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Homoallyl-Cyclepropanation of Dibenzylidene Acetone (dba)
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Abstract: Indium mediated reaction of dibenzylidene acetone (dba) with [2H,]-allyl bromide affords
i,i-distyryi-2-(but-3-enyi) cyciopropane 7 (a triene) as a mixiure of four isoiopomers. Whilsi ihis
reaction is not regiospecific, the analogous reaction employing crotyl bromide in place of allyl
bromide is highly regioselective and somewhat selective for the cis cyclopropane isomer. When the
reaction is performed with dimethylallyl bromide, cyclopropanation fails and tetraene products are
obtained instead. © 1998 Flsevier Science Ltd. All rights reserved.
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There is a rapidly increasing number of examples of the potential of organoindium reagents in organic
synthesis.! In particular, allyl indium sesqui- (1) and di- (2) halides have been extensively developed as
practical organometallic reagents. They are conveniently prepared? by reaction of In metal or Inl with allylic
bromides, iodides or phosphates and mediate highly efficient Barbier-type allylations? of ketones and
aldehydes, often under aqueous conditions, to give homoallylic alcohols# via hydrolysis of 3 [Eq. (1)].
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Usefully, reagents 1 and 2 undergo clean [1,2] addition to o,B-unsaturated ketones 4 to afford ailylic-
homoallylic alcohols 65 after hydrolysis of intermediate 5 [Eq. (2)]. We are currently engaged in the
development of organoindium-mediated deoxygenative methodologies and as part of this program we recently
reported that intermediate § can also be induced to afford 7 in good yield.6
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with In powder and with Inl afforded ZH-labelled allyl indium reagents [2Hg]-1 and [2H,]-2 respectively. 2H
NMR spectroscopy clearly demonstrated that the 2H label is completely and equally scrambied between C(1)
and C(3) during the formation of both reagents.8 Residual 1,1-[2H;]-allyl bromide was not scrambled.
Addition of ca. 2 equiv. benzaldehyde to the THF solutions resulted in complete consumption of [2Hg}-1 and
[2H4]-2 within 1-2 minutes and, after addition of 1 M HCI, signals corresponding to a 1 : 1 mixture of 2,2-
[*H2]- and 4,4-[2H;}-8 were observed. Preparative In-mediated reaction of benzaldehyde with 1,1-[2H;]-allyl
bromide afforded [2H;]-1-phenylbut-3-en-1-0l 8. Analysis by 'H, 2H and !3C{!H} NMR indicated that 8

consisted of an equal distribution of the 2,2-[2H;]- and 4,4-[2H,]- isotopomers,® [Eq. (3)].
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We then studied the formation of cyclopropane [2H4]-7. Reaction of 4a with [2Hg]-1 in THF at 25 °C,
for 24 h followed by 1 equiv. LiBr and then aerobic work-up with Et;O / 1M HCl(aq) afforded [2H4]-7 (78
%) as a mixture of all four [2H4]-isotopomers. 1H, 2H and !3C{!H} NMR analysis of [2H4]-7 indicated an
equal distribution of [2H;] between C(1) and C(3) and thus no observed secondary kinetic isotope effect,
[Eq. (4)]. This is consistent with the 2H distribution observed in the allylation of benzaldehyde, [Eq. (2)], and
supports the intermediacy of a species of type [2H4]-5 as a 1.00 : 1.00 ratio of C(1)-[2H,] and C(3)-[2H,]
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In stark contrast, the 2H-distribution at C(4) and C(6) in [2H4]-7 demonstrated a net secondary kinetic
isotope effect of 1.09 (£ 0.01) in favour of [2H;] at C(4) over C(6). Since the 2H-distribution in the In-ally!
a 7a PO D JRST A sremiwr masmm il b sl e . 4k o - 10 T . P S o ) Py o
group C(4,5,6) in [2H,}-5 is likely to be very similar to that in the In-allyl groups of the reagent [2Hg]-1, this

suggests that the mechanism for the transfer of the second allyl unit to the methylene carbon of the cyclopropane
is quite different in charge distribution and extent of rehybridisation during the transition state to that involved in

the initial allylation step of the carbonyl.
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Reaction of crotyl indium sesquibromide (9) with 4a also proceeded smoothly to afford 11 - the product
101 ) 129 - Adl analad 11 tn affned P PR p—
arising from transfer of two crotyl units [Eq. (5)]. The reaction was readily scaled up to afford multigram

with no evidence of CH(Me).
|
3 /In\v/\\\l/CHS n P ..
l' L . ) single regioisomer
] . 6
9 r 4 :
o 1 / 2 AN M R! AT (Eg. 5)
2
2 4
/\)J\ CHy 1. LiBr 3
PR X Rl — T c N, Ph/\/‘q\\/j\cHs
° R' 2. E,0 o !
THF, 25 °C CH, > o bH,
42 R = PhCH=CH (£)-10 L = C4Hy / Br 11 (79 %)

The reaction thus proceeds with excellent regio-selectivity (> 98 %) to yield 11 with the two CHj3
exclusively at C(1) and C(4). This regioselectivity further supports the intermediacy of 10 since the
regioselectivity is consistent with that observed for the In-mediated crotylation of aldehydes and ketones where
an E-crotyl-indium reagent is assumed to react via Zimmermann-Traxler type transition state. On rearrangement

of 10 this regioselectivity places the CHj; at C(1) rather than at the homoallylic (C(3)) position. Assuming that
the preferred isomer of the In-crotyl unit in 10 is the same as in 9, i.e. E-CH3-CH=CH-CH,-In, then the

1

regioselective formation of 11 with a CH; at C(4) would suggest that the rearrangement of 11 proceeds via a
closed, e.g. cyclic, transition state hence delivering the terminus (C(4)) of the crotyl unit in 10 to C(3).
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Figure 1. Diastereomer ratios of cis and trans 11 - assignments based on NOESY ('H,'H, 500 MHz) spectrum of mixture.
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.8 : 1) and high (11,4ss 13 : 1) diastereoselectivity was also observed for the generation of the non-
cyclopropane stereogenic centre on the pendant 2-(but-3-enyl) chains.!!
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When the steric hindra
1.2 : 1.0 mixture of £ : Z 1somers according to n. O. e experiments, [(Eq. 6)]. Clearly intermediates analogous
to 10 and § are too strained for the cyclopropane formation to occur. We currently cannot explain the
regioselectivity of formation of 13, but note that whilst all 4a was consumed in the reaction, 13 is the sole
hydrocarbon product (44 %).
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d mechanistic studies are in train.
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