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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,Mg! 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 ratic 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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Table 1. Reaction of methyl magnesium iodide with benzyl bromide

¢ - CH,Br+ CHMgl—> ¢ Y- CH.CH,~{_) + {_- CHCH,

bibenzyl ethyl benzene
Exp. No. Catalyst _ Product Ratio® ] Total
Bibenzyl Ethylbenzene ecovery (%)
1 Mg* 78 22 85
2 Mg 67 33 89
3 Mg+2ppm FeCl 65 35 84
4 Mg+ 20 ppm FeCly 30 70 %0
5 Mg+ 200 ppm FeCl; 20 80 &7
6 Mg+2,000 ppm FeCly 20 80 o
7 Mg+ 20,000 ppm FeCl; 20 80 @

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

Mg YAu)7h 2A HEE 2 ¢ UAAHExp.
3~7). &% 99.99% Mgg A4 CH:Mgl uh8-4)
bibenzyl2} algA S YA E oA 78u)7}
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Zo} Hrleke] 200ppme] F WAR] AFE 2
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# A¢} v@ge & F Uk
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(cross-coupling) WAF odwl A ke F7ie
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chloride 53 22 W3 F3E7} Hdrjadw2l
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o] FFolel 252 Fell; M7} g1 & o 55
A2 JHE 3o] Aol FBEA U AR E
BAE 27 M9 90% 7§82 ¥ W4l 5% T
k2| FeCly #7boll o YAE 29 F80] 17% 2
F33) ZxsideS 2z FA 55 4
qE 30) 63% $§2 A =75 Pt

ol2} o] Sayles®} Kharasch®] 72} $-2l&9
Aol 4 2] sl Ao YL yhge] o7y
2 B4 HEgd) AN Y=o dolg
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el GAVEA AYE, R-XY R'7I9 2e]q)
o} cieksiAl Wy 5 USE BAF2 gk
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3L 2 Wk A7) L 24
o] gl B2 e ReZ fAwde] JAH
Aozt Aedsl FA FelEo] AR HErwAs
AH Ao Hell A A3t 2fo)F Holn] iyt ALY
Grignard A12f% M3 Grignard Al1of=} §9d Grig-
nard A|2}2.2 o] & ol 49| I g7} vf$
g2t M2 tpE 2Fr ol Ao FAYH.
233 $8)9) AFel4 FeCl, o 2visg 3}l
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¢ 23 X572t FHERS o g 44
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Table 2. Reaction of methyl magnesium iodide with benzyl bromide in diisopropyl ether

Product ratio
Exp. No. Catalyst
Bibenzyl Ethylbenzene Toluene
1° Mg 42 0
2 Mg+ 2,000 ppm FeCl; 76 0
3 Mg+2,000 ppm FeCl; 76 0
4 Mg+ 2,000 ppm FeCl, 73 0

“CH:Mgl was prepared in diisopropyl ether, *CH,MgI 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% Tamuras} Kochi®s] Az}e} f-AlsteKScheme
4b HF). o) EE FPok ¥ o )4 vdvi2vF
gorcs 2oy Wk Fe o)&E9 o
g2 ARG Zojoll 2yt Ao P2hs)e])
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o)l23} YAIg A2EL FA maAgAS A
AEo] sl Tamura} Kochi®] 7-$-9} Fe o]22)
Hqgo) A Aoz vaich qpeba $2]9] yhg-o)
Fe o]&9] AAAGHAY Zoufd &% Afretrz
A EE #AL1A S Sl S T WS
v7hEe g APE=A] oFAAE Udolr] 3
yh3-£ul g ol oElE Al o]l whgel7h
2o A" o A= Ageld F, A3z}
t}ZHPhCH;-)ol T2 21E of¢ fol&A] 3¢
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bibenzyl?} ojRdwi A} ulel) o)l edgkg v[xeA]
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raction) }4& F3] PP EFAPhCH)E 4
AR g vhgg E3Ee) 'H-NMR F/k2 w3
HEHH)

Table 29} 10149 ZAgsAq HXo] CHMglE
tjo]ixay o2 EA)N 2R}
24 A% o fely dle|l = SofolAe} w3l
bibenzyls} <ldyiAg] vlo] 2 A}e Fo TA
A Falgon WPCAe] oloZ g o
29 o-FaWrlE 3 449 72z YA
T AL HHe-EHES 'H-NMR AR 3
%312 FAct

Grignard 2|2}, CH.Mglel vle]4azgd djg2
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Scheme 6. Propsed Mechanism for the Reaction of
CH;Mgl with Benzyl Bromide in the Presence of Fe
ion.
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Scheme T

229 n-AA A=} Wgskie] C-Br AAE AL
ole] EFA)HL $3 A= FHo= CHMgle
o] &4 T 23t Bge) s oldo} /KR 5
& AHolch <ld o]&e e FA: ¥
2|7} A=y CH;Mgle} 2-92-1-8 2 2 olgK6) A}
ole] urAFA & F g} 2-HY-1-EER
AEHE)S FAY VR e A A
=) goteny dase ARl ANE, #-2
29 9A(Telt T8RS AAE, 14-YNE T
@) e YHES) YL FAsA R3lch

2-#gd-1-B 2 oK)l HHEIYWA n-
Az Es BEXN717 Bolgle @i CBr 2
FAEste] AEFUE € F gon a2p FeCly
ZA)5k2] CHMgl9] o] &4 F7°]) Fe Fol 23
S8E iz 2 Fez2 welth g1 2-9d-1-
B Z 0ol 6) CHMgl ~lo]e} uhg-A e o
ToNg oA sl Re] Grignard Akt #
712 SE Ale)o) ubgE GdBRA (3E
ojut WMANILET o] AW I A
#7182 3gEede A duA geve
B el dx|ghch

A ®

Algk R 21710 AE Yedd dHEE S5
EFNa) &A1l Ar 71F3lelA 43 SH/Y F
) A2 H 4 JEFF wEd=(benzophe-
none)& AH7}3te] sodium benzophenone ketyl=
2H g7 F FF{3 F4) AHsedch ola
z 29y o2+ LidlH, = EA3dA 4z 573
F 2k A deld djelE A4 FUsA
Nz 373 F AHg-siaich

Grignard A1¢f, CH:Mgl AlZo)l Al4% 4 o}
ZulE-& 98%(Hayashi Pure Chemical Industries)
Mg 243 AESAR Company2F-€ #% 99.99%
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Grignard Aok} B2 egtae) whgodla H7pge]l S&ei&e] 98 47 235

£x9) Mg 348 A48t o vl #sig 4
SR, FeCht 342 FeCly-6H.08 =9
SOCLt BHA2 A =] SOCLE Zdeteln
23 A} e AL K49 T4 FeChd 2ol
Ar 7|73l Bibsle] AHEECP

24 FeCl; o 20 mg& A¥3] o} 10m/] F5
oei 2ol 847 2,000 ppm FeCl; 42 S5
3 o) Ro-g oo st B YA 200
ppm, 20 ppm, 2ppm $4g WEol 1m/4e
$2ol| Hrlsled whEAIAeE 29 AREY HER
WA (benzyt bromide), 22 =Y, o]AX2Y B
Zujo] E(isopropyl bromide), p-#deid B Zwje]
X(p-phenylethyl bromide) R =<t d]3] =(benza-
ldehyde) 52 Al¢¢ Sd& Ag3lden 53
CCLE CaH,2 25 AAY F molcular sieved
o] n@slel 'H-NMR 402 AH43ldch

H-NMR 23 TMSE ui¥ IFEAZ A&
#o] Varian EM-360A2 8)3}sich

2 9] APl A #2 T ¢ WA=z
Qo) RE w22 Ar ZIFskold depdct

HYOlUER L S(CH:MgD) AY. BF con-
densers} dropping funnel-s& @& AZ 27 flaskel
24 Mg 182 mg(7.5 mmol)& ¥ Ar 7| FslellA
gdoz ARAFL g Yld ¥ TmiE
whg flaskfoll 52913t §-4= tlold od 2 Tmi=
#AA17] 062 mi(10.0 mmol) B8 2 =(CH;) 4
o< dropping funnel® 53 34 Mgel + W&
H7yste}, 2 ¥ L, 228 2% 92 heat gune 2
Fhdaje A mukate] B@A Hbgol Loid w7}
g A F ASstd E K25 §9L 0
CoAA 3040870 A Hrstch 27 ¥ A
oA 3087 o 2akAA F4 Mgel A9 2E
uhg-spA & ¥ Bauwgate] vhgd) ALg-sacth

HEoladgee e} H2ougne viea 4
AE +8 53, st wpios E CHMgl §8)
7mig) B4 clofidd oel=2R 24413 0.600 mi5
mmol)2] BEZ2WAL 0°Collx] 2417k AH A
shsba Aol A 1417F of ;HkAlgl F 3247 #5F
7kd skeic}.

vhggole Agog Wrkixl & 20m/2) O.LN
HCl 498 M%) A4 mapstdA Prkstod
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& AR dHeld bz 3% & 25
)8z ol Hlel2 28 10m/e) §2 23] AY
¥ 59 NaSO,2 2AxA|Zch o] <=2 o
&3t ofF 265 mg(2.5 mmol)2l benzaldehydes A
HE HFE Y W EFERE 7L o] 89
£ Vigreux columng& Alg-ghod £ojo] 5~10m!
HEZ FE dq7x) FFsle fod €2 Al
Astark 25 F 2 3 EYES] UFE 3o
CClLE &ul2 'H-NMRE &3slod FAFER o
Ui A3} bibenzyl A& sk 282 YA
£ ol"dwl o2} bibenzyl2] 5~&-2 'H-NMR2) 8 9.65
o4 jejrii= benzaldehyde®2| H)3]S54x(sing-
let), § 2.379) 2] FA1¥ quartet2) oLl o] sgd
F£4, 6 2730 A vehh= bibenzyl®] methylene
Fa(singlet) ¥ S 4239 opikg IR
5 4.1501 el = singlet WAL dldstes #
o]2E2 WAL 4~53] HAE sl 25 7|2 EH
du|2¥e] Yo REE4 2.5 mmol? benzalde-
hyde & 7|z8d dich

HoRI(FeCly) ExtsjofA{e} W olIgRR2E .
gl HEoWFel g, Fd3 ez A=
jdepaulg a2 s o 2, 20, 200, 2,000 ¥
20,000 ppme] FeCl, tjdld ofe= £} 1miE
A7k ¥ 108 Az wyisle] ERalgch o] E
Fa-odo) o o2 72 A7 0.600 mi(5
mmol)?] BERyRE JHYUE H7EA %2
Vel xeh FdstA A7k wHAlTlE Aetale
Ze e 2 'H-NMRE o]&3led A4AE, oY
WAl bibenzylel &8 ddch

o2~z =W ofef2 2ojollMe HRotOHER2
col HEQ WHES WS, ojiz=2Y JHE &
ofol 2] uhg F wpHo s Hsich

i AccgelvlgRece] o]hsRY o)
2§92 ded e 4 AxAI} FUA
182 mg(7.5 mmol) 2] 24 Mg o422 % 2
£ 42 A1g3ld Az o] fofe] 2,000
ppm? FeCl; £ 1me 37k ¢ F 7mig
elaZad JielER2 34AZ 0.3 mi(2.5 mmol)2]
Beewiag 37kl FH Hrla 421 #EF
shedsled ¥bS- ¥ ol clelE $ol A4}
EdslA M5tz 2 yH&EE ‘H-NMRE £33




236

o YAE WA, bibenzyld TEE 2HsIn
EF0 AYAEE FH Ak

W Birdelavigrex=9] el A2 4
AL dEdcl2vlgaece) By oy
e 2 &elsiel e urgell Mo} FUY uigloz
A2 F o] ¢lold dHZ Ldo] oAy
db2 7ml, 4miE A7 $2 i ERIR
2,000 ppm FeCl; 494 1o 7} E1FAA F 06 m!
(05 mmol)8] BEEWA-E FAsH sjsied Ha)
32 'H-NMRE 0|43l g4 5} & &
Q3 FFA2) AQAEE HARKC

HEoIDHER s} 2-Hig-1-HE R0 ¢helo|
3. ved o2 Lofelde] wHrlavlgs
o.=e} v 2ol W U wAA 2 24
AlZE wbg-A17) 4 EHE 'H-NMRE 24}3l
o} 253 2-4d-1-B2768 oo o 4
A& FAE JFASA] Rk

o) =EL 191YUE &Y 7Y PFgeE
A AF-FR(AYA L) A g d7F2A
Hlo} AF FIRAYAHA ) EApA A7
POSTEC)el ¥ «d7s)s.
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