ORGANIC
LETTERS

A General and Straightforward Route voL 2o
toward Diarylmethanes. Integrated 3635-3638
Cross-Coupling Reactions Using
(2-Pyridyl)silylmethylstannane as an

Air-Stable, Storable, and Versatile

Coupling Platform

Kenichiro Itami,* Masahiro Mineno, Toshiyuki Kamei, and Jun-ichi Yoshida*

Department of Synthetic Chemistry and Biological Chemistry, Graduate School of
Engineering, Kyoto Uniersity, Yoshida, Kyoto 606-8501, Japan

yoshida@shchem.kyoto-u.ac.jp

Received July 21, 2002

ABSTRACT
BusSi™ O 'A O ParAgs0 Ao 2
sfep 1 step 2

Pharmacologically important diarylmethane structures have been prepared in a straightforward manner through sequentially integrated Pd-
catalyzed cross-coupling reactions. (2-Pyridyl)silylmethylstannane was found to be an air-stable, storable, and versatile coupling platform in
this synthetic strategy.

Diarylmethanes are ubiquitous structural constituents in and benzylic halides (Scheme 1). Alternatively, metal-
pharmacologically important molecules with many interesting catalyzed cross-coupling reactions of arylmetals and benzylic
actionst They are also frequently used as subunits in halides, or aryl halides and benzylic metals (usually prepared
supramolecular structures such as macrocycles, catenane$tom benzylic halides), have been used as a viable synthetic
and rotaxane3With the advent of high throughput chem- strategy (Scheme 1). However, all these methods are limited
istry, a general, straightforward, and diversity-oriented
synthetic method toward this class of compounds is in high
demand. Scheme 1. Synthetic Routes toward Diarylmethanes
_Classically, diarylm_ethane_s have bee_zn elaborated by the [ s
Friedel-Crafts alkylation using aromatic compounds and stable and easy to handie
benzylic halides or by ®&-type reaction using arylmetals @/@@
| I .
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by the availability of benzylic halides, which are not always

stable and easy to handle and, hence, not suitable for thescheme 2. Synthetic Strategy toward Diarylmethanes through

production of large numbers of molecules in a combinatorial
way 3

We envisioned that a mixed gem-dimetalmethane
(MCH,M")*5 would be a suitable coupling platform for a

general and straightforward synthesis of diarylmethanes if

selective arylation at each of the carbanetal bonds could

Sequential Pd-Catalyzed Cross-Coupling Reactions
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be realized using Pd-catalyzed cross-coupling chemistry

(Scheme 1§.However, to our knowledge, such a straight-

forward strategy has not been reported for the preparation

of diarylmethanes.

During our recent program using a dimethyl(2-pyridyl)-
silyl (2-PyMe:Si) group as a removable directing grotig,
we developed several 2-Pyb&-based mixed gem-dimetal-
methanes such as silylmethyllithiuth silylmethylmagne-
sium}! and silylmethylstannari@ We envisaged that 2-Pyive
SICH,SnBu; (1) should be particularly suitable as a platform

for diarylmethane synthesis because of its practical advan-

tages: (i) stable to air and moistuig(ii) storable, and (iii)

easy to prepare (two steps from 2-bromopyridine) in a large

scale ¢10 g)!? In this communication, we report the use

of 1 as an excellent mixed gem-dimetalmethane for the
preparation of diarylmethanes through sequentially integrated

Pd-catalyzed cross-coupling reactions with aryl iodides

(Scheme 2). Advantageous features of our strategy are tha{1

(i) because of the reactivity difference of two carbonetal
bonds (C-Sn vs C-Si), selective and stepwise arylations

should be possible, and (ii) because both of the aryl groups

of diarylmethane structure stem from readily available aryl

(3) For an excellent approach toward a diarylmethane library: Vanier,
C.; Lorge F.; Wagner, A.; Mioskowski, CAngew. Chem., Int. EC00Q
39, 1679.

(4) For excellent reviews on gem-dimetalmethane: (a) Marek, |;
Normant, J. FChem. Re. 1996 96, 3241. (b) Normant, J. FAcc. Chem.
Res.2001, 34, 640.

(5) For selected examples: (a) Knochel, P.Am. Chem. Sod99Q
112 7431. (b) Zheng, B.; Srebnik, Ml. Org. Chem1995 60, 486. (c)
Nakamura, M.; Hara, K.; Hatakeyama, T.; NakamuraQfg. Lett.2001,

3, 3137. (d) Matsubara, S.; Oshima, K.; Utimoto,XK.Organomet. Chem.
2001, 617-618 39. (e) Shimizu, M.; Kurahashi, T.; Hiyama, J. Synth.
Org. Chem. Jpn2001, 59, 1062.

(6) Metal-Catalyzed Cross-coupling ReactipBsederich, F., Stang, P.
J., Eds.; Wiley-VCH: New York, 1998.
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J.J. Am. Chem. So@00Q 122, 12013. (b) Itami, K.; Nokami, T.; Yoshida,
J.J. Am. Chem. So001, 123 5600. (c) Itami, K.; Koike, T.; Yoshida, J.
J. Am. Chem. So@001, 123 6957. (d) Itami, K.; Nokami, T.; Ishimura,
Y.; Mitsudo, K.; Kamei, T.; Yoshida, J. Am. Chem. So2001, 123 11577.
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J. Organomet. Chen2002 653 105. (f) Itami, K.; Mitsudo, K.; Yoshida,
J. Angew. Chem., Int. Edin press.

iodides (more than 20 000 aryl iodides are commercially
available), the synthesis becomes sufficiently diversity-
oriented (Scheme 2}.

Although it has been well-known that silylmethylstannanes
are unreactive® toward cross-coupling reaction (Migita
Kosugi—Stille coupling)'® we have established that a (2-
pyridyl)silylmethylstannane such dsundergoes Pd-cata-
lyzed cross-coupling reaction with aryl iodide(step 1 in
Scheme 2) presumably due to the pyridyl-to-palladium
coordination effect in the transmetalation stéherefore,
the second cross-coupling reaction (Hiyama coupling, step
2 in Scheme 2y is the initial focal point of our campaign
toward diarylmethane synthesis.

Although we have already reported that the cross-coupling
reactions ofalkeny(2-pyridyl)silanes with aryl iodides are
efficiently catalyzed by Pd@PhCN)/TBAF!8 system’? we
ad several concerns in our mind prior to the investigation
described herein. (i) If we are conducting the second cross-
coupling (cross-coupling usingenzylicsilanes) under the
mechanism similar to that used for alkenyl(2-pyridyl)silanes
(cross-coupling proceeds through the intermediacy of silanol
with quantitative removal of pyridyl group from silicon), the
protonation of benzylic group must be slower than the
transmetalation and the protonation of pyridyl group. Oth-
erwise, it will end up in exclusive protodesilylation. (ii)
Judging from the paucity in the literature, a benzylic group
might be more difficult to transfer from silicon to palladium
(and then to coupling product) than other common transfer
groups such as aryl, alkenyl, alkynyl, and allyl grodipéii)

If the above-mentioned concerns were found to be the case,
alternative activation of the ArCHSiMe,Py bond must be
developed.

(14) Schreiber, S. LScience200Q 287, 1964.
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Soc.1992 114 6556.
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(17) For early works: (a) Yoshida, J.; Tamao, K.; Yamamoto, H.; Kakui,
T.; Uchida, T.; Kumada, MOrganometallics1982 1, 542. (b) Hatanaka,
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Rosa, J. C.; Priego, J.; Alonso, |.; Carretero, JC8em. Eur. J2001, 7,
3890. (e) Ko, S.; Na, Y.; Chang, 8. Am. Chem. So@002 124, 750.
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Tetrahedron2001, 57, 5045.
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8773.
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(>1 month) exposure to air.
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Hiyama, T.; Shirakawa, ETop. Curr. Chem2002 219, 61. For selected
recent examples: (g) Denmark, S. E.; Choi, JJYAm. Chem. Sod.999
121, 5821. (h) Mowery, M. E.; DeShong, P. Org. Chem1999 64, 1684.
(i) Hirabayashi, K.; Mori, A.; Kawashima, J.; Suguro, M.; Nishihara, Y.;
Hiyama, T.J. Org. Chem200Q 65, 5342. (j) Lee, H. M.; Nolan, S. P.
Org. Lett.200Q 2, 2053. (k) ref 7b. (I) Denmark, S. E.; Sweis, R.JFAm.
Chem. Soc2001, 123 6439. (m) Hosoi, K.; Nozaki, K.; Hiyama, Them.
Lett. 2002 138. (n) Denmark, S. E.; Sweis, R. Acc. Chem. Re002
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(18) Abbreviations: TBAF= tetrabutylammonium fluoride. TASFE
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Thus, we searched for the conditions of a second cross-obvious that silver salts that possess a relatively strong@g
coupling by using benzylic silangb and iodobenzene§) bond are effective for the activation. Although it is clear that
as model substrates and Pd(BRlas a catalyst (Table 1). more experimental data must be accumulated to settle the

mechanism of this activation, a plausible explanation is

I, S0 i Figure

Table 1. Effect of Additive on Pd-Catalyzed Cross-Coupling

Reaction of3b with 2e "

5% Pd(PPhy), = L
1 equiv additive O O | Ag <— N  Proximity effect
p/\ Q" e Ve ArSi \’.“ O —» Si Lewis base activation
o |

4ab
O—Ag  (Si= SiMey)

entry additive result
1 none no reaction Figure 1. 'A plausibl_e explanation for the activation ®fvith silver
5 KE protodesilylation salts having a relatively strong AgD bond.
3 TBAF protodesilylation
4 TASF protodesilylation
5 Ag20 4ab (55%) + 5 (27%) To see if the pyridyl group on silicon is necessary in this
6 AgO 4ab (52%) + 5 (12%) cross-coupling reaction, we subsequently subjected other
7 AgOAc 4ab (40%) + 5 (16%) related benzylic silanes. Phiy&CH,Ar (6) and (MeO)Meg-
8 AgBF4 protodesilylation SiICH.Ar (7) did not undergo cross-coupling with the aid of
9 AgF protodesilylation the Pd(PP¥./Ag,0 catalyst, which indicates that the pyridy!
icl) égzg’ :g :222::2: group is also crucial for_ this cross-cc_JupIing reaction.
12 Cu,0 no reaction Moreover, the hydrochloride of 2-PyMBICHAT (8) also
13 Au,03 Nno reaction failed to cross-couple with aryl iodide. Thus, it may be
aReaction conditions:3b (0.30 mmol),2a (0.36 mmol), Pd(PPju4 (5 reason.able t.o assume that the pem.aﬁCial .effe(.:t of the. pyridyl
mol %), additive (0.30 mmol), THF (2 mL), 66C, 848 h. group is attributed to the coordinating (directing) ability of

this group (proximity effect shown in Figure 1).

First we subjected several fluorides (KF, TBAF, and TASF = ]
to accelerate the rate-determining transmetalation step (entries ~ oOMe o~
.. . R K Ar Si Ar S Ar Si Ne
2—4). However, the addition of fluoride resulted in quantita- Me; Me, Me, H C|@
tive protodesilylation oBb in all cases. These results clearly 6 7 8
implicate that the transmetalation of benzylic silane is much
slower than the protodesilylation. Having established the conditions for the second cross-

The obvious need for an alternative activation method of coupling reaction, we commenced our sequential cross-
the ArCH—SiMe,Py bond led us to further investigations. coupling reactions toward diarylmethanes (Scheme 3).
After many scouting experiments, we found that the addition Gratifyingly, 1 underwent efficient and selective integrated
of Ag.0? promoted the benzylic group transfer fr@h to cross-coupling reactions with a wide array of electronically
afford the corresponding diarylmethasdab in 55% yield and structurally diverse aryl iodides in good yields (Scheme
along with (2-pyridyl)benzen® (27%) (entry 5). It was 3). As can be seen in the synthesedalb and4ba, the same
found that the addition of AgO also promoted the desired diarylmethane could be prepared by interchanging the order
cross-coupling reaction (entry 6). However, with the required of the addition of aryl iodides. The advantage is apparent as
reaction time (8 h for AgD; 45 h for AgO) taken into  we can choose a high-yielding route by simply changing the
account, AgO may be the additive of choice for this cross- addition order from the same set of reagents. The successful
coupling reaction. The addition of AgOAc was found to be synthesis of diarylmethanes containing ketone and ester
less effective than that of A@ (entry 7). Other silver salts  functionalities may be the advantage of our methods since
such as AgBE; AgF, and AgS did not promote the reaction

(entries 8-10). Interestingly, the addition of similar metal dé?‘tl) Recently, Mori Ihas dlscctavered the b;en%!gloal effectlgm@s an

. . - additive in cross-coupling reaction using silan ne could conceive
oxides .SUCh as CuO, @' and AuOs did not exhibit any that the cross-coupling using benzylic (2-pyridyl)silane catalyzed by a Pd-
promoting effect (entries 1113). From these results, it is  (PPh)JAg,0 system might also proceed through the intermediacy of
benzylic silanol as in the case of alkenyl(2-pyridyl)silane as mentioned
before’® However, this idea seems unlikely because the pyridyl group is

(20) For the use of AgD in Pd-catalyzed cross-coupling reactions: (a) also transferred into the produd)( Moreover, we also found that (i) the
Uenishi, J.; Beau, J. M.; Armstrong, R. W.; Kishi, ¥. Am. Chem. Soc. yields and ratio o# and5 were affected by the substituents on the pyridine
1987 109 4756. (b) Malm, J.; Bjk, P.; Gronowitz, S.; Hmfeldt, A. B. ring of 3 and (ii) the cross-coupling reaction of 2-PySiM#pes not take
Tetrahedron Lett1992 33, 2199. (c) Gutierrez, A. J.; Terhorst, T. J.;  place with Pd(PP§4/Ag.O catalyst. From this presumptive evidence, we
Matteucci, M. D.; Froehler, B. Cl. Am. Chem. S0d.994 116, 5540. (d) are currently assuming that (i) the pyridyl group is retained on silicon and
Gilmann, T.; Weeber, TSynlett1994 649. (e) Chen, H. C.; Deng, M. Z. promoting the benzylic group transfer as in Figure 1 and (ii) the transfer of
J. Org. Chem200Q 65, 4444. (f) ref 17i. (g) Zou, G.; Reddy, Y. K.; Falck, the pyridyl group occurs from the 2-PyM&-X species generated after the
J. R.Tetrahedron Lett2001, 42, 7213. (h) Mori, A.; Kondo, T.; Kato, T.; benzylic group transfer fror. However, it is clear that more experimental
Nishihara, Y.Chem. Lett2001, 286. data must be accumulated to elucidate the mechanism.
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Scheme 3. Synthesis of Diarylmethané by Sequentially Integrated Cross-Coupling Reaction wfith 22

L) L)
SN Pd A NS SN AN
Me- Me

BusSn” _ PdiAg,0
1 Condition A or B 3 Condition ¢ 4

2: Ar = CgHs (2a), CgHsCOMe-4 (2b), CgH4CO-Et-4 (2¢), CgH4CF3-4 (2d),
CgH4Br-4 (2€), CgH4OMe-3 (2f), CsH,OMe-4 (2g).
2h = 1,4-1,-CgH,. 2i = 1,3-1,-CgH,.

64%F 137%¢ 64%° 1 40%¢ 84%P 1 55%¢ 64%° 1 45%7 84% 1 71%9

MOET MeOMe FSMG F30I‘\."Iu
o 4bc o o 4bg 4db o 4dg
84%" 1 52%7 84%" 1557 66%" f 4459 66%% 1 49%9
()
Mel
(J O (J O SACYSAUOAPAS
Br Me OMe Me. Me. Me
58%" f 3494 65%" / 44%9 84%P j 56%¢ 84%" 1 56%9

aPercentage on the left (blue) refers to isolated yiel® abtained by the first cross-coupling reaction. Percentage on the right (red)
refers to isolated yield of obtained by the second cross-coupling reactt@undition A: 1 (0.5 mmol),2 (0.55 mmol), PAG{CHz;CN),
(5 mol %), P(GFs)s (10 mol %), THF (2 mL), 50°C, 24-48 h.cCondition B: 1 (0.5 mmol),2 (0.55 mmol), PAG(CH;CN), (5 mol %),
P(GH4CFs—4)3 (10 mol %), THF (2 mL), 70°C, 24 h.dCondition C: 3 (0.30 mmol),2 (0.36 mmol), Pd(PPJy (5 mol %), AgO (0.30
mmol), THF (2 mL), 60°C, 24-48 h.*Compound2 (0.30 mmol) and3 (0.46 mmol) were employed.

their incorporation is obviously difficult with the previously integrated cross-coupling reactions using 2-PySi€H,-
reported methods. Moreover, the selective arylation at the SnBy; (1) as an air-stable, storable, and versatile coupling
Ar—I functionality over the ArBr functionality is also platform. Since our strategy is not limited by the availability
feasible @eb), and the resultant opportunity for further of reagents, the production and screening of a large number
functionalization (cross-coupling reaction for example) should of diarylmethanes against the target of interest should be
be useful for gaining more diversity. When diiodobenzenes possible.

(2h and 2i) were employed, dibenzylbenzene derivatives

(4bh and4bi) could indeed be obtained in good yields, which  Acknowledgment. This work was financially supported

clearly indicates the further possibility of our strategy toward py a Grant-in-Aid for Scientific Research from the Japan
a diverse range of diarylmethane structures. Such simulta-society for the Promotion of Science.

neous two-directional synthesisshould be useful for the

construction of oligo-diarylmethane structures. Supporting Information Available: Experimental pro-

In conclusion, we have established a general, straightfor- ceqyres and characterization data for all new compounds.
ward, and diversity-oriented synthesis of pharmacologically s material is available free of charge via the Internet at
important diarylmethane structures through the sequentially http://pubs.acs.org.
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