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Abstract: The reaction of allylstannandswith aldehyde® in THF was catalyzed by Pd(ll) or Pt(ll) complexes (10
mol %) either at room temperature or at reflux, giving the corresponding homoallylic alc8liolsigh to good

yields. Among the catalysts examined, B{€Ph), gave

the best result. No only allyltribitylstannane but also

methallyl- and crotyltributylstannane could be utilized in this transition metal catalyzed reaction. Detailed mechanistic
studies of the Pd(ll)-catalyzed allylation, using NMR spectroscopy, revealed that thealiidpalladium complex

is a key intermediate for the catalytic cycle and it exhibits nucleophilic reactivity. The nucleophilic reactivity of the
intermediate is in marked contrast to the electrophilic reactivity of ordinaailylpalladium complexesi-allylPdX,

X = OAc, halogen, OCgR, etc.). The addition of allyl-, crotyl-, and methallylstannanes to various irdipesceeded

very smoothly to give the corresponding allylated products (homoallylic anihés good to high yields. The

reactivities of allylstannanes to imines were higher than

those to aldehydes under the catalytic conditfomsgh

it is known that the reactivity of allylstannanes to aldehydes is higher than that to imines under the Lewis acid
promoted condition. Imines were chemoselectively allylated in the presence of aldehydes and the highest selectivities

were obtained using-allylpalladium chloride dimedl as

Introduction

The allylation of aldehydes and imines with allylstannanes

has emerged as an important reaction type and has seerf

extensive development and applications in synthesiEhe
reaction of aldehydes with allyltrialkylstannanes takes place in
the presence of Lewis acidsat high pressurekor at high
temperature$. The Lewis acid promoted reaction of allyltri-
alkylstannanes is the most commonly used reaction condgtions.
A little is known about the allylic stannan@ldehyde condensa-
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tion reactionscatalyzed by ewis acid$ or by transition metal
complexed. In this paper we report that the reaction of
llylstannanesl with aldehydes2 in THF is catalyzed by
Pd(Il) or Pt(ll) complexes (eq B Further studies reveal that
palladium- and platinum-catalyzed allylation can be applied to
imines4, which affords the corresponding homoallylic amines
5in high yields (eq 2f* Moreover, we have found that imines
are chemoselectively allylated in the presence of aldehydes b
using z-allylpalladium chloride dimer catalyst. This finding
was rather surprising to us, because it is widely accepted by
organometallic and organic chemists that an aldehyde is mort
reactive toward carbanionic organometallics, such as allyl
Grignard and allyllithium reagents, than the corresponding imine
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Table 1. Transition Metal Catalyzed Allylation of Aldehydes (and a Ketone) with Allylstanrfanes

entry allylstannané aldehyde2 catalyst (10 mol %) reaction temp/time product yield (%)

1 la 2a PtCL(PPh) r.t./4 days 3a 90
la 2a PdCL(PPh). r.t./4 days 3a 64

3 la 2a PdCL(dppf) r.t./4 days 3a 59
4 la 2a Pd(PPB)4 r.t./4 days 3a 40
5 la 2b PtCL(PPh), reflux/11 h 3b 83
6 la 2c PtCL(PPh). reflux/8 h 3c 94
7 la 2d PtCL(PPh), reflux/8 h 3d 70
8 la 2e PtCL(PPh) reflux/10 h 3e 99
9 la 2f PtChL(PPh), 50°C/1 day 3f 40
10 la 29 PtCL(PPh), reflux/8 h 39 58
11 la 2h PtChL(PPh), reflux/1 day 3h 81
12 la 2i PtCL(PPh), reflux/12 h 3i 43
13 1b° 2a PtChL(PPh), r.t./4 day 3j 37
14 1bP 2b PtChL(PPh), reflux/1 h 3k 48
15 1b° 2d PtChL(PPh), reflux/8 day 3l 65
16 1c 2a PtCL(PPh), 50°C/1 day 3m ~100
17 1c 2b PtCL(PPh), reflux/10 h 3n 63
18 1c 2d PtCL(PPh), reflux/14 h 30 71
19 1c 2e PtCL(PPh), reflux/14 h 3p 67
20 1c 2f PtCL(PPh), reflux/16 h 3q 49

2 The reaction was monitored by TLC and quenched, after an appropriate period, by filtrating the reaction mixture through a short silic
column chromatograph. In the case of the reaction which §andow yields, the starting aldehyde was recovere(Z)-Crotylstannane was used.
°r.t. = room temperature.

. p—— . R 2 and 3). Recently, we have found that the addition of
N E——— () 1-carboranyltributylstannane to aldehydes is catalyzed by ¢
. Phwop'c'“m’“ e L palladium(0) complex such as fdba)-CHCly/dppe to afford,
1a; R'=R’=H a; PhC

b; R'=CH;, R?=H
¢; R'=H, R%=CH;
d; R'=H, R>=0CH;,

b; p-BrC¢H,CHO

¢; 0-BrCgH,CHO

d; p-(NO,)CgH,CHO
e; ¢-C¢H;;CHO

after hydrolysis, the corresponding adduct, 1-carboranyl-
carbinols, in good to high yields.Accordingly, we examined
Pd(0) catalysts such as #dba)-CHCly/dppe and Pd(PRJx

(entry 4), but the allylation product was obtained in lower yield.
The use of other transition metal complexes, such as Rh(H):
(CO)(PPh)3, RuCh(PPh)s, and NiCh(PPh),, afforded the
adduct in 16-30% vyields. Therefore the Pd(ll) complex is a
more suitable catalyst for the allylation of aldehydes in
comparison with the Pd(0) complexes, and the Pt(ll) catalyst is
the best one among the catalysts examined. Aromatjs;,
unsaturated, and aliphatic aldehydes underwent the allylatior
reaction in the presence of P¥BPh), catalyst (10 mol %) in
THF under reflux to give the corresponding allylation products
in high to good yields (entries-511). Even cyclohexanone
reacted with allyltributylstannane under similar conditions to
afford the adduct (43%) along with recovered cyclohexanone
(entry 12). The reactions oZj-crotyltributylstannanéb were
slower than those ofa (entries 13-15), presumably due to
they-methyl substituent ofb. The syn/anti diastereomer ratios
of the adducts were nearly 1:1, and the allylation products at
the a-position were not detectéfl. In general, the reaction with
in the Lewis acid mediated allylation with allylstannanes and Methallyltributylstannanéc proceeded smoothly in the presence
allylsilanest of PtCL(PPh). catalyst in THF at reflux (entries &20).

Needless to say, the allylation did not take placthe absence

of PtCh(PPhs), in THF at reflux.

2

L
Results and Discussion

f; n-CsH;;CHO

g; PhCH,CH,CHO

h; trans-PhCH=CHCHO
i; cyclohexanone

Js p-MeOC¢H,CHO

k; p-MeC¢H,CHO

R'

RSW
(eq2)

NHR* R?

PACI,(PPhy),
R* THF

1 4a; R3=p-(NO,)CgHy, R*=p-(CO,Me)CeH, 5
b; R*=p-(NO,)C¢Hy, R*=Ph
¢; R*=p-(NO,)C¢Hg, R*=Bn
d; R*=Ph, R*=p-(CO,Me)CqH,
; R3=p-(OMe)CgH,, R*=p-(CO,Me)CeHy
f; R>=PhCH=CH, R*=p-(CO,Me)C¢H,
g5 R%=i-Pr, R*=p-(CO,Mec)CeH,
h; R*=c-Hex, R*=p-(OMe)CH,
i; R*=p-MeCgHy, R*=p-(CO,Me)CgHy
j; R*=c-Hex, R*=p-(CO,Me)CeH,

R® R
/\/MQB' (1 equiv) Z + RaAN/ (eq 3)

— Reaction Mechanism. In order to clarify the mechanism of

} o e Re _H ns\(\/ the allylation reaction catalyzed by Py®Ph), and PdC}-
T \',!/ A PR b (PPh),, we investigated an intermediate produced from a

stoichiometric reaction between allylstannate and PdC}-
(PPh)2in THF-dg (Scheme 1). A 1:1 mixture dfaand PdG}-
(PPh), was refluxed fo 1 h under Ar. ThelH NMR spectra
of this mixture at 25 C (Figure 1A) indicated formation of the
mr-allylpalladium chloride comple®, PPh, and tributylstannyl
chloride: a sharp quinte$(5.61, 1 H,J = 10 Hz) and a broad

(1equiv)/ BFyOEt, OH

Allylation of Aldehydes with Allylstannanes. The reaction
of allylstannaned with aldehyde< in THF was catalyzed by
Pd(Il) or Pt(Il) complexes (10 mol %) either at room temperature
or at reflux, giving the corresponding homoallylic alcoh8ls
in high to good yields. The results are summarized in Table 1.
The addition of allyltributylstannanela to benzaldehyde
proceeded very smoothly even at room temperature in the
presence of PtGPPh), (10 mol %) (entry 1). The use of
PdCL(PPh), or PdCh(dppf) gave lower chemical yields (entries

(9) Nakamura, H.; Sadayori, N.; Sekido, M.; Yamamoto,JYChem
Soc, Chem Commun 1994 2581.

(10) The diastereoisomer ratio and thec adduct ratio were determined
by comparison with théH NMR spectra of authentic samples; see ref 1c
and the following: Yamamoto, Y.; Yatagai, H.; Ichihara, Y.; Maeda, N.;
Maruyama, K.Tetrahedron1984 40, 2239.
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Figure 1. (A) The'H-NMR spectra of a 1:1 mixture dfaand PdC}-
(PPh), at 25°C in THF-ds. There is a rapid equilibrium between
ands-allylpalladium complexes (*). (B) ThéH-NMR spectra of the
mr-allylpalladium chloride comple® (*) in CDCI3 which was isolated
from the mixture of (A) by column chromatography on silica gel. Ethyl
acetate 4), used as an eluant, could not be removed completely.

doublet ¢ 3.51, 4 H,J = 7 Hz) were in good agreement with
the signals previously observed by Kurosawa for an equilibrium
mixture betweensz- and o-allyl (cis and trans) palladium
species! Thesm-allylpalladium chloride compleg was isolated
from a mixture of6, PPh, and BuSnCl through a short silica
gel column chromatography (Figure 1B). Very curiousy,
itself or a mixture of6, PPh, and BuSnCI did not react with
benzaldehyde at all. However, if allylstannabeewas added
to a mixture of benzaldehyde ad(or 6 including PPh and
BuzSnCl), the allylation took place immediately. We thought
that bisst-allylpalladium complex’ would be a key intermediate
for the allylation. Triphenylphosphine free bisallylpalladium
complex7 was prepared from the reactionfallylpalladium
chloride dimer (1 equiv) and allylstannahe (2 equiv) (Figure
2). The'H NMR spectra of7 was in good agreement with the
reported spectr® The addition of benzaldehyde Tq(including
BuzSnCl) gave the corresponding homoallyl alcohol after
hydrolysis. This process was followed Byt NMR (Figure 3).
When benzaldehyde was added Toin THF-dg at room
temperature, the signals duetdisappeared and those ascribed
to ((1-phenyl-3-butenyl)oxy)tributylstannane anehllylpalla-

(11) Numata, S.; Okawara, R.; Kurosawa, IHorg. Chem 1977, 16,
1737. See also: Powell, J.; Shaw, B.1.Chem Soc A 1967, 1839.

(12) (a) Becconsall, J. K.; Job, B. E.; O'Brien,5Chem Soc A 1967,
423. (b) Henc, B.; Jolly, P. W.; Salz, R.; Wilke, G.; Benn, R.; Hoffmann,
E. G.; Mynott, R.; Schroth, G.; Seevogel, K.; Sekutowski, J. C:iger
C.J. OrganometChem 198Q 191, 425. Henc, B.; Jolly, P. W.; Saltz, R.;
Stobbe, S.; Wilke, G.; Benn, R.; Mynott, R.; Seevogel, K.; Goddard, R.;
Kriger, C.J. Organomet Chem 198Q 191, 449.
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Figure 2. Temperature-dependetti-NMR spectra of bisz-allylpal-
ladium complex7 at (a) 25, (b) 0, (c);-20, (d),—40, and (e)-60 °C,
respectively, prepared fromrallylpalladium chloride dimer (1 equiv)
andla (2 equiv) in THFds. At 25 °C, there is a rapid equilibrium
between the syn and anti hisallylpalladium complex. At-20 °C,

both syn and anti isomers appeared, and the spectra of these isome
(© and®) were separated clearly at60 °C. At —60 °C, the signals

of sr-allylpalladium chloride dimer appeared around 3.2, 4.3, and 5.6
ppm @). It is indicated that the exchange of allyl ligand between
unreactedr-allylpalladium chloride dimel1 and biss-allylpalladium

7 could occur rapidly at higher temperatures and that the exchange
became slow at-60 °C.

dium chloride dimer appeared. Perhapsvould react with
benzaldehyde to givesaallyl(alkoxy)palladium complex which
would afford the (butenyloxy)stannane via redistribution with
tributylstannyl chloride (eq 5).

ASBus s PACly(PPhy),

la

Bu,SnCl

Bu,SnCl

(

N i~
<‘—Pd—> + 2PPhy —= <—Pd\

PPh,
7 8

+ PPhy ] (eg5)

The catalytic cycle proceeds most probably as shown in
Scheme 13 The cycle may start fron8 instead of7, since
triphenylphosphine is involved in the reaction system. The
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Table 2. Reactivity of Unsymmetrical Bigallylpalladium
0OSnBu, Complexes
’ Ph ~ conversion yield of
) . X entry allylstannané yield (%) 3(%) adducts ratio
s <-Pd~./.a"/""dj> 1 1c 90 64  3a3m 31169
' 2 1d 69 49 3a3r 10:90

3 1b 68 46 3al3j 68:32

Table 3. Palladium-Catalyzed Allylation of Allylic Stannanes with
Iminest

entry allylstannan& imines4 reactiontime produdd yield (%)

1 la da 1 day 5a 77

BN A A A S S A S A S L 2 la 4b 14 h 5b 91

3 la 4c 1 day 5c 98

4 la 4d 2 days 5d 98

Figure 3. H-NMR spectra of the mixture, obtained froga and 7 g 12 ?h? géjﬁys g? gg

(which was prepared frorha ands-allylpalladium chloride dimefi1 7 1a 4g 14h 5¢ 81

as mentioned in Figure 2). The spectrum was measured in dgHIE- 8 1a 4h 2 days 5h 72
room temperature aftel h of mixing. The signals (*) around 2.4, 9 10b 4a 1 day 5i 96 (6/4y
4.6, 5.0, 5.8, and 7.3 ppm are due to ((1-phenyl-3-butenyl)oxy)- 10 1p° 4b 18 h 5j 76 (1/1)

tributylstannane, and thogg)around 3.0, 4.0, and 5.5 ppm are ascribed 11 1c 49 20h 5k 80

to sr-allylpalladium chloride dimer. A small excess of benzaldehyde

; aA mixture of 1 (0.6 mmol),4 (0.5 mmol), PdG(PPh), (0.05
\év;;na}giﬁg,f%rg:etherefore the signals due to benzaldehyde can beepnmol), and THF (5 mL) was stirred at 3C for the indicated period.

b Crotylstannane, whod#/Z ratio was 76/24, was use#iSyn/anti ratio
was shown in parentheses. Crotylstannane, wikd&eatio was 60/

Scheme 1 40, also produced the adduct in 94% yield with the same syn/anti ratio

8
3 ‘—RWM 2 and methallylation producBm. The reaction of 1 equiv of
OSnBus \< m-allylpalladium chloride dimer, 2 equiv of methoxyallyltri-
<;Pd,\/ butylstannaneld, followed by addition of 2 equiv of benzal-
Ia W e H dehyde gave a 10:90 mixture 8 and3r. It is clear that the
9 \A/ methoxyallyl ligand of the palladium complex (or complexes)
) Y / is more reactive toward benzaldehyde than allyl ligand, and
<j—Pd40—(\/ therefore, an electron-donating substituent atAtposition of
T the allyl ligand enhances its transfer ability to electrophiles. The

similar reaction as above using crotyltributylstannane gave &
m-allyl—o-allyl palladium complex@ may produce the homo-  68:32 mixture of3aand3j. These results are summarized in
allyloxy palladium 10, which would react with allylstannane  Table 2. It is apparent that the crotyl ligand of theallyl-7-
lato give 8 and the homoallyloxystannane derivative. It is crotylpalladium complex (or complexes) is less reactive than
clear that the only species which reacts with an aldehyde without the zz-allyl ligand. Very interestingly, only branched alcohol
any additive is7; no reaction takes place betweérand an was obtained from the crotyl complex (see also Table 1, entire:

aldehyde (even in the presence of;BnCl)* z-allylpalladium 13-15).

chloride dimer does not react with aldehydes in the presence

of additives. o . G\
Reactivity of Unsymmetrical Biszz-allylpalladium Com- < e > A A s BETTrT [< ’ "?;R ]

plexes. Since it became clear that symmetrical bisllyl- (1 equiv) 2 equiv) ¥

palladium complex7 is a key intermediate and exhibits 1 1bed 12a; RI=CH, R’=H

nucleophilic reactivity in contrast with-allylpalladium chloride b R'-OCH;, R%=H

complex 11 which exhibits electrophilic reactivity, we next M ‘:':”'RZ=C“3

investigated the reactivity order af-allyl ligands of unsym- , on _ on f

metricalzz-allyl complexes. The stoichiometric reaction between PO G | ﬁof\/ * \)\( €a6)

OH R’

1 equiv ofz-allylpalladium chloride dimefl1 and 2 equiv of

methallyltributylstannanéc gavesn-allyl-7-methallylpalladium 3a 3m,j,orr
complex12ain quantitative yield. AlthougiH-NMR inves- PN

tigation of the reaction mixture clearly indicated disappearance ‘<\"""—,>* P“j/\’/

of 1cand formation of the unsymmetrical compl&Ra, it was OH  OMe
not clear whethefd 2a consisted of a single complex or of an 13 3

equilibrium mixture of three complexes (hisallylpalladium
7, 123 and biss-methallylpalladium13). Treatment of this
complex12a(or the mixture of three complexes) with 2 equiv
of benzaldehyde afforded a 31:69 mixture of the allylatdan

Allylation of Imines with Allylstannanes. We next inves-
tigated the palladium-catalyzed allylation of iminésand the
results are summarized in Table 3. The aromatic imines derive
from p-nitrobenzladehydela, 4b, and4c, reacted very smoothly

(13) Tsuiji et al. reported a bis-allylpalladium intermediate, generated ~ With allyltributylstannanelato give the corresponding homo-

by palladium-catalyzed dimerization of butadiene, reacted with aldehydes: allylamines,5a| 5b, and5c, respectively, in high yields (entries
Ohno, K.; Mitsuya, T.; Tsuji, JTetrahedrorl972 28, 3705 and references
cited therein. (15) Althoughz-allyl—z-methallyl complex is shown in eq 3, interven-

(14) A possibility that the reaction &with an aldehyde may be assisted  tion of bisw-allyl and biss-methallyl complexes cannot be ruled out
by the presence of BEnCl cannot be completely excluded. completely.
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Table 4. Chemoselective Allylation to Imines in the Presence of Scheme 2
Aldehydes

R g la R =
imine aldehyde combined adducts ratio of <’—Pd% . <'_Pd:n\(\/ j‘/\/
7 5

entry 4 2 condiiort yield (%) 53 5/ j//' o o B r N,
1 4a 2d A 90  5a3d  90:10 R e s
2 B 95 10:90 7 |
3 4b 2d A 84 5b/3d 83:17 5
4 B 91 19:81 \ ) .
5 e 2j A 99 5¢3s  97:3 2\* {r«(\:\fg Ro—m 10— — 3
6 B 96 1>99 S OsnBu;
7 4 2k A 86 5k/3t 94.6 9 H 3
8 B 99 5:95
9 af 2h A 99 5f/3h >99:1 . . .
10 B 08 1>99 chloride dimer as a catalyst (method %).Reasonably high
11 4h 2e A 80 5h/3e  91.9 chemoselectivity was obtained in the allylationpshitrobenz-
12 _ C 60 199 aldehyde2d and its imine partneda, derived from methyl
ii 4 2e é 96% Sli3e >9%i99 p-aminobenzaoate (the Ciufolini imif} (entries 1 and 2). The

use of imine derived from aniline decreased the chemoselectivity
aMethod A: A mixture of 4 (0.2 mmol), 2 (0.2 mmol), and (entries 3 and 4). Very high chemoselectivities were producec
allyltributylstannane (0.2 mmol) was dissolved in 5 mL of THFz-( in the allylation of other aromatic, aliphatic, and cinnamic

C;3HsPdCl), (0.02 mmol, 10 mol %) was added to this mixture at room P -
temperature and the mixture was stirred until the solution turned to aldehydes and their imine partners (entriesl8). The use of

black suspension. Methods B and C: A mixture4of0.2 mmol),2 the Ciufolini imine was essential to obtain such high chemo-
(0.2 mmol), and allyltributylstannane (0.2 mmol) was dissolved in 5 selectivities. We also examined the allylation with allylmag-
mL of CH,Cl.. To this mixture was added 0.8 mmol of BEE® nesium bromide in the presencemhitrobenzaldehyde antb

(method B) or SnGl(method C) at-78 °C and the mixture was stired (1.1 to elucidate chemoselectivity in a carbanionic allylation;
for 1 h." Ratios were determined B4 NMR. 'Ehe 2atio of5h:3d was 1>99 (cf. e)rlltries 3 and 4). g

This unprecedented chemoselectivity can be explained by the
difference of the coordination ability between N and O atoms
homoallylamine$d and5e, respectively, in high yields (entries o the_transition meta—“-(SCheme 2)- In general, the N atom car

L - coordinate to a transition metal more strongly than the O atom

4 and 5). The use of methyl-aminobenzoate as the imine  ca4avtic amounts of the bis-allylpalladium intermediate?
component gave, in general, better results than the use of anilingy,q1q react with imines more predominantly than with alde-
itself (however see entry 2 as an exception). The reactions of hydes to giveld, which would afford5 via 15. The key
the imine4f derived from cinnamaldehyde and of aliphatic imine  jhtermediate? is regenerated by the reaction 1% and1a On
4gderived from isobutyraldehyde proceeded also very smoothly the other handexcess amounts of Lewis adid2 equiv) can
(entries 6 and 7). The use @methoxyaniline, instead of  coordinate to both aldehyde and imines, activating both elec-
methylp-aminobenzoate, as an imine component was examinedtrophiles in the same manner; the resulting aldekyldawis
in the case of aliphatic aldehydes such as cyclohexylcarboxal-acid complex is more electrophilic than the imine complex. The
dehyde and the allylation prodush was obtained in good yield  use of 1 equiv of BE-OEY, in the reaction betweefta and2d
(entry 8). Not only allyltributylstannanka, but also methallyl- gave an ca. 50:50 ratio & to 3d and the use of catalytic (10
(1b) and crotyl- (.c) tributylstannane could be utilized and the mol %) BFRs-OEt, did not give the allylation products at af.
corresponding allylation productSi-k) were obtained in good ~ The regeneration of via the catalytic process in addition to
to high yields (entries 911). Here again, only branched the strong coordinative preference of the N atom becomes :
homoallylaminessi and 5j were obtained (entries 9 and 10). key to this unusual chemoselectivity; the Lewis acid promoted
We had a very interesting observation on the reaction of crotyl- 'éaction never proceeds via a catalytic process.
stannane: the reaction to iminéa and4b was faster than that
to the corresponding aldehydes (entries 9 and?19)Accord-
ingly, we next examined the palladium-catalyzed allylation in  The catalytic reaction enables the allylation to be carried out
the presence of both aldehydes and imines. under essentially neutral conditions either at room temperature

Chemoselective Allylation of Imines in the Presence of ~ or at ~65 °C. The present findings clarify that bis-
Aldehydes. The results of chemoselective allylation are shown allylpalladium complexes exhibit nucleophilic reactivity al-

in Table 4 (see also eq 7). Generally speaking, the reactivity though it is widely accepted that mona-&llyl)PdX-type
complexes, where X is an electron-withdrawing group such as
5 5 Cl, OAc, etc., exhibit electrophilic reactivity.
R2 3 R ~ R Pz ’ , )
\] + R\g/H . Y\/+ \5\/ (eq7) Further, the reactivities of allylstannanes to imines under the

:\R‘ e catalytic conditions were higher than those to aldehydes. Bott

1-3). The aromatic iminedd and 4e, derived from benzal-
dehyde and-anisaldehyde, also produced the corresponding

Conclusion

2 5 3

(17) PdCH(PPHh),, which was used in the allylation shown in Table 1,

of allylstannanes to aldehydes is higher than that to imines underalso I\{VOFKEd in the chemoselective allylation, byt CsHsPdCly gave better
. . o 1 results.
the Lewis acid promoted conditions (methods B and!C). (18) Ciuforini, M. A.; Spencer, G. QJ. Org. Chem 1989 54, 4739.

However, chemoselectivity of the allylation under the palladium- For transition metal catalyzed addition of pronucleophiles to the imines,

catalyzed conditions was completely reversed; especially thesee: Yamamoto, Y.; Kubota, Y.; Honda, Y.; Fukui, H.; Asao, N.; Nemoto,
y pietely P Y € . Am Chem Soc 1994 116 3161.

highest selectivities were obtained usingallylpalladium (19) Normally, more than 1 equiv of Lewis acid is needed for the
allylation of aldehydes or imines using allylstannanes and silan@site
(16) The reactivity of crotylstanarih was typical. The reaction dfb recently, catalytic allylation of imines promoted by lanthanide triflates has

with benzaldehyde gave the adduct in only 37% yield after 4 days at room been reported: Bellucci, C.; Cozzi, P.; Umani-RonchiTAtrahedron Lett
temperature, whereas the reaction with the corresponding imine afforded 1995 36, 7289. However, the chemical yields (300%) were generally
the allylated amine in essentially quantitative yield. low in the catalytic system.
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the palladium coordination characteristic and catalytic cycle are
presumably the origin of the present unusual chemoselectivity.
Not only the allylation of aldehydes and imines under neutral

Nakamura et al

(m, 1H), 5.21 (m, 2H), 4.47 (dd, 8.0, 5.0 Hz, 1H), 4.21 (bs, 1H), 2.69
2.39 (m, 2H). HRMS (EIl) Calcd for GHieN,O2: mvz 268.1212.
Found: m/z 268.1220.

and catalytic conditions but also the unprecedented chemose- N-Benzyl-1-(4-nitrophenyl)buten-3-ylamine (5c). Liquid: IR

lective allylation of imines in the presence of aldehydes provide
another synthetically useful methodology for allylation in
addition to the exiting excellent methodis.

Experimental Section

General. Spectral data were obtained by use of the following
instruments: JEOL GSX-270 (NMR), SHIMADZU FTIR-8200A (FT-
IR), and JEOL JMS-HX-110 (MS).

Allylation of Aldehydes. A typical procedure for the PtgPPh).-
catalyzed allylation is as follows. A mixture of 0.2 mmol of aldehyde
2,0.22 mmol of allyltributylstannang, and 0.02 mmol of PtG{PPh),

(10 mol %) is dissolved in 1 mL of dried THF under Ar atmosphere.
The mixture was stirred either at room temperature or at reflux for an
appropriate period of time. The reaction was monitored by TLC. The
reaction was quenched by filtrating the mixture through a short silica
gel column chromatography. The NMR examination of the reaction
mixture prior to column chromatography indicated the formation of
the corresponding stannyloxy derivative. Therefore, the hydrolysis of
the SO bond would take place during silica gel column chroma-
tography. The structures of the resulting homoallyl alcohols were
determined unambiguously by comparison with authentic samples,
prepared by the literature proceddfe.

Allylation of Imines. A typical procedure for the Pd&PPh),-
catalyzed allylation is as follows. A mixture of 0.5 mmol of imide
0.6 mmol of allyltributylstannand, and 0.05 mmol of Pd@IPPh),

(10 mol %) is dissolved in 1 mL of dried THF under Ar atmosphere.
The mixture was stirred at 50C for an appropriate period of time.
The reaction was monitored by TLC. The reaction was quenched by
filtrating the mixture through a short florisil column chromatography.
The resulting homoallylamin& was purified by silica gel column
chromatography.

Chemoselective Allylation of Imines in the Presence of Aldehydes.
Method A. A mixture of4 (0.2 mmol),2 (0.2 mmol), and allyltribut-
ylstannane (0.2 mmol) was dissolved in 5 mL of THR3-CsHsPdCly
(0.02 mmol, 10 mol %) was added to this mixture at room temperature
and the mixture was stirred until the solution turned to a black
suspension. The reaction was quenched by filtrating the mixture
through a short florisil column chromatography. Ratiogod 2 were
determined by'H-NMR.

Methods B and C. A mixture of 4 (0.2 mmol),2 (0.2 mmol), and
allyltributylstannane (0.2 mmol) was dissolved in 5 mL of L. To
this mixture was added 0.8 mmol of BPEL (method B) or SnGl
(method C) at-78°C and the mixture was stirred for 1 h. The reaction
was quenched by saturated NaHC&ueous solution. The mixture
was extracted with ether, dried with Mgg@@nd condensed in vacuo.
Ratios of4 to 2 were determined byH NMR.

N-(4-(Methoxycarbonyl)phenyl)-1-(4-nitrophenyl)buten-3-
ylamine (5a). Yellow solid: IR (KBr) 3369, 1703, 1604, 1519, 1344,
1275, 1174 cmt. H NMR (CDCL) 6 8.21 (d,J = 8.8 Hz, 2H), 7.78
(d, J = 8.8 Hz, 2H), 7.51 (dJ = 8.8 Hz, 2H), 6.41 (dJ = 8.8 Hz,
2H), 5.72 (m, 1H), 5.24 (bd] = 8.0 Hz, 2H), 4.60 (bs, 2H), 3.82 (s,
3H), 2.64 (m, 1H), 2.57 (m, 1H)*3C NMR (CDCk) ¢ 166.99, 150.26,

(neat) 3606-3200, 3076, 3028, 2978, 2840, 1640, 1519, 1434, 1346,
1317, 1109 cmt. H NMR (CDCl) 6 8.21 (dt,J = 8.5, 2.0 Hz, 2H),
7.55 (dt,J = 8.5, 2.0 Hz, 2H), 7.26 (m, 5H), 5.68 (m, 1H), 5.08 (m,
2H), 3.82 (ddJ = 8.0, 6.5 Hz, 1H), 3.66 (d] = 13.5 Hz, 1H), 3.51
(d,J= 13.5 Hz, 1H), 2.69-2.39 (m, 2H). *3C NMR (CDC}) 6 151.70,
139.81, 134.16, 128.46, 128.37, 128.14, 128.00, 127.12, 123.71, 118.5
61.13, 51.54, 42.82.
N-(4-(Methoxycarbonyl)phenyl)-1-phenylbuten-3-ylamine (5d).
Liquid: IR (neat) 3381, 1686, 1654, 1600, 1281, 1172, 836'cAH
NMR (CDCl) 6 7.76 (dt,J = 8.5, 2.0 Hz, 2H), 7.267.34 (m, 5H),
6.45 (dt,J = 8.5 Hz, 2H), 5.75 (ddd) = 16.5, 10, 8.0 Hz, 1H), 5.25
5.13 (m, 2H), 4.57 (bdJ = 5.0 Hz, 1H), 4.48 (m, 2H), 3.8 (s, 3H),
2.57 (m, 1H). 3C NMR (CDCk) 6 167.19, 150.92, 142.37, 134.02,
131.31, 128.66, 127.22, 126.13, 118.64, 118.55, 112.33, 56.55, 51.4:
42.88. HRMS (El) Calcd for @H1oNO,: m/z281.1416. Foundm/z
281.1416.
N-(4-(Methoxycarbonyl)phenyl)-1-(4-methoxyphenyl)buten-3-
ylamine (5e). White solid: IR (KBr) 3377, 1680, 1654, 1602, 1534,
1510, 1437, 1348, 1294, 1175, 1032, 833 ém*H NMR (CDCl3) §
7.77 (d,J = 8.5 Hz, 2H), 7.23 (dJ = 8.5 Hz, 2H), 6.86 (dJ = 8.5
Hz, 2H), 6.45 (d,J = 8.5 Hz, 2H), 5.74 (m, 1H), 5.18 (m, 2H), 4.53
(bd,J = 5.0 Hz, 1H), 4.43 (dt) = 7.0, 5.0 Hz, 1H), 3.80 (s, 3H), 3.78
(s, 3H), 2.55 (m, 2H).*3C NMR (CDCk) § 167.1, 158.75, 150.98,
134.33, 134.13, 131.31, 127.22, 118.55, 114.09, 112.36, 56.01, 55.2:
51.43, 42.96. Anal. Calcd for/gH,1NOs: C, 72.3; H, 6.80; N, 4.50.
Found: C, 72.6; H, 6.91; N, 4.51. HRMS (EI) Calcd forg8,:NOs:
m/z 311.1522. Foundin/z 311.1535.
N-(4-(Methoxycarbonyl)phenyl)-1-phenyl-1,5-hexadien-3-
ylamine (5f). Liquid: IR (neat) 3367, 3026, 2947, 1700, 1604, 1521,
1434, 1338, 1276, 1174, 1109, 968 ¢m *H NMR (CDCl3) 6 7.84
(d,J = 9.0 Hz, 2H), 7.28 (m, 5H), 6.60 (d,= 9.0 Hz, 2H), 6.57 (d,
J=15.0 Hz, 1H), 6.17 (dd) = 15.0, 5.0 Hz, 1H), 5.84 (m, 1H), 5.20
(m, 2H), 4.28 (dJ = 6.0 Hz, 1H), 4.28 (dJ = 6.0 Hz, 1H), 4.15 (m,
1H), 3.83 (s, 3H), 2.51 (m, 2H)13C NMR (CDCk) ¢ 167.25, 151.12,
136.55, 133.82, 131.45, 130.76, 130.13, 128.55, 127.60, 126.39, 118.7.
112.25, 54.12, 51.49, 40.26. HRMS (EIl) Calcd foplNO,: m/z
307.1572. Foundm/z 307.1573.
N-(4-(Methoxycarbonyl)phenyl)-2-methyl-5-hexen-3-ylamine (5g).
Liquid: IR (neat) 3371, 3076, 2958, 1699, 1639, 1606, 1522, 1491,
1434, 1340, 1313, 1273, 1174, 1109¢ém*H NMR (CDCl3) 6 7.83
(dt, 3= 9.0, 2.0 Hz, 2H), 6.53 (di] = 9.0, 2.0 Hz, 2H), 5.78 (m, 1H),
5.07 (bd, 5 Hz, 1H), 5.02 (bs, 1H), 3.84 (s, 3H), 3.35 (m, 1H), 2.14
2.42 (m, 2H), 1.90 (m, 1H), 0.96 (§ = 6.0 Hz, 6H). Anal. Calcd
for C1sH21INO,: C, 72.7; H, 8.56; N, 5.66. Found: C, 72.3; H, 8.59;
N, 5.53.
N-(4-Methoxyphenyl)-1-cyclohexylbuten-3-ylamine (5h). Lig-
uid: IR (neat) 3500, 2924, 2851, 1638, 1617, 1511, 1449, 1239, 1179
1041, 912, 817 crt. *H NMR (CDCly) 6 6.75 (dt,J = 9.0, 2.5 Hz,
2H), 6.53 (dtJ = 9.0, 2.5 Hz, 2H), 5.80 (m, 1H), 5.07 (bd, 5 Hz, 1H),
5.02 bs, 1H), 3.14 (df] = 7.0 5.5 Hz, 1H), 2.122.40 (m, 2H), 1.05
1.85 (m, 11H). *3C NMR (CDCk) 6 135.80, 116.94, 114.95, 114.46,
90.07, 58.57, 55.86, 41.26, 35.91, 29.46, 29.17, 26.64, 26.43. HRMS

150.20, 147.26, 132.87, 131.37, 127.12, 124.03, 119.68, 119.36, 112.42(E!) Calcd for G7HzsNO: m/z 259.1936. Foundm/z 259.1936.

56.27,51.52, 42.47. HRMS (EIl) Calcd foide1sN.O4; m/z326.1267.
Found: m/z 326.1268.

N-Phenyl-1-(4-nitrophenyl)buten-3-ylamine (5b). Liquid: IR
(neat) 3606-3200, 3078, 3053, 1639, 1602, 1520, 1430, 1344, 1317,
1288, 1269 cm!. *H NMR (CDCl) 6 8.19 (dt,J = 8.5, 2.0 Hz, 2H),
7.55 (dt,J = 8.5, 2.0 Hz, 2H), 7.09 (ddf] = 8.5 Hz, 2H), 6.68 (ddt,
J=175,75, 2.0 Hz, 1H), 6.43 (ddj,= 8.5, 8.5, 2.0 Hz, 2H), 5.74

(20) 33, 3b, 3h, and3k: Chen, C.; Shen, Y.; Huang, Y.etrahedron
Lett 1988 29, 1395. 3c: see ref 2a.3d, 3l, and3q: Nishigaichi, Y.;
Nakao, N.; Takuwa, AJ. Chem Soc, Perkin Trans1 1993 11, 1203.3¢,
3j, 3m, 3n, 30, and3p: Boldrini, G. P.; Lodi, L.; Tagliavini, E.; Tarasco,
C.; Trombini, C.; Umani-Ronchi, AJ. Org. Chem 1987, 52, 5447. 3f, 3i,
and 3q: Shono, T.; Ishifune, M.; Kashimura, £hem Lett 199Q 449.
3g: see ref 2b.

N-(4-(Methoxycarbonyl)phenyl)-2-methyl-1-(4-nitrophenyl)buten-
3-ylamine (5i). Liquid: IR (neat) 3400, 2975, 1706, 1521, 1345, 1279,
1176, 1109 cmt. *H NMR (CDCl): major isomerd 8.18 (dt,J =
11.5, 2.5 Hz, 2H), 7.76 (d] = 11.5, 2.5 Hz, 2H), 7.45 (dfj = 11.5,

2.5 Hz, 2H), 6.40 (dtJ = 11.5, 2.5 Hz, 2H), 5.65 (m, 1H), 5.23 (m,
2H), 4.64 (bdJ = 7.0 Hz, 1H), 4.50 (tJ = 6.5 Hz, 1H), 3.80 (s, 3H),
2.74 (m, 1H), 1.03 (dJ = 9.0 Hz, 3H); minor isomed 8.20 (dt,J =
11.5, 2.5 Hz, 2H), 7.75 (dfj = 11.5, 2.5 Hz, 2H), 7.56 (df = 11.5,

2.5 Hz, 2H), 6.39 (dtJ = 11.5, 2.5 Hz, 2H), 5.71 (m, 1H), 5.23 (m,
2H), 4.64 (bd,J = 7.0 Hz, 1H), 4.30 (ddJ = 8.5, 6.5 Hz, 1H), 3.80

(s, 3H), 2.59 (m, 1H), 1.09 (d] = 9.0 Hz, 3H). 3C NMR (CDCk):
major isomew 166.93, 150.20, 149.53, 138.63, 131.25, 128.12, 123.45,
118.99, 117.09, 112.25, 60.59, 51.37, 43.45, 30.72, 15.43; minor isome
0 166.93, 150.40, 148.27, 138.54, 131.25, 127.88, 123.68, 118.99
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117.09, 112.19, 61.31, 51.37, 44.43, 30.72, 16.90. HRMS (El) Calcd (m, 1H), 2.35-2.05 (m, 2H), 1.99 (m, 1H), 1.69 (s, 3H), 0.97 (=

for CigH20N204: m/z 340.1423. Foundm/z 340.1420. 7.0 Hz, 3H), 0.93 (dJ = 7.0 Hz, 3H). 13C NMR (CDCk) ¢ 152.16,
N-Phenyl-2-methyl-1-(4-nitrophenyl)buten-3-ylamine (5))- 142.77,131.60, 113.05, 11.50, 55.37, 51.43, 39.54, 30.93, 22.14, 18.21

Liquid: IR (neat) 3411, 3053, 2970, 2929, 1706, 1600, 1530, 1506, 17.85. Anal. Calcd for GH»NO,: C, 73.5; H, 8.87; N, 5.36.

1429, 1344, 1197, 1109 cth 'H NMR (CDCl): major isomero Found: C, 73.1; H, 8.80; N, 5.30. MS (Ef}¥z. HRMS (EI) Calcd

8.18 (dt,J = 8.5, 2.0 Hz, 2H), 7.54 (d] = 8.5, 2.0 Hz, 2H), 7.07 (dt,  for Cy¢H,NO,: MVz 261.1729. Foundmiz 261.1733.

‘(]mz ?:) 25Hi’96(':]6 g':'])z 474% T'T”' 11':?) 24119(?% zla')‘r’ 527’122}):‘ E;Z)O N-(4-(Methoxycarbonyl)phenyl)-1-cyclohexylbuten-3-ylamine (5I).
' e : P . . ! L Lo Liquid: IR (neat) 3371, 3074, 2925, 2852, 1695, 1604, 1525, 1435,

Hz, 1H), 1.01 (dJ = 7.0 Hz, 3H); minor isomed 8.17 (dt,J = 8.5, i o
2.0 Hz, 2H), 7.48 (dt) = 8.5, 2.0 Hz, 2H), 7.04 (d] = 8.5 Hz, 2H), 1344, 1281, 1174, 1109 cth H NMR (CDClg) ¢ 7.82 (d,J = 8.5

6.66 (t,J = 7.0 Hz, 1H), 6.41 (dJ = 8.5 Hz, 2H), 5.70 (m, 1H), 519 HZ 2H), 6.51(d) = 8.5 Hz, 2H), 5.78 (m, 1H), 5.08 (bd,= 5.5 Hz,
(m, 2H), 4.25 (m, 1H), 4.19 (m, 1H), 2.54 (@= 7.0 Hz, 1H), 1.05  1H). 5.03 (bs, 1H), 3.97 (bdl = 8.0 Hz, 1H), 3.83 (s, 3H), 3.35 (m,
(d, J = 7.0 Hz, 3H). 13C NMR (CDCk): major isomerd 157.31, 1H), 2.43-2.15 (m, 2H), 1.86:1.60 (m, 5H), 1.50 (m, 1H), 1.32
150.69, 146.77, 139.23, 129.30, 129.15, 128.26, 123.48, 117.92, 113.400-94 (M, 5H). C NMR (CDCk) 6 152.13, 134.94, 131.57, 117.55,
61.13, 44.89, 15.09; minor isomér157.3, 149.40, 146.49, 139.17, 117.43,111.59, 56.90, 51.37, 41.49, 35.99, 29.49, 28.94, 26.40, 26.2:
129.38, 129.15, 128.09, 123.48, 117.20, 113.31, 62.00, 43.65, 17.13.HRMS (El) Calcd for GgHasNO,: m/z 287.1885. Found:mz
IHRMS (El) Calcd for GHigN.O»: iz 282.1368. Found:mvz 287.1883.
282.1373.

N-(4-(Methoxycarbonyl)phenyl)-2,5-dimethyl-5-hexen-3- Acknowledgment. We thank Prof. H. Kurosawa for dis-

ylamine (5k). Liquid: IR (neat) 3708-2800, 2605, 2361, 2340, 1645, ¢ ssions on NMR spectra afallylpalladium complexes.
1433 cm™. *H NMR (CDCl) 6 7.82 (dt,J = 8.0, 2.0 Hz, 2H), 6.54

(dt,J=8.0, 2.0 Hz, 2H), 4.76 (d] = 12.0 Hz, 2H), 3.84 (s, 3H), 3.50  JA9608858



