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inngnesiuin bromide.7 Distillation of the product mixture under 
reduced pressure yielded a saiiiple of the title compound (7e) as 
the major component of the reaction mixture (about 90% pure), 
bp 74-76” (0.6 nnn).6 

Hydrogenation of the Olefin 7e.-The olefin was stirred under 
a blanket of hydrogen in methyl acetate solution with a 
suspension of 37, Pd/C to afford a hydrocarbon whose nmr 
spectrum and vpc retention tirne were identical with that of the 
equatorially methylated isomer 4e.  

Methylalumination of 5 and 6.-The olefins 5 or 6 plus 1 equiv 
of methanol were substituted for the tertiary alcohols in the ex- 
haustive methylation procedure described above. A component 
of the reaction mixture in each case had a vpc retention time 
identical with that of 4e and 7e. The mass spectrum of this 
component resembled that obtained by the superposition of spec- 
tra of authentic samples of 4e and 7e. 

4-tert-Butyl-l-(2’-hydroxyethylidene)cyclohexane (3).-Ethyl- 
4-terl-butylcyclohexylidene acetatea was reduced in the usual 

manner with LiAlHd in ether, giving 3, bp 82-83” (0.4 mm), in 
86.4y0 yield. 

Anal. Calcd for ClpH~t0: C, 79.06; H, 12.16. Found: C ,  
78.97; H, 12.21. 
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The reduction of dialkylmagnesium compounds in hydrocarbon solution by alkali metals was studied and 
found to yield organometallic complexes of definite stoichiometries involving magnesium and alkali metals. 
In most cases, the reduction appeared to  occur according to the stoichiometry below, i.e., a 1: 1 complex was 
formed: Lithium reacted to form both the 1: 1 complex and a 3: 1 com- 
plex, RJlgLi3. Results with sodium were not so straightforward, but it appeared that this metal reduced di- 
alkylmagnesiuni compounds to form a 1 I 2 complex (RrMg,Na) as well as the 1 : 1 complex. Potassium, rubi- 
dium, and cesium also reduced dialkylmagnesium compounds to yield 1 : 1 complexes. These intermetallic 
reagents are viewed as complexes between alkali metal alkyls and magnesium alkyls; this complex formation 
solubilizes and stabilizes the alkali metal alkyls. The latter compounds, with the exception of lithium alkyls, had 
previously been known only as insoluble, relatively unstable species. A structure for the hydrocarbon-soluble 
1 1 complexes was proposed in which a di-sec-butylmagnesium unit in the di-seobutylmagnesium dimer is re- 
placed by an organoalkali compound. 

2h4 + 3RlhIg -+. 2RJlgM + hlrgl. 

In  1951 Wittig,2 Meyer, and Lange reported that 
reaction of diphcnylmagnesium and phenyllithium 
resulted in the formation of a 1 : l  complex in ether 
(eq 1) .  After the addition of xylene, the complex 

PhLi + PhnMg + PhaMgLi (1) 

precipitated as a crystalline compound, mp 212’. 
Recently there has been considerable interest in the 
preparation of additional examples of intermetallic 
complexes involving magnesium and alkali metals 
illustrated for the general casc with magnesium in 
eq 2 ,  where R is alkyl, aryl, or hydrogen and 11 is 
alkali metal. 

nR2Mg + RM ----t [RnMgln. [RM] ( 2  ) 

The preparation of “lithium n-butyldimethyl- 
magnesium” complex was reported by Coates and 
Heslopa3 Removal of solvent after reaction of n- 
butyllithium with dimethylmagnesium in diethyl 
ether yielded a viscous liquid of stoichiornctry [n- 
BuLi]. [MeaAlg]~ [OEts]. Coates and Hwlop also at- 
tempted to prepare alkali metal-alkylmagnesium 
hydride complexes analogous to NaEt2BeH4 and 
n’aH.2EtzZn.G These attempts werc unsuccessful ow- 

(1) Correspondence should be addressed t o  D. B. Xalpass, Texas Alkyls, 
Inc , P.  0 Box 600, Deer Park, Texas 77536. 

(2) G. Wittig, r. J. Meyer, and G .  Lange, Justus Lzebzgs  Ann. Chem., 
571, 167 (1951). 

(3) G E. Coates and J. A. Heslop, J .  Chcm. Soc A ,  514 (1968). 
(4) G. E. Coates and G F. Cox, Chem Ind. (London), 269 (1962). 
(5) W. E. Becker and P. Kobetz, Inorg. Chem , 2 ,  859 (1963). 

ing to cleavage of the solvent ether by the alkali metal 
hydride. 

More recently, Ashby and Arnott6 have reported 
the preparation and characterization of several com- 
plexes between alkali metal hydrides and dialkylmag- 
nesium compounds. Their initial attempts to pre- 
pare these species by reaction of magnesium alkyls 
in ether with alkali metal hydrides resulted in exten- 
sive ether cleavage, consistent with the results of earlier 
work by Coates and H e ~ l o p . ~  However, Ashby and 
Arnott were able to isolate one stable complex from 
an ether solution by reaction of diphenylmagnesium 
with potassium hydride at  room temperature. The 
complex precipitated from the ethercal reaction mixture 
and analysis showed it to be KH.2Ph2M.g. By reac- 
tion of the hydrocarbon-soluble di-sec-butylmagne- 
sium’ with solid potassium hydride, a relatively stable 
solution of a 1:1 complex was obtained which was 
soluble in cyclohexane and benzene. Reaction of 
sodium hydridc with di-sec-butylmagnesium resulted 
in the formation of [NaH].2 [sec-BuzMg], but lithium 
hydride would not react. 

Seitz and Browns have studied organometallic ex- 
change reactions by lithium-7 and proton nuclear mag- 
netic resonance, and have reported that alkyllithium 

(6) E. C. Ashby and R.  C .  Arnott, J .  OrganometaL Chem., 21, 29 (1970). 
(7) (a) C. W. Kamienski and J. F. Eastham, J .  Org. Chem., 34, 1116 

( 8 )  (a) L. M .  Seitz and T. L. Bromn, J .  Amer. Chem. Soc., 88, 4140 
(1969); (b) J .  Organometal. Chem., 8 ,  452 (1967). 

(1966); (b) zbzd . ,  89, 1602 (1967), (c) ibzd. ,  89, 1607 (1967). 
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compounds form complexes with dialkylmagnesium 
compounds in ether, as in eq 3 ,  in which n = 1, 2 ,  
or 3 depending on the nature of the R groups. 

nRLi + RzMg + [RLi],. [RzMgl (3) 

We wish to report the preparation of organometallic 
complexes involving alkali metal and magnesium by 
direct reaction of magnesium alkyls with alkali metals. 

Results and Discussion 
The reduction of dialkylmagnesium compounds 

with alkali metals has been studied. Dispersions of the 
alkali metals in excess were stirred with hydrocarbon 
solutions of di-n-butylmagnesium, di-sec-butylmag- 
nesium, and di-te&butylmagnesium; a limited amount 
(2-3%) of ether was present with the di-n-butylmag- 
nesium reagent. Periodically the supernatant soh- 
tions were analyzed for total base, magnesium, and 
alkali metal. In  every case it was apparent that the 
magnesium alkyl was being reduced; the black, amor- 
phous metal appeared as a precipitate in the reaction 
mixture. However, also in every case, it appeared 
that this reduction either stopped or markedly 
slowed after an intermetallic complex of some specific 
stoichiometry was formed, generally Kith no more 
than one alkali metal atom per atom of magnesium, 
e.g., as in eq 4. An organoalkali compound is a likely 

3RzMg + 2M --it 2RsMgM + MgJ  (4 ) 

intermediate in the overall reaction, resulting from 
reduction or “metal-metal” exchange (eq 5 ) .  The 

RzMg + 2M + 2RMJ + Mg J. (5 ) 

organoalliali compound (RII) generated in situ is 
complexed by unreacted dialkylmagnesium reagent 

RzMg + RM --it RaMgM (6 ) 

Reaction of a large excess of lithium metal with a 
hydrocarbon-ether solution of di-n-butylmagnesium 
resulted in formation of a solution with a lithium: 
magnesium ratio of 1 and with no loss of total base, 
as would be expected for the 1 : l  complex formation 
illustrated in eq 4. The 1ithium:magnesium ratio in 
the solution was unity within 9 hr of reaction at  25” 
and remained constant a t  about this value for a t  least 
22 hr of contact with excess dispersed lithium. How- 
ever, it did appear to slowly change (increase) SO that 
after 45 hr of reaction a solution containing a 1.5: 1 
ratio of lithium to magnesium was produced, giving 
evidence that complexes with more lithium than mag- 
nesium content are formed. Better evidence for such 
complexes was obtained in the lithium metal reduction 
of di-see-butylmagnesium solution, when a 3 : 1 ratio 
of the metals was formed in the solution as in eq 7. 

j(sec-Bu)zNIg + 3Li -+ 2(sec-Bu)bMgLis + 3Mg J ( 7 )  

The ratio of 1ithium:magnesium in the reaction of 
di-see-butylmagnesium with lithium remained con- 
stant a t  3 from 20 to 35 hr of reaction, but it also in- 
creased gradually after this time. conceivably, a mag- 
nesium alkyl could be reduced all the way to a lithium 
alkyl with sufficient reaction time, but there can be 
little doubt that formation of specific intermetallic 
complexes results in a greatly reduced reactivity of the 

(eq 6). 

magnesium reagent and a consequent inhibition of fur- 
ther reduction. 

Findings made with the intermetallic complexes 
betwen the lithium and magnesium alkyls, namely, 
that stable solutions of complexes could be produced, 
were not surprising, considering the known solubility 
and stability of lithium reagents themselves. Greater 
interest in initiating this study came from considering 
whether stable solutions involving potassium and other 
alkali metal alkyls could be produced, for the organic 
derivatives of these metals are known to be insoluble 
and ~ n s t a b l e . ~  Thus, it was not unexpected that, in 
the first experiments involving treatment of cyclohexane 
solutions of di-see-butylmagnesium with dispersions 
of potassium metal, all active alkyl disappeared from 
solution in less than 1 hr a t  80”. Reduction did occur, 
with the typical appearance of black amorphous mag- 
nesium precipitate. The evidence suggests that a cyclo- 
hexane-insoluble 1 : 1 complex, tri-sec-butylmagnesium- 
potassium, was formed according to eq 8. For ex- 

3RzMg + 2K --*. 2RaMgK + M g J  (8 ) 

ample, a solution of di-see-butylmagnesium was re- 
fluxed with potassium metal for 1 hr, after which essen- 
tially all total base had disappeared from solution. 
After removal of the cyclohexane, benzene was added 
and the mixture xas  stirred briefly. The supernatant 
benzene mas then found to  contain total base, mag- 
nesium, and potassium in the ratio 2.9:1.0:0.9. The 
conclusion is that the 1 : l  complex is precipitated 
from cyclohexane, but it dissolved in benzene. Solu- 
tions of tri-see-butylmagnesiumpotassium in benzene 
are not stable at room temperature for more than a 
fem- days. Cold storage (2-4”) inhibits the dccomposi- 
tion process, but even under these conditions the com- 
plex slowly decomposes owing to metalation of the 
solvent. 

Observations Lvith reduction of di-n-butylmagnesium 
were somewhat different, primarily owing to the 
presence of a small amount (approximately 2-301,) of 
diethyl ether necessary to keep the magnesium alkyl 
in cyclohexane solution. The diethyl ether tended 
to hold this complex in the initial cyclohexane solu- 
tion, so that as reduction occurred, not all of the total 
base would precipitate. When the solids from one of 
those products were treated with a solution of ben- 
zene-diethyl ether, the resultant supernatant solu- 
tion was shown to contain total base, magnesium, and 
potassiumin theratio 1.O:l.O:l.O. 

In order to make a trialkylmagnesiumpotassium 
reagent conveniently available for study, some effort 
was expended in developing a more direct synthesis 
of this type of compound, i.e., one that did not involve 
prior formation of the pure magnesium alkyl. Gri- 
gnard reagents, or magnesium alkyls still containing 
some chloride, are simpler to prepare than pure alkyls. 
In  a preliminary experiment, a magnesium reagent 
solution containing the equivalent of 1 mol of Gri- 
gnard reagent (n-BullgC1) per mole of magnesium 
alkyl (n-BuzRIg), Le.,  the equivalent of n-BuAlg&l, 
was treated with potassium metal. Reduction did 
occur as in eq 9, yielding a solution of the tri-n-butyl- 

n-BuaMgzC1 + 2K + T L - B u ~ M ~ K  + M g  4 + KC1 J. (9) 

(9) G. E. Coates and K. Wade, “Organometallic Compounds,” Vol. 1, 3rd 
ed, Methuen and Co., London, 1967, p 42. 
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magnesiumpotassium reagent free of chloride and 
with a potassium: magnesium ratio of 1.0. 

It seemed likely that even magnesium chloride should 
be reduced by potassium, as represented in eq 10, 

MgClz + 2K e 2KC1.1 + Mg .1 (10) 

so that the final technique evolved for trialkylmag- 
nesiumpotassium preparations was the following “one- 
pot” synthesis. Starting with n-butyl chloride and 
magncsium in cyclohexane with a limited amount of 
N,N,N’N’-tetramethylethylenediamine (TJIEDA), a 
mixture of solids and supernatant was obtained con- 
taining di-n-butylmagnesium and magnesium chloride. 
Sufficient metallic potassium was then added to this 
mixture for reaction with both the organometallic 
product, as in eq 4, and the magnesium chloride, as 
in eq 10. The overall reaction in the vessel was thus 
as in eq 11. 

3RC1 + Mg + 4K + RaMgK + 3KC1 (11) 

Actually, when potassium reduces a mixture of 
magnesium alkyls and magnesium chloride, it i,s quite 
likely that the magnesium chloride is not being re- 
duced directly as in eq 10, but that the following two 
reactions are occurring in sequence. The sum of eq 
12 and 13 is eq 10. After all of the magnesium chloride 

RzMg + 2K + 2RK + Mg (12) 

2RK + MgC12 + RzMg + 2KC1 (13) 

has been reduced (alkylated), the formation of RE( as 
in eq 12 leads to complex formation as below (eq 14). 

RK + RzMg + RgMgK (14) 

Experimental evidence consistent with the above 
interpretation of the reduction of a mixture of mag- 
nesium alkyl and magnesium chloride is the follow- 
ing. This reduction goes to completion in about 2 
hr under the conditions developed, i.e., at the end of 
that time a clear supernatant is formed containing no 
chloride, a maximum amount of total base, and as 
many gram-atoms of potassium as of magnesium. 
However, during the first 1.5 hr of this reduction, no 
potassium appears in solution, and all chloride disap- 
pears from solution. It seems likely that during 
this first 1.5 hr, only reactions 12 and 13 are occurring; 
subsequently, only 30 min are required to dissolve the 
potassium via reactions 12 and 14. 

Observations with sodium metal reductions of mag- 
nesium alkyls were not so straightforward as those 
with lithium and potassium. With the latter, reduc- 
tion appeared to go directly and rather rapidly to a 
1 : 1 intermetallic complex and stop, and initially ad- 
vantage was talien of the fact that precipitation of 
this complex occurred when di-sec-butylmagnesium 
was reduced in cyclohexane. With sodium the reduc- 
tion was slower, precipitation did not occur (although 
phasing of the reduction mixtures sometimes did), 
and an intermediate 1 : 2 complex apparently formed, 
as in eq 15. 

5RzMg + 2Na + 2RjMgzNa + MgJ (15) 

During the study of the reaction of sodium with di- 
sec-butylmagnesium in cyclohexane, a phasing of the 
reaction product was noted; two liquid layers formed. 
This peculiar phasing is not without precedent. A 

similar phasing was observed in the reactions of ethyl- 
sodium lvith diethylzinc (eq 16), and the products 

EtNa + EttZn + EtaZnNa (16) 

from the reaction of alkali metals on dicthylzinc 
(eq 17). The mobile upper phase consisted of a dilute 

2M + 3Et2Zn ---f 2EtaZnM + Zn (17) 

solution of the complex in diethylzinc, and the lower 
viscous layer consisted of a solution of diethylzinc 
in the complex. The separation into layers was at- 
tributed to the formation of two phases of consider- 
ably diff erent polarity and dielectric constant. lo 

The phasing observed in the present study can be 
interpreted similarly. The two phases after centri- 
fuging are initially clear, but gradually each phase 
becomes hazy. This is probably due to a dissolution 
process of the complex in the upper layer. From the 
analyses of the upper, it appears that the di-sec- 
butylmagnesium is slowly dissolving in the lower 
layer, which consists mainly of sec-butylsodium. When 
sufficient see-butylsodium is present to form thc sol- 
uble 1 : 1 complex, phasing is no longer observed. 

Observations made on the reduction of the mag- 
nesium alkyls with rubidium werc similar in many 
respects to those with potassium. Thus, when a 
solution of di-see-butylmagnesium in cyclohexane is 
treated with rubidium metal, virtually all of the active 
alkyl is removed from solution and the appearance 
of the precipitated magnesium metal is evident. Re- 
moval of the cyclohexane and addition of benzene 
results in a reappearance of the active alkyl in solu- 
tion and equal gram-atoms of rubidium and magnesium 
in the solution. The conclusion is again that a 1:1 
complex is formcd which is cyclohexane insoluble 
but benzene soluble. As with thc potassium reagent, 
tri-sec-butylmagnesiumrubidium in benzene is not 
stable to long term storage owing to the facile mctala- 
tion of solvent. One to one complexes are also observcd 
when di-n-butylmagnesium and di-tert-butylmagnesium 
are reduced by rubidium. 

Reductions of dialliylmagnesium reagents with 
cesium occurred, but the intermetallic complexes 
formed were found to be less stable and more heat 
sensitive than those of the other alkali metals. Ini- 
tial attempts at reducing di-see-butylmagnesium in 
cyclohexane with cesium at reflux and room tempera- 
ture resulted in extensive decomposition of the active 
alkyl in the reaction mixture. A t  lower temperatures 
the cesium apparently reduced the di-sec-butylmag- 
nesium in the usual manner, although less cesium than 
magnesium went into the product. In thc reduction 
of di-sec-butylmagnesium by cesium, phasing LTas 
observed in the reaction product similar to that ob- 
served in some of the sodium reductions. 

In  the reaction of di-te1.t-butylmagnesium with 
cesium, no phasing was observed but reduction did 
occur. The product, as in the case of the see-butyl 
analog, precipitated from cyclohexane but dissolved in 
benzene. The resultant solution contained a cesium : 
magnesium ratio of about one. 

Table I presents a summary of representative prepa- 
rations of the intermetallic complexes involving mag- 
nesium and alkali metal alkyls. Since organic deriva- 

(10) Reference 9, pp 44, 45. 
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TABLE I 
PREPARATION OF INTERMETALLIC COMPLEXES BY REDUCTION OF DIALKYLMAGNESIUM COMPOUNDS 

-Reaotants--- 
Alkali metal ,--- Product analysis- 7 

Registry no. Compd prepared amount, mol g-atom Time, hr Temp, “C base, N Mg, M metal, M metal/Mg 
RzMg amount, --Reaction- Total Alkali Alkali 

20910-20-7 n-BuaMgLi 0.034 0.13 22 25 1.37 0.43 0.45 1.05 
39342-44-4 s-Bu&fgLia 0.033 0.13 20 25 0.93 0.16 0 .  .50 3.12O 
41 120-87-0 s-BuaMgNa 0.036 0.046 6 80 0.92 0.33 0.26 0.79 
41 120-88-1 n-BuaMgNa 0.022 0.044 2 80 1.12 0.38 0.32 0.84 
39342-45-5 n-BusMgzNa 0.039 0.052 4 80 1.39 0.58 0.23 0.40“ 
41120-89-2 n-Bu3MgKc 0.021 0.021 7 .5  80 0.81 0.27 0.27 1.00 

n-Bu3MgKd 0.035 0.200 2 80 0.20 0.20 1.00 
41120-90-5 s - B u ~ M ~ K  0.040 0.045 1 80 1.09 0.36 0.33 0.92 

n-BuJIgRbd 0 I 065 0.059 14 25 0.34 0.34 1.00 
41120-92-7 s-BusMgRb 0.012 0.012 1 .3  0 0.61 0.21 0.19 0.91 

41 120-91-6 n-BuaMgRbc 0.012 0.012 20 25 0.83 0.28 0.29 1.04 

41120-93-8 t-B~sMgRb 0.006 0.012 2 0 0.196 0.06 0.07 1.17 
41120-94-9 s - B u ~ M ~ C S  0.0075 0.0075 2 .5  0 0.30 0.12 0.09 0.73 
41120-95-0 t-BuaMgCs 0.0055 0.0075 1 .5  0 0.27’ 0.08 0.09 1.13 

a Ratio was 3.13 after 35 hr of reaction time. b Ratio was 0.58 after 18 hr of reaction time. c Complex prepared with di-n- 
d Complex prepared with di-n-butylmagnesium in cyclohexane- ’ After 20 hr 

butylmagnesium in cyclohexane-diethyl ether (98: 2) solution. 
TMEDA solution. 
of standing at ambient temperature, solution had fallen to 0.07 N in total base. 

e After 20 hr of standing a t  ambient temperature, solution had fallen to 0.01 1V in total base. 

tives of the alkali metals (other than lithium) in the 
past have been observed to be unstable, insoluble 
 specie^,^ the significance of the present work is that 
hydro carbon-soluble, re1 atively stable derivatives of 
these alkali metal reagents have been obtained. In 
the case of the n-butyl reagents, some of the solutions 
contained ether and it is even more surprising that 
this ether did not cause rapid reaction (decomposi- 
tion) of the potassium reagents. 

Besides the analysis of the supernatants for total 
base, magnesium, and alkali metal, an auxiliary method 
for monitoring the reactions was to follow the chem- 
ical shift of the protons on the carbon a to  the metal. 
As the reaction progressed, the chemical shift (mea- 
sured from benzene internal standard) of these protons 
moved to  higher field. For example, in one of the 
“one-pot” syntheses of tri-n-butylmagnesiumpotas- 
sium in cyclohexane-TMEDA, the chemical shift of 
the a-methylene protons moved from T 10.57 initially 
to 7 10.74 after reaction was complete. A summary 
of the chemical shifts of the complexes is presented in 
Table 11. 

The species RJlgAI could be represented as salt- 
like in character, i.e., A/I+  [Rs?t!tg]-. However, the 
observed hydrocarbon solubilities of some of these 
compounds (R = sec-butyl and R = tert-butyl) seem 
inconsistent with this representation. Di-sec-butyl- 
magnesium has been shown to exist as a dimer in cy- 
clopentane.’ With this in mind, a structure is pro- 
posed in which a di-sec-butylmagnesium molecule is 
replaced by a sec-butylalkali compound in the original 
dimer of di-sec-butylmagnesium. The reluctance of 

R 

M = alkali met.al 
R = sec-butyl, tert-butyl 

cesium to enter into complexes with a cesium:mag- 
nesium ratio greater than about 0.7 may have been 

TABLE I1 
NYR CHEMICAL SHIFTS IN SOME SELECTED 

ORGANOMETALLIC SOLUTIONS 
Chemical shiftb 

Reagent Solvent systema of a proton(s) 

S-BurMg Cyclohexane 436 

n-ButMg Cy clohexane-THF 446 
n-BurMg Cyclohexane-DEE 449 

n-Bua MgLi Cy clohexane-DEE 473 
s-BuaMgLi Cyclohexane 447 

n-BuaMgNa Cyclohexane-DEE 477 
n-BusMgtNa Cyclohexane-DEE 474 
s - B u ~ M ~ K  Benzene 483 
n-BuaMgK Cyclohexane-DEE 474 
n-Bu3MgK Benzene-DEE 479 
*BusMgK Cyclohexane-TMEDA 477 

s-BurMgNa Cyclohexane 484 

S-BusMgRb Benzene 461 
n-BuaMgRb Cyclohexane-TMED A 480 
*BuaMgRb Cy clo hexane-DEE 482 
n-Bu3MgRb Cyclo hexane-THF 483 
s -Bu~M~CS Benzene 458 

a Symbols: DEE, diethyl ether; THF, tetrahydrofuran; 
TMEDA, tetramethylethylenediamine. Cycles per second 
upfield from benzene internal standard. 

in part due to the inability of the large cesium atom 
to move fully into this 1 : 1 complex. 

Experimental Section 
Reagents.-Di-sec-butylmagnesium and di-terl-butylmagne- 

sium were prepared in hydrocarbon solutions by alkylation of an 
“activated” magnesium chloride with sec-butyllithium and 
tert-butyllithium, respectiuely, according to the general pro- 
cedure given by Icamienski and Eastham.’ Di-n-butylmagne- 
sium was prepared in the following manner. A solution consist- 
ing of 0.20 mol of n-butyl chloride, 30 ml of cyclohexane, and 
0.025 mol of diethyl ether was added dropwise to a slurry of 
0.24 g-atom of magnesium powder in 60 ml of cyclohexane at  
80”. The mixture was refluxed for an additional 1 hr, then 
filtered while hot, and the solids were washed with cyclohexane to 
give an initially clear solution which gradually became hazy 
owing to precipitation of n-BucMg. Another eqiiivalent (0.025 
mol) of diethyl ether was added. The resultant clear, colorless 
solution was analyzed and found to be 1.45 N in total base, 0.73 
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M in magnesium, and 0.0.5 M in chloride. The nmr of this solu- 
tion showed the characteristic triplet of the methylene group at  
T 10.15. The yields of n-BuzMg via this method ranged from 
70 to 80%.” sec-Butyllithium was obtained from Foote BIineral 
Co. tert-Butyllithium was obtained from Lithium Corporation 
of America. Lithium powder was obtained from Lithium 
Corporation of America as a 30 wt To suspension in mineral oil. 
Rubidium and cesium were obtained in vials from MSA Re- 
searrh Corp. Magnesium powder (200 mesh) was obtained 
from the Reade Manufacturinp Co. 

Anhydrous diethyl ether was dried over sodium wire before 
use. N,N,N’,N’-trtramethylethylenediamine (TMEDA) was 
obtained from the Ttohm and Haas Co. and was distilled from 
lithium aluminum hydride and stored ovek Linde 4A Molecular 
Sieves. Reagent grade n-butyl chloride was distilled and stored 
over Linde 4A h‘tolecular Sieves, Hydrocarbon solvents were 
reagent grade and were refluxed overnight over lithium aluminum 
hydride and then distilled and stored over Linde 4A Molecular 
Sieves. All reactions and manipulations were carried out under 
an atmospheric pressure of dry nitrogen. 

Instrumentation and Analytical Techniques.-Hydrocarbon 
solutions of organomagnesium reagents were analyzed by hy- 
drolysis and analysis of the aqueous solutions for total base, 
chloride, and magnesium and other metal ions. Usually 1 or 2 
ml of the initial organometallic solution was sufficient for the 
analyses. Chloride analyses were carried out using an absorp- 
tion indicator method (Fajan’s procedure) with dichlorofluores- 
cein as indicator. Magnesium analyses were conducted using the 
standard ethyIenediaminetetraacetic acid disodium salt (EDTA) 
method, with “calmagite” from Matbeson Coleman and Bell 
as indicator. Analyses for total base were conducted by using an 
excess amount of standard aqueous acid solution in the initial 
hydrolysis of the organometallic solution and then back-titrating 
with standard base using phenolphthalein as indicator. 

Lithium, sodium, and potassiiim were determined by flame 
photometry on a Perkin-Elmer Model 52C flame photometer. 
Rubidium and cesium were determined by atomic absorption at  
the laboratories ol Lithium Corporation of America, Bessemer 
City, N. C. Samples for analysis by flame photometry and 
atomic absorption were prepared in the following manner. An 
accurately measured sample (usually 1 or 2 ml) of organometallic 
solution was hydrolyzed in CQ. 100 ml of distilled water. The 
resultant hydrolysate was acidified by the addition of concen- 
trated hydrochloric acid, and the hydrocarbon phase was evapo- 
rated by gently heating the solution on a hot plate. The aque- 
ous solution was transferred quantitatively to a volumetric flask, 
diluted to the mark with distilled water, and analyzed for alkali 
metal. Nuclear magnetic resonance spectra were obtained at  
ambient temperature with a Varian A-60 nmr spectrometer using 
benzene as internal standard for measuring chemical shifts. 

Preparation of Complexes. A. Reaction of Lithium with 
Di-n-buty1magnesium.-To a 100-ml three-neck round-bottom 
flask equipped with a reflux condenser and two rubber septum 
caps was added a vial containing 0.90 g (0.13 g atom) of lithium 
powder in R mineral oil suspension. The vial was broken under 
a nitrogen atmosphere in the reaction flask. To this was added 
49 ml (0.034 mol) of 0.70 M di-n-butylmagnesium in the cyclo- 
hexane-diethyl ether (approximately 98:2). After stirring for 
3 hr a t  room temperature an aliquot was removed and centri- 
fuged, and the supernatant was analyzed to show 1.31 N in total 
base, 0.51 M in magnesium, and 0.30 M in lithium. After a 
total of 9 hr of stirring, analysis of another centrifuged aliquot 
showed 1.32 N in total base, 0.43 M in magnesium, and 0.40 ill 
in lithium. -4fter a total of 22 hr of stirring the supernatant was 
found to be 1.37 N in total base, 0.43 ill in magnesium, and 0.45 
M in lithium. After a total of 45 hr, the supernatant was found 
to be 0.35 M magnesium and 0.49 &f lithium. 

Reaction of Sodium with Di-sec-buty1magnesium.-To a 
200-ml three-neck round-bottom flask equipped with a reflux 
condenser and two rubber septum caps was added 1.05 g (G.046 
g-atom) of lump sodium. Enough methylcyclohexane was added 
to cover the sodium, which was dispersed by stirring and refluxing 
the methylcyclohexane overnight. The supernatant hydro- 
carbon was removed from the sodium with syringe and 75 ml 
(0.036 mol) of 0.48 M di-sec-butylmagnesium was added. This 
mixture was refluxed with vigorous stirring for 1 hr, after which 

B. 

(11) Additional details on the preparation of the magnesium alkyls and 
intermetallic complexes are given in the Doctoral Dissertation of D. B. 
Malpass, The University of Tennessee. 1970. 

it  was cooled and a sample of the hazy supernatant was removed 
and centrifuged for analysis. The supernatant separated into 
an upper mobile phase and a smaller lower viscous phase. These 
layers were clear immediately after centrifuging, but both grad- 
ually became hazy. Further centrifuging caiised each layer to 
become clear again, but the haziness subsequently reappeared. 
Samples from the upper layer were hydrolyzed for analysis while 
the layer was clear and found to be 0.80 iV in total base, 0.39 M 
in magnesium, and 0.03 M in sodium. The reaction mixture 
was heated to reflux for an additional 1 hr and a sample was re. 
moved for analysis. Once again phasing was observed, but 
there was ronsiderably more of the lower layer than after 1 hr of 
reflux. The upper layer was 0.64 N in total base, 0.30 M in 
magnesium, and O.OB M in sodium. After a total of 4 hr of 
reflux, the supernatant no longer separated into two phases and 
analysis showed it to be 0.92 N in total base, 0.33 M in magne- 
sium, and 0.26 Ai in sodium. An nmr spectrum of this solution 
showed the characteristic multiplet of the methine prot,on from 
the sec-butyl group at  T 10.68. 

C. Reaction of Potassium with Di-sec-buty1magnesium.-To 
a 200-ml three-neck round-bottom flask was added 1.75 g (0.04.5 
g-atom) of potassium. Enough cyclohexane to cover the lumps 
of potassium was added and the potassium was dispersed. The 
supernatant hydrocarbon was removed, 84 ml (0.040 mol) of 0.48 
M di-sec-butylmagnesium was added, and the mixture was re- 
fluxed for 1 hr with vigorous stirring. The total base concentra- 
tion in the supernatant had fallen to 0.01 N .  The supernatant 
was removed by syringe and the solids were washed with two 
20-ml portions of cyclohexane. To the solids was added 60 ml of 
dry benzene and the mixture was stirred for several minutes. 
The solids were allowed to settle while the reaction flask was im- 
mersed in an ice bath. Samples of the Supernatant were re- 
moved for analysis while cold and the solution was found to be 
1.09 N in %tal base, 0.36 M in magnesium, and 0.33 fil in po- 
tassium. The yield of complex was approximately 85% based 
on sec-BuzMg. An nmr spectrum of this solution showed the 
characteristic multiplet from the methine proton of tho sec-butyl 
group at  T 10.75. 

D. Reaction of Potassium with the Product from Reaction of 
Magnesium and n-Butyl Chloride.-To a 200-ml three-neck 
round-bottom flask equipped with a reflux condenrer, a rubber 
septum cap, and a 250-ml pressure-equalizing dropping funnel 
was added a weight of 3.28 g (0.14 g-atom) of magnesium powder, 
60 ml of cyclohexane, and 3.87 g (0.034 mol) of TMEDA. A 
solution of 9.25 g (0.10niol) of %-butyl chloride in 30 ml of cyclo- 
hexane was added to the droppinq funnel. After about one 
third of the butyl chloride was introduced to the magnesium 
slurry, the mixture was heated to reflux. The remainder of the 
solution was added dropwise to the reaction mixture, which was 
refluxed 9 hr after addition was complete. A weight of 7.5 g 
(0.19 g-atom) of potassium was added to the cooled reaction 
flask and the mixture was heated to reflux again and vigorously 
stirred. After a 30-min reflux period, the mixture was cooled 
and an aliquot was removed for analysis. The supernatant was 
found to be 0.42 M in magnesium, 0.06 M in chloride, and to 
contain no potassium. After a total of 60 min of reflux, the 
supernatant was still colorless, contained no chloride or potas. 
sium, and was 0.41 hf in magnesium. After a total of 90 min 
of refluxing, the supernatant had assumed a red-orange color and 
analysis showed it to be chloride-free, 0.25 ill in magnesium, and 
0.25 M in potassium. Nmr spectral analyses showed that the 
absorption of the a-methylene protons of the n-butyl group had 
shifted from T 10.60 after 39 min reflux to T 10.74 after 90 min 
reflux. The overall yield of total base in the supernatant solu- 
tion was 50% based on n-butyl chloride. 

In two additional runs using this same procedure, except that 
no intermediate analyses were conducted, the product contained 
magnesium and potassium in a 1 : 1 ratio and the overall yields 
were estimated to be 50-6070 based on n-butyl chloride. 

Reaction of Rubidium with Di-sec-buty1magnesium.-A 
weight of 1.0 g (0.012 g-atom) of rubidium in a vial was added to 
a 100-ml three-neck round-bottom flask eqiiipped with a reflux 
condenser and two septum caps. Enough cyclohexane was 
added to cover the vial, which was then broken. The rubidium 
was subsequently dispersed by stirring vigorously and refluxing 
the cyclohexane. The cyclohexane was removed by syringe 
from the dispersed metal. The flask was immersed in an ice 
bath and 25 ml (0.012 mol) of 0.48 M di-sec-butylmagnesium was 
added. After stirring vigorously for 1 hr at ice-bath temperature 
the supernatant was 0.01 N in total base and was removed by 

E. 
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syringe. The solids were washed with cold cyclohexane. Ben- 
zene (20 ml) was added to the reaction flask and the mixture was 
stirred for several minutes. An aliquot was removed and centri- 
fuged and analysis of the supernatant showed it to be 0.61 A1 in 
total base, 0.21 M in magnesium, and 0.19 M in rubidium. 

F. Reaction of Cesium with Di-sec-buty1magnesium.-A 
weight of 1.0 g (0.0075 g-atom) of cesium in a vial was placed in 
a 100-ml three-neck round-bottom flask equipped with a reflux 
condenser and two rubber septum caps. The cesium was dis- 
persed under cyclohexane in the usual manner and the dispersing 
cyclohexane was removed. The reaction flask was immersed in 
an ice bath, 16 ml (0.0077 mol) of 0.48 M di-sec-butylmagnesium 
in cyclohexane was added, and the mixture was stirred vig- 
orously for 3 hr. The supernatant was removed and the solids 
were washed with two 10-ml portions of cold cyclohexane. To 
the solids was added 12 ml of dry benzene and the mixture was 
stirred for several minutes, after which the benzene was removed 
by syringe and centrifuged. The supernatant separated into an 
upper, mobile, orange phase and a lower, wine-red, viscous phase. 
The upper phase was analyzed and found to be 0.30 N in total 

base, 0.13 M in magnesium, and 0.09 M in cesium. After all of 
the upper layer was removed, 8 ml of benzene was added to the 
remaining lower layer. The tube was shaken vigorously for 
several minutes and centrifuged once again. Phasing was ob- 
served again; however, the volume of the lower layer was de- 
creased. Analysis of the upper layer showed it to be 0.24 N in 
total base, 0.10 M in magnesium, and 0.07 44 in cesium. To the 
remaining two phases in the centrifuge tube was added 8 ml of 
diethyl ether and the tube was shaken by hand for a few minutes 
and centrifuged. No phasing was observed and the solution 
was found to be 0.61 N in total base, 0.23 M in magnesium, and 
0.15 &I in cesium. 
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The major product obtained when acetylferrocene was allowed to react with triethyl orthoformate and dry 
hydrochloric acid was 1,3-diferrocenylbut-2-en-l-one, and only a small amount of the cyclic trimer, 1,3,5-triferro- 
cenylbenzene, was obtained. This result was found using either benzene or methylene chloride as the solvent or 
upon running the reaction without solvent. The reaction of acetylferrocene with triethyl orthoformate in 
ethanol, upon catalysis by p-toluenesulfonic acid, gave 2-ferrocenylpropene, ethyl ferrocenoate, polyvinylferro- 
cene, a more complex polymer, and small amounts of 1,3,5-triferrocenylbenzene, 1,2,4-triferrocenylbenzene, and 
1,3-diferrocenylbut-2-en-l-one. These results are compared with previous studies, and mechanisms are dis- 
cussed. 

Schlogl’ reported that the reaction of acetylfer- 
rocene with a slight excess of triethyl orthoformate 
(1.2 equiv) in the presence of anhydrous hydrochloric 
acid a t  20” for 4 hr gave a 48% isolated yield of 1,3,5- 
triferrocenylbenzene (l), The unsymmetrical 1,2,4 
isomer, 2, was not formed and other products were 
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not discussed. The 1,2,4 isomer has been prepared by 
the thermal cyclotrimerization of ethynylferrocene, 
and it is also a by-product in the free-radical polym- 

(1) K. Schlogl and H. Soukup, Monatsh. Chem., 99, 927 (1968) 

erization of e thynylferro~ene.~!~ Since ketones read- 
ily give ketals in the presence of triethyl orthoformate 
and catalytic amounts of acidsj4 the formation of 1 
reported by Schlogl mas presumed to  proceed via an 
elimination product of the diethyl ketal of acetylfer- 
rocene. To our surprise, attempts to generate 1 by 
Schlogl’s method resulted in the isolation of large 
quantities of 1,3-diferrocenylbut-2-en-l-one (3), and 
only small amounts of the cyclotrimer 1. Thus, we 
studied this reaction under several different conditions 
and found that the use of p-toluenesulfonic acid led to  
a complex mixture of products, including 2-ferrocenyl- 
propene (one carbon addition) and ethylferrocenoate 
(one carbon removed). Increased yields of cyclo- 
trimer di can be obtained at  very high gaseous HC1 rates 
of bubbling into the reaction. 

Results and Discussion 

Acetylferrocene was allowed to react a t  20” with 
triethyl orthoformate and dry HC1 gas (1) in dry ben- 
zene, (2) in dry methylene chloride, and (3) without 
solvent (Schlogl’s conditions). In each case the major 
product was dimer 3, and only small yields of sym- 
metrical cyclotrimer 1 were observed. Yone of the 
unsymmetrical trimer 2 was detected. The yields of 

(2) C .  Simionescu, T. Lixandru, J. Maeilu, and L. Tataru, Makromol. 

(3) C .  U. Pittman, Jr., and Y. Sasaki, unpublished results using AIBN 

(4) L. F. Fieser and M. Fieser, “Reagents for Organic Synthesis,” Wiley, 

Chem., 141, 69 (1971). 

as the initiator. 
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