Functional Materials 8, No.4 (1996) © 1996 — Institute for Single Crystals

p- Ye6— 507

Phosphonium salts and ylides in
diarylethylenes and diarylacetyvlenes syntheses

V.M. Listvan

Zhitomir State Pedagogical Institute, 40 B.Berdichevskaya St.,
262008 Zhitomir, Ukrains

Received October 10, 1995, after revision September 3, 1996

Possibilities of phosphonium salts and ylides use to synthesize organic luminophors
have been discussed. Diarylethylenes are obtained from triphenylphosphonium salts of
benzyl type and aromatic aldehydes by Vittig reaction, realized in various ways: in
anhydrous alcohol with use of alcoholates or ifi two-phase system. Salts that contain
electron-accepting groups interact with active aldehydes in the presence of triethylamine.
Diarylacetylenes are obtained by thermolysis of acylated ylides. Methods have been devel-
oped to obtain such ylides by acylation of unstable arylidene phosphoranes with aroyl
chlorides in a two-phase system. Esters of arylpropenic {(cinnamic) acids are obtained from
cholesteryl-containing phosphonium salts. Many of them possess character of luminescent
liquid crystals. Some of phosphonium salts as such are organic luminophors.

Howasana BosmosmocTs npumenerusn GocGOHMEBLIX COMell M WINIOB A CHHTE34 Opra-
HHYeCKHX JunoMuuohopos. Huapunstiinensl noaydaiores ua TpudenundocdorueBbix coell
GeH3MIPHOTO THIA ¥ APOMATHYECKHUX AJIBAECMEOB IO DeaKLidy BHUTTHra, TPOBOJUMON DASHEI-
MU BapHAHTAMHK: B a6COJIOTHOM CIMPTE C HMCIOJL30BAHNEM LIKOTONATOB Jubo B AByX(pasHolk
cucteme. Conm, cojepixaiune B OGeHSMJILHOM pPaJHKale 3JIeKTPOHORKIIENTOPHLIE I'PYIIILL,
PearupyOT ¢ AKTHBHBIMU AJbIeTMIAMM B IPHCYTCTBHM TpHITMIaMHUHA. [JUapuialeTHIeHE]
HONYYEHBLl TEePMOJU3OM ALIMJMPOBAHHBIX HJINIOB. PaspaboTaHa MeTOIMKA CHHTE3a TAKIX
HIHIOB AUMJIMPOEAHIEM HeCTaOHJIBHEIX apiInieEdoc@opPa OB apCUHIXIOPULAMY B IBYyXdas-
HOH cucreMe. K3 Xosecrepuincogepaxarrerl GpochoHUeBoH CONM NONyYeHbl 3(DUDPEl APHIIpPOLe-
HOBRIX (KOPMUHBIX) KHMcaoT. MHOTHe 13 HUX OBMANAIOT CBOHCTBAMM JIOMWHECHIEHTHBIX JKUI-
KHX KpHUCTaJIOB. Hekoropsie u3 docoHMEBLIX cONed CAMH SBISIOTCA OPTAHHUYECKUMIU JIIO-
MHHocbophMM..

Diarylethylenes and diarylacetylenes con-
sist an important and large enough class of
organic luminophors [1, 2]. A series of
methods is known to obtain diarylethylenes
containing polycyclic rings and complex
heterocyclic systems [3]. Here, we shall re-
strict ourselves to several typical examples
described in works published recently and
neot included in the review [31

By the reaction of aryldibromoethanes
with biphenyl and terpheny! halide deriva-
tives in the presence of titanium chloride,
diarylethylenes were obtained containing
bromine and iodine atoms which are fluores-
cence quenchers [4]. Substituted benzyl-
bromides give {rans-stilbenes under the ac-

-
S
s

tion of lithiwm diisopropylamide [5]. By
5-arylfurfurols condensation with malonic
acid, 3-arylpropenic acids have heen ob-
tained, arvilation of those by aryldiazonium
salts results also in diarylethylenes forma-
tion [8].

Known reactions of methylarenes with
aniles of aromatic aldehydes {77 or the con-

densation with aldehydes as such [8] have
.been used fto obtain heterocyclic bis-styryl

derivatives. Diarylethylenes containing

complex heterocyclic systems are effective

luminophors {1, 9-14]. Some of thoses are
t

obtained [10, 47 using the PQ-sctivate

olefination method, therewith, trans-iso-

mers are formed.
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In spite of a wide variety of diarylethyle- -

nes obtaining methods, the most widely
used one is the Vittig reaction. This state-
ment is confirmed by a great number of
publications where that method is used.
Those works are discussed in part in the
monograph [1] and reviews [2, 3].

In syntheses under consideration, initial
products are phosphonium salts of benzyl
type 1, formed of benzylhalides and
triphenylphosphine, and aromatic alde-
hydes. Under the action of corresponding
bases (metal alcoholates, sodium amide,
phenyl- or buthyllithium, etc.), the salts 1
are converted into ylides (benzylidenephos-
phoranes) 2 which react with aldehydes
forming ethylene derivatives 3.

}
ArCHQ ot CH=CH—AT
3

. -
[PhaP—CHANX :—H~—E}(—»Ph3P=CH‘—A( “PhaPO
1 2

As a classical example of such a synthe-
sis, the work [15] can be mentioned dealing
with obtaining of 1,2-di(1-naphtyljethylene
and phenylnaphtylethylene with subsequent
separation of the obtained isomers mixture
and isolation of pure cis- and trans-isomers.
Di- and polystyryl derivatives are obtained
from bis-phosphonium salts or dialdehydes,
or else by a step-by-step synthesis [16-19].
Using the Vittig reaction, diarylethylenes
containing ester groups were obtained [20]
as well as complex hetarylethylene deriva-
tives of diarylozazoles and oxadiazoles
[12,13].

We have used Vittig reaction to obtain
diarylethylenes 3 containing condensed
naphtaline, phenantrene and pyrene groups
from corresponding phosphonium salts and
aldehydes [21]. The syntheses were per-
formed in absolute ethanol using soditim
ethylate as the base. Therewith, diaryl-
ethylenes fall out into precipitate; some-
times, a slight solution dilution with water
is required to that end.
As a rule, cis and trans
isomers mixtures are
formed. In some cases,
isomers differ apprecia- 4
bly in the solubility and
can be separated by
crystallization with
subsequent chromato-
graphic purification on
alumina. Less soluble
trang isomers are easier
to obtsin in a pure form
by single- or two-staged

3
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+ — Ef3N
PhsP—CH, CO—Ph|Br xT—gr PhyP=CH CO—Ph
HBr

crystallization, sometimes in the presence
of iodine traces. The mixzture can be trans-
formed into trans isomer by boiling in
xylene, toluene or other high-boiling sol-
vent containing iodine traces.

Some regularities are observed as to
amount ratio of formed geometric isomers
depending on the aromatic radical nature
both in phosphonium salts and aldehydes.
Stronger steric hindrances in aryl radicals
resuit in an increased amount of the frans
isomer. So, 1- and 2-naphtoic aldehydes
give approximately equal amounts of cis
and trans isomers in the Vittig reaction. In
cases of 9-phenanthrenecarbaldehyde and 1-
pyrenecarbaldehyde, the trans isomer is the
meain constituent of the reaction products
mixture, while highly sterically hindered 9-
anthryl group in aldehyde molecule as weil
as in phosphonium salt one favours almost
exclusive trans isomer formation.

Some functionally substituted diarylethy-
lenes have been synthesized using the same
method, e.g., benzophenone derivatives
from the phosphonium salt 4 [22]. Carbonyl
group being an electron acceptor enhances
acidic properties of the salt 4, does decrease
the ylide 5 basicity due to a negative charge
displacement from the ylide carbon atom

_and enhances its stability. This makes it

possible to use not only strong bases as so-
dium ethylate, but also much weaker ones,
e.g. triethylamine, to convert the salt 4
into ylide 5. Triethylamine interaction with
the salt 4 is reversible and its equilibrium
is shifted towards the phosphonium salt 4.
However, under activated aldehydes use,
such as 4-nitrobenzaldehyde, 2,4-dichlo-
robenzaldehyde or pyridine-3-carbaldehyde,
5-phenylfurfurol, the Vittig reaction pro-
ceeds easily enough during several hours at
room temperature under formation of
diarylethylenes 6 containing a benzophe-
none fragment.

5 ,
5a O 8
, / o\
Ar = 2,4-ClyCata, 40,NCeHa, (
N .
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The reaction with these and other alde-
hydes, including those reacting only slowly
in the presence of triethylamine, can be per-
formed using an interphase catalysis in the
presence of an aqueous alkali. :

NaOH _
CHoCly

Ar—CHO .
4 > §

Diarylethylenes 9 containing an anthra-
quinone group were synhtesized from phos-
phonium salts 7 through intermediate aryli-
denephosphoranes 8. Initial methylanthra-
guinones were brominated using N-bromosuc-
cinimide. Bromomethylanthraquinones do
react easily with triphenylphosphine forming
colorless salts 7. The latter, when subjected to
a base action, become converted into anthra
quinonelmethylen{triphenyl)phosphoranes 8
having emerald-green color. Ylides & may exist
for several hours in solutions provided the lat-
ter do not contain substantial water amounts.

" However, they are {o¢ instable for their isola-
tion and storage under ordinary conditions. In
a basic medium (a homogeneous alcoholic-aque-
ous solutinn), those become hydrolyzed after
several minutes.

JRNLIEE K L.

R = H,Ch3,
O
B
7 e
~HBr
R
© g

Phosphoranes & react easily in ordinary
conditicns with aromatic aldehydes forming
styrylanthraquinones 9 [28]. The synthesis
was performed using two methods: either
with triethvlamine as a base, or in two-
. phase system with an alkali (it is possible to
proceed also in the absolute alcohol with
alcoholates). Phosphonium salts 7 do react

reversibly with triethylamine, since the lat-.

ter is an insufficiently strong base, forming
vlides 8. Although the equilibrium is
shifted to the left and the ylide & concen-
tration in solution is low, the use of rather
active aldehvdes, as nitrobenzaldehydes, di-
chlorosalicylic, alpha-haphtoic, pyridine-3-

L88

CH=PPh,

carbaldehyde, B5-bromo- and 5-phenylfur-
furol, results in that the Vittig reaction
proceeds fast enough (from one hour to sev-
eral ones at 20°C) with diarylethylenes 9
formation.

ArCHO
7 + Et;N=—==s Et;N*HBr + 83 ———>9

Less active aldehydes do react more
slowly under such conditions. Much faster
(usually in several minutes) is the reaction
in two-phase system CH,Cly—50-percent

NaQOH.
NaOH ArCHO 9
CH,Cl,

Styrylanthraquinones are obtained in the
form of a cis and trans isomeres mixture,
the former are prevailing appreciably.
Trans isomeres having a lower solubility
can be isolated as pure compounds using
multiple crystallization. The mixture can be
also separated on an alumina column or
isomerized into the trans product in the
presence of iodine traces.

CH2 PPh3Br

O 7

CH=CH—Ar

20 (Y XOX

Phosphonium salts and ylides can be
used as intermediates to synthesize another
luminophors group similar to diarylethyle-
nes, namely, diarylacetylenes. One of possi-
ble ways to obtain the latter is the ther-
molysis of corresponding acylated ylides
[24}. Using that method, a series of diary-
lacetylenes was obtained containing anthra-
cene, phenantrene, pyrene and chryzene
groups. Initial acylated phosphoranes re-
quired to that end were obtained from phos-
phonium salts 1 by conversion of the latter
into arylidenephosphoranes 2 using phenyl-
lithium in absolute xylene and under nitro-
gen atmosphere with subsequent addition of

Functional materials, 3, 4, 1996
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a carboxylic acid chloride. This is an usual
procedure to acylate instable ylides.

To simplify the synthesis, a procedure
was developed [25] to acylate instable
arylidenephosphoranes 2 using the inter-
phase catalysis in a two-phase system
(CH,Cly~50-percent NaOH). The initial salt
1 of benzyl type was dissolved in methylene

chloride, the concentrated alkali sclution
was added and salt itself is the phase trans-
fer catalyst. It extracts OH~ ions from the
aqueous solution and, under their action,
converts itself into ylide 2 that reacts fur-
ther with the aroyl chloride giving the acy-
lated ylide 10.

Anthraquinonylphosphoranes 8 are acy-
lated in similar conditions {23, 26]. Stable
ylides 13 were obtained containing an-

thraquinone groups. When thermolyzed
(200—220°C), those give arylethynylan-
thraquinones 14.

CO Ar

-PPhy .
NaOH _, ACOC 200-220°

CH,Cl, ~ NaOH

W

| ==C -
i\&\ CoaCo-Ar

— wi

i
il

7

)
14
p ~ _NaOH — A Ar—COCI o
{Ph3P—CHyAriX W PhsP=CH—Ar NaoH . PhaP ._(1; Ar
! COAr
CHArX 10
200-220°

10 ——— Ar—

C=C —Ar + Ph3PO

Ar = Ph. RCgHy, 2,4-ClyCgHa, 1-C1gHy, 2-CoHy, Biph.

OO OO Q-

\.
|
i

/\/\7
QIO

Acylated ylides 10 are crystalline and, in
contrast. to 2, stable substances which can be
isolated and stored in ordinary conditions.
Their yields, as calculated on initial salts 1
{chloroanhydride must be used in excess), are
about 50 to 70 %, but can attain 85 % in the
case of anthraquinone derivatives (see below).
Some of those were subjected to thermolysis
(therewith, the intramolecular Vittig reaction
proceeds). As a result, diarylacetylenes were
obtained, for example,11 and 12, with high
stage yields (80-90% on the ylide 10).

) @)
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Still another compounds group which
may be of a practical interest and can be
synthesized through phosphorylides are
cholesteryl esters of 3-arylpropenic acids
15. Some compounds of that series are al-
ready in use as liquid crystals forming
high-temperature and thermodynamically
stable mesophases [27] and are now in pro-
duction on industrial scale. Such esters
were usually synthesized by acylation of
cholesterol using suitable unsaturated acids
at a high temperature or, what is better,
their anhydrides or chloroanhydrides. How-
ever, substituted cinnamic acids are not al-
ways stable under those conditions. More-
over, their assortment is limited, their de-
rivatives being still less available.

A method is developed to obtain esters
15 using the Vittig reaction from the phos-
phonium salt 18 containing cholesterol and
aromatic aldehydes. The reaction is per-
formed under surprisingly mild conditions
and in a simple way. It is sufficient to dis-
solve the salt 16 and the aldehyde in etha-
nol and to add triethylamine; a few minutes
later, the product 15 starts to crystallize

499
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(in the scheme below, Chol = cholesterol
group).

Etai

+ -
[PhP—CR,COOChol]CI  ——— PhyP == CH—COOChol

-

16 .

ArCHO

ArCH=— CH—COOChol
15

(O
Q CH=CH —c//\ O\J
O N
17

CH=CH-COO—

Ar—N=N
OH
18
CholOOCH—CH=CH—@~—CH=CH-—COOChol

19

(ICH:CH—COOChol

CH=CH—COOChol
20

Resides of being liquid crystals, some es-
ters 15 possess luminescent properties (i.e.
are luminescent liquid crystals). Most of
those are colorless in ordinary conditions;
anthracene (Ar = 9-anthryl) and pyrene (17)
derivatives are colored vellow, compounds
18 containing an azo group are red.

Luminescent liquid crystals 18 and 20
were obtained from terephtalic and phtalic
aldehydes, respectively, and the salt 186.

Some phosphonium salts and stable phos-
phorylides as such are organic luminophors.
in first turn, compounds containing polycy-
clic - naphtaline, anthrecene, pyrene and
other similar groups are to be mentioned in
this connection. For example,
phonium anthracene salt 21, which is easy
to obtain hy 9,10-di{chloromethyljanthra-

bis-phos-

500

cene heating with triphenylphosphine in di-
methylformamide [28]:

CH,CI .
OO0 = —
CH,Cl )

+ —_
CH, —PPhCl

_— QO 21

+ —
CH, —PPhsCl

It is of importance that the salt 21 is
soluble not only in polar organic solvents,
but alsc in water. That property distincts it
from many other anthracene derivatives
which are luminescent to one extent or an-
other but are not water-soluble, so their
application range is limited.
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®ocdounicsi comi Ta ipinu B cuHTe31
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B.M.Jlucmaan

TToxkasagro MOYKJIUEBICTS BUKOPUCTAHRHA dpochorieBUX conmett Ta igimis mnA CUHTE3Y
OPraHivHMIX noMiHOQOPIB. IiapumeTuaesH OTPUMYIOTE 3 Tpﬁc})eﬁimboctbomegmx coneit OeH-

sipgpHOro THIY. 1 apoMaTHIHUX ABpIerifiB 33 Peaxrmiero Birrira,
B aBCONIOTHOMY crupTi 3 BUKOPHCTOHEAM

paniaHTAMM!

rexi. Comi, Lo MICTATE ¥ GeHsUNBLHOMY Dafn

JOTH @ AKTHMBHIMU anpaerifamMu
TePMOTIZOM AIIIABOBAHNX inigis.

PoapobiieH
HaM HecTabLIBHIX apnni;nempoc@jbpaﬁia apoi

qxa 3FIACHIOETLCH pisEMH
anKoTONATIE abo B prodasHill CHC-

®atl eJIEKTPOHOAKIIEITOPHL TPYIH, BIAEMOTL-
v HPHCYTHOCTI TpHeTHAMIHY. JliapunaneTHIeHH nmobyTi
o0 MeTONWKY CHETE3Y paRyX LTifiB alnioBaH-
NIXIOPUAAMA Y xpodasHii cucTemi. 3 xomecTe-

p;mémicnoi cbocc‘;)oniego'i coni mobyTo edipu QpUANPOIEHOBHX (Hopwmmx) KUeJIOT. DaraTo 8
HIIX MaoTh RIACTUBOCTI IOMIHECLEHTHHX PLIKIX

cami 1o cobi € oprafiuHuMy moMinodopaMu.
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