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The  coupling of aryl Grignard reagents t 3  benzyl systems has been found to  be a broad, useful method for the easy prep- 
aration of diarylmethane-type molecules in high yield. 

In  connection with the synthesis of cert'ain poly- 
nuclear systems containing the thiophene ring,2 
we attempted to prepare 2-(2-chlorobenzyl) thio- 
phene? a necessary intermediate. A1 attempts to 
prepare this compound in a n-ay siiiiilar to the one 
used to prepare 2-chlorodiphenylmetha~ie~ failed. 
When 2-thieiiylmagiiesiuni bromide was added to 
2-chlorobenzaldehyde the reaction appeared to 
proceed smoothly but nhcii an attcmpt \vas made 
to distil the product i t  decomposed. An attempt to 
reduce the hydrol, 2-chlorophenyl-2-thieiiylcar- 
hinol, without prior distillation, also failed. 

The Friedel-Crafts reaction between thiophene 
and 2-chlorobenzyl chloride in the presence of zinc 
chloride4 at' 40" led to recoI-ery of starting ma- 
terials. When the reaction temperature was raised 
to 90" there was obtained oiily 14% of the desired 
2-(2-clilorobe1izyl)thiophene and 247, of a com- 
pound whose analysis checked for 2,.5-di(L>-chloro- 
benzyl) t hiophene. 

dccording to Tiffeneau,j allylbenzene \vas ob- 
tained from phenylniagnesium bromide and allyl 
bromide. As the benzyl systeni is in certaiii respects 
similar to the allyl system, we attempted the cross 
coupling of 2-t hienylmagnesium bromide with 
2-chlorobenzyl chloride. When the condensation was 
attenipted iii an ether solution, only starting 
niaterials n-ere recoiwcd : hoivever, at BO", an  
escellent yield of the desi1,ed product \vas ob- 
tained. In view of the gi,eat simplicity of this 
reaction. the easy work-up of the product. and 
the excellent yield, Tve sought t o  extend this cross 
coupling reaction to the preparation of substituted 
diphenylmethanes and substituted naphthgl- 
phenylni c t h anc s . Thc sc corn pound:: , IY hi ch k1ai.c 
sen-eci6~~ as valuable intermediate.: in our research 
program, were all readily prepared in good yields. 

(1) This paper has been abstracted froin the Doctorate 
thesis of Sih-gn-an Quo and the Masters thesis of John 
Sheridan presented t o  the Virginia Polytechnic Institute in 
1959 and 1960 respectively. 

13)  A nianuscript n-hich describes the successful comple- 
tion of this x o r k  is being prepared. 

( 3 )  C. K. Bradsher, J .  Am. Cherii. Soc., 62, -186 (1040). 
( 4 )  Stronger catalysts such as aluminum chloride gave 

(5) AI. Tiffeneau. Conipt.  renrl. .  139, 482 flCi0-1). 
( 6 )  F. A. Vinaiello and -1. Borkovec, J .  Am. Chetn. Soc., 

tars. 

77; 3413 (1955).- 
( i )  F. -1. Vingiello and J. G. Van Oot, .T. -1m. C h e m  SOC., 

73, 50;o (19al). 

The literature with regard to the reactions of 
Grignard reagents is report'ed thoroughly in 
Kharasch and Reinmuth's book.8 Although the 
crossed-coupling of Grignnrd reagents with benzyl 
systems has been reported, the majority of such 
examples invol1.e alkyl Grignard reagents. The 
available information concerning crossed-coupling 
with aryl Grignard reagents is niisleading. Almost 
all such cases seem to iiivolve the activating in- 
fluence of a methoxy group in the benzyl system 
and one experinient,g apparently erroneous, rc- 
ported no crossed-coupling product when phenyl- 
magnesium broniide \vas treated with benzyl 
chloridc iii he~izene at  60". Jye obtained an cs- 
sentially quantitative yield of diphenybrxthane 
under these conditions. Escellent yields were also 
obtained when electron-~vithdi.a~ving groups werc 
present in the benzyl system. Contrary to  Ivhat 
the literature suggests, the cross coupling of aryl 
Grignard reagents with benzyl systems proceeded 
in high yields and is an escellent synthetic rout(. 
to the preparation of many diarylniethane-type 
molecules. The reaction appears to be quite broad 
in scope and our esperimriits suggest that' the 
reaction may be iised 11-ith a large I-ariety of bell- 
zyl-type systems which may cmtain either elec- 
tron-attracting or e l ec t ro i i - \~ . i t hd ra~~ i l~~  groups 
and that  the aryl Grignard reagent mag also bc 
so varied and that it may be moiio-, poly-, or 
hetero-cyclic. The data obtained with benzyl 
chlorides and 1-arious phenylniagnesium bromides 
are sunimarized in Table I. 

-4lthough a study of the reaction niechanismIO 
was not made, the following experiments are con- 
sistent u-ith the  cmcept of a11 ionic reaction and arc 
of interest to  oiic cmicicrned I\-ith the rcactioii n.' 
n synthetic tool. 

The reaction was cwiiplete ~vithin fi\-e minutos. 

(8) 31. Kharascli and 0.  Ileininiirli. G ' ~ . i y / ! u r t i  / / v ~ d z o / ~ ~ s  of 
.\-owiietu~l~ Sitbsfances, Prrntice-Hall, S6.w York! 195-1. 
(9) H. Gilnian and H. L. Jones, .J. ;1m. Cherti. Soc., 51 ,  

28-11 (1929). Unfortunately, the error in this paper is 
repeated in ref. 8, p. 1060. 

(10) C. D. LIukai. P1i.D. thcsis, Sen- Tork Universit)., 
19%, and R. T. SIorrison, S.  P. Loire, and F. L. Bach, J r . ,  
Abstracts, -1merican Chemical Society XIeeting, April, 1960, 
p. 20. These researches are concerned Kith the functional 
exchange between Grignard reagents and benzyl halides. 
.\gain the x o r k  concerned only alkyl halides and no mentioil 
was made of the cross coupling rcnct,ion as a useful s>-nthetic 
tool. 
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TABLE I 

Y 
1 I1 I11 

Y 

I I1 
Yield, 

I11 % 

S = H  
S = H  
S = H 
S = H 
*\ 2-F 
x = "Cl 
s = 4 x 1  
x = 4 x 1  

X = H , Y = H  Qiiant. -- S = H, Y = I-CI 
X = H, Y = 4-CH1 80 
X = H, Y = 4-0CH7 i 5  
9 = 2-F, = H 83 
X = ? X I ,  Y = H 88 
X = +Cl, Y = 4-CH7 80 
X 4X1, Y = 4-OCH3 85 

i 0 

Irradiation of the reaction mixture with ultra- 
\-iolct light was without effect on the yield. The 
follon.ing reagents, when added to the Grignard 
rragent prior to the addition of the benzyl halidc, 
had no effect on the yield: hydroquinone, benzoyl 
peroxide, robaltoiis chloride, and ferric chloride. 
,I reaction trmperature of a t m t  G(F-70" was 

found effective. Only starting materials w r c  
rrcovered when reactions were 1" in ethcr at 
room temperature. Good yields were obtained 
\\-hen the reactions were run in benzene at  60-70" 
and 110 improvement was realized when the renc- 
tion temperature was raised by using toluene or 
p-xylene as the solvent. 

When trtrahydrofuran was used as the solvent 
no crossed-coupling product was obtaiwd hut 
the Grignard reagent self-coupled. 
KO change in yield was observed when the Gri- 

gnard reagent was added to  the benzyl ,system 
(reverse addition). 

EXPERIJIETTAL"~ 

2-Flirorodiphenylni,ethane (111. 9 = 2-F, Y = H).'3 A 
( ;rignard reagent was prepared from 7.3 g. (0.30 g.-atom) 
of magnesium timings and 47 g. (0.30 mole) of hroniobcnzenc 
tiissolved in I50 ml. of dry ether. K h e n  the reaction was 
c:oniplete, t,he ether was replaced with dry benzrnc. This 
rstabiished a boiling point of 79" for the mixt,iire. To  this 

(11)  All boiling points are iincorrwt,ed. .211 melting 
points are corrected. 

(12) All analyses were carried oiit by  the Gcllpr >.Iiero- 
analytical Laboratories, Bardonia, N. Y. 

(13)  Onlv this experiment is described in somc detail. 
The other rross coupling reactions were carried out in a 
similar way and the work-up followed imial organic lahorn- 
tory proccdiirrs. The yields are given in Table I. 

hot solution there was added 22 g. (0.15 mole) of 2-fluoro- 
benzyl chloride dissolved in 100 ml. of dry benzene. The mix- 
ture was heated under reflux for 1 hr.14 and then cooled and 
decomposed with 100 ml. of cold 41V hydrochloric acid. 
The organic layer was separated, washed with water, dried 
over calcium chloride, concentrated, and distilled. This gave 
25 g. (85%) of 2-fluorodiphenylmethane, b.p. 108-111' 
(3.8 mm.). 

The above sample was fractionated again to  give the 
analytical sample, b.p. 103-104' (2.3 mm.), n y  1.5608. 

-4nal. Calcd. for CIaHIIF: C, 83.87; H, 5.91. Found: C, 
84.19; H, 5.85. 

C-Chloro-C'-~nethyldiphenybizethane (111. X = 4 - C1, 
Y = 4 - CH,) .  A Grignard reagent was prepared from 7.3  
g. (0.30 mole) of magnesium turnings and 51 g. (0.30 mole) 
of 4-bromotoluene. This was allon-ed to  react with 25 g. 
(0.15 mole) of 4-chlorobenzyl chloride in bmzene a t  a rew-  
tion temperature of i 3 " .  This gave 26 g. (80%) of 4-chloro- 
4'-methyldiphenylmethanc, b.p. 120-127' (0.3 mm.). 

The above sample was fractionated again to  give the 
analytical sample, b.p. 112-114" (0.1 mm.), n y  1.57i9. 

Anal. Calcd. for CIIH13CI: C, 77.49; H, 6.05; C1, 16.35. 
Found: C, 77.36; H, 6.11; GI, 16.11. 

2-( ~-Chlorobenz?il)thiophene (via n crofined-coupling rem- 
l ion) .  Tho Grignard reagent from 36 g. (0.22 mole) of 2- 
broniothiophcne and 5.3 g. (0.22 mole) of magnesium hirnings 
was allowc,d tJo react with 36 g. (0.22 mole) of 2-chlorobenzyl 
chloride. The reaction t,cniper:itiire was 60'. This gave 33 g. 
(i27;)ls of 2-(2-chlorobcrizyl)thiophent?, h.p. 113-114" 
( 1  mtn.). The :innlytic:tl sample was taken from n center-cut 
of this fraction. 

.Iaal. Calctl. for C,III~CI S: C, G3..'30: €I, 4.34; C1, 17.00; 
S, 15.36. Found: C, 62.69; H, 4.10; C1, 17.20; S, 15.54. 

2-( 2-Chloiohenzyl)thiophene and 2,6-rli( 2-chlorobeneyl)- 
thiophene (viu a Friedel-Cra,fts reaction). A mixture of 21 g. 
(0.25 mole) of thiophene, 4% g. (0.25 mole) of 2-chlorobenzyl 
chloride, 34 g. 10.25 mole) of zinc chloride, and 60 ml. of 
pet,roleum et,her (b.p. 80-lOO0) was stirred and heated under 
reflux for 8 hr. The mixtiire was cooled, poiired into cold 
water and the organic layer separated, washed with water, 
dried over calcium chloridc, and concwtrated. On distilla- 
t,ion of the residue two frac:t,ions were ohtained: first; 2-(2- 
chlorobenz3.l)thiophrnp, h.p. 113-114" ( 1  mm.), 7.0 g. (14'%), 
and second; a fraction assumed to be 2.5-di(2-chlorobenzyl)- 
thiophene, b.p. 190-192 ( 5  mm.), a pale yellow oil with a 
strong hliic fluorescencc, I O  g. (247"). The analytical 
sample KBS taken from n ecnter-rut of this fraction. 

A n a l .  Calcd. for ClsHirC12 5: C, 64.86; H, 4.23; C1, 21.24; 
8, 9.62. Foiind: C, 63.98; H. 4.05: C1, 21. 

I-.~npiith!ilphenyiJnathan~. The Grignard reairent from 7.3 
g. (0.30 mole) of magnesium t'urnings and 62 g. (0.30 mole) 
of I-hronionaphthalenc was doived to  r c w t  n-ith 19 g. 
(0.15 mole) of hcnzyl chloride. There was obtained 20 g. 
(657,) of l-naplith?lphrn!-lincth:tne, h p .  217-220' (19 mm.) 
(lit.16 h.p. 217-2'20" (20 mm.)  ), 1vhit.e scilid from ethanol, 
m.p. 55-56" (lit.lB m.p. 58"), and 11 g. of nsphthalenr. b.p. 
107-116' (20 mm.), vhi te  solid from ethanol, m.p. 80". 

R LA CRSBURC, VA, 

(14) Later experiments showed that  the reaction was 

(15) This yield could undoubtedly be increased if suf- 

(16) I. Heilbron, Dict ionary of Organic Compounds, Vol. 3,  

complete niter 5-10 min. 

ficient Grignard reagent were emplol-ed. 

p. 432, Oxford University Press, Xew York, 1934. 


