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Propane- 1,3-di(magnesium halide) I

,Sir.'

Metallocyclic compounds are intermediates in a number of
interesting metal-catalyzed reactions.2 A useful method for
preparing authentic metallocycles having rings of f ive or more
members for mechanistic studies is the reaction of a metal
halide with an alkane-a,c,r-dimagnesium or -dilithium reagent.
lt has not been possible to prepare four-membered metallo-
cycles-metallocyclobutanes-by this procedure, since the
requisite dimagnesium or dil i thium reagents have not been
avai lable:  react ion of  I ,3-dihalopropanes with magnesium or
lithium yields primarily cyclopropane, and does not generate
propane- 1,3-dimetal compounds.3,a We report here a prepa-
ration of propane-1,3-di(magnesium halide) (l), and i l lustrate
its usefulness in the preparation of metallocyclobutanes by
syntheses of  l , l  -d imethyl-  and I  , l  -d iphenyls i lacyclobutane
(Scheme I) .

Hydroboration-mercurations of allene gave propane- 1,3-
di(mercury(l l) chloride) (2). Attempts to convirt 2 directly
to I by transmetalation6 with magnesium, or to propane-
1,3-di l i th ium by react ion wi th l i th ium, produced only an un-
reactive, insoluble mixture of polymeric dialkylmercury
Scheme I .  Preparat ion,  Isolated Yields,  and React ions of  propane-
1,3-di (magnesium t : lT]  ( l )  and Relatect  Compounds
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compounds. To prevent the formation of these compounds on
exposure of  the propane-1,3-dimercury( l I )  moiety to mag-
nesium, 2 was f i rst  t reated with 2 equiv of  an organol i th ium
reagent, RLi, and converted to soluble dialkylmercury re-
agents (3;.; 'a Treatment of 3 with magnesium powder in THF
containing magnesium bromide (prepared in s i tu by react ion
of magnesium with 1,2-dibromoethane) y ie lded a mixture of
I  and monofunct ional  organomagnesium reagents,  RMgX.

The composi t ion of  these mixtures of  organomagnesium
reagents was assayed by addition of an excess of trimethyltin
chlor ide,  and GLC examinat ion of  the resul t ing organot in
compounds. In a typical  react ion sequence carr ied through
using methyll ithium to convert 2to3 (R = CH j), the organotin
compounds detected were (GLC yields, o/o, based on 2):
( C H 3 ) 3 S n C H 2 C H 2 C H z S n ( C H : ) :  ( 9 8 ) ,  ( C H 3 ) a S n  ( 1 0 0 ) ,
CH rCHzCH2Sn(CH:) . r  (2 ) ,  CHr :611CHzSn(CH:) :  (  <  I  ) .
Control  expcr iments establ ished that the condi t ions used in
these assays converted n-decylmagnesium bromide to n-de-
cyltrimethyltin quantitatively. The presence of I was confirmed
by isolat ion of  d imethyl  g lutaratein630/o y ie ld fo l lowing car-
bonat ion and ester i f icat ion,  and by preparat ion of  I  , l  -d i -
methyls i ly lcyclobuta ne in 660/o y ie ld (GLC),  and I  , l  -d iphen-
yls i ly lcyclobutane in 75o/o y ie ld ( isolated) fo l lowing react ion
with the appropr iate diorganosi l icon dihal ides (Scheme I) .e

The unsymmetr ical  d ia lkylmercury compounds (3) could
be isolated. For preparative reactions, however, isolation was
not necessary: when a suspension of I .0 equiv of 2 and 30 equiv
(a large excess) of  magnesium powder in THF was treated in
sequence with 2.0 equiv of  an organol i th ium reagent and 2.0
equiv of 1,2-dibromoethane, and the resulting mixture allowed
to stir for 7 h at room temperature, I was generated in yields
that depended on the structure of  the organol i th ium reagent
used (y ie ld  o f  l ,Vo ,  based on  2) :  CHIL i  (98) ,  C6H5L i  (95) ,
n-C+HqLi (80),  (CH:)rCLi  (60).  For most preparar ive work,
3 (R = CHt) was the most convenient mater ia l  wi th which to
work. The preparation of I by this procedure is necessarily
accompanied by the formation of 2 equiv of monofunctional
Grignard reagent (RMgX).  For fur ther react ions wi th mo-
nofunct ional  substrates,  use of  th is mixture presented l i t t le
diff iculty, since the products were easily separated. For me-
tallocyclobutane formation, however, it was desirable to use
a solut ion of  I  which contained less RMgX. Two techniques
produced solut ions which were enr iched in l .  In the f i rst ,  ad-
dition of diethyl ether to the reaction mixture in THF resulted
in the separation into two phases, with I concentrated in the
lower. Removal of the upper layer, solution of the lower layer
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in THF, and repetit ion of this procedure several t imes resulted
in solutions in which the ratio of I to RMgX was greater than
9:1.  A disadvantage of  th is procedure is that  only l0-20o/o of
the available I is recovered. The second procedure involved
treat ing the in i t ia l ly  formed mixture of  organomagnesium
reagents with additional I and subsequent transmetalation of
the resul t ing mixture of  d iorganomercury compounds. With
this method 30-mmol quantit ies of I can be prepared routinely
in  so lu t ions  in  wh ich  the  ra t io  o f  I  to  RMgX is  ca .2 :1 .  A t -
tempts to produce more homogeneous solut ions of  I  wi th th is
process are f rustrated by increasingly s low transmetalat ion
rates and decreased yields of  l . r0 Ut i l izat ion of  these two
techniques in combinat ion permits the preparat ion of  usef,ul
quant i t ies  (5  10  mmol )  o f  I  in  so lu t ions  conta in ing  no  more
than ca. 20 mole ozo of this quantity of monofunctional Grignard
reagents.
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