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Addition of Grignard and alkyllithium reagents to 
carbonyl groups is one of the most widely used applica- 
tions of organometallics in organic synthesis.l However, 
its intramolecular version has never been fully developed, 
owing to the high reactivity of the reagents required to 
generate the CMgX or CLi group in the molecule already 
containing an unprotected carbonyl function.2 Alterna- 
tives involving less reactive organometallic species (B, 
Si, Sn, Zn, Cr, and Ni) are confined to allylic, benzylic, 
or vinylic halides and enol triflates as  precursor^.^ Much 
more successful is the Sm(I1)- and Yb(I1)-mediated cy- 
clization of halo ketones and halo  ester^.^^^ We have 
recently shown that the intramolecular addition to an 
aldehyde group in 1 and 2 can be accomplished via 
activating the neighboring CHgX moiety by organo- 
cuprates (Scheme l).6,7 Similarly, intramolecular addi- 
tion across an activated double bond (1,6addition) has 
also been observed.6 Herein, we describe related in- 
tramolecular additions to ester groups. 
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Whereas esters react rapidly with Grignard and alkyl- 
lithium reagents, they are essentially inert toward or- 
ganocuprates.* However, an intramolecular reaction of 
this type has rarely been attempted? presumably in view 
of the difficulties associated with generating a suitable 
precursor. Since the carbonyl-containing organomercu- 
rials can be prepared as stable compo~nds,6~~ we reasoned 
that they might serve as the starting materials of choice. 
Furthermore, it was of interest to explore whether the 
species resulting from their activation by treatment with 
organocuprates were prone to add intramolecularly across 
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ketones require much higher temperature, whereas esters are practi- 
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took place (-78 "C, 10 min; 70% isolated ~ i e l d ) . ~ l J ~ J ~  The 
reaction turned out to be very clean; only traces of 
unidentified byproducts were detected. Since MeLi itself 
gives a complex mixture of products, it is obvious that 
Cu plays a crucial role in the reaction, so that the 
reactivity must originate from MesCuLiz (or a similar 
species) rather than from free MeLi. 

The acyl migration can be rationalized as follows: the 
organometallic species 17, generated from 16a, reacted 
via attack on the neighboring ester group and the 
corresponding intermediate 18 subsequently collapsed to 
19a on aqueous workup. The benzoate 16b and pivalate 
16d5 exhibited the same behavior, producing 19b (60%) 
and 19c (55%). 

The reaction of the seven-membered ring acetate 20a 
with Me3CuLiz gave rise to a mixture of acetal 21a16 
(37%) and the hydrolysis product 22 (23%).17 On the 
other hand, the corresponding benzoate 20b15 and piv- 
alate 20d5 gave the acetals 21b (65%) and 21c (59%), 
respectively, in good yields as the sole products. 

With the 5-membered ring analogue 23, the reaction 
was again successful: on treatment with MesCuLiz, 23 
afforded the expected acetal 24 (57%) as a single product. 

Two mechanisms of the intramolecular addition can 
be envisaged: (a) second methylation of MeHg-CHZR to 
generate [MezHg-CH&- and (b) t ran~metalat ionl~ or 
formation of a cluster [Me,Cu,Li,Hg1Rlg as the reactive 
intermediate. More experiments will be needed to re- 
solve this issue. 

In summary, on treatment with MeaCuLiz, organomer- 
curials containing a suitably located ester group (16,20 
and 23) give the corresponding acetal species (18,21, and 
24, respectively). This unique transformation represents 
a novel, mild way for intramolecular addition of organo- 
metallics across a carbonyl group. 
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the ester carbonyl as they are in the case of aldehydes 
(e.g., 1 and 2h6 

The model organomercurials were prepared by mer- 
cury(I1)-mediated ring opening of cyclopropyl alcohols 
4-6, which, in turn, were obtained via the stereoselective 
Simmons-Smith cyclopropanation of the corresponding 
allylic alcohols.1° As expected, the reaction rate of the 
ring-opening is dependent on the nature of the mercury- 
(11) salt. Of the three reagents used, (AcO)zHg, (CF3- 
C02)~Hg, and Hg(N03)~, acetate is least electrophilic and 
reacts relatively slowly; nitrate is the fastest. When the 
reaction was run in methanol, (Ac0)ZHg gave acetate 71° 
(after NaCl workup), whereas treatment with Hg(N03)~ 
resulted in the formation of nitrate 8.1° Hence, even 
NO3- is sufficiently nucleophilic to compete with the 
solvent in capturing the electrophilic intermediate. On 
the other hand, (CF&02)zHg/MeOH afforded methoxy 
derivative 9 (86%),11 reflecting the very weak nucleophi- 
licity of CF3C0z-.l2 In order to avoid complications 
associated with the presence of potentially reactive AcO- 
or OzNO- groups, we have concentrated our attention 
on the methoxy series. Methylation6 of 9 with MeCu 
furnished the methylmercurio derivative 10 (88%), re- 
quired for further study. 

In analogy to the above series, cycloheptane derivative 
51° was regioselectively opened to give, after NaCl 
workup, chloromercurio derivative 11 (go%), methylation 
of which with MeCu afforded the desired methylmercurio 
derivative 12 (80%). Cleavage of the cyclopentane ana- 
logue 6 turned out to be less regioselective, producing a 
mixture of 13 and 16 in ca. 2:l ratio (82%), which was 
directly methylated with MeCu. The desired methyl- 
mercurio derivative 14 was then obtained by chromato- 
graphic separation. 

The six-membered ring acetate 16a, obtained by acety- 
lation of 10 (AczO, DMAP; 94%), was treated with an 
excess of MezCuLi in Et20, but no reaction was observed. 
On the other hand, when MesCuLiz was used as the 
reagent, a fast conversion into the hydroxy ketone 19a 
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temperature (-78 "C), while a complex mixture resulted on heating 
to 0 "C. Finally, the reagent generated from (Bu3P)CuI and MeLi 
turned out to be inert. (b) Another possible approach would be the 
activation of the carbonyl by a strong Lewis acid, such as MoC16 or 
Alc13.6s'8 However, treatment of 20a with MoClh resulted only in the 
demethylation and chlorination: RCHzHgMe - RCHzHgCl (14%) + 

(18) (a) Srogl, J.; Gogoll, A.; KoEovskfr, P. J .  Org. Chem. 1994, 59, 
2246. (b) Takemoto, Y.; Ohra, T.; Yonetoku, Y.; Imanishi, T.; Iwata, 
C .  J .  Chem. SOC., Chem. Commun. 1992, 192. (c) Takemoto, Y.; Ohra, 
T.; Yonetoku, Y.; Nishimine, K.; Iwata, C. J .  Chem. Soc., Chem. 
Commun. 1994, 81. 
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Synthesis 1993, 537. 
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