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DIETMARSEYFERTH 

Department of Chemistry, Massachusetts Institute of Technology, 
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Activity in the organometallic chemistry of the alkaline earth metals 

has been increasing over the past few years, but no obvious advantages 

over the analogous organomagnesium reagents have become apparent. 

Thus far, the organic derivatives of Ca, Sr and Ba are only of "academic' 

interest. 

Inthe pastfewyears several groups have studiedthe reactions of 

organic halides with calcium metal in organic solvents. Another report' 

has appearedwhichdescribesthe preparationofRCaXreagents inTHF 

in higher yields than reported previously by others (Table 1) (1). The 

most important factor in achieving these high yields was considered to 

be the higher purity of the calcium metal used. Organic iodides are pre- 

ferredinthese reactions: however, some bromides and chlorides reacted 

with calcium as well, but gave lower RCaXyields. While primary and 

secondary alkylhalides reacted smoothly with calcium, the Me,CX + Ca 

reaction was accompanied by extensive side-reaction to give Me,G=CH2 

andMesCH_ Withbenzyliodidethe major process which occurred was 

Wurtz coupling to give bibenzyl. With alkyl (but not aryl) halides, such 

reactions to give RCaX reagents also could be effected in good yield in 

hydrocarbon (toluene or cyclohexane) medium (Table 2) (2). Aless 

successful reaction ofn-hexyliodide with calcium in THF (which gave 

25-3% RCaIand 60-7% R-R) was investigatedin detail by French 

workers (3). Evidence for radical intermediates and their attack on the 

solvent was cited. 
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.TabIe .I: Preparatioti of RCaX in Tetkhydrofuran (Ref. 1) al 

Halide, kX . . 
Temp. Time 
(“C) 0-1 

. . Yield 
Hdb 

MeI~ 

Etr 

Et1 

EtBrC 

n-&I 

n-PrBr C 

n-PrCIC 

i-P*1 

i-F+1 

i-PrBr 
C 

i-Bu.I 

t-BuI 

t-BuBrC 

C,H,GH;I 

C,H,CH,I 

Phi 

PhBr” 

PhCl= 

-70 3 91-93 

-70 -2 64-68 

-30 3 25 

-30 7 35 

-70 2 54-55 

-70 3 45 

0 4 29 

0 2 67 

-.70 2 57 

0 3 78 

-30 7 27 

0 7 1 

-10 7 14 

-7.0 4 13 

.O 3 IO 

-30 9 97 

0 9 55 

0 9 14 

a R&&ion conditions: Organic halides, 5- 0 mmole; Ca, 6 - 5 mmole; 
THF as solvent, 10 rd. 

.b 
Based on the organic halide. 

c in th&se.cases, reaction (1) was initiated by the addition of 
“/o of the correspodding iodides, respectively. 

: 
: 

z mole 

._ : 
.- :; 



Table 2. Preparation of RCaX in Hydrocarbon Solvents (Ref. 2)” 

Temp, Time, Yield, 
b 

Halide, RX Solvent “C hr % 

CHsI Tolue ne 40 25.5 6 1-68 
CHsI Toluene 40 43 77-84 
CHsI Cyclohexane 40 43 7 1-76 
GHsI Toluene 60 27 64 
W&I Cyclohexane 60 45 70 
n-C,H,I Toluene 95 88 
g-CsHrI Cyclohexane 

iT-CsH,Brd E-CsH,Brc 
Toluene 6’5 

E 77 
29 72 

Toluene 65 48 Trace 
K-C3H,ClC T oluene 45 45 50 
Z-c,H,cld Toluene 45 48 Trace 
i=C,H,I Toluene 85 28 78 

rGsH7BrC Toluene 55 45 i-csH,Brd Toluene 55 48 Z 
T-CsH7ClC Toluene 33 47 75 
cC,H,I Tolueue 17 
E=C,H,Cl= Toluene El 19 : 
CLHs CH,I Benzene 
CbH,CH,BrC Benzene 9900 l:; : 
C6H,CH,Cl= Benzene 90 94 2 
C&I Toluene 120 96 3 
C6HsI Toluene 160 46 3 
c6HsI Tetralin 180 30 15 
CbHSBrC Toluene 160 45 5 
C6H&lc Toluene 130 43 3 

Reaction conditions: organic halides, 5.0 mmol; calcium, 6.5 
mmol; solvent, 10 ml. 

Based on the organic haiide. 

In these cases, reaction l was initiated by the addition of 1 mol 
% of the corresponding iodides, respectively. 

The initiation by the addition of the corresponding iodides was 
not adopted. 

Strontium (activated by mercury) was found to react with iodobenzene 

in THF to give phenylstrontium iodide in high yield (4). The solid mono- 

tetrihydrofuran adduct of this reagent was isolated_ 
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(SO-85%) 

The reaction of diarylmercurials with metallic calcium in THF gives 

diarylcalcium compounds (5). Compounds of type Ar,Ca where Ar = Ph, 

o-2 m- and p-MeC6Hqr p-MeOC6H4, Z-thienyl, l-C&T,, iaden-1-yl. - - 

fluoren-9-yl, PhsC, PhaCH) were prepared in 40-68% yield by this pro- 

cedure. Complexes of such diarylcalcium compounds with THF were 

isolated. Ally1 and benzyl compounds of calcium, strontium and barium 

also have been prepared by metal displacement from the appropriate 

tetraorganolead (6) or -tin (7) compounds: 

THF, room temp. 
(PhCH&Pb + 2 M ) 2 (PhCH&M + 

(M= Ca, Sr) 

THF 
+ 2 M h 2 (CH,=CHCH2),M 

(HgBrz) 

(Mn Ca, Sr, Ba) (- 90%) 

Pb 

+ Sn 

The products were found to be initiators of anionic polymerization of 

styrene. (Another study (8) showed organobarium compounds to be 

initiators of anionic polymerization in donor solvents) _ Dicyclopenta- 

dienylcalciurn has been prepared by reaction of cyclopentadiene with 

calcium metal in THF and the unsolvated material was obtained by vacuum . 

sublimation (9) _ Various adducts with Lewis bases, (CsH&Ca- C,HSN and 

(G5Hs),Ca* L-L (L-L = TMED, bipy, DMEZ. phen) were prepared and 

studied (in particular, lH NMR and .IR). Dicyclopentadienylcalcium is a 

: 

: 
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Table 3. Reactions of Methylcalcium Iodide. (Ref. 10) a 

Compound Products (yield, SC) 

CHsCOCH, 
CHaCOCH, d 
C6H5COC6H5 
C&&COC6H, 
C6HsCH0 
C6H,CH0 
CHsCOOCH, 
CHsCOOCHs 

(CZHSO)ZCO 
(WSO),GO 
CH,CH=CHCOOCH, 

C.5H5.COCl 

CHsCOCl 

CH&OCl 

CHsCN 
CH,CN 
C&CN 
C&CN 
C&&N 

(CH,),COH (49)s CH, (39) 
(CHs),COH (51), CH, (37) 
~=%~(~,~s),== (32) 
CH,C(C&,),OH (76) 
C6HsCH(CHs)OH (64), C6H,CH=CH, (trace) 
C6HsCH(CHs) OH (55)) C6HsCH=CH, (trace) 
(CH&COH (71). CH, (21) 
(CH;j;COH (7dj, CH; 117) 
(cH,),cOH (68). CH,COCH, (3) 
(cH,),c~H (73), CH,COCH, (6) 
GH,-~~=cH~(cH,),o~~ (50),~ . . 

CH=CH=CHCOCH, (4). (CH,LCHCH,- 
COOCH, (trace).-‘d&- (17) _‘_ 

CHs=C(CHs)C6H5~(70), ~C6Hs~0~~s (trace), 
C6H&(CHs),OH (trace) 

(CH,),CON (31), CHsCoOC(CHs), (19),- 
CHsCOCH, (trace), CH, (25) 

(CH&COH (22), CH,COOC(CH,), (261, _._ 
CH,COCH; (2j, CH; (26) - -‘- - . 

CHxCOCH, (14). CH, (60) 
CH;COCH; (9):. CH4=(60)’ 
C,&COCH, (18) 
C&COCHs (21) 
C,&COCH, (21) 

a Reactions were carried out at -3OO under a nitrogen atomosphere. 

b 
Tetrahydrofuran. 

c Based on CH,I. 

d 2770 of methylcalcium iodide remained unchanged_ 

reactive C,Hs source and was useful in the preparation of ferrocene. 

titanocene dichloride and dicyclopentadienylmercury. An attempt to pre- 

pare C5H5CaCl by reaction of (C5H&Ca with HCl in DIKE was unsuccessful. 

Japanese workers (10) have investigated the reactions of methyl- 

calcium iodide in some detail (Table 3) (10). Additions to carbonyl 

compounds occurred readily and in good yield at -30° in THF. 1.2- 

Addition was favored in the case of methyl crotonate. Reactions with 

acid chlorides and with nitriles were less satisfactory. In contrast, 
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EtzO- H20 
EtaBa + CHa=CHCzCR c---j ___3* n-PrCH=G=GHR 

(R = CH,&H, MeGHsCH) (ref. 17) 
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