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Concerted Intramolecular Displacement with
Rearrangement in Allylic Systems. Displacement of an
Allylic Ester with a Carbanion

Sir:

The formation of a ring by intramolecular displacement with
rearrangement of an allylic departing group,' as shown in 1
— 2, could be a valuable reaction:? if the displacement is ste-
reospecific it will result in predictable transfer of chirality from
the secondary alcohol center in 1 (easily obtainable from any
readily available chiral ethynyl carbinol)? to a carbon atom
of the newly formed ring.

Our initial investigation! of such an intramolecular internal
Sw- reaction (for which we suggest the symbol Scn#) repre-
sented by 1 — 2 showed that, when A is sulfur, reaction results

0X

in a transfer of chirality (* — **) which corresponds to very
largely anti relationship of A~ and X in the transition state for
the cyclization (to a tetrahydrothiophene).

This result was surprising because it is in contrast to the
clean syn relationship reported for the only previous cyclization
of this type.?®> In that instance, the departing oxygen function
was part of an epoxide rather than, in our case, of an ester
group; and the displacing group A was carbon rather than
sulfur.

The difference in stereochemical course might be the result,
inter alia, of different geometry relating entering and departing
groups (metal chelation with epoxide?); or it might be due to
some peculiarity of the sulfide ion (one-electron transfer?)
involved in the cyclization in which A is sulfur.

In order to examine the latter possibility, as well as to es-
tablish the usefulness of the chiral synthesis shown in 1 — 2,
we have now examined the situation in which A in structure
1 above is carbon rather than sulfur and now demonstrate that
anti relationship between entering and departing group is ob-
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served here also, resulting now in the formation of a cyclo-
pentane ring.

The required material for the cyclization studies was pre-
pared starting with partially resolved (S)-(—)-1-butyn-3-0l°
(3), [@]??p — 26.7° (¢ 3.3, dioxane), which had 49.7% enan-
tiomeric excess.’ Protection of the secondary hydroxyl group
(ethyl vinyl ether, trace of POCI3, 0-10 °C, 2 h), followed by
alkylation with [-bromo-3-chloropropane (1.5 equiv of
LiNH,-liquid NH3, —33 °C, 8 h), gave the 1-ethoxyethyl
ether of 7-chloro-3-heptyn-2-ol (4), bp 91-92 °C (0.35 mm).

H. 0 0\‘
H cl /<CH\(

He=0l O — NP
CH, 4
3 H
EtO.C ><OH
— CH & CH,
EtO_,C/ ~

5

Alkylation in the presence of sodium iodide (~0.3 equiv) with
sodium diethylmalonate (~2 equiv of 1:3 DMF-EtOH, 105
°C, 12 h), followed by removal of the protecting group (~3:1:1
AcOH-THF-H;0, 35 °C, 6 h), gave the ethynylcarbinol §
which had [«]?2p — 7.8 ° (¢ 1.95, benzene), after purification
by MPLC onsilica gel (30:70 ethyl acetate-hexane) 8 Selective
hydrogenation (5% Pd/BaSO,, CH3OH, trace of quinoline)
to the cis olefinic carbinol and esterification with 2,6-dichlo-
robenzoyl chloride® (1.5 equiv of pyridine, 105 °C, 2 h) gave
ester 6, mfe 445 (M + 1)*, [a]??p +28.6° (c 2.1, benzene),
after purification by silica gel chromatography (1:4 ethyl ac-
etate-petroleum ether).

Cyclization of (S)-(+)-6 was best achieved with sodium
hydride (2 equiv in 2.6:1 THF-DMF, 55-60 °C, 9 h) which
gave, after chromatography on silica gel (5:95 ethyl acetate-
benzene), a 70-80% yield of diethyl 2 -rrans-1-propenyley-
clopentane 1,1-dicarboxylate (7). The structure of 7-{a]??p

B K,
\ L0C H/
X ) CH,
E
g CHoa EE

] 7(J =15 He)
E= COQC.’H"
” H
?‘/\ H/ ; \CO'*’H
CO.Et N
. 9

+29.6° (¢ 2.1, benzene), was supported by the 'H and '3C
NMR data and, as indicated on the formula, it is particularly
important for the further analysis that the double bond in 7 is
clearly trans.

Absolute Configuration of 7. The appreciable rotation of the
cyclization product 7 suggests strongly that the reaction must
be concerted with considerable bias, whether in favor of syn
or anti displacement. This was confirmed by studying the 'H
NMR spectrum of 7 in presence of the optically active shift
reagent tris[(3-heptafluorobutyryl)-camphorato-d]europi-
um(IIT).'° The proton labeled Hy in 7 gave separate doublets
(irradiation of methyl) for the two antipodes in the ratio
~72:28. Since the ratio of the two antipodes of the starting
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alcohol 3 was (vide supra) ~75:25, the reaction is clearly highly
stereoselective.

Monodecarbethoxylation of 7 with lithium chloride in
aqueous Me,SO!! gave the mixture of esters 8, {@]22p +9.5°
(¢ 1.6, benzene). This gave a single peak on 5% FFAP at 140
°C, but was (13C NMR) a trans-cis mixture, as expected.
Oxidation of the mixture of stereoisomers with ruthenium
oxide-sodium periodate in aqueous acetone!? to the half ethyl
ester of cyclopentane-1,2-dicarboxylic acid, [«]22p +21.2° (¢
2.1, benzene), and hydrolysis (0.9 M potassium hydroxide in
1:1 THF-EtOH at room temperature) gave the desired cy-
clopentane-1,2-dicarboxylic acid 9. The identity of the product
thus obtained, a cis-trans mixture of cyclopentane-1,2-di-
carboxylic acids, was established by comparison (as the di-
methyl esters) with authentic racemic material.!? The absolute
configuration of the trans diacid 9 in the mixture could easily
be established, since the cis isomer does not contribute to the
rotation. The mixture of acids had [«]?2p +17.2° (¢ 1.2, H,0).
This establishes the presence of an excess of the (15,25)-(+)
trans isomer of the absolute stereochemistry shown in 9 since
the (1R,2R)-(—) diacid antipode of 9 has been correlated with
the (15,25)-(—=) isomer of 1,2-cyclopentanediacetic
acid. 1415

We conclude that the internal displacement with rear-
rangement (Scn-) of a reactive ester of an allyl alcohol takes
place anti to the departing carboxylate function when the
displacing (cyclizing) group is a carbanion. This is the same
stereochemistry which we had previously established for dis-
placement by sulfide ion.! The apparent agreement with some
recent theoretical proposals'® is probably illusory because (a)
some intermolecular displacements also involving negatively
charged displacing groups have been shown to involve syn
displacement;!7 (b) at least one intramolecular displacement,
involving an allylic epoxide, seems to take place syn.?

It is indeed likely that the nature of the counterion, of the
departing group and of the medium will all be involved. 1t does
however appear possible, in many cases, to delineate those
systems which may be expected to lead to predictable chirality
transfer. We intend to pursue this goal.
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Roles of Multiplicity and Electronic Excitation
on Intramolecular Reactions of Alkylcarbenes
in Condensed Phase

Sir:

Little information exists as to the roles of multiplicity and
electronic excitation in intramolecular reactions of alkylcar-
benes in condensed phase. Such intermediates generated
thermally have been presumed to rearrange and insert by
singlet mechanisms.! Triplet alkylcarbenes have had little
study but are theorized to resist rearrangement and concerted
carbon-hydrogen insertion because the conversions into triplet
products are unfavorable energetically.2-* Recently, thermal,
photolytic, and photosensitized decompositions of 1-diazo-
2-methyl-2-phenylpropane to 1-methyl-1-phenylcyclopropane,
2-methyl-1-phenylpropene, 2-methyl-3-phenylpropene, cis-
and trans-2-phenyl-2-butenes, and 2-phenyl-1-butene have
been interpreted to involve varying mixed singlet and triplet
carbenic processes.’ It is also not clear whether triplet alkyl-
carbenes undergo intramolecular carbon-hydrogen insertion
by abstraction, spin inversion, and recombination.® Important
further theory is that the more indiscriminate intramolecular
gas-phase insertion and rearrangement reactions upon pho-
tolysis than by thermolysis of alkyldiazirines have been at-
tributed to vibrationally excited carbenes (hot radicals) as
generated photochemically.” A study is now reported of car-
benic decomposition of 3-rert-butyldiazirine (1),32 |-diazo-
2,2-dimethylpropane (2),3 and 3-isopropyldiazirine (3)3 by
various methods in condensed phase. Particular emphasis has
been directed to the intramolecular triplet processes from
1-3.

(CHa )aC {CHgJaC
\C/ Ca=N=N
H/ \ H/

i ) 2CH
(CHa)z \C/
H/ ~

RS
o=

3 2 2

Decompositions of 1-3 by thermal and photochemical
methods occur efficiently by carbenic routes in environments
which minimize cationic processes.” Thermolysis of 1 and 2
in decalin or cumene (Table I) at 130-180 °C in the presence
of sodium hydride thus gives 1,1-dimethylcyclopropane (4,
87-91%) and 2-methyl-2-butene (5, 9-12%) in the indicated
proportions. The 2-methyl-1-butene (6, 3.2%) from 2 is an
initial contaminant of the diazo compound and is also formed
by cationic decomposition of 2 upon warming. The similarities
in the ratios of 4 and 5 from thermolyses of 1'%and 2 imply that
common reaction intermediates are involved.

Irradiation (Table I) of 1'! at 25 and —80 °C in solvents
containing tetramethylguanidine or sodium hydride yields 4
(45-46%) and 8 (54-55%). Similarly, photolyses (phot) of 2
in tetrahydrofuran at 25 and —80 °C give 4 (46.5 and 51.9%)
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