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ABSTRACT

Substituted vinylidene zinc carbenoids undergo a Fritsch−Buttenberg−Wiechell rearrangement. The migratory aptitude of the two groups R/R1

was studied by 13C labeling experiments and depends on the degree of substitution in R and R1 groups and on the presence of an oxygen
atom in the allylic position.

Vinylidene carbenoids of type1, 2, or 31 (Figure 1), derived
from alkaline metals, are known to rearrange to alkynes

(Fritsch-Buttenberg-Wiechell rearrangement)2 in good
yields. Recently, we have shown3 that this rearrangement of

zinc carbenoids of type4 also leads to alkynes5 in good
yields (Scheme 1).

We have also demonstrated that the rearrangement from
4 to 5 occurs with complete retention of the starting
configuration, although we had not proven the indentity of
the migrating carbon.3 In this paper, we address the latter
question.

In diaryl-substituted systems of type1, it has been proven
by 14C labeling that the major migrating group is the aryl
moiety locatedanti to the halogen.4 Such a stereoselectivity
in the migration has been explained by large distortions of
angles and elongation of the C-X bond as shown by X-ray
diffraction in lithio and magnesio carbenoids.5 However, in
the case of4, the effect of the oxygen versus the vinyl
substituent on the migrating atoms was uncertain. It has been
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Figure 1. Carbenoids prone to rearrangement.

Scheme 1
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shown recently6 that13C-labeled vinylidene zirconium-iodo
carbenoids bearing an aryl and an allyl moiety on C(2)
undergo the aryl migration preferentially, whereas those
bearing an alkyl and an allyl moiety on C(2) behave
differently (Scheme 2), indicating the exclusive migration
of the allyl group when the alkyl R1 group is secondary,
whereas both groups migrate if R1 is primary, although in
this case the exact geometry of the intermediate carbenoid
could not be ascertained.

To further examine an alkyl versus an allyl migration, we
prepared labeled6 from R-tert-butoxyheptanal and13CBr4
(Scheme 3).6 was converted to 1-lithio-3-tert-butoxy-1-
octyne which was submitted in situ to carbometalation,7

affording the vinylidenegem-bismetallic7.
From previous experiments8 on the corresponding unla-

beled starting material, we knew that chlorination of the
intermediate vinyl bismetallic7 by PhSO2Cl gave8 stereo-
selectively, the nonchelated C-ZnX bond being cleaved

more readily than the other, and we were pleased to find
(13C NMR) that the unique enyne10 was formed by
increasing the temperature (Table 1, entry 1), indicating the

exclusive migration of the alkoxymethine moiety located
trans to the chlorine in8.

The generality of this process was then studied with
systems devoid of any chelating heteroatom, and we looked
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a This hydrolytic experiment was made from unlabeled compound6.

Table 1. Fritsch-Buttenberg-Wiechell Rearrangement of
Vinylic Chloro Carbenoids

a Only the major chloroolefin obtained upon hydrolysis of the carbenoid
intermediate is represented.b Only the major enyne is represented.
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at the competitive migration of a secondary or a primary
alkyl versus an allyl or 2-butenyl group (Scheme 4).

First, labeled, metalated cyclohexylacetylene was prepared
from cyclohexanecarboxaldehyde and13CBr4 as above and
submitted to allylzincation. The monochlorination of the
bimetallic species11 (R1 ) c-C6H11, R2 ) H) gave the
carbenoid12which upon warming delivered the two alkynes
14a and 14b in a 12/1 ratio (Table 1, entry 2). However,
this ratio is not related to the geometry of the intermediate
12, as the hydrolysis of the corresponding unlabeled com-
pound led to a mixture of chlorovinyl derivatives13 (E/Z )
1/2).

13C NMR studies on unlabeled14 allowed us to discrimi-
nate C(4) and C(5) via a long-range H-C COSY experiment
and thus determine the identity of14a and14b. The major
enyne corresponds to a migration of the allyl moiety, but
shows that this happens whatever its initial position,cis or
trans to chlorine. Thus, the total stereoselectivity observed
from 8 to 10 is related to the presence of the allylic alkoxy
moiety.

The competition between a cyclohexyl and a 2-butenyl
group was then considered (Table 1, entry 3). Lithiated
cyclohexylacetylene leads to the corresponding chlorovinyl
educts15 (E/Z ) 2/1), whereas the Fritsch-Buttenberg-
Wiechell rearrangement performed on the labeled 1-alkyne
shows a predominance of the 2-butenyl migration of 6/1
(lower than allyl migration). Finally, the competition between
a primaryn-octyl and a 2-butenyl group (Table 1, entry 4)
showed that from aE/Z ) 2/1 ratio in17 the migration of
then-octyl group prevails by 2/1: the primaryn-octyl group,
although predominantlycis to Cl in 17 (as determined on
the unlabeled product), migrates better than the secondary
cyclohexyl in15. It must be noted that no allylic rearrange-
ment of the 2-butenyl moiety is observed as no linear enyne
(tetradec-2-en-5-yne) is detected. Thus, the migrating aptitude
of the 2-butenyl group is related more to its substitution order
than to its allylic character.

The migrating aptitude of the groups can be classified as
follows: alkoxymethine> n-octyl >(?) allyl > 2-butenyl
> cyclohexyl. Unfortunately, the experiment corresponding
to the symbol (?) above cannot be made, because withn-alkyl
acetylides (RCH2CtCΗ) the allylmetalation does not stop,
as is documented,9 at the desired vinyl bismetallic but instead
goes on to the trismetallic derivative RCH2(allyl)2CCM3. This
relation between substitution and migration seems to be in
good agreement with the migration order observed in the
“Fritsch-Buttenberg-Wiechell type” rearrangement of true
alkylidene carbenes as reported recently.10

In summary, the Fritsch-Buttenberg-Wiechell rearrange-
ment in the aliphatic series for zinc carbenoids depends on
the migrating aptitude of the groups, whatever the config-
uration of the carbenoid. Only in the case of allylic ether
(8) was the selective migration of the alkoxymethine moiety
trans to chlorine observed.
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Scheme 4

a These hydrolytic experiments were made from the corresponding unlabeled dibromoalkenes.
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