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STUDIES ON THE WITTIG REACTION (XXII):
A CONVENIENT SYNTHESIS OF
w-AZOLYLALKYLTRIPHENYL PHOSPHONIUM
SALTS AND THEIR STEREOSELECTIVITY
IN THE WITTIG REACTION
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and WEN FANG HUANG*
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Wuhan, China

and
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w-Azolylalkyltriphenylphosphonium bromides (5) were readily prepared from corresponding w-bromo
phosphonium salts (4) and azoles. The Wittig reactions of (5) with aromatic aldehydes were studied
and 26 w-azolyl alkenes were obtained. The reaction showed E-stereoselectivity.

Key words: Wittig reaction, azole, phosphonium, stereoselectivity, w-azolyl alkene, synthesis.

INTRODUCTION

The Wittig reaction is one of the most widely used methods for the preparation of
a variety of alkenes.! There were considerable studies on the Wittig reaction of
ylide 1 with carbonyl compounds to give w-functionalized alkenes 2, where Y are

o) R'
AN
PhiP~CH(CHy.Y + ridgt ~ JOCHCHD.Y by po
R 2
nucleophilic groups.?~® Most of the reactions have been utilized in the preparation
of natural products, such as long-chain unsaturated fatty acids and pheromones.”
They have also showed mechanistic interest with their anomalous E stereoselec-
tivity.! In spite of the reports on the Wittig reaction of 1 when Y is a N-heterocycle
containing group,®* there are few reports of the Wittig reaction of azolyl-containing
phosphonium salts which lead to fungicidal N-vinylazoles.!°-12 Many N-vinyl azoles
are effective fungicides and plant growth regulators, such as diniconazole (S-3308L)
and uniconazole (S-3307). In the present paper, we wish to report the synthesis of
the w-azolylalkyltriphenylphosphonium salts (5) as well as their unusual E-ste-
59
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reoselectivity in the Wittig reaction. This will also provide an efficient synthesis of
another fungicidal w-azolyl alkene.

RESULTS AND DISCUSSION

Preparation of the w-Azolylalkyltriphenylphosphonium Bromides (5)

The azolylalkyltriphenylphosphonium salts are precursors of the phosphonium ylides
in preparation of some fungicidal N-vinylazoles.!?-!> They were usually prepared
from Ph,P with corresponding azolyl alkyl halides, however, some azolyl alkyl
halides are prepared with difficulty or unstable.'*!4 Here we give a new and facile
synthesis of w-azolylalkyltriphenylphosphonium salts depicted as follows:

X
] .

X

3 e -

Br(CH,).Br +PhyP (CH,),Br Br—————» Ph,P (CH).N | Br
3 4 K2COs(s) SN

5

Dibromoalkane (3) reacted with Ph;P in refluxing toluene to yield w-bromoalkyl-
triphenylphosphonium bromide (4) in high yields. N-Alkylation of (4) with 1,2,4-
triazole or imidiazole under solid/liquid transferred condition was found to be a
practical method for the preparation of (§). When K,CO;(s) was used as the base,
CH,CN as solvent, w-azolylalkyltriphenylphosphonium bromide (5) was obtained
in moderate to good yields. See Table 1.

Our experience may be summarized as follows:

1. The reaction temperature must be lower than 60°.

2. The stirring rate is a key factor for this reaction, a too rapid stirring rate must
be avoided. Otherwise, a difficult crystalization of the phosphonium salt and low
yields will result.

3. A better yield was obtained by using a catalytic amount of PEG and DMF.

4. Attempts to prepare 2-azolylethyltriphenyl phosphonium salt (n = 2) ac-
cording to this method was unsuccessful.

Stereoselectivity of the Wittig Reaction of (5) with Aromatic Aldehydes

When § was treated with BuLi in THF, a red solution of the ylide (6) was formed,
which was reacted subsequently with 1 molar equiv of aldehyde (7) to give

TABLE 1
Preparation of w-azolylalkyltriphenylphosphonium bromide (5)
phosphonium reaction reaction yield ®
salt " temperature(C)  time(hr) (672
5a 3 N 60 6 76
5b 4 N 60 6 85
5¢ 3 CH 60 8 58
5d 4 CH 60 8 15

* isolated yield
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TABLE I1
The yield and E/Z of the Wittig reaction of § with 7
Alkene(8) X n R! R? yield(%)° E/Z*°
8a N 3 H H 79 71/29
8b 2—-Ci H 82 45/55
8¢ 3-cl H 83 64/36
8d 4—Cl H 86 64/36
8e 2—-Br H 81 59/41
8f 4-F H 91 72/28
8g 4—CH, H 81 70/30
8h 4—OCH, H 72 86/14
8i 4—N(CH,), H 74 88/12
8j 4—NO, H 76 49/51
8k N ¢ H H 74 88/12
8l 2-Cl H 75 55/45
8m 3-Cl H 83 67/33
8n 4—Cl H 85 81/19
8o 4—~F H 88 86/14
8p 4-CH, H 82 71/23
8q 4—OCH, H 70 88/12
8r 4~N(CH,), H 78 95/5
8 3-Br H 83 84/16
8t 2—Cl 4—Cl 81 57/43
8u 3-Cl 4—Cl 86 75/25
8v CH 3 H H 85 68/32
8w 4—N(CH,), H 75 97/3
8x 4—F H 70 75/25
8y 4-NO, H 68 40/60
8z CH 14 H H 75 68/32

* isolated yield
# % E/Z was determinated by GC and 'HNMR

w-unsaturated azoles (8) in good yields. See Table II. This provides a facile synthesis
of w-unsaturated azoles which have been found to show fungicidal activities.!s

b (CH X _ Bl _ : &
Ph,P ( ,)..N\_J Br—mr— Ph,P = CH(CH,)._,N\_Q
5 6
R' R! X
P . -~
{>cmon & N CH = CHCHD v N ]

8

It is noteworthy that these ylides are of a non-stabilized type, and were reacted
with aromatic aldehydes under lithium salt. This factor should lead to poor ste-
reoselectivity. However, the reactive ylides (6) showed E-stereoselectivity except
in some cases under the above reaction condition. When R!, R? are electrondo-
nating substituents, the E-selectivity is good, whereas when R! is strong electron-
withdrawing group (NO,), the E/Z ratio is much lower. Ortho substitution also
greatly decreases the selectivity.
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The reason for the prodominance of the E alkene of this reaction is not clear
yet, however, the presence of lithium salt and the azolyl group might be responsible.
Further studies are needed.

EXPERIMENTAL

Melting points were uncorrected. MS were measured on a HP5988A spectrometer. IR were recorded
on a shimadzu IR-408 infrared spectrometer. NMR were taken on a Varian XL-200 spectrometer. Gas
chromatographic analysis were performed on a HP5988 GC-MS instrument employing a 12 m capillary
column and HP-5 as liquid phase. w-Bromoalkyltriphenylphosphonium bromides (4) were prepared
from Ph,P and dibromoalkane in refluxing toluene in 90-95% yields.

Preparation of §

A mixture of phosphonium salt 4 (0.1 mot), 1H-1,2,4-triazole (8.28 g, 0.12 mol) or imidiazole (8.16 g,
0.12 mol), solid potassium carbonate (33.2 g, 0.24 mol}, a catalytic amount PEG600, DMF (5 ml) and
CH,CN (200 ml) was stirred at 60° for 6-8 hours. Filtered, the filtrate was condensed. After ether was
added, a white precipitate formed was filtered, then washed with acetone and ether, dried to give 5..

Sa: yield 76%, mp 215-216°C, 'H NMR (CDCl,, 200 MHz) § 7.6-8.6 (m, 17H), 4.98 (t, 2H), 3.88-
4.10 (m, 2H), 2.22-2.46 (m, 2H); IR (cm~') 3045, 1450, 1110, 765, 763; MS, m/z 372 (2.03), 303
(3.19), 289 (100), 215 (39.26), 183 (41.93), 108 (13.51)

5b: yield 85%, mp 211-212°C, '"H NMR (CDCl,, 200 MHz) 8 7.6~8.6 (m, 17H), 4.54~4.62 (t, 2H),
3.85-4.10 (m, 2H), 2.18-2.40 (m, 2H), 1.68-1.42 (m, 2H); IR (cm- %) 3100, 1440, 1112, 690, 740;
MS, m/z 386 (M*-Br, 2.83), 289 (70.14), 262 (97.05) 183 (100), 108 (57)

Sc: yield 58%, mp 212-214°C, '"H NMR (CDCl,, 200 MHz) 5 7.1-8.1 (m, 18H), 4.95 (t, 2H), 3.80-
3.98 (m, 2H), 2.26~2.48 (m, 2H); IR (cm~"') 3100, 1440, 1180, 695, 760, 724; MS, m/z 371 (M*-Br),
262, 148 (100), 183

5d: yield 45%, mp 206-208°C, '"H NMR (CDCl,, 200 MHz), 8 7.6-8.0 (m, 18H), 4.52 (t, 2H), 3.82—
4.04 (m, 2H), 2.25-2.41 (m, 2H), 1.51-1.75 (m, 2H); IR (cm~!), 3100, 1440, 1180, 695, 725; MS,
m/z 385 (M *-Br, 1.61), 289 (25.89), 262 (78.73), 183 (100), 108 (61.24)

General Procedure of the Wittig Reaction of (5) with Aromatic Aldehyde

A solution of BuLi (2.0 mmol) in ether was added dropwise to a suspension of dry phosphonium salt
5 (2.0 mmol) in anhydrous THF (20 ml) at —15°C under N,. The mixture was stirred for 30 min to
give a red solution. A solution of aromatic aldehyde 7 (2.0 mmol) in THF was added slowly. After 5
min, the reaction mixture was warmed slowly and stirred at room temperature for 12 hr. Then 2 volumes
of petroleum ether were added to precipitate most of the phosphine oxide. Filtered, the solvent was
removed and the residual was eluted with actone/ether (1:1) through a short silica gel column into a
flask. The solvent was removed to give 8. Its E/Z was determinated by GC and 'H NMR.
'H NMR, IR and MS for some compounds 8:

8k: yield 74%, 'H NMR (CDCl,, 200 MHz) 8 8.07 (s, 1H), 7.97 (s, 1H), 7.1-7.4 (m, SH), 5.5-6.6
(m, 2H), 4.0-4.3 (m, 2H), 2.1-2.4 (m, 2H), 1.9-2.1 (m, 2H); IR (cm~"), 1650, 1500, 1274, 1140, 970,
770; MS, m/z 213 (M+), 144, 129 (100)

81: yield 75% 'H NMR (CDCl,, 200 MHz) 8 7.9-8.3 (s, 2H), 6.9-7.5 (m, 4H), 6.0~6.5 (m, 2H), 4.0~
4.3 (m, 2H), 2.0-2.4 (m, 4H); IR (cm~'), 1640, 1505, 1275, 1140, 965, 760, MS, m/z 249, 247 (M~
3:1), 178, 163, 143

8n: yield 85% 'H NMR (CDCl,, 200 MHz) 5 8.15 (s, 2H), 8.02 (s, 1H), 7.1~7.4 (m, 4H), 5.6-6.5 (m,
2H), 4.1-4.4 (m, 2H), 2.2-2.4 (m, 2H), 2.0-2.2 (m, 2H); IR (cm-1), 1650, 1490, 1140, 1012, 960,
848, MS, m/z 247, 249 (M~ 3:1), 178, 180, 143 (100)

8s: yield 83% 'H NMR (CDCl,, 200 MHz) 8 7.85-8.15 (s, 2H), 6.9-7.5 (m, 4H), 6.0-6.5 (m, 2H),
3.924.1 (m, 2H), 2.0-2.2 (m, 4H), IR (cm~?), 1590, 1475, 1275, 1140, 965, 880, MS, m/z 293, 291
(M~, 1:1), 222, 207, 143, 128

8t: yield 81% "H NMR (CDCl,, 200 MHz) & 8.1 (s, 1H), 7.98 (s, 1H), 7.0~7.5 (m, 3H), 5.7-6.7 (m,
2H), 4.23 (1, 2H, J = 7.4 Hz), 1.9-2.3 (m, 4H); IR (cm™'), 1650, 1440, 1275, 1140, 960, 870; MS,
w/z 281, 283, 285 (M*, 9:6:1), 177, 179 (3:1)

8u: yield 86% 'H NMR (CDCl,, 200 MHz) & 7.9-8.2 (s, 2H), 6.9~7.4 (m, 3H), 6.1-6.5 (m, 2H), 4.1~
4.3 (m, 2H), 2.0-2.4 (m, 4H); IR (cm~ ), 1650, 1505, 1470, 1275, 965, 670, MS, m/z 281, 283, 285
(M*, 9:6:1), 212, 177
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