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Abstract
Reaction of a range of bis(ylides) with acid chlorides has been used to prepare the bis(oxoylides) 11-1S.
Similarly a range of simple ylides react with bis(acid chlorides) to give bis(oxoylides) 19-27 with the isomeric

structure. Flash vacuum pyrolyS1s (FVP) of one example of the first type results in extrusion of Ph3P rather than
the expected Ph3PO while six examples of the second type do extrude PthO upon FVP at 500 °C to afford the
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bis{alkynes) 28. Examples of the corresponding bis(tributylphosphonium ylides) have also been prepared but
attempts to construct a tetrakis(oxoylide) 31 using a stepwise approach were "n.succpsufal Fully assigned 13C
NMR spectra are presented for six of the bis(oxoylides). © 1999 Elsevier Science Ltd. All rights qerved
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In previous parts of this series we have used thermal extrusion of Ph3PO from stabilised

ylides 3 using the technique of flash vacuum pyrolysis (FVP) to prepare a variety of alkynes
4. Since the ylides 3 are readily formed by acylation of simple ylides 1 with acid chlorides 2,
this represents a convenient and general method for synthesis of alkynes. In Parts 42 and 8,3
acetylenic acid chlorides 2 (RZ = RC=C) were used to extend the method to the preparation of
1,3-diynes and in one case a 1,3,5-triyne. There has been considerable recent interest in
conjugated oligo- and poly-ynes because of their potentially useful electrical and
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non-linear optical properties.4 A range of poly(aryleneethynes), (~Arl-C=C-Ar2-C=C-),
have been reported,d and several different approaches to the linear allotrope of carbon,
(-C=C-), have recently been described.6 We envisaged that the poly(oxoylides) 8 could be

formed by reaction of bis(ylides) 6 with bis(acid chlorides) 7 as shown, and that these might
be soluble precursor polymers which, upon extrusion of Ph3PO, would provide access to a
variety of polyynes 9. No polymers of this type have been reported before although there is

. All rights reserved.



CIOC-B-COCI PhsR O
2 PhgPCH,~ A- CHoPPhy 4BULL 5 pp p™A _PPhy ! ‘A’ '8
X X 6 H"
5 . QO PPhg
heat/ a8
- PhgPO +
-+ A-—"—_“~B—_ﬁ——)?‘ Ph3PCH2 A- CHQPPh3
N cr cr
PP S I Ry fth et it mmsrmmerrntad G tlh A sman e nin T TIafnen
OLHC ICPUIL (S ) § PUlka)&U 1tHl pll A Pll ) S lllLUlpU[d.lCU 1 LIIC Ildlll Cildlil.’ DCI1OUIC

chemistrv was amenable to constructi ianlovovlidec) hy meanc 1dv In

3 AJ YY 440 MILIWILMUV AW VWUV WULLIOWL UV LR Ak ls\l\\}l\ JllUUD/ UJ ARACRLAO A LIy I—UUJ- AK1
this paper we describe the results of this work, including synthesis of the necessary monomers
6 and 7, which has not only shown that the method is likely to be viable, but has also

prov1ded a framework of spectroscoplc data for later reference in the polymer formation.

We first prepared, using known methods, the two bis(phosphonium salts) 5 suitable for
generation of the bis(ylides) 6. In forming Sa and 5b it was found to be essential to use DMF
since reaction in less polar solvents such as toluene led to precipitation of the
mono(phosphonium salts) which did not react further. The formation of polyenes using the
Wittig reaction by treatment of bis(ylides) with dialdehydes has already been described.8
Reaction of the salts 5 with butyllithium to give bis(ylides) 6 followed by treatment with 1
equiv. of the acid chlorides 10 resuited in the required acylation accompanied 'Dy
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ylide 13, the potential precursor to a tetrayne, was obtained while the chloromethyl groups in
14 and 15 would allow attachment of further ylide functions (see later).
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In a complementary approach a range of monoylides 18 derived from simple
phosphomum salts 17 were reacted in a 4:1 ratio with the bis(acid chlorides) 7 to give the
isomeric bis(oxoylides) 19-23 with similar properties to 11-15 (Table 1). In Part 83 we
described the preparation of bis(oxoylides) by reaction of ylides with oxalyl chloride (7, B =
——) in the same way. A series of four bis(oxoy‘lides‘) 24-27 were aiso prepared using a
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Table 1 Formation and Properties of Bis-oxoylides
Cpd Reacting Yield mp
No. AorB R Components (%) 0 op
11 1,4-CgHy Ph Sa 10a 51 259-261 14.2
12 biphenyl-4,4'-diy]  Ph Sb 10a 26 264-266 14.6
13 1,4-CgHy PhC=C 5a 10b 55 214-216 15.95
14 1,4-CcHy 4-CICHCgHs  Sa 10c 64 192-195 13.8
15 1,4-CgHy 3-CICH)C¢Hy Sa 104 43 205-207 14.7
19 [,4-CeHy Ph 17a  7a 60 270-274 14.8
28  thiophene-2,5-diyl  Ph 17a  7b 10 257-260 15.8
21 thiophene-2,5-diyl  2-thienyl i7p  7b 22 >250 16.65
22  biphenyl-4,4'-diyl Ph 17a 7c¢ 38 272-276 15.1
23 1,4-C¢Hy 4-MeCgHy 17¢  7a 79 282-284 14.4
24 1,4-CgHy CO,Et 18d 7a 82 241-243 19.4
25 1,3-C¢Hy CO,Et 18d 7d 100 — 19.6
26  biphenyl-4,4'-diyl  CO,Et 18d 7c 99 232-233 19.3
27  thiophene-2,5-diyl  CO,Et 18d 7b 70 238-240 19.2
33 — — 32 10a 36 175-180 17.2
35 1,4-CeHy — 34 7a 50 177-180 16.9
36  biphenyl-4,4-diyl — 34 7¢ 29 161-163 17.2
4 BuLi CIOC-B-COCI
+
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In an attempt to construct higher oligo(oxoylides), two separate approaches to the
bis(phosphonium salt) 30 were examined. Treatment of the bis(oxoylide) 14 bearing
chloromethyl groups with triphenylphosphine did give a product in 73% yield (mp 173-174
°C) whose spectroscopic data were in agreement with expectation [dyy 8.1-6.8 (72 H, m) and
6.7-6.4 (4 H, m); dp +22.3 and 14.0] but this could not be obtained in pure form. The
alternative approach of acylating the bis(ylide) from Sa with the phosphonio acid chloride 29
gave an oily solid which did not contain the required material (ép +31.5). The crude sample

of 30 obtained from 14 was treated with butyllithium and benzoyl chloride in an attempt to
form the tetrakis(oxoylide) 31 but this produced mainly Ph3PO although minor components



Table 2 13C NMR spectra [§¢ (Jp.c)] of the bis(oxoylides) 19, 22 and 24-27

P-phenyl
P=C C=0 C-1 C-2 C-3 C-4

19 73.2(108) 184.6 (5) 127.2(90) 133.5(9) 128.0(13) 131.5(2)
22 749(107) 1835 126.4 (91) 1334 (10) 1284 (12) 131.5

24 689 (112) 1929(5) 1263(93) 1333 (10) 128.5(12) 131.7(2)
25 69.1 (113)  1927(5) 1263(93) 133.4(10) 128.5(12) 1317 (2)
26 69.0(110) 193.0(6) 1263(93) 1333 (10) 128.6(12) 131.8(2)

27 694 (113) 183.7(6) 126.5(94) 1333 (10) 128.8(13) 131.9(2)
B signals R signals
19 141.1(12), 1273 (4 C) 137.7(12), 134.7 (4), 131.2 (4 C), 124.4 (2 C)
22 140.3(2C), 139.8(12), 127.5(4 C), 1256 (4C)  137.4 (11), 134.6 (4), 129.1 (4 C), 125.0 2 C)
24 144.0(9), 1275 167.7 (15), 58.6, 13.8
25 141.8 (9), 130.0 (2 C), 129.1, 1259 167.6 (15), 58.6, 13.7
26 142.1,142.0 (9), 1289 (4 C), 126.1 (4 C) 167.6 (14), 58.5, 13.6
27 149.3 (10), 129.9 167.5 (14), 58.8, 13.9
with 31P NMR signals in the expected region (8p +14.2-15.3) were present which may have
been the required product. It was clear however that the stepwise synthesis of higher
oligo(oxoylides) was likely to be problematic
0
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As a result of other studies, we were aware that by changing from
triphenylphosphonium to tributylphosphonium ylides the temperature required for extrusion
of the phosphine oxide is dramatically reduced. As an exampie extrusion from
Bu3P=C(Pr)COPh was essentially complete upon FVP at 300 °C as compared to the

temperature of 500 (, requ1recl for the tr1pneny1 analogue. This may be greatly beneficial in
the thermal conversion of the proposed pOly[OXOyuuf:S) which has to be done under
conventional condition higher temperatures may ur undesired side-reactions of

where
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the target polyyne 9. With this in mind, the bis(oxoylides) 33, 35 and 36 were prepared as
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shown from the bis(phosphonium salt) 32 and benzoyl chloride, and from the salt 34 with
bis(acid chlorides) 7a and 7¢. As compared to the triphenyl analogues these had significantly
lower melting points and slightly higher 31P NMR chemical shifts (Table 1). Unfortunately
satisfactory analytical data could not be obtained for 19 or 36 but their spectroscopic data
showed them to consist overwhelmingly of the desired material.
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the bis(acetylenic esters) 28 in moderate yield after chromatographic purification. The yield
of 67% quoted from conventional pyrolysis of 2410 refers to impure product and the yields
of the two pyrolysis methods are probably comparable. In the case of 26 the major
bis(acetylenic ester) 28 was accompanied by a minor product which was identified as the
monoester 37 in which one ester group had been lost. The occurrence of this process at 750
°C as well as its mechanism was discussed fully in Part 4 of this series.?

In conclusion, this study has shown that a range of monomers 6 and 7 required for the
constructxon of the poly(oxoylldes) 8 are readlly prepared and that they react in the desued
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Melting points were recorded on a Reichert hot-stage microscope and are uncorrected. Infra
red spectra were recorded for solids as Nujol mulls and for liquids as thin films unless
otherwise indicated, on a Perkin Eimer 1420 instrument. NMR spectra were obtained for 1H

b

at 300 MHz and for ‘-’L at 75 MHz on a Bruker AM300 msrrument and for -"I’ at 32 MH

) S5, T s e vy cranten roro e o T dd e o

Ublug a Varian CFT 20 instrument. All Specira weie run On Soiulions in CDC 13 unless
otherwise indicated, with internal Me4Si as reference for !H and 13C and external 85%
H3POy4 as reference for 31P. Chemical shifts are reported in ppm to high frequency of the

¥ w oA~

reference and coupling constants J are in Hz. Mass spectra were obtained on an A. E. I. MS-
A al

902 spectrometer using electron impact at 70 eV or, where noted, using FAB on a Fisons VG
Autospec instrument. Dry toluene was prepared by storing over sodium wire and dry THF
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Starting Phosphonium salts

1,4- Bls(trlphenylphosphomomethyl)benzene dichloride 5a. This was prepared by
heating a mixture of 1,4-bis(chloromethyl)benzene (26.25 g, 0.15 mol) and
triphenylphosphine (78.6 g, 0.3 mol) in DMF (250 cm3) under reflux for 4 h. This gave the
product as colourless crystals (100 g, 95%), mp >340 °C (lit.,11 >400 °C); &g (CD3SOCD3)
8.0-7.5 (30 H, m), 6.81 (4 H, s) and 5.18 (4 H, br d, J 15); ép(CD3SOCD3) +22.8.

R i 1ylphosphoniomethyl)biphenyl dibromide S5b. This was prepared as
for 5a usmg 4,4'-bi (bromomethvl)blphenyl10 to give colourless crystals (8.6 g, 80%), mp
302-304 °C (ht.,13 300 °C) (Found: C, 67.8; H, 4.8. C5qgH42BrP,.H,O requires C, 68.0; H,
5.0%); 8 (CD3SOCD5) 8.0-7.5 (34 H, m), 7.2-7.0 (4 H, m) and 5.26 (4 H, br d, J 16); éy
(CDCl3) 8.0~7.4 (30 H, m), 7.02 and 6.80 (8 H, AB pattern, J 8) and 5.63 (4 H, br d, J 15);
Op (CD3SOCD3) +22.4; dp (CDCly) +23.1.

LSSV L

(2-Thienylmethyl)triphenylphosphonium bromide 17b. This was prepared by heating
a mixture of 2-bromomethylthiophene (freshly prepared from 2-hydroxymethylthiophene by
treatment with PBr3) with 1 equiv. of triphenylphosphine in toluene under reflux for 4 h to
give light brown crystals (33.0 g, 91%), mp 265-275 °C dec. (lit.,i4 262 °C); 6y 7.8-7.5 (15
H, m), 7.2 (2 H, m), 6.9 (1 H, m) and 5.75 (2 H, d, J 14); dp +21.3.



(4-Methylbenzyl)triphenylphosphonium chloride 17c. Reaction as for 17b using 4-
methylbenzyl bromide gave colourless crystals (16.45 g, 41%), mp 248-254 °C (lit.,15 240-
241 °C); 6y 7.9-7.6 (15 H, m), 6.94 (4 H, s), 5.31 2 H, d, J 14) and 2.24 (3 H, d, J 3); ép
+22.2.

1,4-Bis(tributylphosphoniomethyl)benzene dichloride 32. Reaction as for Sa using
1,4-bis(chloromethyl)benzene and tributylphosphine gave colourless crystals (36.9 g, 94%),
mp 271-273 °C (Found: C, 66.1; H, 10.6. C35Hg,Cl,P5 requires C, 66.3; H, 10.8%); Vmax
/em-1 1512, 1412, 1314, 1280, 1230, 1100, 968, 918, 860, 807 and 722; &y (CD3SOCD3)
747 (4H,5s),403 (4 H,brd, J15),2.5-2.0 (12 H, m), 1.6-1.2 (24 H, m) and 0.90 (18 H, ¢,
J 7); op (CD3SOCD3) +33.4

Benzyltributylphosphonium chloride 34 Reaction as for 17b using benzyl chloride and
tnbutylphosphme gave colourless crystals (35.4 g, 87%), mp 164-165 °C; Vyax /em-1 1287,

1098, 1078, 968, 916, 899, 724 and 705; 8y 7.55-7.25 (5 H, m), 4.32 (2 H, d, J 16), 2.65-
2.25 (6 H, m), 1.6-1.3 (12 H, m) and 0.91 (9 H, t, J 7); 8p +31.6.

(4-Chlorocarbonylbenzyl)triphenylphosphonium chloride 29. Reaction as for 17b
using 4-chloromethylbenzoic acid gave (4-carboxybenzyl)triphenylphosphonium chloride as
colourless crystals (5.0 g, 39%); &y (CD3SOCD3) 8.0-7.6 (17 H, m), 7.3-7.1 (2 H, m) and
6.57 (2 H, d, J 16); p (CD3SOCD3) +23.0. This was treated with thionyl chloride under
reflux for 2 h followed by evaporation to give colourless crystals (>90%); 6y 8.1-7.4 (19 H,
m) and 5.88 (2 H, d, J 16). This material was used immediately for preparation of 30 since it
was found to decompose upon storage.

Thiophene-2,5-dicarbonyl chloride 7b. Oxidation of 2-acetyl-5-methylthiophene with
KMnOy4 in aqueous NaOH16 gave thiophene-2,5-dicarboxylic acid; &gy 9.8 (2 H, br s) and
7.74 (2 H, s). This was treated with thionyl chloride (2 equiv.) and pyridine (2 equiv.) in
toluene under reflux for 12 h to give, after filtration, evaporation and distillation the diacid
chloride (? g, 87%), mp 42—44 °C (lit.,17 45-46 °C); 6y 7.98 (2 H, s).
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4-Clt !nmmethvlhen7 vl chloride 10¢c. A mixture of 4-chloromethylbenzoic acid (5.0 g)
and thionyl chloride (20 cm3) was heated under reflux for 2 h. Evaporatwn and Kugelrohr
distillation of the remdue gave a colourless low melting solid (5.3 g, 96%), b.p. (oven temp.)

120 °C at 0.2 mmHg (lit.,20 126128 °C at 6 mmHg); o 8.12 and 7.57 (4 H, AB pattern, J 8)
and 4.65 (2 H, s).

Preparation of ylides 11 15 and 33
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Preparation of ylides 19-23, 35 and 36

A suspension of the phosphonium salt 17 (16 mmol) was stirred in dry THF (75 c¢cm3) under
N> at RT while butyllithium in hexane (16 mmol) was added, followed after 30 min. by the
bis(acid chloride) 7 (4 mmol) in dry THF (5 cm3). After stirring for a further 12 h, the
mixture was added to water and extracted with ether. Drying and evaporation of the ether
extract gave the products as follows:

1,4-Bis[(phenyl)(triphenylphosphoranylidene)acetyl]benze
hen7v]trmhenvlnhn<nhnmnm chloride 17a and terephthaloyl r‘hlv ide 7a as
(2. 00 g, 60%) mp 270—274 °C (Found: C, 81.85; H, 525 C: Hy440,P> g
5.3%); Vmax /cm—1 1506, 1495, 1438, 1348, 1252, 1139, 1102 964, 758, 728 and 69!

7.75-7.35 (34 H, m) and 6.80 (10 H, m); S¢ see Table 2; 8p +14.8; m/z 556 (M*—Ph3PO
11%), 379 (1), 279 (30), 278 (100), 277 (90), 262 (8), 205 (11), 201 (34), 199 (24)

S Jy S Lngde \Ujy & (LA jy &SR T

and 183 (27\

O &=

2,5-Bis[(phenyl)(triphenylphosphoranylidene)acetyl]thiophene 20. From
benzyltriphenylphosphonium chloride 17a and thiophene-2,5-dicarbonyl chloride 7b as
yellow crystais (0.34 g, 10%), mp 257-260 °C (Found: C, 79.9; H, 4.9. C54H4,0,P>S
requires C, 80.0; H, 5.0%); Viax fem—1 1492, 1430, 1360, 1308, 1242, 1100, 997, 960, 822,
750, 728 and 690; 8y 7.65-7.2 (30 H, m), 6.91 (10 H, s) and 6.37 (2 H, s); dp +15.8; m/z 562
(M+-Ph3PO, 22%), 490 (1), 476 (3), 379 (48), 351 (1), 285 (14), 284 (66), 278 (54), 277
(100), 262 (24), 211 (16), 201 (30), 199 (24), 185 (18) and 183 (48).
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thienylmethyl)triphenylphosphonium bromide 17b and thiophene-2,5-dicarbonyl chloride 7b
as orange crystals (0.75 g, 22%), mp >300 °C (Found: C, 72.8; H, 4.7%; M+H+, 853.1610.
Cs5oH330,P2S3 requires C, 73.2; H, 4.5%; M+H, 853.1587); v /cm—1 1490, 1430 1360,
1320, 1230, 1174, 1100, 1022, 993, 890, 838, 727, 708 and 687; o 7.7-7.2 30 H, m), 7.0-
6.4 (6 H, m) and 6.75 (2 H, s); dp +16.65; m/z (FAB) 853 (M++ , 40%), 833 (10), 575
(MA_DhAaDON 2) 295 (18) 29K MAY 272 (18Y 27NT1 (16Y 182 (A and &5 (1NN

\1vVi LI30NJ, J)y, J0I (LI ), L7V \&U), L7060 \1J), 4Ul (1Y), 10I (JU) adlll UJ (1UV).

4,4'-Bis[(phenyl)(triphenylphosphoranylidene)acetyl]biphenyl 22. From
benzyltriphenylphosphonium chloride 17a and biphenyl-4,4'-dicarbonyl chloride 7¢ as
yellow crystals (1.38 g, 38%), mp 272-276 °C (Found: C, 84.0; H, 5.35. Cg4H4507P>
requires C, 84.4; H, 5.3%); Vinax /cm~1 1430, 1250, 1170, 1118, 1092, 1018, 990, 960, 840,
740 and 690; 8y 7.8-7.2 (38 H, m) and 6.91 (10 H, s); 8¢ see Table 2; dp +15.1; m/z 632
(M+-Ph3PO, 0.5%), 355 (10), 354 (35), 313 (2), 298 (12), 281 (22), 278 (40), 277 (100),
253 (20), 201 (50), 199 (40), 185 (18), 183 (40) and 152 (60).
1,4-Bis[(4-methylphenyl)(triphenyiphosphoranyiidene)acetyijbenzene 23. From
4-methylbenzyitriphenyiphosphonium chioride i7¢ and terephthaloyl chioride 7a as yellow
crystals (2.72 g, 79%), mp 282-284 °C (HRMS: found M+H+, 863.3245. CgoH4g02P;
requires M+H, 863.3208); Vpax /cm—! 1500,
/
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753, 730 and 694; 6y 7.75-7.2 (30 H, m),

(CD,Cly) +14.4; m/z (FAB) 863 (M*++H, 36¢
279 (13), 201 (12), 183 (23) and 69 (100).
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1,4-Bis[(phenyl)(tributylphosphoranylidene)acetyl|benzene 35. From
benzyltributylphosphonium chloride 34 and terephthaloyl chloride 7a as yellow crystals
(1.43 g, 50%), mp 177-180 °C (Found: C, 77.1; H, 9.6. C46HegO2 P> requires C, 77.3; H,
9.6%); Vinax /cm-1 (film) 1670, 1593, 1494, 1458, 1448, 1402, 1310, 1270, 1227, 1202,
1150, 1110, 998, 965, 900, 818, 780, 718, 695 and 650; dy 7.1-6.9 (14 H, m), 2.2-1.85 (12
H, m), 1.55-1.2 (24 H, m) and 0.88 (18 H, t, J 7); &p +16.9; m/z (20 eV) no signal observed
above 218 (BuzPO).

4,4'-Bis[(phenyl)(tributylphosphoranylidene)acetyl]biphenyl 36. From
benzyltributylphosphonium chloride 34 and biphenyl-4,4'-dicarbonyl chloride 7¢ as yellow
crystals (0.92 g, 29%), mp 161-163 °C; v /cm=1 1600, 1490, 1414, 1347, 1280, 1225,
1174, 1096, 1078, 965, 913, 899, 815, 722 and 702; by 7.4-7.1 (18 H, m), 2.3-1.85 (12 H,
m), 1.65-1.25 (24 H, m) and 091 (18 H, t, J 7); dp +17.2; m/z (20 eV or FAB) no signal
observed above 218 (Bu3PO).

rreparatmﬁ of ylides 24-27

A solution of the bis(acid chloride) 7 (15 mmol) in dry toluene (20 cm3) was added to a
solution of (ethoxycarbonylmethylene)triphenylphosphorane 18d (10.26 g, 30 mmol) and dry
triethylamine (3.0 g, 30 mmol) in dry toluene (180 c¢m3) over 15 min. The mixture was

stirred at room temperature for 12 h and then evaporated. The residue was taken up in

et AV Ayl alilly Ve Ve

dichloromethane which was washed with water, dried and evaporated to give the products as
follows:

1,4- Bls[(ethoxycarbonyl)(trlphenylphosphoranylldene)acetyl]benzene 24 From

terephthaloyl chioride 7a as a light yellow solid (9.93 g, 82%), mp 241-243 °C
T

.85-7.7 (12 H, m), 7.70 (4 H, s), 7.5-7.35 (18 H, m),

7);0c see Tabie 2; 6p +
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5 (18 1 . ( q, .
see Table 2 +19.6. This was used Wlthout fu rther punflcat f

4,4'-Bis[(ethoxycarbonyl)(triphenylphosphoranylidene)acetyl]biphenyl 26. From
blphenyl -4,4'-dicarbonyl chloride 7¢ as a yellow powder (12.86 g, 99%), mp 232-233 °C
(HRMS: found M+H+, 903.2969. C5gH4506P; requires M+H, 903.3004); Vipax /cm—! 1666,
1517, 1290, 1104, 1080, 746, 722 and 691; &y 7.80 and 7.60 (8 H, AB pattern, J 9), 7.8-7.7
(12 H, m), 7.55-7.4 (18 H, m), 3.70 (4 H, q, J 7) and 0.62 (6 H, t, J 7); Oc see Table 2; dp
+19.3; m/z (FAB) 903 (M+H+*, 100%), 857 (56), 831 (6), 579 (20), 375 (50), 303 (86) and
277 (82).

2,5-Bis[(ethoxycarbonyl)(triphenylphosphoranylidene)acetyl]thiophene 27. From
thiophene-2,5-dicarbonyl chloride 7b as a yellow foam (8.74 g, 70%), mp 238-240 °C
(Found: C, 72.2; H, 4.8. C5qH4206P>S requires C, 72.1; H, 5.1%); Vax fcm! 1673, 1543,
1316, 1238, 1104, 1078 and 723; &y 7.8-7.7 (14 H, m), 7.55-7.35 (18 H, m), 3.75 (4 H, q, J
7y and 0.75 (6 H, t, J 7); 8¢ see Table 2; &p +19.2; m/z (FAB) 833 (M+H*, 42%), 787 (22,
TN £ N A1 7\ NILZ 71NN\ 1 2N AN

509 (6), 413 (5), 375 (100) and 305 (4U)



), 62.3 and

0), 1281, 1192, 1104,

1024, 849, 746 and 723; 8y 7.58 (4 H, s), 4.31 (4 H, q, J 7) and 1.36 (6 H, t, J 7); oc 153.6

0), 1303, 1216,

1025, 746, 722 and 686; 8y 7.8-7.35 (4 H, m), 4.31 (4 H, q, J 7) and 1.37 (6 H, t, J 7);8¢

main phosphorus compound present with no evidence for the expected 1,4-bis(4-phenylbuta-

1,3-diynyl)benzene.

), 81.6 (-C

5 %), 225 (96), 198 (75), 153 (58) and 126 (100).

and 746; &y 7.68 and

C), 1697 (C

), 62.3 and 14.1; m/z 270 (M*,

3

C), 1696 (C

o

-

), 82.9 (-C

35%), 225 (65), 198 (60), 153 (60) and 126 (100).

-
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&
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10 ms.
FVP of the bis(ylide) 13 (0.1 g) at gave a yellow solid in which PhsP (Jp —5.4) was the

i

(2 C), 129.0, 120.5 (2 C, 4ry), 83.9 (-C

AT S

v

petroleum, 1:1) gave 1,3-bis(ethoxycarbonylethynyl)benzene (0.29 g, 42 %) as colourless

34.6

4

-~

mp 90-92 °C (lit.,10 90-91 °C); Vmax/cm=1 2209 (C
—54 °C (lit.,10 52-53 °C); Vipax/cm—1 2220 (C

3

FVP of the bis(ylide) 24 (9.0 g) followed by chromatography (silica, CH,Cl,-light
FVP of the bis(ylide) 25 (2.12 g) followed by chromatography (silica, CH,Cl,-light

petrol, 2:3) gave 1,4-bis(ethoxycarbonylethynyl)benzene (1.07 g, 36%) as an off-white solid,

-

and at 10-2 Torr and were complete within 2 h. Under these conditions the contact time in the

The apparatus used was as described previously.21 All pyrolyses were conducted at 500 °C
hot zone was estimated to be

(CO), 132.9 (4 ), 121.8 (2 C, 4ry), 84.4 (-C

FVP of bis(oxoylides)

crystals, mp 52
/em—1 2205 (C

,21
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FVP of the bis(ylide) 27 (2.01g) followed by chromatography (silica, CH,Cl-light
petroleum, 1:1) gave 2,5-bis(ethoxycarbonylethynyl)thiophene as colourless crystals (0.11 g,
17%), mp 121-122 °C (Found: C, 61.2; H, 4.5. C14H[204S requires C, 60.9; H, 4.4%);
Vmax/cm—1 2210 (C=C), 1702 (C=0), 1282, 1195, 1171, 814, 744 and 722; 6y 7.38 (2 H, s),
4304 H,q,J7)and 1.36 (6 H, t, J 7); 8¢ 153.6 (CO), 136.2 (CH), 124.3 (4ry), 86.3 (-C=),
78.0 (-C=), 62.5 and 14.1; m/z 276 M*, 67%), 231 (70), 204 (80), 159 (64) and 132 (100).
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