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The addition of functionalized dialkylzincs to readily available /?-stannylated or /?-silylated 
unsaturated aldehydes in the presence of a catalytic amount of (1R,2R)-1,2-bis(trifluorosulfonamido)- 
cyclohexane (8 mol %) provides chiral allylic alcohols in good yields (60-90%) and excellent 
enantioselectivity (usually in the range of 85-95% ee). The synthetic utility of these allylic alcohols 
as chiral building blocks is demonstrated. The y-stannylated allylic alcohols were submitted to a 
Stille coupling leading to polyfunctional allylic alcohols and y-alkoxy enones. A treatment with 
CuCN in N-methylpyrrolidone at 130 "C provided chiral unsaturated y-hydroxy nitriles. Finally, 
the desilylation of the y-silylated alcohols gave chiral allylic alcohols having a terminal double 
bond. The catalytic asymmetric addition was found to show an important inverse temperature 
dependance. A mechanism for this addition is proposed. 

Introduction Scheme 1 

The enantioselective preparation of scalemic secondary 
alcohols by the addition of an organometallic to an 
aldehyde' constitutes the most general preparation of this 
important class of compounds, besides the asymmetric 
hydrogenation of unsymmetrical ketones.2 Dialkylzincs 
have proven to be especially useful reagents for perform- 
ing the asymmetric addition reaction in the presence of 
catalytic amounts of a chiral amino The limited 
availability of dialkylzincs has hampered the synthetic 
applications of the method, although a transmetalation 
of organomagnesium derivatives with zinc chloride fol- 
lowed by a precipitation of the resulting magnesium salts 
with dioxane provides an access to nonfunctional dialkyl- 
zincs.4 Recently, we have found that a range of func- 
twmlized dialkylzincs can be prepared via an iodine- 
zinc exchange reaction.6 This convenient preparation of 
dialkylzincs has greatly expanded the scope of the 
asymmetric addition reaction allowing the enantioselec- 
tive synthesis of various polyfunctional secondary alco- 
hols using either functionalized dialkylzincs or (and) 
functionalized  aldehyde^.^^' Secondary allylic alcohols 
can be prepared by this approach, adding either an 
alkenylzinc derivative to a saturated aldehyde (retrosyn- 
thetic pathway A; Scheme 1)8 or by adding a dialkylzinc 
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to an unsaturated aldehyde (retrosynthetic pathway B). 
Herein, we wish to report the enantioselective addition 
of functionalized dialkylzincs to 8-stannylated or ,!I-sily- 
lated unsaturated aldehydes 1 and 2a-c leading to the 
scalemic polyfunctional allylic alcohols of type 3 and 4 
(Scheme 1). The carbon-tin or carbon-silicon bond 
present in these molecules can be submitted to further 
useful conversions affording a range of chiral molecules 
which demonstrate the synthetic utility of the alcohols 
3 and 4a,b as chiral building blocks. 

Results 

The unsaturated aldehyde (E)-3-(tributylstannyl)-2- 
propenal (1) was prepared in two steps from 3,3-diethoxy- 
1-propyne The treatment of 5 with BuSSn(Bu1Cu- 
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(b) Oppolzer, W.; Radinov, R. N. Helu. Chim. Acta 1992, 75, 170. (c) 
Oppolzer, W.; Radinov, R. N. J. Am. Chem. Soc. 1993,115, 1593. 
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Scheme 2O 

Ostwald et al. 

Scheme 4 
1) ElMgBr, THF, 0 OC 

2) R1R22SiCI, 5-70 OC 
3) 1.4M H2SO4,45 'c 91: R'= R2= Me; 90 % 

HCSC-CHgOH - R'R2@I-CSC-CH20H 

Oc: R'= Ph; R2- Me; 90 % 

OEl 1) Bu$n(Bu)Cu(CN)L12 

2) MeOH, -78 OC, 5 mn 

H CSC--( - 
OEl THF, -78 OC, 2 h 

6 

Method A 

0 
Bu3Sn-0Et 

OEt or Method B 
6 1 

60-70% overall yield 

Method A acetone, HzO, TsOH cat., 56 "C, 6 h. Method B: 
wet Si02, CH2Clz,25 "C, 15 min. 

Scheme 3 
OEl 1) BusSn(Bu)Cu(CN) Liz 

H C I C 4  m 
OEl THF, -78 OC, 2 h 

6 2) 12, THF. -78 OC, 2 h 

Bu&I&OEI SnC12 H2° BuaSn A H  

8 7 
50% overall yield 

O E ~  CH2C12,O lo 25 "C, 6 h 0 

(CN)Li21° in THF (-78 "C, 2 h) provides after a methanol 
quenching the crude unsaturated acetal 6 contaminated 
with several tributyltin derivatives.'l The hydrolysis of 
the acetal 6 can be performed either in refluxing acetone- 
water in the presence of a catalytic amount of p- 
toluenesulfonic acid (6 h) giving an overall yield of 70% 
(method A)12 or by treatment with wet silica gel in CH2- 
Cl2 in the presence of a catalytic amount of oxalic acid 
(25 "C, 15 min; method B; Scheme 2).13 The same 
approach was used to prepare (2)-2-iodo-3-(tributylstan- 
nyl)-2-propenal (7). In this case, the intermediate un- 
saturated iodo acetal 8 was converted to the correspond- 
ing aldehyde using SnC12*2H2014 in CHzCl2 (25 "C, 6 h, 
50% overall yield; Scheme 3). The silylated aldehydes 
2a-c were prepared from propargyl alc0h0l.l~ The 
double deprotonation of propargyl alcohol with ethyl- 
magnesium bromide, silylation, respectively, with TMSCl 
and PhMe2SiC1,16 and selective oxygen monodesilylation 
produces, according to the procedure of Denmark,16 the 
propargylic alcohols Sa and 9c in 90% yield (Scheme 4). 
In the case of the preparation of 2b, propargyl alcohol 
was first converted to the corresponding THP ether (78% 
yield) which was submitted to the same reaction sequence 
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1) NaAIH2(0CH2CH20Me)2, 
ether-toluene, 20 OC 

2) Mn%, CH2C12,35 'C, 8 h 0 

2a: R1- R2- Me; 66 % 
2C: R1- Ph; R2= Me; &j % 

Scheme 5 
1) dlhydropyran, H* 

2) ElMgBr, THF, 0 OC 
HCEC-CH20H c El&-CEC-CH20H 

3) H3sIcI 
4) 1.4M H2SO4,45 OC 
5) MeOH, TsOH cat 

8b: 85 % overall yield 

1) NaAIH2(0CH2CH20Me)2, 

- Ebaw ether-toluene, 20 OC 

2) MnOp, CH&I2,35 "C, 12 h 0 
a: 63% 

Scheme 6 

FG-R4 5 FG-R-ZnB (FG-R-)gn 

11 
+ cut cat. [ - El-I 

Itm (0.3mOl%) 

as described precedently, leading &r the removal of the 
THP group (MeOH, cat. TsOH) to the propargylic alcohol 
9b in 83% yield (Scheme 5). The alcohols 9a-c were 
stereoselectively reduced with a toluene solution of 
sodium bis(2-methoxyethoxy)aluminum hydride (Red-AI) 
to the (E)-3-silylated allylic alcohols (loa-c; see Experi- 
mental Section) in 68-83% yield.15 The oxidation of 
these alcohols with MnOz in CH2C12 proceeds smoothly 
(35 "C, 8-12 h),17 affording almost quantitatively (93- 
97% yield) the desired unsaturated aldehydes 2a-c in 
4 1 4 9 %  overall yield (Schemes 4 and 5). The dialkyl- 
zincs necessary for the asymmetric addition were pre- 
pared from the corresponding primary alkyl iodides via 
an iodine-zinc exchange reaction using diethylzinc (1.5 
equiv, 55 "C, 4-9 h) in the presence of a catalytic amount 
of copper(1) iodide (0.3 mol The intermediate mixed 
(ethyl)(alkyl)zinc derivative was converted to the dialkyl- 
zinc 11 by pumping off the excess Et&n and the formed 
Et1 (Scheme 6h6 By using (1R,2R)-1,2-bis(trifluorosul- 
fonamido)cyc1ohexanel8 (12; 8 mol %) as a catalyst, the 
dialkylzincs 11 were found to add to the aldehydes 1, 
2a,b, and 7 with an excellent enantioselectivity (Scheme 
7 and Table 1). This addition is always performed in the 
presence of Ti(O-i-Pr)4 (2 equiv) whose role is to complex 
the resulting zinc alcoholate (R*OZnR-FG). In the 
absence of !t?i(O-i-P~-)~, a very slow, and nonselective 
addition is observed. The reaction also requires the use 
of an excess of dialkylzinc reagent (2.5-3 equiv) and is 
very sensitive to the reaction temperature. In the case 

(17) Manganese dioxide obtained from Sedema (Belgium) was used. 
(18) (a) Yoshioka, M.; Kawakita, T.; Ohno, M. Tetrahedron Lett. 

1989, 30, 1657. (b) Takahashi, H.; Kawakita, T.; Yoshioka, M.; 
Kobayashi, S.; Ohno, M. Tetrahedron Lett. 1989, 30, 7095. (c) Taka- 
hashi, T.; Kawakita, T.; Ohno, M.; Yoshioka, M.; Kobayashi, s. 
Tetrahedron 1992, 48, 5691. 
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Scheme 7 

1,2:(X=H)or7:(X=I)  3 -11 
(M = Si or Sn) m 

12: (8 mol %) 
-55 to -5 o c ,  

2-12 h 

Table 1. Functionalized Allylic Alcohols 3a-h and 4a-k 
Obtained by the Catalytic Asymmetric Addition of a 
Diakylzinc 11 to the Aldehydes 1,2a-c, and 7 in the 

Presence of 12 (8 mol %) 

dialkylzinc product yieldb [UIDd 
entry aldehyde 11 (FGR) 3 or 4a (%I eec (%) (dee) 

1 1 ethyl 3a 87 90-93 -0.30 
2 1 CsHii 3b 88 92 -0.21 
3 1 C8H17 3c 72 90 -0.23 
4 1 (CH2)sOAc 3d 75 91 -0.15 
5 1 (CH2)4CI 3e 69 92-95f -1.75 
6 1 (CHz)aOF'iv 3f 67 90 -1.50 

8 7 Bn(MN(CH2)3 3he 62 82 -2.76 
9 2c ethyl 4a 93 94 f19.6 

10 2~ (CH2)sOTIPS 4b 67 0 
11 2a CsHll 4c 72 80 -9.73 
12 2a (CH&OPiv 4d 67 85 +5.36 
13 2a (CHz)3OPiv 4e 62 90 f4.67 
14 2a (CH2)&1 4f 59 70 -40.4 

16 2b ethyl 4h 92 90 f9.80 
17 2b C&Iii 4i 81 99 f8.03 
18 2b C8Hi7 4i 76 87 f3.66 

f6 .61 19 2b (CH2)sOAc 4k 61 93 

X = H unless otherwise indicated. Isolated yield of analyti- 
cally pure compounds ('97% pure by GC analysis). c The enan- 
tiomeric excesses were determined by integration of the lH NMR 
spectra of O-acetylmandelic esters (ref 26). The optical rotations 
were measured in benzene. e X = I. fThe reaction was also 
performed using procedure B (see Experimental Section). 

7 7 ethyl 3$ 75 94 -1.10 

15 2b (CH2)aOPiv 4g 71 90 +3.95 

Table 2. Temperature Dependence of the 
Enantioselectivity in the Addition of 

Bis(3-pivaloxypropy1)zinc to the Unsaturated Aldehydes 
2a and 2b Leading, Respectively, to 48 and 4g 

entry aldehyde To ("C) yieldb (%) eec (%) 

1 2a -40 62 80 
2 2a -30 65 85 
3 2a - 15 72 90 
4 2a -5 68 85 
5 2b -30 65 83 
6 2b -15 67 85 
7 2b -5 71 90 

Bath temperature. Isolated yield of analytically pure product. 
The enantiomeric excesses were determined by integration of the 
lH NMR spectra of O-acetylmandelic esters (ref 26). 

of the ,!I-stannylated aldehyde (1) the reaction is best 
performed between -55 and -40 "C, and an important 
temperature effect has been observed for the ,!I-silylated 
aldehydes 2a and 2b (Table 2). Thus, the addition of bis- 
(3-pivaloxypropy1)zinc to  2a produces the allylic alcohol 
4e with an enantiomeric excess of 80%, if the bath 
temperature is held between -60 and -40 "C, whereas 
by increasing the temperature to -15 "C, the enantiose- 
lectivity raises to 90% ee. A further temperature increase 
to -5 "C furnishes again a lower ee value (85% ee; 
compare entries 1-4 of Table 2). Similarly, the same 
temperature dependance is observed for the unsaturated 
aldehyde 2b for which the optimal temperature seems 
to be higher (-5 "C, see entries 4-7 of Table 2). This 
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inverse temperature effect may be explained by assuming 
that some ligand exchanges at the chiral titanium 
complex are too slow at lower temperature, resulting in 
a catalyst poisoning and leading to lower ee values. The 
addition reaction also seems to be sensitive to the steric 
hindrance of the unsaturated aldehyde since the alde- 
hyde 2c bearing in the ,!I-position a bulky phenyldimeth- 
ylsilyl group reacts well only with the most reactive 
diakylzinc (diethylzinc; 94% ee; entry 9 of Table 1). With 
the less reactive zinc reagent, bis[[(triisopropylsilyl)oxyl- 
propyllzinc, no enantioselectivity is obtained (entry 10 
of Table 1). The triethylsilyl group present in the 
aldehyde 2b displays a lower steric hindrance and 
permits the preparation of the allylic alcohols 4g-k in 
higher enantioselectivity than the less bulky ,!I-(trimeth- 
ylsily1)-substituted aldehyde 2a (see Table 1, entries 15- 
19). As shown in Table 1, a range of functionalized 
dialkylzincs bearing either an ester group (entries 4, 6, 
12, 13, 15, and 19), a chloride (entries 5 and 141, or a 
protected amino function (entry 8) can be used. Promis- 
ing results were expected from the a-iodo-,!I-stannylated 
aldehyde 7, since it was observed that the introduction 
of a substituent at the a-position of an a,B-unsaturated 
aldehyde had a beneficial effect on the enantioselectivity.@ 
The a-substituent favors the more reactive and sterically 
more demanding s-cis conformation of the aldehyde.6a As 
predicted, the aldehyde 7 adds diethylzinc in satisfactory 
yield and with an excellent enantioselectivity. Function- 
alized zinc reagents such as (Bn(TDN(CH2)3)2Zn add with 
a satisfactory enantioselectivity (82% ee); however, the 
unstability of the product 3h allows the isolation of only 
62% of this allylic alcohol (entries 7 and 8). The stan- 
nylated alcohols 3a-f can be used as chiral building 
blocks and have been further converted to valuable 
products. Thus, the iodination of 3b (12 (1 equiv), 25 "C, 
5 min)lg provides (E)-l-iodo-l-octen-3-ol(13b) (98% yield) 
which has been used to prepare the side chain of various 
 prostaglandin^.^^^^^ By using the Stille reaction,21 a new 
carbon-carbon bond can be formed with a range of 
functionalized electrophiles leading to polyfunctional 
unsaturated alcohols 14-18 in an optically enriched form 
(Scheme 8). By using bis(dibenzy1ideneacetone)palla- 
dium [Pd(dba)zl (4 mol and tri-o-furylphosphane 
(TFP; 8/16 mol %),23 these coupling reactions proceed 
under mild conditions and with satisfactory yields. 
Interestingly, the palladium-catalyzed acylation of the 
protected stannylated allylic alcohols 19 allows a facile 
preparation of a range of y-alkoxy-a$-unsaturated ke- 
tones of type 20. Although an acetate is a satisfactory 

(19) Tolstikov, G. A.; MiRakhov, M. S.; Danilova, N. A.; Verl'der, Y. 
L. Synthesis 1986, 496. 

(20) (a) Suzuki, M.; Yanagisawa, A.; Noyori, R. J. Am. Chem. Soc. 
1986,107, 3348. (b) Morita, Y.; Suzuki, M.; Noyori, R. J. Org. Chem. 
1989,54,1785. (c) Noyori, R.; Suga, S.; Kawai, K.; Okada, S.; Kitamura, 
M. Pure Appl. Chem. 1988, 60, 1597. (d) Collins, P. W.; Jung, C. J.; 
Gasiecki, A.; Pappo, R. Tetrahedron Lett. 1978, 3187. (e) Newton, R. 
F.; Reynolds, D. P.; Davies, J.; Kay, P. B.; Roberts, S. M.; Wallace, F. 
W. J. Chem. Soc., Perkin Trans. 1 1983, 683. (0 Lipshutz, B. H.; 
Ellsworth, E. L. J. Am. Chem. Soc. 1990,112,7440. (g) Babiak, K. A.; 
Behling, J. R.; Dygos J. H.; Mc Laughlin, K. T.; Ng, J. S.; Kalish, V. 
J.; Kramer, S. W.; Shone, R. L. J. Am. Chem. Soc. 1990,112,7441. (h) 
Sato, F.; Kobayashi, Y. Synlett 1992, 849. 

(21) Stille, J. K. Angew. Chem., Int. Ed. Engl. 1986,25, 508. 
(22) (a) Takahashi, Y.; Ito, T.; Sakai, S.; Ishii, Y. J. Chem. Soc., 

Chem. Commun. 1970, 1065. (b) Rettig, M. F.; Maitlis, P. M. Inorg. 
Synth. 1977, 17, 134. (c) Mignani, G.; Leising, F.; Meyrueix, R.; 
Samson, H. Tetrahedron Lett. 1990,31,4743. (d) Tamaru, Y.; Ochiai, 
H.; Nakamura, T.; Yoshida, Z. Tetrahedron Lett. 1986, 27, 955. (e) 
Negishi, E.; Bagheri, V.; Chattedee, S.; Luo, F.-T.; Miller, J. A.; Stoll, 
A. T. Tetrahedron Lett. 1983,24, 5181. 

(23) (a) Farina, V.; Krishnan, B. J. Am. Chem. Soc. 1991,113,9585. 
(b) Farina, V.; Roth, G. P. Tetrahedron Lett. 1991, 32, 4243. 
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Scheme 8' 

Ostwald et al. 

Scheme 10 

1) 1 2 , ~ t p ,  20 OC, 5 mn O H  1 COOEt O H  

18 : 93% y 

17 : 71 Yo 

EtOOC 
16:82Y0 

a Key: (A) 3-iodo-2-cyclohexen-1-one (1.2 equiv), Pd(dba)z (4 mol 
%); TFP (8 mol %), THF, 25 "C, 2 d; 84%; (B) 5-iodouracil (1.0 
equiv), Pd(dba)z (4 mol %); TFP (8 mol %), NMP, 40 "C, 2 d; 65%; 
(C)p-carbethoxyiodobenzene (1.2 equiv), Pd(dba)2 (4 mol %); TFP 
(8 mol %), THF, 25 "C, 2 d; 82%; (D) cinnamyl chloride (1.0 equiv), 
Pd(dba)z (4 mol %), TFP (16 mol %), THF, 40 "C, 2 d, 71%; (E) 
ethyl 24bromomethyl)acrylate (1.2 equiv), Pd(dba)z (4 mol %), TFP 
(16 mol %), THF, 40 "C, 1 d, 93%. 

Scheme 9 

OR2 18a : R'= oct; ~ 2 =  AC 

Bu3Sn /a/. R' 
19b : R1= Pent; R2= Ac 
1% : R1* Oct; R2= TBDMS 

+ 
RCOCl (1.2 WUb.) 

THF, 25 "C, 16-24 h 
Pd(dba)2 (2.5 mol 'YO) 
TFP (5 mol %) 

v 
2Oe: R - Ph; R' = Oct; R2 = AC :90 YO 
20b : R = Ph; R'=  Oct; R2=TBDMS :83% 

R+R~ 2Oc : R = c-Hex; R' = Pent; R2 = Ac :83 96 
2W : R = c-Hex; R' = Oct; R2 = TBDMS : 77 % 

OR2 

0 
208 : R = t-Bu; R1= Oct; R2= TBDMS : 96% 

protecting group, the acylation of 19b with cyclohexane- 
carbonyl chloride affords the desired enone 20c as a 9:l 
E / Z  mixture. The use of a tert-butyldimethylsilyl pro- 
tecting group allows the acylation of the allylic alcohol 
19c with no isomerization of the double bond (20d E / Z  
> 99:l; Scheme 9). It has been shown that such y-alkoxy 
enones undergo substitution reactions or Michael addi- 
tions with various nucleophiles with excellent diastereo- 
~elect ivi ty .~~ Similarly, polyfunctional allylic alcohols 
3a,b, 3e, and 3f can be converted to chiral y-hydroxy a$- 
unsaturated nitriles 21a,b, 21e, and 21f via the inter- 
mediate alkenyl iodides 13a,b, 13e, and 13f (Scheme 10). 
The cyanation reaction is performed with copper(1) 
cyanide (2 equiv) in N-methylpyrrolidone (NIvlP) (130 "C, 
45 minIzs in 54-85% overall yield. The conservation of 

(24) (a) Yamamoto, Y.; Chounan, Y.; Nishii, S.; Ibuka, T.; Kitahara, 
H. J. Am. Chem. SOC. 1992, 114, 7652. (b) Ibuka, T.; Yamamoto, Y. 
Synlett 1992, 769. 

(25)(a) Kitano, Y.; Matsumoto, T.; Wakasa, T.; Okamoto, S.; 
Shimazaki, T.; Kobayashi, Y.; Sato, F.; Miyaji, K.; Arai, K. Tetrahedron 
Lett. 1987,28, 6351. (b) Commerqon, A.; Normant, J.; Villieras, J. J. 
Organomet. Chem. 1975,93,415. 

Bu3Sn-R 2) KF, H20,20 OC, 30 & 
3 a : R = E t  

36 : R = (CH2)dCI 
31 : R = (CH2)30Pi~ 

3b : R = Pent 

CuCN (2 eq.) 

NMP,130 "C, 45 mn * NC 

13s : R = Et 
13b : R = Pent 
131 : R = (CH2)3OPiv 

21a : R = Et : 67 X (92 YO=) 
2lb : R = Pent : 85 % (93 "/om) 
211 : R * (CH2)aOPiv : 64 % (90 %a) 

1) CuCN (10 eq.), 

*cl NMP, 20 O C , 1  h 
OH TMSCI (5 eq.) 

2) 130 OC, 45 mn 
3) H20 

A C I  * NC 

21s : 70 136 

Scheme 11 

* J; OCHBPh 57%HI 

Tobene H 
7595 "C, 3-10 h 

M e 3 S i d R  

22a : R = (CH2)3OPiv 
22b : R = Pent 

2% : R = (CH2)3OPiv (71 %) 
23b : R = Pent (82 %) 

the optical activity of the nitriles 21 was verified in each 
case by preparing a mandelic ester derivative (see 
Experimental Section).26 In the case of 13e, the above 
reaction conditions lead to a side product, presumed to 
be the tetrahydropyran derived from internal substitu- 
tion of the chloride by the hydroxy group; this was totally 
avoided by in situ protection of the alcohol 13e as a TMS 
ether and by using an excess of copper cyanide (Scheme 
10). The direct addition of a dialkylzinc to acrolein in 
the presence the chiral catalyst 12 does not proceed well 
and affords a mixture of 1,2- and 1,4-addition products. 
The corresponding allylic alcohols can be cleanly pre- 
pared by adding divinylzinc to an aldehyde; however, this 
procedure requires the preparation of divinylzinc which 
is a somewhat unstable zinc reagent.27 Another prepara- 
tion of such chiral allylic alcohols bearing a terminal 
double bond can be realized by performing a desilylation 
of the alcohols 4a-h. Thus, the treatment of the benzyl 
ethers 22a,b, prepared, respectively, from 4e (83%) and 
4c (81%), with a 57% toluene solution of HI (75-95 "C, 
3-10 hIz8 produces the desired desilylated allylic ethers 
23a,b respectively in 82% and 71% yield (Scheme 11). 

Discussion 

The catalytic asymmetric addition described herein 
allows the synthesis of highly functionalized allylic 
alcohols. We propose the catalytic cycle described in 
Scheme 12 for explaining the observed enantioselectivity. 
The trifluoromethanesulfonyl groups of the catalyst 12 
are responsible for the conformation of the two isopropoxy 
ligands which induces the position of the complexed 
aldehyde. The complexation of the dialkylzinc organo- 
metallic to the two isopropoxy ligands prior to the 

(26) Parker, D. J. Chem. SOC., Perkin Trans. 2 1983,83. 
(27) Oppolzer, W.; Radinov, R. N. Tetrahedron Lett. 1989,29,5645. 
(28) Utimoto, K.; Kitai, M.; Nozaki, H. TetrahedronLett. 1975,2825. 
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transfer of the  alkyl group to the  carbonyl group should 
also be favored and will lead to the highly ordered 
bimetallic complex 24.29 The role of titanium tetraiso- 
propoxide is to remove the zinc alkoxide from the 
titanium center by forming the mixed complex R1- 
OZnR*Ti(O-i-Pr)4 25. The inverse temperature depen- 
dance of the  enantioselectivity can be explained by 
assuming that with bulky and (or) complexing R groups 
the  removal of RZnOR' from the chiral titanium center 
may be slow at low temperature, so that the  less acidic 
and achiral titanium center of Ti(O-i-Pd4 will compete 
under these conditions and will also catalyze the carbonyl 
addition reaction leading to low enantioselectivities. In 
summary, this catalytic enantioselective addition to 
P-silylated or P-stannylated unsaturated aldehydes pro- 
vides a convenient access to various polyfunctional allylic 
alcohols whose synthetic utility as useful chiral building 
blocks has been demonstrated. 

Experimental Section 
General Considerations. Unless otherwise indicated, all 

reactions were carried out under argon. Solvents (THF, ether, 
toluene) were dried and freshly distilled from sodiumhen- 
zophenone. N-Methylpyrrolidone (NMP)  and dichloromethane 
were freshly destilled over CaHz. Reactions were monitored 
by gas-liquid-phase chromatography (GC) or thin-layer chro- 
matography (TLC) analysis of hydrolyzed aliquots. 

Starting Materials. 3,3-Diethoxy-l-propyne (5): chlo- 
rodimethylphenylsilane,16 dipentyl~inc,~~ (1R,2R)-l,2-bis[(tri- 
fluoromethyl)sulfonamido]cyclohexane,1*~31 biddibenzylidene- 
acetone)palladium,22 and tri-o-furylphosphane (TFP)23 were 
obtained according to the literature. The starting alkyl iodides 
necessary for the preparation of the corresponding dialkylzincs 
were prepared by standard methods (4-iodobutyl acetate,32 
5-iodopentyl ace ta te9  3-Iodopropyl pivalate was obtained 
from 3-chloropropanol in two steps: (i) esterification with 

(29) Seebach, D.; Plattner, D. A.; Beck, A. K.; Wang, Y. M.; Hunziker, 

(30) Nutzel, K. Methoden der Orgunkchen Chemie Houben-Weyl; 

(31) Galsbol, F.; Steenbol, P.; Sondergaard-Sorensen, B. Acta Chem. 

(32) Oku, A.; Harada, T.; Kita, K. Tetrahedron Lett. 1982,23, 681. 

D.; Petter, W. Helv. Chim. Acta 1992, 75, 2171. 

Thieme Verlag: Stuttgart, 1973; Vol. 13/2a, p 552. 

Scund. 1972,26,3605. 
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pivaloyl chloride (1.5 equiv), pyridine (3.0 equiv), 0 "C, 1 h, 
and (ii) NaI (3 equiv), acetone, reflux, 24 h.6a 

N-Benzyl.N-[ (trifluoromethyl)sulfonyll-3-iodopro~ 
pylamine was prepared in three steps starting from com- 
mercially available 3-chloropropylamine hydrochloride: 3-Chlo- 
ropropylamine hydrochloride (1.72 g, 55 mmol) was dissolved 
in CHzClZ (70 mL) and triethylamine (22 mL, 150 mmol) was 
added. The reaction mixture was cooled to -60 "C, trifluo- 
romethanesulfonic anhydride (10.9 mL, 65 mmol) in CHzClz 
(45 mL) was slowly added, and then the mixture was warmed 
to 0 "C within 1 h and diluted with water (150 mL) and 1 N 
HC1 (150 mL). The organic phase was separated, and the 
aqueous phase was extracted with CHzClz (2 x 100 mL). The 
combined organic layer was dried over MgS04, and the 
solvents were evaporated affording crude N-[(trifluoro- 
methyl)sulfonyl]-3-chloropropylamine which was dissolved in 
acetone (50 mL). Benzyl bromide (7 mL, 59 mmol) and K2- 
COa (21.8 g, 158 mmol) were successively added, and the 
reaction mixture was stirred for 1 h at  rt. After the usual 
workup, the crude N-benzyl-N-[(trifluoromethyl)sulfonyll-3- 
chloropropylamine was again dissolved in acetone containing 
NaI (9.7 g, 65 mmol), the heterogeneous mixture was refluxed 
for 2 days and cooled to  rt, and hexane (200 mL) was added. 
The resulting thick precipitate was filtered, and the crude iodo 
amine obtained af'ter evaporation of the solvents was purified 
by flash chromatography (solvent hexane:ether 1 O : l  (to 4:l)) 
affording pure (N-benzyl-N-[(trifluoromethyl)sulfonyll-3-io- 
dopropylamine (11.4 g, 28 mmol, 51% overall yield). IR 
(neat): 1445 (w), 1379 (m), 1319 (m). 'H NMR (CDC13, 200 
MHz): 6 7.60 (s, 5H), 4.70 (brs, 2H), 3.56 (t, 2H, J = 11 Hz), 
3.15 (t, 2H, 7 Hz), 2.09 (m, 2H). W-NMR (CDCl3, 50 MHz): 

49.2, 31.6. MS (EI): 407 (M+, l), 280 (13), 92 (151, 91 (100). 
Anal. Calcd for CllH13FJN02S: C, 32.45; H, 3.22; N, 3.44. 
Found: C, 32.62; H, 3.22; N, 3.64. 
(E)-3-(Tributylstannyl)-2-propenal (1). (a) (Z)-l,l-Di- 

ethoxy-3-(tributylstannyl)-2-propene (6). A three-necked, 
250-mL flask equipped with an argon inlet, a stirring bar, a 
low-temperature thermometer, and a septum cap was charged 
with copper(1) cyanide (4.31 g, 48.2 mmol) and THF (130 mL). 
The suspension was cooled to -78 "C, and BuLi (63.2 mL, 96.4 
mmol; 1.53 N solution in hexane) was slowly added.l0 The 
reaction mixture was warmed to -50 "C resulting in a clear 
yellow solution. It was cooled back to -78 "C, and BusSnH 
(30.9 mL, 96.4 mmol) was added.IO A gas evolution was 
observed. After 10 min of stirring, l,l-diethoxy-2-propyne (5)g 
(5.16 g, 40.2 mmol) was added, and after 2 h at -78 "C, 
methanol (5  mL) was added, producing a deep red solution.ll 
The reaction mixture was allowed to warm to 0 "C, and a 
saturated aqueous NH4c1 solution (50 mL) was added. After 
an ethereal extraction and the usual workup the crude acetal 
6 contaminated with BuSn was directly used for the prepara- 
tion of 1. 

(b) Deprotection of 6. Method AI2 The above described 
acetal 6 (ca. 31 g) was dissolved in acetone (300 mL) containing 
water (3 mL) and a catalytic amount of p-TsOH (ca. 50 mg) 
and was heated to reflux for 6 h. The solvents were evapo- 
rated, and the residue was purified by flash chromatography 
(hexane-ether 96.5:3.5) affording pure (E)-3-(tributylstannyl)- 
2-propenal (1) as a light yellow oil (9.70 g, 70%). 

Method B.13 (Preparation starting with 80.4 mmol of 5). 
An aqueous solution of 10% oxalic acid was added to a slurry 
of silica gel (G60, 190 g) in CHzClz (250 mL), followed by the 
crude acetal 6 (ca. 62 g). After 15 min at  rt, solid NaHC03 
(6.3 g, 75 mmol) was added. The reaction mixture was filtered, 
and the silica gel was washed with CHzClz (2 x 200 mL). The 
organic layer was dried (MgS04), and the residue obtained 
af'ter evaporation of the solvents was purified by flash chro- 
matography (hexane-ether 98:2) affording pure 1 (23.2 g, 71% 
yield). IR (neat): 2945 (s), 2917 (s), 2844 (s), 2695 (m), 1682 

7.7Hz),7.82(d,lH,J=19.1Hz),6.6l(dd,lH,J=19.1,7.7 
Hz), 1.55-1.45 (m, 6H), 1.36-1.24 (m, 6H), 1.00-0.94 (m, 6H), 

163.1, 147.5, 28.8, 27.1, 13.5, 9.7. MS (EI): 289 (1001, 287 
(67), 285 (36), 233 (70), 231 (521, 177 (691, 175 (851, 173 (361, 

6 134.0, 129.0, 128.7, 128.5, 120.0 (q, CF3, J =  323 Hz), 52.9, 

(s), 1456 (s). 'H-NMR (CDCl3, 300 MHz): 6 9.39 (d, lH, J = 

0.88 (t, 9H, J = 7.2 Hz). 'W-NMR (CDC13, 75 MHz): 6 193.5, 
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121 (23). Anal. Calcd for C16H300Sn: C, 52.20; H, 8.76. 
Found C, 52.42; H, 8.83. 
(2)-2-Iod0-3-(tributylstannyl)-2-propenal (7). (a) (2)- 

1,1-Dietaony-ZiOaoS-(tributyletannyl)-~p~~ne (8). The 
same procedure as described above for the preparation of 6 
was used. The intermediate alkenylcopper reagent obtained 
from CuCN (4.31 g, 48.2 mmol), BuLi (58.8 mL, 96.4 mmol of 
a 1.64 N solution in hexane), Bu3SnH (25.5 mL, 96.4 mmol), 
and l,l-diethoxy-2-propyne (5) (4.50 g, 35 mmol) was treated 
at  -78 "C with iodine (17.8 g, 70 mmol) in THF (10 mL). After 
2 h at  -60 "C, the reaction mixture was quenched with a 
saturated aqueous N&c1 solution. m e r  the usual workup 
procedure, the crude acetal 8 contaminated with BuSn was 
obtained and used directly for the preparation of 7. 

(b) (2)-2-Iodo-3-(tributylstannyl)-2-propenal (7). The 
above-prepared crude acetal 8 was dissolved in CHzClz (400 
mL) and was slowly added to a solution of SnC1~2H20~~  (6.70 
g, 30 mmol) in CH2Cl2 (300 mL). After the reaction mixture 
was stirred for 6 h at  rt, it was filtered and the solvents were 
evaporated. The crude product was purified by flash chroma- 
tography (hexane-ether 98.5:1.5) affording pure 7 as a light 
yellow oil (8.24 g, 50% overall yield). IR (neat): 2960 (s), 2919 
(s), 2872 (s), 1737 (m), 1458 (8). lH-NMR (CDC13, 300 MHz): 
6 8.87 (8 ,  lH), 8.31 (8, lH), 1.54-1.46 (m, 6H), 1.33-1.20 (m, 
6H), 1.14-1.08 (m, 6H), 0.85 (t, 9H, J = 7.2 Hz). 13C-NMR 

MS (FD): 472 (M+l,  12), 450 (12), 289 (41, 162 (12), 161 (12). 
Anal. Calcd for C16H290ISn: C, 38.25; H, 6.20. Found: C, 
38.10; H, 6.42. 
(E)-3-(l"ethylsilyl)-2-propenal(2a). (E)-3-(Trimeth- 

ylsilyl)-2-propen-l-o11~ (15.63 g, 120 mmol) was dissolved in 
dry CHzCl2 (100 mL). MnOz (70 g, 0.8 mol, 6.7 equiv) was 
added, and after 0.5 h the reaction mixture was heated to 
reflux. After 5 h, a second portion of MnOz (21 g, 0.24 mol, 2 
equiv) was added and the reaction mixture was stirred for 8 h 
at  rt. Silica gel (40 g) was added, and the heterogeneous 
mixture was filtered over a short silica gel column and washed 
further with CH2C12. f i r  evaporation of the solvent, the pure 
aldehyde was isolated (14.62 g, 95% yield). IR (neat): 2960 
(m), 1696 (s), 1618 (w). lH-NMR (CDC13,300 MHz): 6 9.39 (d, 
lH, J = 7.6 Hz), 7.14 (d, lH, J = 18.7 Hz), 6.42 (dd, lH, J = 

(CDCl3, 75 MHz): 6 187.1, 173.3, 125.3, 29.0, 27.3, 13.7, 11.0. 

7.6, 18.7 Hz), 0.11 ( s ,~H) .  13C-NMR (CDC13, 75 MHz): 6 194.8, 
158.8, 144.1, -2.0. 129(100), 127 (191, 113 (33). MS (FI) : 
Anal. Calcd for CsHlzOSi : C, 56.19; H, 9.43. Found: C, 
56.07; H, 9.24. 
3-(Triethylsilyl)propyn-l-ol (9b). A three-neck flask 

equipped with an argon inlet, a thermometer, and a septum 
cap was charged with EtMgBr (0.1 mol) in THF (50 mL), and 
tetrahydropyranyl propargyl etheS3 (14.0 g, 0.1 mol) was 
added below 10 "C. After the mixture was stirred for 10 h, 
Et3SiCl (15 g, 0.1 mol) was added and the reaction mixture 
was heated to  reflux for 20 h. After the mixture was cooled 
to rt, 1 M HC1 solution (100 mL) was added, and the reaction 
mixture was stirred for 0.5 h. After the usual workupz7 and 
evaporation of the solvents, the crude product was dissolved 
in methanol (100 mL) and p-TsOH (2.5 g, ca. 13 "01) was 
added. The reaction mixture was stirred for 8 h, and the 
solvent was evaporated. The crude residue was dissolved in 
ether (200 mL), washed successively with saturated aqueous 
NaHC03 solution (50 mL) and saturated aqueous NaCl solu- 
tion (2 x 50 mL), and dried (MgSOd), the solvent was removed, 
and the residue was distilled (bp 72-75 "C/0.5 mmHg) 
affording the pure alcohol 9b (14.13 g, 83%). IR (neat): 3174 
(m), 2876 (m), 2172 (w). 'H-NMR (CDC13, 300 MHz): 6 4.21 
(8, 2H), 2.47 (8 ,  lH), 0.92 (t, 9H, J = 7.8 Hz), 0.54 (9, 6H, J = 

4.1. MS (FI): 171 (19), 170 (loo), 153 (3). Anal. Calcd for 
CsHlEOSi: C, 63.48; H, 10.65. Found: C, 63.41; H, 10.53. 
3-(Dimethylphenylsilyl)-2-propyn.l-ol(9~). This alco- 

hol was prepared as 2a using propargyl alcohol (11.6 mL, 0.2 
mol) in THF (10 mL), EtMgBr (0.4 mol), and a mixture of 
dimethylphenylchlorosilane and dimethylphenylbromosilane 
(0.2 mo1P leading to  9c (34.27 g, 90% yield) as a colorless oil. 

(33) Colvin, E. W. Silicon Reagents in Organic Synthesis; Academic 

7.8 Hz). 13C-NMR (CDC13, 75.5 MHz): 6 104.9, 87.6,51.3,7.2, 

Press: London, 1988; p 124. 

Ostwald et al. 

IR (neat): 3301 (m), 2961 (m), 2178 (m). 'H-NMFt (CDCL, 300 
MHz): 6 7.61-7.31 (m, 5H), 4.25 (d, 2H, J = 6.0 Hz), 1.91 (m, 
lH), 0.40 ( s , ~ H ) .  13C-NMR (CDCls, 75.5 MHz): 6 136.7,133.8, 
129.7, 128.1, 105.7, 88.9, 51.8, -0.9. MS (FI): 191 (13), 190 
(100). Anal. Calcd for C11H140Si: C, 69.42; H, 7.41. Found: 
C, 69.52; H, 7.45. 

The Red-Al reductions of 9a-c leading to loa-c were 
performed according to the procedure of Denmark.ls 

~-3-(~ethylsilyl)-2-propen-l-ol (lob). IR (neat): 3307 
(m), 2956 (s), 1625 (w). lH-NMR (CDC13, 300 MHz): 6 6.17 
(dt, lH, J = 18.8,4.4 Hz), 5.82 (dt, lH, J = 18.8, 1.8 Hz), 4.14 
(m,lH),2.40(s,lH),0.92(t,9H,J=7.9Hz),0.56(q,6H,J= 

7.2,3.4. MS (FD): 106 (0.6), 58 (17). Anal. Calcd for C9H20- 
OSi: C, 62.73: H, 11.70. Found: C, 62.42; H, 11.60. 
(E)-3-(Dimethylphenylsilyl)-2-propen-l-o1 (104. IR 

(neat): 3253 (s), 2954 (s), 1617 (w), 1254 (m). 'H-NMR (CDCL, 
300 MHz): 6 7.51-7.30 (m, 5H), 6.20 (dt, lH, J = 18.8, 4.1 
Hz), 5.99 (dt, lH, J =  18.8, 1.6 Hz), 4.15 (m, 2H), 1.70 (8 ,  lH), 

(131, 75 (13). Anal. Calcd for C11HleOSi: C, 68.69; H, 8.38. 
Found: C, 68.42; H, 8.40. 
(E)-3-(Triethylsilyl)-2-propenal (2b). Prepared as 2a 

using 3-(triethylsilyl)-2-propen-l-ol (lob) (9.3 g, 54 "01) and 
MnOz (ca. 40 g, 0.47 mol). Yield 8.92 g, 97%. IR (neat): 2956 
(s), 1698 (s), 1615 (m). 'H-NMR (300 MHz, CDCl3): 6 9.38 (d, 
1H, J = 7.6 Hz), 7.10 (dd, lH, J = 18.8 Hz), 6.47 (dd, lH, J = 
18.8, 7.5 Hz), 0.90 (t, 9H, J = 7.5 Hz), 0.60 (9, 6H, J = 7.6 

2.8. MS (FI): 170 (61), 157 (loo), 152 (90). Anal. Calcd for 

(E)-(Dimethylphenylsilyl)-2-propenal(20). Prepared as 
2a using 3-(dimethylphenylsilyl)-2-propen-l-ol (23.5 g, 0.12 
mol) and MnO2 (91 g, 1.04 mol). Yield: 21.24 g, 93%. IR 
(neat): 2960 (s), 1694 (s), 1590 (w), 1086 (8) .  'H-NMR (CDCl3, 
200 MHz): 6 9.42 (d, lH, J = 7.9 Hz), 7.38-7.21 (m, 5H), 7.11 
(d, lH, J = 17.7 Hz), 6.38 (dd, lH, J = 17.9, 7.6 Hz), 0.30 (8 ,  

7.9 Hz). "C-NMR (CDCl3, 75.5 MHz): 6 146.2, 125.6, 65.5, 

0.32 (8, 6H). 13C-NMR (CDCl3, 75.5 MHz): 6 149.6, 141.1, 
136.6,131.7, 130.9,130.5,68.0, -0.5. MS (FI): 192 (loo), 115 

Hz). 13C-NMR (CDCl3, 75.5 MHz): 6 194.4, 155.9, 145.3, 7.0, 

CgHiaOSi: C, 63.47, H, 10.64. Found: C, 63.50; H, 10.36. 

6H). 13C-NMR (CDC13,50 MHz): 6 194.5, 156.4, 145.1, 135.7, 
133.8, 129.8, 128.1, -3.4. MS (FI): 141 (81, 140 (1001, 143 
(2). Anal. Calcd for C11H140Si: C, 68.69; H, 7.41. Found: 
C, 68.66; H, 7.52. 
Preparation of (1R,2R)-1,2-Bis[(trifluoromethyl~sul- 

fonamido]cyclohexane (lZ).lEsl A three-neck flask equipped 
with a thermometer, a septum cap, an addition funnel, a 
magnetic stirring bar, and an argon outlet was charged with 
tr~ns-(1R,2R)-cyclohexanediamine~~ (5.0 g, 43.9 mmol), CH2- 
Cl2 (50 mL), and triethylamine (13.5 mL). This solution was 
cooled to -78 "C, and a CH2Cl2 (25 mL) solution of tritluo- 
romethanesulfonic anhydride (16.2 mL, 96.6 mmol) was added 
dropwise over 1 h. The reaction mixture was warmed to rt, 
stirred for 1 h, and poured into ether (300 mL) and water (200 
mL). The aqueous layer was separated and washed twice with 
ether (2 x 50 mL). The combined organic layer was washed 
with water (100 mL), dried over MgS04, and concentrated, 
affording a crystalline residue. Recrystallization from CHCb 
and hexane furnished pure 12 (10.0 g, 60%) as a white powder 
(mp 148-156 "C). [a]~ = -6.1" (c = 5.78, EtOH), [ab = -43.7' 
(c = 2.06, pyridine). IR (neat): 3440 (br), 3305 (m), 2960 (s), 
1460 (m), 2385 (m). lH-NMR (CDC13,300 MHz): 6 8.02-7.94 
(m, 2H), 3.44-3.32 (m, 2H), 2.21-2.10 (m, 4H), 1.88-1.65 (m, 
4H), 1.45-1.34 (m, 2H). 13C-NMR (CDC13, 75.5 MHz): 6 120.9 

30), 378 (100). Anal. Calcd for C ~ J H I ~ N ~ S ~ O ~ ' ~ :  C, 25.40; H, 
3.20; N, 7.41. Found C, 25.33; H, 3.18; N, 7.38. 
Typical Procedure for the Preparation of Function- 

alized Dialkylaincs ll.s Preparation of Bis(5-acetoxy- 
penty1)zinc. A Schlenk flask equipped with an argon inlet 
and a septum cap was charged with CUI (2 mg, ca. 0.01 mmol), 
5-iodopentyl acetate (4.1 g, 16 mmol), and EtzZn (2.0 mL, 20 
mmol). The reaction mixture was warmed to 50 "C and stirred 
for 8 h at  this temperature. The Schlenk flask was connected 
to the vacuum (0.1 mmHg), and the excess EtzZn and formed 
Et1 were collected in a trap cooled with liquid N2. This 
operation required ca. 2 h at  50 "C. The resulting diakylzinc 
was diluted in toluene (8 mL) and was ready to use. By 

(CF3, J = 320 Hz), 59.7, 34.2, 25.3. MS (FD): 379 ((M + l)', 
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running the reaction in the presence of an internal standard 
and by performing an iodolysis of a reaction aliquot, a GC yield 
280% yield was found. In the case of the bis(4-chlorobuty1)- 
zinc a yield of only 60% was obtained, because this organozinc 
has a moderate stability under the reaction conditions. The 
duration of the iodine-zinc exchange was reduced to 4 h, and 
the removal of the byproducts in uacuo was performed more 
quickly: after 30 min at  50 "C under 0.1 mmHg, evacuation 
was interrupted and n-decane (2 mL) was added. Vacuum was 
applied again for 30 min at 50 "C, affording pure bis(4- 
chlorobuty1)zinc in 80% yield (GC analysis). 

Caution: the cooled trap containing EtzZn and Et1 should 
be immediately diluted with ether, THF, or hexane at  the end 
of the reaction. The condensation of liquid oxygen on neat 
diethylzinc must absolutely be avoided since such mixtures 
are explosive. 

Typical Procedure for the Asymmetric Addition of a 
F'unctionalized Dialkylzinc to 1,2a-c, or 7. Preparation 
of (S)-( - ) - 7 - C h l o r o - l - ( M t ~ y l ) -  l-hepten3-01(3e). 
Procedure A This procedure was used for most examples 
described in Table 1. A 50-mL three-neck flask equipped with 
an argon inlet, a thermometer, and a septum cap was charged 
with dry toluene (1 mL), Ti(0-i-Pr)~ (1.2 mL, 4 mmol), and 
(1R,2R)-1,2-bis[(trifluoromethyl)sulfona~dol~clohexane (63 
mg, 0.16 mmol). The reaction mixture was heated to 40-45 
"C for 0.5 h and then cooled to -55 "C. Bis(4-chlorobuty1)zinc 
(prepared from 4-chloro-1-iodobutane (3.06 g, 14 mmo1,45 "C, 
4 h)) in toluene (6 mL) was added, followed after 5 min by the 
aldehyde 1, 28-c, or 7 (2 mmol). The reaction mixture was 
stirred for 2-6 h at -55 "C (16-21 h at  -20 "C in the case of 
7). GC analysis of a hydrolyzed reaction aliquot indicates the 
completion of the reaction. The reaction mixture was quenched 
with a 10% HCl solution and extracted with ether. The 
aqueous phase was extracted twice with ether, and the 
combined organic phase was washed successively with a 
saturated aqueous NaHC03 solution (2 x 100 mL) and brine 
(3 x 50 mL) and was dried over MgS04. M e r  filtration and 
evaporation of the solvents, the residual oil was purified by 
flash chromatography using mixtures of hexane and ether 
(hexane:ether 7525; in the case of stannyl derivatives 3, the 
eluant was shaken with concd aqueous Nl&OH (1-5 mL) prior 
to use) leading to the pure allylic alcohol 3e as a colorless oil 
(604 mg, 69% yield). The enantiomeric excess was 92-95% 
ee as determined by converting the allylic alcohol in the 
corresponding 0-acetylmandelic ester prepared using (,!+(+I- 
O-acetylmandelic acid and DCC according to Parker's method 
(see below).26 For most examples reported in Table 1, the 
alcohol was also treated with (f)-0-acetylmandelic acid pro- 
viding a mixture of the two diastereomeric esters and allowing 
a facile determination of the enantiomeric excess by 'H-NMR 
spectra analysis. 

Procedure B. The catalyst was prepared as above *om 
12 (110 mg, 0.28 mmol) and Ti(o-i-Pr)4 (2.18 g, 7.7 mmol) in 
toluene (2 mL) by heating this mixture at 50 "C for 30 min. It 
was cooled to -20 "C, and the toluene solution of bis(4- 
chlorobuty1)zinc (prepared from 4-chloro-l-iodobutane, 5.24 g, 
24 mmol, in 80% yield) was added, leading to a clear yellow 
solution. It was stirred for 30 min at  -40 "C, and the aldehyde 
(1) (1.21 g, 3.5 mmol) dissolved in toluene (2 mL) was rapidly 
added. Under these conditions, the reaction was rapid and a 
conversion >90% was observed &er 15-min reaction time, 
After 0.5 h, the reaction mixture was quenched and workedup 
as usual. After flash purification of the crude residue, the 
alcohol 3e was isolated as a clear oil (1.21 g, 79% yield; 95% 
eel. 

Typical Procedure for the Preparation of the 0- 
Acetylmandelic Esters of the Allylic Alcohols 3 and 4.26 
A 10-mL three-neck flask equipped with an argon inlet, a 
thermometer, and a septum cap was charged with (5')-(+)-0- 
acetylmandelic acid (97 mg, 0.5 "01) and 4-(Nfl-dimethyl- 
amino)pyridine (7.5 mg, 0.06 mmol) in CHzClz (1 mL) and was 
cooled to -20 "C. A solution of the alcohol 3 or 4 (0.25 mmol) 
and 1,3-dicyclohexylcarbodiimide (103 mg, 0.5 m o l )  in CH2- 
Clz (0.5 mL) was added, and the reaction mixture was stirred 
for 2 h at  -20 "C. No starting alcohol could be detected by 
TLC analysis. The resulting heterogeneous reaction mixture 
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was diluted with a 1:4 mixture of ethyl acetate-hexane (10 
mL) and was filtered over a short chromatography column 
eluted with ethyl acetate-hexane (2 x 10 mL), and the 
resulting solution (ca. 35 mL) was concentrated in uacuo. The 
lH-NMR spectrum of this crude oil (usually >90% pure) wm 
used for the enantiomeric excess determination. 

Analytical Data of the Alcohols 3a-h and 4a-h De- 
scribed in Table l. (S)-(E)-(- )- l-(Tributyletannyl)-l- 
penten-3-01 (3a). Yield: 653 mg, 87%; 90% ee. Prepared 
using Et& (1.2 mL, 12 mmol) and 1 (690 mg, 2 mmol). 
Reaction conditions: -60 "C, 2 h. Chromatography solvent: 
hexane-ether 9O:lO. [ a ] ~  = -0.3" (c = 3.37, benzene). IR 
(neat): 3332 (br), 2959 (s), 2927 (s), 2873 (s), 2855 (s), 1464 
(m). 'H-NMR (CDC13,300 MHz): 6 6.06 (d, lH, J = 19.1 Hz), 
5.92 (dd, lH, J = 19.1, 5.4 Hz), 3.97-3.89 (m, lH), 1.52-1.20 
(m, 15H), 0.82 (t, 9H, J = 7.1 Hz,), 0.85-0.76 (m, 9H). 
NMR (CDC13, 75 MHz): 6 150.6, 127.7, 76.2, 29.6, 28.9, 27.0, 
13.5, 9.4, 9.3. MS (FD): 330 (21), 236 (lo), 163 (25), 82 (421, 
39 (100). Anal. Calcd for C1&60Sn: c ,  54.42; H, 9.67. 
Found: C, 54.47; H, 9.87. 

(S)-Q-l-(Tributyls~yl)-l-~ten-3-ol(3b). Yield 1.47 
g, 88%; 92% ee. Prepared using dipentylzinc (1.66 mL, 8 
mmol) and 1 (1.38 g, 4 mmol). Reaction conditions: -55 "C, 2 
h. Chromatography solvent hexane-ether 8515. [ a l ~  = 
-0.2" (c = 14.42, benzene). IR (neat): 3336 (br), 2909 (s), 2873 
(s), 2857 (s), 1464 (m). 'H-NMR (CDC13, 300 MHz): 6 6.06 (d, 
lH, J = 19.1 Hz), 5.94 (dd, lH, J = 19.1, 5.2 Hz), 4.03-3.96 
(m, lH), 1.48-1.18 (m, 21H), 0.83 (t, 9H, J = 7.2 Hz), 0.86- 
0.72 (m, 9H). 13C-NMR (CDCl3,75 MHz): 6 151.3,127.7,75.7, 
37.0,31.9,29.1,27.3,25.1,22.7, 14.1, 13.7,9.6. MS(FD): 418 
(M + 1, loo), 417 (M+, 111, 416 (31), 415 (24), 399 (15). Anal. 
Calcd for CzoHd2OSn: C, 57.55; H, 10.29. Found: C, 57.57; 
H, 10.15. 
(S)-(E)-(-)-l-(Tributylstannyl)-l-undecen-3-ol (34. 

Yield: 661 mg, 72%; 90% ee. Prepared using dioctylzinc (ca. 
7 mmol obtained from octyl iodide (1.92 g, 8 mmol; 55 "C, 9 
h)) and 1 (690 mg, 2 mmol). Reaction conditions: -55 "C, 3 h. 
Chromatography solvent: hexane-ether 85:15. [ a l ~  = -0.2" 
(c = 16.95, benzene). IR (neat): 3330 (br), 2957 (s), 2927 (s), 
2873 (s), 2855 (s), 1464 (m). 'H-NMR (CDC13, 300 MHz): 6 
6.09(d,lH,J=lS.lHz),5.96(dd,lH, J=19.1,5.2H~),4.06- 
3.99 (m, lH), 1.50-1.21 (m, 27H), 0.92-0.77 (m, 18H). 13C- 
NMR (CDCl3, 75 MHz): 6 151.1, 127.6, 75.6, 36.9, 31.8, 29.6, 
29.5,29,2,29.0,27.2,25.3,22.6, 14.0, 13.6,9.4. MS (FD): 460 
(M + 1,63), 459 (M+, 631,458 (M - 1,100), 456 (30), 443 (28). 
Anal. Calcd for C23H4sOSn: C, 60.14; H, 10.53. Found: C, 
60.09; H, 10.65. 

( S ) - ( E ) - ( - ) - 6 H y ~ ~ 8 - ( t r i b u t y ~ ~ y l ) - 7 - o ~ n y l  Ac- 
etate (3d). Yield: 689 mg, 75%; 91% ee. Prepared using bis- 
(5-acetoxypenty1)zinc (ca. 7 mmol) which was obtained from 
5-iodopentyl acetate (2.05 g, 8 mmol, 55 "C, 6 h) and 1 (690 
mg, 2 mmol). Reaction conditions: -55 "C, 3 h. Chromatog- 
raphy solvent hexane-ether 7525. [ a l ~  = -1.2" (c = 13.17, 
benzene). IR (neat): 3434 (br), 2957 (s), 2929 (s), 2873 (s), 
1744 (s), 1464 (m). IH-NMR (CDCls, 300 MHz): 6 6.11 (d, lH, 
J = 19.1 Hz), 5.97 (dd, lH, J = 19.1, 5.3 Hz), 4.04 (t, 2H, J = 
6.7 Hz), 4.12-4.02 (m, lH), 2.03 (s, 3H), 1.53-1.25 (m, 21H), 
0.87 (t, 9H, J = 7.2 Hz), 0.90-0.85 (m, 6H). 13C-NMR (CDC13, 
75MHz):d 171.3,151.0,127.9,75.5,64.5,36.8,29.1,28.6,27.3, 
25.9, 25.1, 21.0, 13.7, 9.5. MS (FD): 419 (40), 418 (1001, 416 
(22). Anal. Calcd for C22H~03Sn: C, 55.60; H, 9.33. Found 
C, 55.43; H, 9.27. 

( ~ - O ~ ( ~ ) - 7 . C ~ o ~ l - ( t r i b u t y ~ l ~ - l - h e p t e n . 3 - o l ( 3 e ) .  
Yield: 604 mg, 69%; 92-95% ee. Prepared using bis(4- 
chlorobuty1)zinc (ca. 6 "01) which was obtained from 4-chloro- 
1-iodobutane (3.06 g, 14 mmol, 45 "C, 5 h) and 1 (690 mg, 2 
mmol). Reaction conditions: -55 "C, 3 h. Chromatography 
solvent hexane-ether 75:25. [ a ] ~  = -1.8" (c = 1.14, benzene). 
IR (neat): 3322 (br), 2957 (s), 2925 (s), 2873 (s), 2855 (s), 1464 
(m). lH-NMR (CDC13, 300 MHz): 6 6.09 (d, lH, J = 19.1 Hz), 
5.94 (dd, lH, J = 19.1, 5.4 Hz), 4.06-3.98 (m, lH), 3.48 (t, 
2H, J = 6.7 Hz), 1.79-1.71 (m, 2H), 1.54-1.21 (m, 17H), 0.83 
(t, 9H, J = 7.2 Hz), 0.86-0.78 (m, 6H). 13C-NMR (CDCl3, 75 
MHz): 6 150.7, 128.1, 75.2, 44.8, 35.9, 32.4, 28.9, 27.1, 22.6, 
13.6, 9.3. MS (EI): 381 (2), 210 (7), 197 (17), 195 (131, 120 
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(19). Anal. Calcd for Cl~H3&10Sn: C, 52.14; H, 8.98. 
Found: C, 52.06; H, 8.71. 
(S)-O.(-)4~~~~(tributylstannyl)-~hexenyl2,2- 

Dimethylpropionate (30. Yield: 328 mg, 67%; 90% ee. 
Prepared using bis(3-pivaloxypropy1)zinc (ca. 2 mmol) which 
was obtained from 3-iodopropyl2,2-dimethylpropionate (1.08 
g, 4 mmol; 55 "C, 4 h) and 1 (345 mg, 1 mmol). Reaction 
conditions: -55 "C, 2 h. Chromatography solvent: hexane- 
ether 75:25. [ a ] ~  = -1.5" (c = 2.00, benzene). IR (neat): 3438 
(br), 2959 (s), 2929 (s), 2873 (SI, 1732 ( 8 ) .  'H-NMR (CDCl3, 
300 MHz): 6 6.10 (d, lH, J = 19.1 Hz), 5.92 (dd, lH, J = 19.1, 
5.4 Hz), 4.03 (t, 2H, J = 6.3 Hz), 4.08-3.98 (m, lH), 1.53- 
1.19 (m, 17H), 1.14 (8, 9H), 0.83 (t, 9H, J = 7.2 Hz), 0.87- 
0.78 (m, 6H). 13C-NMR (CDCb, 75 MHz): 6 170.4,150.5,128.2, 
74.9, 64.1, 38.6, 33.1, 28.9, 27.1, 27.1, 24.6, 13.5, 9.4. MS 
(FD): 490 (M +1 , l) ,  489 (M+, 5) ,  433 (1001, 432 (641, 431 
(511,429 (20). Anal. Calcd for C23&603Sn: C, 56.46; H, 9.48. 
Found C, 56.68; H, 9.72. 
(S)-(z).(-)-2-Iodo-l-(tribu~~ributylstannyl)-l-penten-S-o1(3g). 

Yield: 353 mg, 75%; 94% ee. Prepared using diethylzinc (0.2 
mL, 2 mmol) and 7 (471 mg, 1 mmol). Reaction conditions: 
-20 "C, 8 h. Chromatography solvent hexane-ether 85:15. 
[ a ] ~  = -1.1" (c = 1.86, benzene). IR (neat): 3390 (m), 2955 

lH), 3.42-3.36 (m, lH), 1.88-0.96 (m, 21H), 0.89-0.79 (m, 

29.1, 27.3, 13.7, 10.8, 9.5. MS (FD): 420 (30), 418 (loo), 416 
(111,414 (12). Anal. Calcd for C17H35IOSn: C, 40.75; H, 7.04. 
Found: C, 40.53; H, 6.86. 
(S)-(z)-(-)-7.Aza-2-iodo-9.phenyl-l-(tribu~~~yl)-~ 

(trifluoromethyl)sdfonyll- 1 acten-3-01 (Sh). Yield 466 
mg, 62%; 82% ee. Prepared using bis[[N-benzyl-N-[(trifluo- 
romethyl)sulfonyl]-3-amino]propyllzinc (ca. 2 "01) which was 
obtained from 3-iodo-N-benzyl-N-[(trifluoromethyl)sulfonyl]- 
propylamine (1.69 g, 4 mmol, 55 "C, 14 h) and 7 (471 mg, 1 
mmol). Reaction conditions: -20 "C, 22 h. Chromatography 
solvent hexane-ether 85:15. [ a l ~  = -2.8" (c = 1.09, benzene). 
IR (neat): 3308 (m), 2970 (s), 2937 (s), 2885 (s), 2857 (8). lH- 
NMR (CDCl3, 300 MHz): 6 7.15 (8 ,  lH), 4.45 (brs, 2H), 3.45- 
3.39 (m, lH), 3.30-3.02 (m, 3H), 1.51-1.19 (m, 18H), 1.01- 
0.96 (m, 4H), 0.84 (t, 9H, J = 7.2 Hz). 13C-NMR (CDCl3, 75 
MHz): 6 142.2, 134.2, 130.9, 129.1, 128.9, 128.5, 128.4, 120.0 

10.6. MS (FD): 464 (0.2), 391 (2), 378 (21, 336 (O.l), 202 (l), 
126 (0.6). Anal. Calcd for C Z ~ H & ~ I N O ~ S S ~ :  C, 41.51; H, 
5.76; N, 1.87. Found: C, 41.46; H, 5.80; N, 1.90. 
(S)-(E)-(+)-l-(Dimethylphenylsilyl)-l-pen~n-3-o1(4a). 

Yield: 410 mg, 93%; 94% ee. Prepared using diethylzinc (0.51 
mL, 5 "01) and 2c (381 mg, 2 mmol). Reaction conditions: 
-40 "C, 12 h. Chromatography solvent: hexane-ether 4:l. 
[ a ] ~  = +19.6" (c = 1.74, benzene). IR (neat): 3379(m), 2362(s), 
1621(s). lH-NMR (CDCL, 200 MHz): 6 7.56-7.31 (m, 5H), 6.15 
(dd, lH, J = 18.8, 4.8 Hz), 6.02 (dd, lH, J = 18.8, 0.8 Hz), 
3.98 (m, lH), 1.63 ( 8 ,  lH), 1.54 (dq, 2H, J = 0.8, 7.2 Hz), 0.93 

136.4, 131.6, 130.4, 129.7, 78.4,32.3,12.2,0.0. MS (EO: 205 
(5) ,  135 (52)) 75 (100) Anal. Calcd for ClaHzoOSi: C, 70.85; 
H, 9.15. Found: C, 70.85; H, 9.20. 
(Rs)-(~-l-(Dimethylphenylsilyl)-&[(triiso). 

oxy]-1-hexen-S-01 (4b). Yield: 505 mg, 67%; 0% ee. Pre- 
pared using bis[3-[(triisopropylsilyl)oxylpropyllzinc (ca. 5 "01) 
prepared from l-iodo-3-[(triisopropylsilyl)oxylpropane (3.42 g, 
10 "01) and 2c (381 mg, 2 mmol). Reaction conditions: -40 
"C, 12 h. Chromatography solvent hexane-ether 4:l. IR 
(neat): 3421 (m), 1621 (m), 1113 (9). 'H-N'MR (CDCl3, 200 
MHz): 6 7.45-7.25 (m, 7H), 6.09 (dd, lH, J = 18.8, 4.4 Hz), 
5.92 (dd, lH, J = 18.8, 0.8 Hz), 4.13 (m, lH), 3.66 (t, 2H, J = 
5.6 Hz), 2.85 (d, lH, J = 3.2 Hz), 1.60 (m, 3H), 0.99 (d, 18H, 

141.3, 136.4, 131.5, 130.3, 129.0, 76.6, 66.2, 37.0, 31.5, 20.5, 
14.5,O.O. MS (EI): 205 (14), 135 (58),75 (76),40 (100). Anal. 
Calcd for C23H4202Si2: C, 67.92; H, 10.41. Found: C, 68.04; 
H, 10.53 
(S)-(E)-(+)-l-(Trimethylsilyl)-l-octen-3-o1 (4c). Yield: 

289 mg, 72%; 80% ee. Prepared using dipentylzinc (1.04 mL, 
5 mmol) and 2a (256 mg, 2 mmol). Reaction conditions: -60 

(s), 2920 (s), 1462 (9). 'H-NMR (CDCl3, 300 MHz): 6 7.17 (8, 

12H). 13C-NMR (CDCl3, 75 MHz): 6 141.8, 132.3, 83.0, 29.6, 

(9, CF3, J =  320 Hz), 80.6, 51.8, 47.7, 33.0, 28.9, 27.1, 13.5, 

(t, 3H, J = 7.3 Hz). '3C-NMR (CDC13,50 MHz): 6 152.8,141.2, 

J = 3.2 Hz), 0.27 ( s , ~ H ) .  13C-NMR (CDC13,50 MHz): 6 153.2, 

"C, 12 h. Chromatography solvent hexane-ether 4:l. [ a ] ~  
= +9.7" (c = 6.3, benzene). IR (neat): 3352 (m), 1621(w), 

5.2 Hz), 5.82 (dd, lH, J = 18.8, 0.8 Hz), 4.01 (m, lH), 1.53- 
1.24 (m, 9H), 0.82 (t, 3H, J = 6.8 Hz), 0.00 (8 ,  9H). 13C-NMR 

15.3,O.O. MS (EI): 185 (3), 144 (19), 129 (24), 75 (100). Anal. 
Calcd for CllHNOSi: C, 65.93; H, 12.07. Found: C, 65.94; H, 
12.34. 
( S ) - ~ - ( + ) ~ ~ ~ o ~ l - ( ~ e ~ ~ l ) - l ~ n ~ l ( 4 d ) .  

Yield: 403 mg, 67%; 85% ee. Prepared using bis(5-pivaloxy- 
penty1)zinc (ca. 5 mmol) prepared from 1-iodo-5-pivaloxypen- 
tane (2.98 g, 10 "01) and 2a (256 mg, 2 mmol). Reaction 
conditions: -40 "C, 12 h. Chromatography solvent: hexane- 
ether 4:l. [ a ] ~  = +5.4" (c = 5.74, benzene). IR (neat): 3452 
(m), 1733 (SI, 1621 (w), 1248 ( 8 ) .  lH-NMR (CDC13,200 MHz): 
6 5.97 (dd, lH, J = 18.7, 5.0 Hz), 5.76 (dd, lH, J = 18.5, 1.0 
Hz), 3.98 (m, 3H), 1.59-1.29 (m, 9H), 1.12 (s,9H), 0.0 (s,9H). 

40.0, 38.1, 29.9, 28.5, 27.2, 26.3, 0.0. MS (EI): 159 (26), 103 
(62), 75 (75), 57 (100). Anal. Calcd for C16H3203Si: C, 63.95; 
H, 10.73. Found: C, 63.91; H, 10.46. 
(S)-(E)-(+)-6-Pivalo~l-(trimethylsilyl)-l-hexen-3-ol 

(4e). Yield: 338 mg, 62%; 90% ee. Prepared using bis[3- 
(pivaloyloxy)propyl]zinc (ca. 5 "01) prepared from 1-iodo-3- 
(pivaloy1oxy)propane (2.70 g, 10 mmol) and 2a (256 mg, 2 
"01). Reaction conditions: -15 "C, 12 h. Chromatography 
solvent hexane-ether 4:l. [ a ] ~  = +4.7" (c = 7.18, benzene). 
IR (neat): 3454 (m), 1733 (e), 1621 (w), 1248 (s). 'H-NMR 

lH, J = 18.7, 1.0 Hz), 4.03 (m, 3H), 1.73-1.49 (m, 5H), 1.11 

131.1,75.4,65.6,40.1,34.5,28.5,26.0,0.0. MS(E1): 159 (15), 
113 (32), 75 (79, 57 (100). Anal. Calcd for C1&60$3i: C, 
61.72; H, 10.36. Found: C, 61.84; H, 10.22. 

(S)-O-( - ) . 7 - C ~ o ~ l - ( ~ e ~ y ~ l ) - l - h e ~ n ~ l  (a. 
Yield 261 mg, 59%; 70% ee. Prepared using bis(4-chlorobu- 
ty1)zinc (ca. 5 "01) prepared from 1-chloro-4-iodobutane (2.18 
g, 10 mmol) and 2a (256 mg, 2 mmol). Reaction conditions: 
-50 "C, 12 h. Chromatography solvent: hexane-ether 4:l. 
[ a l~  = -40.4" (c = 9.03, benzene). IR (neat): 3385 (m), 1621 

18.6, 5.0 Hz), 5.77 (dd, lH, J = 18.6, 0.8 Hz), 4.02 (m, lH), 
3.47 (t, 2H, J = 6.6 Hz), 1.74-1.43 (m, 6H), 0.0 (8 ,  9H). 13C- 

24.1, 0.0. MS (EI): 185 (9)) 93 (41), 75 (100). Anal. Calcd 
for C21jH21C1OSi: C, 54.39; H, 9.59. Found c ,  54.35; H, 9.74. 
(S)-(~-(+)-6Pivaloxy-l-(triethylsilyl)-l-hexen-~l(4g). 

Yield: 447 mg, 71%; 90% ee. Prepared using bis[3-(pivaloy- 
loxy)propyl]zinc (ca. 5 "01) prepared from l-iodo-3-(pivaloy- 
1oxy)propane (2.70 g, 2 mmol) and 2c (341 mg, 2 "01). 
Reaction conditions: - 5 "C, 12 h. Chromatography solvent: 
hexane-ether 4:l. [ a ] ~  = +3.9" (c = 8.86, benzene). IR 
(neat): 3455 (m), 1733 (s), 1623 (w), 992 (8) .  'H-NMR (CDCl3, 
300 MHz): 6 6.02 (dd, lH, J = 18.9, 5.5 Hz), 5.75 (dd, lH, J = 
18.9,1.1Hz),4.12-4.04(m, 1H),4.03(t,2H, J=6.4Hz),  1.93 
(brs, lH), 1.78-1.51 (m, 4H), 1.16 (s, 9H), 0.83 (t, 9H, J = 7.9 

178.6, 149.7, 125.9, 74.3, 64.2, 38.7, 33.2, 27.2, 24.6, 7.3, 4.0. 
MS (FD): 315 (6), 314 (l), 286 (17), 285 (100). Anal. Calcd 
for C17Ha0& C, 64.91; H, 10.89. Found C, 64.77; H, 10.84. 
(S)-(E)-(+)-l-(Triethylsilyl)-l-penten-3-01 (4h). Yield: 

369 mg, 92%; 90% ee. Prepared using E u n  (0.51 mL, 5 mmol) 
and 2b (341 mg, 2 mmol). Reaction conditions: -50 "C, 12 h. 
Chromatography solvent: hexane-ether 4:l. [ a l ~  = +9.8" (c 
= 6.63, benzene). IR (neat): 3340 (m), 1623 (w), 1017 (8) .  'H- 

5.69 (dd, lH, J = 18.9, 1.2 Hz), 4.00-3.90 (m, lH), 1.92-1.82 
(brs, lH), 1.52-1.42 (m, 2H), 0.90-0.82 (m, 12H), 0.56-0.44 
(m, 6H). 13C-NMR (CDCl3, 75 MHz): 6 149.8, 128.0, 125.3, 
76.0, 29.6, 9.3, 7.1, 3.3. MS (EI): 174 (9), 102 (9), 59 (12), 58 
(100). Anal. Calcd for CllH240Si: C, 63.93; H, 12.07. 
Found: C, 66.03; H, 12.03. 
(S)-~-(+)-l-(Trietayl~~yl)-l~ten-3-01(4i). Yield 392 

mg, 81%; 99% ee. Prepared using dipentylzinc (1.04 mL, 5 
mmol) and 2b (341 mg, 2 mmol). Reaction conditions: -50 

866(~). 'H-NMR (CDC13, 200 MHz): 6 6.03 (dd, lH, J = 18.8, 

(CDCl3, 50 MHz): 6 150.1, 130.3, 76.0, 38.2, 33.1, 26.4, 23.9, 

13C-NMR (CDC13, 50 MHz): 6 179.9, 149.9, 130.6, 75.8, 65.6, 

(CDC13,200 MHz): 6 6.02 (dd, lH, J = 18.7, 5.0 Hz), 5.83 (dd, 

( s , ~ H ) ,  0.0 ( s , ~ H ) .  13C-NMR (CDC13,50 MHz): 6 180.0,149.5, 

(w), 867 (8) .  'H-NMR (CDCl3, 200 MHz): 6 5.97 (dd, lH, J = 

NMR (CDC13, 50 MHz): 6 149.6, 130.9, 75.7, 46.2, 37.3, 33.8, 

Hz), 0.54 (9, 6H, J = 7.9 Hz). 13C-NMR (CDCl3, 75 MHz): 6 

NMR (CDC13, 300 MHz): 6 5.98 (dd, lH, J = 18.9, 5.5 Hz), 
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"C, 12 h. Chromatography solvent: hexane-ether 1 O : l .  [ a ] ~  
= +&OD (c = 6.63, benzene). IR (neat): 3344 (m), 1623 (w), 

5.5 Hz), 5.69 (dd, lH, J = 18.9, 1.2 Hz), 4.04-3.98 (m, lH), 
1.62-1.56 (m, lH), 1.46-1.42 (m, 2H), 1.38-1.18 (m, 6H), 
0.96-0.79 (m, 12H), 0.51 (9, 6H, 7.8 Hz). 13C-NMR (CDC13, 
75 MHz): 6 150.3, 125.3, 75.0, 37.0,31.8, 25.0,22.6, 14.0, 7.3, 
3.5. MS (FD): 243 (31), 242 (loo), 58 (15). Anal. Calcd for 
C&ImOSi: C, 69.35; H, 12.47. Found C, 69.28; H, 12.56. 
(S)-(E)-(+)-l-(Triethylsilyl)-l-undecen-3-o1(4j). Yield: 

433 mg, 76%; 94% ee. Prepared using dioctylzinc (ca. 5 mmol) 
prepared from Oct-I (2.40 g, 10 mmol), and 2b (341 mg, 2 
mmol). Reaction conditions: -30 "C, 12 h. Chromatography 
solvent: hexane-ether 10:l. [ a ] ~  = +3.7" (c = 1.91, benzene). 

5.69 (dd, lH, J = 18.9, 1.2 Hz), 4.08-3.98 (m, lH), 1.54 (brs, 
lH), 1.50-1.40 (m, 2H), 1.38-1.16 (m, 12H), 0.92-0.78 (m, 

150.1,125.1, 74.8,36.9,31.8,29.5,29.4,29.1,25.2,22.5,13.9, 
7.2,3.3. MS (FD): 285 (18), 284 (U), 267 (loo), 171 (20). Anal. 
Calcd for C17H360Si: C, 71.76; H, 12.75. Found C, 71.39; H, 
12.65. 
(S)-(E)-(+)-8-Acetoxy- l~(triethylsilyl)-l-octen-3-01(4k). 

Yield: 367 mg, 61%; 93% ee. Prepared using bis(5-acetoxy- 
penty1)zinc (ca. 5 mmol) prepared from 1-acetoxy-5-iodopen- 
tane (2.56 g, 10 mmol) and 2c (341 mg, 2 mmol). Reaction 
conditions: -30 "C, 12 h. Chromatography solvent hexane- 
ether 4:l. [ a ] ~  = +6.6" (c = 7.12, benzene). IR (neat): 3444 
(m), 1745 (s), 1623 (w), 1019 (8). 'H-NMR (CDCl3, 300 MHz): 
6 5.99 (dd, lH, J = 18.9, 5.4 Hz), 5.69 (dd, lH, J = 18.9, 1.2 
Hz), 4.06-3.98 (m, lH), 3.98 (t, 2H, J = 6.7 Hz), 1.97 (s, 3H), 
1.75 (brs, lH), 1.60-1.26 (m, 8H), 0.86 (t, 9H, J = 7.7 Hz), 

150.1, 125.4, 74.7, 64.5, 36.8, 28.6, 25.9, 25.0, 20.9, 7.3, 3.4. 
MS (FD): 272 (19), 271 (100). Anal. Calcd for C16H3203Si: 
C, 63.95; H, 10.73. Found: C, 64.05; H, 10.70. 
Typical Procedure for the Preparation of 14-18. 

Preparation of (S)-(E)-(+)-3-(3-Hydroxy-l'.undecen-l'- 
yl)-2-cyclohexen-l-one (14). A two-neck flask was charged 
with 3-iodo-2-cyclohexen-1-one (144 mg, 0.65 mmol), Pd(dba)z 
(12.4 mg, 0.022 mmol, 4 mol %), and TFP (10.7 mg, 0.043 
"01, 8 mol %) in THF (1 mL). The reaction mixture was 
stirred for a few minutes at rt leading to a yellow-green 
solution. (S)-(E)-(-)-3-Hydroxy-l-(tributylstannyl~-l-undecene, 
3c (250 mg, 0.54 mmol), was added, and the reaction mixture 
was stirred for 2 d at rt. After the usual workup, the crude 
residue was purified by flash chromatography (hexane-ether 
6:4) affording 19a as a colorless oil (120 mg, 84%). [ a l ~  = 
+24.2" (c = 1.3, benzene). IR (neat): 3400 (m), 2925 (s), 2850 

MHz): 6 6.30 (d, lH, 15.9 Hz), 6.12 (dd, lH, J = 15.8, 5.9 Hz), 
5.87 (8, lH), 4.23-4.16 (m, lH), 2.42-2.32 (m, 4H), 2.01-1.93 
(m, 3H), 1.53-1.43 (m, 2H), 1.30-1.11 (m, 12H), 0.81 (brt, 3H). 

72.3, 37.6, 37.2, 31.8, 29.5, 29.4, 29.2, 25.2, 25.1, 22.6, 22.2, 
14.0. MS (EI): 264 (M+, 21, 151 ( l l ) ,  123 (loo), 107 (241, 95 
(ll), 79 (13). Anal. Calcd for C17H2802: C, 77.22; H, 10.67. 
Found: C, 77.14; H, 10.47. 
5-(3'-Hydroxy-l'-undecenyl)uracil (15). Yield: 98 mg, 

65%. In this case, NMP was used instead of THF. Prepared 
as 14 using 5-iodouracil(129 mg, 0.54 mmol), 3c (250 mg, 0.54 
mmol), Pd(dba)z (12.4 mg, 0.022 mmo1,4 mol %), and TFP (10.7 
mg, 0.043 mmol, 8 mol %) in NMP (1 mL) at 40 "C for 2 d. 
The solid product was recrystallized in hexane-ethyl acetate. 
[ a ] ~  = +33.5" (c = 0.30, methanol). IR (KBr): 3416 (m), 3210 
(w), 3068 (w), 2918 (a), 2847 (s), 1752 (s), 1673 (s), 1438 (m), 
969 (m). 'H-NMR (THF-ds, 300 MHz): 6 10.09 (brs, lH), 9.78 
(brs, lH), 7.20 (brt, lH), 6.43 (dd, lH, J = 15.8, 6.2 Hz), 6.09 
(d, lH, J = 15.8 Hz), 3.90-3.85 (m, lH), 3.62 (d, lH, J = 4.2 
Hz), 1.34-1.19 (m, 14H), 0.78 (brt, 3H). W-NMR (THF-ds, 
75.5 MHz): 6 163.1,151.5,138.3,134.8,121.2,111.3,73.0,38.8, 
32.8, 30.7, 30.6, 30.2, 26.5, 23.5, 14.4. MS (EI): 280 (21, 262 
(391, 177 (711, 139 (1001, 125 (til), 106 (46). Anal. Calcd for 
C15H24N203: C, 64.26; H, 8.63; N, 9.99. Found: C, 64.17; H, 
8.51; N, 9.89. 
(S)-(E)-(+)-Ethyl 4-(3'-Hydroxy-l'-undecen-l'-yl)ben- 

1017 (8). 'H-NMR (CDC13,300 MHz): 6 5.99 (dd, lH, J = 19.0, 

'H-NMR (CDCb, 300 MHz): 6 5.99 (dd, lH, J = 18.9,5.5 Hz), 

12H), 0.56 (9, 6H, J = 7.5 Hz). "C-NMR (CDCls, 75 MHz): 6 

0.49 (4, 6H, J = 7.8 Hz). 'W-NMR (CDCla, 75 MHz): 6 171.2, 

(s), 1656 (s), 1637 (s), 1587 (w), 966 (w). 'H-NMR (CDC13,300 

'3C-NMR (CDCl3, 75 MHz): 6 200.2, 156.6, 140.0, 130.6, 127.9, 
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zoate (16). Yield: 141 mg, 82%. Prepared as 15 using 
p-carbethoxyiodobenzene (180 mg, 0.65 mmol), 3c (250 mg, 
0.54 mmol), Pd(dba)z (12.4 mg, 0.022 mmol, 4 mol %), and TFP 
(10.7 mg, 0.043 mmol, 8 mol %) in THF (1 mL) at rt for 2 d. 
Chromatography solvent hexane-ether 4:l. [ a l ~  = +4.5" (c 
= 1.1, benzene). IR (neat): 3467 (m), 2926 (s), 2855 (s), 1716 
(s), 1602 (m), 1275 (s), 1111 (s), 763 (m). 'H-NMR (CDC13,300 
MHz): 6 7.93-7.90 (m, 2H), 7.37-7.34 (m, 2H), 6.55 (d, lH, J 
=15.9Hz),6.28(dd,lHJ=l5.9,6.4Hz),4.31(q,2H,J=7.1 
Hz), 4.27-4.24 (m, lH), 1.72 (brs, lH), 1.61-1.55 (m, 2H), 
1.41-1.20 (m, 12H), 1.33 (t, 3H, J = 7.1 Hz), 0.81 (brt, 3H). 

129.1, 126.3, 72.9,61.0, 37.4, 31.9,29.6, 29.6, 29.3,25.5,22.7, 
14.4, 14.2. MS (EI): 318 (M+, 2), 273 (la), 205 (951, 163 (631, 
149 (77), 131 (72), 115 (41), 56 (100). Anal. Calcd for 
CzoHmO3: C, 75.43; H, 9.49. Found: C, 75.44; H, 9.37. 
(S)-(E)-(+)-6-Hydroxy-l-phenyl-1,4-tetradecadiene (17). 

Yield: 110 mg, 71%. Prepared as 15 using cinnamyl chloride 
(83 mg, 0.54 mmol), 3c (250 mg, 0.54 mmol), Pd(dba)z (12.4 
mg, 0.022 mmol, 4 mol %), and TFP (21.4 mg, 0.086 mmol, 16 
mol %) in THF (3 mL) at 40 "C for 2 d. Chromatography 
solvent hexane-ether 4:l. [ah = +16.9" (c = 1.5, benzene). 
IR (neat): 3367 (s), 2926 (s), 2855 (s), 1709 (s), 1666 (s), 1435 
(m), 969 (m), 692 (m). 'H-NMR (CDCl3, 300 MHz): 6 7.33- 
7.16(m,5H),6.37(d, lH, J =  15.8Hz),6.17(dt, lH, J =  15.8, 
6.6 Hz), 5.69 (dt, lH, J =  15.4,6.2 Hz), 5.53 (dd, lH, J =  15.4, 
6.8 Hz), 4.08-4.02 (m, lH), 2.93-2.89 (m, 2H), 1.55-1.15 (m, 

134.6,131.0, 129.3, 128.6, 128.3,127.1, 126.1, 73.1,37.5,35.5, 
32.0, 29.7, 29.7, 29.3, 25.6, 22.7, 14.2. MS (EI): 286 (M+, 11, 
284 (2), 169 (15), 155 (34), 130 (951, 107 (43), 89 (100). Anal. 
Calcd for CzoH3oO: C, 83.86; H, 10.55. Found: C, 83.69; H, 
10.67. 
(S)-(E)-(+)-Z-Carbethoxy-6-hydroxy-l,4-tetradecadi- 

ene (18). Yield: 142 mg, 93%. Prepared as 15 using ethyl 
2-(bromomethyl)acrylate (125 mg, 0.65 mmol), 3c (250 mg, 0.54 
mmol), Pd(dba)z (12.4 mg, 0.022 mmol,4 mol %), and TFP (21.4 
mg, 0.086 mmol, 16 mol %) in THF (3 mL) at 40 "C for 1 d. 
Chromatography solvent hexane-ether 3:2. [ a l ~  = +6.9" (c 
= 1.0, benzene). IR (neat): 3400 (m), 2922 (s), 2854 (s), 1713 
(s), 1628 (w), 1138 (m). 'H-NMR (CDC13,300 MHz): 6 6.10 (d, 
lH, J = 1.0 Hz), 5.61 (ddt, lH, J = 15.4, 6.4, 0.5 Hz), 5.48 (d, 
lH, J = 1.0 Hz), 5.47 (dd, lH, J = 15.4, 6.6 Hz), 4.13 (9; 2H, 
J = 7.1 Hz), 4.03-3.96 (m, lH), 2.9 (d, 2H, J = 6.4 Hz), 1.67 
(8, lH), 1.46-1.36 (m, 2H), 1.25-1.13 (m, 14H), 1.23 (t, 3H, J 

139.3,135.6,127.7,125.2,72.8,60.7,37.3,34.4,31.8,29.5,29.5, 
29.2, 25.4, 22.6, 14.2, 14.1. MS (EI): 205 (21), 169 (43), 124 
( l l ) ,  123 (loo), 95 (36), 84 (221, 67 (34). Anal. Calcd for 
C17H3003: C, 72.30; H, 10.71. Found: C, 72.30; H, 10.51. 
Typical Procedure for the Preparation of 19a,b. 

Preparation of (S)-(E)-3-Acetoxy-l-(tributylstannyl)-l- 
undecene (19,). A three-neck flask was charged with acetic 
anhydride (225 mg, 25 mmol), pyridine (284 mg, 3.6 mmol), 
and (Na-dimethy1amino)pyridine (DMAP, 142 mg, 1.2 "01). 
The alcohol 3c (500 mg, 1.2 mmol) was slowly added, and the 
reaction mixture was stirred for 5 h at rt. After the usual 
workup, the crude residue was purified by flash chromatog- 
raphy (hexane-ether 85:15) affording 19a as a colorless oil 
(450 mg, 87% yield). [ a b  = -29.9' (c = 1.00, benzene). IR 
(neat): 2957 (s), 2927 (s), 2873 (s), 2855 (s), 1744 (s). 'H-NMR 

J = 19.1, 5.9 Hz), 5.16-5.09 (m, lH), 2.00 (s, 3H), 1.47-1.21 
(m, 26H), 0.82 (t, 9H, J = 7.2 Hz), 0.88-0.74 (m, 9H). W- 
NMR (CDCl3, 75 MHz): 6 170.4, 146.1, 130.5, 77.2,34.3, 31.9, 
29.5, 29.5, 29.3, 29.1,27.3,25.2, 22.7, 21.4, 14.1, 13.7,9.6. MS 
(FD): 503 (13), 502 (loo), 501 (3), 500 (441, 350 (16), 58 (78). 
Anal. Calcd for Cz6H500zSn: C, 58.15; H, 9.76. Found C, 
58.36; H, 9.82. 
Q-(E)-(-)-3-Acetoxy-l-(tributylstannyl)-l~ne (19b). 

Yield: 370 mg, 81%. Prepared as 19a using acetic anhydride 
(194 mg, 1.9 mmol), 3b (370 mg, 0.89 mmol), DMAF' (105 mg, 
0.9 mmol), and pyridine (211 mg, 2.7 mmol). Reaction condi- 
tions: 5 h, rt. Chromatography solvent: hexane-ether 4:l. 
[ a ] ~  = -44.8" (c = 1.69, benzene). IR (neat): 2957 (s), 2929 

'W-NMR (CDCl3,75 MHz): 6 166.5,141.3,135.4,130.0, 129.4, 

15H), 0.85 (brt, 3H). 'W-NMR (CDCl3, 75 MHz): 6 137.7, 

= 7.1 Hz), 0.80 (brt, 3H). W-NMR (CDCL, 75 MHz): 6 166.9, 

(CDCl3, 300 MHz): 6 6.07 (d, lH, J = 19.1 Hz), 5.81 (dd, lH, 

(s), 2873 (s), 2857 (s), 1744 (s). 'H-NMR (CDC13,300 MHd: 6 



4162 J.  Org. Chem., Vol. 59, No. 15, 1994 

6.17 (d, lH, J = 19.2Hz), 6.03 (dd, lH, J=  19.2,5.9 Hz), 5.25- 
5.18 (m, lH), 2.09 (8 ,  3H), 1.62-1.26 (m, 20H), 0.91 (t, 9H, J 
= 7.2 Hz), 0.97-0.86 (m, 9H). I3C-NMR (CDCL, 75 MHz): 6 
170.4,146.1,130.6, 77.2,34.2,31.7,29.2,27.3,24.8,22.6,21.4, 
14.1, 13.8, 9.6. MS (FD): 459 (M+, 28), 458 (100)) 457 (27)) 
403 (171, 148 (3). Anal. Calcd for C22Ha02Sn: C, 57.35; H, 
9.65. Found: C, 57.67; H, 9.80. 

Preparation of (S)-o-(-).3.[(tert-butyldimethyl)- 
oxyl-l-(tributyletannyl)-l.undecene (19c). A 25-mL three- 
neck flask was charged with tert-butyldimethylsilyl chloride 
(745 mg, 5 mmol), imidazole (750 mg, 10 mmol), and DMAP 
(105 mg, 0.9 mmol) in DMF (3 mL). The alcohol 3c (1.0 g, 
2.18 mmol) was slowly added, and the reaction mixture was 
stirred at 40 "C for 4 h. The solvents were evaporated under 
vacuum, and the residue was purified by flash chromatography 
(hexane-ether 85:15) affording the silyl ether 19c (1.19 g, 95% 
yield) as a colorless oil. [ a l ~  = -7.2" (c = 2.09, benzene). IR 
(neat): 2960 (s), 2932 (81,2860 (s), 1462 (m). 'H-NMR (CDCl3, 
300 MHz): 6 5.98 (d, lH, J = 19.1 Hz), 5.88 (dd, lH, J = 19.0, 
5.3 Hz), 4.01-3.95 (m, lH), 1.53-1.21 (m, 26H), 0.86 ( 8 ,  9H), 
0.85 (t, 9H, J= 7.2 Hz), 0.93-0.79 (m, 9H), 0.86 (s,3H), -0.01 
(8,3H). 13C-NMR(CDC13,75MHz): 6 152.1,126.2,76.8,38.1, 
31.9, 29.6, 29.6, 29.2, 29.1, 27.2, 25.9, 25.3, 22.6, 18.3, 14.0, 
13.6, 9.4, -4.3, -4.8. MS (FD): 575 (33), 574 (911, 573 (581, 
572 (loo), 517 (14). Anal. Calcd for CzeHszOSiSn: C, 60.72; 
H, 10.89. Found: C, 60.76; H, 10.92. 

Typical Procedure for the Acylation of 19a-c. Prepa- 
ration of (S).(~)-(-)-4-Acetoxy-l-phe~l-2-dodecen.l-one 
(20a). A two-neck flask was charged with benzoyl chloride 
(65 mg, 0.46 mmol) in THF (2.5 mL), Pd(dba)z (5.5 mg, 0.0095 
mmol, 2.5 mol %), and tri-o-furylphosphane (4.4 mg, 0.019 
mmol, 5 mol %). The reaction mixture was stirred a few 
minutes at rt, leading to a yellow-green solution. (S)-(E)-(- 
)-3-Acetoxy-l-(tributylstannyl)-l-undecene (19a) (200 mg, 0.38 
"01) was added, and the reaction mixture was stirred for 6 
h at rt. The solvent was evaporated, and the residue was 
purified by flash chromatography (hexane-ether 85:15) lead- 
ing to the pure (E)-y-acetoxy enone 20a (108 mg, 90% yield). 
[ a l ~  = -8.5" (c = 0.75, benzene). IR (neat): 2983 (s), 2950 

7.89-7.86 (m, 2H), 7.52-7.40 (m, 3H), 6.94 (d, lH, J = 15.5 
Hz), 6.85 (dd, lH, J = 15.5, 5.3 Hz), 5.48-5.39 (m, lH), 2.07 
(s,3H), 1.65-1.52 (m, 2H), 2.34-1.15 (m, lOH), 0.82 (m, 5H). 
1%-NMR (CDC13,75 MHz): 6 190.4,170.3,145.5,133.1,128.7, 
125.6, 73.3, 34.1, 31.9, 31.7, 29.5, 29.4, 29.2, 29.0, 25.1, 22.7, 
21.2, 14.2. MS (EI): 281 (181, 209 (lo), 208 (20), 207 (loo), 
105 (37)) 71 (36). Anal. Calcd for C20H2803: C, 75.91; H, 8.91. 
Found: C, 75.62; H, 9.02. 

Analytical Data of Ulb-e. (S)-O-(+)-l-Phenyl-4-l(tert- 
butyldimethylsilyl)oxy]-2-dodecen-l~one (20b). Prepared 
as 20a using benzoyl chloride (93 mg, 0.66 m o l )  and 19c (250 
mg, 0.44 mmol). Yield: 175 mg, 83% as a colorless oil. [a l~  
= +8.8" (c = 2.16, benzene). IR (neat): 2994 (s), 2956 (s), 2912 

7.86 (m, 2H), 7.50-7.41 (m, 3H), 7.04 (d, lH, J = 15.4 Hz), 
6.98 (dd, lH, J = 15.2,3.2 Hz), 4.38-4.33 (m, lH), 1.56-1.49 
(m, 2H), 1.37-1.17 (m, 12H), 0.89 (8 ,  9H), 0.81 (brt, 3H), 0.03 
( s ,~H) ,  0.02 (8,3H). W-NMR (CDCl3,75 MHz): 6 190.6,151.4, 
138.0, 132.6, 128.5, 128.5, 123.5, 72.0, 37.4, 31.8, 29.6, 29.4, 
29.2, 25.8, 24.9, 22.6, 18.2, 15.2, 14.0, -4.6, -4.9. MS (EI): 
388 (M+, 5), 332 (41), 331 (loo), 275 (131, 233 (15), 105 (30). 
Anal. Calcd for C24H4002Si: C, 74.17; H, 10.37. Found: C, 
74.23; H, 10.29. 

(S) -4-Acetoxy- 1 -cyclohexyl-2-nonen- 1-one (204. E / 2 
mixture: 90:lO. Prepared as 20a using cyclohexanecarbonyl 
chloride (76 mg, 0.52 mg) and 19b (200 mg, 0.43 "01). 
Yield: 100 mg, 83%. IR (neat): 2960 (s), 2943 (4, 2870 (SI, 
1743 (s), 1630 (8) .  E-Isomer. 'H-NMR (CDCl3, 300 MHz): 6 
6.64(dd,lH, J=15.8,5.6Hz),6.20(d,lH, J=15.8Hz),5.35- 
5.28 (m, lH), 2.50-2.42 (m, lH), 2.03 (e., 3H), 1.82-1.50 (m, 
6H), 1.34-1.14 (m, 12H), 0.81 (brt, 3H). W-NMR (CDC13, 75 
MHz): 6 202.6,170.0, 142.7, 127.7, 72.8,49.0,34.3,33.8,31.4, 
28.4, 28.4, 25.8, 25.6, 24.4, 22.3, 20.9, 13.8. 2-Isomer. 'H- 
NMR (CDC4,3OO MHz): 6 6.11 (d, lH, J = 14.6 Hz), 5.55 (dd, 
lH, J = 14.6, 7.1 Hz), 5.21-5-14 (m, lH), 2.50-2.42 (m, lH), 
1.97 (e., 3H), 1.82-1.50 (m, 6H), 1.34-1.14 (m, 12H), 0.81 (brt, 

(s), 2880 (s), 1742 (s), 1605 (8) .  'H-NMR (CDC13,300 MHz): 6 

(s), 1670 (s), 1625 (8). 'H-NMR (CDC13, 300 MHz): 6 7.90- 
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3H). '3C-NMR (CDC13, 75 MHz): 6 202.6, 170.0,132.4, 131.3, 
74.2, 49.0, 34.3, 33.8, 31.4, 28.4, 28.4, 25.8, 25.6, 24.4, 22.3, 
20.9, 13.8. MS (EI): 239 (131, 238 (73)) 221 (40)) 155 (loo), 
109 (42). Anal. Calcd for CI7HasO3: C, 72.82; H, 10.06. 
Found: C, 72.52; H, 9.89. 

(S)-(B)-( +)-l-Cyclohexyl-4-[(tert-butyldimethylsilyl~- 
oxy]-2-dodecen-1-one (2Od). Prepared as 20a using cyclo- 
hexanecarbonyl chloride (132 mg, 0.9 "01) and 19c (350 mg, 
0.61 mmol). Reaction conditions: rt, 24 h. Purification by 
flash chromatography (hexane-ether 97:3) yielding 228 mg, 
77%, of 20d as a colorless oil. [ a ] ~  = +19.1" (c = 1.15, 
benzene). IR (neat): 2954 (s), 2913 (s), 2852 (s), 1668 (m). 'H- 

6.26 (dd, 1H, J = 15.6, 1.5 Hz), 4.25-4.20 (m, lH), 2.51-2.43 
(m, lH), 1.64-1.06 (m, 24H), 0.86 (s,9H), 0.82 (brt, 3 H), 0.00 

148.5, 126.1, 71.9,49.0, 37.4 31.7, 29.5,29.3,29.1,28.6,28.5, 
25.8, 25.7, 25.6, 25.6, 24.8, 22.5, 18.1, 13.9, -4.7, -5.0. MS 
(EI): 394 (M+, 3), 338 (24), 337 (100)) 281 (15). Anal. Calcd 
for C2&02Si: C, 73.03; H, 11.75. Found C, 73.47; H, 11.69. 

~ s ) ~ ~ - ( + ) - l - t e r t - B u t y l - 4 - C ( t e r t - b u t y l d -  
2-dodecen-1-one (20e). Prepared as 20a using pivaloyl 
chloride (64 mg, 0.53 mmol) and 19c (250 mg, 0.44 mmol). 
Reaction conditions: rt, 24 h. Purification by flash chroma- 
tography (hexane-ether 97:3) yielding 155 mg, 96%) of 20e 
as a colorless oil. [ a ] ~  = +1.4" (c = 2.2, benzene). IR (neat): 
2931 (s), 2858 (s), 1694 (s), 1632 (s), 1474 (m), 1258 (m), 1082 
(m), 837 ( 8 ) .  'H-NMR (CDC13, 300 MHz): 6 6.85 (dd, lH, J = 
15.1, 4.3 Hz), 6.64 (dd, lH, J = 15.1, 1.7 Hz), 4.27-4.21 (m, 
lH), 1.49-1.42 (m, 2H), 1.19-1.12 (m, 12H), 1.09 (s,9H), 0.86 

NMR (CDC13, 300 MHz): 6 6.75 (dd, lH, J = 15.6, 4.8 Hz), 

(8 ,  3H), -0.02 (8, 3H). "C-NMR (CDC13,300 MHz): 6 = 203.2, 

(8, 9H), 0.79 (brt, 3H), 0.00 (8 ,  3H), -0.03 (s, 3H). "C-NMR 
(CDCls, 75 MHz): 6 204.3, 149.2, 122.1, 71.9, 43.0,37.3, 31.8, 
29.5, 29.4, 29.2, 26.4, 26.1, 25.8, 24.9, 22.6, 18.1, 14.0, -4.7, 
-4.9. MS (EI): 368 (M+, 2), 312 (22)) 311 (891, 283 (24) Anal. 
Calcd for Czz&02Si: C, 71.67; H, 12.00. Found: C, 71.99; 
H, 11.97. 

Typical Procedure for the Iodination of the /?-Stan- 
nylated Alcohols of Type 3. Preparation of (s)-o-(+)- 
1-Iodo-1-octen-3-01 (13b).20 To a solution of the B-stanny- 
lated alcohol 3b (417 mg, 1 "01) in Et20 (5  mL) was added 
iodine (254 mg, 1 mmol). After 5 min, potassium fluoride (0.5 
g), water (0.5 mL), and a few crystals of sodium hydrogeno- 
sulfite were added until a colorless mixture was obtained. &r 
1 h, a precipitate of Bu~SnF was filtered off through a Celite 
pad and the precipitate was further washed with ether (2 x 
10 mL). The combined organic layer was dried (MgSO4), the 
solvents were evaporated, and the crude product was purified 
by flash chromatography (hexane-ether 8515) affording 13b 
as a colorless oil (249 mg, 98% yield). [ a l ~  = +0.4" (C = 0.75, 
benzene). IR (neat): 3334 (br), 2956 (s), 2929 ( 8 ) )  2859, 1466. 

6.33 (d, lH, J = 14.5 Hz), 4.11-4.03 (m, lH), 1.40-1.21 (m, 

74.6,36.5,31.5,24.7,22.4, 13.9. MS(E1): 183 (100)) 127(22), 
99 (25). The iodo alcohols 13 b,e,f were prepared in a similar 
way but the crude product was directly used for the next step 
(cyanation) without purification. 

Typical Procedure for the Preparation of the 4-Hy 
droxy-aJp-Unsaturated Nitriles 21a-d. Preparation of 
(S)-(E)-(+)-4-hydroxy-2-hexenenitrile (21a). The crude 
iodo alcohol 13a (prepared from 3a (375 mg, 1 mmol)) was 
dissolved in dry N-methylpyrrolidone (2 mL), and copper(1) 
cyanide (180 mg, 2 "01) was added.26 The reaction mixture 
was heated at 130 "C for 50 min and then allowed to cool to rt 
and quenched with water (5  mL). Mer the usual workup 
using ether, the crude residue obtained after evaporation of 
the solvent was purified by flash chromatography (hexane- 
ether 1:l) affording the pure hydroxy nitrile 21a as a colorless 
oil (97 mg, 67%). The conversion to the corresponding man- 
delic ester indicated 92% ee for 21a. [ a l~  = +39.8" (c = 4.0, 
benzene). IR (neat): 3400 (s), 3020 (w), 2200 (8 ) )  1630 (m). 

5.61 (dd, lH, J = 16.2, 1.1 Hz), 4.19 (m, lH), 1.91 (d, lH, J = 
4.7Hz), 1.67-1.44(m, 2H), 0.91(t,3H, J=  7.4Hz). W-NMR 

'H-NMR (CDCl3, 300 MHz): 6 6.56 (dd, lH, J = 14.5,6.3 Hz), 

8H), 0.87 (brt, 3H). W-NMR (CDCl3, 75 MHz): 6 148.6,76.9, 

'H-NMR (CDC13,300 MHd: 6 6.69 (dd, lH, J = 4.1, 16.2 Hz), 

(CDC13, 75.5 MHz): 6 156.3, 117.2, 98.9, 72.0, 29.3, 9.2. 



ksymmetric Addition of Polyfunctional Dialkylzincs 

MS (EI): 110 (0.5), 96 (3), 82 (100). Anal. Calcd for CsHgNO: 
C, 64.84; H, 8.16; N, 12.60. Found: C, 64.58; H, 8.20; N, 12.72. 
(S)-(~-(+)-4-Hyd2-noneneni~e (21b). Yield 173 

mg, 85%. Prepared from 3b (555 mg, 1.33 m o l ) .  The product 
was purified by flash chromatography (hexane-ether 1:l). The 
conversion to  the corresponding mandelic ester indicated 93% 
ee. [aIz0~ = +32.0" (chloroform, c = 6.12) [lite2& [ U I ~ ~ D  = +36.8" 
(chloroform, c = 0.99)]. IR (neat): 3440 (s), 3060 (w), 3040 
(w), 2240 (m), 1635 (m). 'H-NMR (CDC13,300 MHz): 6 6.69 
(dd, lH, J = 4.1, 16.2 Hz), 5.61 (dd, lH, J = 16.2, 2.0 Hz), 
4.25 (m, lH), 1.73 (d, lH, J =  4.6 Hz), 1.59-1.19 (m, 8H), 0.84 

117.4, 98.6, 71.0, 36.4, 31.5, 24.8, 22.5, 13.9. MS (FI): 154 
(19), 153 (l), 82 (29), 71 (100). Anal. Calcd for C&aO: c, 
70.55; H, 9.87; N, 9.14. Found C, 70.40; H, 9.67; N, 9.16. 

( s ) - c E ) - ( + ) 4 ~ ~ ~ 7 . p i v a l o ~ ~ h e p t  (21d). 
Yield: 120 mg, 64%. Prepared from 3f (410 mg, 0.84 mmol). 
The product was purified by flash chromatography (hexane- 
ether 1:l). The conversion to the corresponding mandelic ester 
indicates 90% ee. [ a ] ~  = +20.9" (c = 2.73, benzene). IR 
(neat): 3460 (s), 3060 (w), 2230 (m), 1720 (SI, 1670 (m). 'H- 

5.64 (dd, lH, J = 1.9, 16.2 Hz), 4.29 (m, lH), 4.03 (t, 2H, J = 
6.3 Hz), 2.49 (d, lH, J = 4.8 Hz), 1.76-1.44 (m, 6H), 1.13 (a, 

70.4, 63.9, 38.9, 32.7, 27.3, 24.5. MS (FI): 226 (121, 225 (2), 
145 (21,144 (9), 82 (25),57 (1Qo). Anal. Calcd for C12H19N03: 
C, 63.98; H, 8.50; N, 6.22. Found: C, 63.89; H, 8.44; N, 6.08. 

Preparation of (S)-(E)-(+)-8-Chloro-4-hydroxy-2- 
octenenitrile (21e). The crude iodo alcohol 13e (prepared 
from 3e (386 mg, 0.88 "01)) was dissolved in dry NMP (4 
mL), copper(1) cyanide (0.90 g, 10 m o l ) ,  and TMSCl (0.64 
d, 5 "01) were added, and the reaction mixture was stirred 
at rt for 1.5 h, heated at 130 'C for 50 mn,25 and then allowed 
to cool to rt and quenched with water (5  mL). After filtration 
of the yellow precipitate and usual workup using ether, the 
crude residue obtained after evaporation of the solvent was 
purified by flash chromatography (hexane-ether 1:l) affording 
the pure hydroxy nitrile 21e as a colorless oil (102 mg, 70%). 
The conversion to the corresponding mandelic ester indicated 
94% ee. [ a ] ~  = +22.2" (benzene, c = 4.72). IR (neat): 3500 
(brs), 2910 (m), 2970 (m), 2230 (m), 1635 (s). 'H-NMR (CDC13, 
300 MHz): 6 6.74 (dd, lH, J = 4.1, 16.5 Hz), 5.68 (dd, lH, J = 
2.3, 16.5 Hz), 4,32 (m, lH), 3.54 (t, 2H, J = 6.5 Hz), 1.93 (d, 
lH, 4.8 Hz), 1.86-1.75 (m, 2H), 1.66-1.51(m, 4H). 13C-NMR 

22.3. MS (FD): 174 (85), 173 (loo), 91 (52), 82 (90). Anal. 
Calcd for CBHlzClNO: C, 55.34; H, 5.53; N, 8.07. Found C; 
55.30, H; 5.60, N, 8.20. 

Typical Procedure for the Benzylation of the 3-Hy- 
droxy-l-(trimethylsilyl)-l-alkenes 22a,b. Preparation of 
(s).(-)-3-(Benzyloxy)-6-pivaloxy-l-(trimethyldyl)-l-hex- 
ene (22a). To a solution of 4e (2.72 g, 10 mmol) and benzyl 
bromide (2.22 g, 13 "01) in DMF (20 mL) was added 
portionwise at -30 "C NaH (80% in oil, 0.40 g, 13 mmol). The 
mixture was then slowly brought to rt and stirred for 5 h. f i r  
the usual workup using ether, the crude residue obtained after 
evaporation of the solvents was purified by flash chromatog- 
raphy (hexane-ether 1 O : l )  affording the pure 22a as a 
colorless oil (3.01 g, 83%). [ a ] ~  = -18.8" (benzene, c = 2.39). 
IR (neat): 2958 (s), 1729 (s), 1619 (w), 1121 (8) .  IH-NMR 
(CDC13, 300 MHz): 6 7.29-7.12 (m, 5H), 5.83-5.76 (m, 2H), 

(t, 3H, J = 6.7 Hz). 13C-NMR (CDCl3, 75.5 MHz): 6 156.9, 

NMR (CDCl3, 300 MHz): 6 6.70 (dd, lH, J = 4.0, 16.2 Hz), 

9H). "C-NMR (CDCl3, 75.5 MHz): 6 178.9,156.5,117.3,99.2, 

(CDCl3, 75.5 MHz): 6 156.2, 117.1,98.9, 70.6,44.5, 35.3,32.0, 
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4.52-4.20 (m, 2H), 3.98-3.91 (m, lH), 3.75-3.68 (m, lH), 
1.74-1.43 (m, 4H), 1.13 (s,9H), 0.00 (s,9H). 13C-NMR (CDCl3, 
75.5 MHz): 6 179.8, 147.3, 140.0, 134.5, 129.6, 129.0, 128.7, 
83.2,71.5,65.5,40.0,32.9,25.9,0.0. MS (FD): 279 (loo), 263 
(lo), 187 (12), 91 (98). Anal. Calcd for C21Hs03Si: C, 69.56; 
H, 9.45. Found: C, 69.73; H, 9.36. 

(S)-( -)-3-(Benzyloxy)-l-(tethylsilyl)-l-octene (22b). 
Yield: 3.35 g, 81%. Prepared from 4c (2.00 g, 10 mmol). The 
product was purified by flash chromatography (hexane-ether 
10:l). [ a ] ~  = -33.0' (benzene, c = 5.95). IR (neat): 2956 (s), 

(m, 5H), 6.00-5.80 (m, 2H), 4.61-4.36 (m, 2H), 3.76-3.69 (m, 
lH), 1.72-1.22 (m, 8H), 0.96-0.88 (m, 3H), 0.12 (8 ,  9H). lSC- 
NMR (CDCl3, 75.5 MHz): 6 146.7, 138.9, 132.5, 128.9, 127.7, 
127.3, 82.5, 70.1, 35.2, 31.7, 25.0, 22.5, 14.0, -1.3. MS (FD): 
290 (loo), 184 (761, 179 (46). Anal. Calcd for ClsH300Si: C, 
74.42; H, 10.41. Found: C, 74.63; H, 10.32. 

m i c a l  Procedure for the Preparation of the 3-(Ben- 
zy1oxy)-1-alkenes 23a,b. Preparation of (S)-(-)-3-(Ben- 
zyloxy)-&pivaloxy-l-hexene (23a). To a solution of the 
vinylsilane 22a (1.81 g, 5 mmol) in toluene (5  mL) was added 
HI (57% in water, 0.33 mL, 2.5 mmo1),28 and the mixture was 
stirred at 50 "C for 3 h. Then, more HI was added (0.33 mL), 
and stirring was continued at 85 "C for 10 h. After the usual 
aqueous workup using ether, the crude residue obtained afker 
evaporation of the solvents was purified by flash chromatog- 
raphy (hexane-ether 30:1, then 1 O : l )  affording 23a as a 
colorless oil (1.08 g, 71%). [ a ] ~  = -13.8" (benzene, c = 6.61). 
IR (neat): 2961 (s), 1730 (w), 1638 (w), 1154 (8) .  'H-NMR 
(CDCl3, 300 MHz): 6 7.36-7.22 (m, 5H), 5.99 (ddd, lH, J = 
16.9, 10.7, 7.7 Hz), 5.28-5.20 (m, 2H), 4.62-4.32 (m, 2H), 
4.10-4.01 (m, 2H), 3.81-3.72 (m, lH), 1.79-1.51 (m, 4H), 1.19 

128.2,127.6,127.3,117.1,79.9,70.0,64.1,38.6,31.7,27.1,24.5. 
MS (FD): 290 (2), 123 (62), 85 (51). Anal. Calcd for 
CigH2603:  C, 74.44; H, 9.02. Found: C, 74.54; H, 9.30. 
(S)-(-)-3-(Benzyloxy)-l-octene (23b). Yield: 895 mg, 

82%. Prepared from 22b (1.45 g, 5 m o l ) .  The product was 
purified by flash chromatography (hexane-ether 30:l to 10: 
1). [ a ] ~  = -11.4' (benzene, c = 1.5). IR (neat): 2926 (s), 1638 
(w), 1069 (8 ) .  'H-NMR (CDC13,300 MHz): 6 7.32-7.18 (m, 5H), 
5.70(ddd, lH, J =  16.9,10.7,7.7Hz), 5.22-5.14(m,2H),4.59- 
4.29 (m, 2H), 3.72-3.65 (m, lH), 1.74-1.18 (m, 8H), 0.88- 
0.80 (m, 3H). 13C-NMR (CDC13, 75.5 MHz): 6 139.3, 138.9, 
128.3,127.7,127.3,116.8,80.6,70.0,35.5,31.7,25.0,22.6,14.0. 
MS (FD): 217 (1001, 200 (13), 123 (52). Anal. Calcd for 
C16H220: C, 82.52; H, 10.15. Found: C, 82.43; H, 10.04. 
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1619 (w), 1121 (s). 'H-NMR (CDCl3, 300 MHz): 6 7.38-7.24 

( 8 ,  9H). 13C-NMR (CDCl3, 75.5 MHz): 6 178.4, 138.6, 138.5, 
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