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Abstract: Sonogashira couplings of 2-iodo enol ethers or ynol ethers
provide enynes which undergo semihydrogenation to afford 4-alkyl-1,3-
dienol ethers. (12, 3E), (1E, 32) and (12, 32)-4-alkyl-1,3-dienol ethers
are accessible using this strategy.

As part of a synthetic program targeting peroxide-containing natural
products, we required a stereoselective preparation of chira dienol
ethers as substrates for stereoselective addition of singlet oxygen (eg. 1)
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However, a review of the literature revealed surprisingly few general
methods for synthesis of akyl dienol ethers'® The Sonogashira
(Stephens-Castro) coupling reaction is a convenient Pd(0)/Cu(l)
mediated process which has been used for the formation of numerous
enynes.* Herein we report the application of the Sonogashira coupling
towards the stereosel ective synthesis of (12, 3E), (1E, 32Z) and (12, 32)-
4-alkyl-1,3-dienol ethers. Asillustrated in eq. 2, our strategy relies upon
a Sonogashira coupling followed by selective reduction of the alkyne
for formation of the diene functionality.
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Alkynol ethers 1a and 1b were readily synthesized from L-menthol and
(R 9-trans-2-phenylcyclohexanol  using the method of Greene®
(Scheme 1). Alternatively, these alkynol ethers could be converted to
(E)-2-iodo enol ethers 2 by hydrozirconation-iodinati on®
Hydrostannylation of the akynyl ethers selectively produced
(2)-tributylstannyl enol ethers 3 which underwent iodination to produce
the (2)-2-iodo enal ethers 4 (Scheme 1).”

Coupling of 1 with (2)- or (E)-1-iodohexene®® furnished enynol ethers
5 and 6 in a stereospecific fashion (Table 1).1° Coupling of the (E)- and
(2)-iodo enal ethers 2 and 4 with 1-hexyne furnished enynol ethers 7
and 8 (Scheme 2 and Table 1).

Semihydrogenation™> of the enynes with P-2 Nickel selectively
introduced a (Z2)-alkene (Table 1). The dienol ethers were susceptible to
overreduction to enol ethers under the semihydrogenation conditions,
but overreduction could be minimized with careful monitoring of
reaction progress. Attempted hydride reduction of the alkyne to the (E)-
alkene!? was unsuccessful, thus limiti ng the scope of this strategy to the
preparation of dienol ethers containing at least one (Z)-olefin.
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then b iii. Et3B, HSnBu; iv. THF, NIS

Scheme 1
___ 4 RO——
RO 1 5 \—\Bu
Vi e
RO— RO—
1 6 \>
RO——\\— vii RO—\\ B
| ——Bu
2 7
__ Vil —
4 8 Bu

V. iPrNH,, (E)-1-iodohexene, Pd(BJy, Cul vi. i-PrNH,,
(2)-1-iodohexene, Pd(BJ, Cul Vvii. i-PrNH,, hexyne, Pd(Pf),, Cul

Scheme 2

Yamanaka®®1® and Suginome!® have described the palladium catalyzed
coupling of aryl and heteroaryl halides with (2)-1-ethoxy-2-
stannylethene or (E)-tris(2-ethoxyethenyl)borane; however, attempts to
perform a direct synthesis of the dienol ether through Stille coupling
between stannylenol ether 3 and iodohexene were unsuccessful under a
variety of conditions (eg. 3), as were attempts to perform Suzuki
couplings via the corresponding enol boronate.’
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Equation 3

In summary, we have demonstrated that the use of the Sonagashira
coupling permits rapid access to three of the four possible geometric
isomers of dienol ethers. Application of this methodology for peroxide
synthesis will be described in due course.
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To tetrakis(triphenylphosphine) palladium (100 mg, 0.086 mmol)
dissolved ini-PrNH, (12 mL) was addedE)-1-iodo-1-hexene
(362 mg, 1.73nmol), (R,S)trans-2-phenylcyclohexanol ethynyl
etherlb (449 mg, 2.24 mmol), and copper (l) iodide (33 mg, 0.17
mmol) dissolved in-PrNH, (5 mL). The resulting orange solution
was stirred in the dark for 5 h. The reaction was diluted with
hexane and thoroughly washed with NaHC@at. aq.). The
aqueous layers were combined and extracted with hexane. The
combined organic layers were dried over,81@,, concentrated,
and purified by chromatography (100% hexane, naNEt
pretreatment of silica) to afforBb as an oil (375 mg, 77%):¢R
0.66 (95% hexane-EtOAC)H NMR (500 MHz, CDC}) 50.95 (t,
J=9 Hz, 3H), 1.33-1.51 (m, 6H), 1.58 (d 3, 13 Hz, 1H), 1.68
(dq, J= 4, 12.5 Hz, 1H), 1.79-1.82 (m, 1H), 1.97-2.00 (m, 2H),
2.10 (dgJ=1, 7 Hz, 2H), 2.46-2.49 (m, 1H), 2.81 (appXt4, 11
Hz, 1H), 4.15 (dtJ= 4.5, 11 Hz, 1H), 5.44 (d§= 1.5, 15.5 Hz,
1H), 5.92 (dtJ= 7, 15.5 Hz, 1H), 7.35-7.38 (m, 2H), 7.26-7.31
(m, 3H); 13C NMR (125 MHz, CDCJ) & 13.8, 22.0, 24.6, 25.5,
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31.0, 31.1, 32.5, 33.8, 39.8, 49.0, 89.4, 95.6, 109.3, 126.5, 127.5,
128.3, 140.6, 142.5; FT-IR (neat) 698, 754, 940, 995, 1253, 1449,
2245, 2858, 2930, 3028 ¢ HRMS calcd for GoHpO (M+)
282.1984, found 282.1973.

To an oven dried 3-neck flask topped with a 3-way stopcock and a
hydrogen balloon was added nickel (Il) acetate (482 mg, 1.94
mmol) and 7 mL of absolute ethanol. Following two vacuum/
repressurization cycles (nitrogen), the flask was evacuated and
charged with hydrogen. Sodium borohydride (73 mg, 1.9 mmol)
dissolved in 5 mL of absolute ethanol was added. After stirring for
20 minutes, ethylenediamine (0.52 mL, 7.7 mmol) and a solution
of the enynol ether (570 mg, 2.02 mmgl) in ethanol (3 mL)

was added and the reaction was stirred at RT for 1 h. The
hydrogen was released and the reaction mixutre was diluted with
hexane and extracted with NaHgQ@L0% ag.). The combined
organics were dried over BBO,, evaporated and purified by
flash chromatography (100% pentaneyNEpretreated) to afford a
colorless oil (396 mg, 69%). When necessary, overreduced enol
ether and dienol ether could be separated using HPLC (100%
pentane): R0.87 (95% hexane-EtOAc}H NMR (360 MHz,
CDClg) 6 0.87 (t,J= 7 Hz, 3H), 1.60-1.24 (m, 8H), 1.74-1.79 (m,
1H), 1.85-2.01 (m, 3H), 2.13-2.19 (m, 1H), 2.66 (appd4, 11
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5.37 (dt,J= 7, 15.5 Hz, 1H), 5.62 (d= 6 Hz, 1H), 6.08 (dd}=

11, 15.5 Hz, 1H), 7.15-7.33 (m, 5HFC NMR (75 MHz, CDC})
013.9, 22.2, 24.9, 25.8, 31.7, 32.5, 32.8, 33.4, 50.4, 84.5, 106.6,
123.1, 126.2, 127.7, 128.1, 130.2, 143.4, 143.6; FT-IR (neat) 698,
754, 970, 1075, 1108, 1448, 1615, 1656, 2856, 2927, 3029 cm-
HRMS calcd for GgH,g0 (M+) 284.2140, found 284.2142.
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Entry  Alkyne lodide Ene-yne Yield? (%) Dienol Ether Yield? (%)
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a Isolated yields. All new compounds were characterized by *H and 13C-NMR,
and by HRMS or elemental analysis. b Contains 12% over-reduced enol ether
that is separable by HPLC. ¢ Without chromatographic purification.
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