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Z-directing effect (ZDE)

Palladium-catalyzed hydrostannation of substitufecind E-enynols is discussed and compared. The
regioselectivity of the HSn bond addition was found to be controlled by the geometry of the double
bond - or syndirecting effect) rather than the nature of its substituents. Exclusivelynyl stannanes

were obtained fronZ-enynols having various substituents on the double bond regardless of their electronic,
steric, or chelating natures.

Introduction of the tin hydride to alkynes suffers generally from its low
. - . selectivity, affording a mixture of both stereo- and regioisorfiers.
Vinylstannanes are valuable synthetic intermediates for . - . .

In contrast, palladium-catalyzed hydrostannation of disubstituted

palladium-mediated couplingsAs a result of their central alkynes proceeds in a stereoselective manoiagddition)?

importance, considerable effort has been expended toward their . . X .
. . . . . . However, the regiochemistry of this reaction appears to be
synthesis, particularly in the case of trisubstituted vinylstan-

" . i . ; highly dependent on the alkyne substituents (eq 1). The presence
nanes: T_he ad_dmon of tributyltin hydrlde t0 unsymmetrical of a bulky substituent on the carbeoarbon triple bond tends
alkynes is a simple and most straightforward route to these

i ,6
vinylmetal intermediate$.The main difficulty with this trans- :ﬁeplggﬁt:(g? Bgin;gg\llj;iﬁn tgfbgﬁiggn(s;i”;]?it:rﬁ I:())o r;l
formation is control of the stereo- and regiochemistry of the triple bond {e CGR CO?? CR)570r a heteroatom (.g., S
alkenylstannane products. Under radical conditions, the addition P 9 ' ’ G o
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SCHEME 1. Proposed Complexes Leading to Major or TABLE 1. Fe(acac)-Catalyzed Cross-Coupling Reactions of
Exclusive a-lsomer Chloroenynols 4a-9a with Alkyl Grignard Reagents
_H X, RMgCl,
oL oy '-L l|?1 | Felacac; (3 moi%) R ,
o Pd-L N = R MV/%’»R
Me” 7 gnBu, | SnBuy -~/ OH THF / NMP, 1t R/ OH
Me g H § H Eorz EorZ
A B Entry Chloroenynols R R'/R* Yield'(%)  enynols
X = Cl, $—=-SiMe; 1 nCH, H/H 64 4b
Stabilized Pd-complexes 2 «CH, « 73 e
Cl__=
nBu alkyl v\OH CH,  * 60 ad
| L L 4 4a iPr “ 52 de
Pd:L Pd:L
| SnBu, \ SnBu, 5 Bu « 30 af
£on £ 6 #CH, “ 71 7
(o3 D .
No-stabilized Pd-complexes 7 _ CH, » Te
_ ) 8 (\/OH CH, “ 63 7d
SCHEME 2. Hydrostannation of Enynol 1 as Baseline s & o o . o
Regioselectivity Control ! Te
2 10 Bu « 0 7
= i B Rt BuySnH (1.1 eq) _ K RO _ K R
/\RZ PdCI,(PPhs), (1 mol%) S = oo ! I e, e ” %
2 3)2 (1 mol%, Bu;Sn SnBu,
HO THF, 20 °C : ) ) : SN\ oH
1a-c o-2-isomer B-3-isomer 12 5a «CH, « 78 5c
aR'=R2=H (o/B = 19/81) 2 57 %
bR'=H,R?=Me (a/B = 80/20) 61% 18% 13 2N nCH, “ 71 b
cR'=R2=Me (o/P = 86/14) 62% 12% & SN OH
# -2a could not be isolated as a pure product 14 8a CH, “ 68 Sc
Se, Cl, O, Nj28 delivered the BgSn group on the €atom 15 eI A S nCH, Me/Me 72 6b
(electronic factors). X OoH
16 6a cCH, « 75 6c
o B Bu,SnH 17 nCH, “ 66 9%
R—= cat. [Pd] 18 _ ¢CH, « 90 9%
X _oH
e 19 CH, « 60 9d
R _va R CI(><
+ )= M 20 iPr « 55 %
BusSn  H H  SnBus
a-isomer B-isomer aUnoptimized isolated yield.

In the cases of enynols, heteroatom-palladium chelation has ¢ complexesC and D, we believe that similar factors would
prev[ously been shown to direct tr_le regiochemistry of pallad!um- be at the origin of this remarkable regioselectivity.
mediated hydrostannation reaction (Scheme 1). Pancrazi sug- pg|jadium-mediated hydrostannations of enynes have not been
gested a stabilizing complex between palladium and oxygen  {he subject of systematic investigations exploring the contribu-
atom to explain the regioselectivity observed in favor of the jons of steric, electronic, and coordinative factors controlling
a-isomer tin derivative8.This chelation also could accountour  hig regioselectivity. Thus, we decided to carefully examine a
preliminary results obtained during hydrostannation &f  gerjes of Pd(0)-catalyzed hydrostannatiorEefand Z-enynols
chloroenyne¥ and Z-enediyne$' (complexB) leading to @ = \ariously substituted and to determine how the nature of
singlea-isomer. We also showed through three examples that, g hstituents (alkyl, aryl, chlorine) on the alkene bond impact

relative to the E-enynes, Pd-mediated hydrostannation of he regiochemical course of these reactions. The results of this
Z-enyned’ is highly regioselective for the-stannanes even study are now reported.

when the alkene substituent is nonchelating (@8u, complex
C). In addition, we reported that Pd-catalyzed hydrostannation
of ortho-substituted arylalkyl as well as diaryl alkynes provided
probably through compleR® good to total selectivity for a single In order to establish a baseline regioselectivity control,
regioisomer while no stabilizing effect could occur between the palladium-catalyzed hydrostannation reaction was first
palladium and thertho alkyl substituent (e.g., MePr, ortho- examined with nonsubstituted primary, secondary, and tertiary
directing effect (ODE)}? Because of the structural similarities  enynolsla—c prepared according to Sonogashira cougfing
(Scheme 2). The reaction was achieved usingSBitd (1.1 eq)

Results

(9) Betzer, J.-F.; Delaloge, F.; Muller, B.; Pancrazi, A.; Prunet, @Qrg.

Chem.1997, 62, 7768. (12) (a) Liron, F.; Le Garrec, P.; Alami, MBynlett 1999 246. (b) Alami,
(10) Alami, M.; Ferri, F.Synlett1996 755. M.; Liron, F.; Gervais, M.; Peyrat, J.-F.; Brion, J.-Bngew. Chem., Int.
(11) (a) Ferri, F.; Alami, MTerahedron Lett1996 37, 7971. (b) Bujard, Ed. 2002 41, 1578. (c) Liron, F.; Gervais, M.; Peyrat, J.-F.; Alami, M.;

M.; Ferri, F.; Alami, M. Tetrahedron Lett1998 39, 4243. Brion, J.-D.Tetrahedron Lett2003 44, 2789.
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TABLE 2. Hydrostannation Selectivity of E- and Z-Enynol Series

R2

o R 1
R~ BusSnH (1.1 eq) — — R
1 3 -leq
PR —/>OH "_\:?<OH
PdCly(PPhs), (1 mol%)
R? 2T N2 BusSni B
HO THF, 20 °C 3% a-isomer B-isomer SnBug
Vinyl stannanes® (Isolated yield (%))
En Enynol io® -
try v Ratio’ a/B o-isomer B-isomer
Rz R R
\/\/OH [ OH \:\_<70H
4
BusSn 10 11 SnBug
1 4a:R=Cl 74126 10a (63) 11a (22)
2 4b: R =nCH, 31/69 10b (20) 11b (45)
3 4c:R=cCH, 35/65° 10c (26) 11c (54)
4 4d:R =Et 38/62 10d (29) 11d (48)
5 4e:R=i-Pr 30/70 - 11e (47)
6 4f:R = t-Bu 32/68 10f (19) 11f (41)
7 4g:R=Ph 20/80 - 11g (25)
R__~ R R
\ - -
AN OH OH OH
5
BuzSn 12 13 SnBus
8 5a:R=Cl 100/0 12a (74) -
9 5b: R =nCH, 67/33 12b (33) 13b (16)
10 5¢:R=cCH, 65/35 12¢ (58) 13c (32)
R~ R R
OH — OH — OH
. _ __
BusSn 14 15 SnBuj
11 6a:R=Cl 100/0 14a (94) -
12 6b: R =nC,H, 72/28 14b (49) A
13 6c:R=cCH, 73127 14c¢ (60) -
— OH — OH
=
7 BusSn 16 17 SnBuz
14 7a:R=Cl 100/0 16a (92) -
15 7b: R = nC,H, 91/9 16b (83) -
16 7¢:R=cCH, 96/4° 16¢ (93) B
17 7d: R = Et 92/8 16d (73) .
18 7e:R=i-Pr 95/5 16e (85) .
19 7g:R=Ph 100/0 16g (50) -
~
A OH — OH — OH
R 8 R — R —
BusSn 18 19 SnBuj
20 8a:R=Cl 100/0 18a (71) -
21 8b: R =nCH, 100/0 18b (75) -
22 8c:R=cCH,_ 100/0 18¢ (91) -
=
! X _oH — OH — OH
9 R — R —
BuzSn 20 21 SnBuy
23 9a:R=Cl 100/0 20a (89) -
24 9b: R = nCH, 100/0 20b (85) -
25 9c:R=cCH, 100/0 20c¢ (91)
26 9d: R =Et 100/0 20d (67) -
27 9e: R = i-Pr 100/0 20e (73) -

aRatios were determined Y4 NMR spectra on the crude reaction mixtubdExclusivesynaddition of tin hydride was observed as evidenced by the

Hamze et al.

vicinal vinylic Sn—H coupling constants in thtH NMR spectra® When using HSnPhas tin source instead of HSnBlhydrostannation ofic lead to a

mixture of o- andB-isomers (/3 = 44/56) in which only3-isomer @#2) was isolated (54%}Y B-lsomer has not been isolated with a satisfactory purity to

be characterized With HSnPh as tin source instead of HSnBlhydrostannation ofc lead to a singlex-isomer43in a 66% isolated yield.

in THF at room temperature in the presence of BRRh),
(2 mol %). Primary enynaola afforded mainly thgg-isomer3a
(o/p 19:81). This regiochemical preference is reversed upon
hydrostannation of bulkier propargyl alcohol analogibsnd

(13) Sonogashira, K.; Tohda, Y.; Hagihara, Tetrahedron Lett1975

4467.
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1c leading, as expectédprincipally to a-2b and a-2c regio-
somers, respectively (Scheme 2).
To determine if this regioselectivity is influenced by the
geometry of the double bond and the steric hindrance of its
substituents, we have prepared a series of various substituted
E- and Z-enynols 4—9. To this end, coupling of primary,
secondary, and tertiary propargyl alcohols wigh or Z-1,2-



Pd-Catalyzed Tin Hydride Addition to Z-Enynols

JOC Article

TABLE 3. Hydrostannation of Various Substituted Enynols 22-27

Entry Enynol Ratio’ o/p Vinyl stannanes’ (Isolated yield (%))
o-isomer I B-isomer
1 8/92
OH OH
22 BuzSn SnBug
28 (2) 29 (25)
2 90/10
OH OH
Q\/OH C4|.E;§J C4|§9;2=(
C4Hg BU3SI‘I SnBU3
23 30 (35) 31 (4)
3 100/0
OH OH
@\OH CQJ c§;2=(
cl Bu,SH SnBus
24 32(80) 33(0)
4 Cl~ 100/0 cl cl
X _OH — OH — OH
Cl 25 cl = cl =
BuszSn SnBug
34 (84) 35(0)
5 Ph 100/0 HO Ph HO Ph
= Ph = Ph =
HO __oH BusSn o S
Ph 26 36 (76) ©
6 Ph 100/0 Ph Ph HO Ph
— Ph — OH
Ph i~ Ph = Ph =
\\ Ph BusSn 39 (0 SnBug
PN 27 38 (95) ©
7 C,Hs 73127 CoHs CoHs
S _ _
X
2 OH BuzSn SnBujz
8 40 (51) 41(19)

aRatios were determined By NMR spectra on the crude reaction mixtubdExclusivesynaddition of tin hydride was observed as evidenced by the
vicinal vinylic Sn—H coupling constants in thtH NMR spectra.

dichloroethylene under palladium-copper-catalysis afforded and 11b—f where thes-isomers predominatedu ~ 33/67,
the correspondin@- andZ-chloroenynolsta—6a and 7a—9a, entries 2-6), probably due to a coordination between Pd and
respectivelyt* Subsequent stereoselective alkylation of the the oxygen atom. We noticed that the presence of alkyl
chlorine atom on these free alcohols substrates was achievedubstituents on the double bond whatever their steric hindrance
with a variety of alkyl Grignard reagents in the presence of a (primary, secondary, or tertiary alkyl) does not affect signifi-
catalytic amount of iron(lll) salts as we previously reported cantly thisa/s ratio compared to the nonsubstituted enyhal
(Table 1)1 (baseline control). A similar result was obtained fr&renynol
Under these conditions, good to moderate yields of geo- 4g with a phenyl substituent on the double bond (entry 7).
metrically pure substitutel- and Z-enynols4b—f, 5b,c, 6b,c However, replacement of the substituents (alkyl or phenyl) by
and7b—e, 8b,c, 9b—e having various alkyl substituents on the a chlorine atom reverses theg j ratio, and hydrostannation
double bond were obtained. Contrary to thaEe¢hloroenynol reaction of chloroenyno#a leads mainly toa-isomer 10a
44, the introduction of aBu substituent in th&-isomer7afailed presumably due to electronic triple bond polarization induced
presumably for steric hindrance considerations (entries 5 andpy halide atom (entry 1). Predominamt-regioselectivity
10). (a/B ~ 70/30) was again obtained upon increasing steric bulk
First, we examined the Pd-catalyzed hydrostannation of at the propargylic position even if thE-double bond was
primary E-enynols4b—f under the above-described conditions substituted by an alkyl group (entries 9, 10, 12, and 13),
(Table 2). The reaction provides a mixture of isomg@h—f indicating that the methyl substituents on the propargylic
position probably prevent oxygetpalladium chelation. Com-
bination of steric and chlorine atom electronic effects in hindered
chloroenynol$aand6aincreased, as expected, tieselectivity
leading to the exclusive formation @Raand14a respectively
(entries 8 and 11). More interestingly, hydrostannation of

(14) (a) Alami, M.; Gueugnot, S.; Domingues, E.; Linstrumelle, G.
Tetrahedron 1995 51, 1209. (b) Alami, M.; Ferri, F.; Gaslain, Y.
Tetrahedron Lett1996 37, 57.

(15) Seck, M.; Franck, X.; Hocquemiller, R.; FigadeB.; Peyrat, J.-F.;
Provot, O.; Brion, J.-D.; Alami, MTetrahedron Lett2004 45, 1881.
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TABLE 4. 13C NMR Data of C=C in Z- and E-Enynols 4-9
OH
R3 / R! R2
R4

13C shift$ (£0.05 ppm)
entry  enynol R/R2 R3/R4 Oco Ocp Adcp—ca
1 4a H/H CIH 80.7 89.8 9.1
2 7a H/H H/CI 79.5 95.6 16.1
3 4b H/H nC4Hg/H 84.6 85.6 1.0

4 7b H/H H/nC4Hg 82.@ 91.P 8.6
5 4c H/H cCgHi/H 84.8 85.8 1.0
6 7c H/H H/cCeH11  82.6 90.8 8.2
7 ad H/H Et/H 84.6 85.7 1.1
8 7d H/H H/Et 82.3 91.3 9.0
9 4e H/H iPr/H 84.6 85.8 1.2
10 Te H/H H/iPr 82.3 91.0 8.7
11 49 H/H Ph/H 84.7 89.4 4.7
12 79 H/H H/Ph 84.1 93.8 9.7
13 5a H/Me CIH 79.1 93.6 14.5
14 8a H/Me H/CI 77.9 99.3 21.4
15 5b H/Me nC4Hg/H 82.9 89.3 6.4
16 8b H/Me H/NC4Hg 80.9 95.0 14.1
17 5c H/Me cCeHi/H 83.0 89.6 6.6
18 8c H/Me H/lcCgHi1  80.9 94.6 13.7
19 6a Me/Me CIH 77.2 96.4 19.2
20 9a Me/Me H/CI 76.1 102.1 26.0
21 6b Me/Me nC4Hg/H 80.9 92.2 11.3
22 9b Me/Me HhC4Hg 79.0 97.8 18.8
23 6¢C Me/Me  cCgHi/H 81.1 92.4 11.3
24 9c Me/Me HIcCeH11  79.1 97.6 18.5

a Shifts are relative to external CD£IThe assignment of thHéC NMR
chemical shifts of the triple bond was established by HMBC and HSQC
NMR spectroscopy? No change of thé3C NMR data was observed when
adding equimolar of Pdg@(PPh), to enynol7b.

SCHEME 3.

o

NP

OH
1a

= G

Hamze et al.

homologousZ-enynols7—9 afforded mainly to exclusively the
o-regioisomers. ThusZj-alkyl primary enynols’b—e lead to
their correspondingt-vinyl stannaned6b—e together with a
small amounts €10%) of S-isomers (entries 1518). Total
selectivity toward the formation af-isomers was observed for
chlorine- and phenyl-substituteienynols7a and 7g (entries
14 and 19). Remarkably-secondary or tertiary enynoBsand

9 again exhibited totad-selectivity whatever the nature of the
double bond substituent (entries-287).

In order to evaluate the controlling factors in the regioselec-
tivity of the tin hydride addition, we have studied the reaction
with primary enynol22—27 where the double bond was either
tri-, tetra-, or 4,4-disubtituted (Table 3). For chelating consid-
erations, hydrostannation @2 lead, mainly tos-isomer29
(a/p = 8/92, entry 1) whereas enyndB with a tetrasubstituted
double bond reverses théj ratio (o/ = 90/10, entry 2). When
replacing the alkyl substituent on the cyclohexene by a chlorine
atom, totalo-selectivity was observed (entry 3). As evidence,
hydrostannation ofgemdichloroenynol25 gave the unique
o-isomer34 (entry 4).

This regioselectivity control has been successfully extended
to enynol 26'6 having a tetrasubstituted double bond and to
enyne27 with no propargylic alcohol function (entries 5 and
6). Interestingly, 4-ethylenyn@®8 (entry 7) follows this trend
in a-regioselectivity by comparison with hydrostannatioriaf
(baseline control, Scheme 2), indicating that the C-4 substitution
may be also an important controlling factor in the regioselec-
tivity of addition.

The excellent regioselectivity of the palladium-catalyzed
hydrostannation ofZ-enynols 7—9 compared to theirE-
homologous4—6 could not be only explained by coordination

Experimental 13C NMR Data of the Carbon—Carbon Triple Bond in Enynols 1a, 4a,b, and 7a,b

—
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SCHEME 4. R Substituent-Directed Tin Hydride Addition

H H o Yy
o B \0‘ \\ﬂL
X @\ @\
. //r' \W S A o r
H this study

ortho-directing effect (ODE)'?  Z-directing effect (ZDE) ~ Syn-directing effect (SDE)

(alkyl groups induce high selectivity) or by steric effects exact origin of thissyn or Z-induced high regioselectivity

(hindered alkyl groups are rather in favor @fisomer). remains unclear but would be similar to those observed in the
The factors governing this remarkable regioselectivity would ortho-substituent regiocontrol concelst!®
be close to those observed in the hydrostannatioortifo- This study shows that it is possible to predict the major or

substituted arylalkynes (ODEJ2PWe have observed in these exclusivea-isomer formation whe a R substituent (regardless
later derivatives thabrtho-substituents induced dramatic varia- of its nature) and the alkyne are on the same side of the double
tions in13C NMR data of the triple bond. On the basis of this bond. This “ZDE/SDE” demonstrated herein should find many
observation, we decided to carefully examine theadd G applications for the synthesis of more elaborated unsaturated
chemical shifts ofe- and Z-enynol derivatives (Table 4). molecules.

3C NMR data depicted in Scheme 3 showed a 5.6 ppm
downfield shift in the G and a 2.0 ppm upfield shift in the,C Experimental Section
of the triple bond forZ-alkylenynol 7b compared to the

correspondingz-isomer4b. Similarly, the signal arising from Tributyltin hydride or triphenyltin hydride (13 mmol) was added

the Q;. atom is 5.8 ppm downfield and the signal from thg C dropwise at room temperature to a solution of RGEPh),
atom is 1.2 ppm upfield wheg- and Z-chloroenynoldaand (9.1 mmol) and enyne (10 mmol) in THF (15 mL). The dark brown
7a were compared, respectively (Scheme 3). As shown in reaction mixture was stirred for 30 min, and more tributyltin hydride
Table 4, a similar situation was also noted when comparing (2 mmol) was added to the crude mixture to complete the
variousE- andZ-enynols having an alkyl or an aryl substituent hydrostannation reaction. After stirring for an additional 30 min,
on the double bond. In all cases studied, we noticed that the solution was concentrated in vacuo. Purification by flash
switching fromE- to Z-enynols isomers increases the difference chromatography on silica gel gave the desirated products.
in the 13C NMR chemical shift of the signals arising from the ~ Hydrostannation ob with tributyltin hydride:
Adcp-co atom from 5.0 to 7.9 ppm (entries 11, 12 and 7, 8). _ (3E.5E)-4-Tributylstannanyl-deca-3,5-dien-2-ol 124(33%); R
To our knowledge, such observation is unprecedented 0.17 (EtO/cyclohexane, 10/90, S IR (neat): 3330, 2956, 2924,

! ' 2871, 2854, 1633, 1463, 1418, 1376, 1340, 1291, 1101, 1069, 955,

According to these®™C NMR data, it seems that the —gg5 68 745 “688 cmiiH NMR (300 MHz, CDCY): 6 0.75-
Z-substituent which induced electronic polarization of the triple g g5 (m, 18H), 1.05 (d, 3H) = 7.0 Hz), 1.26-1.50 (m, 17H),
bond may be one of the factdfsat the origin of the observed  1.70-1.90 (m, 2H), 4.65 (m, 1H), 5.30 (m, 2H), 6.40 (d, 1H=
regioselectivity. Although at the moment, we did not succeed 6.4 Hz,Jy_s, = 64.0 Hz);13C NMR (75 MHz, CDC}): ¢ 144.0
in correlating theo/f ratio observed with the triple bond (CH), 142.7 (C), 136.1 (CH), 130.1 (CH), 64.4 (CH), 32.8 (GH
polarization, these results unambiguously support that the 31.7 (CH), 29.1 (3CH), 27.3 (3CH), 23.4 (CH), 22.2 (CH),
presence of a substituent on tAedouble bond, whatever its ~ 13.9 (CH), 13.7 (3CH), 10.1 (3CH); Anal. Calcd for G;H440Sn
nature, dictates the sense of the regioselectiiylifecting (443.29): C 59.61, H 10.00, found C 59.61, H 10.11.
effect (ZDE)). As depicted in Scheme 4, this trendoifregi- (3E,52)-3-Tributylstannanyl-deca-3,5-dien-2-ol 136(16%); R
oselectivity was also observed with substrates having R groupso'49 (EtOfcyclohexane, 10/90, S IR (neat): 3420, 2956, 2923,

4 alk bstituents o th e of the double bor28/L 2854, 1637, 1576, 1463, 1419, 1340, 1291, 1247, 1181, 1149,
and alkyne substituents on the same side of the double DONCy 70, 1049, 964, 940, 865, 768, 742, 665 ¢mH NMR

whatever its substitution degreesytdirecting effect (SDE)). (300 MHz, CDCH): 6 0.70-0.95 (m, 18H), 1.15 (d, 3H] = 6.4
Hz), 1.20-1.50 (m, 17H), 2.05 (m, 2H), 4.95 (m, 1H), 5.60 (m,
Conclusion 1H), 5.95 (dd, 1HJ = 10.7 Hz,J = 1.5 Hz,Jy_s, = 64.0 Hz),
. . - . 6.70 (m, 1H);13C NMR (75 MHz, CDC}): 6 152.1 (C), 136.7

In conclusion, we have succeeded in providing some ewdence(CHL 136.1 (CH), 125.6 (CH), 69.0 (CH), 32.5 (@H31.5 (CH),
for the Z- or syndirecting effect (ZDE or SDE) of the double  29.2 (3CH), 27.5 (3CH), 24.2 (CH), 22.3 (CH), 14.0 (CH),
bond in the palladium-catalyzed tributyltin hydride addition on 13.7 (3CH), 10.5 (3CH);. Anal. Calcd for G;H4,0Sn (443.29):
various substituted enynols. High to excelleategioselectivity C 59.61, H 10.00, found C 59.73, H 10.25.
is observed foZ-enynols bearing nonchelating alkyl substitu- Hydrostannation o8b with tributyltin hydride:
ents. Combining either steric effects (secondary and tertiary  (3E,5Z)-4-Tributylstannanyl-deca-3,5-dien-2-ol 180(75%); R

enynols) with ZDE or SDE leads to exclusiveisomer as 0.37 (EtOlcyclohexane, 10/90, SiD IR (neat): 3315, 2956, 2924,
observed withz-arylenynol orZ-chloroenynol substrates. Al- 2872, 2854, 1463, 1417, 1377, 1339, 1291, 1142, 1054, 960, 927,

1 ; 4o 864, 782, 688, 662 cm};!H NMR (300 MHz, CDC}): ¢ 0.80—
though,*C NMR data showed a marked electronic polarization 1.00 (m, 18H), 1.15 (d, 3HJ = 6.3 Hz), 1.26-1.65 (m, 15H),

of the alkyne bond wheZ- andE-enynols were compared, the g (m, 2H), 4.50 (quint, 1H] = 6.4 Hz), 5.25 (m, 1H), 5.60 (M,
_ , , 1H, Jy_sn= 65.6 Hz), 6.00 (dg, 1H) = 11.4 Hz,J = 1.8 Hz);13C
(16) (a) Pottier, L. R.; Peyrat, J.-F.; Alami, M.; Brion, J.-Tetrahedron NMR (75 MHz, CDC}): 6 143.9 (CH), 142.8 (C), 130.1 (CH),

Lett. 2004 45, 4035-4038. (b) Pottier, L. R.; Peyrat, J.-F.; Alami, M.;
Brion, J.-D. Synlett.2004 1503. 127.7 (CH), 65.9 (CH), 31.8 (CHi 29.0 (3CH), 28.5 (CH), 27.4

(17) (a) Rubin, M.; Trofimov, A.; Gevorgyan, V. Am. Chem. Soc.
2005 127, 10243. (b) Kleinpeter, E.; Schulenburg, A.Org. Chem2006 (18) Hamze, A.; Provot, O.; Alami, M.; Brion, J.-[Drg. Lett.2005 7,
71, 3869. 5625.
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(3CH,), 22.6 (CH, CHy), 14.0 (CH), 13.7 (3CH), 9.8 (3CH);
Anal. Calcd for G,H440Sn (443.29): C 59.61, H 10.00, found C
59.52, H 9.97.
Hydrostannation ofic with triphenyltin hydride:
(2E,4E)-5-Cyclohexyl-2-triphenylstannanyl-penta-2,4-dien-1-
ol 42 (54%); mp: 133C; R 0.29 (EtOAc/cyclohexane, 5/95, SID

Hamze et al.

1259, 1190, 1074, 1022, 997, 909, 889dniH NMR (300 MHz,
CDCL): 6 1.00-1.30 (m, 6H), 1.46-1.50 (m, 2H), 1.551.65 (m,
2H), 1.90 (br s, 1H), 2.152.30 (m, 1H), 4.40 (m, 2H), 5.35 (t,
1H,J = 11.1 Hz), 6.20 (m, 2H), 7.467.60 (m, 10H), 7.767.90

(m, 5H); 13C NMR (75 MHz, CDC}): 6 143.1 (CH), 140.4 (C),
139.3 (C), 138.3 (2C), 137.9 (2CH), 137.6 (4CH), 136.7 (CH), 129.2

IR (neat): 3566, 3063, 3014, 2922, 2849, 1636, 1579, 1480, 1447, (3CH;), 128.9 (2CH), 128.7 (4CH), 127.1 (CH), 61.5 (Ch), 37.8
1427, 1332, 1301, 1259, 1190, 1074, 1030, 997, 973, 908, (CH), 32.8 (2CH), 26.1 (CH), 25.9 (2CH); Anal. Caicd for

727 cmrt; 1H NMR (300 MHz, CDC}): 6 1.05-1.45 (m, 6H),
1.65-1.85 (m, 4H), 1.90 (t, 1H) = 5.3 Hz), 2.10 (m, 1H), 4.70
(m, 2H), 5.70 (dd, 1HJ = 14.7 Hz,J = 7.1 Hz), 6.20-6.45 (m,
2H), 7.35-7.50 (m, 10H), 7.66-7.70 (m, 5H);**C NMR (75 MHz,
CDCly): 6 144.6 (C), 143.6 (CH), 140.2 (CH), 139.5 (3C), 137.5
(6CH), 128.8 (3CH), 128.2 (6CH), 123.3 (CH), 63.5 (§H41.1
(CH), 32.8 (2CH), 27.0 (CH), 26.0 (2CH); Anal. Calcd for
CygH3,0Sn (515.27): C 67.60, H 6.26, found C 67.44, H 6.20.
Hydrostannation ofc with triphenyltin hydride:
(2E,42)-5-Cyclohexyl-3-triphenylstannanyl-penta-2,4-dien-1-
ol 43 (66%); Rr 0.55 (EtO/cyclohexane, 5/95, S IR (neat):

CygH3,0Sn (515.27): C 67.60, H 6.26, found C 67.29, H 6.15.
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