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A combination of copper chloride, triethyl phosphite, and tetrabutylammonium iodide is a very efficient catalytic system for the synthesis of
polyfunctionalized diarylmethanes, using the cross-coupling reaction of arylmagnesium halides with benzylic phosphates. The antibiotic
Trimethoprim has been prepared using this Cu(l)-catalyzed cross-coupling in 52% overall yield (four steps).

Transition-metal-catalyzed cross-coupling reactions provide ||| | R NG

powerful tools for the formation of carbercarbon bonds. Scheme 1. Cross-Coupling between Benzylic Phosphates of
The cross-coupling between benzylic electrophiles and aryl  Type 4 and Arylmagnesium Reagents of TyBd.eading to
organometallics is a useful approach to diarylmethanes, Diarylmethanes of Typ@

which play an important role in several biologically active 0

compound$and drugdsuch as Trimethoprirt, a synthetic P’OEt X cuCl (10 mol %)

antibiotic; Papaverin, a muscle relaxing agent; or Piritrexim, {) 4 PG P(OEt (20 mol% Ofij -

a dihydrofolate reductase inhibitor for the potential treatment © TBAI (10 mol %)

. . . DME, 60 °C, 1 h
of cancer. Herein, we wish to report a new Cu(l)-mediated

cross-coupling reaction, using functionalized aromatic mag-
nesium reagents with various functionalized benzylic phos-

phates (Scheme 1). Several Cu(l)-catalyzed cross- COUpIIngbut this reaction requires an expensive palladium catalyst
reactions between Grignard reagents and alkyl or benzyl and often sophisticated liganéls

hahdgs have been reportédhe nguk+M|yaura Cross- We envisioned that benzylic phosphateghich are easily
coupling can be used to prepare diarylmethane derivatives, . : ;
available from the corresponding alcohols and are highly
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Table 1. Cu(l)-Mediated Cross-Coupling between Functionalized Arylmagnesium Reagents oBRypkBenzylic Phosphates of
Type 4, Leading to Polyfunctionalized Diarylmethanes of Type
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reactive intermediates, can be used in the copper-catalyze (i EGTGTNGNGNGEGNGNGEEEEEE

cross-coupling reaction with arylmagnesium reagents. Be- Scheme 2. Substituted Indole Derivativezm—2r
cause we have recently reported several methods for prepar-

. . . . MgCl 9
ing ponfuncUonahzed aryl and heteroarylmagnesmm spe- s P,OEt gfgla(l,o(%orlngl% \
cies’ this approach would allow the preparation of highly \ R + “oEt R
functionalized diaryimethanes of tyge e (40 ol %)
Thus, we have found that polyfunctionalized arylmagne-
sium reagents of typ8, which were easily prepared via a 3f: PG=Tos,R=Me  4f: Ar=3-furan 2m-2r:
39: PG=Bn, R=Me 4h: Ar = 3-thiophene 70-92%
haloger-magnesium exchange or by direct insertion, Smoothly 3h: PG =Bn, R=CO.Et 4i: Ar = p-CO,Me(CeHa)
react with benzylic phosphates of tygen the presence of 4j: Ar=0-Br(CeHy)

a Cu(l) catalyst, leading to highly functionalized diaryl-

Br.
methane in good to excellent yields. Triethyl phosphite, @cone //®/002Me @

which is stabilizing the intermediate arylcopper reagent, and - -
tetrabutylammonium iodide proved to be essential additives. mMe mMe ( I\/\/ Me
The reaction is very fast, and full conversion is observed N N N
° . . Tos Bn !
after 1 h at 60 °C. The scope of this new cross-coupling Bn
reaction is summarized in Table 1.
Both electron-poor arylmagnesium reagents, bearing an

2m: 70% 2n:77% 20: 85%
o ’ s = Q- A

ester or nitrile functior3a, 3c, 3d, or 3e, and an electron-

rich arylmagnesium reagent, bearing a methoxy gr8op

undergo the reaction with functionalized benzylic phosphates mMe mMe \ Ot
N N N

in good to excellent yields. The benzyl phosphates may bear
a bromide4c, a methyl grouptb, or a methoxy group in Tos Bn B
ortho (4d) or para4e) position. Cross-coupling between 2p: 82% 2q: 86% 20 92%
these reagents leads to the desired diarylmethzae2gin
high yields up to 88% (entries 1—7).

Also, heterocyclic phosphates such as the furan derivative

4f or the thiophene derivativedg and 4h are excellent Scheme 3. Synthesis of Trimethoprim
electrophiles in this reaction, yielding 3-substituted func- 1. iPrMgCI-LiCl

. . . . . OfBu 0°C,4h OfBu
tionalized furan2h—2j (entries 8—10) and 2- or 3-substi- B 2. CuBr (10 mol %) MeO

tuted functionalized thiophenezk and 2! (entries 11 and \fi” P(OEt)s (20 mol %) | \/i
12) in yields up to 88%. NT OB o 0 MeO N™ “OmBu

Furthermore, using this copper-catalyzed cross-coupling 5 3. Meo@”op(oa)z OMe  a1o
reaction, a broad variety of functionalized indole derivatives OMe 8
can be prepared (Scheme 2). TBAI (10 mol %)

Thus, the readily available magnesiated ind@gand3f DME, 80 °C, 1h e
can be coupled with benzylic phosphates bearing an ester 15 min
group4i or a bromidedj leading to the desired produ@m— 2. POCl,
20in 70—85% vyield, as shown in Scheme 2. reflux. 10

Moreover, two heterocyclic moieties can be linked to- NH, al
gether. Thus, various magnesiated functionalized ind&ftes MeO | Sy NHg, MeOH MeO l SN
3h were treated with furadf or thiopheneth leading to the oo N/)\NHZ 175°C.7h oo N/)\CI

heterocyclic derivative@p—2r in 82—92% yield.

To demonstrate the synthetic potential of this reaction, we
have developed a synthetic route, to synthesize Trimethoprim  rrimethoprim  1: 85% 8: 75%
1in four steps (Scheme 3). The treatment of 5-bromo-2,4-  overall yield: 52%
di-tert-butoxypyrimidine %) with iPrMgCI-LiCl (0 °C, 4 h)
provides the intermediate magnesium reagent>i®5%
yield 2 Its cross-coupling with diethyl 3,4,5-trimethoxybenzyl trimethoxybenzyl)-pyrimidine (8) by using POCh 75%
phosphatef) (60 °C, 1 h) led to 2,4-diert-butoxy-5-(3,4,5- yield over two step&.The nucleophilic substitution of the
trimethoxybenzyl)-pyrimidine (7) in 81% yield. chlorines by two amino functions was performed by heating

The pyrimidine derivative’ was deprotected using con-
centrated HCI in methanol giving the corresponding uracil ~ (6) Yanagisawa, A.; Nomura, N.; Yamamoto, Fetrahedron. 994,50,
derivative, which was converted to the 2,4-dichloro-5-(3,4,5- 60(7) (a) Knochel, P.: Dohle, W.: Gommermann, N.: Kneisel, F. F.: Kopp,
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catalyzed reaction for the formation of highly functionalized 0OL0616790
carbocyclic a.nd heterocthc diaryimethanes usmg ca_talytlc (10) Typical procedure of ethyl 4-(4-methylbenzyl)benzoate (2b)in
amounts of triethyl phosphite and tetrabutylammonium iodide 5 flame-dried Schienk tube under nitrogen, ethyl 4-iodobenzoate (207 mg,

as additives? This convenient protocol complements the ?de?ngOIc)) igodissol\lleg si;nlvlleET(k?l':? _mL)d gng zooled_*@O?C-iP_ngCIAﬂ
. . . . . mL, O. mmol, 0. n IS adde ropwise via syringe. er
Suzuki-Miyaura cross-coupling reaction and does not 55 min at—20°C, CuCl (5.0 mg, 10 mol %) and P(OB(L7 mg, 20 mol

require expensive palladium catalysts or sophisticated ligands.2%) are added. This mixture is added over 30 min via cannula to a mixture
it ; _ of diethyl 4-methylbenzyl phosphate (129 mg, 0.50 mmol) and TBAI (19

F“_“her appllcatlons are Currently underway in our labora mg, 10 mol %) at 6CC. The reaction mixture is heated at 80 for 1 h.
tories. GC analysis of a reaction aliquot shows completion of the reaction. The
reaction mixture is quenched with saturated/8Hsolution, extracted with

(9) (a) Brown, D. M.; Burdon, M. G.; Slatcher, R. .Chem. Soc. (C), ether, and dried (N&Qy), and the crude product was purified by flash
1968, 1051. (b) Roth, B.; Strelitz, J. S.; Rauckman, BJ.SMed. Chem. chromatography (pentane/ether 19:1). Compo@hdwas isolated as a
1980,23, 379. colorless liquid (112 mg, 88%).
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