JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Regio- and Chemoselective Direct Generation of Functionalized
Aromatic Aluminum Compounds Using Aluminum Ate Base
Masanobu Uchiyama, Hiroshi Naka, Yotaro Matsumoto, and Tomohiko Ohwada
J. Am. Chem. Soc., 2004, 126 (34), 10526-10527+ DOI: 10.1021/ja0473236 « Publication Date (Web): 29 July 2004
Downloaded from http://pubs.acs.org on April 1, 2009

PN

..NLI{,:‘}"‘B PN A

pH M, Al

Direct Alumination

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 8 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0473236

JIAIC[S

COMMUNICATIONS

Published on Web 07/29/2004

Regio- and Chemoselective Direct Generation of Functionalized Aromatic
Aluminum Compounds Using Aluminum Ate Base

Masanobu Uchiyama,*'* Hiroshi Naka,! Yotaro Matsumoto,” and Tomohiko Ohwada'

Graduate School of Pharmaceutical Sciences, Thesétsity of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-0033, Japan, and PRESTO, Japan Science and Technology Agency (JST)

Received May 7, 2004; E-mail: uchiyama@mol.f.u-tokyo.ac.jp

Organoaluminum compounds are widely used in organic syn- Scheme 1. 3C NMR Study of Directed Ortho-Alumination
thesis, especially in aliphatic chemistry, to form carboarbon Me 54.7(54.6) Me

and carbor-heteroatom bondsAromatic aluminum compounds / o307 TS ABU)LI E
. . . Rk . BuzAI(TMP)Li 15281529)  Electrophile
should also be potentially attractive species as functional materials ssi / THE . 2h -
. T . . vy 125.3(125.3) 140.2(140.0)
and synthetic building blocks.However, aromatic aluminum 1“::5 wging b D 95%
. . . a = o
chemistry has not been well developed, mainly due to the lack of 1143 ; , 1 88%
.. . . . . . Bu3AITTHF, 0°C, 30 min
efficient preparation methods compatible with various functional 01 M 545

groups on aromatics. A common preparative method for aliphatic o T
. . . . . t
aluminum compounds is transmetalation of organolithiums or \—.THF 52‘(’)’-(’: — 10 67

Grignard reagents to the corresponding aluminum compotinds. TN 18
Unfortunately, application of this method for the preparation of '
functionalized aromatic aluminum compounds suffers from sig- Table 1. Deprotonative Alumination of Functionalized Aromatics?

2a'

nificant limitations. For instance, these common metalating reagents Enuy Substrate  Product  Yield (%)” |Enury Substrate  Product  Yield (%)

or the intermediary aromatic lithium or Grignard species are too OMe Qv OMe '

highly reactive to coexist with various electrophilic functional 1 1a ©/ , 3},) 7 @\ 1g (00324,1)

groups, such as halogen, amide, and cyano groupsr-aledicient o o e e OMe

heterocycled.Hydro- (or carbo)-alumination reaction at unsaturated 100 OMe oMe .,

bonds, which is another effective method for the preparation of g "’ ©/ 7scam| ©/ " (0°C.4b)

aliphatic aluminum compounds, is also ineffective in aromatics. CoNPr,  CONPr, cl al

Neither oxidative addition nor halogemetal exchange reaction 3 1e @/ " 3h) 9 @\ i @il (77803%)

of aluminum on aromatic rings has been realized to date. Here we cl cl

report a regio- and chemoselective direct alumination on function- ¢ o 7 o g

alized aromatics using a newly designed aluminum ate base. 4 /©/ /©( @, ‘$h) 10 ©/ 1j @( (-78°C, 5h)
To develop the direct alumination reaction of aromatic com- :

pounds, we started our investigation from two directions, halegen 5 /©/ /@ " @ K m‘ 64 (100

metal exchange and deprotonative metalation reactions. First, the P C am N { (7EC A

haloger-aluminum exchange reactions of haloaromatics using o Boo E:°°

various kinds of organoaluminum reagents were investigated. 6 1 @20 ocon [2C01 v T wsiesw

However, all attempts were unsuccessful. Then, we focused on the 10 N__owe N_ove

deprotonative alumination of functionalized benzenes, whichwould  a ypless otherwise noted, the deprotonative alumination was carried out
be more advantageous to generate (multi)functionalized aromaticusing'BusAl(TMP)Li (2.2 equiv) and substrate (1 equiv) in THFIsolated
aluminum compounds from the viewpoint of the availability of Yield. Items in parentheses are conditions of metalafidfalue in
precursor$. After extensive experimentation using anisdl@)(as parentheses is the yield of tedeuteriation (quenched withzD).

a model substrate, we found the best complex, lithium triisobutyl- @lumination occurred through the regioselective deprotonation of
(tetramethylpiperidino)aluminatéBusAl(TMP)Li; aluminum ate lawith 'BusAl(TMP)LI to form 2a

base, prepared by mixing triisobutylaluminuriBsAl) and lithium A variety of aromatic compounds with functional groups can be
tetramethylpiperidide (LTMP) in THE,to achieve the direct  used inthis direct alumination reaction (Table 1). This deprotonative
alumination under mild conditions (rt, 2 h). The resulting aryl alumination was found to be regioselective and tolerant of both
aluminate Ra) was treated with BD or |, to give the desired electron-donating groups such as OMe, and electron-withdrawing
o-deuterio- oro-iodoanisole, respectively, in high yields (Scheme 9groups such as CN and amide groups. In the reaction using typical
1). To obtain spectroscopic evidence for the intermediary formation bases such as alkyllithiums, Grignard reagents, and zincate bases,
of the aryl aluminate 4a), we next monitored thé3C NMR it is well-known that the iodide group does not coexist, because
spectrum of the reaction medium. THE NMR chemical shifts ~ the iodine-metal exchange reaction predominantly proceédis.

(on 2a, in Scheme 1) of the intermediary speci@s)(generated the case ofBusAl(TMP)Li, the deprotonative ortho-alumination

by the reaction usinéBusAl(TMP)Li were reasonably consistent ~ Of p-iodoanisole ang-iodobenzonitrile occurred chemoselectively.
with those (in parentheses @a) of the species prepared by the ~The metalation of trifluoromethylbenzene with this aluminum ate
stepwise treatment dfawith ‘BuLi followed by complexation with ~ base unexpectedly showed meta-orientation. The regioselective

iBusAl. This observation strongly supports the view that direct alumination is also applicable to ortho-/meta-disubstituted benzenes
without any problems. Especially, in the cases-éfn-dichloroben-

T Graduate School of Pharmaceutical Sciences, The University of Tokyo. Zenes', the errotonatlve alpmlnatlon occgrrgd regio- and chemo-
#PRESTO, Japan Science and Technology Agency (JST). selectivelywithout the formation of benzyifeide infra). Therefore,
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Chart 1. Various Kinds of Electrophilic Trapping of the the initial electrostatic complex dfc andBusAl(TMP)Li gradually
Functionalized Phenyl Aluminate Intermediate (2c) decreased, and the newly generated blue-shifted absorption (1600
O NP cm1) increased during the course of the metalatiorithe
O NP1, NP, mechanism of this ortho-alumination is considered to be more
. 5/\/ complex than that of the conventional orihihiation,'* complex-
induced proximity effects should play an important rélend the
5 . ° 00\0‘“\ (hetero)bimetallic system dBusAl(TMP)Li is considered to form
100% BuaAI(TMP)LllTHF m,3h 0\0‘0'( “\\69 100% X - L .
M / an effectively complexed transition state for efficient agostic
O NP hydrogen activation.
Al(Bu)gLi o In summary, highly chemo- and regioselective deprotonative
alumination of functionalized aromatic and heteroaromatic com-
Oy NP2 “ o2 2c NPrz pounds was realized usifusAl(TMP)Li as a base. Further studies
"m ﬁgﬁ’ﬁ"msm) 5%// ?“’% 5)\ to establish the scope and limitations of this alumination reaction
o NP, 20y 0 are under way, together with a structural studyRaf:Al(TMP)Li
70% 1% and a mechanistic investigation of this novel metalation.
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Note Added after ASAP Posting.Due to a production error,

56%

alumination withBusAl(TMP)Li, followed by electrophilic trapping
(with 1), proved to be a powerful tool for the preparation of 1,2,3-

trisubstituted aromatic compounds-Deficient andz-rich hetero- Scheme 2 was incorrect as published on the Web July 29, 2004.
cycles can be good substrates for this reaction, where the directed! N€ corrected version was posted on August 3, 2004.
alumination proceeded smoothly. Supporting Information Available: Experimental procedures and

We next demonstrated, as shown in Chart 1, that the function- characterizations. This material is available free of charge via the
alized arylaluminate intermediae (as a typical intermediate) can ~ INternet at hitp://pubs.acs.org.
be utilized as an aryl anion equivalent. The intermediate
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