
JOURS_%L OF ORG;\SOJIETALLIC CHE~IISTRY 311 

THERJI_AL R1CEJIIZ~TIOX OF SOXE ORG_kXOMET_ALLIC COMPOLWDS 

COST-AISISG ELEJIEXTS OF THE FIRST, SECOXD AXD THIRD GROUP 

OF THE PERIODIC T-ABLE XSD OPTICALLY ,KTIVE ALIiYL GROUPS 

I- L.lRDICcI, L. LUCXRISI. P. P_XLXGI ASD P. PISO 

Isfifrrto di Chimica Or,oonica Indzrs!rialz. Uniznsil di Piss, Centro Su=ionale di Chimica delk 
_~iacromolccolc &Z C.:X_R.. Se:. II-, Pisn (Itnl~) 

(Received _Ipril Roth. 1965) 

In an ear&x communication1 x-e haI-e proposed. on the basis of chemical and 
kinetic ex-idence, that the relati\-ely rapid thermal rzcemization of tris[(S)-z-methyl- 

but\-l‘aluminium takes place through the formation of dialkylaluminium monohydride _ _ 
according to scheme (I) : 
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To obtain 3 better undcrstzndin, c of the chemical reacti\-ir- of other oqgano- 

mi-tallic compt~unds containing ;f tertiary cnrbon atom in thz $ position with respect 
to the mt~tnl ntonr, we have csttnded our investigation to the (Sf-?-methylbutyl- 
deri\-ati\-i-5 of lithium, beq-Ilium, magwsium, zinc, cadmium and boron. 

Compounds of boron or zinc havin, = 2 tertiary asymmetric carbon atom in the 
;’ or 0 pktion with respect to the metal atom, have also been studied. 

I’I:EP.\i;.\?‘:OS ASD OPTIClL PL-RITS OF THE OHG_ASOMET_~LLIC COMPOCSDS 1JSED 

The preparation and the determination of the optical purity of the orgsno- 
nwtallic derivatives of zinc and boron used have already been dexribed2v3. I%:(S)- 
smethx-lbutvl: magnesium w-as prepared accordin g to the procedure of Slasher and 
Lo&l& and bis:!R!-2-meth-lbut~~lri-bee-Ilium according to the procedure of U’ood _ - 
and BrenneF_ The relationship bet\\-een :ri and optical purit)- xx determined by 
reacting the beq-Ilium compound xith COP and determining the optical activity of 
(2-I iSi-3-methvlpentanoic acid6 thus obtained. Although the corresponding aluminium, \ 
b&on and zini derivatk-es are monomeric, (+-)bisI(R)-z-methylbutyl~beryllium was 
found to be dimeric in benzene, in agreement with the results obtained by Coates and 
GIocking~ for dikoprop>-lberyliium. Bisl(.S)-z-methylbut_viScadmium was prepared by 

J. &~arromfa~. Chew., 4 (1965) 3+1-3_$ 
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Tables2 and3 show that only the z-methylbutyl derivatives of beryllium, boron 
and alurninium racemize at an appreciable rate below 105~ and the specific rate con- 
stant decreases in the order Be, Al. B_ 

TABLE 2 
THER,IAL. RACE~IIZATIOS OF SOXIE ORG_kSO~RTALLIC CONPOUSDS OF >rg, ZD. Cd, B -*SD -41 OF 

GESERXL FORUULA JI[-(CH,),,-C*H-C,H~m - IX-l-HE ABSESCE OFSOLX-ESTS 

CI-5 

Racemiraiiox 
i%) 

Jig I s&d 
Zn 1 liquid 

2 liquid 

3 liquid 
Cd I liquid 
B I liquid 

I liquid 
2 liquid 

Al I liquid 

95-O” 1.1 

+ g-7+-’ 0.5 

+ i.5zcb 0.5 

+ 13_iSCb 0.6 
+ I-.96- I.5 
+21_=jSt- -I-’ 
+ 9.Sicc 38-3 
i 9.9@ 0.0 
+ 6_go”c 48.0 

a CCtemined bl- carbonation to (e)(S)-j-methylpentanoic acid. b Detemlined 
c Determined at the experimental temperature. 

at zs”_ 

Under these conditions, correspondin, = zinc, cadmium and lithium derivatives, 
do not racemize either in the presence or absence of hydrocarbon solvents. As bis[(E)- 
2-methvlbut~l-ma,anesium is insoluble in hydrocarbons, its racemization was in- _ _ 
vestigaied in the solid state; practically no racemization was observed (Table zj 
at Iool. 

TABLE 3 
IEFLUESCE OF THE SATURE OF THE SOLVEST OS TiIE TIIERXAL RACESfiZATIOS OF SOME ORGASO- 

X~TALLIC COXIPOUSDS OF Li. Be. 2x1, B _- _s\U _%i OF GESERAL FORMCLA >I[-(CH,),-C*H-C,H& 

CH, 

_lf 11 Selrer~t GOflCJJ. TeJJIp. 

(qk) (“0 
Time XL (I = I) or optical purity Racemta- 

1 W tioon (y;) 
Im?iaZ Final 

Li I decalin II.7 100 5 I IO 96.0-99.0= g5.0= 1-l 

I iso-propyl 1o.y2S.I 62 51 6 96.0-99.0~ 95.5-99.0= o-3.5 

xg I 
Be I 

I 
Zn I 

B I 
I 

I 
_%I I 

I 
: 

ether 
diosanc 
syiene 
dioxane 
diosane 
toluene 
diosane 
tetralin 
toruene 
toluene 
dioxane 

103 
i” 
70 

96.oa 
+ 1-73” 
f oS6’b 
f g-6’:; 
+-II_53 
+ 11.76-b 
+ 6.zI’b 
+ 3_6iEb 
i +.54cb 
T I.Ia=b 

95.3= 
+ 0.6S’a 

023 
63.; 

0.0 
0.0 

4-4 
4-4 

52.4 
SO.0 
51.1 

0.0 

0 De:ermined by carbonation to (+) (.S)-3-methylpentanoic acid. b Determined at the 
experimental temp. C Determined at ~5~ (neat). 
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Ihen the asymmetric carbon atom is in the 7 or 6 position with respect to the 

metal atom, no racemization has been observed for aluminium~, boron= and zinc% 
a&r-Is (Table 2 j _ 

In the case of 2-methylbutyl-beryllium and -aluminium derivatives, racemization 
occofs below IOO” with and without hydrocarbon solvents, but no change in optical 

rotation of thee compounds w-ith time was found at 70 and NO, respectively, using 
ethereal solvents (Table 3). 

On the other hand, for t+(R)-z-methylbut$boron the rate of racemization 
does not appear to be much dependent on the tl-pe of sol\-ent (Table 3) ; furthermore, 
the ratio Y*-~cJ&~. which in the case of aluminium alkyl is independent of the 
concentration of the organometallic compound. increases with decrease in the boron 
all+ concentration (Tables 2 and =p. 

The investigation of the thermal racemization of (RI-I-lithium-?-methylbutane 
in ethereal solvents is complicated by the reaction between lithium a&-1s and 
ethers-‘=_ Csing dikoprop>-1 ethe_ r, the decomposition rate of which, in the presence of 
lit’hium allq-ls, is sufficiently low, practically no racemization was observed in the 
unreacted (Rj-I-lithium-~methylbutane (Table 3?_ 

On the bzll;G of the racemization mechanism suggested for t&r(S)-z-methyl- 
but~l~alunrinium (scheme I], it is possibie to correlate h_vdride formation and 

mcemization for the other o~nometallic compounds we have investigated_ 
In fact, bis:(R~-a-meth-lbuivllbc~--ilium. which x-eq- easily undergo thermal 

decompwition. like other beryllium a&-l+. with formation of e-methylbut\-l- 
beryllium hydride, shows the highest racemization rate (about 13 times that of the 
cornqonding aluminium allql). 

_Xccording with the s!ow d&k-I monohydride formation of boron alk>-l~‘JSrj at 
100-130~. to_-2-meth\-lbutvl-boron slo~~-lv racemizes ztt 100’ but the racemization 

is accompanied by partial tiorrkzation of the a1ky-l ,~oup’~-~~. 
In the case of (RI-I-lithium-z-methylbutane, &ich like ot!wr litliium alkyls, 

un&rgm themlal decomposition with formation of !ithium irydridei~-i~, no rxe- 
mization \ras obserx-ed (Table 3f_ In our opinion Ihc lack of racemization, which is 
expected according to scheme !I’;. is due to xhe fact that, under the conditions used 
for OUT espcrfmcnt. the olenne does not react at an appreciable rate with lithium 
hrch-ide :xheme 4hl - I 3.’ - 

H H =I, 
/=I, 

, 

Li-CH,-C-C& - LiH + CH,=C - .%+ _i Li-CH& C=H, + 5 Li-CH=&_H, (3) 
; 
kH, 

‘GH5 

i;H, A 

Bis:_(S!-2-me~~lbut~l~rna~~i~ does not racemize at 100’ either in the solid _ _ 
state (Table 2) or in diosane soIution (Table 35 as expected on the basis of the above 
assumptions. In fact, magnesium alkyls give hydrides only at temperatures above 
x00* (ref. xg}_ Zinc and cadmium derkatives which. on heating, easily undergo 
homolytic ckavage of the metal-carbon bondEwS and do not usually give hydrides, 
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do not racemize at IOO”, but partially decompose with formation of metallic zinc and 
cadmium~-?*_ The lack of racemization of bis[(R)-2-methvlbutvllberyllium in dioxane 
solution is in keeping with the results obtained for k-is:(S)-&%hylbutyl&huninium 
in diosane solution (Table 3); it seems that the ether prevents the formation of the 
metal-hydrogen bond, the affinity of the metal for the ethereal osygen being higher 
than the affinity of the metal for the hvdrogen in the ? position. Boron alhTls do not 
yield etherates at room temperature in the presence of ethers” and therefore the 
racemization rate of trisT(Rj-z-methylbutylzboron is not affected by the presence of 
these solvents_ 

From the above evidence we conclude that organometallic compounds containing 
a tertiary asymmetric carbon atom in the p position have relatively low racemization 
temperatures only when the metal is able to form hydrides and olefines reversibly 
according to scheme (4) : 

H 
i 

j-~- 5 Jr-CH,-G-C,H, 

! 

i ,CH, 1 CH, 

>I-CH,-C-C,H, - XH f CH,=C -_! 

i3H, 
‘C,H, 1 CH, 

! 
31 = metal l-+ 3 X-CH,-GC,H, 

I! 

(4) 

Further experiments are in progress to clarify the racemization mechanism of 
trisl(R)-2-methylbutyl~boron which appears be more complicated as shown bv the 
isomerization phenomena accompanyin g the racemization and by the dependence of 
the overah reaction rate on BR*- concentration. 

ESPERIJIESTAL 

Petroleum ether, benzene and sylene were purified by H,SOA treatment, dried 
b- distillation over sodium and stored under nitrogen_ Isopropyl ether, tetralin and 
decalin were purified by rectification over sodium; diosane was purified b>- the pro- 
cedure of Pstemer”--. 

(4)(R)-I-Lithium-z-meth?;ibutane6, (+jbisc(S)-a-methylbuty!~magnesiumchlo- 
ride6. (+)bis:(S)-z-meth~lbutvI’magnesium~, 
t&:(R)-a-methyIbutyl]boron3- - 

(f)bis-l(S)-z-methylbutv17zinc~, (+)- _ _ 
and ( +)tris~(Sj-?-meth~lbutyl~aluminium”-3 were pre- 

pared from (+)(Sj-I-chloro-z-methylbutane (ix]2 f1_6o-1.62~) as previously 
published_ 

(+)BisI(S)-3-methylpent-l:zincs and (+)tris:(S)-3-methylpentyl’;boron3 were 
prepared as described previously from (tj (S)-I-chloro-3-methylpentaue ( La?,2 

+x9.00’). (+)Bis,(S)-q-methylhesyl~zinc was obtained from (t) (S)-I-chloro-4- 
methvlhesane (‘x?g +10_61”)~. The physical properties and analyses of the organo- - _ 

J_ Ur~~xomefal. Chew.. _r (1965) 341-3@ 
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-alumininm. -aluminium etherate and (+)&is:(S)-3-methylpentyljboron, racemization 
experiments were carried out by heating the organometallic compound directly with 
or \\lthout a solvent using polarimetric tubes (I or o-5 dm length), at constant tem- 

perature (& 0.1~). In the case of (f)bisQS)-z-metbylbutyl~zinc, -cadmium, (f)bis- 
I(S)-3-methylpentvlkinc and (+)bS(S)-+methylhexyl@nc, which decompose 
thermally- with se&ration of metal, the organometallic compound was heated with 

or without solvents under an atmosphere of dry, purified nitrogen and distilled directly 
into the polarimetric tube. 

TJ~rwrzl racwrkztio~a of (+) (R)-r-biihizmr-2-nz~~~~l~rrtnne. (+) (R)-r-Lithium-z- 
methylbutane :o_2S moles. from (f)(S)-r-chloro-P-methylbutane, [xlg +-1.60J--1.62”~ 

in 190 ml of decalin. were heated for IO h at IOO 5 I”. under an atmosphere of dry, 
purified nitrogen. By successi\-e carbonation of the reaction misture and the usual 
procedurtilb (+-)(S)-s-methylpentanoic acid, b.p. 1o2-1o3~ (20 mm). 32% 1_&+3. :cz!g 
+S.~O’ was obtained (3 Pb yield). 

In a repeat esperiment. o-37 moies of (+- j(R)-x-lithium-z-meth~-lbutane _from 

(+)(Si-x-chloro-2-meth~lbutane, :rIg +x60”, in 150 ml of dccalin, were heated for 
I h at IZo-1151. The apparatus was pro\-lded with an effective condenser so that the 
gaseous products evolved did not escape into the atmosphere. By carbonation of the 
misture, cooled osemight at of in preence of 650 ml of anhydrous ether, (+)(S)-3- 

methylpentanoic acid, 112 ~._rqz, :x:2 +S._lj”, was obtained (3.5‘5 yield). On 
heating at ro+z2gc, (+)(Rj-I-lithium-2-methylbutane in decalin decomposes mainI_v 

to z-meth-lbutene aad lithium hydride; this thermal decomposition is complete in 

S 11 Zli CLZ. X40'. 
(+-j(R)-r-Lit1~ium-2-meth~-lbutane 10.65 moles, from (-+)(Sj-I-chloro-2-meth>-l- 

butane, ‘2-2 i1.61’- in ISO ml of isopropv1 ether were heated for 6 h at 62-63’. 

During this lkriod 612 1 of propylene wzre evolved and x6 g of practicall>- pure 

2-methvlbutane :vcre obtained in an ice--\-aC1 coo!cd trap. BJ- carbonation of the 
reaction misture , (_jjS?-3-mcth?-lpentanoic acid :li$ 1-4142, [zig +S.+g”-S.+6”J 

xvas obtained (12 ‘1; >-kid!_ 
Thrii:fd i.:ltilll~~clii@fl if (+)bfS z(5)-2-91,_. _ -~~-f~~ibr~!~I~~~;~z~~~~siz~~~z_ (+)(.S)-2-JIeth_vl- 

but-hnngne~ium chloride ro.26 moles, from ( fj(Si-;-chloro-a-nieth>-lbutane, axis 

j r.60’: in ethyl ether was slo~vl~- (2 h) added to boiling sylene and distillation of the 
mixture continued until the refracti\-e indcs of the distillate was that of qlene. 
_x_\-lent was added at inter\-& to maintain the liquid level in the distillation apparatus~ 

approsimntel~ constant_ The (f)(S)-2-methylbutvlma_gnesium chloride suspension in 
ISO ml of svlene was heated for IO h at IOO 5 I’_ By carbonation, (+j(Sj-3-meth>-l- 

pentanoic acid 1x2 r.+_lr, :z:$ +S.+‘: was obtained (71 y& >-ield). 

(-)Bia:(.Sj-2-meth-lbut?_l:magnesium (.z.o 9). prepared by the Xosher and 

LoeMer procedurei, from (+-j(s)-2-methylbutyl magnesium chloride in ether, was 
carbonated to { f j(S)-3-meth>-lpentanoic acid, b-p. 102” (20 mm). -122 I.+*. :rlg 

+ S-45 c (q 0 b yield) _ 
(+:B;s:(S)-2-meth~-lbut~i~ma~nnesium (___ 3 3 g) were heated, under an atmosphere 

of cl? nitrogen, for IO h at xoo + I ‘; by carbonation of the mixture, (t)(S)-3-methyl- 

pentanoic acid, 11s I+*, Iz:g -+S. _+o”, (_+I y& >-ieldj was obtained_ 

;\ diosane solution of (+)bis:(S)-2-methvIbut\-l’magnejium (50 ml of 0.26 Xj 

were heated for IO h at 103 &- z>. The misture x-as cooled, carbonated and (+)(S)-s- 

meth~lpentanoic acid ~JZ~ r+r+x, Iz-=J -S.q5”- _ / was recovered (53 v.& yield:] _ 
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The chemical reactivity of organometallic compounds containing a tertiary 
carbon atom in the p position with respect to the metal atom, was studied byinves- 
tigationof the thermal racemization of some organometallic compounds of Li, Xg, Be, 
Zn, Cd, I3 and 31 containing optica&- active alkyl groups. _‘it a temperature of IOOO 

on!>- the a-methvlbutvl derivatix-ej of Be, B and -41 racer&e at an appreciable rate. 
\\kn the as>-mketri~ carbon atom is in the 7 or b position xith respect to the metai 
atom, no racemization was obserx-ed_ The influence of solvents on the optical activity 
decnyrate and a reasonab!e mechanism of the thermal racemization of the investigated 

organometzllic compounds zre discussed. 

S 'LX-- J_ JOS\;ES. D. P. Ev_xss. T_-Gcr~r_2rr ASD D. C. GRIFFITH% J_ Ckcm. SC~., (xg3Sj 39. 
CJ L. LARDICCI ASD R. Rossr. _-flii SOC. Tascnna Sti. -Vat.. 69 B (1962) x. 


