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1,1-Diarylalkanes are easily synthesized by CH-functionalization reactions of electron-rich arenes and heteroarenes with styrenes in the presence

of FeCl3 as catalyst.

Arenes and heteroarenes are of outstanding importance foralcohols? and the cyclization of arene-alkyne substrates
the chemical industry as pharmaceuticals, agrochemicals, anatlegant examples of this.

fine and bulk chemicals. Typically, well-known “classic”
transformations such as Friedelrafts alkylations, Friedel

In this respect we demonstrated that various late transition
metal catalysts such as IECRhCE, and HPtCk catalyze

Crafts acylations, nitrations, and halogenations are used forthe addition of benzylic acetates, alcohols, and carbonates

their functionalization. Although these methods work reliably

on large scale, they have significant drawbacks such as the
necessity of drastic reaction conditions (high temperature

to arenes and heteroareriédlost of the reactions gave high
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yields and selectivities under mild conditions. More recently, || R
we presented the successful employment of eS| an Table 1. Reaction ofo-Xylene with 4-Chlorostyrerie
alternative, cheap catalyst for such reactitns.

The resulti'ng d?arylalkar?e motifis an integral part of a L7 10 mol % cat.

number of biologically active compounds and pharmaceu- o “20n o
ticals. Typical examples include papaverine, beclobrate, 1
dimetindene, and the warfarin derivative phenprocoumone .

(Figure 1). ntry catalyst T [°C] conv [%]® yield [%]¢ seld

1 HCI 80 8 0

2 TFA 80 10 0
3 pTSA 80 20 11 93:7

4 HOAc 80 24 0
-0 / | 5 FeCl3 80 100 87 >99:1
~o N o O>§o\/ 6 FeCl3-6H,0 80 100 87 >99:1
7 FeCl3-6Hs0 80 93 84 98:2

O o]

O 8 ZnCly 80 2 0

o~ 9 CuCly+2H,0 80 6 0

. 10  NiCl, 80 1 0

papaverine beclobrate

N 11  Co(OAc)y4H;0 80 16 0

N~ 12 PdCl, 80 5 0

o 13 MesW(CO)3 80 3 0

N 14  RhCl; 80 2 0
B ‘ 15 IrCls 80 19 9 96:4
O oo 16 HyPtClg 80 80 57 >99:1

17 CeCly 80 5 0

dimetindene phenprocoumone 18 La(OTo); 80 3 0
. . . 19  Sc(OTH3 80 40 30 94:6

Figure 1. Biologically active compounds. 20 AgOTf 80 4 0

21 Y(OTf); 80 7 0

22 Yb(OTHs 80 11 0

Instead of using benzylic alcohol derivatives, we thought 23  FeCl;-6H,0 rt 6 1
that the direct addition of aromatic olefins to arenes should 24  FeCl3:6H,O 50 31 23 96:4
offer an easier and practically useful preparation of similar 25  FeCls-6H20 100 99 93 98:2
building blocks. Here, we present a general method for the 26  FeCls6H,0 120 100 93 98:2
synthesis of substituted 1,1-diarylalkanes and 1-aryl-1- 27" FeCly6H,0 80 100 36 ~99:1
28¢  FeCly-6H20 80 100 34 94:6

heteroarylalkanes using FeGls catalyst.
An initial catalyst screening was performed for the model zoahREgcction Condi_tions]i 40-5h;mm01 of 4-@<él(lgr95}é/refne, f} Tlgofylzne,t
. . . conversion of 4-chlorostyren yiela or arylated proaucts
reaction ofo-xylene and 4_1-ch|orostyrene to give 4-[1-(4- with 4-[1-(4-chlorophenyl)-ethyl]-1,2-dimethylbenzene as main proéidet.
chlorophenyl)-ethyl]-1,2-dimethylbenzeng) (as the target  3-substitution®1 h.f2.0 mmol ofo-xylene, 5 mL of CHCI,. 92.0 mmol
product. In this study the performance of different Bransted ©f ©-Xylene, 5 mL of MeNG.

acids and metal salts was compared using the arene as solveft

igtrjoirr? tfg\gﬁgﬁ”\/{;g gtfsm; .rvBe?jS?nriﬁgltsr;Os;;hci rg?jzzl Cl already formed in 84% yield (Table 1, entry 7). Unlike FgCl
piing 1 P catalytic amounts (10 mol %) of various Brgnsted acids gave
catalysts (Table 13 v duct vields (Table 1 tries 14
Here, 1 is obtained in high yield (87%) and excellent no or only 1ow product yields (Table 1, en es )-
o iosellectivit (>99:1) (Table 1, entry 5) at fairly mild Likewise, most of the tested rare earth metal triflates were
9 y ) ! Y y not catalytically active in this reaction. However, Sc(QTf)

ﬁnd't'(t).nsl (8:]) dC; tng Fstrong acidic or bkl)asm rlr:ed_lrurgl). gavel in 30% vyield (Table 1, entry 19). Testing of late
nterestingly, hydratec _er;ave comparaple results ( able  transition metal salts showed thatfCk was a productive
1, entry 6). Hence, it is not necessary to exclude air or

moisture in this react|(_3n. (13) Fe catalysts have been used previously for reactions of benzyl
In general, the reactions were run for 20 h. However, after chloride with nonfunctionalized arenes. Here, stoichiometric amounts of
T1-(A- _ 1 o.di _ unwanted hydrogen chloride are formed. For examples, see: (a) Pozdnya-
1 h 4-[1-(4-chlorophenyl)-ethyl]-1,2-dimethyl-benzene was kovich, Y. V. Savyak, R. P.: Shein, S. M. Org. Chem. USSR (Eng.
Transl.)1983,19, 1484—1490Zh. Org. Khim.1983,19, 1674—1681. (b)
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2005,117, 242—246 Angew. Chem., Int. E®005,44, 238—242. 22, 584-589. (c) Pai, S. G.; Bajpai, A. R.; Deshpande, A. B.; Samant, S.
(11) Jovel, I.; Mertins, K.; Kischel, J.; Zapf, A.; Beller, Mngew. Chem. D. Synth. Commuril997,27, 2267—2273. (d) Choudhary, V. R.; Jana, S.
2005,117, 3981—3985Angew. Chem., Int. E®005,44, 3913—3917. K.; Kiran, B. P.Catal. Lett.1999,59, 217—219. (e) Pai, S. G.; Bajpai, A.
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and photoactive oligomers and polymers; see: (a) Skabara, P. J.; Serebryakad?33—243. (f) Choudhary, V. R.; Jana, S. K.; Mamman, AM&roporous
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339—-342. Re».2004,104, 6217—6254.
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Table 2. Reaction ofo-Xylene with Different Styrenés Table 3. Reaction of Styrene or 4-Chlorostyrene with Various

R R R! (Hetero) Aromatic%
R R? R?
= 10 mol % FeCl; 1 | % FeCl
D * V\C[ 80°C.4h (HeparH + 7 10 mol % Pk, e
R R 80°C,4h .

J

R =H, Me, Ph; R' =H, Me, Br; R?=H, Me, Br, Cl; R®> = H, Br, Cl, CF3, F R=H,Cl
Entry Styrene  Product”  Conv. Yield Sel. Entry  Arene Product” Concv . YieLd S?l.
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aReaction conditions: 0.5 mmol (substituted) styrene, 10 mol %$eCl 100 45 10:12:

p
5 mL of o-xylene, 8C°C, 4 h.® Main product.c GC conversion of styrene. 13 9:69
dGC yield of arylated product$.4-/3-substitutionf 20 h.
14" 76 511575
10

catalyst, generating 57% df (Table 1, entry 16). When
alternative solvents were used in this reaction the yieltl of
drastically decreased to 34—36% (Table 1, entries 27 and 15"
28).

FoI.Iowmg optlmlzat!on of the Fondltlons for our mOdeI a Reaction conditions: 0.5 mmol of 4-chlorostyrene or styrene, 10 mol
reaction we became interested in the scope and limitation% FeCk, 5 mL of (hetero) arene, 80C, 4 h.bMain product.cGC

i i i conversion of styrene/4-chlorostyrefeGC yield of arylated products.

of th|§ arylatlpn reaction of S.tyrenes Catalyzed by EeEI’S[ . _©Main product:other isomeré2 mmol of arene, 5 mL of CkCl,. ¢ 2 mmol
a series of differently substituted styrenes was examined inof arene, 5 mL of cyclohexane, 20 h2 mL of arene, 32 h.
the reaction witlo-xylene (Table 2). In the presence of FgCI

o5 o
3

% \
w o
= =
S
[o)}

J 36 -
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all tested vinyl-substituted haloarenes (Br, Cl, F) reacted well number of cases (see Tables 2 and 3) the arylation proceeded
as benzylation reagents to give the corresponding 1,1-regioselectively to produce only one product.

diarylethanes with yields 70% (Table 2, entries 1—6). An In summary, we have developed a novel arylation reaction
excellent yield (99%) was obtained with 4-(trifluoromethyl)- of styrenes with electron-rich arenes and heteroarenes
styrene (Table 2, entry 7). Similarly, simple styrene reacts (thiophene derivatives) in the presence of ReCThe
smoothly to give 1,2-dimethyl-4-(1-phenylethyl)benzere (  procedure allows for an easy and practical synthesis for a
99%) (Table 2, entry 8). 3-Methylstyrene yielded the wide variety of 1,1-diarylalkanes and is especially attractive
corresponding product in 77%, whereas 2-methylstyrene gavebecause of its cheap and easy to handle catalyst (no
only 48% of the arylated product (Table 2, entries 9 and sensitivity toward air or moisture).

10). Generally, electron-rich styrenes react worse than

electron-poor ones. Here, oligomerization and polymerization Bundesministerium fir Bildung und Forschung (BMBF:

occur as unwanted side reactions. ) . Nachhaltige Aromatenchemie) and the state of Mecklenburg-
Table 3 presents the range of possible 1,1-diaryl- and yiorpommern. We thank Prof. Dr. M. Michalik, Dr. W.
1-aryl-1-heteroarylalkanes accessible by reacting different g5 ;mann, Dr. D. Michalik, Dr. C. Fischer, Mrs. C. Mewes,
arenes with 4-chlorostyrene or styrene. The employed ang Mrs. S. Buchholz (all IfOK) for their excellent technical
electron-rich arenes reacted with full conversion of the gpq analytical support. In addition Dr. D. Decker (Clariant

styrenes and gave high yields of the corresponding arylatedgmpH) is thanked for general discussions.
products (=80%) (Table 3, entries—12). The applied

methylthiophenes reacted more slowly with moderate yields ~Supporting Information Available: Experimental pro-
(Table 3, entries 14 and 15). cedures and spectroscopic data of new compounds. This

material is available free of charge via the Internet at
http://pubs.acs.org.
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