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Stereospecific Allyl-Transfer Reaction from y-Adducts
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KAbstract: Allylation of aldehydes by an allyl-transfer
reaction from the y-adducts of homoallylic alcohols has
been successfully carried out to give the corresponding a-
adducts regiospecifically. The reaction proceeds via a
hemiacetal (11), derived from an aldehyde and the
homoallylic alcohol, followed by a six-membered cyclic
transition state (2-oxonia[3.3]-sigmatropic rearrange-
ment) in the presence of a Lewis acid. Moreover, the y-
adducts are restructured into the corresponding a-ad-
ducts via a similar transition state by an acid catalyst, in
which chirality in both anti- and syn-y-adducts is stereo-
specifically transferred to the corresponding E- and Z-a-
adducts, respectively, with >98 % ee.
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Introduction

One of the most fundamental and important reactions for
constructing carbon—carbon bonds is the allylation of alde-
hydes and ketones (carbonyls) with allylic organometallic
reagents.!! For example, Grignard and Barbier-type reactions
have been widely utilized for the allylation of carbonyls, in
which chemo-, regio-, and stereoselectivities of the desired
homoallylic alcohols are highly dependent on the nature of
the metals employed. For example, the E and Z crotylmetals 1
(R!'=CHj;; MY,=Cp,TiBr,l CrCL,’Bl AlEt,, B(OR),,”
etc) react with an aldehyde to give selectively the anti-y-
adduct 2 and syn-y-adduct 3, respectively, via a six-membered
cyclic transition state (Scheme 1). Moreover, Lewis acid
promoted reactions of less reactive crotylmetals, such as
but-2-enyltributyltin (4),[ with an aldehyde afford the syn-y-
adduct 2 selectively via an acyclic transition state (Scheme 2).
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These facts clearly indicate that allylic metals commonly react
with carbonyls at the y-position to afford y-adducts of
homoallylic alcohols predominantly, although a few excep-
tions have been reported.’)

Discussion

a-Selective allylation of aldehydes using allylic metals: Much
effort has been devoted to synthesize regioselectively a-
adducts using allylic metals. It has been discovered that the
allylic metals used for the synthesis of y-adducts are also
useful for the synthesis of a-adducts when they are used
together with some additives. For example, but-2-enyltribu-
tyltin (4)/Bu,SnCL,,"! 4/BuSnCl;,"! 4/A1Cl;—iPrOH,!' but-2-
enylmagnesium chloride/AlCl;, ' but-2-enyllithium/CeCl;, 2
4/CoCl,,I¥! but-2-enyltrimethyltin/SnCl, ¥l 4/SnCl,,1 Z-4/
BuSnCl,,!'8 etcl'”) react with aldehydes to give the corre-
sponding a-adducts of homoallylic alcohols selectively. For
some of these reactions, it is assumed that the reaction will
proceed by transmetalation of the allylic functionality from
the less reactive allylic metal 4 to the corresponding additive §
to give the y-adduct of the allylic metal (6), which is more
reactive than 4. This, in turn, reacts with aldehyde at its y-
position to give the a-adduct 7 (Scheme 3). However, one of
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Scheme 3. Reaction of 4 to give the homoallylic alcohol 7.

the main problems with this explanation is that it does not
account for cases in which the product has Z selectivity.

One further allylation reaction is the reaction of allylic
barium compounds discovered by H. Yamamoto,} which is
very different from those described above in that it gives the
a-adducts rather than y-adducts of homallylic alcohols
selectively without any additives.

a-Selective allylation of aldehydes by an allyl-transfer reac-
tion of homoallylic alcohols from ketones to aldehydes: We
have reported a conceptually new allylation of aldehydes:[®l
an allylic functionality of the homoallylic alcohol 8, derived by
allylation of acetone, is transferred to the aldehyde 9 to give
specifically the corresponding a-adduct 10 of the homoallylic
alcohol in the presence of a catalytic amount of Sn(OTf),. We
have also proposed a plausible reaction mechanism via the
hemiacetal 11 and then the oxycarbenium ion 12, that is, a
2-oxonia[3.3]-sigmatropic rearrangement (Scheme 4).[']
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Scheme 4. Plausible mechanism for the conversion of homoallylic alcohol
8 to a-adduct 10.
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The reaction mechanism (proposed in Scheme 4) can be
substantiated further by the high E selectivity of the product.
This can be explained by the cyclic chairlike transition states I
and II (see Scheme 5). That is, the transition state I is

Catalysl PhCHO - M/

(B)- 10

OH
(2)-10

Scheme 5. Proposed chairlike transition states I and II in the reaction of 1
to give 10.

preferable to II due to the minimization of 1,3-diaxial
repulsion between the methyl substituent and the hydrogen
atom of the terminal olefin. Although the reaction mechanism
is not completely clear, we can assume that the reaction is
accelerated to give i) more stable cations, ii) sterically less
hindered homoallylic alcohols, and iii) thermodynamically
more stable olefins.

Conversion of y-adducts of homoallylic alcohols to the
corresponding a-adducts: Recently, we investigated the
allyl-transfer reaction further using 2-methyl-1-phenyl-3-but-
en-1-ol (13a) as an allyl donor. Based on the hypotheses i) —
iii) above, reaction of 13a with an alkanal should give the
corresponding a-adduct. The reaction of 13a (anti/syn 20/1)
with 3-phenylpropanal gave selectively the desired product
1-phenyl-5-hepten-3-ol (14a) (E/Z 33/1) in 62% yield,
although 1-phenyl-3-penten-1-ol (15a) (E/Z 17/1) was also
obtained in 29 % yield. Formation of the undesired product
15a suggested that benzaldehyde, formed during the reaction
of 13a with 3-phenylpropanal, will also react with 13a
competitively (Scheme 6). This fact prompted us to find a
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Scheme 6.

more efficient design to give the a-adducts selectively from
the corresponding y-adducts by an allyl-transfer reaction, that
is, ¥ to a conversion. A very successful approach was to
restructure the y-adducts into the corresponding a-adducts by
treatment with a small amount (10 mol %) of the correspond-
ing aldehyde in the presence of a catalytic amount of
Sn(OTf),. In this case, anti diastereoisomers (Table 1) gave
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Table 1. Conversion of y-adducts to a-adducts.l?!

OH RCHO (10 mol%) oH /(1
)\Y(\a Sn(OTf), (10 mol%) Mﬁ“‘ N0 NG
R X R
CHCl; 14¢' (R=Ph)
R 13 14 14f' (R = PhCH,CHy)
Entry y-adduct 13 T t a-adduct 14
R R! (anti/syn)®! °C  h  yield [%]€ (E/Z)P
1 a Ph Me  (20/1) 0 2 78 (491
2 b Ph Ph (35/1) 0 0576  (E)
3 ¢ Ph COEt (1/1.7) 40 40 11 (E)ie
4 d PhCH,CH, Me  (33/1) 0-25 3 89  (25/)
5 d PhCH,CH, Me (1/7.5) 25 2 90 (1/53)m
6 e PhCH,CH, Ph  (14/1) 25 1 8 (BN
7t PhCH,CH, CO,Et (1/13) 40 24 41 (E)!
8 g CHy(CH,)s Me  (12/1) 0o 2 T 1
9 g CH,(CH,), Me  (12/1) 250 9 91 (11/1)

[a] All reactions were performed with 13 (0.5 mmol), aldehyde (0.05 mmol),
and Sn(OTf), (0.05mmol) in CH,Cl, (2.5mL), unless otherwise noted.
[b] Determined by 'H NMR spectroscopy. [c] Yield of isolated product.
[d] 4% (antilsyn 1/1) of 13a was recovered. [e] 8% (anti/syn 2/1) of 13b was
recovered. [f] The Z isomer was obtained as the lactone 14¢’ (33%). [g] 19%
(anti/syn 14/1) of 13 ¢ was recovered. [h] 3% (syn) of 13d was recovered. [i] 6 %
(anti/syn 1/23) of 13e was recovered. [j| The Z isomer was obtained as the
lactone 141’ (51 %). [k] Performed with Sn(OTf), (0.15 mmol).

E olefins and syn diastereoisomers gave Z olefins predom-
inantly. The former reaction rate seemed to be faster than the
latter, as syn isomer was recovered predominantly when a
mixture of syn and anti was used for the reaction. The
difference in selectivity between anti and syn is well explained
by the six-membered cyclic transition state model, as shown in
Scheme 7. The transition state model, including the chirality,

anti-adduct +RCHO +"OH""
oH S"OH" @ 1 -RCHO
_ fast _fast 1/\/\/R
e = /@hy
= E-14d OH
anti-13d R
H
\ Q” +RCHO
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= E-14d OH
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Scheme 7. Stereochemistry of allyl transfer as explained by the formation
of a six-membered transition state. The absolute configurations (R and S)
are shown as R = CH,CH,Ph and R'=Me.

was confirmed by employing optically pure anti- and syn-y-
adducts, (3R ,4S5)- and (3R,4R)-1-phenyl-4-methyl-5-hexen-3-
ol (13d) (R!'=CH;, R=CH,CH,Ph in Scheme 7). The
reaction of the anti isomer (3R,4S)-13d with 10 mol% of
3-phenylpropanal and Sn(OTf),*! gave (5E,3S)-1-phenyl-5-
hepten-3-ol ((5E,35)-14d) in 82% yield with >98 % ee as a
single product. A similar treatment of the syn isomer (3R,4R)-
13d gave a mixture of (5Z)-1-phenyl-5-hepten-3-ol ((5Z)-
14d), (5E)-1-phenyl-5-hepten-3-ol ((5E)-14d), and unreacted
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(3R4R)-13d in the ratio of about 18/1/1 (by 'H NMR
spectroscopy). The chiral HPLC analysis of the mixture using
DAICELL CHIRALCELL OD showed that enantiomeric
purities of both a-adducts, (5Z,35)-14d and (5E,3R)-14d,
were >98 % ee. However, it is noteworthy that, in this allyl-
transfer reaction from syn-13d to a-adducts 14d, the ratios of
(5E)-14d were increased with diminishing the enantiomeric
purities of (5E)-14d (Table 2; Figure 1).[!l This shows the Z
product, (5Z)-14d, was not very stable under the reaction
conditions.

Table 2. Enantioselectivity of E adducts from syn adducts.

syn-13d a-adduct  Z ZIE E-14d
recovery total (>98 % ee) [% ee]
[%] yield [%]
T T
R X S R
RRYTY 4 81 I8 99
0 SE,3R)-14d
(3R4R)-13d (52,35)-15111 CE3R
90 141 67
1 80 11 53
%}Hs o R /\E/\‘?/R
REYTN o 80 18/1 L. o8
H OH -
(35:45)-13d (5Z3R)-14d GEASy14d
1 80 71 26
20 .
ZE
ratio o
10 g
%ee of E-14d 50 100

Figure 1. Plot of relationship between E/Z and enatiomeric excess of E
adducts. The absolute configurations (R and S) are shown as R=
CH,CH,Ph.

From the above results, it can be seen that a y-specific
highly enantioselective allylation by Roush’s reagent 16?2 is
very useful for the enantioselective synthesis of a-adducts by
this stereospecific allyl-transfer reaction (Scheme 8). For

CO,iPr oH 10 mav% of
RCHO and E
Sn(OTf S R
Ig 0P M)_» R/FI'\:/\ n(OTf)2 /\/\5/
A0 : On
E-16 (3R,45)-13d (5E35)-14d
(ca. 80%ee) (ca. 78%ee)
CO,iP; 10 mol% of
2iFr QH RCHO and
R Sn(OTf), SR
é -uilCO,iPr '—> R™R ~ z H
OH
(3R,4R)-13d (5Z,35)-14d
(ca. 80%ee)

(ca. 78%ee)

Scheme 8. Enantioselective a-allylation using Roush’s reagent. The abso-
lute configurations (R and S) are shown as R = CH,CH,Ph.
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example, the reaction of E-16 and Z-16 with 3-phenylpropanal
gave optically active (3R,4S)-13d (anti) and (3R4R)-13d
(syn), respectively, with good enantioselectivities (ca.
80 % ee). These, in turn, gave (5E,35)-14d and (5Z7,35)-14d,
respectively with >78 % ee by the allyl-transfer reaction using
10 mol % of 3-phenylpropanal and Sn(OTf),.2%

An alternative reaction mechanism for the a-selective allyla-
tion of aldehydes accomplished by using an allylic metal
together with additive: Further investigation of the catalyst
for this y to a conversion reaction made it clear that many
Lewis acids, such as Cu(OTf),, AgOTf, AICl;, SnCl,, (iPrO),-
TiCl,, BF;- Et,0 were effective, as well as hydrogen chloride
(Table 3).21 However, BaCl, was ineffective. Some of the

Table 3. Conversion of y-adducts to a-adducts: Effect of catalyst.l?!
OH OH

Catalyst W/
Yy N
a

Ph TN Ph
& PhCH,CH,CHO (10 mol%)

13d y-adduct CHzCl, 25°C 14d a-adduct
Run Catalyst 13d t  Yield of 14d Recovery of 13d
/mol% antilsyn® h  [%] (EIZ)®T  [%]€) (antilsyn)]
1 Sn(OTE),/10 2311 28  (251) 4
2 Sn(OT),/10 1775 29 (153) 3 (syn)
3 Cu(OTH),/10 191 48 @) 2 (@)
4 Zn(OT),/10 71 4872 (251) 16 (6/1)
5 AgOTHI10 231 958  (251) 4 (3)
6l AICL/10 251 651  (501) 39  (10/1)
7  AlClLe3 ;PrOH/33 16/1 363 (20/1) 23 (12/1)
8 SnCl,/2 331 877 (@31) 10  (4/1)
9l Bu,SnCly/100 251 2456 (331) 35 (16/1)
10 (iPrO),TiCL/100  50/1 358 (1001) 12 (201)
11  BF;eEt,0/10 1n 24 73 (1/1) 1l
12 CF,SO;H/10 181 28 A1) 1 (syn)
13 HCI100 100/1 48  (1001) 2 (ant)

[a] All reactions were performed with 13d (0.5 mmol) and 3-phenyl-
propanal (0.05 mmol) in CH,Cl, (2.5 mL) at 25 °C, unless otherwise noted.
[b] Determined by 'H NMR spectroscopy. [c] Yield of isolated product.
[d] Not detected. [e] Performed in diethyl ether (0.3 mL). [f] Performed at
0-25°C. [g] Performed in refluxing CH,Cl, (0.5 mL).

additives, used together with allylic metals for the apparently
a-selective allylations described in A, are also effective for the
y to a conversion as described in C. Therefore, we propose an
alternative reaction mechanism for the a-selective allylation
by an allylic metal together with an additive (described in A).
That is, the allylic metal reacts with aldehyde in the presence
of an additivel?* to give the common y-adducts of homoallylic
alcohols syn- or anti-selectively. Then, the syn- and anti-y-
adducts are selectively transformed into the corresponding Z-
and E-a-adducts, respectively, by the y to a conversion
described in C.

In conclusion, a new allylation reaction of aldehydes, in
addition to the Grignard or Barbier-type reactions, was
discovered. In the reaction, the allylic functionality of
homoallylic alcohol y-adducts is transferred to the aldehyde
to give the a-adducts specifically, and the E olefin selectively
via a six-membered cyclic transition state (2-oxonia [3.3]-
sigmatropic rearrangement) in the presence of an acid
catalyst. Conversion of the y-adducts of homoallylic alcohols
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into the corresponding a-adducts is very successful, exclu-
sively stereoselective (from anti to E, and from syn to Z), and
enantiospecific. The reaction products also support an alter-
native mechanism to that previously proposed for several a-
selective allylations utilizing usual allylic metals together with
additives.!
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allylic alcohols, when a stoichiometric amount of SnCl, was used in our
allyl-transfer reaction. Therefore, we assume that the Prins reaction
will be favored by the electophilic addition of a reactive incipient
oxycarbenium ion along with enough nucleophile (e.g. Cl- from
SnCl,) to give chlorinated cyclic ethers, etc.

[20] The reaction conditions shown in Table 1 (entry 5) were applicable.

[21]

[22]

[23]

[24]

[25]

Treatment using higher concentrations (0.5M) and/or longer reaction
times (4-5 h) resulted in an increase of (E)-14d with lower optical
purity, and the incomplete consumption of the starting material, syn-
13d.

a) W.R. Roush, K. Ando, D.B. Powers, R.L. Halterman, A.D.
Palkowitz, Tetrhaedron Lett. 1988, 29, 5579 -5582; b) W. R. Roush, K.
Ando, D. B. Powers, A. D. Palkowitz, R. L. Halterman, J. Am. Chem.
Soc. 1990, 112, 6339-6348.

Hydrogen chloride (1.0 M solution in anhydrous ether; purchased from
Aldrich) was effective for this reaction.

It seems reasonable that the additives would serve as a Lewis acid for
the common allylation by an inactive allylic metal such as 4 to give the
syn-y-adduct 2 predominantly, and then as a catalyst for the allyl-
transfer reaction from y to a with Z selectively. However, the actual
catalyst for the reaction is not completely clear, because a Brgnsted
acid such as HCI also served as a good catalyst, and will be easily
formed from a Lewis acid with alcohol (substrate of the reaction) or
moisture.

Although the allyl-transfer reaction was carried out at 20—25°C with
10 mol % of Sn(OTY), to give good results, many of the previously
reported a-allylation reactions (described in A) were performed at a
lower temperature for shorter reaction times with more than
stoichiometric amounts of additives. It should be noted, however,
that the in situ formed y-adduct (Lewis acid complex) derived from an
aldehyde and an allylic metal with additive (Lewis acid), would be
much more reactive than the corresponding alcohol used in our
reaction. The complex would smoothly react with a large amount of
unreacted aldehyde, existing in the reaction mixture before the
reaction with allylic metal, to give the oxycarbenium ion. We believe
that this allyl-transfer reaction will play an important role in many a-
selective allylation reactions.
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