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ABSTRACT. The effect of ferric ion on the reaction of CH;Mgl with benzylbromide was investigated
by determining the product ratio between cross-coupling product, ethylbenzene (A) and homocoupling
product, bibenzyl (B) in the presence of ferric ion. When CH;Mgl prepared with pure magnesium was
used, the ratio- of A to B was 22 to 78 and with reagent grade magnesium, the ratio became 33 to
67 indicating that metallic impurities in magnesium affect the reaction mechanism to lead less homocoup-
ling product, B. The ratio changes became significant when ferric chloride was added in the reaction
mixture in catalytic amounts and the ratio of A to B reached to 80 to 20 at maximum. The reaction
in the presence of ferric ion seems to follow mainly an ionic mechanism which involves iron-benzyl
bromide m-complex formation. The complex formation is expected to be able to enhance ionic attack
of CH;Mgl on benzyl carbon to give more A.
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2 Qo] o] whge ki YT EES UE F
9l ‘Grignard g’ o2 & A SitH.

et {2 B3l &by v delzdlgE s}
o), CH;MgBre] 2-vl gl = =0l 2.9] 1,2-H7}b
$o] olA7A A7EelF S Z(polar path-
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ok7he Al g7} A(single electron transfer path-
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Ashby*t CH;MgBr¢} 2-methylbenzophenone A}
ole] A hubgolAl Grignard AloF Azl AHE-H
Mg %9 &% we} o)F uhg vishiFe] W
315 £4 Mg 43 729 CHBr& < CHs
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9]e] THFE AH43t9e WX fAHH #2=y
Grignard A|2ko & ¢-BuMgClE& AH-¥ benzophe-
none 7Pl FeCl7t obfd 43& F4
%3t}

212] 32 CH;MgBrs} fluorenone}2] HH-E-oll 4| be-
nzopheonedl| 419+ #AHt A#AE Iyt fluore-
none(FHPAt=—129V gs. SCE)Er} {13 gte]
3o oA E(FHY M= —-246V vs. SCE)#H2| ub
$-0)) 4]+ benzophenone®]} fluorenoneol| A2} &2
Az G| 23 benzpinacol BAE-E FeCly 7t
= A AR S 1,2-H7F YHEDe] A
AEe Byt o= AxE & o Grignard
X|e}#}o] whgoll A Grignard Ao A|ZA] AHE’E
Mg 2% %o FFEe HolF4 ol 43t A
Jbgk HolF4de ¢k AMER Grignard A9,
RMgXe] ¢47] Re) £5o wep a2=lx 3
slenyg g8 g9 A 4FE e
Ao g AztgE). 18] Kharasch*= U# 7] Grig-
nard 22}, 2-BuMgBre} benzophenone#2] wHE-
of 4} MnCl,, CrCls, FeCl; 53 2 Holg5d4
37}eke 27142 9 polar pathwayE %% benzo-
phenone®] #YAAE, benzhydrol Y4581 &
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A8 =& ubd Grignard Al 2K RMgX)a} G424
SHHER-X) Abol9) ubg2 A9 doudA] 47y
wj ¢ ra]A ukgsle] Grignard Alekst A2 A
SHHE Alo]o] wige A 33HEe U W
o2 79 olg5= Fsin Ut} 2y AU
27 3gE F dPgEA gt WA=
3 e AL 4A e F Jde gAsE 92
g2 358 Grignard A3 €S & F
de Aoz Bugy Yok, Grignard A3} o]
2] g A g2 whgell 4 22 FHcross cou-
pling) & £3 MAE RR'Y AXe] FR #Ao]
ol 242 L(homo coupling)el 2% R-R#}¢]
R'-R' el F whgog o] whgd Wurtz ¥t
43} §-AFska o] Bkg-oll 4 Grignard Aok Wurtz
g49 JgL otz 44 Aok

Fuson&® dx7] widd2A 3¢E(Ph-CHxX:
X=Cl, Br, D3} A4 34 Mgo2 A=x¥ CHs
Mgl Apele] uhgolla} oF 25% HEo] WAFAL
A AE ethylbenzened} 65% WX FE#AR|5 A
& bibenzylz} ethaneo] AAHE FHF3hsch
(Scheme 1).

28] Fusong CHilE CH:Mglz 2@ o
ethaneo] AAHA 442 BF8I(Scheme 2a) ¥
A2 A 5gE7 CHMglete] uh-g-olf 48] Wurtz
type A5, bibenzyl¥} ethane®] 442 CH.Mgl
o} wiAgeA H3LE Alo]e] wdhuk-g(exchange
reaction)(Scheme 2b)ell 2]s) WA =& Wl Aol 2§
gejolze] WAgeAcge] WY FAI CH;
Mgle) 8% CHjle=el A 28 AsE
7o)l ohelz Aztaleict. e} Foll Slaugh’=
2]9] Kharasch-Grignard %29 7lJ5$ AH

2{_)-CH,—X-+2CH:Mgl — Qcm—cm@ +CHyCH,

X=Cl, Br, 1 bibenzyl
- 6.5%
+ O—CHz-CH3+MgD(
—25%
Scheme 1.
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a) CH;l+CH3Mgl > CHiCHs

b) {_)-CH,— X+ CH:Mgl == ¢ )-CH,MgX +CH,l
1

Scheme 2.

SET SET
RX+R'M — [R-,X",M*.R"-] == RM+RX

l

coupling and disproportionation products

Scheme 3.

E3lo o] ubg-g zfeirigol eishe yhgoln
22|12 Grignard A3t 24 3HHE Alele)
#nkgol 7hs3lm o] mEukgol ofE AAN 7
el YHE X5 AAI Bastw 9ok

Ward 582 #7184 38 71224 3¢
£ 2lo]e] wEk-g{exchange reaction)& dAZF
(RL)S] 729 A4d3] 41438 doiin] o] wehyr-g-2
e 22 3E Aol HAHISET)
#}3-2 53 dojids CIDNP A3E 58 HeFw
Ut Scheme 3).

Kharasch®} Reinmuth+® Grignard *|<3} <%
g sle]o) wmbe =EH dejuid {2
oz Myl Ee R dejudrty Buda glgoes
Bo} frlvlzvle sHES f71elf EHEEe v
& wEkgo) el Fr) HAALGAARE FI
gz wshES 8 dojv= AR Hldh
2232 Kharasch®#} Gilman''2 Grignard A]2F3}
7] d2A5E Alole] wEEE2 CoCl, & A
olF4 el s ZojHcty Rusllch

ol # 7] Sayles®} Kharasch'“+ benzhydryl chlo-
ride 19} 7Z-& wid d3Eg sdrtadgH o}
o]=(PhMgBr)2 ¥F5-A]4 w} CoCl,, FeCl;, MnCl,
53 e Folzpe] HolgEgE ubdelA] Ao
g4 AAEE 39 QAL F7HAA ukd A gl
9] C-Cl Aozl ANY FHoZ 4L A
o2 dasE axigzg 4A4E 29 AME 3
2A2% BEslh
PhMgBr+ Ph—EH—Ph ~— Ph3;CH+Ph.CH— CHPh,

1

1 2 3
o] 9}7to] Sayles?} Kharaschz} @it HolF4

Fi
a) CH:CH,— Br+ CH;CH;MgBr —> CH:CHs+CH,=CH,
equimolar amount
+ «0.1% n-Butane

R H R
_ / ~ 4
b) RMghr+ C=C_ — C=C._

Br H R
R'—H or CH,4 >95%

H

C) RMgBI‘+ — e +M; +F
B ¥ R gBr.+ Fe
Fe
Scheme 4.

d Ads AolgE<del s AxpadaAe]) )
=3 wpeb gl FA7E YA s} o Aol
HAE 30] o)A HIFEE B AHE 28
o] Feo] AAsle Zes dye] s}

22 Tamura®} Kochi®& Grignard A2}, CH,CH;
MgBre} CH;CHBre] ulgo|x Zwjzfe] Fels)
Felle o]& Alo]o] uk-g-& ZEwjsled F2 ez}
t]zte] B-F5uk-2(disproportionation)& 3 P4
E ethanes} ethylened FAAZZ PAHA)7)z
Grignard A|9F olld§-o] 2] dHF3HEe] Y
A F Aot waPER]S(cross coupling)ol] <jal A
Al gl n-Hure] QAL Ao TAsA
239 cHScheme 4a). 1Elv} ZFwjae] Holg &
Afstol A 1-8.2 watsll(1-alkenyl bromide)& ¥
Grignard A|Fat A14:3] whgsle] ZapgA-§ 4
AEE FAANER v $& FEE NS
A8t tHScheme 4b). 2] o] vk AE]H
(styrene) A7}l o}FA g x| v AR
Yo} Grignard A)ofs} ALFZASE Ato]] HE
3 e g FAE AFA ¥ HeE
Holn o] o3}t whge He] UALYEA 3E
o] 23155 348 53] Grignard A12ke) 348
Fv AoE dystw glon 4] wld(configu-
ration)e] ¥H3- F #X|(retention)H+= HOoZ Wo}
Grignard A|2f3} Hol&#} AV ESES] 35 &
3HE F4E 54 dolvkes AR HgolshE
€& Av sl cKScheme 4c).
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25 A3 712 o3 9EE gy 2gugs
doz) 4 9t whygol Bunnett* Fol 2 s
o] o] uk3-& Spnl HHSeolel Y2 A e A
gich o] uhg-e g A4 wIES TS
YA A3 ukgolrl o] Wk Ae kAol &
F7H 2 oz R, gz $o)&[RX] 22
[RY] % 3%c] odshy uhgddA F o= &
A AAEE ubgo] dfHog AlPd 5 9l
o}

BE o] Mg AAE dd A fEol
2383 K 34& /M3l RXERE [RXTE 4
A7l we 93 o] Sl HHEE wWEEH®
27 e Ar-X)dA AFH2E olF ¥ sde
Aog walrh Zelv} Bunnett Fo] W3S #2A
3gHEol A8-8led Spal HH-E ALY o 18
944} Kornblum®®$} Russel®sl] 93 7 238 p-
e X3 WAlg2A gEdxe kel 72
i glon) wAsgHEe WA X e A2l Spyl
F3-& 3A] A3 o1 FA Xtz gAY Bt
wojck. WAl IEY] WA $JF] A 2] Spal
32 7% AAFA7Y UESZ XHg @2
olyyx] LUMO(Lowest Unoccupied Molecular Or-
bita)Z 7}z WAL Z A 3gEel A dolin] 29
WAge A 33HEo e ubse RuER ¢ 9)
o}

(T 30 ol
o o o

S5 AolFEyy =g HHGE F
AL s HAHE F s AR
AZLE oy Bole-e WA wi-gEA
Hgto] #HaFe] AR} A WA n-H =
2} o) wi$ Feld A= AJ7tE o] Spule] step
1 ¥hgo] vl$ A43) deojd 4 o HolgH
o] ©2 0% Grignard Alefe] U7 Lolpo gl
e wAgeA PE2e HAAGE Fd Sal
Initiation

FellySET + -
CH:Mgl+PhCH,Br ———— [CH;Mgl|" +[PhCH,Br|"

Propagation

Step 1:[PhCH.Br|” — PhCH,+Br~

Step 2 : PhCH,CH;MgBr —> [PhCH;CH,]” MgBr

Step 3 :[PhCH.CHs|" +PhCH.Br —>
PhCH,CH;+[PhCH;Br]

Scheme 5.
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A2 4A HAE 7 g A2 Ao

ol21dt A& EWE Grignard Aohe &0l 8
wAg2A gAY MEE Swl S
(Scheme 5)& N8 & 9l& Aoz 73t U
CH;Mgis} B2l afo]e] uhgoA{e] Fel! o]
&9 %L FE3Ack

Zn 9 o

o] MR oM AHT AAH L E Wl A (benzyl
halides)¥} Grignard A1} 2}e] 9] He|F&ed Zujo
oI M EE Spxl ¥HE WL 7S HES] S8
Grignard *[¢f22 CHMgl& 2=ly @=2widg
B2 Wl d(benzyl bromide)& Aesle] Zujzfe)
FeCly #7}ol ot ub-&-o} WH3tEg zalaldc). 1%
AyAelA Grignard A1 AEE A8 AHEe
4 Mg 1~2% Ao)g%F" 5 oS 28-S
X§sla glew ojE BB Grignard A%
7128 sgEelv #7122 ASER-X)F] 4
Soll Adgt s d FoeE gk $Ee
Aol A Al2slE 98% F4 Mg 2l 99.99%
X9 F% Mgs AHEsled Az CHMglE: H2
ZeuAd ukgAg APY Ax) FEEAS
AAE, bibenzyls} ZARAE AHE, dldwWlAlo]
FAAER A4HE eETES 'H-NMR £
EY 2o Fgsigct 22 o)E F AAHEY
F-gule WS EYE AzA ALE 78 ARE
A8 W FEEAE odAeke 2 AH7Mg benzalde-
hydeE *}-&3te] 'H-NMRA § 9.65+14 Jehle
benzaldehyde] «dd|s|= F4 o)z, § 2374
FA7 quartete] olEWAe] Sidal £4 Folz,
aejR § 2704 vpelihe bibenzylel g A
(singlet) DolzEe] WAw]E Falo] g3 7
T sk o1& ¥HgolA & F WAE, biben-
zylz} EWA A Fv)el Hefako 2 H7I]F FeCly
EA st M2 o] £ uiGAME FHu|= Table 1
ol K] 2} 7to] CHMgle}l M2 wul A xlo]o} whg-of 4]
502Ul B o] A E A vl
At AsS VAX S & 5 Joew(Exp. 17
29} viw) ey Evjekoe g FH71gE FeCly ko) 2
ppmol| 4 200 ppm(H K FE)7HA] T4 o 4
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Table 1. Reaction of methyl magnesium iodide with benzyl bromide

¢ - CH,Br+ CHMgl-> { - CH.CH, ) + (- CH,CH;

bibenzyl ethyl benzene
1q0
Exp. No. Catalyst - Product Ratio R Total ©
Bibenzyl Ethylbenzene ecovery (%)
1 Mg* 78 22 85
2 Mg 67 33 89
3 Mg+2 ppm FeCl3 65 35 84
4 Mg+ 20 ppm FeCl, 30 70 90
5 Mg+ 200 ppm FeCl; 20 80 87
6 Mg+2,000 ppm FeCl; 20 80 92
7 Mg+ 20,000 ppm FeCl; 20 80 92

“Mg* (99.99% magnesium), Mg (reagent grade magnesium), ’product ratio and material total recovery was
determined base on the amount of internal standard, benzaldehyde.

AEo gAulr) 2A WS AFAE F UUcHExp.
3~7). &% 99.99% Mg& A3 CH;Mgl uH-&-4]
bibenzyl¥} WP YA E ol A Fgu]7}
78 : 222 bibenzyle]l FA4EE A€ W L¥ &
F4 Mgg AR whgelA 2wl 67:33°22
bibenzyl ®]7} #Astelen olzidt A& FeCls
Zvl Hrleko] 200 ppme] E w7A] A|GE 2
vl 20: 8022 Huldo] wAFAE YAE, o
dulle] FHHEZ Hch Felo] APAUE 98%
F4 Mg2 AH8-3le] 2 bibenzyl® dulAl A
o]2] W] 67:33(Exp.2)+= ¥A7] Fuson %] 4
P4 F4 Mge AH83ste] & PAEWH®72:28
3 A vleghs o4 5 ok

aev $8l9] Agdx @A FeCl, ol
Hololl 21§ F5EA S A4 E ol @A (homocoup-
ling dimer), bibenzyl MAi=ke} 7hae} wapea]| &
(cross-coupling) AAZ oWl gz Zvle]
#2428 Sayles$} Kharasch?7} ##%3 benzhydryl
chloride 534 7+ WA HstExn JdrfadFe
ukg-of o] Zvjafe] FeCly; H7tol| 97 of sk} ut
e Adjolet. 25 FeCl; A7t 918 o 5%
AR S AAE 30) Ao BAER] 43 wAFHA|S
HHE 271 A9 90% TEE FFH Wd 5% E
efe] FeCly A7toll o8] AAE 29 $80] 17%=
F238 adlde-g 28z A SEHAS 4
AE 30| 63% 82 A ZF71E-& FEs)

o]8}zto] Sayles®} Kharasch®] -2} $-2]E9
odFoll 48] whiEl= 2] AL ukg9] vk
F9o 4o A3 e Y= Holw
%99 Grignard A% 4HE2A sEae]
2o ofg 23S Grignard A2}, RMgX$] R
Hstel A=A 3FE, R-X9 R'7]8 Aol
upg} oefsiA W 5 S 2F3 3ok

Sayles®} Kharasch®] 7o AM-gF g3hwld
33Ee 25 wAekdd 371 L 27
o wgr] $)7F e Ao WAL JAH
Ao 7} s AA SejEe] AMSE HERyAld
YA bl wHoll A At 2o] & Mol e AHEY
Grignard A|9% #H'd Grignard A)2F# wle Grig-
nard A|2fo 2 o] F wh3-ol A9 IAA 27} wf-¢-
g} M2 g2 At dejRle Aoz AH.
a2l $ele] dFoA FeCl; d Zvizk 7)o
2t 5L o)A AT 2ARAS A
AE 7k A AA dA AANFY HolgH
oJo] Grignard A1oks} 7l28d 33E @ ¢
EA s§Ente] ukgelx AAHEAAY] FoiE
58 w3bg Sx50ket FEEAF o|gA 44
o] Z71E JHAew dle Hasle s 2
Folc}.

v} ob7] Grignard Aok} 1-H 22 oale] vt
ol 4 ZuligFe} Fe o] &Eo o) wx}#=]& 4
AE, o] 95% o)) 82 YAMHIE #
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Table 2. Reaction of methyl magnesium iodide with benzyl bromide in diisopropy! ether

Product ratio

Exp. No. Catalyst
Bibenzyl Ethylbenzene Toluene
1 Mg 58 42 0
2¢ Mg+2,000 ppm FeCl; 24 76 0
3 Mg+ 2,000 ppm FeCl; 24 76 0
4 Mg+2,000 ppm FeCl, 27 73 0

sCH,Mgl was prepared in diisopropyl ether, *CH;Mgl was prepared in diethyl ether (14 m/) and half amount
of diisopropyl ether (7 m/) was added in the reaction, ‘CH;Mgl was prepared in diethyl ether (14 m/) and
then the same amount of diisopropyl eather (14 m/) was added.

A% Tamura®} Kochi®e] ZAxje} f-ApslcHScheme
4b A=), o] 5% T £ o 29 ddridle
geceot oW yhgoxe Fe °]259 9o
g AAAGHA Zofo] 23 Hog AztEelA]
z} ¢ton} &7 Grignard A|9fo] 1-8 2 w.e}7l 7} Fe
ol2-% YA} APESL FAZ N ZaEAE A
JEo] H& Tamura®} Kochi®] #-$2} Fe ]9
o] FAE Aoz Hark gjel $-2]9] ukgo]
Fe o]&9] Axpxgdaa Zujo] o3t Apfeir]
YAjol} E= WAYR 9 Spyl WL T wHE
H7hlEog AP opdAE dolrr] s
HH3-8-u) S tlod oel2 Al o]2ld uh-gH7h]
Zo2 AYd o YAs AR F WA=t
tZHPhCH,)oll LU of-¢ &ol3tA 35
T e o] AZEY JH2E fulE AHgsle
FeCl; 2,000 ppm-& 713 vH--& a3t A4 E,
bibenzyl¥} ojedwigle] o] o] <32 w]z=7|
22 wAa]goe] 44 Qx| 7)(hydrogen abst-
ractlon) }A8 3 PAHE EFA(PhCH)S A
Aodig uhe-E E£3HE2] 'H-NMR A2 w3
7&]&5}‘3114-

Table 2%} 16142] Azl 4 HFo] CHMglE
Hol&Zay Je2 sty veedds} w
g A o ol "2 Lol e} v}
bibenzyl®} olduiAle] wlo] Z WIE F& FF
&2 Falgon wAzgc)gde] telizeg o
29 o-Fadr)E 5 44E ez APse
EF9 BAE uH5-EFES 'H-NMR A2 3
E8H4 Zdct

Grignard A)¢}, CH;MgI9] tie]

£EZ23 A2
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fufel| Ao AlZze YoloZa2d oej29] u|Fge
Abel] R ol 2 HEEA wEel ool Ao
CH;Mgl2| 348 <+43] 317] H8 CH:MglE v
o eel 2ol 23 F rjojaTz el JEHEE
el ofe|2o] uteF U FFo T EU} F ke

T8 39l o1} bibenzyl# odulAl HAE vl &
WslE A Rz A A= dAdH
E3ISeHExp. 2~4).

ols}zto] CHMglsl Hg iAol w32 ¢
ol42x 2 oel2 fulloj4] FeCl; #H7Igle]l 43
39S do| =(Exp. 1) EF-9 Hdo] AE=A Z3
ZAo g ol wiAdet)Ze] Fadr|uhge] x5}
Wiale}r]zhe] o] A A A uh-S(dimerization) & Xl
H]3j 4 x}FA|(hydrogen abstraction source)el]
Aol g = 7oE YR

kst FeCly; EA1gl0] w8 F3Y o=
Aoz Agare] HAAGAAR =g F7HA 7}
ubg-e A7k Fol7] wfolt} o] A¥HA= §
g]7} o] wrg- AFE sPEstaz} s wiAle] Wl
AYH | Y Spal HREYo] dejr] @ A&
HAlsta ofck ofu] A HEHFe] Telizad
e 28] wape] At i & WA R
Yo} ozt A7 Al(radical scavenger)® =HE-3
Ao g Ho|n] uwepi] 2] ub-go] Sgyl wh-&l
Fhgoed AyPscd ooz a2y o2 &
e ot efdge]| s FHAR E¥she
Senl HHEol o & AL F AR Holy] H
F-oltKScheme 5 3.

el A HElgdTo] S22 HbgolA FeCl;
wjzke] Zolel 3t mAARS AAEe] AAdET
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SET
¢ )-CH;Br+CHMgl = [PhCH;, Br~, CHy, *Mgl]
5

>~

[ homocouply lcross coupling
¢ )-CHBr
Fe
4

PhCH,CH,Ph PhCH,CH;+ MgBrl

biphenyl ethylbenzene
CH;Mgl
ionoic reaction
Fe
¢ -CH,CH, +MgBr!

Fe

Scheme 6. Propsed Mechanism for the Reaction of
CH;Mgl with Benzyl Bromide in the Presence of Fe
ion.

#&3H= Tamura®} Kochi®7} #3343t Fe o} Zw) 9
=84 93 ¢ Grignard A]2k9] vl'd B E3}1E9]
dAErs Aol o3 A&k} FAIELE Mo}
23)59] CHMgl¢l B2l Alo]e] Fe o]
ZAste] RARA G JAE, LA UL
Tamura®} Kochi®) whg-vl7hi&(Scheme 4¢)7
ALk A A we) 9] n-Azle} Fe wh-g-F3t2] 23}
T YA} o] A3hAE Y& 5 WD
CHMgi®] CH; golel whdt ukgAel Frhet
2o wE HEol9 A& ol & X
v7hZe 2 dgahe 7o) b ¥ Zos neln
(Scheme 6).

22]3 o] Feol o3 338 A7 o] =29
CH;Mgl9] °]&A 4 H4& @2 Grignard Al
oksl g2 Ao} FrERd 3HIE uHEEeA
gaEe AARALHAAHGED S £ AAdsHe =
gz ol 24 F7HA 55 AA WA FF
o)t &= & A A5 o]ejd} o)A T4
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