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Intermolecular Homocoupling of Alkenyltrimethylstannane Functions Mediated by

CuCl: Prenaration of Functionalized Coniu fad Diene and Tetrasne Svstems
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Abstract: Copper(I) chloride-mediated oxidative homocouplings of a variety of substrates
containing an alkenyltrimethylstannane function are reported. Thus, treatment of each of
the stannanes 1-15 with 2.5 equivalents of CuCl in N,N-dimethylformamide (DMF)

provides the corresponding dienes or tetraenes 16-32. © 1998 Elsevier Science Ltd. Al rights reserved.

Introduction

unquestionably represents a powerful method for synthesizing conjugatcd diene systems in a stereospecific
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manner. 15 Both the intra— and intermolecular versions of this reaction are effective and the addition of a

copper(l) salt as a co-catalyst57 often resuits in the products being formed more quickly and in higher yield.
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A recent paper from our laboratory disclosed that the intramolecular coupling of alkenylstannanes with
vinylic iodides or bromides can be accomplished with 2 to 3 equivalents of CuCl in DMF, in the absence of a
palladium(0) catalyst.8 An example is shown in eq. [2]. An important extension to this type of process was
reported by Allred and Liecbeskind, who showed that intermolecular cross couplings of alkenyl- and
aryltributylstannanes with vinylic and aryl iodides can be effected by treatment of a mixture of the reactants
with copper(I) thiophene-2-carboxylate (CuTC) in N-methylpyrrolidone (NMP).? Several other related

e
studies have been reported recently, four of which involve the copper(Il) nitrate—mediated intermolecular
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coupling of alkenyltributylstannane groups.10-13 There has also been a publication concerning the cross
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coupling of a-heteroatom—substituted alkyltributylsta
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W
salts,i4 as well as a report detailing the Cul-promoted allylation of alkenyitributyistannanes.13
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(I)-mediated organic reactions conducted in our laboratory revealed that intra—
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PR TR I S SISt T ORI nnlaala s anaslenclatas I8 A crnifia avaminla fo finrmnlatad in

alkenoates and alkyl 2-trimethylstannyl-1-cycloalkenecarboxylates.'® A specific example is formulated in eq.
[3]. It was of interest to determine whether or not this methodology could be extended to include as substrates
a variety of other B-trimethyistannyl o,B-unsaturated carbonyl compounds, as well as some corresponding
allylic alcohols and selected structurally related analogs. The results of this study are given in this report.
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g Discussion

Of the various starting materials given in Table 1, compounds 1,19 5-8,20 14,21 and 1516 have been
previously reported. The unsaturated aldehydes 24 were prepared from the corresponding esters 33-35, 16,18
respectively, as shown in Scheme 1. Reduction of the esters with diisobutylaluminum hydride (DIBAL) in
tetrahydrofuran (THF), followed by oxidation of the resultant allylic alcohols 37-39 with
tetrapropylammonium peruthenate (TPAP)-N-methylmorpholine N-oxide (NMO),22 provided the required
aldehydes 2-4. The aldehyde 41, which proved to be a very poor substrate for the coupling process (vide

infra), was similarly prepared from 3623 via the allylic alcohol 40.

Scheme 1
Me3Snl, _ ‘CC)ZR DIBAL Me;Sn \_/— OH TPAP/NMO Me3Sn, . ‘C‘HO
R, R THF R, R 3 A mol sieves R, R
CH,Cl,
33 R=Me,R,R;=(CHy); 37 2 (82%)
34 R=Et,R;,R,=(CHy), 38 3 (75%)
35 R =Me, R;,R; = (CHys 33 4 (81%)
36 R =Me, R, =H, R, =(CH,);Cl 40 41 (75%)

The 8-trimethylstannyi dienoates 9-13 were synthesized from aldehydes 1, 41, and 24, respectively,
via Horner-Wadsworth-Emmons chemistry. Thus, reaction (THF) of each of the aldehydes with the
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phosphonate anion derived from treatment of trimethyl phosphonoacetate with sodium hydride afforded 9-13

in very gnod vleldq (Scheme 2).

Scheme 2

MesSn___CHO COMe

€3 ﬂ/\__, NaH MesSn, ~
R, R (MeO),P(0)CH,CO,Me Rf’_‘z R,

1 R, =H, R, = (CH,),08i(r-Bu)Me, 9 (89%)
41 R, =H, R, = (CH,);Cl 10 (96%)
2 Ry,R; = (CHy), 11 (92%)
3 R;,Ry=(CHy), 12 (97%)
4 Ry,R; = (CHy)s 13 (719%)

The coupling processes carried out during the course of this investigation are summarized in Table 1.
In each case, 2.5 equivalents of CuCl were employed and the reactions were carried out in DMF, either at 0 °C
(Table 1, entries 1, 9-13) or at room temperature (entries 2—8, 14, 15). For some of the processes (entries 1-4,
9-13), exclusion of light from the reaction mixtures by wrapping the reaction vessel with aluminum foil was
found to be beneficial. When these reactions were carried out under “normal” lighting conditions, greater
amounts of side products were produced and the yields of the expected coupling products were somewhat
diminished.
of the unsaturated aldehydes 14 with CuCl in DMF gave v
yields of the coupled products 16-19, respectively (entries 1-4). Thus, substrates 3 and 4 were transformed
into the corresponding dienes 18 and 19 in good yields, while compounds 1 and 2 produced the dienes 16 and
17, respectively, in rather poor yields. In general, the results derived from the coupling reactions of substrates
possessing a formyl function were somewhat inconsistent, and, in fact, attempts to perform a CuCl-mediated
coupling of aldehyde 41 led only to complex mixtures, from which none of the desired diene could be
isolated. In contrast, the structurally unusual, crystalline bis-enones 20-23 were produced in excellent yields
when the B-trimethylstannyl a,B-unsaturated ketones 5-8, respectively, were allowed to react with CuCl in

DMF at room temperature (entries 5—8).

The intermolecular homocounlines o

The intermolecular homocoupling
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stereospecificity. Thus, treatment of 9 and 10 with CuCl in DMF gave mixtures of products in which the

“expected” substances (25 and 27, respectively) were accompamed by minor amounts of the corresponding
diastereomers 24 and 26 (entries 9 and 10). It should also be noted that the allylic alcohol 14 and the allylic
ether 15 provided only moderate yields of the corresponding dienes.

In the majority of the reactions summarized in Table 1 (entries 2-8 and 11-13), the alkenyl-
trimethylstannane function is part of a ring and, therefore, the stereospecificity of each of these coupling
processes was not an issue. However, for the experiments related to entries 1, 9, 10, 14, and 15, the
production of more than one product was theoretically possible. It was found that the allylic alcohol 14 and
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reported24 prior to the work described herein. The coupling of aldehyde 1 (entry 1) was also stereoselective,
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affording 16 as the only diene product.

Table 1 Intermolecular Homocoupling of Alkenyltrimethylstannane Functions

Starting Reaction Yield
Entry Material Conditions Product(s) (%)
H £ (D € an) H RH
1 =2 il (2.0 61
MesSn,__ =0 DMF, 0°C, 1h 0L 5="9°
R H dark HR H
R = (CH,)408Si(t-Bu)Me, R = (CH,)40Si(t-Bu)Me,
1 16
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OHC
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Table 1 (cont.)
Starting Reaction Yield
Entry Material Conditions Product(s) (%)
o vosy | =0Me  CuCl@5ca) g =0 8
e S DMF, 0°C, 1h =
R dark e, /—__/ZR
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25
10 __COMe  CuCl (2.5 eq) g ==O0Me 18
Me5“°"’>=/—/ DMF, 0°C, 1h =
R dark —7 R
MeO,C
R = (CHp)sCl R = (CHp);Cl
10 2
R CO;Me
P W o 60
MeO,C’ R’
R = (CHy);Cl
27
CO;Me Fn
. A CuCl (2.5 eq) W‘mu. on
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o dark 1/
11 28
COzMe () .
12 7 CuCl (2.5 eq) O coMe 83
SnMes DMF, 0 °C, 1h MeO,C_~
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12 29
‘/EChNk ( 5
A SnMes DMF, 0 °C, 1h MeOx NF
() dark ()
13 30
14 ~#~-CH CuCl (2.5 ¢q) A ~-OH 63
énMCg DMF, r.t, 1h A/\
14 a1
15 CuCl (2.5 eq) I: 53
SnMe; DMF, r.t, 1h " OCH,0CH3
15 32
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In the case of the methyl dienoate 9, in which the Me3Sn group is bonded to the §-carbon and is thus
. . . . .
more remote from the electron-withdrawing ester function, the coupling reaction proceeded to give two

products, the tetraenes 24 and 25, in isolated yields of 18% and 69%, respectively (Table 1, entry 9). Similar
results were obtained from the coupling of substrate 10, which provided the products 26 (18%) and 27 (60%)
(entry 10). Spectral data ( IH and 13C NMR) derived from 24 and 25 showed that both compounds possess an
element of symmetry. For example, the IH NMR spectrum of 24 contains only three vinylic proton signals
and one singlet for the six methyl ester protons, while the 13C NMR spectrum contains resonances for only 13

magnetically distinct carbon atoms. Moreover, the a and P olefinic protons of 24 display a large coupling
constant (J=15.5 Hz), indicating that they are in a trans relationship. Compound 25 gave similar spectral data.
It was also clear from a comparison of the 1H and 13C NMR spectra that products 26 and 27, derived from 10

teranochemical
ereocnemic

(entrv 10), are rnnf'o-u_mhnn ally related to the tetraenes 24 and 25, respectively. Thus, if the
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product is the result of inversion at these two carbons. Interestingly, none of the (E,Z,E,E)-tetracnes were
isolated from the coupling of either 9 or 10. A mechanistic rationale for the formation of the minor products
24 and 26 remains obscure.
Scheme 3
Me;s;Sn,. CHO MesSn,.  ~OH OSi(-Bu)Me,

i AL i CuCl

( “THF ( DMF. 11 \

) (83%) ) T (34%) /=~ __,~OH
Me,(1-Bu)SiO Me,(-Bu)SiO HO—
1 42
(OSi(-Bu)Me, OSi(-Bu)Me, )
Me,(-Bu)SiO
43
) CO,Me ) H

~_~ ~_)=0 DIBAL

= — o= )= i
MeO,C € NaH H ( (68%)
' ’ (
)

( MeO),P(0)CH,CO,Me
)

Me,(-Bu)SiO Me,(t-Bu SlO
€,(-Bu) 25 i ) 16

=37
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Conclusive evidence for the siereochemical a "SS”g"uucum O1 COmpoundas &4 ana <5 was ovtainca by
carrying out the correlation reactions summarized in Scheme 3. Reduction of the aldehyde 119 with DIBAL in
THF gave the alcohol 42, which, upon treatment with CuCl in DMF at room temperature, gave a single diene
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displayed spectral data identi

9 (Table 1, entry 9).
Mechanistic considerations regarding the homocoupling processes have been discussed previously.18
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Conclusion

Oxidative dimerization of a variety of substrates containing alkenyltrimethylstannane functions can be
effected with CuCl in DMF. The substrates employed in our study are readily prepared and the homo

.
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couplings are readily accomplished via experimentally simple procedures. Most of the products, which
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ictionalized conjugated diene or teiraene systems, are constitutionally novel and have the
potential to be useful intermediates for the synthesis of structurally more complex organic substances. In a
majority of the coupling reactions carried out (Table 1), the stereospecificity of the process is not an issue.
However, for the aldehyde 1, the allylic alcohol 14 and the allylic ether 15, the reaction proceeds in a
stereospecific manner with retention of configuration at the alkenyl centers that are being coupled. On the
other hand, the dienoates 9 and 10 dimerize to afford two products in each case. The major products result
from a coupling process in which the alkenyl centers involved retain their configuration, while the minor
products are due to the coupling of two fragments that have undergone inversion at the alkenyl centres that

bore the trimethvistannv] sroun
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General Information

Melting points and distillation temperatures (short-path Kugelrohr distillations) are uncorrected. Infrared (IR)
spectra were recorded using potassium bromide pellets or liquid films on sodium chloride discs. Proton (1H)

and carbon (13C) nuclear magnetic resonance (NMR) spectra were recorded using CDCl3 solutions. Signal
positions in TH NMR spectra were measured relative to signals for Me4Si (8 0) (internal standard) or CHCl3 (8
7.24), while resonances in 13C NMR spectra were recorded relative to the signal for CDCl3 (8 77.0). Tin-
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v
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hydrogen coupling constants (Jsn.H) are given as the average of the 117Sn and 1198n values. Molecular mass
determinations (high-resolution mass spectrometry) for substances containing Me3Sn are based on 120Sn.

A A

Flash cnromatograpny’--’ was carried out with 230-400 flash silica gel (E. Merck). Thin-layer chromatography
(TLC) was accomplished with commercial aluminum backed plates (E. Merck, Type 5554). Gas-liquid
chromatography (GLC) was performed on instruments equipped with flame ionization detectors and 25 m x

0.20 mm fused silica columns coated with HP-5 (cross-linked 5% phenyl methyl silicone).

Petroleum ether refers to a mixture of alkanes with bp 35-60 °C. Commercial copper(I) chloride (99.995%)
was used without further purification.
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Aqueous NH4Cl-NH4OH (pH 8) was prepared by the addition of ~50 mL of aqueous ammonia (58%) to ~950
mL of saturated aqueous NH4Cl.
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To a cold (-78 °C), stirred solution of the appropriate B-trimethylstannyl o,B-unsaturated ester (1 eq) in dry
THF (~10 mL per mmol of substrate) was added a 1.0 M solution of DIBAL in hexanes (2.5 eq). After 30
minutes, the reaction mixture was warmed to room temperature and stirred for an additional hour. Saturated
aqueous NH4Cl (~1 mL per mmol of substrate) was added, and the mixture was stirred open to the atmosphere

for 30 minutes. MgSQ4 (~250 mg per mmol of substrate) was added and the mixture was stirred for a further
30 minutes. The mixture was filtered through Florisil and the collected material was washed with diethyl ether

&N cnY  snnan svmsannl A landbmnta) Tha £fi1l4vnta sxinn namnnmbantad 6o -" 13 LA allelin ala~bh Al bl bk ceenn 1o Py |
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without further punncauon.

To a cold (0 °C), stirred solution of the crude allylic alcohol (1 eq) in CH2Cly (~2.5 mL per mmol of substrate)
was added sequentially 3 A molecular sieves (~500 mg per mmol of substrate), NMO (1.5 eq), and TPAP (0.1
eq). The solution turned green-black immediately. After 30 minutes, the reaction mixture was warmed to
room temperature for 1 hour. The mixture was filtered through silica gel (~7 g per mmol of substrate) and the
cake was washed with diethyl ether (~50 mL per mmol of substrate). The filtrate was concentrated and the oil
thus obtained was distilled to yield the B-trimethylstannyl o, B-unsaturated aldehyde.
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llowing compounds were pre
2-Trimethylstannyi-1-cyclopentenecarbaldehyde (2)
This compound was prepared from methyl 2-(trimethylstannyl)-1-cyclopentenecarboxylate (33)18 (955 mg,
3.29 mmol). Distillation (90-94 °C, 0.3 Torr) afforded 727 mg (82%) of 2 as a colourless oil that exhibited IR
(neat): 1727, 1673, 1125, 774 cm-l; 1H NMR (400 MHz) &: 0.27 (s, 9H, 2/5,.54=56 Hz), 1.89 (quintet, 2H,
J=1.5 Hz), 2.57 (t, 2H, J=7.5 Hz), 2.70 (t, 2H, J=7.5 Hz), 9.75 (s, 1H); 13C NMR (75 MHz) 5: -8.5, 23.6,
30.6, 41.8, 155.0, 175.8, 190.8. Exact Mass calcd. for CgH;30120Sn (M*-Me): 244.9988. Found: 244.9987.
Anal, caled. for (‘n‘Hu:()Qn C 41.70, H 6.23. Found: C41.43, H6.10.

7 ~

Distiilation (96-104 °C, 0.3 Torr) of the crude oii derived from ethyi 2-(trimethylstannyi)-1-cyciohexene-
carboxylate 34)18 (1.27 g, 4.00 mmol) provided 855 mg (75%) of 3 as a colourless oil that showed IR (neat):

1678, 1572, 1141, 867, 722 cmr'l; 1H NMR (400 MHz) &: 0.23 (s, 9H, 2Jsp.5=54 Hz), 1.60-1.64 (m, 4H),
2.27-2.29 (m, 2H), 2.47-2.50 (m, 2H), 9.42 (s, 1H); 13C NMR (125.8 MHz) &: -7.8, 21.5, 23.3, 24.6, 34.6,
146.5, 172.4, 194.2. Exact Mass calcd. for CoH150120Sn (M*-Me): 259.0145. Found: 259.0146. Anal.

)
>
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H&72.
2-Trimethylstannyl-1-cycloheptenecarbaldehyde (4)

Distillation (102-106°C, 0.3 Torr) of the crude material derived from methyl 2-(trimethylstannyl)-1-
cycloheptenecarboxylate (35)18 (852 mg, 2.68 mmol) gave 624 mg (81%) of 4 as a colourless oil that
displayed IR (neat): 2720, 1680, 1562, 772 cm'l; 1H NMR (400 MHz) & 0.23 (s, 9H, 2/sp.5=53 Hz), 1.37-
1.49 (m, 4H), 1.77-1.82 (m, 2H), 2.53-2.56 (m, 2H), 2.63-2.66 (m, 2H), 9.43 (s, 1H); 13C NMR (75 MHz) 5:
-7.2, 25.0, 26.0, 26.3, 32.5, 36.4, 153.4, 179.6, 193.8. Exact Mass calcd. for C1gH170120Sn (M+-Me):

273.0302. Found: 273.0301. Anal. calcd. for C33H200Sn: C 46.04, H 7.02. Found: C 46.28, H 7.24.

{£&)=U=-Cruoro-s=irimelnyisiann ~nexena. {
This material was synthesized from methyl (Z)-6-chloro-3-trimethylstannyl-2-hexenoate (36)23 (2.02 g, 6.20
mmoi). Distiliation (120-132 °C, 0.1 Torr) of the crude product afforded 1.36 g (75%) of 41 as a colouriess oil

that exhibited IR (neat): 2746, 1679, 1563, 779, 532 cm"!; 'H NMR (400 MHz) &: 0.25 (s, 9H, 2/gn.g=54
Hz), 1.84-1.91 (m, 2H), 2.63 (td, 2H, J=7.5, 1.5 Hz, 3Jsp.y=44 Hz), 3.51 (1, 2H, J=7.5 Hz), 6.69 (dt, 1H,
J=5.0, 1.5 Hz, 3J5p.5=116 Hz), 9.57 (d, 1H, J=5.0 Hz, #Jsp.g=5 Hz); 13C NMR (75 MHz) & -7.4, 31.5, 37.8,
43.9, 139.2, 179.4, 192.3. Exact Mass calcd. for CgH14035C1120Sn (M+-Me): 280.9755. Found: 280.9757.
Anal. calcd. for CoH170CISn: C 36.60, H 5.80. Found: C 36.78, H5.72.
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.7 eq) in dry THF (~7 mL per mmol of substrate) at 0 °C was
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added trimethyl phosphonoacetate (1.7 eq). The mixture was stirred for 5 minutes, warmed to room
temperature for 20 minutes, and then recooled to 0 °C. A solution of the aldehyde (1 eq) in dry THF (~2 mL
per mmol of substrate) was added and the reaction mixture was stirred for 2 hours. Diethyl ether (~10 mL per
mmol of substrate) and water (~10 mL per mmol of substrate) were added, the layers separated, the aqueous
layer was washed twice with diethyl ether (~10 mL per mmol of substrate), and the combined organic layers
were washed with brine, dried (MgSOy4), and concentrated. The crude product was purified by flash
chromatography on silica gel.

Pl v 3

Methyl (2E 4Z)-9-t-butyldimethylsilyloxy-5-trimethyistannyi-2 ,4-nonadienoate (9)

This compound was prepared from (Z)-7-t-butyldimethylsilyloxy-3-trimethylstannyl-2-heptenal (1) (858 mg,
2.11 mmol). Flash chromatography of the crude product (20 g of silica gel, 95:5 petroleum ether-Et20)
provided 865 mg (89%) of 9 as a colourless oil that displayed IR (neat): 1723, 1625, 1266, 1199, 1141, 1104,
776 cm-l; TH NMR (400 MHz) &: 0.02 (s, 6H), 0.25 (s, 9H, Z/sp-1=53.3 Hz), 0.87 (s, 9H), 1.36-1.51 (m, 4H),
2.36 (t, 2H, J=7.1 Hz, 3J5,.y=51.5 Hz), 3.58 (t, 2H, J=6.1 Hz), 3.72 (s, 3H), 5.78 (d, 1H, J=15.0 Hz), 6.68 (d,

1H, J=11.3 Hz, 3J5,.4=121.0 Hz), 7.30 (dd, 1H, J=15.0, 11.3 Hz, 4J5,.5y=7.7 Hz); 13C NMR (50.3 MHz) &:
-8.0,-5.3, 18.3, 26.0, 26.1, 32.4, 41.2, 51.4, 62.9, 120.0, 137.5, 145.8, 166.3, 167.8. Exact Mass calcd. for

Uy AlFeaty AU
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C19H3503S5i120Sn: 462.1612. Found: 462.1599. Anal. calcd. for C1gH3g03SiSn: C 49.47, H 8.30. Found:
C49.73, H 8.52.
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chloro-3-trimethylstannyl-2-hexenal (41) (303 mg, 1.03 mmol) afforded 346 mg (96%) of 10 as a white solid
(m.p. 23-24 °C) that showed IR (CH,Cl; cast): 1719, 1625, 1268, 1200, 1152, 1132, 976, 774 cmx'l; 1H NMR
(400 MHz) &: 0.27 (s, 9H, ‘JSR.H—53 5 Hz), 1.79-1.86 (m, 2H), 2.50 (t, 2H, J=7.5 Hz, 3JSu-H=49 7 Hz), 3.48
(t, 2H, J=6.5 Hz), 3.72 (s, 3H), 5.80 (d, 1H, J=15.0 Hz), 6.72 (d, 1H, J=11.3 Hz, 3J5, 4=120.3 Hz), 7.28 (dd,
1H, J=15.0, 11.3 Hz, 4J5,.y=7.5 Hz); 13C NMR (50.3 MHz) 5: -8.0, 32.3, 38.1, 44.1, 51.5, 120.7, 138.6,
145.3, 163.7, 167.6. Exact Mass calcd. for C11H80235C1120Sn (M+-Me): 337.0017. Found: 337.0012.
Anal. calcd. for C12H2102C1ISn: C41.01, H 6.02. Found: C41.12, H 6.01.

)
-

3 ora " ~ PR PPy
n (flash .,hrcmawsmphy, 5.5 g of silica gel, 9:1 petroleum ether—Et;0) of the crude materi
l‘ 1

b~

at_—al Va0 e ] Iy A Ve 3 IF\ ~n ‘| 1

Ootainea oom A-mmcmyus[annyx-1-Lybiupcntcnccdrmuucny0 <) L ‘“g, 0.809 mmoi ), €a Dy
recrystailization from petroleum ether—Et20, gave 235 mg (92%) of 11 as colourless crystals (m.p. 35-36 °C)
that exhibited IR (CH2Cl cast): 1719, 1620, 1306, 1273, 1164, 773 cm-1; 1H NMR (400 MHz) 5: 0.23 (s,
9H, %Jsy.=54.5 Hz), 1.89 (quintet, 2H, J=7.5 Hz), 2.49 (t, 2H, J=7.5 Hz), 2.60 (1, 2H, J=7.5 Hz), 3.73 (s, 3H),
5.73 (d, 1H, J=15.5 Hz), 7.49 (d, 1H, J=15.5 Hz); 13C NMR (50.3 MHz) 5: -9.1, 23.8, 32.8, 41.2, 51.4, 117.9,
142.7, 149.6, 160.9, 168.0. Exact Mass calcd. for C12H2002120Sn: 316.1485. Found: 316.0480. Anal.

calcd. for C1oH2002Sn: C 45.76, H 6.40. Found: C 45.94, H 6.54.

Methyl (E)-3-(2-trimethylstannyl-1-cyclohexen-1-yl)propenoate (12)

L EET AITCLEIC Yo teltit Yot 2 v—v (L

This material was synthesized from 2-mmethylstannyl-l-cyclohexenecarbaldehyde (3) (284 mg, 1.04 mmol).

Flash Lnfﬁmau‘)ﬁ"apny 5.5 g of silica gél, 9:1 petroleum ether-Et20O) of the crude oil, foliowed Dy
recrystallization from petroleum ether-Et;0, provided 330 mg (97%) of 12 as colourless crystals (m.p. 53-54

°C) that displayed IR (CH2Cl cast): 1719, 1617, 1294, 1270, 1166, 771 cm"l; 1H NMR (400 MHz) & 0.23
(s, 9H, 2Jsp.=52.9 Hz), 1.55-1.61 (m, 2H), 1.63-1.69 (m, 2H), 2.19-2.22 (m, 2H); 2.38-2.40 (m, 2H), 3.73 (s,
3H), 5.76 (d, 1H, J=15.4 Hz), 7.36 (d, 1H, J=15.4 Hz, 4/5,.5=9.6 Hz); 13C NMR (50.3 MHz) &: -8.2, 22.2,
23.2,26.4,34.3, 514, 114.4, 141.9, 149.8, 159.9, 168.2. Exact Mass calcd. for C13H220,2120Sn: 330.0642.

Found: 330.0637. Anal. calcd. for C13H2202Sn: C 47.46, H 6.74. Found: C 47.69, H 6.88.

dethyl (E)-3-(2-trimethylstannyl-1-cyclohepten-1-yl)propenoate (13)
ora 3 ‘1 netrolenm ether Biald) of the Ao oo 3 n oc
Flash chromatography (6 g of silica gel, 9:1 petroleum ether—Ei20) of the crude product derived from 2-

trimethylstannyl-1-cycloheptenecarbaldehyde (4) (297 mg, 1.03 mmol) afforded 279 mg (79%) of 13 as a
colouriess oil that showed IR (neat): 1719, 1613, 1299, 1269, 1167, 772 cm-i; 1H NMR (400 MHz) 5: 0.23
(s, 9H, 275, 4=52.7 Hz), 1.39-1.44 (m, 4H), 1.73-1.79 (m, 2H), 2.41-2.53 (m, 4H), 3.73 (s, 3H), 5.80 (d, 1H,
J=15.4 Hz), 7.41 (d, 1H, J=15.4 Hz, 4J5,.4=10.6 Hz); 13C NMR (50.3 MHz) &: -7.9, 25.6, 25.7, 28.3, 32.2,

35.7, 51.4, 114.7, 150.0, 150.3, 165.3, 168.3. Exact Mass calcd. for C14H2402120Sn: 344.0798. Found:
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344.0807. Anal. calcd. for C14aH24028n: C49.02, H7.05. Found: C49.19, H7.13.

(Z2)-1-Methoxymethoxy-3-trimethylstannyl-2-butene (15)

To a stirred solution of (Z)-3-trimethyistannyi-2-butenol (14)21 (500 mg, 2.13 mmol) in CH2Clz (30 mL) at
room temperature was added diisopropylethylamine (0.56 mL, 3.20 mmol) and chloromethylmethyl ether
(0.24 mL, 3.20 mmol). After 6 hours, aqueous NH4CI-NH4OH (pH 8, 20 mL) was added to the pale yellow
solution and the phases were separated. The aqueous layer was extracted with diethyl ether (3x20 mL), and
the combined organic layers were washed with brine (20 mL), dried (MgSO4), and concentrated. Flash
chromatography (50 g of silica gel, 10:1 pentane-Et20) of the crude oil afforded 494 mg (83%) of 15 as a
colourless oil that displayed IR (neat): 1440, 1039, 924, 769, 526 cm-1; IH NMR (400 MHz) &: 0.14 (s, 9H,
2J5n-0=53 Hz), 1.91 (dt, 3H, J=2, 1 Hz, 3J5;.4=47 Hz), 3.32 (s, 3H), 3.96 (dq, 2H, J=6, 1 Hz), 4.58 (s, 2H

Y Sn so? a2, 224, [y 29 2 Ay

A1A0ta TH T—6 27 Hz 37a =137 H2) 1I30ONMR (SN IMHER1I S K 765 §597 £R7 057 126 Q 144§
4 13J.0, 15%.0.

H
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General Procedure 3: Copper(I) Chloride-Mediated Coupling of Substrates 1-4 and 9-13. Prepara-
tion of Products 16-19 and 24-30

Throughout these experiments, the flask containing the reaction mixture was protected from light by being
wrapped with aluminum foil. To a stirred suspension of CuCl (2.5 eq) in dry DMF (~4 mL per mmol of

substrate) at room temperature or 0 °C was added a solution of the alkenvlmmethvl 1ane (1 eq) in dry

stann
al om cmperaiure 48 aaa of e alkenviimmethyistannan 1 €4Q) 1n ary
NME (A mT nar mmnl Af cnheotrata) and tha recnlting hrawn mivture wae nhm:l frr 1 lnnn- Qatnratad
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aqueous NH4Cl (~the same volume as DMF) and water (~the same volume as DMF) were added and the
mixture was stirred, open to the atmosphere, untii the aqueous phase turned bright biue. The mixture was
extracted three times with diethyl ether and the combined organic layers were washed with water and brine,
dried (MgS0s), and concentrated. The crude product was purified by flash chromatography on silica gel.

The following compounds were prepared via this general procedure.

(Z,Z)-3, 4-Bts-(4-t-bmyldzmethylszlyloxybmyl )-2,4-hexadienedial (16)

This material was svnthesized at 0 °C from (Z)-7-t-butvidimethvligilviox y-3-t_n“‘_ethvl tannyl-2-heptenal (1
al

AAVRIE &y T A TeT VAL y Avsalaa el Y adaa y

) Flach prheamatacranhy AfF tha ~rmida il Aan cilin

[
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Ui

mg, 0.246 mmol). , 91

Et20) afforded 36 mg (61%) of 16 as a colourless oil that displayed IR (neat): 1684, 1605, 1256, 1145, 838,
777 cm-1; 1H NMR (400 MHz) 5: 0.01 (s, 12H), 0.86 (s, 18H), 1.48-1.63 (m, 8H), 2.37-2.45 (m, 4H), 3.57-
3.64 (m, 4H), 6.14 (d, 2H, J=8.1 Hz), 9.60 (d, 2H, J=8.1 Hz); 13C NMR (50.3 MHz,) 5: -5.4, 18.3, 23.6, 25.9,
32.2, 37.0, 62.3, 130.1, 161.8, 191.2. Exact Mass calcd. for CogHs5004Si2: 482.3248. Found: 482.3242.

Anal. calcd. for CogHs5004Si2: C 64.68, H 10.44. Found: C 64.33, H 10.60.
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ether-Et20), followed by recrystallization from petroleum ether—Et20, afforded 16 mg (43%) of 17 as
colourless crystals (m.p. 74-75 °C) that showed IR (CH3Cly cast): 2817, 1670, 1651, 1592, 1221 cmrl; 1H
NMR (400 MHz) 5: 2.00 (quintet, 4H, J=7.7 Hz), 2.69-2.80 (m, 8H), 9.68 (s, 2H); 13C NMR (75 MHz) &:
21.8, 30.8, 38.8, 144.3, 155.5, 188.1. Exact Mass calcd. for C12H1402: 190.0994. Found: 190.0995. Anal.

caled. for C12H1402: C75.76, H 7.42. Found: C 76.06, H 7.48.

2-(2-Methanoyl-1-cyclohexen-1-yl)-1-cyclohexenecarbaldehyde (18)

w

F
£
;¢
ci
) E;
(4]
&
E
;'

{KBr): 2867, 1671, 1628, 1606, 1278,
6H), 2.50-2.61 (m, 2H), 9.69 (s, 2H); 13CNMR(503MHz)8 21.3, 216 22.0, 328 136.3, 157.2, 1916
Exact Mass calcd. for C14H1g02: 218.1307. Found: 218.1300. Anal. calcd. for C14H;809: C 77.03, H 8.31.
Found: C77.09, H 8.13.

2-(2-Methanoyl-1-cyclohepten-1-yl)-1-cycloheptenecarbaldehyde (19)
Purification (flash chromatography, 5 g of silica gel, 4:1 petroleum ether—Et20) of the crude product obtained
at room temperature from 2-trimethylstannyl-1-cycloheptenecarbaldehyde (4) (105 mg, 0.367 mmol), followed

by rccrystalhzauon from petroleum ether-Et20, gave 34 mg (76%) of 19 as colourless crystals (m.p. 125.5-

1c<7 1250 1’)M 987 nm‘l 1 NNMP 7ANN MHz)S: 1.45-1.89¢
A b \I Vi w LA ANiVAEN \WU 4Vil ] P e 2%
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Dimethyl (E,E E,E)-5,6-Bis-(4-t-butyldimethylsilyloxybutyl)-2 4,6 8-nonatetraenedioate (24) and Dimethyl
(E,Z,Z.E)-5,6-Bis-(4-t-butyldimethylsilyloxybutyl)-2,4,6,8-nonatetraenedioate (25)

These substances were prepared at 0 °C from methyl (E,Z)-9-¢-butyldimethylsilyloxy-5-trimethylstannyl-2,4-
nonadienoate (9) (95 mg, 0.21 mmol). Flash chromatography of the crude reaction mixture on silica gel (5g,
19:1 to 17:3 petroleum ether—Et20) provided 11 mg (18%) of 24 and 42 mg (69%) of 25. Diester 24 is

olourless oil that displayed IR (neat): 1724, 1635, 1257, 1142, 1106, 836 cml; 1H NMR (400 MHz, CDCh

J W AN \aiwiks /e z o~ 9 22L&y 2 AUV, OOV A ANAVEAN \TUV VAL iy vas

2H), 0.87 (s, 18H), 1.46-1.53 (m, 4H), 1.62-1.69 (m, 4H), 2.45 (t, 4H, J=7.3 Hz), 3.60 (t, 4H
4 1

f. LY 73 ATY ¥ __ s} 8 ¢ 1 1£ £ ‘II\D‘l’I’

.74 (s, 6H), 5.89 (4, 2H, J= aad, 2H, /=15.5, 10.8 Hz

Cow

£ £ A Y
3.5 Hz),

i‘.&-)b—n

)
18.3,23 2.

3C NMR (75 MHz, CDCl3) &: -3.3, 18.3, 23.8, 25. , 51
Exact Mass calcd. for C3o2Hsg06Sin: 594.3772. Found 594 3764. Anal. calcd. for
H 9.83. Found: C 64.88, H9.76.

4.9, 167
2H5806312 C 64.60,

Diester 25 is a colourless oil that exhibited IR (neat): 1723, 1631, 1269, 1143, 1106, 837, 778 cm-1; 1H NMR
(400 MHz, CDCl3) &: 0.00 (s, 12H), 0.85 (s, 18H), 1.35-1.53 (m, 8H), 2.23 (br s, 4H), 3.58 (t, 4H, J=5.7 Hz),
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3.67 (s, 6H), 5.82 (d, 2H, J=15.3 Hz), 6.17 (d, 2H, J=11.4 Hz), 7.10 (dd, 2H, J=15.3, 11.5 Hz); 13C NMR
(50.3 MHz, CDCl3) &: -5.3, 18.3, 24.1, 25.9, 32.5, 36.5, 51.4, 62.7, mo, 126.0, 141.3, 150.7, 161.5. Exact
Mass calcd. for C3pHsgOgSip: 594.3772. Found: 594.3768. Anal. calcd. for C3HsgOgSiz: C 64.60, H 9.83
Found: C 64.44, H9.72

Dimethyl (E,E,E,E)-5,6-Bis-(3-chloropropyl)-2,4,6,8-nonatetraenedioate (26) and Dimethyl (E,Z,Z.E)-5,6-Bis-
(3-chloropropyl)-2 4,6,8-nonatetraenedioate (27)

Flash chromatography (6 g of silica gel, 4:1 to 3:2 petroleum ether-Et20) of the crude product derived from
methyl (E,Z)-8-chloro-5-trimethylstannyl-2,4-octadienoate (10) (106 mg, 0.301 mmol) at 0°C gave 10 mg
(18%) of 26 and 34 mg (60%) of 27. Diester 26 is a colourless oil that showed IR (neat): 1719, 1636, 1267,
1201, 1153, 984 cm-1; 1H NMR (400 MHz, CDCl3) 5: 2.03-2.10 (m, 4H), 2.62 (t, 4H, J=7.1 Hz), 3.53 (t, 4H,

/=62 Hiz), 374 (s, 6H), 5.93 (d, 2H, J=15.5 Hz), 6.28 8 (dd, 20, J=10.1, 0.7 Hz), 7.59 (dd, 2H, J=15.5, 10.8
Hz); 13C NMR (75 MHz, CDCl3) 8 29.8, 37.0, 434, 51.7, 122.5, 124.3, 139.0, 142.5, 167.1. Exact Mass
caled. for C1gH40435Cly: 374.1052. Found: 374.1055. Anal. caled. for CigH4O4Clz: C 57.61, H 6.45.

Diester 27 is a colourless oil that displayed IR (neat): 1713, 1631, 1269, 1157, 988,913 cm'1; 1H NMR (400
MHz, CDCl3) &: 1.82-1.89 (m, 4H), 2.41 (1, 4H, J=7.7 Hz), 3.52 (1, 4H, J=6.2 Hz), 3.67 (s, 6H), 5.87 (d, 2H,
J=15.3 Hz), 6.25 (d, 2H, J=11.4 Hz), 7.06 (dd, 2H, J=15.3, 11.4 Hz); 13C NMR (50.3 MHz, CDCl3) 5: 30.4,
33.6,44.2,51.5, 122.1, 127.3, 140.3, 148.0, 167.2. Exact Mass calcd. for CjgH240435Clp: 374.1052. Found:
374.1058. Anal. caled. for CigH2404Cla: C 57.61, H 6.45. Found: C 57.61, H 6.58.

(28)

Purification (flash chromatography, 5 g of silica gel, 4:1 to 1:1 petroleum ether—Et20) of the crude product
obtained from methyl (E)-3-(2-trimethylstannyl-1-cyclopenten-1-yl)propenoate (11) (97 mg, 0.31 mmol) at

0 °C, followed by recrystallization from petroleum ether-Etp0, provided 39 mg (83%) of 28 as colourless
crystals (m.p. 115-116 °C) that displayed IR (CH2Cl cast): 1718, 1619, 1308, 1270, 1165, 981 cm-l; 1H
NMR (400 MHz) 5: 1.95 (quintet, 4H, J=7.5 Hz), 2.55-2.62 (m, 8H), 3.67 (s, 6H), 5.78 (d, 2H, J=15.6 Hz),
7.26 (d, 2H, J=15.6 Hz); 13C NMR (50.3 MHz) &: 21.9, 32.9, 37.7, 51.4, 118.7, 137.2, 139.1, 146.7, 167.8.
Exact Mass caled. for C1gH2204: 302.1518. Found: 302.1514. Anal. caled. for C;3H2004: C 71.50, H 7.33.
Found: C71.45,H7.28.

This material was synthesized from methyl (E)-3-(2-trimethylstannyl-1-cyclohexen-1-yl)propenoate (12) (111
mg, 0.336 mmol) at 0 °C. Flash chromatography of the crude oil on silica gel (5 g, 4:1 petroleum ether-Et20),
followed by recrystallization from petroleum ether—Et;0, afforded 46 mg (83%) of 29 as colourless crystals
(m.p. 123-124.5°C) that exhibited IR (CHCl; cast): 1719, 1620, 1298, 1274, 1166, 983 cm-l; 'H NMR (400
MHz) 5: 1.57-1.76 (m, 8H), 2.04-2.30 (m, 8H), 3.67 (s, 6H), 5.77 (d, 2H, J=15.8 Hz), 7.29 (d, 2H, /=15.8
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72.42,H7.97.

1-{2-[(E)-2-(Methoxycarbonyl)ethenyl]-1-cyclohepten-1-yl}-2-[(E)-2-(methoxycarbonyl)ethenyijcycioheptene
(30)

This compound was prepared at 0 °C from methyl (E)-3-(2-trimethylstannyl- 1-cyclohepten- 1-yl)propenoate
(13) (96 mg, 0.28 mmol). Flash chromatography of the resulting crude material (§ g of silica gel, 4:1
petroleum ether-Et20), followed by recrystallization from petroleum ether-Et20, gave 37 mg (74%) of 30 as
colourless crystals (m.p. 91-93 °C) that displayed IR (CH2Cl; cast): 1718, 1615, 1310, 1274, 1170, 987, 856
cm-1; 1H NMR (400 MHz) & 1.54-1.63 (m, 8H), 1.69-1.79 (m, 2H), 1.83-1.90 (m, 2H), 2.30-2.51 (m, 8H),

L& 0.0 Nd J if1£) Q. 1 Qfl), £11) (il
166 (¢ 6H) SR04 2H J=157Hz2). 7.33 (d. 2H. J=15.7 Hz): 13(‘ NMR (5013 MH-;\ 8 256 250 280
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A9 9 24N £1 11€ A4 12£Q 148197 18771 1£Q TPvart Macg ralnad &‘ [Q)VS & PN o Y 28Q 2144 Tannd.
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General Procedure 4: Copper(I) Chloride-Mediated Coupling of Substrates 5-8. Preparation of
Products 20-23

To a stirred suspension of CuCl (2.5 eq) in dry DMF (~4 mL per mmol of substrate) at room temperature was
added the alkenyltrimethylstannane (1 eq) in dry DMF (~4 mL per mmol of substrate), and the resulting brown
mixture stirred for 30 minutes. Saturated aqueous NH4Cl (~the same volume as DMF) and water (~the same
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organic layers were washed with water and brine, dried (MgSO4), and concentrated. The crude product was
purified by flash chromatography on silica gel.

The following compounds were prepared via this general procedure.
3-(3-Oxo-1-cyclopenten-1-yl)-2-cyclopenten-1-one (20)

This compound was synthesized from 3-trimethylstannyl-2-cyclopenten-1-one (5) (101 mg, 0.41 mmol) and
was isolated by extraction with CH2Cl,. Flash chromatography of the crude product (12 g of silica gel, ethyl

acetate) nrovided 27 mo (81%) of 20 as a colourless crvstalline solid (m n. 211-214 °C ‘\ that exhibited TR
acetate) provided 2/ mg (31%) Of ZU as a colouriess crystalling sol mp. 411 that exhibited Ik
D 1£00 1£78 18£1 1742 1104 QL& QAQ nm-l l'l'_'l' NRAD FANN WAL\ I EID) KT ien AT D Q& D AN
\wl) 1070, 10/J, 101, 1245, 1104, 0UJ, 040 Ciii L. 54~2.01 M, &11), 2.83-2.7U
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(m, 4H), 6.43 (t, 2H, J=1.5 Hz); 13C NMR

for C1oH1002: 162.0681. Found: 162.
H 6.10.
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3-(3-Oxo-1-cyclohexen-1-yl)-2-cyclohexen-1-one (21)
The crude product derived from 3-trimethylstannyl-2-cyclohexen-1-one (6) (121 mg, 0.47 mmol) was obtained
by extraction with diethyl ether and, upon purification by flash chromatography (7 g of silica gel, diethyl
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ether) affarde. maoa (Q19%) of 21 ac a colonrlece crvuctalline ealid (m n 107-108 °CY that chowed TR (K Ryr)
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10L&, 1570, 1403, 110U, 118%, Sui T, "0 INIR (Buvu vuZ) & 2.uvu-4.10 \{l, 411, 2.94 (1, 4, v=0./ 11Z),
2.50 (t, 4H, J=6.0 Hz), 6.27 (s, 2H); 13C NMR (5 MHZ) 22.2,25.8, 37.4, 128.0, 156.5, 199.7. Exact

0.3
Mass caicd. for CioH1402: 190.0994. Found: 190.0993. O

Found: C75.54,H7.42.

2-Methyl-3-(2-methyl-3-oxo-1-cyclopenten-1-yl)-2 cyclopenten-1-one (22)

The crude product derived from 2-methyl-3-trimethylstannyl-2-cyclopenten-1-one (7) (110 mg, 0.43 mmol)
was obtained by extraction with CH2Cl; and, upon purification (flash chromatography, 20 g of silica gel, ethyl
acetate), gavc 38 mg (94%) of 22 as a colourless crystalline solid (m.p. 94-94.5 °C) that showed IR (KBr):

1690, 1626, 1292, 995, 947, 781 cm-l; 1H NMR (400 MHz) §: 1.67 (t, 6H, J=2.1 Hz), 2.48-2.53 (m, 4H),
YTE80 T (m AN 130 NMR /S0 MIT2) 8- 0Q 728§ 22R 1297 1682 & MR & NByant Mace rnlad far
bt \F T "ot | de \Kdhy “TLL [y e ANIVAEN \JWUed IVARAL) Use ToTg duDedy JJOy AJ0 1y LVUJJy &LUOU. LIAGVL LVIADD VaAIVUL. 11U
Fravs & § e Y™ 10N NONA ) o RE— | 10N NN AT 1.3 £ __ 7NV _YT_ .0 FPIE "L TT rY AN ) o | rale¥-He Lo TR & §
W 121114\72. 1 7U.U77%. rOUU. 17U.Ur7). Alldl. CdiCl. 101 U]2r114 72,70, 11 /.44, ©FOUnd. U /J0.74, 11
7.68.

2-Methyl-3-(2-methyl-3-oxo-1-cyclohexen-1-yl)-2 cyclohexen-1-one (23)

This compound was prepared from 2-methyl-3-trimethylstannyl-2-cyclohexen-1-one (8) (114 mg, 0.42 mmol),
and was isolated by extraction with CH2Clp. Flash chromatography (21 g of silica gel, 1:1 petroleum ether—
Et20) of the crude product provided 41 mg (91%) of 23, a colourless crystalline solid (m.p. 121-122.5 °C) that
displayed IR (KBr): 1657, 1606, 1299, 1195, 1113, 1035, 900 cm'!; 1H NMR (400 MHz) 5: 1.61 (t, 6H,

J=1.9 Hz), 1.95-2.11 (m, 4H), 2.20-2.32 (m, 2H), 2.38-2.52 (m, 6H); 13C NMR (50.3 MHz) 5: 119,229,
’)89 277 17208 18§84 108 Q Evant ace ralnd foar Oy HiodA 218 1 m7 Faund: 219 1 :mo Anal. caled
T e F] JIAI’ Abluu, LJJ-"" A7Vl s AaNAWwh AYAADD WwildWwili: AV \,l Llu\.l‘- hAU 1 ST T e A UUWLINL. A -\ fg Vet WwAIVAL.
frw M. II__N.c HTTNI YO 21 EhwnmAd. 7711 LY O AL
1O W4 ENI2. . [[.UJ, K1 0. 01. TOUIM. L //.11, 11 0.9V,

General Procedure 5: Copper(I) Chloride-Mediated Coupling of Substrates 14 and 15. Preparation of
Products 31 and 32

To a solution of the alkenyltrimethylstannane in DMF (~0.5 mL per mmol of substrate) at room temperature
was added solid copper(I) chloride (2.5 eq) and the resulting brown mixture was stirred for 1 hour. Aqueous
NH4CI-NH40H (pH 8, ~the same volume as DMF) was added and the mixture was stirred open to the
atmosphere until the aqueous layer was bright blue. The layers were separated and the aqueous layer was

o ¢ rtad thr oac urith diathvul ather The rnmhinad arcanie lavere warse wachad Aancrs urith watar Anca
AU LA LiL L quO VYARIL VAW UILY I wlliNvi. A 1IV WWULLIULLIVAL Ulsalll\d lﬂ.] WiD Wuliv WadlIVAL VIIVG WIlUL Wwalld, VIV
aL L__ .. I_>. .1 /NS g Ry WO W | ™ U, [SE——- | LY g, | £ | Y P

-1 ra Oy N = -1
W1l DILIG, UllCU (ivigou4 ), dliu CONICCIIU4ICU.  11C Crua

silica gel.
The following compounds were prepared via this general procedure.

(Z,Z)-3,4-Dimethylhexa-2 4-diene-1,6-diol (3124
This compound was prepared from (Z)-3-trimethylstannyl-2-buten-1-ol (14)2! (250 mg, 1.06 mmol). Flash
chromatography (5 g of silica gel, 1:1 pentane-Et20) of the crude oil afforded 47 mg (63%) of 31 as a
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colourless oil that exhibited IR (neat): 3328, 1650, 1445, 1239, 1086, 998 cm-l; 1H NMR (400 MHz) 5: 1.75
{(m, 6H), 3.46 (br s, 2H), 3.84 (4, 4H, J=8 Hz), 5.52 (tg, 21, J=8, 1 Hz); 13C NMR (50.3 MHz) §: 22.6, 58.8,
124.4, 141.1. Exact Mass caicd. for CgH1402: 142.0594. Found: 142.0993. Anal. calcd. for CgH1409: C

(Z,2)-3,4-Dimethyl-1,6-bis-(methoxymethoxy)-2 4-hexadiene (32)

Purification (flash chromatography, 5g of silica gel, 4:1 pentane-Et70) of the crude material acquired from
(Z)-1-methoxymethoxy-3-trimethylstannyl-2-butene (15)16 (100 mg, 0.36 mmol) provided 22 mg (53%) of 32
as a colourless oil that displayed IR (neat): 1718, 1448, 1151, 1105, 1048, 924 cm-!; 'H NMR (400 MHz) &:
1.80 (q, 6H, J=1 Hz), 3.32 (s, 6H), 3.87 (dq, 4H, /=7, 1 Hz), 4.57 (s, 4H), 5.42 (1q, 2H, J=7, 1 Hz); 13C NMR

=

(50.3 MHz) 5: 22.6, 55.1, 64.8, 95.8, 122.5, 140.2. Exact Mass calcd. for Cj9Hp304 (M++H): 231.1596.
pnnnﬂ 221 1806 Anal caled for CaaHaa)r (TARY SR HO A Fannd: (VA2 £0 Q70

LIS, dwal b Ao T \Ue & BlkGAA. WERAVWALL ANJA \ll‘&&“\lq N Vdmaad Uy AL ZoWUde A VULIL N Ukns U Ty AL Foi 7.

0N

(Z)-7-t-Butyldimethylsiiyloxy-3-trimethyistannyl-2-hepten-1-oi (42)

To a cold (-78 °C), stirred solution of (Z)-7-¢-butyldimethylsilyloxy-3-trimethylstannyl-2-heptenal (1) (66.8
mg, 0.165 mmol) in 2 mL of dry THF was added a 1.0 M solution of DIBAL in hexanes (300 uL, 0.30 mmol).
After 45 minutes, the reaction mixture was warmed to room temperature and stirred for an additional 45
minutes. Saturated aqueous NH4Cl (1 mL) was added and the reaction mixture was stirred, open to the
atmosphere, for 30 minutes. MgSO4 (200 mg) was added and the mixture was stirred a further 30 minutes.
The mixture was filtered through Florisil and the collected material was washed with Et7O (20 mlL). The

filtrate was concentrated and the crude oil was purified by flash chromatography (4.5 g of silica gel, 4:1

matrmalaiie athan -~ ~ o fme o ~ an n Aanlacaalacs 21 shaas ..... nesard R, O A0
petole ther-Et20) to afford 56.0 mg (83%) of 42 as a colourless oil that pmycu IR (neat): 3359, 1472,
LY na £ L non-l. ITTATMAD /ANNAATT A S, NN 7. £ITA N 7o o= s
J, 240 CIM+; “rl INVIK (4UU IVINZ) 0. U.UZ (§, on), 0.1 (S, vn, “an H‘DJ 3 HZ), 0.87 (s,
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t
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9H), 1.22 (br s, 1H), 1.31-1.39 (m, 2H), 1.44-1.51 (m, 2H), 2.22 (t, 2H, J=7.5 Hz, 3J5p.4=53.6 Hz), 3.58 (t,
2H, J=6.3 Hz), 4.07 (1, 2H, J=5.3 Hz), 6.18 (t, 1H, J=6.3 Hz, 3Jgp.y=139 Hz); 13C NMR (50.3 MHz) & -8.0,
-5.3, 18.3, 26.0, 26.4, 32.4, 40.1, 63.0, 64.4, 138.2, 149.5. Exact mass calcd. for C15H33028i120Sn (M+-Me):
393.1272. Found: 393.1268. Anal. calcd. for C1gH36025iSn: C 47.19, H 8.91. Found: C 47.46, H 8.92.

(Z, Z)-3,4-Bis-(4-t-butyldimethylsilyloxybutyl)-2,4-hexadiene-1,6-diol (43)

{a) By Cull_Modintod Coinling nf Comnanund 42

VW] 27 ) \r A 3TITRACLMIMIT L8 UL/ BT}, vy urr IRT S T

To a solution of 42 (64.5 mg, 0.158 mmol) in dry DMF (2 mL) at room temperature was added CuCl (43.6
mg. 0.440 mmol) and the resuiting brown mixture was stirred for 1 hour. Aqueous NH4CI-NH40OH (pH 8, 2
mL) was added and the mixture was stirred, open to the atmosphere, until the aqueous layer was bright blue.
The layers were separated and the aqueous layer was extracted three times with EtpO. The combined organic
layers were washed twice with water, dried (MgSOy), and concentrated. The crude product was purified
(flash chromatography, 5 g of silica gel, 1:1 to 1:4 petroleum ether-Et70) to provide 13 mg (34%) of 43 as a
colourless oil that displayed IR (neat): 3324, 1646, 1472, 1256, 1104, 838 cm-1; 1H NMR (400 MHz) &:

0.02 (s, 12H), 0.86 (s, 18H), 1.34-1.43 (m, 4H), 1.44-1.52 (m, 4H), 2.01-2.16 (m, 4H), 2.32 (br s, 2H), 3.55-
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3.58 (m, 4H), 3.90 (d, 4H, J=7.4 Hz), 5.60 (t, 2H, J=7.6 Hz). Exact mass calcd. for CogHs5703S (M H,0):
468.3455. Found: 468.3462. Anal. calcd. for CygHs404Siy: C 64.14, H 11.18. Found: C 63.86, H 11.35.

4'JUiid. V0. £Aalidl S LI

L 1L o NNIE 1 o 1N ax
0 (00 Ing, LU/ IIlﬂ]()l) lﬂLmLU[(.ll'y lﬂl" was duucaa 1.0 mM
~

solution of DIBAL in hexanes (250 uL, 0.250 mmol). After 45 minutes, the reaction mixture was warmed to
room temperature and stirred for an additional 45 minutes. Saturated aqueous NH4Cl (0.5 mL) was added and
the reaction mixture was stirred, open to the atmosphere, for 30 minutes. MgSO4 (100 mg) was added and the
mixture was stirred a further 30 minutes. The mixture was filtered through Florisil and the collected material
was washed with EtpO (60 mL). The filtrate was concentrated and the crude oil was purified by flash
chromatography (5 g of silica gel, 1:3 petroleum ether-Et70) to afford 25 mg (68%) of 43 as a colourless oil

that displayed spectral data identical to that described above.

>

Dimethyl (E,Z,Z,E)-5,6-Bis-(4-t-butyldimethylsilyloxybutyl)-2,4,6,8-nonatetraenedioate (25) from the

To a stirred suspension of sodium hydride (13.5 mg, 0.563 mmol) in dry THF (2 mL) at 0 °C was added
trimethyl phosphonoacetate (0.10 mL, 0.62 mmol). The mixture was stirred for 5 minutes, warmed to room
temperature for 20 minutes, and then was recooled to 0 °C. A solution of 16 (58.4 mg, 0.121 mmol) in dry
THF (1 mL) was added and the reaction mixture was stirred for 2 hours. Et20 (30 mL) and water (30 mL)
were added, the layers were separated, the aqueous layer was washed twice with Et20, and the combined
organic layers were washed with brine, dried (MgSO4), and concentrated. The crude oil was purified by flash
leum ether-Et7Q) to give 31 mg (86%) of 25 as a colourless oil that

224304 sbl; vl LU uaiil el LAY S 221 25 \9
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