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The Synthesis of Alkenes via epi-Phosphonium Species: 2. A
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Abstract. Stilbene may be synthesised with Z-selectivity from (ct-bromobenzyl)benzyldiphenylphosphonium
bromide by the action of amine bases. A series of stilbenes was synthesised by the action of N-bromosuccinimide
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phosphonium analogue of the Ramberg-Backlund displays cis selectivity. The dibenzyldiphenylphosphonium salts
were prepared by the one pot polymeththydrosiloxane/titanium(IV) isopropoxide mediated reduction/alkylation of
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In the previous paper! we outlined the synthesis of alkenes from 1,2-phosphinyl alcohols and proposed a
mechanism involving the formation of a transient epi-phosphonium salt. To show that the formation of these
species 2 is reasonable, and that they can serve as precursors to alkenes, we developed a Ramberg—Bicklund-
type? reaction (1 — 2, scheme 1).3 We now present the full details of that study. We chose to make the epi-
phosphonium salt 2 by construction of the carbon-carbon bond as the ring-forming step. This was to be
achieved by the intramolecular displacement of a nucleofuge present at the o-position by the ylide formed at the
o'-carbon atom of a phosphonium salt 1.
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The substituted bis(benzyl)diphenylphosphonium salts 1, were prepared by the alkylation of the appropriate
substituted benzyldiphenylphosphine. However, benzyldiphenylphosphine oxides are difficult to prepare by the
reaction of benzyltriphenylphosphonium salts with sodium hydroxide. For example when benzyltriphenyl-
phosphonium bromidc is heated under reflux with dilute sodium hydroxide (30% w/w), triphenylphosphine
oxide and toluene are obtained.4-> Fortunately benzyldiphenylphosphine oxide 5 can be prepared in large
quantities using another known method.® Triphenylphosphine and dibromomethane were heated under reflux in
toluene to produce (o-bromomethyl)triphcnylphosphonium bromide 4. When this phosphonium bromide 4

was treated with dilute sodium hydroxide at reflux, benzyldiphenylphosphine oxide § (scheme 2) was obtained
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CH,Br, B’i NaOH Q
PhsP —— Ph3P/ Br —— Ph,P~ Ph + Ph,P—Me
A 4 81% 5 5:660:40 6
Scheme 2

To prepare the series of phosphonium salts 1 a reliable method for the reduction of
benzyldiphenylphosphine oxide 5 was required. Previously we reduced phosphine oxides to phosphines by
using Imamoto’s reagent, lithium aluminium hydride/cerium (III) chloride.! This rcagent was sufficient for our
needs at that time. However, we were anxious to find conditions that were easier to use and most importantly
avoided the need to isolate the phosphines which are sensitive to autoxidation. Reduction of 5 with
trichlorosilane’ in the presence of triethylamine followed by in situ quaternisation with benzyl bromide gave
bis(benzyl)diphenylphosphonium bromide 7a (46%)(scheme 3). Although this method gave the required
malerial, the use of trichlorosilane, which is difficult and unpleasant to handle, makes the method far from ideal.

0O Br-
1 A with C1,SiH + A~
Php” R > R OR R
with EtO551 Ph” Ph
5 A: 46%; B: 98% 7a R! =Ph, R? = Ph,
A: 1. CI3SiH/EN, CH;CN, 70 °C, 3 h. 2. PhCH,Br, CHCI;, reflux, 2 h.
B: 1. (Et0);SiH/ Ti(O'Pr),, THF, reflux, 1 h. 2. PACH,Br, THF, reflux, 1 h
Scheme 3
Berk and Buchwald® had recently found that titanium(IV) isopropoxide is an efficient calalyst for the
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isopropoxide would serve as a catalyst in the triethoxysilane reduction of phosphine oxides. First, we attempted

ys
the reduction of benzyldiphenylphosphine oxide § with triethoxysilane and titanium(IV) isopropoxide under the
standard conditions described by Buchwald. The reac
which we helicve to be hydrogen, to give benzyldiphenylphosphine as judged by crude 1H NMR and tlc (SiOo,
EtOAc), in almost quantitative yield. We were confident that the phosphine would be quaternised in sifu by
addition of an alkyl halide since Buchwald had reported that benzyl chloride is not reduced by triethoxysilane and
titanium(IV) isopropoxide. Indeed, the bis(benzyl)diphenylphosphonium bromide 7a was obtained in 98% yield
by the addition of benzyl bromide in the same vessel without isolation of the phosphine (scheme 3).

The use of triethoxysilane is not ideal since it is toxic? (possibly causing blindness), and although it is
commercially available, it is not cheap. Additionally, when no reductant is present, titanium(IV) isopropoxide is
able to catalysc the disproportionation of the triethoxysilane generating silane (SiHy), a pyrophoric gas. The use
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of the Buchwald system [Ti(O!Pr)4/(Et0)3SiH] on a large scale with a slight excess of silane has resulted in an
explosion.1® We therefore looked for an alternative silane from which to generate the titanium hydride species.
Polymethylhydrosiloxane, Me3Sif(CH3)HSi10],08iMes, (PMHS) appeared to be an attractive substitute. Itisa
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Scheme 4

non-toxic, inexpensive, readily available polymer, that is soluble in most organic solvents. It is also generally
inert in the absence of catalysts. The silane is not volatile, and as far as we know, not toxic. In addition it does
not rapidly undergo disproportionation with titanium reagents. PMHS has previously been used to reduce
phosphine oxides albeit at elevated temperatures. The rcaction involved simply heating the
benzyldiphenylphosphine oxide § (1 mmol) with polymethylhydrosiloxane (10 mmol) and titanium(IV)
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isopropoxide (1 mmol) in tetrahydrofuran under a nitrogen atmosphere. The phosphonium salts 7b-e were
isolated in excellent yield by the addition of the appropriate benzyl bromide (2 mmol)(scheme 4).

The new reducing system [PMHS/Ti(OPr)4] is now our favoured method for the reduction of phosphine
oxides.1l Recently, our group has extended the utility of this reagent by reducing a series of esters and
carboxylic acids.i? The symmetrical bis(2-methyibenzyl)diphenylphosphonium bromide salt 7f was prepared by
the method of Cristau and Ribeill.13 Reaction of lithium metal with triphenylphosphine gave lithium
Al v s A S xrne dactes Al o | P L a2 .
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with a-bromo- xylene finally gave the symmetrical salt in 48% yield, as shown in scheme 5a.

1. LVUTHF, r.t., 12 h. | | Bh B o Br Ph
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3. «Bromo-o-xylene K) u Ph Ph 2. Br,,-78 °C Ph’l;Ph
48% 72%
Scheme 5a Scheme 5b

With the dibenzyldiphenylphosphonium salts 7 in hand, we next needed to functionalise the o-position to
give salts of type 1; we chose a halogen as a good leaving group. Treatment of dibenzyldiphenylphosphonium
bromide 7a with n-butyllithium (1 equivalent) at 0 °C followed by bromine (1 equivalent) at -78 °C gave the o-
bromophosphonium bromide 1ai4 (scheme 5b). We also tried to obtain the a—bromophosphonium salt 1a by
alkylauon of benzyldlphenylphosphme with benzal bromide (o,0-dibromo- tol uenc), which if successful would
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Alkali metal hydroxides have often been used as the base in Ramberg—Bicklund reactions.? When
potassium hydroxide was used to promote the reaction of the oi-bromophosphonium salt 1a no Ramberg—Béck-
lund type reaction was observed. Benzyldiphenylphosphine oxide § and benzyl bromide were isolated. This
result is not surprising as quatcrnary phosphonium salts undergo hydrolysis under these conditions. However,
when the o-bromophosphonium bromide 1a was treated with triethylamine (scheme 7, table 1), stilbene 3a was
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Table 1. Reaction of bromobenzylphosphonium salt 1a with amine.

Amine Yield of E/73 Recovered
stilbene 3a (%) Ta (%)

Triethylamine 78 22:78 9

Diisopropylamine 65 2575 31

2,2,6,6-Tetramethylpiperidine 61 20:80 ~350
Hexamethyldisilazane 44 22:78 ~50b
1,8-Diazabicyclof5.4.0lundec-7-ene 40 20:80 ~10bc
Diisopropylcthylamine 40 20:80 48b

a. As measured from the 1H NMR spectrum of the crude reaction mixture and/or gas
chromatography of the isolated product,; b. As estimated from the IH NMR spectrum of the crude
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reaction mixture.; c. In addition to 7a benzyldlphenylphosphme oxide 5 (approx 40%) is present.

The reaction of a-bromophosphonium bromide 1a with the amines was complicated by the formation of
dibenzyldiphenylphosphonium salt 7a. If the base only attacks the o'-hydrogen of the phosphonium salt 1a we
would expect the reaction to be high yielding. However, a side reaction must be occurring which involves the
attack upon the bromine atom by the base. In the reaction of triethylamine we isolated the stilbene (78% yield)
and dibenzyldiphenylphosphonium bromide 7a (9%). We then attempted the reaction with a variety of bases to
see if we could reduce the amount of the by-product 7a (sce table 1). Unfortunately we were not able to find
conditions where this was the case. Indeed with some bases further by-products were obtained; with 1,8-
diazabicyclol[5. 4 OJundec-7-ene (DBU) stilbene (40%) was obtained in poor yield together with 7a and benzyl-
alpnenylpnosp ne oxide 5. Th

1 1ex 1n 'r\

Z- SGICCT.IVIIy (WDICD was measured from the ‘H N spectrum of the crude
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would be analogous to the Meyers' carhnn tetrachloride/notassinm hvdroxide )
berg—Bicklund reaction.16 We next investigated the reaction of the ylide anion of 7a. The Vhde anion of 7a was
prepared by addition of two equivalents of n-butyllithium, according to the method of Walker,!” and treated with

one equivalent of bromine. The reaction produced stilbene 3a (E/Z, 33:67) but in poor yield (42%)(scheme 8).
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The direct transformation of 7a into stilbene was achieved by reaction with 2,2,6,6-tetramethylpiperidine
(TMP) and N-bromosuccinimide (NBS) in chioroform at room temperature (scheme 9). The other symmetrical

and un- symmemcal d;benzylphosphomum salts 7b-f were subjected to these reaction conditions. The cis:trans
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Table 2. Synthesis of stilbenes from phosphonium salts 7
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R P R —— 2
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r.t, 3
Ta-f Z/E-3a-f c Ph 2-MeCgHy 79 20:80
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The tetramethylpiperidine is sufficiently basic to remove the a-proton of 7a [pKa approx. (25 "C;
DMSO) = 12]18 to give an ylide that reacts with N-bromosuccinimide. The Ramberg-Bicklund-type reaction
can then occur by deprotonation at the o'-position of 107 to generate the intermediate epi-phosphonium species
2a, as outlined in scheme 10; a mechanism similar to that proposed in the previous paper.

m
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Authentic samples of the alkenes were prepared to aid our NMR assignments by the Wittig
reactioni¥.20.21 (giving a mixture of the E/Z-alkene) and the Horner-Wadsworth—-Emmons (HWE) reactionZ?
(giving only the E-alkene). The benzyiiriphenyiphosphonium saits 8a and 8f were sequentially treated with n—

PR, Ammenmeinta ciihafitiiia PR P

Duty‘uumum and the dppl"()pl'ldlﬁ bUUblILULCU DCIlLdlUCIlyUE {0 pl"UUU(/C a mixture of £- and Z-alkenes UleC .J
scheme 11). The selectivity, or lack of it, is typical of semi-stabilised ylids generated under these conditions.

The trans isomers E-3a-f were prepared by the potassium hydroxide promoted HWE reaction of the diethyl
benzylphosphonates 9a and 9f. The Rambe- g-Bicklund reaction exhibited better cis selectivity than the
conventional Wittig reaction, where comparisions could be made
Br-
A~ 1. n-BuL.i N R\ 2w .
Ph,P R' 2 —> N TR2
. o 2.R“CHO, -78°C F/7 20 f
8a or 8f ’ ’ E/Z-3a-f
P KOH/THF R~
(EtO),P~ "R! > R2
9a or 9f R’CHO E-3af
Scheme 11
Table 3. Synthesis of stilbenes 3a-f by standard Wittig methods
8—-3 9-3
R! R2 yicld (%) | EZ2| vyield(%) | EZ2
3a Ph Ph 81 70:30 75 >98:2
3b Ph 2-MeCgHg4 76 46:54 97 96:4
3c Ph 4-MeCgHy 98 35:65 1 >08:2
ad Ph 4-NO,C<Hy 75 76:24 76 >08:2
TR 1 kz - L‘UA\/DAA‘* I 7 I \J o™V I AT
3e Ph 4-MeOCgHy 65 50:50 92 >98:2
3f 2-MeCgH4 2-MeCgHy 72 36:64 78 >98:2

a. As measured from the 'H nmr spectrum of the crude reaction mixture.
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We believe that the reaction 1 — 3 and 7 — 3 proceed via a mechanism similar to that of the Ramberg-
Bicklund transformation. Clearly this requires the formation of an epi-phosphonium species 2. It is known that
the parent phosphines (phosphiranes) are highly strained and hence highly rcactive.?3 Very little is known about
the reactivity of epi-phosphonium salts.!4 However a recent paper has described the synthesis, isolation and X-
ray crystal structure of i-methyi-1i-phenyiphosphiranium trifiate.%*

78°C, 1 h BN
PhR =i g8p | — =< @
YX.\ FSC\ - S\ _\ TAOL s [N
H U S - I /v n
HI CFs Z/E, 95:5
F,;C ’
10 FaC ST U 12
0, CiMe) 5
R 60 °C
A L A
Me),C C(Me
(Me)sC'  C(Me)s (Me)a (Me)a (b)
13 Z-14
Scheme 12
There is precedent for the decomposition of three membered-ring phosphorus containing compounds to

alkenes. Denney25 has shown that a phosphirane 11 (prepared from 10) containing a pentacoordinate
phosphorus atom decomposes by a stereospecific concerted process to give the alkene Z-12 (scheme 12a). In
our reaction the decomposition of 2 may therefore require attack by a nucleophile (triethylamine or chloride ion)
to produce a similar transient pentacoordinate phosphorus species. Another example relevant to our study has
been described by Heuschmann and co-workers (scheme 12b).26 They found that the extrusion of the
phosphorus group from 13 is clearly stereospecific, giving the thermodynamically less stable cis alkene Z-14.
The stercospecificity of such reverse cheleotropic reactions is well known, including examples of the elimination
of stereochemically defined epi-sulfones.2 A similar process for a phosphinate has also been described.??

The cis selectivity of our new reaction is intriguing and follows the same preference of the Ramberg-
Biacklund reaction for which no defmmve explanauon has been glven 2 Our method Joms several other
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cm3) was added dibromomethane (60 cm3, 0.85 mol) at room temperature. The mixture was heated at reflux for
24 h under nitrogen. The resulting suspension was filtered and the solid dried in vacuo. The crude solid was
dissolved in methanol, preCIpltated w1th EtOAc and washed with Et0, to give phosphonium salt 4 (83.03 g,
50%) as white needles, m.p. 239-240 °C (lit.,3! m.p. 240-241 "C).
s~y A o =" .1 T saANn 2N

5enzwazpnenytpnospmne oxide 3—10 pnospnomum sait 4 UZH 33 g, U.305 mol) in methanoi (12U Cm~) was
added sodium hydroxide (105 g, 2.62 moi) in waier (300 cim3). The mixiure was heaied for 1.5 h at 160 °C (oil-

bath temp.). The mixture was allowed to cool to room temperature and water was added (200 cm3). The

a aviractad with ohlarnform (2 3 100 ~m3 Tha Araanic avtracte waea driad (MaSQ0) .
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in vacuo. The crude solid was rPr‘rvqmthPd from ethanol to g ve phnsph ne oxide § (36.5 g

white needles; m.p. 192-194 °C (ht.32 m.p. 192-193 °C).

Dibenzyldiphenylphosphonium bromide 7a.—To phosphine oxide 5 (5 g, 17 mmol) in dry THF (34 cm3) was
added triethoxysilane (9.4 cm3, 51 mmol) followed by titanium(IV) isopropoxide (0.5 ml) at room temperature.
The reaction mixture was heated under reflux for 1 h and cooled to room temperature. Benzyl bromide (4 cm3,

34 l[llIlUl} was dUUEU dI]U LIIC lCdLL]OH lIll)\LUIE lCllﬂXCU lUl l ll l Ilt: llllXI.ulL wis LUUICU L0 10O0In Luupumuu,

tiltered and washed with ethyl acetate to give the phosphonium salt 7a (7.52 g, 98%) as cubes, m.p. 260-264 °C
(lit.3 m.p. 260 "C).

General method for the preparation of phosphonium bromides 7 from benzyldiphenylphosphine oxide 5 and
PMHS.—To phosphine oxide 5 (3 g, 10.27 mmol) in dry THF (25 cm3) was added PMHS (9 ¢cm3, 154 mmol)
and titanium(IV) isopropoxide (4.5 cm3, 15.4 mmol) at room temperature under nitrogen. The reaction mixture
was heated under reflux for 6 h and cooled to room temperature. The substituted benzyl bromide (20 mmol) was
added to the reaction mixture and heated under reflux for a further 1 h. The mixture was allowed to cool to room
tcmperature, giving a crude solid. The solid was filicred and washed with dry THF (20 cm?).
(4-Methoxybenzyl)benzyldiphenylphosphonium bromide Th.—(4.64 g, 95%) as an amorphous solid, m.p. 140-
141 °C, Rf 0.61 (EtOAc/MeOH, 7:3); Found: C, 67.6; H, 5.3; Br, 16.3. C7H»¢BrOP requires C, 67.9; H,
5.5: Br, 16.7%; Vmax. (KBr)cm-! 2840 (OMe), 1440 (P-Ph); 8!H (200 MHz, CDCl3) 3.62 (3 H, s, CH3), 4.83
{2 H.d,J 140 Hz, CH7Ar), 4.85 (2 H, d, J 14.6 Hz, CH;Ar), 6.52 (2 H, d, J 8.5 Hz, H-3 and H-5), 6.85-

7.67 (17 H, m, 3 x Ph, H-2 and H-6); §13C (75 MHz, CDCl3) 28.9 (d, Jp_c 45.0 Hz), 29.3 (d, Jp.c 45.0 Hz),

~ O~y ~ey P Y ] PR Y a N

55.2, ii4.1, 1i6.0, 1i7.1, 118.8, 1i19.0, 127.6, 127.7, 128.1, i28.7, 129.6, 129.7, 130.7, 130.8, 131.9,
134.3, 134.4, 134.7, 159.3; m/z (FAB), 398 (100%, M + H — Br), 121 (98, PhoPCH2Ph).

(2-Methylbenzyl)benzyldiphenylphosphonium bromide Tc.—(2.29 g, 97%) as a crystalline solid, m.p. 240-24]
°C, R; 0.46 (EtOAc/MeOH, 7:3, v/v); Found: C, 70.5; H, 5.3; Br, 17.8; P, 6.5. Cp7H76Br1P requires C, 70.3;
H, 5.7; Br, 17.3; P, 6.7%; Vmax. (KBr)em-1 1440 (P-Ph); 81H (200 MHz, CDCl3) 1.59 (3 H, s, CH3), 4.95 (2
H, d,J 14.9 Hz, CH>Ar), 5.13 (2 H, d, J 14.6 Hz, CH»Ar), 6.91-7.72 (19 H, m, 3 x Ph, CgHy); 813C (75
MHz, CDCl3) 19.6, 27.5 (d, Jp.c 45.0 Hz), 29.6 (d, Jp.c 45.0 Hz), 116.3 (d, Jp.c 81.7 Hz), 126.0, 126.2,

126.5, 127.7, 128.1, 128.1, 128.5, 128.8, 129.6, 129.7, 1309, 131.0, 131.2, 134.3, 134.4, 134.9, 138.7;
m/z (I*Ab), 381 (IUU‘VO, M+ - 151').

(4-Nitrobenzyl)benzyldiphenylphosphonium bromide 7d.—(2.13 g, 85%) as an amorphous solid, m.p. 229-
230 °C, Ry 0.51 (EtOAc/McOH, 7:3, v/v); Found: C, 63.1; H, 4.3; Br, 16.5; P, 6.1. CysH23BrPNO7 requires
C, 63.4; H,4.7; Br, 16.2; P, 6.3%: vmax. (KBr)cm-1 1440 (P—Ph), 1520 and 1345 (AryINOy); §!H (200 MHyz,
CDCl3) 5.01 (2H, d, J 14.8 Hz, CH,Ph), 5.53 (2 H, d, J 15.7 Hz, CHCgH4NO3»), 6.81-7.80 (19 H, m, 3
x Ph, CgHg); 813C (75 MHz, CDCl3) 29.4 (d, Jp.c 44.3 Hz), 30.0 (d, Jp.c 44.3 Hz) 114.7, 115.8, 123.3,
127.0, 127.1, 128.0, 128.5, 129.6, 129.7, 130.4, 131.5, 131.6, 134.3, 134.4, 1349, 136.1, 136.2, 147.0;
m/z (FAB), 411 (100%, M — H - Br), 395 (26, M — OH - Br), 365 (20, M - HNO7 - Br), 91 (22, PhCH»).
(4-Methylbenzyl)benzyldiphenylphosphonium bromide Te.—(1.94 g, 82%) as a crystallinc solid, m.p. 145-147
°C., Rr 0.42 (EtOAc/MeOH, 7:3, v/v); Found: C, 70.5; H, 5.8; Br, 17.2. Cp7H2¢BrP requires C, 70.3; H, 5.7;
Br, 17.3%; Vmax. (KBr)em-1 1440 (P-Ph); 81H (200 MHz, CDCl3) 2.21 (3 H, d, J 2.46 Hz, CH3), 4.90 (2 H,
d,J 14.4 Hz, CH,Ar), 495 (2 H, d, J 14.7 Hz, CH»Ar), 6.88 (4 H, s, H-2,3,5,6), 7.04-7.71 (15H, m, 3 x
Ph); 813C (75 MHz, CDCl3) 21.0, 29.2 (d, Jp.c 44.9 Hz), 29.4 (d, Jp.c 44.9 Hz), 116.5 (d, Jp_c 82.5 Hz),
124.0, 124.1, 127.6, 128.1, 128.7, 129.4, 129.4, 129.5, 130.6, 130.7, 130.8, 134.3, 134.4, 134.7, 138.0;
m/z (FAB), 381 (100%. M+ — Br).

Bis{o-methylbenzyl)diphenvlphosphonium bromide 7€.—To triphenylphosphine (5 g, 19.1 mmol) in dry THF

(30 cm3) was added lithium metal (0.27 g, 38.2 mmol) under nitrogen. The solution was stirred overnight at
room temperature to give a red solution of lithium diphenylphosphide. Dry distilled +~buty! chloride (2.25 cm3,
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19.1 mmol) was added and the mixture heated under reflux for 1 h. The reaction mixture was cooled to room
temperature and o-bromo-o-xylene (5 cm3, 38.2 mmol) was added. The mixture was heated under reflux for 2
h. The solid was filtered and recrystallised {from ELOAc/MeOH (9:1, v/v) to give phosphonium salt 7f (4.22 ¢

48%) as needles, m.p. 253- 254 °C, Rf 0.63 (EtOAc/MeOH, 7:3); Found: C, 70.4; H, 6.2; P, 6.1. C23H23BrP

~Nn~. TY N, M =Nt VA 748 » YA ;1 1 A AN /7y TN\ clyy /Ann 2 avy AT N 1 EN XY ~
requ1res L, 0.7, 1, 3.9, F, 3‘?’0, Vmax, (KBrycm~ 1444 (F-rn); o*H (LU0 MHz, CDCI3) 1.OY (0 H, S, £ X
AN SNAALT A T1IAQW . A L MIT A £02 7777 (1011 wn Ny DL A M IT A S137 /78 WALT, STV 2N
wng), Jva\an, 4, J 14.7 4, « A CII2AL1), O.203—/./17 {106 11, I, £ ri, 4 Cellg), O (/0 vinZ, UL LY)
106 270 (d T ~AA47 HY 1161 (d JTo ~207 2y 1280 1986 N 17627 1764 179 & 19 5§ 170 4
170, 270 WU, JyP.C 5./ 1iL), 110.1 \U, JP.C OU.L XiLj, 1£3.7, 1£4J.U, 120.7, 1£0.%, 146.J, 1£06.J, 147.4,
129.6, 1309, 131.1, 134.0, 134.2, 134.9, 134.9, 139.0, 139.0; m/z (FAB), 395 (100%, M* — Br)

(c-Bromobenzyl)benzyldiphenylphosphonium bromide 1a.—n-Butyllithium (6.5 cm3 of a 2.5 M solution in
hexane, 16 mmol) was added to phosphonium bromide 7a (7.3 g, 16.3 mmol) in dry THF (20 cm3) at 0 °C and
stirred for 30 min. at 0 "C. The red solution was cooled to —78 “C. In another flask, bromine (0.95 cm3, 18.5
mmol) in dry THF (20 cm3) was cooled to —78 °C under n1trogen The red soluuon was added to the bromine
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recrystallised from methanol to give phosphonium bromxd 1a (6.18 g, 72%) as cubes, m.p. 246-247 °C, R¢
0.56 (EtOAc/MeQH, 7:3, v/v); Found: C, 59.0; H, 4.3; Br, 30.2: P, 5.8. CogH> uires 4
Br, 30.4; P, 5.9%; Vmax. (KBr)cm™! 1440 (P-Ph); 81H (200 MHz, CDCl3) 3.92 (1 H, dd, J :
PCH, HyPh), 5.74 (1 H, t, J 15.4 Hz, PCHHPh), 6.8-7.94 (20 H, m, 4 X Ph), 8.50 (1 H, d, / 6.9 Hz,
BrCHPh); 813C (75 MHz, CDCl3) 28.4 (d, J p.c 44.1 Hz), 38.2 (d, Jp.c 45.0 Hz), 112.8 (d, Jp.c 81.0 Hz),
114.5 (d. Jp.c 87.0 Hz), 128.2, 1289, 129.5, 129.5, 129.7, 130.0, 130.5, 130.5, 131.0, 135.1, 135.3,
135.9, 136.0, 136.0; m/z (FAB), 448 (100%., M + H - Br), 368 (39, M - HBr)).

Standard procedure for the preparation of stilbene by the Rumberg—Biicklund-Type reaction—To phosphonium
salt 1a (1 mmol) in chloroform (5 cm3) was added the amine (2 mmol) at room temperature. After 2-3 h water
(50 cm3) was added and the mixture extracted with chloroform (3 x 25 cm3). The organic extracts were washed
with dilute hydrochloric acid (50 cm?), saturated sodium bicarbonate solution (50 cm3) and dried (NapSO4) and
cvaporated in vacuo. The residue was purified by chromatography (Si02, hexane) to afford E/Z stilbenes. The

ratio of £/Z stilbenes measured from the 'H NMR spectrum of the crude reaction mixture.

A th
bromosuccinimide (3 mm )und r nitrogen. The mixture was stirred at room temperature
cm3) was added and the mixture extracted with dichloromethane (3 x 25 cm3). The organic e

washed with dilute hydrochloric acid (50 ¢m3), saturated sodium bicarbonate solution (50 cm3) and dried
(NapS804) and evaporated in vacuo. The residue was purified by chromatography (SiOp, hexane) to give the

alkcne. The E/Z ratio was measured from the TH NMR spectrum of the crude reaction mixture.
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50 cm3), the m1xtur was extracted with chloroform (3 x 25 cm3). Th
d ised from i

General Method for the Wittig Reaction.—To a stirred solution of triphenylbenzylphosphonium bromide 8a or
8f (1 mmol) in dry THF (10 cm3) was added n-butyllithium (2.5 M solution in hexane, 1 mmol) at 0 °C. After
I h the mixture was allowed to cool to —78 “C. Substituted benzaldehyde (1 mmol) was added at this temperature

s~

and the mixture was aliowed to warm to room Lcmpcnatule Afier 3 h snmng water (2D cm 'y was added. The

mixiure was exiracted with chloroform \3 x 25 LIH"), dried (I‘Vi'EDOA‘) and c:v'apmau,u in vacuo. The residuc was

purified by chromatography (SiO», hexane) to give the alkene. The following alkenes were prepared:
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E/Z—I,Z—Diphgnylethene 3a.—(E/Z, 20:80)(63 mg, 70%), Ry 0.43 (hexane); Vmax. (KBr)em-1 960 (trans
PhC=CPh); §!H (200 MHz, CDCl3) 6.64 (2 H, s, CH=CH for Z), 7.16 (2 H, s, CH=CH for E), 7.27-7.58
(20 H, m, 4 x Ph for E/Z); m/z, (FAB), 180 (100%, M™).

E/Z-1-Phenyl-2-(4'-methoxyphenyl)ethene 3b.20—(E/Z, 40:60)(123 mg, 56%); 81H (200 MHz, CDCl3) 3.80
(3 H, s, OCH3, 7Z), 3.86 (3 H, s, OCH3, E), 6.53 (2 H, s, CH=CH, Z), 6.76 (2 H, d, J 8.7 Hz, Ar H, Z),
6952 H,d, J88Hz ArH, E), 698 (1 H,d, J 16.4 Hz, C=CH, E), 7.09 (1 H, d, J 16.4 Hz, C=CH, E),
7.47 (2H,d,J88Hz ArH, E),7.72 (2 H, d, J 8.7 Hz, Ar Hs, Z), 6.89-7.68 (10 H, m, Ar H, E/Z).

E/Z-1-Phenyl-2-(2 —methylphenyl)ethene 3¢.20—(E/Z, 20:80) (100 mg, 79%); 81H (200 MHz, CDCl3) 2.29 (3
H, s, CHj for Z), 2.45 (3 H, s, CHs for E), 6.65 (1 H, s, CH=CH, Z), 7.09 (1 H, d, J 16.1 Hz, CH=CH, E},
7.35 (1 H, d, J 16.1 Hz, CH=CH, E), 7.16-7.70 (18 H, m, 2 x Ph, 2 x Ar, E/Z); m/z, (FAB), 194 (100%,

E/Z-1-Phenyl-2-(4"-nitrophenyl)ethene 3d.2!—(E/Z, 50:50) (108 mg, 85%); 61H (200 MHz, CDCl3) 6.61 (1
H, d, J 12.2 Hz, CH=CH for Z), 6.82 (1 H, d, J 12.2 Hz, CH=CH for Z), 7.13 (1 H, d, J 16.3 Hz, CH=CH,
E), 7.63 (2 H,d, J 88 Hz, Ar Hs, E), 8.06 (2 H, d, 7 8.9 Hz, Ar Hs, Z), 8.21 (2 H, d, J 8.8 Hz, Ar Hs, E),
7.20-7.58 (15 H, m, CH=CH, Ar Hs, 2 x Ph, E/Z).

E/Z-1-Phenyl-2-(4"-methylphenyl)ethene 3e.2'—(E/Z, 30:70)(110 mg, 94%); 8'H (200 MHz, CDCl3) 2.34 (3
H, s, CH3Ar, for Z), 2.40 (3 H, s, CH3Ar for E), 6.58 (2 H, s, CH=CH for Z), 7.07 (2 H, s, CH=CH, E),
7.11-742 (14 H, m, 2 x ArH, E/Z), 748 (2 H, d, J 8.1 Hz, Ar Hs, Z), 7.57 (2 H, d, J 8.1 Hz, Ar Hs, E).

E/Z-1,2-Bis(o-methylphenyl)ethene 3£.34 —(160 mg, 77%); 8!H (200 MHz, CDCl3) 2.32 (3 H, s, CHj3 for 2),

.
247 (3H,s, CHs for E), 6.75 (2 H, s, CH=CH for Z), 7.22 2 H, s, CH=CH, E), 6.94-7.65 (16 H, m, 4 X
Ar, E/Z); m/z, (FAB), 208 (100%, M+), 91 (10, CeH4CH3z)

General Method for the Preparation of E-Alkenes by the Horner-Wadsworth-Emmons Method.—To
phosphonate 9a35 or 9f (1 mmol) and benzaldehyde (1 mmol) in THF (10 cm3) was added KOH powder (2
mmol) at room temperature. After 1 h the mixture was heated under reflux for 3 h. Water (30 cm?3) was added
and the mixture extracted with diethyl ether (3 x 25 cm3). The organic extracts were washed with water (2 x 50

R PR Yo 1 PUpS | TP Iy N BN

LﬁlJ) dried (ME>U4), and evapora[eﬂ in vacuo. KGLFYSIBJUSRIIOD (emdnou gave the IOllOWlIlg alkenes U.lec 4).

Table 4. Selected data for trans stilbenes E-3a-f

Yield (%) m.p. CHN Found (%) CHN Expected (%)
3a 75 121-122 °C, 1it.36 [22-123 °C C,93.0; H, 6.6 C,933;H, 6.6
3b 92 135-136 °C 1it.37 134-135 °C C,85.4;H,7.0 C, 85.7; H, 6.7
3¢ 97 isolated? as an 0il.38 — —_
3d 76 157-158 °C 1it.3% 158-160 °C C,744,H,52,N,59{C, 74.6; H, 49; N, 6.2
3e 71 120-121 °C 1it.49 119-120 °C C,925 H,75 C,92.8; H, 7.2
3f 78 79-80 °C lit.4! 78.5--80 °C C,92.0;H,79 C,923;H, 7.7

a: purified by chromatography (silica/hexane)

Diethyl (2-methylbenzyl)phosphonate 9f.—o-Bromo-o-xylene (2 cm3, 15 mmol) and triethylphosphite (10 cm3,
57.5 mmol) were heated under reflux for 2 h. Distillation of triethylphosphite left the phosphonate 9f (2.98 g,
83) as an oil, Rf0.58 (EtOAc); Found: C, 59.2; H, 8.2, P, 12.5. C1pH1903P requires C, 59.5; H, 7.9; P, 12.8;
Vmax, (neat)cm=1 1150 (P=0); 81H (200 MHz, CDCls) 1.22 (6 H, t, J 7.1 Hz, 2 x CH3CH3), 238 3 H, d, J
1.7 Hz, CH3CgHy), 3.16 (2 H, d, J 21.9 Hz, CH2CgHa), 3.97 (4 H, quint, J 7.1 Hz, CH2CH3y), 7.1-7.26 (4
H, m, CgHy4); 813C (75 MHz, CDCl3) 16.4 (d, Jp_c 6.0 Hz), 20.0, 30.2, 32.0, 62.1 (d, Jp.c 5.2 Hz), 126.1
(d, Jp.c 3.7 Hz), 127.1 (d, Jp.c 3.7 Hz), 130.1 (d, Jp.c 9 Hz), 130.5 (d, Jp-c 3.7 Hz), 130.6 (d, Jp.c 5.2
Hz), 137.0 (d, Jp.c 6.7 Hz); m/z, (FAB), 243 (100, M + H), 105 (32, CH2CcH4CH3).
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