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Abstract—Tribenzylphosphine oxide readily and stereoselectively reacts wiibhatic, aromatic, and
heteroaromatic aldehydes in the presence of stimases yielding exclusively (or predominantly) E-isomers
of 1-organyl-2-phenylethenes and dibenzylphosphiaaid.

Tertiary phosphine oxides akmown to react with metallic sodium inTHF, andalso 60% water solution
aldehydes and ketones under conditions afrite~  of KOH in the presence of a phase-transfer catalyst
Wittig reaction to yieldE- and Z-alkenes [17], and (benzyltriethylammonium chloride, BTAC) (see
previously into the reaction were brought onlytable). The reactions were carried out in the tempera-
asymmetric diphenyl(organyl)phosphine oxides of a@ure range 66105°C.
general formula PJP(O)CHR (R = alkyl [4, 8-10],

Ph [1, 4], B-aminoalkyl, B-N-acylaminoalkyl [11]) Basis
containing a diphenylphosphoryl leavirggoup. The (PhCH,),P=0O |:(PhCH2)2|1|>—CHp1E|

carbanions were generated under the action of strong
bases, as potassiutert-butylate [2, 6, 7], sodium
amide[7], butyl- and phenyllithium [1, 35].

0)

We recently published short communications

[12, 13] onapplication in the rnerWittig reaction PhCHO Pl{ H //0

of the symmetrical tribenzylphosphine oxide that was I QL+ [(PhCHY)PL _
conveniently prepared from the red phosphorus and H Ph O @)
benzyl chloride[14]. Thus the heating of thetri- I HCVHLO
benzylphosphine oxide to 680°C with benz- ‘ 2
aldehyde, 2,2-dimethylpropanal, or nowavailable (PhCH,),P(O)OH

[15] 1-methyl- and 1-ethylimidazole-2-carbox- I

aldehydes in a systedaNH,-THF or KOH-DMSO
afforded respectivelyE-isomers of 1.2-diphenyleth- . : .
ene, 1-(1,1-dimethylethyl)-2-phenylethene, and also _'ne highest yield (88%) o&-1,2-diphenylethene
L . was obtained at heating to 58°C of tribenzylphos-
1-(1-methylimidazol-2-yl)- and 1-(1-ethylimidazol-2- "~ : .
I)-2-phenyletheneqd12, 13]. phine oxide and be_nzaldehyde in the systeaNH,-
y ' THF, and theolefination occurred with the same
The target of the present study was investigatiorresult both at equimolar reagents ratio andobahz-
of the reaction between triphenylphosphine oxidesaldehyde excess (s¢é&ble, runs nosl and?).

and aldehydes of aliphaticaromatic, and hetero-
aromatic series, improvement and extension of the , 1€ use of systemt-BuOK-DMSO, “all other
things being thesame,reduces the yield off)-1,2-

preparative opportunities of the reaction. diphenylethene to 56% (se¢able, run no. 3). Carry-
By an example of benzaldehyde we studied théng out of reaction (1) at 8€ in systems CsOH
influence of reaction (1) conditions (basdaracter, DMSO and KOH-DMSO affords ethend in 51 and
reagentsratio, temperature of the process) on the42% yield respectively (semble, runs nos.4 and 5).
yield of (E)-1,2-diphenylethenell() and dibenzyl- Furtherincrease of the reaction temperature to AD5
phosphinic acidI{l ). We used in the reaction super- does not increase the efficiency of the process under
basic catalytic systems NHTHF, t-BUOK-DMSO,  study (seetable, run no. 6). In all runabove cited
CsOH-DMSO, KOH-DMSO, NaOH-CsF-DMSO, the tributylphosphine oxide was consumedl{@0%.
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A superbasic system NaGEsFDMSO recently vyield of ethenesXla, b and Xlla, b comprised 42
introduced for vinylation of alcohols and oximes with and 52% respectively at the ratio Bfand Z isomers
acetylene [16] in reaction between triphenyphosphing.4-6:1. The yield of acidlll was 5779%. Under
oxide and benzaldehyde was not very efficient andtonditions of reaction (2) alongside ethers-XIlI
was even worse than heterophase superbase -KOHvere isolated alsoH)-1,2-diphenylethene in-80%
DMSO: thetribenzylphosphine oxide conversion wasyield with respect to the initial amount of tribenzyl-
in this case75%, and theyield of (E)-1,2-diphenyl- phosphineoxide.
ethene and dibenzylphosphinic acid 39 and 61%

respectively (se¢able, cf. run no. 7 with runsos. 5 (PhCH,);P=0O + RCHO
and 6). I, IV-VIII

It turned out that the system sodium mefHF Ph H
was low-active in reactiorfl): at tribenzylphosphine (1) NaNH,-THF N2 Ph R
oxide conversion 79% the yield of ethehend acid (2) HCI/H,O o+a+  C=C + /C=C\
Il in this run amounted only to 23 and 28% res- H R H H
pectively (sedable, run no. 8). Theactivation of the IX, X, XIa, XIIa, XIII  XIb, XIIb
reaction in question under the conditions of the phase-
transfer catalysis (in the system Kotdluene @

BTAC) was also inefficient: the overall yield of the N
target products reached only 12% at conversion of R =i-Pr(IV, IX), +-Bu (V, X), [ Y (VI XIa, b),
the initial tribenzylphosphine oxide 36% (sé&ble, ITT

run no. 19) Me
: . : N
Thus the data obtained evidence that in the syn- /\ 7\
thesis of E)-1,2-diphenylethene and dibenzylphos- <1—\|I)_ (VH’XHa’b)’Q_ (VITL, XTID.

phinic acid it is feasible to use the catalytic system
NH,-THF at 60C.

Among the reaction (1) products thtH NMR The exclusive or predominant formation Bfiso-
spectra indicated the presence of the benzyl alcohghers of 1-organyl-2-phenylethentis IX -Xla, Xlla,
(vield ~1-5%) arising apparently along Cannizzarox||| in the studied processes (1) and (2) is consistent
reaction [7]. with the known E-selectivity of the HrnerWittig

At the best conditions found for the synthesis offéaction [5, 17].

(E.)-1,2'-diphenylethen'e we _brought into the reaction The E)-1,2-diphenylethene may arise in reaction
with tribenzylphosphine oxide the other aldehydeS'(Z) according to scheme (3) includingrimary
2-methylpropanal V), 2,2-dimethylpropanal M), geprotonation of the tribenzylphosphine oxide
1-methylimidazole-2-carboxaldehydeVl(, 1-ethyl-  effected by superbases followed byarrangement of
imidazole-2-carboxaldehydeVl), and thiophene-2-  yhosphine oxide (A) into a more stable phosphorane
carboxaldehyde Wil ). (B) that in the presence of oxygen provides sodium

It turned out that aliphatic aldehydé¥, V, and dibenzylphosphinate and benzaldehyde. The latter
thiophene-2-carboxaldehydeVI(l ) react with tri- reacts with the tribenzylphosphine oxide to give
benzylphosphine oxide stereospecifically to affordethenell along reaction(1).

E-isomers of 1-(1-methylethyl)-2-phenylethenkeX},

1-(1,1-dimethylethyl)-2-phenylethene 1X(), and O Na
1-thiophene-2-phenyletheneXI(l ) respectively in NaNH,-THF l
50-56% yields. Dibenzylphosphinicacid formed (PhCH,),P=0 =gy, (PhCH) P —CHPh
therewith in 7:81% yield and was isolated same as A

in reaction (1) at acidification of the water fraction of ONa o

the reactionmixture. At the use inreaction (2) of . |- 2

aldehydesfrom the imidazole series/I and VII == (PhCH,),P=ChPh — (PhCH,),P(O)ONa +1
alongside theE-isomers 1-(1-methylimidazol-2-yl)-2- B

phenylethene Xla) and 1-(1-ethylimidazol-2-yl)-2- )
phenylethene Xlla) were also obtained the cor- It turned out actually that the heating of the
respondingZ-isomers Xlb and Xllb . The overall tribenzylphosphine oxide to 560°C in the system

Et
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NaNH,-THF provided E)-1,2-diphenylethene and

dibenzylphosphinic acid in 15 and 37% respectively.

At the deprotonation stage in tHéP NMR spectrum
was observed a signal @, 30.1 ppmthat may be
assigned to phosphorane (B)8]. This reaction was

GUSAROVA et al.

gll ), mp 122123C (from ethanol)publ. 122C [3]).
H NMR spectrum (CDQ)), 8, ppm: 7.09 s (2H,
=CH), 7.26- 7.46 m (10H, GHs). Found, %: C
92.85; H 6.73. G4Hq,. Calculated, %: C93.30;
H 6.70. Water phases were combined, acidified

described before with diphenylbenzylphosphine oxidewith 2 N HCI till pH 2-3, and from the solution

it resulted in E)-1,2-diphenylethene and dipheny-

phosphinic acid [6,19].

A presumable alternative scheme d&){1,2-di-
phenylethene formation via carbefhCH: genera-
tion from tribenzylphosphine oxide at its boiling in

xylene (2 h under argon) was not supported b

experimental data.

precipitated colorless crystals that were separated,
washed in succession withater, alcohol, ether, and
dried in a vacuum. We obtaineéil35 g (65%) ofacid

N, mp 183190°C (from ethanol)(publ. 192C
[21]). *H NMR spectrum (CDG), 5, ppm: 2.85 d
4H, CH,, 23,5 16.9 Hz), 7.187.28 m (10H, GHy),
9.02 s (1H, OH).3*P NMR spectrum (CDG):

3p 49.9 ppm Found, %: C 67.22; H 6.23; P 12.31.

Thus the use as olefinating reagent of the availabl€&14H150,P. Calculated, %: &8.29; H 6.10; P 13.01.

tribenzylphosphine oxide under conditions abrider

Wittig reaction provides new opportunities for stereo-,_
selective synthesis of 1,2-disubstituted alkenes, i
particular, stilbene and its heteroanalogs, promising

raw material for production aflyes,opticalwhiteners,
complexing agents, photochemical sensf#@8] and
drugs (e.g., in the synthesis of milbemycinp,,
vitamine D and its analogb]). Besides the reaction

Reaction of tribenzylphosphine oxide with
methylpropanal. In the same way as in the preced-

ri"ng run from 1 g (3 mmol) of tribenzylphosphine

oxide, 0.35 g (9mmol) of sodium amide, an@.43 g
(6 mmol) of 2-methylpropanall{) in 40 ml of THF
was obtained 0.3 g of viscous organic mixture con-
taining according to itsH NMR spectrum 79% of
(E)-1-(1-methylethyl)-2-phenylethene (yield 54%),

of tribenzylphosphine oxide with aldehydes readily : .
furnishes dibenzylphosphinic acids that previouslyg?/otrioge(g'}’i(;g'pg}ﬁgyf;%znicg’rﬁgzgﬁ%z? %I_zhzo
were difficult to obtain: the synthesis that hbsen y'phosp '

previously one of the best is multi-stage and is basealﬁturethObt?;ned was washegl Withd str}?all po_gltions of
on alkylation with benzyl iodide or chioride of fairly S'N€r. theether was removed, and the residue was

; ; P washed with pentane. We obtained as an individual
expensive and toxic phosphorus iodid2s]. product ethendX (viscousfluid). *H NMR spectrum
(CDCly), 8, ppm: 1.07 d (6H, CH 33, 6.65 Hz),
2.43octet[1H, CH-(CHy),, *Jyccn 6.65 Hz],6.17d.d

!4 and 3P NMR spectra were registered on(1H, =CH-CH, hc=cn 15.95 Hz), 6.31 d (1H,
spectrometer Bruker DPX 400 using respectively= CH-CeHs), 7.15-7.35 m (5H, GHs) is in agree-
HMDS as internal reference and 85%.R0, as Ment with the published spectruf22]. Found, %:
external reference. IR spectra weeken on spectro- € 90.62; H 10.05. ¢H,,. Calculated, %: (90.35;
meter Specord75IR. All experiments were carried H 9.65. From the water layer was isolated 0.6 g
out under inert atmosphere (argon). (81%) of acid Il .

Reaction of tribenzylphosphine oxide with
2,2-dimethylpropanal. In the same wayfrom 1 g
(3 mmol) of tribenzylphosphineoxide, 0.35 g
(9 mmol) of sodium amide, and.39 g (4.5mmol) of
2,2-dimethylpropanal \() in 40 ml of THF was

EXPERIMENTAL

Reaction of tribenzylphosphine oxide with benz-
aldehyde in a system NaNH-THF (seetable, run
no. 1). To a heated to 560°C solution of 0.7 g
(2.2 mmol) of tribenzylphosphine in THF (40 ml)
was added).26 g (6.6mmol) of sodium amide, the : _ - mi va
reaction mixture was stirred at reflux for 1(within ~ obtained0.35 g ofviscous organic mixture containing
10 min the reaction mixture turned bright yellow), according to its'H NMR spectrum 68% of F)-1-
and then0.23 g (2.2mmol) of aldehydd was added (1,1-dimethylethyl)-2-phenyletheneX) (yield 50%),
thereto. The mixture walsoiled for 1 hmore,cooled 15% of )-1,2 -diphenylethene (yield10%), and
to room temperature, and diluted with water (35. 17% of tribenzylphosphine oxide (conversion 949%).
The reaction products were extracted into etheifhe mixture obtained was washed with small portions
(3x10 ml). Theextract was washed with water X2 of ether, theether was removed, and the residue was
8 ml), dried with potassium carbonate, ether waswashed with pentane. We obtained as an individual
distilled off, and theresidue was dried in a vacuum. product ethené (viscousfluid). *H NMR spectrum
We obtained0.35 g (88%) of E)-1,2-diphenylethene (CDCl;), 6, ppm: 1.08 s (9H, CH), 6.23 d (1H,
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12.2 Hz), 6.77 d (1H,=CH), 6.87 d (1H, H,

7.36 m (5H, GHs) is in agreement with the published 3J,;sy4 1.1 Hz), 7.267.52 m (5H, GH:). CgHs). The

spectrum [23].Found, %: C 89.49; 19.34. G H.
Calculated, %: C90.00; H 10.00. From thevater
layer was isolated0.57 g (78%) ofacid Il .

Reaction of tribenzylphosphine oxide with
1-methylimidazole-2-carboxaldehyde.In the same
way from 1 g (3 mmol) of tribenzylphosphirexide,

chemical shift of H proton was not determined
because of overlapping with the signals ofher
protons.Acid Ill was isolated from the water layer
in amount of 0.58 g (79%).

Reaction of tribenzylphosphine oxide with thio-
phene-2-carboxaldehyde.In the same wayfrom

0.35 g (9 mmol) of sodium amide, and 0.5 g 0.7 g (2.2mmol) of tribenzylphosphinexide, 0.26 g
(4.5 mmol) of 1-methylimidazole-2-carboxaldehyde (6.6 mmol) of sodium amide, an0.34 g (3mmol)

(VI) in 40 ml of THF was obtaine@.42 g ofviscous
organic mixture containing according to ftisl NMR

spectrum 62% of 1-(1-methylimidazol-2-yl)-2-phenyl-

ethene XI) (yield 42%), 13% of E)-1,2 -diphenyl-
ethene (yield10%), and 26% otribenzylphosphine
oxide (conversior90%). Themixture obtained was
washed with small portions oéther, theether was
removed, and the residue wasshed with pentane
and dried in a vacuum. We obtainegthene XI
(viscous fluid) as a mixture ofE- and Z-isomers
(Xla, b), E:Z= 7.4:1.'H NMR spectrum (CDG)),
3, pgm, ofetheneXla: 3.69 s (3H, Clzlg), 6.85d (1H,
H>, 33,°,* 1.0 Hz), 6.89 d (1H=CH, °J,,,;, 16.2 Hz),
7.06 d (1H, H), 7.20-7.52 m (5H, GHg), 7.56 d
(1H,=CH); of etheneXlb: 3.23 s (3H, CH), 6.39 d
(1H, =CH, 33, 12.2 Hz), 6.79 d (1H, B 3Js4¢
1.2 Hz), 6.80 d (1H,=CH), 7.20-7.52 m (5H,
C¢Hs). The chemical shift of Fi proton was not

determined because of overlapping with the signals of

other protonsAcid Ill was isolated from the water
layer in amount 0f0.42 g (57%).

Reaction of tribenzylphosphine oxide with
1-ethylimidazole-2-carboxaldehyde. In the same
way from 1 g (3 mmol) of tribenzylphosphirexide,
0.35 g (9 mmol) of sodium amide, and.56 g

of thiophene-2-carboxaldehydé/I{(l ) in 40 ml of
THF was obtained0.33 of crystalline mixture
containing according to itsH NMR spectrum 70%
of (E)-1-thienyl-2-phenyletheneX() (yield 56%), 8%

of (E)-1,2 -diphenylethene (yield6%), and 22% of
tribenzylphosphine oxide (conversioB9%). The
mixture obtained was washed with small portions of
ether, theether was removed, and the residue was
washed with pentane and dried invacuum. We
obtained ethene&l as an individual compound, mp
108-109C (publ. 11:112C [24]). H NMR
spectrum (CDG)), 8, ppm: 6.91 d (1H=CH, 33,
16.1 Hz), 6.98 d.d (1H, #H 33,445 3.4, 33 a5
5.1 Hz), 7.04 d (1H, B), 7.16 d (1H, H), 7.20 d
(1H, =CH), 7.22-7.43 m (5H, GHs). Found, %:

C 76.92; H 5.38; S 16.81. GH,,S. Calculated, %:

C 77.19; H 5.40; S 16.98. From theater layer was
separated0.39 g (72%) ofacid Il .

Transformation of tribenzylphosphine oxide
in a system NH-THF. To a solution of 0.7 g
(2.2 mmol) of tribenzylphosphine oxide in 40 ml of
THF heated to 580°C was added 0.26 ¢
(6.6 mmol) of sodium amide, and reaction mixture
was stirred at reflux for 2 h, cooled, arahalyzed
by 3P NMR method. The spectrum of the reaction

(4.5 mmol) of 1-ethylimidazole-2-carboxaldehyde mixture in DMSOQO#; contained two signals a®

(VIl') in 40 ml of THF was obtaine0.35 g ofviscous
organic mixture containing according to ftisl NMR

spectrum 88% of 1-(1-ethylimidazol-2-yl)-2-phenyl-

ethene XIl) (yield 52%), and 12% of §)-1,2-di-
phenylethene (yield’%). The mixture obtained was
washed with small portions oéther, theether was
removed, and the residue wasshed with pentane
and dried in a vacuum. We obtainesthene XII
(viscous fluid) as a mixture ofE- and Z-isomers
(Xlla, b), E:Z= 6:1.'H NMR spectrum (CDG)),
8, ppm, of etheneXlla: 1.42 t (3H, CH, 33,
7.3 Hz), 4.05 q (2H, CH), 6.87 d (1H,=CH, 33,
15.8 Hz), 6.90 d (1H, B 3J 542 1.1 Hz), 7.08 d
(1H, HY, 7.20-7.52 m (5H, GH:), 7.59 d (1H,
=CH); of etheneXllb: 1.18 t (3H, CH, 33,
7.3 Hz), 3.65 q (2H, CH), 6.37 d (1H,=CH, J 4

ppm: 41.8(assigned to tribenzylphosphine oxiore by
comparison with the spectrum of an authentic sample),
and 30.1that was assigned to phosphorane (B) [reac-
tion (3)] basing on the data dfl8]. The reaction
mixture was diluted with water (4fnl), the reaction
products were extracted into etherx(30 ml), the
extract was dried with potassium carbonate, the ether
was distilled off, and the residue was dried in a
vacuum. We obtaine®.29 g of crystalline residue
that according to'H NMR spectrum contained 56%
of tribenzylphosphine oxide and 44% oE)(1,2-di-
phenylethene. The mixture obtained was washed with
small portions ofether.Thus was separate@i21 g of
tribenzylphosphine oxide (conversiof0%). On re-
moving ether from the ether washings and on re-
crystallization of the residue from ethanol we obtained
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0.06 g (15%) ofethenell . From thewater layer by
the usual procedure was separated 0.2 g (37%}iof

.
(*H and 'P) are consistent with the published

The NMR spectra of ethen¢ (*H) and acidlll

spectra [3,21].
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