).
[b] Isolated yields. [c] 2 was formed as a single isomer, but 5% of impurities
(not isomers) was included. [d] The sample accompanied small amounts of
the corresponding isomer. [e] Copper (I) 3-methylsalicylate (CAS# 326477-
70-7). [f] Copper (I) diphenylphosphinate (CAS# 1011257-42-3).

resulted in miserable 10% along with numerous 53% yield of
side-products 3 that arose from problematic beta-halogen
elimination.” On the other hand, when the PPh; was absent in
entry 2, the CuTC yielded 2 in higher 20% and decreased 3 to
20%. Although we tried several copper precursors such as
CuMeSal™ and CuDPP™! in entries 3 and 4, and other solvents
like as dioxane in entries 5-7, it was so difficult to find good
systems. For entries 8 and 9, the reactions were performed at
135°C and 105 °C. While both reactions gave similar results, the
latter proceeded cleaner than the former.

We somehow managed a single preparation of 2 on the
condition of entry 9 in Table 1, and proceeded to expand the
protocol reliability in large-scale production. Actually, the
condition was readily amenable to scale-up synthesis, which
was summarized in Table 2. Finally, the use of 5.4 g (16 mmol)

Table 2. Scalable synthesis of 2 under the reaction condition of entry 9 in
Table 1.
Yield [9%)®

Entry Scale of 1 mmol (g) tlh] b1

2 3 1
1 1.5 (0.51) 18 53 16 5
2 4.0(1.3) 6 60 18 13
3 8.0 (2.7) 22 62 17 6
4 16 (5.4) 19 63 21 6
[a] Isolated yields. [b] 2 was formed as a single isomer, but 5% of impurities
(not isomers) was included. [c] 2.9 g of 2 was isolated.
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of 1 afforded 2.9 g of 2 in 63% yield, although 21% of 3 was
obtained and 6% of 1 remained unreacted (entry 4). In all
entries, 2 included 5% of unknown impurities at this stage.
These impurities don’t correspond to isomers, because the
upfield of its 'HNMR spectrum has only a set of clean ethyl
peaks of 2.1

The vinyl bromide 2 is a very useful intermediate in
preparation of (E)-Tamoxifen; thus, 2 in 95% purity was
provided to the chemical transformations as depicted in
Scheme 2. As we expected, 2 undertook conventional Suzuki

O

1.5 eq p-anisylboronic acid

10 mol% Pd(PPh3), NaSCH,CHj3
5 2 equiv K,CO3 — (10 equiv)
95% purity DMF O DMF
105°C. 7 h reflux
’ 1h
H3CO
single isomer

1.10 mmol of 2 : 83% (287 mg), 95% purity
(recrsyt. from CH30H, 69%, > 99% purity)
11.3 mmol of 2 : 77% (2.73 g), > 99% purity

O O CICH,CH,N(CH),*HCI O O

2 equiv
— K,COj3 4 equiv —
—_—
O toluene/EtOH O
(11 viv)
HO 80°C,3h \ o
5 /N (E)-tamoxifen

94%, E/Z >99:1 97%, EIZ 96:4

Scheme 2. Synthesis of (E)-Tamoxifen from 2 through the intermediate 4 and
5 with nearly full retention of the initial stereochemistry.

cross-coupling to afford 4 in 83% yield with full retention of
stereochemistry,”"”’ which means the product 4 is practically
single. The starting 5% of impurities in 2 didn’t affect the single
isomeric formation of 4. Recrystallization from CH;OH purified
the sample, giving a totally pure 4 in 69%. This conventional
method was also amenable to scale-up preparation utilizing
11.3 mmol of 2, singly constructing 2.73 g of 4 in 77% yield as
a totally pure form just after silica-gel column chromatography.
The molecular structure of 4 was determined by crystallo-
graphic analysis (Figure 2),"¥ which disclosed that full retention
of the stereochemistry throughout from 1 to 4 was accom-
plished. Then, 4 undertook the demethylation process utilizing
the conventional ways of BBry and TMSI; however, BBr; gave 1:1
isomeric phenol mixtures, and the use of TMSI remained the
starting 4 intact. We finally employed a reagent of sodium
ethane thiolate (NaSCH,CH;) that was reported by Miller’s
report, which successfully lead phenolic 5 with nearly full
maintenance of the initial stereochemistry."” The final ether-
ification step to (E)-Tamoxifen achieved high-yielding trans-
formation of 97% with E/Z ratio of 96/4.2°2"

In a similar vein, we attempted a synthesis of (Z)-Tamoxifen
from a stereo-defined scaffold of vicinal dihaloalkene 6 through
a substitution reaction of its vinylic iodine (Scheme 3). The
CuTC-mediated cross-coupling between 6 and PhSnBu; was

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim



\\,* ChemPubSoc
el Europe

Figure 2. ORTEP drawing of 4, with thermal ellipsoids at the 50% probability
level. Hydrogen atoms are omitted for clarity. Selected bond lengths [A] C7-
C8 1.353, C7-C13 1.497, C7-C1 1.495, C8-C19 1.497, C2-C6 1.515. Selected
bond angles [deg] C13-C7-C8 123.1(6), C13-C7-C1 114.1(3), C1-C7-C8
122.6(3), C19-C8-C7 122.8(3), C19-C8-C9 113.53, C9-C8-C7 123.6(3).

H4CO HaCO H4CO
| e 3 O
- - - \
Br BusSn toluene Br A
6 105 °C,>6h ~0% numerous

Scheme 3. 6 didn’t undertake the CuTC-mediated activation of its vinylic
iodine, unlike 1.

conducted; however, the substitution reaction didn’t proceed
at all, and side-reaction of beta-halogen elimination occurred
to give numerous amounts of 1-(p-anisyl)-1-butyne. Not only
CuTC but also other conventional copper reagents were tried,
but always causing the elimination side-reactions.”? Then, we
focused on the sharp difference in reactivity between 1 and 6,
and designed to replace the para-positioned MeO- moiety of 6
with (iPr),;SiO-, TsO-, and BzO- substructures that work as
protective groups of phenolic OH. Among them, the BzO-
protected substrate showed good reactivity with PhSnBu; in
the presence of CuTC.”® Thus, we evaluated the influence of
para-positioned substituents R in model compounds 7 tethered
to n-CgH,; side-chains (Table 3). The starting substrates 7
having masked R with carbonyls or CF; reacted within 2-
4 hours, affording the desired 8 along with side-product 9 and
unreacted 7. The BzO-protected 8a in entry 2 gave the best
45% isolated yields, although the desired products in entries 9-
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Table 3. para-Substituent-induced activation of the vinylic iodines of (E)-1-
bromo-2-iodoalkenes 7 (R= protective group).”®

Q_< @ - Sidve
Br n- Cusa BugSn toluene Br n-CeHig
105 °C, time/h n-CgHy3
Yield [%]*
Entry R CuTC (equiv) T[h] Product g 9 7
1 PhCO 1.5 3 8a 28 24 24
2 45 2 61450 19 19
3 45 2 49 14 5
48 15 2 <10 - -
51 1.5 2 <6 - -
6 CF, 45 4 8b 42 20 10
7 45 16 44(33) 16 4
8 C4FsCO 45 4 8c 54(6) 32 6
9! 2-Naph-CO 45 2 - 47 13 10
10 4-CF,PhCO 45 4 - 43 15 9
1 CH,CO 45 3 - 46 28 12

[a] Standard conditions: 7 (0.5 mmol), PhSnBu; (844 mg, 2.25 mmol), CuTC
(439 mg, 2.25 mmol), toluene (5 mL), 105°C. [b] PhSnBu; usage amounts
were equal to those of CuTC. [c] NMR yields based on mixtures that were
collected after silica gel column chromatography. Isolated yields were listed
in parentheses. [d] The reaction was performed in xylene at 135°C. [e] 1.5
equiv. of PPh; was added. [f] 1.5 equiv. of O=PPh; was added. [g] 2-
Naphthoyl group.

2723

11 were not isolated owing to the close Rf values. The reactions
really needed 4.5 equiv. of CuTC and PhSnBu; for improving
the chemical yields of 8 and for suppressing the side-
production of 9 (entries 2, 7 and 8).

With a viable substructure of (2)-Tamoxifen in hand, we
demonstrated the scalable synthesis of the benzoate-protected
11 utilizing the scaffold of 10 that has an ethyl group in 90%
isomeric purity® (Table 4). For entry 1, the ethyl 10 was

Table 4. Scalable synthesis of benzoate-protected 11 under the reaction
condition of entry 2 in Table 3.

(e} O O
ham®)
Ph F’h
D) o O Ao
- & \
Br BuzSn toluene A
105 °C
10 45eq 2h . alkyne
(90% purity) (single isomer)
Yield [%]®
Entry Scale of 10 mmol (g) 1 Alkyne 10
1 5(0.23) 1(19) 1 15
2 5 (0.69) 0 (40) 12 16
3 0(1.8) 0 (45) 13 13
4 0 (3.7) 0 (47) 14 25
5 'I 6 (7.4) 1 (459 15 9

[a] NMR yields based on mixtures that were collected after silica gel column
chromatography. Isolated yields for 11 were listed in parentheses. [b] 11
was formed as a single isomer. [c] 3.0 g of 11 was isolated in pure form.
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subjected to the CuTC-mediated iodine-selective substitution
reaction as well as n-hexyl version. The reaction was readily
amenable to scale-up synthesis (entries 2-4), and the maximum
load of 10 in entry5 (7.4 g, 16 mmol) afforded 61% of 11
although side-production of the corresponding alkyne and
unreacted 10 were observed in 15% and 9%, respectively.

We finally assessed utility of 11 by synthesizing (2)-
Tamoxifen (Scheme 4). The conventional palladium-catalyzed

O

Ph

PhB(OH), (3 eq)

8 mol% Pd(PPhj) NaSEt
Cs2C0; (2 equnv) (10 equiv)
1
1,4-dioxane DMF
95°C,4h O reflux, 15 min

10 mmol (4.0 g) 12
single isomer 92% (3.7 g)

991
\N
HO 7"\
CICH,CH,N(CHg)o*HCI
& O QO
KoCO3 4 equiv
— —
toluene/EtOH
O OERY O
85°C,5h

(2)-tamoxifen

13
88%, >99/1 83%, E/IZ4:96

Scheme 4. Synthesis of (2)-Tamoxifen from 11 through the intermediate 12
and 13 with nearly full retention of the initial stereochemistry.

Suzuki reaction at the vinylic bromine proceeded, singly giving
12 in up to 92% yield of 3.7 g. For immobilization of the alkene
geometry, the base of Cs,CO; reached perfection while K,CO,
was ineffective owing to erosion of the stereochemistry.?” The
molecular structure of 12 was ensured by crystallographic
analysis (Figure 3),%*?” which disclosed that full retention of the
stereochemistry throughout from 10 to 12 was accomplished.
Then, 12 successfully undertook deprotection of benzoate
group with NaSCH,CH,,"*® which afforded phenolic compounds
13 in 88% yield as a single isomer. The final etherification step
to (2)-Tamoxifen achieved high-yielding transformation of 83%
with E/Z ratio of 4/96.

Conclusions

In summary, we successfully synthesized (E)- and (2)-Tamox-
ifens through a new synthetic route that employs starting (E)-1-
bromo-2-iodoalkenes. This study provides a salient feature: the
CuTC-mediated iodine-selective activation of the starting (E)-1-
bromo-2-iodoalkene with a reagent of PhSnBu; keeps the
starting alkene geometry, significantly suppressing a side-
reaction of beta-halogen elimination that gives a byproduct of
alkyne. And furthermore, we should state clearly that the
remaining three steps proceeded with retention of the stereo-
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Figure 3. ORTEP drawing of 12, with thermal ellipsoids at the 50% probablllty
level. Hydrogen atoms are omitted for clarity. Selected bond lengths [A] C7-
C8 1.352, C7-C1 1.498, C7-C14 1.501, C8-C9 1.520, C8-C20 1.511. Selected
bond angles [deg] C8-C7-C1 124.8(7), C1-C7-C14 114.2(3), C14-C7-C8
120.8(0), C7-C8-C9 121.9(0), C9-C8-C20 115.7(0), C20-C8-C7 122.3(7).

chemistry: the Suzuki reaction of the vinyl bromide, and
deprotection of MeO and BzO groups by NaSEt, and ether-
ification of amino-ethyl moiety, these passed off successfully
without loss of original olefin arrangement. Our synthetic
development shown here would impact syntheses of bio-
logically interesting molecules in terms of Tamoxifen related
drugs, because the starting (E)-1-bromo-2-iodoalkene is a
scaffold for diverse preparation of singly well-arrayed tetrasub-
stituted template. We hope this intuitive methodology finds
widespread use in organic synthesis.

Supporting Information Summary

Synthetic procedures as well as 'H and *CNMR spectra of all
new compounds.
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