This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:

0P http://www.informaworld.com/smpp/title~content=t902189982

L= P
THE PREPARATION OF (E)-2-PENTENAL
= \:\ul 'I’Il.tlfll '::-.-I':It{;:-tm R. M. Waters?; D. J. Voaden®; A. Shani®; J. Klug®
NTERNATIONAL * Agricultural Environmental Quality Institute, Agricultural Research Service, U.S. Dept. of
The New S for Orpasic Sy Agriculture, Beltsville, Maryland, USA ® Dept. of Chemistry, Faculty of Natural Sciences, Ben Gurion
Univ. of the Negev, Be'er Sheva, ISRAEL

To cite this Article Waters, R. M. , Voaden, D. J. , Shani, A. and Klug, J.(1978) "THE PREPARATION OF (E)-2-PENTENAL',
Organic Preparations and Procedures International, 10: 1, 1 — 4

To link to this Article: DOI: 10.1080/00304947809354995
URL: http://dx.doi.org/10.1080/00304947809354995

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304947809354995
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12:38 27 January 2011

Downl oaded At:

ORGANIC PREPARATIONS AND PROCEDURES INT. 10(1), 1-bk (1978)

THE PREPARATION OF (E)-2-PENTENAL
R. M. Waters*t, D. J. Voadent, A. Shani*tt+, and J. Klugtt
tAgricultural Environmental Quality Institute, Agricultural
Research Service, U.S, Dept. of Agriculture,t+tt
Beltsville, Maryland 20705, U.S.A.
+tDept. of Chemistry, Faculty of Natural Sciences,
Ben Gurion Univ. of the Negev, P. O, Box 2053,
Be'er Sheva 84 120, ISRAEL
The need for a large-scale preparative procedure for (E)-2-pentenal,
a synthon for certain insect pheromones, has resulted in an improvement of
Corey and Terashima's procedure1 for the preparation of (E)-2-alkenals.
The recycle of a tetrahydropyranyl (THP) ether of a propargylic alcohol

(such as I in the Scheme) as well as two-step hydrolysis/isomerization of

the allenic THP ether (II) to the (E)-enal (III) are now unnecessary.

1. n—Buli H20
Et-C=C-CH,-OTHP =—————>  Et-CH=C=CH-OTHP ——>
2 . HOAc +
I 11 i

[Et-CH=C=CHOH] ——>  (E)-Et-CH=CH-CHO
ITI

The improvements were effected by adding 5~10% of hexamethylphos-
phoric triamide (HEMPA) to the reaction solvent (THF). The allene:
acetylene ratio reported1 (2.3:1) rose to 8-16:1. Because the amount of
I remaining was so small, recycle was unnecessary, and aqueous hydrolysis
of II to III could be carried out directly using p-toluenesulfonic acid
(p-TsOH) as catalyst. The two-phase system (HZO:EfTSOH/CHZCIZ:allene-
acetylene mixture) which we developed was refluxed until the THP ethers
had been hydrolyzed [gas liquid chromatography (GLC) monitoring]. After

removing the p~TsOH with aq. base, drying, and direct distillation,

1
C) 1978 by Qrganic Preparations and Procedures, Inc.
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ylelds of pure (E)-2-pentenal were 407 based on I.

EXPERTMENTAL

IR spectra of 5% solutions in 0.1 mm sealed NaCl cells were recorded
on Perkin-Elmer 137 (CCl,) or 457A (CS2) spectrophotometers. NMR spectra
were taken of 157 solutions (CCl;, 2% TMS) in a Varian T-60. Ratios of
allene-acetylene mixtures were determined by NMR or on a 4.7 m x 0.32 cm
stainless steel (s.s.) column of Analabs (SD) base-~washed (60-80 mesh)
support with 5% diethylene glycol succinate (DEGS) substrate. The mixture
of the aldehydes was analysed on a 4.7 m x 0.32 cm s.8. column of acid-
washed Chromosorb W (60-80 mesh) supporting 15% HI-EFF-2AP (ethylene
glycol adipate). Conditions for the DEGS column were: inj. port 170°;
detector and col. 160°; air 240 mL/min; Hp & N2 30 nL/min; tg = 6.5 min
for EtC=CCH70THP and tg = 4.2 min for EtCH=C=CH-OTHP. Conditions for the
HI-EFF column were: inj. & detector 150°; column 95°; air 240 mL/min; H,
30 mL/min; N, 15 mL/min; tg [(Z)-2-pentenal] - 6.5 min; and tg [(E)-2-
pentenal] = 7.5 min., Sample injection size: 1.0 uL of 1% conc. in hexene
or ether. Solv. were dried by distillation from, and stored over, CaHjp
(HEMPA) or distilled from LiAlH, and stored over CaHy (THF).

Tetrahydro-2- (2-pentynyloxy)-2H-pyran (I).- This was based on the pro-

cedure of Schwarz and Waters.2

A 2.0 L round bottom flask with gastight
mechanical stirrer, low-temp. thermometer, N2 purge, pressure-equalized
addition funnel and dry ice cooling bath, was charged with 56 g (1.0 mol)
propargyl alcohol and 0.1 g p-TsOH. The flask was cooled in ice and 92.5
g (1.1 mol) 2,3-dihydropyran was added at 40° or below with stirring.

The cooling bath was then removed and the mixture stirred 30 min, checked
for -OH (IR), diluted with 700 mL THF, cooled to -30° to -70°, and
treated during 30 min with 78.3 g (1.1 mol) n~BuLi (90%Z in hexane, Ventron)
from a 100 mL valve-equipped syringe. The resultant lithium acetylide
solution was warmed to 0° and treated at 10-30° with 135 g (1.2 mol) EtBr
in 250 mL HEMPA/100 mL THF. The mixture was stirred 1.0 hr at room
temperature and the volatiles then removed at 20 Torr/30-40° (water pump
and bath). The residue was diluted with 2-3 vol. of light petroleum

(b.p. 60-80°), washed with water and brine, and dried with MgSO The

4
tetrahydro-2-(2-pentynyloxy)-2H-pyran (I) was collected by distillation

at 92°/8-10 Torr (96% yield). The IR and NMR data were consistent with
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the assigned structure and with those of a sample prepared from dihydro-
pyran and commercial 2-pentyn-1l-ol.

(E)-2-Pentenal.-

Equipment.— A 3.0 L round bottom, 4-neck reaction flask with gastight
mechanical stirrer, N2 purge, low-temp. thermometer, and septums for
adding reagents was connected (via a septum) by a dump tube to a 5.0 L
round bottom quench flask also equipped with a mechanical stirrer, low-
temp. thermometer, and N2 purge. The dump tube was an 8 mm tube with a
4 mm stopcock. A 12/5 ball joint in the dump tube allowed for ease of
assembly.

The reaction vessel was charged under N, with 1.0 L 1:19 v/v HEMPA/

2
THF and 168 g (1.0 mol) I and chilled with stirring to -78°. The quench
flask was charged with 2.5 L MeOH containing 66.0 g (1.1 mol) acetic acid
and similarly chilled. From a valve-equipped syringe (100 mL) was added
74.7 g (1.05 mol) of n-Buli (90% in hexane, Ventron). Addition required
20-30 min; the dark red reaction mixture was stirred for another 15-30
min and rapidly pushed through the dump tube (N2 press.) into the very
vigorously stirred quench solution. The solvents were removed (16-20
Torr, rotary evap.) and the residue (150+ g) was dissolved in 2-5 vol.

H,0, extracted with 3 portions of pentane, and dried with MgSOA. The

2
salt-free allenic-acetylenic THP ether mixture obtained after removal of
the pentane (rotary evap.) could be used as such in the hydrolysis step.
The allene:acetylene ratio (GLC) of 10-16:1 (usually 10:1) was corrobo-
rated by NMR-loss of —C-C§2—0—: [6§ 4.0 (2 H, m, J = 1.0 Hz, poorly
resolved)].

A solution of the allene/acetylene THP ethers (1.0 g/3.0 mL CH2C12)
was treated with 0.02 molar equiv. of p-TsOH and 1.2-1.4 molar equiv.

H20. The mixture was heated to reflux for 3 hrs at 40° or until



12:38 27 January 2011

Downl oaded At:

WATERS, VOADEN, SHANI AND KLUG

complete hydrolysis of the THP ethers (GLC monitoring). The organic

layer was then freed from the acid catalyst with NaHCO,, dried with MgSO

3’
and distilled, giving (E)-2-pentenal, bp. 117°/740 mm, 1it.3 bp. 62-64°/

4°

50 mm, directly in 40% yield.
Pure (E)-2-pentenal had: IR 1680 (0:C-C=C), 1625 (-CH=CH-), and

965 (-ChECH-) cm !

; the E/Z- mixturel (CClA) showed only minor differ-
ences; NMR of E/Z- mixture 8§ 9.95 [1 H, d, J = 7.5 Hz, Z- 0=CH-], 9.33
[1H, d, J = 7.0 Hz, E- 0O=CH-], and 6.2 [2 H, m, very poorly resolved,

-cué2LcH-1; the pure E-isomer had 6 1.3 [3 H, t, J = 6.0 Hz, CH,-CH,-

3 72
CH=], 2.5 [2 H, q, J = 6.0 Hz, CH3—C§2-CH=], 5.9 [1 H, dd, J = 15 and
7.0 Hz, -CH=CH-CHO], 6.7 [1 H, dt, J =15 and 6.0 Hz, —CHZCEéCH-CHO],

and 9.33 [1 H, d, J = 7.0 Hz, E- 0=CH-].
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