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The addition of y-disubstituted allylchromium(III) reagents to aldehydes proceeds in a stereodi-
vergent manner, in contrast to the case of y-monosubstituted allylchromium(III) species. The
method allows the preparation of a variety of homoallylic alcohols bearing a quaternary center of
defined relative configuration in the a-position. The preparation of both stereomeric homoallylic
alcohols 13 is possible by using either of the two (E)- or (Z)-allylic precursors. The reaction has
been extended to a y-monosubstituted f-(trimethylsilyl)allylic system. The intermediate allylic
chromium(IIl) reagents can be conveniently prepared from the corresponding phosphates (or
chlorides) in DMPU or THF in the presence of catalytic amounts of Lil.

Introduction

The chromium(Il)-mediated addition of allylic halides
to aldehydes is a very mild and highly chemoselective
method for the preparation of polyfunctional homoallylic
alcohols.!? y-Substituted allylic halides of type 1 usually
react regioselectively with aldehydes in the presence of
Cr(II) salts from the most substituted end of the allylic
system!~® and produce anti-homoallylic alcohols 2 with
excellent stereoselectivity, regardless of the double bond
stereochemistry of 1 (Scheme 1).* This stereochemical
convergence can be rationalized by assuming that the
intermediate allylic chromium(III) species (¥)-3 and (Z)-3
are in rapid equilibrium.* Recently, we have reported
that this equilibrium is slow, compared to the rate of
aldehyde addition, in the case of y-disubstituted allylic
chromium organometallics. This allows the stereodiver-
gent allylation of aldehydes.® Herein, we report chro-
mium(Il)-mediated additions of y-disubstituted and some
B,y-disubstituted allylic phosphates or halides to alde-
hydes which proceed with good to excellent diastereose-
lectivity. All of these reactions are stereodivergent and
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thus extend the scope of the Hiyama—Nozaki allylation
reaction.l2 Solvent and salt effects will be discussed.

Results and Discussion

The trisubstituted allylic alcohols 4a—c (Scheme 2)
used in this study were prepared according to the
following procedures. 1-Hexyne was converted to 2-hep-
tyn-1-o0l (5) in 83% yield by successive deprotonation with
BulLi (THF, —60 to 0°C) and formylation with solid
paraformaldehyde (addition at —60 °C, thenrt, 24 h).6 A
selective titanium-catalyzed hydromagnesiation, accord-
ing to Sato’s procedure’ (-BuMgCl (2.4 equiv), Cp.TiCl,
(10 mol %), ether, rt, 46 h) followed by iodolysis produces
the (E)-allylic alcohol 6 in 64% yield (>98% Z by GC and
'H-NMR analysis). Treatment of 6 with an excess of Me,-
CuLi-LiCN8 (Ety0, —78 °C to rt) gives (Z)-3-methyl-2-
hepten-1-0l (4a) in 92% yield (>98% Z by GC and 'H-
NMR analysis; Scheme 2). The stereospecific carbo-
cupration of pentyne with n-BuCu-MgX; and hexyne with
n-PrCuMgBr; (Et;0, —10 °C, 2.5 h)® provides, after
iodolysis, the alkenyl iodides (Z)- and (E)-7, respectively,
in excellent stereoisomeric purity (>99:1). An iodine—
lithium exchange reaction using BuLi (Et;0O, —78 °C, 0.5
h)!? followed by a formylation with paraformaldehyde (50
°C, 1 h) furnishes the isomeric alcohols (Z)- and (E)-4b
in satisfactory yields (65—74%). Trisubstituted alcohols
bearing a substituent in 8- and in y-position were also
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°C, 21 h; (ii) BuLi (1.1 equiv); (iii) (CH20), excess, —5 to 25 °C, 24
h.

prepared. The carbocupration of (trimethylsilyDacety-
lene!! with BuCuMgBr, (Et:0, —30 to —10 °C, 2 h)
produces stereospecifically a vinylcuprate which was
trapped with iodomethyl pivalate!? using trimethyl phos-
phite as a cosolvent (P(OMe); (2 equiv), ~50 to 25 °C, 12
h) and leads to the allylic pivalate 8 in 42% yield. The
treatment of 8 with MeLi (2.05 equiv, Et;O0, —90 °C)
provides stereospecifically the allylic alcohol (E)-4¢ in
87% yield (>99% Z). The hydroalumination of 1-(tri-
methylsilyl)-1-hexyne with DIBAL (1.1 equiv, Et;0, rt,
21 h) furnishes an intermediate alkenylaluminum!®
which after the addition of BuLi (1.1 equiv, —15 to 5 °C,
1 h) was readily formylated with formaldehyde giving the
alcohol (Z)-4¢ in 81% yield (>99% Z). The allylic alcohols
of type 4 were easily converted to the corresponding
phosphates 9a—f by the reaction with CIP(O)OEt); (1.05
equiv), pyridine (2 equiv), CH:Cl; or Et;0, 0 °C, 4—12 h,
95% yield; Scheme 3).1¢ These phosphates proved to be
very convenient allylating reagents,'5 showing a better
stability than the corresponding allylic bromides or even
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chlorides. They were unstable to distillation and were
used crude for all the chromium(II)-mediated reactions.

The trisubstituted organic phosphates 9a—f and ha-
lides 10a—b,11 were treated with an aldehyde 12 and
CrCl; (2.5 equiv) in N,N ’-dimethylpropyleneurea (DM-
PU),'8 N-methylpyrrolidone (NMP), or THF in the pres-
ence of a catalytic amount of Lil (0.25 equiv) at rt for
several hours (3—12 h), affording the homoallylic alcohols
13a—y and 14 (Scheme 4 and Table 1).

All y-disubstituted allylic phosphates react with excel-
lent diastereoselectivity. The relative stereochemistry of
the products 13 has been established by comparison with
the "H-NMR spectra of product 18k for which a detailed
stereochemical study has been performed by Koreeda.l?
Especially impressive are the reactions of the two allylic
phosphates (E)- and (Z)-9b having two y-substituents
which are only different by one CHy— unit (butyl versus
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Chim. Acta 1982, 65, 1101. (¢) Bengtsson, M.; Liljefors, T. Synthesis
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Table 1. Homoallylic Alcohols 13a—y Obtained by the Reaction of the Allylic Phosphates 9a—f, Chlorides 10a-b with

Aldehydes and CrCl;

entry allylic aldehyde 12 product 13 solvent drd  yield
reagent R4 (%)b
9or 10
OH
1 9a Ph 13a DMPU 97:3 95
Ph 3 S
Mé Bu
OH
2 9a c-Hex 13b DMPU 90:10 89
CeHit” XD
Mé Bu
OH
- H 13¢ DMPU 99:1
3 Z-9b ex CeHia” NE 0 90
P Bu
OH
- H 13d DMPU 97:3
4 E-9b ex CeHa )>/\ 7 64
A" Bu
OH
5 Z-9b Ph NS 13e DMPU 99:1 66
P Bu
OH
6 E-9b Ph o )7/\ 13f DMPU 97:3 75
P Bu
OH SiMes
7 Z-9¢ Ph o )\/g 13g DMPU 8416 91
Bu
OH SiMes
8 E-9¢ Ph . 13h DMPU 87:13 83
Bu
OH SiMes
9 Z-9¢ Hex 13i DMPU 68:32 69
Can/'\i_/&
OH SlM33
10 E-9¢ Hex DMPU 87:13 67
CgHyy
11 9d Ph DMPU 97:3 94
12 9d Ph THF 93:7 90
9e Ph DMPU 99:1 98
13
14 9e Ph THF 93.7 91
15 9d Pent DMPU 94:6 93
16 9e Pent DMPU 99:1 94
17 9d E-Pr-CH=CH- 130 DMPU 96:4 77
Pr X X
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Table 1 (Continued)

entry allylic aldehyde 12 product 13 solvent dr2  yield
reagent R4 (%)b
9or10
18 9d E-Pr-CH=CH- THF 97:3 87
19 9e E-Pr-CH=CH- DMPU 97:3 84
20 9e E-Pr-CH=CH- 13p THF 96:4 92
21 9d Bu~C=C- DMPU 99:1 86
22 9e Bu-C=C- DMPU 98:2 89
23 9d n-Hex THF 97:3 72
24 9e n-Hex THF 98:2 71
25 9d c-Hex THF 96:4 66
26 9e c-Hex THF 94:6 73
27 9e c-Hex NMP 89:11 68
28 10a c-Hex 13u DMPU 93.7 85
29 10b c-Hex 13v DMPU 83:17 84
30 10b Ph 131 THF 99:1 93
31 10b E-Pr-CH=CH- 13p DMPU 96:4 68
32 10b Hex 13t DMPU 96:4 68
OH
9f Ph DMPU 95:5 84
33 o )7/\ 13w
o Me
OH

34 9f n-Hex DMPU 937 88
cus/').,_/\ 13x
k¢ Me Me

OH

35 9f c-Hex 13y DMPU  94:6 86
¢-CgH14 N
Me "—\_{ﬂ_e_/_<M e
o M
2 Diastereomeric ratio between the products 13 and 14 determined by 'H-NMR or (and) l§C-NMR analysis. b Isolated yield of analytically
pure products. ¢ Yield obtained by using an excess of benzaldehyde (10,5 equiv).
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Scheme 5
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propyl). Their reaction with an aldehyde (benzaldehyde
or hexanal) proceeds with excellent stereoselectivity
(compare Scheme 4 and entries 3—6 of Table 1). The
observed stereochemistry can be rationalized assuming
a chair transition state such as 15 in which the R*
substituent of the aldehyde occupies a pseudoequatorial
position (Scheme 4).28 Although DMF was not found to
be a satisfactory solvent,? both DMPU and THF proved
to be equally good (compare entries 11 and 12, 13 and
14, 17 and 18). On the other hand, NMP leads to lower
vields and to a lower diastereoselectivity (compare entries
26 and 27). The reaction rate and the stereoselectivity
depends on the nature of the aldehyde. Unsaturated
aldehydes react faster and usually give the highest
diastereoselectivities (compare entries 11, 15, 17, and 21).
The use of an excess of the aldehyde lowers the reaction
yield (entry 33). The presence of catalytic amounts of
Lil is important and speeds up the allylation reaction.
For example, in the absence of Lil, the slow reaction of
benzaldehyde with geranyl phosphate provides the de-
sired homoallylic alcohol 18k in only 28% isolated yield
(dr = 96:4). The role of Lil may be to form Crl; or CrIC1
in situ which would be more prone to undergo an
oxidative addition.® It has been shown that lithium
halides react rapidly with allylic phosphates in DMF
leading to the corresponding allylic halide with retention
of the double bond stereochemistry.?’ Therefore, it is also
possible that Lil generates an allylic iodide via a substi-
tution reaction which is also known to be a more reactive
substrate for the Hiyama—Nozaki reaction.!? Interest-
ingly, the method allows a highly diastereoselective
synthesis of very similar homoallylic alcohols bearing a
quatenary center in § position. Thus, the homoallylic
alcohol 13c is obtained with 99:1 diastereomeric purity
(90%) starting from the allylic phosphate (Z)-9b. By
using (E)-9b as allylic phosphate, the diastereomeric
alcohol 13d is obtained (dr = 97:3; Scheme 5). This high
diastereoselectivity is general (compare with entries 5
and 6). The 'H-NMR spectra of 13¢ and 13d are very
similar, but the corresponding *C-NMR spectra show
different signals allowing a ratio determination (precision
of the determination: +1—2%). The high stereoselectiv-
ity observed in these allylation reactions is not due to
the specific use of allylic phosphates, since the allylic
chlorides (geranyl chloride 10a and neryl chloride 10b)
react with similarly good diastereoselectivities (entries
28-32 of Table 1). The steric hindrance of the three
double bond substituents may be responsible for the
configurational stability of the double bond of the inter-

(18) (a) Yamamoto, Y.; Maruyama, K. Heterocycles 1982, 18, 357.
(b) Yamamoto, Y. Acc. Chem. Res. 1987, 20, 243. (¢) Denmark, S. E.;
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Asao, N. Chem. Rev. 1993, 93, 2207.

(19) Auvray, P.; Knochel, P.; Normant, J. F. Tetrahedron Lett. 1986,
27, 5091.
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Scheme 6
CrXz —_— 1'§ch2
gl = AR
R? R?
17 18
R CrX. R2 CrXz
Y\/ 2 2
R? R
16 19

mediate o-allylchromium(III) 16. The steric influences
of the alkyl substituents may prevent the formation of
the m-allylchromium complex 17 and of the isomeric
o-allylchromium species 18, which, after rotation of the
double bond, eventually leads to the isomerized allylic
chromium reagent 19. A similar steric hindrance should
be observed for 8,y-disubstituted allylic phosphates or
halides. We have prepared the two isomeric allylic
phosphates (E)- and (Z)-9¢ and have observed a stereo-
divergent behavior in their addition to aldehydes. The
trimethylsilyl group strongly decreases the reaction rate,
especially for the (E)-isomer. These slow reactions
consequently are less stereoselective?! (reaction times of
5—7 days are required for 9¢); entries 7—10 of Table 1.
Finally, attempts were made to use the elegant method
of Wipf??2 for performing the Hiyama—Nozaki reaction
using PhoCr. This method allows the insertion of chro-
mium into the allylic halide at low temperature which
may give better stereoselectivities. Geranyl phosphate
9d showed no reaction under these conditions, but
geranyl bromide 11 adds under Wipfs conditions to
cyclohexanecarboxaldehyde leading to the desired ho-
moallylic alcohol 13u in 36% yield and 92:8 diastereose-
lectivity (compare with entry 25). Similarly, the addition
of 11 to heptanal under these conditions gives the alcohol
13s in 53% yield and 96:4 stereoselectivity (see the
Experimental Section).

Conclusion

In summary, we have shown that y-disubstituted
allylic phosphates or chlorides and a §,y-disubstituted
allylic phosphate react in a stereodivergent fashion with
aldehydes in the presence of CrCly. These results are in
contrast with the well-known examples of y-mono-
substituted allylic halides which add in a stereoconver-
gent fashion to an aldehyde in the presence of CrClg. This
difference of behavior is attributed to a very slow isomer-
ization of the intermediate y-disubstituted allylic chro-
mium(III) species compared to the addition rate to the
aldehyde. In the case of y-monosubstituted allylic chro-
mium reagents, this isomerization is fast.

Experimental Section

General Considerations. Unless otherwise indicated, all
reactions were carried out under argon and solvents (THF,
ether, toluene) were dried and freshly distilled from sodium/
benzophenone. N-Methyl-2-pyrrolidone (NMP), 1,3-dimeth-
yltetrahydro-2(1H)-propyleneurea (DMPU), and dichloro-
methane were freshly distilled over CaH,. Reactions were

(21) Hodgson, D. M.; Wells, C. Tetrahedron Lett. 1992, 33, 4761.
(22) Wipf P.; Lim S. J. Chem. Soc., Chem. Commun. 1993,1654.
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monitored by gas—liquid-phase chromatography (GC) or thin-
layer chromatography (TLC) analysis of hydrolyzed aliquots.

Starting Materials. 1-(TrimethylsilyDhexyne.?® 1-(Tri-
methylsilylhexyne) was obtained as described in the litera-
ture.2 'H-NMR (CDCl3, 200 MHz): 6 2.08 (t, 2H, J = 7.0 Hz),
1.33—1.28 (m, 4H), 0.77 (t, 3H, J = 7.0 Hz), 0.00 (s, 9H). 15C-
NMR (CDCl3, 50 MHz): & 107.5, 84.0, 30.6, 21.8, 19.4, 13.4,
0.2.

Iodomethyl 2,2-Dimethylpropionate.l?»2¢ A solution of
sodium iodide (73 g, 0.49 mol) and chloromethyl 2,2-dimeth-
ylpropionate (26.7 g, 177 mmol) in acetone (150 mL) was
refluxed for 1 h. Aqueous workup and distillation through a
helix-packed column (bpis 8791 °C) gave the desired product
in 58% yield (24.7 g, 102 mmol). 'H-NMR (CDCl;, 300 MHz):
6 5.86 (s, 2H), 1.12 (s, 9H). ¥C-NMR (CDCl;, 75 MHz): ¢
176.1, 38.7, 31.3, 26.4.

(Z)-3-Methyl-2-heptenol (4a).252¢ Lithium dimethylcop-
pexr(I) (115.5 mmol) was prepared from copper(I) cyanide (10.35
g, 115.5 mmol) in ether (100 mL) and methyllithium (232
mmol, 145 mmol of a 1.6 M etheral solution) at —60 °C for 30
min and at —10 °C for 10 min. To this vigorously stirred
cuprate suspension was carefully added the iodide 6 (5.50 g,
23 mmol) in ether (30 mL) at —78 °C. The reaction mixture
was stirred at —70 °C for 1 h, warmed gradually to rt, stirred
for an additional 2 h, and worked up by pouring into a
saturated aqueous NH4Cl solution (100 mL). The product was
isolated by extraction with hexanes. The combined organic
layer was washed with water (50 mL) and brine (50 mL) and
dried (MgSQ,), and the solvents were evaporated in vacuo. The
alcohol 4a was obtained as a colorless liquid (2.72 g, 21.2 mmol,
92% yield). 'H-NMR (300 MHz, CDCl;): 6 5.33 (dt, 1H, J =
6.95, 0.63 Hz), 4.05 (dd, 2H, J = 7.2, 0.72 Hz), 2.00 (t, 2H, J
= 7.7 Hz), 1.66 (4, 3H, J = 1.2 Hz), 1.52 (s, 1H), 1.34-1.18
(m, 4H), 0.83 (t, 3H, J = 7.2 Hz).

(E)-3-Propyl-2-hepten-1-0l ((E)-4b). To a stirred solution
of (Z)-7 (0.64 g, 2.54 mmol) in ether (20 mL) was added
dropwise n-butyllithium (3.18 mmol, 2.1 mL of a 1.5 M solution
in hexane) within 5 min at —78 °C. After the mixture was
stirred at —78 °C for 1 h, gaseous formaldehyde (0.76 g, 25.3
mmol) obtained by heating paraformaldehyde in the presence
of a trace of concd HySO, was introduced into the reaction
mixture at such a rate that the temperature was kept below
—45 °C. The reaction mixture was stirred for an additional
hour and then worked up with saturated aqueous NH,Cl
solution (100 mL), and the aqueous phase was extracted with
ether. The combined organic phase was washed with brine
and dried (NazSO,), and the solvents were evaporated. Puri-
fication of the residue by chromatography (hexane:ether = 4:1)
afforded the desired alcohol as a colorless oil (0.26 g, 1.66
mmol, 65% yield). IR (neat): 3330 (br), 2935 (s), 1667 (m), 1461
(s) cm~1, TH-NMR (CDCls, 300 MHz): 6 5.30 (t, 1H, J = 6.9
Hz), 4.07 (d, 2H, J = 6.9 Hz), 1.97 (t, 2H, J = 7.3 Hz), 1.92 (t,
2H, J = 8.3 Hz), 1.64 (s, 1H), 1.43—1.19 (m, 6H), 0.831 (t, 3H,
J = 6.9 Hz), 0.826 (t, 3H, J = 7.4 Hz). 3C-NMR (CDCls, 75
MHz): 6 143.9, 123.5, 59.1, 38.9, 31.0, 30.1, 22.7, 21.0, 13.9,
13.8. MS-EI (70 eV): 156 (2) [M*], 113 (16), 99 (25), 95 (26).
Anal. Caled for Ci;oH20 (156.26): C, 76.87; H, 12.89.
Found: C, 76.95; H, 12.65.

(Z)-3-Propyl-2-hepten-1-0l ((Z)-4b) was prepared in a
manner similar to that of the (E)-isomer (see above) by treating
(Z)-7 (2.50 g, 9.9 mmol) dissolved in ether (30 mL) with
n-butyllithium (12.5 mmol, 8.3 mL of a 1.5 M solution in
hexane) at —78 °C for 1 h, adding paraformaldehyde (2.98 g,
99.23 mmol) at ~78 to ~40 °C, and stirring for 1 h. Usual
workup and purification by chromatography afforded the

(23) (a) Skinner, D. L.; Peterson, D. J.; Logan, T. d. J. Org. Chem.
1967, 32, 103. (b) Lockhart, T. P.; Comita, P. B.; Bergmann, R. G. J.
Am. Chem. Soc. 1981, 103, 4082.

(24) (a) Bodor, N.; Sloan, K. B.; Kaminski, J. J.; Shih, C.; Pogany,
S.J. Org. Chem. 1983, 48, 5280. (b) Iyer, R. P.; Philipps, L. R.; Biddle,
J. A,; Thakker, D. R.; Egan, W. Tetrahedron Lett. 1989, 30, 7141.

(25) Sato, F.; Ishikawa, H.; Watanabe, H.; Miyake, T.; Sato, M. JJ.
Chem. Soc., Chem. Commun. 1981, 718,

(26) Corey, E. J.; Posner, G. H. J. Am. Chem. Soc. 1967, 89, 3911.

(27) (a) Sato, F.; Ishikawa, H.; Sato, M. Tetrahedron Lett. 1981, 22,
85. (b) Colomer, E.; Corriu, R. J. Organomet. Chem. 1974, 82, 367. (¢)
Oguraé K,; Nishino, T.; Koyama, T.; Seto, S. J. Am. Chem. Soc. 1970,
92, 6036.
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desired alcohol as a colorless oil (1.15 g, 7.36 mmol, 74% yield).
IR (neat): 3335 (br), 2938 (s), 1668 (m), 1470 (s) cm™!, 'H-
NMR (CDCl;, 300 MHz): 6 5.33 (t, 1H, 7.0 Hz), 4.08 (d, 2H, J
= 7.0 Hz), 1.97 (1, 2H, J = 7.7 Hz), 1.94 (t, 2H, J = 8.2 Hz),
1.36—-1.19 (m, 7H), 0.83 (t, 3H, J = 7.1 Hz), 0.82 (t, 3H, J =
7.4 Hz). 3C-NMR (CDCl3, 75 MHz): 6 144.0, 123.4, 59.0, 36.3,
32.2,30.0,22.3,21.7,13.9, 13.8. MS-EI (70 eV): 156 (4.) [M*],
113 (32), 99 (48), 96 (15). Anal. Caled for CyoHz00 (156.26):
C, 76.87; H, 12.89. Found: C, 76.61; H, 13.07.

(E)-2-(Trimethylsilyl)-2-hepten-1-ol ((E)-4¢). A solution
of (E)-2-(trimethylsilyl)-2-heptenyl pivalate (2.16 g, 8.0 mmol)
in ether (30 mL) was treated with methyllithium (16.4 mmol,
10.25 mL of a 1.6 M etheral solution) at -80 °C. The solution
was stirred at ~80 °C for 1 h and then warmed to 0 °C within
2 h. The reaction mixture was worked up with saturated
aqueous NH(CI solution. The organic layer was washed with
water and brine, and dried (MgS0,), and the solvents were
evaporated. Chromatographical purification (hexanes:ether =
95:5) provided the desired alcohol as a colorless oil (1.29 g,
6.92 mmol, 87%). IR (neat): 3345 (s, br), 2955 (s), 1640 (m),
1465 (m) cm~!. 'H-NMR (CDCl;, 300 MHz): 4 5.77 (tt, 1H, J
= 1.1, 1.1 Hz), 4.21 (s, 2H), 2.07 (q, 2H, J = 7.1 Hz), 1.38 (s,
br, 1H), 1.34—1.17 (m, 4H), 0.82 (t, 3H, J = 7.0 Hz), 0.02 (s,
9H). 3C-NMR (CDCly, 75 MHz): & 143.0, 140.5, 60.7, 31.7,
28.3,22.4,13.9,—1.1. MSEI(70eV): 171(2), 129 (15). Anal.
Calcd for C10H2208i (186.36). C, 64.45; H, 11.89. Found: C,
64.30; H, 11.70.

(Z)-2<(Trimethylsilyl)-2-hepten-1-ol ((Z)-4¢). To a stirred
solution of diisobutylaluminum hydride (4.06 g, 28.6 mmol)
in ether (50 mL) was added 1-(trimethylsilyDhexyne (4.00 g,
25.9 mmol) at rt. The mixture was stirred for 21 h. The
resulting alkenylaluminum derivative was treated with n-
butyllithium (29 mmol, 18.1 mL of a 1.6 M solution in hexane)
at 0 °C, stirred for 30 min, and then treated with an excess of
paraformaldehyde (2.34 g, 77.9 mmol). The reaction mixture
was stirred for 20 h at rt and was then poured onto crushed
ice (coned HCL:H0 3:1). The aqueous phase was extracted
with ether. The combined organic phase was washed sequen-
tially with saturated aqueous NaHCO; and brine, and dried
(MgS0y), and the solvents were evaporated. Purification by
chromatography on silica gel (eluent hexanes:ether 95:5)
affords the desired product (3.87 g, 21 mmol, 81% yield) as a
colorless oil. IR (neat): 3335 (br), 2963 (s), 1623 (m), 1470 (m),
1462 (m) cm~!. 'H-NMR (CDCls, 300 MHz): & 6.20 (t, 1H, J
= 7.5 Hz), 4.14 (s, 2H), 2.17 (q, 2H, J = 7.0 Hz), 1.43-1.30
(m, 5H), 1.00—0.91 (m, 3H), 0.20 (s, 9H). !3C-NMR (CDCl,,
75 MHz): 6 144.8, 138.9, 69.2, 32.0, 31.5, 22.4, 14.0, 0.0. MS-
EI (70 eV). 130 (17), 75 (100). Anal. Caled for CqoH20Si
(186.36): C, 64.45; H, 11.89. Found: C, 64.47; H, 11.69.

2-Heptynol (5).628 To a stirred solution of 1-hexyne (62 g,
0.75 mol) in THF (400 mL) was added n-butyllithium (500 mL
of a 1.5 M solution in hexane) between —60 and —40 °C within
2.5 h. The solution was stirred at —30 °C for 1 h and at 5 °C
for 3 h, and was cooled back to —78 °C. After addition of
paraformaldehyde (22.6 g, 0.75 mol) in small portions at —78
°C, the resulting suspension was allowed to warm to rt and
was stirred for 24 h. After hydrolysis with saturated aqueous
NH,CI solution (300 mL), the organic layer was separated and
the aqueous layer was extracted twice with ether (200 mL).
The combined organic phase was washed with saturated
aqueous NaCl solution (200 mL) and dried (MgSQ,). After
evaporation of the solvents, the remaining residue was distilled
(bpos 84—86 °C), furnishing the desired alcohol (69.8 g, 0.62
mol, 83% yield) as a clear colorless liquid. 'H-NMR (300 MHz,
CDCls): 6 4.25 (m, 2H), 2.21 (m, 2H), 1,71 (t, 1H, J = 4.9 Hz),
1.52—1.37 (m, 4H), 0.91 (t, 3H, J = 7.2 Hz).

(E)-3-Iodo-2-hepten-1-0l (6).25%7 To a solution of isobu-
tylmagnesium chloride (0.126 mol, 90 mL of a 1.4 M etheral
solution) was added dicyclopentadienyltitanium dichloride
(1.25 g, 5.0 mmol) at —7 °C. After the solution was stirred at
this temperature for 15 min, a solution of 2-heptynol (5.89 g,
52.5 mmol) in ether (150 mL) was added dropwise within 30
min. The solution was allowed to warm to rt and was stirred
for 2 d. After the solution was cooled to —70 °C, a solution of
iodine (25.1 g, 100 mmol) in THF (80 mL) was added. The

(28) Millar, J. G.; Oehlschlager, A. C. J. Org. Chem. 1984, 49, 2332.
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reaction mixture was stirred at —60 °C for 15 min and was
then allowed to warm to rt in 1 h. The reaction mixture was
diluted with dilute aqueous HCI (500 mL), and the aqueous
layer was extracted with ether (7 x 200 mL). The combined
organic phase was washed with a saturated aqueous Na,COs3
solution and brine and dried (MgSO,), and the solvent was
evaporated. Distillation (bpos 108—110 °C) afforded the
alcohol as a clear oil (8.06 g, 33.6 mmol, 64% yield). 'H-NMR
(300 MHz, CDCl3): 4 6.34 (t, 1H, J = 7.6 Hz), 4.02 (d, 2H, J
= 6.9 Hz), 2.34 (t, 2H, J = 7.1 Hz), 1.99 (s, 1H), 1.46 (m, 2H),
1.25 (m, 2H), 0.85 (t, 8H, J = 7.2 Hz). 13C-NMR (75 MHz,
CDCly): ¢ 139.7, 108.2, 60.0, 38.8, 31.4, 21.5, 13.9.

(E)-1-Iodo-2-propyl-1-hexene ((E)-7). To a suspension of
n-butylcopper prepared from r-butylmagnesium bromide (50
mmol, 38.5 mL of 1.3 M etheral solution) and copper iodide
(9.53 g, 50 mmol) at —30 to —20 °C was added 1-pentyne (3.41
g, 50 mmol) at ~30 °C. The mixture was gradually warmed
to —10 °C, and stirring was continued for 2.5 h. After the
mixture was cooled to —25 °C, a solution of iodine (25.4 g, 100
mmo}) in THF (50 mL) was added within 30 min. The reaction
mixture was stirred at —20 °C for 15 min, at 0 °C for 30 min,
and at rt for 30 min. The mixture was hydrolyzed with
aqueous sodium thiosulfate solution (150 mL), the organic
layer was dried (MgSO,), and the solvents were evaporated.
The crude residue was purified by distillation (bp;s 121 °C)
and afforded the product as a colorless oil (10.0 g, 39.8 mmol,
80% yield). IR (neat): 3060 (w), 2958 (s), 1611 (w), 1458 (m)
cm~!. 'H-NMR (CDCls, 300 MHz): 6 5.79 (s, 1H), 2.15 (dt,
2H,J =17.6,1.0 Hz), 2.13 (dt, 2H, J = 7.5, 1.1 Hz), 1.562—-1.33
(m, 6H), 0.90 (t, 3H, J = 7.0 Hz), 0.86 (t, 3H, J = 7.3 Hz).
13C.NMR (CDCls, 75 MHz): 6 151.6, 74.1, 39.1, 36.7, 29.3, 22.5,
20.9,13.9,13.5. MS-EI(70eV): 253 (2.3)[M™ + 1], 252 (25.0)
[M+], 210 (12). Anal. Caled for CoH;7I (252.13): C, 42.88; H,
6.79. Found: C, 43.3; H, 7.03.

(Z)-1-Iodo-2-propyl-1-hexene ((Z)-7) was prepared in a
manner similar to that for (E)-7 (see above) from n-propyl-
magnesium bromide (50 mmol, 36 mL of 1.4 M etheral
solution), copper iodide (9.53 g, 50 mmol), and 1-hexyne (4.11
g, 50 mmol). The resulting cuprate was treated with a solution
of iodine (25.4 g, 100 mmol) in THF (50 mL) at —45 °C and
stirred at —30 °C for 2 h and at rt for 12.5 h. The usual
workup and distillation (bpis 119—121 °C) gave (Z)-7 as a
colorless oil (6.34 g, 25.2 mmol, 50%). IR (neat): 3060 (w),
2960 (s), 1612 (w), 1467 (m) cm~!. 'H-NMR (CDCl;, 300
MHz): 6 5.82 (t, 1H, J = 1.2 Hz), 2.15 (dt, 2H, J = 6.3, 1.5
Hz), 2.146 (dt, 2H, J = 6.9, 2.1 Hz), 1.51-1.52 (m, 6H), 0.90
(t,3H,J = 7.3 Hz), 0.87 (t, 3H, J = 7.1 Hz). SC-NMR (CDCl;,
75 MHz): 6 151.8, 74.4, 39.1, 36.9, 30.1, 22.3, 20.6, 14.0, 13.9.
MS-EI (70 eV): 253 (3) [M* + 11, 252 (29) [M*], 210 (16), 83
(96). Anal. Caled for CoHys1 (252.13): C, 42.88; H, 6.79.
Found: C, 43.13; H, 6.81.

(E)-2-(Trimethylsilyl)-2-heptenyl Pivalate (8), To a
suspension of n-butylcopper prepared from r-butylmagnesium
bromide (31.6 mmol, 19.75 mL of 1.60 M etheral solution) and
copper bromide (4.98 g, 34.7 mmol) at —20 °C for 40 min was
added (trimethylsilyl)acetylene (4.34 g, 44.2 mmol) and then
triethyl phosphite (5.76 g, 34.7 mmol). The mixture was
gradually warmed to —10 °C, and stirring was continued for
2h. After the mixture was cooled to —50 °C, triethyl phosphite
(5.76 g, 34.7 mmol) and iodomethyl 2,2-dimethylpropionate
(8.40 g, 34.7 mmol) in DMPU (20 mL) was added. The mixture
was kept at this temperature for 1 h and gradually allowed to
warm to rt overnight. The reaction mixture was worked up
with a saturated aqueous NH4Cl solution (150 mL), the organic
layer was washed with saturated aqueous NH4Cl and brine
and dried (MgSO,), and the solvents were evaporated. The
crude residue obtained was purified by chromatography (hex-
anes) affording the desired product as a colorless oil (3.54 g,
13.1 mmol, 42% yield). IR (neat): 2950 (s), 1753 (m), 1720
(s), 1610 (w), 1475 (m) cm™~!. 'H-NMR (CDCl;3, 300 MHz): &
5.90 (m, 1H), 4.66 (s, 2H), 2.11 (q, 2H, J = 7.1 Hz), 1.33—-1.25
(m, 4H), 1.16 (s, 9H), 0.85 (t, 3H, J = 6.9 Hz), 0.57 (s, 9H).
13C.NMR (CDCls, 75 MHz): & 178.5, 145.3, 135.2, 62.8, 38.6,
31.5,28.5,27.2,22.3,13.8, —1.2. MS-EI(70eV): 255 (1), 160
(9), 159 (72). Anal. Caled for C15H3002Si (270.47):. C, 66.61;
H, 11.17. Found: C, 66.60; H, 11.26.

Nowotny et al.

Diethyl 3-Methylhept-2(Z)-enyl Phosphate (9a). Ob-
tained as an oil (2.89 g, 10.9 mmol, 62% yield) prepared from
the alcohol 4a (2.27 g, 17.7 mmol), pyridine (4 g, 50 mmol),
and diethyl chlorophosphate (4.35 g, 25.2 mmol). Reaction con-
ditions: —10 °C, 30 min, then rt, 40 h. 'H-NMR (CDCl3, 300
MHz): 6 5.32 (t, 1H, J = 7.2 Hz), 4.47 (dd, 2H, 3Jyp = J = 7.6
Hz), 4.05 (qd, 4H, 3Jup = J = 7.3 Hz), 2.02 (t, 2H, J = 7.0 Hz),
1.68 (s, 3H), 1.36-1.20 (m, 4H), 1.26 (t, 6H, J = 7.1 Hz), 0.83
(t, 3H, J = 7.0 Hz). 3C-NMR (CDCl;, 75 MHz): ¢ = 143.1,
119.5 (d, %Jcp = 6.8 Hz), 63.6 (d, %Jcp = 5.6 Hz), 63.4 (4, 2Jcp
= 5.8 Hz), 31.7, 30.2, 23.3, 22.4, 16.0 (d, 3%Jcp = 6.7 Hz), 13.8.
The product was used crude for the next step.

(2E)-Diethyl 3-(n-Propyl)heptenyl Phosphate ((E)-9b).
Obtained as an oil (8.66 g, 29.6 mmol, 90% yield) from (E)-4b
(5.16 g, 33.0 mmol), pyridine (5.70 g, 72 mmol), and diethyl
chlorophosphate (8.50 g, 49.3 mmol) in CH:Cl; (20 mL).
Reaction conditions: 0 °C, 15 min, then rt, 5 h. This compound
was used crude in the next step.

(2Z)-Diethyl 8-(n-Propyl)-2-heptenyl Phosphate ((Z)-
9b). Obtained as an oil (4.23 g, 14.5 mmol, 79% yield)
prepared from (2Z)-3-(n-propyl)-2-hepten-1-ol (Z)-4b (2.87 g,
18.4 mmol), pyridine (2.93 g, 37.0 mmol), and diethy! chloro-
phosphate (3.33 g, 19.3 mmol) in CHyCl; (18.5 mL). Reaction
conditions: 0 °C, 15 min, then rt, 12 h. It was used crude for
the next step.

(2E)-Diethyl 2-(Trimethylsilyl)-2-heptenyl Phosphate
((E)-9¢). Obtained as an oil (0.58 g, 1.8 mmol, 73% yield)
prepared from (E)-4c (0.46 g, 2.5 mmol), pyridine (0.41 g, 5.2
mmol), and diethyl chlorophosphate (0.45 g, 2.61 mmol) in CH;-
Cl; (10 mL). Reaction conditions: —10 °C, 10 min, then rt for
2 d. IR (neat): 2968 (s), 1620 (m), 1463 (m), 1400 (m) cm™1.
'H-NMR (CDCl;, 300 MHz). 6 5.80 (m, 1H), 4.62 (dd, 2H, Jup
= 4.8 Hz, J = 1Hz), 4.01 (dq, 4H, ®Jup = 7.03 Hz, J = 7.1 Hz),
2.04 (q, 2H, J = 7.0 Hz), 1.44—1.02 (m, 4H), 1.23 (dt, 6H, J =
7.2 Hz, “Jup = 1Hz), 0.78 (t, 3H, J = 6.9 Hz), 0.01 (s, 9H).
13C.NMR (CDCl;, 75 MHz): 6 144.6, 136.1 (d, *Jcp = 9.5 Hz),
65.7 (d, 2Jcp = 5.6 Hz), 63.5 (d, 2Jcp = 5.9 Hz), 31.4, 28.5, 22.3,
16.1 (d, 3Jcp = 6.7 Hz), 13.8, —1.2. MS EI (70 eV): 307 (1),
227 (10), 211 (11), 168 (10), 155 (88), 153 (10), 127 (9). This
product was used crude for the next reaction step.

(2Z)-Diethyl 2-(Trimethylsilyl)-2-heptenyl Phosphate
((Z2)-9¢). 0il(8.93 g, 12.2 mmol, 76% yield) obtained from (Z)-
4c (3.00 g, 16.1 mmol), pyridine (2.67 g, 33.8 mmol), and
diethyl chlorophosphate (4.72 g, 27.4 mmol) in CHyCl; (20 mL).
Reaction conditions: —10 °C, 15 min, rt, 1 d. IR (neat): 2965
(s), 1620 (m), 1475 (m) cm™1. 'H-NMR (CDCl;, 300 MHz): 6
6.22 (t, 1H, J = 7.5 Hz), 4.46 (dd, 2H, 3Jup = 6.5 Hz, J = 0.8
Hz), 4.03 (dq, 4H, *Jyp = 7.1 Hz, J = 7.1 Hz), 2.09 (q, 2H, J =
7.2 Hz), 1.31-1.23 (m, 4H), 1.26 (dt, 6H J = 7.0 Hz, “Jupr =
1Hz), 0.87—0.81 (m, 3H), 0.11 (g, 9H). 3C-NMR (CDCls, 75
MHz): & 147.6, 133.9 (d, 3%Jcp = 7.0 Hz), 73.3 (d, 2Jcp = 5.9
Hz), 63.3 (d, 2Jcr = 5.9 Hz), 31.5, 31.3, 22.2, 15.9 (d, 3Jcp =
6.7 Hz), 13.7, —0.3. MS EI (70 eV): 307 (2) [M+ — 15], 227
(16), 211 (19), 183 (14), 168 (15), 156 (11), 155 (99), 153 (15),
127 (17), 99 (19), 77 (21), 75 (38), 74 (13), 73 (100), 59 (17), 45
(13). Anal. Caled for C14H5,04PSi (322.443): C, 52.15; H, 9.69.
Found: C, 52.05; H, 9.78.

(2E)-Diethyl 3,7-Dimethyl-2,6-octadienyl Phosphate
(Geranyl Phosphate) (9d). Obtained as an oil (16.65 g, 57.3
mmol, 82% yield) from geraniol (10.8 g, 70.1 mol), pyridine
(12.2 g, 154 mmol), and diethyl chlorophosphate (14.7 g, 85.1
mmol). Reaction conditions: —10 °C, 30 min, then rt, 2 d. 1H-
NMR (CDCl3, 300 MHz): 6 5.34 (tq, 1H, J = 7.1, 1.2 Hz), 5.02
(m, 1H), 4.50 (dd, 2H, 3Jup = 7.8, 7.8 Hz), 4.04 (qd, 4H, 3Jyp =
7.7 Hz, J = 7.1 Hz), 2.05-1.95 (m, 4H), 1.64 (d, °H, J = 0.8
Hz), 1.61 (d, 8H, J = 0.66 Hz), 1.53 (s, 3H), 1.27 (td, 6H, J =
7.01 Hz, 4Juyp = 1 Hz). '3C-NMR (75 MHz, CDCls): 6 142.5,
131.7, 123.5, 118.9 (d, ®Jcp = 6,6Hz), 63,9 (d, 2Jcp = 5.6 Hz),
63,4 (d, *Jcp = 5,8 Hz), 39.3, 26.1, 25.5, 17.5, 16.3, 15.9 (4,
3Jcp = 6.8 Hz). The product was used crude for the next step.

Diethyl 3,7-Dimethyloctadi-2(Z),6-enyl Phosphate (Ner-
yl Phosphate) (9e). Oil (17.25 g, 59.4 mmol, 84% yield)
prepared from nerol (10.85 g, 70.4 mmol), pyridine (12.2 g, 154
mmol), and diethyl chlorophosphate (15.5 g, 90 mmol). Reac-
tion conditions: —10 °C, 30 min then rt, 2d. *H-NMR (CDCl;,
300 MHz): 6 5.39 (m, 1H), 5.06 (m, 1H), 4.52 (dd, 2H, 3Jup =
7,3 Hz, J = 7.3 Hz), 4.09 (qd, 4H, 3%Jup = 7 Hz, J = 7 Hz),
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2.13-2.03 (m, 4H), 1.75 (d, 3H, J = 0.1 Hz), 1.66 (s, 3H), 1.58
(s, 3H), 1.31 (td, 6H, J = 7.0, *Jup = 1 Hz). ¥C-NMR (CDCls,
75 MHz): 6 142.5, 132.1, 123.4, 119.9 (d, 3Jcp = 6.8 Hz), 63.7
(4, 2Jep = 5.5 Hz), 63.5 (4, 2Jcp = 5.8 Hz), 32.0, 26.5, 25.6,
23.4,17.5,16.0 (d, 3Jce = 6.7 Hz). The product was used crude
for the next step.

Typical Procedure for the Preparation of Allylic
Diethyl Phosphates. (2E,6E)-Diethyl 3,7,11-Trimethyl-
2,6,10-dodecatrienyl Phosphate (9f). To a solution of (E,E)-
farnesol (2.20 g, 10 mmol) in ether (10 mL) was added dry
pyridine (1.90 g, 24 mmol) followed by diethyl chlorophosphate
(2.09 g, 12.1 mmol). The resulting colorless suspension was
allowed to warm to rt and was stirred for 1.5—-2 d. The
reaction mixture was diluted with ether and was washed
successively with saturated aqueous NH4Cl (20 mL), NaHCOs
(8 x 20 mL), and NaCl solution (20 mL). The organic layer
was dried (MgSOy4). Removal of the solvent in vacuo furnished
9f as a colorless oil (3.49 g, 9.74 mmol, 97% yield). The 'H-
NMR spectrum indicates a purity of over 95%. 'H-NMR
(CDCl3, 300 MHz): 6 5.35 (m, 1H), 5.03—4.98 (m, 2H), 4.50
(dd, 2H, 3Jup = 7.6 Hz, J = 7.6 Hz), 4.03 (qd, 4H, 3Jup = 7.6
Hz, J = 7.1 Hz), 2.06—1.95 (m, 8H), 1.64 (s, 3H), 1.61 (s, 3H),
1.53 (s, 6H), 1.26 (td, 6H, J = 7.1, “Jup = 0.8 Hz). *C-NMR
(CDClg, 75 MHz): 6 142.4, 135.3, 131.1, 124.1, 123.4, 118.8
(d, 3Jcp = 6.7 Hz), 63.9 (d, 2Jcp = 5.6 Hz), 63.4 (d, 2Jcp = 5.7
Hz), 39.5, 39.3, 26.5, 26.0, 25.5, 17.5, 16.3, 15.9 (d, 3Jcp = 4.1
Hz), 15.8. The product was used crude for the next step.

(2E)-1-Chloro-3,7-dimethyl-2,6-octadiene (Geranyl Chlo-
ride) (10a).2° To a solution of N-chlorosuccinimide (12.0 g,
90 mmol) in CH,Cl; (100 mL) was added under stirring at —10
°C dimethyl sulfide (8.8 mL, 123.9 mmol) over a period of 30
min. The resulting suspension was cooled to —50 °C, and
geraniol (10 g, 58.4 mmol) was added dropwise over a period
of 30 min. The reaction mixture was warmed to 0 °C, stirred
for 2.5 h, and poured into water (300 mL). The aqueous phase
was extracted twice with CH,Cl; (50 mL). The combined
organic phase was washed with cold brine and dried (MgSOs,),
and the solvent was evaporated. The resulting crude product
was purified by distillation (bpooz 35 °C) furnishing geranyl
chloride as a colorless oil (7.50 g, 43.4 mmol, 74%). ‘H-NMR
(300 MHz, CDCls): & 5.40 (tq, 1H, J = 8, 1.2 Hz), 5.05 (m,
1H), 4.05 (d, 2H, J = 8 Hz), 2.04 (m, 4H), 1.68 (d, 3H, J = 1.2
Hz), 1.64 (d, 3H, J = 0.7 Hz), 1.56 (s, 3H). 3C-NMR (75 MHz,
CDClg): 6 142.7,131.9,123.7,120.4, 41.1, 39.5, 26.3, 25.7,17.7,
16.1.

(2Z)-1-Chloro-3,7-dimethyl-2,6-octadiene (Neryl Chlo-
ride) (10b).2° It was prepared as geranyl chloride (see above)
from N-chlorosuccinimide (6.50 g, 48.7 mmol), dimethyl sulfide
(4.25 g, 68.4 mmol) in CH,Cl; (60 mL), and nerol (5 g, 32.4
mmol). Usual workup and purification by distillation (bpe.o2
38—42 °C) provided nery! chloride as a colorless oil {(4.12 g,
23.86 mmol, 74% yield). 'H-NMR (CDCls, 300 MHz): ¢ 5.45
(dt, 1H, J = 8.1, 1.2 Hz), 5.12 (m, 1H), 4.08 (dd, 2H, J = 8.1,
0.6 Hz), 2.19—2.06 (m, 4H), 1.78 (m, 3H), 1.70 (s, 3H), 1.62 (d,
3H, J = 0.6 Hz). 3C-NMR (CDCl3, 756 MHz): 6 142.6, 132.3,
123.5, 121.2, 40.9, 31.9, 26.5, 25.6, 23.4, 17.6.

Typical Procedure for the Preparation of Homoallylic
Alcohols of Type 13. Preparation of (15*,28*)-2,6-Di-
methyl-2-ethenyl-1-phenyl-5-hepten-1-0l (13k) (ds = 93:
7). A 20 mL flask equipped with an argon inlet, a stirring
bar, and a septum cap was charged with lithium iodide (0.18
g, 1.38 mmol) which had been dried at 150 °C in vacuum (0.1
mmHg) for 2 h. After the mixture was cooled to rt, chromium-
(IT) chloride (1.37 g, 11.2 mmol) and THF (10 mL) were
successively added. After the resulting suspension was stirred
for 15 min at rt, a solution of the phosphate 10a (1.53 g, 5.26
mmol) and benzaldehyde (0.49 g, 4.66 mmol) in THF (4 mL)
was added. The reaction mixture was stirred at rt for 20 h
and was quenched with a saturated aqueous NH;Cl solution
(200 mL). The organic phase was washed with saturated
aqueous NH,4Cl solution (4 x 100 mL), and the aqueous phase
was extracted with ether (3 x 100 mL). The combined organic
phase was dried (MgSOy). After filtration and evaporation of
the solvents, the residual oil was purified by flash chroma-
tography (eluent hexanes:ether 95:5) leading to the pure
homoallylic alecohol 13k as a colorless oil (1.02 g, 4.17 mmol,
90% yield).
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Analytical Data of the Products 13a—y of Table 1.
(1S*,2R*)-2-Ethenyl-2-methyl-1-phenylhexan-1-0l (13a)
(ds = 97:3). A total of 0.92 g (95% yield) of a clear oil was
obtained from (Z)-9¢ (1.38 g, 5.2 mmol) and benzaldehyde (0.47
g, 4.4 mmol). Purification by flash chromatography (hexanes:
ether 93:7). IR (neat): 3448 (s, br), 3085 (m), 3033 (m), 2958
(s), 2873 (s), 1638 (m) cm~l. H-NMR (CDCl;, 500 MHz): 6
7.32-7.22 (m, 5H), 5.77 (dd, 1H, J = 17.6, 10.9 Hz), 5.17 (dd,
1H,J = 10.9, 1.4 Hz), 4.99 (dd, 1H, J = 17.6, 1.4 Hz), 4.44 (4,
1H, J = 2.0 Hz), 2.03 (d, 1H, J = 4.5 Hz), 1.33 (m, 2H), 1.26—
1.15 (m, 4H), 1.06 (s, 3H), 0.85 (t, 3H, J = 6.7 Hz). *C-NMR
(CDCl;, 75 MHz): 6 143.0, 141.4, 127.9, 127.5, 127.3, 114.9,
80.8, 45.8, 36.2, 26.3, 23.5, 19.0, 14.2. MS-EI (70 eV): 200
(1), 128 (1), 112 (41), 107 (100). Anal. Caled for CisHO
(218.34): C, 82.52; H, 10.16. Found: C, 82.57; H, 10.18.

(1R*,2R*)-1-Cyclohexyl-2-ethenyl-2-methylhexan-
1-0l (138b) (ds = 90:10). Obtained as a clear oil (0.86 g, 89%
yield) from the phosphate (Z)-9¢ (1.23 g, 4.7 mmol) and
cyclohexanecarboxaldehyde (0.48 g, 4.3 mmol). Purification
by flash chromatography (hexanes:ether 93:7). IR (neat): 3464
(s, br), 3082 (w), 2929 (s), 2854 (s), 1636 (w), 1468 (m) cm™1.
1H-NMR (CDCl;, 500 MHz): ¢ 5.86 (dd, 1H, J = 17.6, 10.9
Hz), 5.10 (dd, 1H, J = 10.9, 1.5 Hz), 4.99 (dd, 1H, J = 17.6,
1.5 Hz), 3.10 (d, 1H, J = 5.4 Hz), 1.72—1.09 (m, 18H), 1.01 (s,
3H), 0.88 (t, 3H, J = 7.0 Hz). *C-NMR (CDCl;, 75 MHz): &
144.2,113.8, 81.8, 45.5, 39.2, 38.1, 33.4, 27.5, 26.7, 26.3, 26.2,
26.1,23.5,19.0, 14.0. MS-EI(70eV): 113 (7), 112(39). Anal.
Caled for Ci5H250 (224.3890): C, 80.29; H, 12.58. Found: C,
80.30; H, 12.60.

(5R*,6R*)-5-Ethenyl-5-propyldodecan-6-ol (13¢c) (ds =
99:1). Obtained as a clear oil (0.91 g, 90% yield) from the
phosphate (Z)-9¢ (1.46 g, 5 mmol) and heptanal (0.46 g, 4
mmol). Purification by flash chromatography (3% ether in
hexanes). The diastereoselectivity was determined by !3C-
NMR spectroscopy (signal at 34.8 ppm). IR (neat): 3442 (s,
br), 2962 (s), 2940 (s), 1645 (m), 1486 (m) em~!. 'H-NMR
(CDCls, 300 MHz): 6 5.66 (1H, dd, J = 17.8, 11.1 Hz), 5.13
(1H,d,J = 11.1 Hz),4.95 (1H, d, J = 17.8 Hz), 3.33 (1H, d, J
= 9.9 Hz), 1.53—-1.44 (4H, m), 1.37—-1.07 (20H, m), 0.87-0.80
(6H, m). 3C-NMR (CDCl;, 75 MHz): 6 143.1,114.8,75.9, 46.8,
34.8, 32.8, 32.0, 31.9, 29.4, 29.1, 27.0, 25.7, 23.7, 22.7, 15.0,
14.1, 14.0; MS-EI (70 eV): 140(32) 98 (100). Anal. Caled for
C17H240: C, 80.24; H, 13.47. Found: C, 80.04; H, 13.34.

(58*,6R*)-5-Ethenyl-5-propyldodecan-6-ol (13d) (ds =
97:3). Obtained as a clear oil (0.65 g, 64% yield) from the
phosphate (Z)-9¢ (1.46 g, 5 mmol) and heptanal (0.46 g, 4
mmol). Purification by flash chromatography (3% ether in
hexanes). The diastercoselectivity was determined by 2C-
NMR spectroscopy (signal at 35.3 ppm). IR (neat): 3452 (s,
br), 2970 (s), 1482 (m) em~!. 'H-NMR (CDCls, 300 MHz): ¢
5.65 (1H, dd, J = 17.8, 11.1 Hz), 5.11 (1H, d, J = 11.1 Hz),
4,93 (1H, 4, J = 17.8 Hz), 3.33 (1H, d, J = 10.4 Hz), 1.48—
1.09 (24H, m), 0.87—0.80 (6H, m). *C-NMR (CDCl;, 75
MHz): 6 143.1, 114.9, 75.9, 46.8, 35.3, 32.7, 32.1, 32.0, 29.4,
27.0, 25.8, 23.7, 22.7, 16.8, 15.1, 14.2, 14.1. MS-EI (70 eV):
140 (47), 98 (100). Anal. Caled for Ci7H3,O: C, 80.24; H,
18.47. Found: C, 79.92; H, 13.12.

(1S*,2R*)-2-Ethenyl-1-phenyl-2-propylhexan-1-ol (13e)
(ds = 99:1). Obtained as a clear oil (0.65 g, 66% yield) from
the phosphate (Z)-9¢ (1.46 g, 5 mmol) and benzaldehyde (0.42
g, 4 mmol). Flash chromatography (3% ether in hexanes). The
diastereoselectivity was determined by 1*C-NMR spectroscopy
(signal at 34.2 ppm). IR (neat): 3466 (s, br), 2957 (s), 1643
(m), 1450 (m) em~L. 'H-NMR (CDCl3, 300 MHz): 6 7.27-7.17
(5H, m), 5.64 (1H,dd, J = 17.8,11.1 Hz), 5.19(1H,d,J = 11.1
Hz),4.90 (1H, d,J = 17.8 Hz), 4.52 (1H, s), 1.97 (1H, 8), 1.65—
1.53 (2H, m), 1.48—0.77 (14H, m). 3C-NMR (CDCl;, 75
MHz): 6 1424, 141.7, 128.0, 127.5, 127.4, 115.6, 78.1, 47.3,
34.2,32.9, 25.8, 23.6, 16.6, 15.0, 14.1. MS-EI (70 eV): 98 (80),
107 (100), 140 (44). Anal. Caled for Ci17Hz60: C, 82.87; H,
10.64. Observed: C, 82.50; H, 10.68.

(1R*,2R*)-2-Ethenyl-1-phenyl-2-propylhexan-1-ol (13f)
(ds = 97:3). Obtained as a clear oil (0.74 g, 75% yield) from
1.46 g (5 mmol) of the phosphate (E)-9¢ and benzaldehyde (0.46
g, 4 mmol). Purification by flash chromatography (3% ether
in hexanes). The diastereoselectivity was determined by 3C-
NMR spectroscopy (signal at 35.5 ppm). IR (neat): 3453 (s,
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br), 2976 (s), 1459 (m), 1012 (m) cm~!. 'H-NMR (CDCls, 300
MHz): 6 7.31-7.21 (6H, m), 5.67 (1H, dd, J = 17.8, 11.1 Hz),
5.25 (1H, d, J = 11.1 Hz), 4.97 (1H, 4, J = 17.8 Hz), 4.54 (1H,
s), 2.00 (1H, s), 1.78-1.66 (2H, m), 1.42—-0.77 (14H, m). 3C-
NMR (CDCls, 75 MHz): 6 142.3, 141.7, 128.0, 127.5, 127 .4,
115.7, 78.0, 47.4, 35.5, 31.5, 25.6, 23.7, 16.9, 14.9, 14.3. MS-
EI (70 eV): 98 (72), 107 (100), 140 (59), 205 (5). Anal. Caled
for C17H6O: C, 82.87; H, 10.64. Found: C, 82.54; H, 10.64.

(18*,2R*)-1-Phenyl-2-[(1-trimethylsilyl)ethenyllhexan-
1-0l (13g) (ds = 84:16). The phosphate (Z)-4¢ (0.90 g, 2.8
mmol) and benzaldehyde (0.27 g, 2.54 mmol) were added to a
suspension of Lil (0.07 g, 0.52 mmol) and CrCl; (0.79 g, 6.43
mmol) in DMPU (5 mL). After 6 d at rt, the reaction was
worked up as usual. Purification of the crude product by
chromatography (hexanes:ether 93:7) yielded 13g as a clear
oil (0.64 g, 2.32 mmol, 91% yield). IR (neat): 3465 (br), 3040
(m), 2965 (s), 1610 (w), 1495 (w) 1460 (m) cm~!. 'H-NMR
(CDCls, 300 MHz): 6 7.30—7.18 (m, 5H), 5.82 (d, 1H, J = 2.6
Hz), 5.68 (d, 1H, J = 6.2 Hz), 4.46 (dd, 1H, J = 9.0, 1.9 Hz),
2.48 (dt, 1H, J = 10.4, 3.0 Hz), 2.09 (d, 1H, J = 1.9 Hz), 1.62—
0.85 (m, 6H), 0.71 (t, 3H, J = 6.7 Hz), 0.12 (s, 9H). 3C-NMR
(CDCl;, 75 MHz): 6 153.8, 143.1, 128.9, 128.2, 127.7, ,127.3,
77.3,55.4,31.1, 29.8,22.7, 14.0, -0.3. MS-EI (70 eV): 155 (38),
128 (8), 107 (67), 96 (31). Anal. Caled for C,7H3308Si
(276.48): C, 73.85; H, 10.20. Found: C, 73.74; H, 10.42.

(18*,28%)-1-Phenyl-2-[(1-trimethylsilyl)ethenyl]hexan-
1-0l (13h) (ds = 87:13). The phosphate (E)-4¢ (0.20 g, 6.20
mmol) and benzaldehyde (0.06 g, 0.57 mmol) were added to a
suspension of Lil (0.08 g, 0.60 mmol) and CrCl, (0.16 g, 1.30
mmol) in DMPU (8 mL). After 5 d at rt, the reaction was
worked up as usual. Purification by chromatography (hexanes:
ether 95:5) yielded 18h as an 0il (0.13 g, 0.47 mmol, 83% yield).
IR (neat): 3440 (br), 3035 (w), 2965 (s), 1610 (w), 1495 (w),
1460 (m) cm~!. *H-NMR (CDCl3, 300 MHz): ¢ 7.30—7.17 (m,
5H), 5.73(d, 1H, J = 2.1 Hz), 5.59 (d, 1H, J = 2.3 Hz), 4.58 (d,
1H, J = 4.75 Hz), 2.55 (dt, 1H, J = 10.8, 4.0 Hz), 2.02 (s, 1H),
1.60-1.36 (m, 2H), 1.27-0.84 (m, 4H), 0.75 (t, 3H, J = 7.1
Hz), 0.00 (s, 9H). 13C-NMR (CDCl;, 75 MHz): ¢ 153.6, 143.3,
128.1, 127.0, 126.5, 126.1, 75.4, 50.9, 29.8, 27.1, 23.0, 14.0,
-1.2. MS-EI(70eV): 278 (1) [M* + 1], 277 (1) [M*], 179 (31),
170 (43), 156 (85), 155 (94), 128 (37), 115 (15), 114 (17), 113
(26), 108 (27), 107 (100). Anal. Caled for C17H2508i (276.48):
C, 73.85; H, 10.20. Found: C, 73.57; H 10.50.

(6R*,5R*)-5-[(1-Trimethylsilyl)ethenylldodecan-6-ol (13i)
(ds = 68:32). The phosphate (Z)-4¢ (0.90 g, 2.8 mmol) and
heptanal (0.29 g, 2.54 mmol) were added to a suspension of
Lil (0.07 g, 0.52 mmol) and CrCl; (0.79 g, 6.43 mmol) in DMPU
(5 mL). After 7d at 25 °C the reaction was worked up as usual.
Purification by chromatography (hexanes:ether 95:5) furnished
13i as a clear oil (0.50 g, 1.75 mmol, 69% yield). IR (neat):
3430 (br), 3055 (w), 2935 (s), 1475 (m) cm~L. 'H-NMR (CDCl;,
300 MHz). 6 5.67 (dd, 1H, J = 2.6, 0.6 Hz), 5.56 (d, 1H, J =
2.7 Hz), 3.46 (m, 1H), 2.17 (m, 1H), 1.55—-1.03 (m, 17H), 0.83
(t, 3H, J = 6.9 Hz), 0.82 (t, 3H, J = 7.0 Hz), 0.05 (s, 9H). 13C-
NMR (CDCl, 756 MHz): ¢ 153.8, 125.5, 73.5, 53.0, 34.5, 31.8,
30.7,29.9, 29.4, 25.8, 22.9, 22.5, 14.0, 13.95, —0.5. MS-EI (70
eV): 156 (10), 155 (59), 128 (9), 96 (37). Anal. Calcd for
C17H3608i (284.54): C, 71.76; H 12.75. Found: C, 71.65; H,
12.66.

(6R*,58*) 5-[(1-Trimethylsilyl)ethenylldodecan-6-ol (13j)
(ds = 87:13). The phosphate (E)-4c (0.27 g, 0.84 mmol) and
heptanal (90 mg, 0.79 mmol) were added to a suspension of
Lil (0.11 g, 0.82 mmol) and CrCl; (0.21 g, 1.71 mmol) in DMPU
(3 mL). Reaction conditions: 25 °C, 6 d. Purification by flash
chromatography (hexanes:ether 97:3) furnished 13j as a clear
oil (0.15 g, 0.53 mmol, 67% yield). IR (neat): 3455 (br), 3045
(w), 2940 (s), 1473 (m), 1412 (m) cm~1. *H-NMR (CDCl3, 300
MHz): ¢ 5.60 (dd, 1H, J = 2.6, 0.6 Hz), 5.50 (d, 1H, J = 2.6
Hz), 3.36 (m, 1H), 2.20 (dt, 1H, J = 10.7, 4.5 Hz), 1.60 (s, 1H),
1.54~0.96 (m, 16H), 0.81 (t, 3H, J = 6.8 Hz), 0.80 (t, 3H, J =
7.2 Hz), 0.02 (s, 9H). ®C-NMR (CDCls, 75 MHz): & 153.7,
125.5, 73.2, 50.3, 35.0, 31.7, 29.8, 29.3, 27.3, 26.2, 22.9, 22.5,
14.0, 13.9, —1.1. MS-EI (70 eV): 285 (1) [M*], 155 (60), 97
(13), 96 (28). Anal. Calcd for C,7H360S1 (284.54): C, 71.76;
H, 12.75. Found: C, 71.58; H, 12.95.
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(18*,28%)-2,6-Dimethyl-2-ethenyl-1-phenyl-5-hepten-
1-ol (13k). (a) Preparation of 13k from the Phosphate
9d in THF (ds = 93:7). See typical procedure above.

(b) Preparation from the Phosphate 9d in DMPU (ds
= 97:3). Obtained as an oil (0.80 g, 94% yield) from the
phosphate 9e (1.45 g, 5.0 mmol) and benzaldehyde (0.37 g, 3.5
mmol). Reaction conditions: 25 °C, 3 h. Purified by flash
chromatography (hexanes:ether 16:1). IR (neat): 3458 (m),
2969 (s), 2925 (s), 2857 (m), 1638 (w) cm™!. 'H-NMR (500
MHz, CDCls): 6 7.31-7.26 (m, 5H), 5.86 (dd, 1H, J = 17.6,
10.8 Hz), 5.28 (dd, 1H, J = 10.9, 1.4 Hz), 5.09 (dd, 1H, J =
17.6, 1.4 Hz), 5.04 (m, 1H), 4.42 (s, 1H), 2.04 (s, 1H), 1.85 (m,
2H), 1.65 (d, 3H, J = 0.9 Hz), 1.55 (s, 3H), 1.51—1.26 (m, 2H),
0.92 (s, 3H). 13C-NMR (75 MHz, CDCl;): 6 143.8,140.4,131.1,
128.0 (2C), 127.4 (2C), 127.3, 124.7, 115.7, 80.0, 45.8, 37.5, 25.6,
22.7, 17.5, 16.2. MS-EI (70 eV): 244 (1) [M*], 158 (2), 138
(20), 123 (26), 107 (88), 95 (57). Anal. Caled for Ci7H,0
(244.36): C, 83.56; H, 9.89. Found: C, 83.49; H, 10.03.

(18*,28%)-2,6-Dimethyl-2-ethenyl-1-phenyl-5-hepten-
1-0l (13]) (ds = 99:1). (a) Preparation of 131 from the
Phosphate (9e) in DMPU. Obtained as a clear oil (0.96 g,
98% yield) from the phosphate 9e (1.45 g, 5§ mmol), benzalde-
hyde (0.42 g, 4 mmol), Lil (0.13 g, 1 mmol), and CrCl, (1.23 g,
10 mmol) in DMPU (6 mL). Reaction conditions: 25 °C, 3 h.
Purified by flash chromatography (hexanes:ether 16:1).

(b) Preparation of 13! from the Phosphate (9¢) in THF
(ds = 93:7). Obtained as a clear oil (0.93 g, 3.81 mmol, 91%
yield) from the phosphate 9e and benzaldehyde (0.44 g, 4.18
mmol), LiI (0.20 g, 1.49 mmol), and CrCl; (1.42 g, 11.6 mmol)
in THF (4 mL). Reaction conditions: 25 °C, 17 h. Purified by
flash chromatography (hexanes:ether 95:5).

(c) Preparation of 131 from Neryl Chloride in THF (ds
= 99:1). Obtained from the addition of neryl chloride (0.70 g,
4.05 mmol) and benzaldehyde (0.49 g, 4.62 mmol) to a
suspension Lil (0.11 g, 8.22 mmol) and CrCl; (1.03 g, 8.38
mmol) in THF (14 mL) (reaction conditions: rt, 3 d). The
purification by flash chromatography (hexanes:ether 95:5)
furnished 18l as an qil (0.92 g, 3.77 mmol, 93% yield). IR
(neat): 3456 (m), 2969 (s), 2926 (s), 1638 (w) cm™1. H-NMR
(CDCls, 200 MHz): 6 7.30 (m, 5H), 5.81 (dd, 1H, J = 17.7, 8.7
Hz), 5.20 (d, 1H, J = 11.8 Hz), 5.02 (m, 2H), 4.44 (d, 1H, J =
3.9 Hz), 2.16 (d, 1H, J = 3.9 Hz), 1.88 (m, 2H), 1.66 (s, 3H),
1.56 (s, 3H), 1.35 (m, 2H), 1.07 (s, 3H); 13C-NMR (CDCls;, 75.5
MHz): 6 142.8,141.3,130.7, 127.7,127.2, 127.1,124.9, 114.5,
80.5,45.0, 36.3,25.4,22.7,18.5, 17.4. MS(CI, NH,", 34): 244
(19), 227 (100), 186 (72). Anal. Caled for Ci7H2sONH *:
262.2171. Found: 262.2169.

(6R*,7S%)-7,11-Dimethyl-7-ethenyl-10-dodecen-6-0l (13m)
(ds = 94:6). Obtained as an oil (0.77 g, 93% yield) prepared
from the phosphate 9e (1.45 g, 5.0 mmol) and hexanal (0.35
g, 3.5 mmol). Reaction conditions: rt, 3 h. Purified by flash
chromatography (hexanes:ether 16:1). IR (neat): 3446 (m),
2926 (s), 2858 (s), 1635 (w) cm~i. 'H-NMR (CDCls, 200
MHz): 6 5.76 (dd, 1H, J = 17.5, 10.9 Hz), 5.20 (dd, 1H, J =
10.9, 1.5 Hz), 5.07 (m, 2H), 3.26 (d, 1H, J = 9.8 Hz), 1.88 (m,
2H), 1.67 (s, 3H), 1.58 (s, 3H), 1.47 (m, 11H), 0.96 (s, 3H), 0.89
(t, 3H, J = 6.6 Hz). ¥C-NMR (CDCl3, 75.5 MHz): 6 144.3,
131.0,124.8,114.6, 77.1, 44.9, 37.3, 31.8, 30.9, 26.6, 25.4, 22.7,
22.5,17.4, 16.8, 13.8. MS-EI (70 eV): 238 (3), 123 (43), 109
(17), 95 (76). Anal. Caled for Ci;cH30O: 238.2297. Found:
238.2286.

(6R*,7R*)-7,11-Dimethyl-7-ethenyl-10-dodecen-6-0l (13n)
(ds = 98:1). Obtained as a clear oil (0.78 g, 94% yield) from
the phosphate 9d (1.45 g, 5.0 mmol) and hexanal (0.35 g, 3.5
mmol). Reaction conditions: 25 °C, 3 h. Purified by flash
chromatography (hexanes:ether 16:1). IR (neat): 3392 (m),
3388 (m), 2961 (s), 2939 (s), 1637 (w) em~1. 'H-NMR (CDCl;,
200 MHz): ¢ 5.72 (dd, 1H, J = 17.5, 10.9 Hz), 5.06 (m, 3H),
3.28 (4, 1H, J = 10.0 Hz), 1.87 (m, 2H), 1.67 (s, 3H), 1.58 (s,
3H), 1.35 (m, 11H), 1.00 (s, 3H), 0.88 (t, 3H, J = 7.4 Hz). 3C-
NMR (CDCls, 75.5 MHz):  143.7, 130.9, 124.9, 114.0, 77.9,
44.7,87.3, 31.7, 26.6, 25.4, 22.6, 22.5, 17.6, 17.3, 13.8. MS-EI
(70 eV): 238 (4), 123 (61), 109 (31), 95 (95). Anal. Caled for
Ci6H300: 238.2297. Found: 238.2289.

(68*,7R*)-2,6-Dimethyl-6-ethenyl-2,8(E)-dodecadien-
7-0l (130) (ds = 96:4). (a) Preparation of 130 from the
Phosphate 9d in DMPU. Obtained as a clear oil (0.73 g,



Additions of Allylic Phosphates and Halides to Aldehydes

77% yield) from 9d (1.45 g, 5 mmol) and (E)-2-hexenal (0.39
g, 4 mmol). Flash chromatography purification (2% ether in
hexanes).

(b) Preparation of 130 from Phosphate 9d in THF (ds
= 97:3). Obtained by the addition of 9d (2.19 g, 7.53 mmol)
and (E)-2-hexenal (0.63 g, 6.46 mmol) to a suspension of Lil
(0.20 g, 1.52 mmol) and CrCl; (2.16 g, 17.6 mmol) in THF (16
mL) (reaction conditions: 25 °C, 16 h). Purification by flash
chromatography furnishes the alcohol 130 as a clear oil (1.32
g, 5.59 mmol, 87% yield). IR (neat): 3445 (br), 2960 (s), 2938
(s), 1725 (m), 1452 (m) cm~!. 'H-NMR (CDCls, 300 MHz): 6
5.79 (1H, dd, J = 17.6 Hz, 10.1 Hz), 5.69—6.61 (1 H, m), 5.48—
5.40 (1 H, m), 5.21 (1H, d, J = 10.8 Hz), 5.10-5.03 (2H, m),
3.75 (1H, d, J = 7.7 Hz), 2.02 (2H, m), 1.89—1.66 (2H, m),
1.57—-1.30 (11H, m), 1.02—-0.87 (6H, m). 3C-NMR (CDCls, 75
MHz): 6 143.9, 134.4, 131.1, 128.6, 124.8, 115.0, 78.5, 44.7,
37.5, 34.4, 25.5, 22.6, 22.2, 17.5, 16.8, 13.6. MS-EI (70 eV):
95 (49), 123 (20), 175 (10). Anal. Caled for C16H2s0: C, 81.28;
H, 11.95. Found: C, 81.44; H, 11.62.

(6S*,78*)-2,6-Dimethyl-6-ethenyl-2,8(E)-dodecadien-
7-ol (13p) (ds = 97:3). (a) Preparation of 13p from the
Phosphate 9e in DMPU, Obtained as a clear 0il (0.79 g, 84%
yield) from 9e (1.45 g, 5 mmol) and (E)-2-hexenal (0.39 g, 4
mmol). Purification by flash chromatography (2% ether in
hexanes).

(b) Preparation of 13p from the Phosphate 9e in THF
(ds = 96:4). Obtained as a clear oil (1.10 g, 4.65 mmol, 92%
yield) from 9e (1.78 g, 6.13 mmol), (E)-2-hexenal (0.50 g, 5.04
mmol), Lil (0.14 g, 1.08 mmol), and CrCl; (1.53 g, 12.5 mmol)
in THF (16 mL). Reaction conditions: 25 °C, 16 h; purified
by flash chromatography (hexanes:ether 95:5).

(c) Preparation of 13p from Neryl Chloride in DMPU
(ds = 96:4). Obtained as a clear oil (0.84 g, 3.55 mmol, 68%
yield) from neryl chloride (1.00 g, 5.79 mmol), (E)-2-hexenal
(0.51 g, 5.2 mmol), Lil (0.16 g, 1.2 mmol), and CrCl, (1.50 g,
12.2 mmol) in DMPU (10 mL). Reaction conditions: 25 °C, 4
d. Purified by flash chromatography (hexanes:ether 95:5). IR
(neat): 3453 (br), 2962 (s), 2937 (s), 1729 (m), 1469 (m) cm™L.
H-NMR (CDCls, 300 MHz): ¢ 5.80(1H, dd, J = 17.5 Hz, 10.9
Hz), 5.71-5.47 (2H, m), 5.27-5.04 (3H, m), 3.81 (1H, t, J =
6.3 Hz), 2.04 (2H, m), 1.95-1.88 (2H, m), 1.70 (3H, s), 1.60~
1.34 (8H, m), 1.06 (3H, s), 0.90 (3H, t, J = 7.3 Hz). 3C-NMR
(CDCls, 75 MHz): ¢ 143.2, 133.5, 131.2, 129.4, 125.0, 114.7,
79.1, 44.6, 37.0, 34.5, 25.7, 22.7, 22.4, 18.8, 17.6, 13.7. MS EI
(70 eV): 95 (50), 99 (42), 123 (21). Anal. Caled for C16H2sO
(236.39). C, 81.28; H, 11.95. Found: C, 81.02; H, 12.14.

(6S*,78*)-2,6-Dimethyl-6-ethenyldodec-2-en-8-yn-7-ol
(13q) (ds = 99:1). Obtained as a clear oil (0.85 g, 86% yield)
from the phosphate 9d (1.45 g, 5 mmol) and 2-heptynal (0.44
g, 4 mmol). Purification by flash chromatography (2% ether
in hexanes). IR (neat): 3449 (vb), 2969 (s), 2940 (s), 1456 (m),
1382 (m), 1003 (s) cm~t. *H-NMR (CDCl;, 300 MHz): 6 5.75
(1H, dd, J = 17.6, 10.8 Hz), 5.19—4.98 (3H, m), 4.06 (1H, s),
2.19-2.15 (2H, m), 1.85—-1.77 (2H, m), 1.53-1.22 (13H, m),
1.03 (3H, s), 0.83 (3H, t, J = 1.3 Hz). *C-NMR (CDCl;, 75
MHz): 6 142.8,131.3,124.6, 115.5, 86.8, 78.6, 69.3, 45.4, 36.7,
30.7, 25.6, 22.7, 22.5, 21.9, 18.3, 17.5, 13.5. MS-EI (70 eV):
41 (92), 69 (100), 81 (19), 95 (29), 111 (15), 123 (15). Anal.
Caled for Ci17H2s0 (248.40): C 82.20, H 11.36. Found: C,
82.26; H, 11.39.

(6S*,7R*)-2,6-Dimethyl-6-ethenyldodec-2-en-8-yn-7-ol
(13r) (ds = 98:2). Obtained as a clear oil (0.88 g, 89% yield)
from the phosphate 9e (1.45 g, 5 mmol) and 2-heptynal (0.44
g, 4 mmol). Purification by flash chromatography (2% ether
in hexanes). IR (neat): 3455 (br), 2987 (s), 2944 (s), 1475 (m)
cm~l. 'H-NMR (CDCl;, 300 MHz): 6 5.83 (1 H, dd, J = 17.6,
10.9 Hz), 5.18—4.93 (3H, m), 3.99 (1H, s), 2.18—2.13 (2H, m),
1.87—1.75 (2H, m), 1.60~1.30 (13H, m), 1.02 (3H, s), 0.84 (3H,
t, J = 7.0 Hz). 3C-NMR (CDCl;, 76 MHz). ¢ 142.1, 131.3,
124.7,115.6, 86.9, 79.1, 69.7, 45.3, 37.0, 30.7, 25.6, 22.6, 22.1,
184, 18.3, 17.5, 13.5. MS-EI (70 eV): 95 (34), 111 (11), 123
(13). Anal. Caled for Ci7HosO (248.40): C, 82.20; H, 11.36.
Found: C, 81.90; H, 11.44.

(6S*,7R*)-6-Ethenyl-2,6-dimethyltridec-11-en-70l (13s)
(ds = 97:3). (a) Preparation of 13s from the Phosphate
9d in DMPU. Obtained as a clear oil (0.95 g, 3.76 mmol, 72%
yield) from the phosphate 9d (1.76 g, 6.1 mmol), heptanal (0.60
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g, 5.25 mmol), LiI (0.16 g, 1.23 mmol), and CrCl; (1.67 g, 13.6
mmol) in THF (19 mL). Reaction conditions: 25 °C, 23 h.
Purified by flash chromatography (hexanes:ether 97:3).

(b) Preparation of 13s Using PhyCr (ds = 96:4). To a
suspension of CrCl; (1.47 g, 11.96 mmol) in THF (12 mL) was
added TMEDA (1.40 g, 1.8 mL, 12.8 mmol). After 1 h, the
blue suspension was treated with PhMgBr (23.1 mmol, 21 mL
of a 1.1 M solution in THF) at —30 °C for 20 min. After the
solution cooled to —60 °C for 1 h, geranyl bromide (1.24 g, 5.71
mmol) was added dropwise over a period of 45 min followed
by the addition of heptanal (0.57 g, 5.0 mmol) at ~70 °C.
Typical workup and purification by flash chromatography
(hexanes:ether 95:5) furnished 13s as an oil (0.67 g, 2.65 mmol,
53% yield). IR (neat): 3427 (s, br), 3081 (m), 2925 (s), 1636
(s), 1456 (s) em~L. 'H-NMR (CDCl3, 500 MHz): J 5.75 (dd,
1H, J = 17.6, 10.9 Hz), 5.20 (dd, 1H, J = 10.8, 1.5 Hz), 5.09
(m,1H), 5.05 (dd, 1H, J = 17.6, 1.5 Hz), 3.26 (m, 1H), 1.91~
1.75 (m, 2H), 1.66 (s, 3H), 1.57 (s, 3H), 1.47—1.24 (m, 13 H),
0.95 (s, 3H), 0.87 (t, 3H, J = 6.4 Hz). 13C-NMR (CDCls, 75
MHz). 6144.3,131.2,124.8,114.8,77.1, 45.0, 37.3, 31.8, 30.9,
29.4, 27.0, 25.6, 22.7, 22.6, 17.5, 16.6, 14.0. MS-EI (70 eV):
252 (1) [M*]. Anal. Caled for C17H300 (252.44). C, 80.89; H,
12.77. Found: C, 79.98; H, 13.16.

(6R*,7R*)-6-Ethenyl-2,6-dimethyltridec-11-en-7o0l (13t)
(ds = 98:2). (a) Preparation of 13t from the Phosphate
9¢e in DMPU. Obtained as a clear oil (1.01 g, 4.0 mmol, 71%
yield) from 9e (0.39 g, 4 mmol), heptanal (0.64 g, 5.61 mmol),
Lil (0.19 g, 1.41 mmol), and CrCl; (1.96 g, 16.0 mmol) in THF
(19 mL). Reaction conditions: rt, 1 d. Purification by flash
chromatography (hexanes:ether 97:3).

(b) Preparation of 13t from Neryl Chloride in DMPU
(ds = 96:4). Obtained by the addition of neryl chloride (1.00
g, 5.79 mmol) and heptanal (0.59 g, 5.17 mmol) to a suspension
of Lil (0.16 g, 1.20 mmol) and CrCl; (1.50 g, 12.21 mmol) in
DMPU (10 mL) (reaction conditions: rt, 16 h). Purification
by flash chromatography (hexanes:ether 97:3) furnished the
desired alcohol as an clear oil (0.88 g, 3.49 mmol, 68% yield).
IR (neat): 3390 (s, br), 3083 (m), (2927 s, sh), 1638 (m), 1456
(s)cm~l. 'TH-NMR (CDCl;, 500 MHz): 6 5.71(dd, 1H, J = 17.6,
10.9 Hz), 5.14 (dd, 1H, J = 10.9, 1.5 Hz), 5.09 (m, 1H), 5.01
(dd, 1H, J = 17.6, 1.6 Hz), 3.27 (m, 1H), 1.88—1.87 (m, 2H),
1.66 (d, 3H, J = 0.9 Hz), 1.58 (s, 3H), 1.49—1.46 (m, 2H), 1.37—
1.31 (m, 2H), 1.25~1.10 (m, 9H), 1.00 (s, 3H), 0.87 (t, 3H, J =
6.6 Hz). 13C-NMR (CDCl;, 75 MHz): ¢ 143.8, 131.2, 125.0,
114.4, 78.1, 44.9, 37.5, 32.0, 31.9, 29.5, 27.2, 25.7, 22.8, 22.7,
17.9, 17.6, 14.1. MS-EI (70 eV): 252 (1) [M*], 123 (30), 109
(16), 95 (70), 82 (18). Anal. Calcd for C17H320 (252.44): C,
80.89; H, 12.77. Found: C, 80.76; H, 12.86.

(1S*,2R*)-1-Cyclohexyl-2-ethenyl-2,6-dimethylhept-5-
en-1-0l (13u). (a) Preparation of 13u from the Phosphate
9d in THF (ds = 96:4). Obtained as a clear oil (0.72 g, 2.9
mmol, 66% yield) from the phosphate 9d (1.83 g, 6.29 mmol)
and cyclohexanecarboxaldehyde (0.51 g, 4.41 mmol), LiI (0.14
g, 1.10 mmol), and CrCl, (1.65 g, 13.43 mmol) in THF (29 mL).
Reaction conditions: rt, 17 h. Purified by flash chromatog-
raphy (hexanes:ether 95:5).

(b) Preparation of 13u in DMPU from Geranyl Chlo-
ride (ds = 93:7). Geranyl chloride (0.57 g, 3.3 mmol) and
cyclohexanecarboxaldehyde (0.36 g, 3.17 mmol) were added to
a suspension of CrCl; (1.37 g, 11.2 mmol) and LiI (0.17 g, 1.27
mmol) in DMPU (14 mL). After being stirred at rt for 14 h,
the reaction mixture was worked up as usual. Purification
by flash chromatography (hexanes:ether 95:5) furnished 13u
as a clear oil (0.68 g, 2.70 mmol, 85% yield).

(¢) Preparation of 13u Using PhoCr (ds = 92:8). To a
suspension of CrClp (1.46 g, 11.9 mmol) in THF (12 mL) was
added TMEDA (1.40 g, 1.8 mL, 12.1 mmol). After 1 h, the
resulting blue suspension was treated with PhMgBr (23.1
mmol, 21 mL of a 1.1 M solution in THF) at —30 °C for 20
min. After the mixture was cooled to —60 °C a solution of
geranyl bromide (1.23 g, 5.66 mmol) was added dropwise over
a period of 45 min, followed by the addition of cyclohexane-
carboxaldehyde (0.57 g, 5.9 mmol). GC analysis indicated the
end of the reaction after 20 min. Usual workup and purifica-
tion by flash chromatography (hexanes:ether 95:5) furnished
13u as a colorless oil (0.45 g, 1.80 mmol, 36% yield). IR
(neat): 3491 (m,br), 3082 (w), 2925 (s), 2854 (s), 1634 (w), 1451
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(s)em~1, 'H-NMR (CDCls, 500 MHz): 6 5.82(dd, 1H,J = 17.7,
10.9 Hz), 5.14 (dd, 1H, J = 10.8, 1.4 Hz), 5.09 (m, 1H), 5.01
(dd, 1H, J = 17.7, 1.4 Hz), 3.10 (d, 1H, J = 1.6 Hz), 1.84 (m,
2H), 1.76~1.68 (m, 3H), 1.66 (s, 3H) 1.57 (s, 3H), 1.51-1.04
(m, 11H), 1.00 (s, 3H). 13C-NMR (CDCl;, 75 MHz): 6 144.6,
131.3,125.0, 114.2, 81.5, 45.7, 39.1, 38.2, 33.9, 27.4, 27.1, 26.5,
26.5, 25.7,22.9, 18.1, 17.7. MS-EI (70 eV): 250 (1) [M*], 123
(33), 96 (13), 95 (97). Anal. Calced for Ci7H300 (250,41): C,
81.54; H, 12.07. Found: C, 81.78; H, 12.16.

(18*,28*)-1-Cyclohexyl-2-ethenyl-2,6-dimethylhept-5-
en-1-0l (13v). (a)Preparation of 13v from the Phosphate
9e in THF (ds = 94:6). Obtained as a clear oil (1.09 g, 4.35
mmol, 73% yield) prepared from the phosphate 9e (2.21 g, 7.61
mmol), cyclohexanecarboxaldehyde (0.67 g, 6 mmol), LiI (0.19
g, 1.42 mmol), and CrCl; (2.68 g, 21.8 mmol) in THF (29 mL).
Reaction conditions: rt, 17 h. Purified by flash chromatog-
raphy (hexanes:ether 97:3).

(b) Preparation of 13v from Phosphate 9¢ in N-meth-
yl-2.pyrrolidone (NMP) (ds = 89:11). Clear 0il (0.75 g, 3.00
mmol, 68% yield) obtained from 9e (1.46 g, 5.00 mmol),
cyclohexanecarboxaldehyde (0.49 g, 4.40 mmol), Lil (0.15 g,
1.12 mmol), and CrCl; (1.45 g, 11.80 mmol) in NMP (10 mL).
Reaction conditions; 25 °C, 20 h. Purification by flash
chromatography (hexanes:ether 97:3).

(c) Preparation of 13v from Neryl Chloride in DMPU
(ds = 83:17). Obtained as a clear oil (0.94 g, 3.75 mmol, 84%
yield) from neryl chloride (0.83 g, 4.81 mmol), cyclohexanecar-
boxaldehyde (0.50 g, 4.46 mmol), Lil (0.13 g, 0.97 mmol), and
CrCl; (1.20 g, 9.76 mmol) in DMPU (30 mL). Reaction
conditions: 25 °C, 3 d. Purification by flash chromatography
(hexanes:ether 97:3). IR (neat): 3485 (m, br), 3058 (w), 2921
(s), 2854 (s), 1636 (w), 1449 (s) cm™'. 'H-NMR (CDCl3, 500
MHz): é 5.79 (dd, 1H, J = 17.6, 10.9 Hz), 5.13 (dd, 1H, J =
10.9, 1.5 Hz), 5.09 (m, 1H), 5.01 (dd, 1H, J = 17.6, 1.4 Hz),
3.11 (d, 1H, J = 2.1 Hz), 1.88 (m, 2H), 1.72—-1.01 (m, 14 H),
1.67 (s, 3H), 1.58 (s, 3H), 1.04 (s, 3H). *C-NMR (CDCls, 75
MHz): 6 144, 131.2, 124.9, 114.1, 81.8, 45.6, 39.3, 38.4, 33.5,
27.6, 26.8, 26.3 (2C), 25.6, 22.7, 19.1, 17.5. MS-EI (70 eV):
250 (1) [M*], 167 (2), 123 (28), 109 (183), 96 (13). Anal. Caled
for C17H300 (250.41): C, 81.54; H, 12.07. Found: C, 81.30; H,
12.15.

(1R*,2R*)-2-Ethenyl-1-phenyl-2,6,10-trimethyl-5(E),9-
undecadien-1-ol (13w) (ds = 95:5). Obtained as a clear oil
(1.18 g, 84% yield) from the phosphate 9f (1.80 g, 5.0 mmol)
and benzaldehyde (0.48, 4.5 mmol). Reaction conditions: rt,
18 h. Purification by flash chromatography (ether:hexanes 93:
7). IR (neat): 3463 (s,br), 3083 (w), 3031 (m), 2925 (s), 1453
(s) em~l. 'H-NMR (CDCl;, 500 MHz): 6 7.31-7.25 (m, 5H),
5.87 (dd, 1H, J = 17.6, 10.8 Hz), 5.28 (dd, 1H, J = 10.8, 1.3
Hz), 5.09 (dd, 1H, J = 17.6, 1.3 Hz), 5.07 (tt, 1H,J = 9.5, 1.3
Hz), 5.05 (tt, 1H, J = 9.9, 1.2 Hz), 4.43 (s, 1H), 2.06—2.02 (m,
3H), 1.95—1.93 (m, 2H), 1.89—1.84 (m, 2H), 1.67 (d, 3H, J =
1.1 Hz), 1.59 (s, 3H), 1.54 (s, 3H), 1.44-1.27 (m, 2H), 0.92 (s,
3H). 1BC-NMR (CDCl;, 75 MHz): 6 143.9, 140.6, 134.8, 131.2,
128.1, 127.5, 127.4, 124.7, 124.4, 115.7, 80.1, 45.9, 39.7, 37.5,
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26.7, 25.7, 22.8, 17.7, 16.5, 16.0. MS-FD (70 eV): 312 (58)
[M*], 107 (89), 106 (100). Anal. Caled for C22H30
(812.4988): C, 84.56; H, 10.32. Found: C, 84.5; H, 10.29.

(7S*,8R*)-8-Ethenyl-8,12,16-trimethyl-11(E),15-hepta-
decadien-7-ol (13x) (ds = 93:7). Obtained as a clear oil (1.12
g, 88% yield) from the phosphate 9f (1.82 g, 5.1 mmol) and
heptanal (0.46 g, 4.0 mmol). Purification by flash chromatog-
raphy (hexanes:ether 93:7). IR (neat): 3450 (brs), 3081 (w),
2927 (s), 1636 (w), 1457 (m) em~L. H-NMR (CDCl;, 500
MHz): 6 5.75 (dd, 1H, J = 17.6, 10.8 Hz), 5.20 (dd, 1H, J =
10.8, 1.3 Hz), 5.09 (tt, 1H, J = 6.1, 1.2 Hz), 5.08 (tt, 1H, J =
6.5, 1.3 Hz), 5.05 (dd, 1H, J = 17.6, 1.4 Hz), 3.26 (d, 1H, J =
9.5 Hz), 2.06—1.94 (m, TH), 1.67 (d, 3H, J = 0.9 Hz), 1.59 (s,
3H), 1.57 (s, 3H), 1.50—1.20 (m, 12H), 0.96 (s, 3H), 0.87 (1,
3H, J = 6.9 Hz). ®3C-NMR (CDCl;, 75 MHz): & 144.3, 134.8,
131.1,124.6,124.3,114.8, 77.1, 45.0, 39.6, 37.3, 31.8, 30.9, 29.3,
27.0, 26.6, 25.6, 22.6, 22.5, 17.5, 16.6, 15.8, 14.0. MS-EI (70
eV): 177 (3), 137 (20), 95 (20), 81 (47). Anal. Caled for
C2H4o0 (320.5623): C, 82.43; H, 12.58. Found: C, 82.33; H,
12.50.

(18*,2R*%-1-Cyclohexyl-2-ethenyl-2,6,10-trimethyl-5(E),9-
undecadien-1-0l (13y) (ds = 94:6). Obtained as a clear oil
(1.29 g, 86% yield) from the phosphate 9f (1.81 g, 5.1 mmol)
and cyclohexanecarboxaldehyde (0.53 g, 4.7 mmol). Purifica-
tion by flash chromatography (hexanes:ether 93:7). IR
(neat): 3469 (brs), 3081 (w), 2925 (s), 2854 (s), 1634 (m), 1451
(s) em™. 'H-NMR (CDCl3, 500 MHz): ¢ 5.82(dd, 1H, J = 17.6,
10.9 Hz), 5.14 (dd, 1H, J = 10.9, 1.5 Hz), 5.10 (tt, 1H, J = 6.7,
1.2 Hz), 5.08 (tt, 1H, J = 6.9, 1.4 Hz), 5.01 (dd, 1H, J = 17.6,
1.5 Hz), 3.11 (s, 1H), 2.06—2.038 (m, 2H), 1.97—-1.94 (m, 2H),
1.87—-1.70 (m, 7H), 1.67 (d, 38H, J = 1.4 Hz), 1.59 (s, 3H), 1.57
(s, 3H), 1.45—1.11 (m, 9H), 1.01 (s, 3H). 3C-NMR (CDCls, 75
MHz): 6 144.6, 134.8, 131.2, 124.8, 124.4, 114.1, 81.5, 45.6,
39.7, 39.0, 38.1, 33.9, 27.3, 27.0, 26.7, 26.5, 26.4, 25.7, 22.7,
18.1,17.7,16.0. MS-EI1(70eV): 318(2), 137 (17), 95 (51). Anal.
Caled for CypH30 (818.5464): C, 82.95; H, 12.03. Found: C,
82,93, H, 12.08.
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