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Abstract. Hydridopalladium(II) species generated in sifu by oxidative addition of Pd(0) to acetic
acid or acidic hydroxy! substrates (phenols, oximes) catalyse the termolecular assembly of allenes,

CO and amines (primary, secondary) or oxygen uuucupum.:s to give methacrylamides or
methacrylate esters and derivatives thereof in good to excellent yield.
© 1998 Elsevier Science Ltd. All rights reserved.

The extraordinary versatility and exquisite sclectivity of palladium catalysed reactions continues to
foster further innovative developments and application of the metal's salts and complexes. In recent years a
range of processes which employ allene and substituted allenes as substrates have been developed.”” These
processes have established that both aryl-* and acyl-palladium(II)’ species add the organic moiety to the centre
carbon of allene (Scheme 1)° forming n-allylpalladium(II) species.

RCOPdX _ RPdX _

Scheme 1

We now report a general process believed to proceed via in situ generated HPdX and involving the
termolecular assembly of allenes, carbon monoxide and a wide range of nucleophiles. In these processes the
hydride formally adds to the terminal position of the allene (Scheme 2, path a) apparently generating a
vinylpalladium(II) species rather than the z-allyl pathway (Scheme 2, path b). However, for an alternative
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(Scheme 3) in excellent yield (Tables 1 and 2). The catalyst system comprises 5 mol% Pd(PPh,), and 5 mol%
acetic acid except for indole where no acetic acid was required. The E-stereochemistry of the products in

Table 2 was established from n.Q.e. data.
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Scheme 3
The reaction appears quite general and constitutes a mild non-basic method for N-acylation of indoles as
1hegtmntnd e Talala 1 Fionl st Th e + taerat £ A - tha indnl N
iuustralead vy 1aoi€ i, iinda enlry. i€ expectea greater reactivily 01 a seconaary amine versus tne inaoiic N

group is illustrated by the selective reaction of the former moiety in the formation of 2h (Table 1). Indole N-
acylation requires a considerably longer time than the corresponding reactions of p- or s- amines (16h versus
1h).

An analogous series of reactions (THF, 110°C, 1h) was carried out with phenols and oximes as
nucleophiles (Scheme 4) utilising 5 mol% Pd(PPh,), as catalyst. In these cases the pKa of nucleophiles (ca.
10-12) was sufficiently low for there to be no requirement for acetic acid (Table 3). Thus the hydroxylic
substrates are presumed to generate HPdX in situ. The aryl methacrylates 3a-h were obtained in 53-68% yield

reports related processes for aliphatic alcohols requiring considerably higher pressures and the addition of a
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Bronsted acid.” Oximes are also converted to their methacryloyl esters under analogous conditions (Table 3,
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a. All reactions were carried out in a Schlenk tube for 1h with allene (1 atm) and CO (1 atm)

b. Isolated yields

¢. Reaction time 16 h, 10 mol% Pd(PPhs)s, no HOAc added.
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Allene Nitrogen nucleophile Product Yield (%)°
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a. All reactions were carried out in a Schlenk tube for 1h with CO (1 atm) and the allene (1.2 eq)
b. Isolated yieids

to afford 5 (47%) afier 16h. The reaction of p-aminophenol with allene and CO and no added acid results in

selective N-acylation to form 6 in 57% yield after 16h whilst the analogous reaction in the presence of Smol %

Scheme 3 the presumed intermediate 8 undergoes attack by uncomplexed p-aminophenol via the more

nucleophilic amino moiety. |
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Table 3*
Nucleophile Product Yield (%)°
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a. All reactions were carried out in a Schienk tube with allene (1 atm) and CO (i atm)

b. Isolated yields
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employing allenes and amines in the absence of CO.® These latter processes employed either Et;NHI or HOAc
io generaie HPdX and these reactions furnish aliylic amines via r-allyl complexes. A m-allyl complex could
intervene in the processes described herein as shown in Scheme 5. This would reflect the slow rate of
insertion of CO into w-allyl complexes in the presence of phosphine ligands. Some support for Scheme 5 is

provided by observations on related processes employing nickel complexes.’

0
JL_ . Nu‘(‘n Nu\rn
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. » (\ (\
R Pd-H R
%

The operation of Scheme 5 would require the anti- m-allyl complex 9 as the precursor of 2j - 2m which

would accord with some related observations by Cazes et al.'

Experimental. General experimental details are as previously noted."

MNHnmanmwal nmwnoodicmae foe anmctdatinge AF asmaieena Asrazian D~y DADNL Y\ (8 v ~10/Y nend nnntin onid 75
UCHUI 41 pl VLLCUUIC 1UI dlHIUAGLIVIE UL aULLIICY, Fguitisiiv \/.uu 1 l), fU\l’fllSL‘ \J llUl/ﬂ) alld avtlic Vil (J
moi%) were mixed in dry THF (10mi). The solution was degassed before addition of allene (1 bar, or 1.2 eq

of substituted allene) and CO (1 bar). The reaction mixture was heated to 110°C for one hour, during which
time the pressure rose to 5 bar, then concentrated in vacuo and the residue purified by column
chromatography.

N-Benzylmethacrylamide (2a). Column chromatography cluting with 7:5 v/v petroleum ether - ethyl acetate
afforded the product in 80% yield which crystallised from petroleum ether - ethyl acetate as colourless
needles, m .p- 82-83°C (Found: C, 75.45; H, 7.45; N, 7.8. C;;H,;;NO requires: C, 75.45; H, 7.45; N, 8.0%); Oy

T A4l SH ALHD R(((kc 1H NBE. 57 and § 28/ve 2v1H O=CH) 4584 2 1§ 7H7> NCHN\ and
L 4 - Ved 11 N 2) T uuu.

H, ArH), 1, NH), 5.7 and 5.35(2xs, 2x1H, .5(d, 2H, J5.7Hz, NCH,)
198(5 3H, CH,); m/z(%): 175(M",100), 174(38), 160(13), 131(26), 91(82); 77(20), 69(45) and 41(65).
(S)-N-(Methylbenzyi)-meihacryilamide (Zb). Column chromatography eluting with 1:3 v/v petroleum ether -
ether afforded the product (83%) which crystallised from ether as colourless needlies, m.p. 90°C (Found: C,
76.0; H, 7.9; N, 7.35. C,,H;NO requires: C, 75.2; H, 7.9; N, 7.4%); §,, 7.22-7.48(m, 5H, ArH), 6.05(bs, 1H,
NH), 5.67 and 5.32(2xs, 2x1H, C=CH,), 5.17(m, 1H, CH), 1.97(s, 3H, =C-CH,) and 1.52(d, 3H, CH,);
m/z(%): 189(M"*, 100), 174(64), 145(30), 120(25), 105(52); 104(44), 77(42), 69(89), 51(16) and 41(87).
N,N-Dimethylmethacrylamide (2¢)."> Column chromatography eluting with 1:2 v/v petroleum ether- ether
afforded the product (60%) as a pale yellow oil. 8 5.17 and 5.0(2xs, 2x1H, C=CH,), 3.0(m, 6H, N(CH,),)

and 1 077c 21T OLT Y- /(04 1':(M+ SN 112(56) 9R(14Y 72(73). 69(57 \ mmm 44{’)0\ and 41(100‘»
alld 1.771 90, J11, \zl.l}} 1IU LN /O], gl ]y R LA\LVJy FURLT fy T L\T T ]y VI~ ~ O~ Kl \
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N,N-Diethyimethacrylamide (2d).” Column c
acetate afforded the product (51%) as a colourless oil. 8y 5.1 and 5.0(2xs,
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N-Methacryloylpyrrolidine (2¢)." Column chromatography eluting with 7:5 v/v petroleum ether - ethyl
acetate afforded the product (80%) as a pale yellow oil. 8, 5.1 and 5.2(2xs, 2x1H, C=CH,), 3.45(bm, 4H,
N(CH,)), 2.0(s, 3H, CH,) and 1.8-2.0(m, 4L, (CH,),); m/z (%): 139(M",17), 138(45), 69(79), 56(21) and
41(100).

N-Methacryloylpiperidine (2f). Column chromatography eluting with 7:5 v/v petroleum ether - ethvl acetate
afforded the product (80%) as a pale yellow oil. (Found: C, 70.4; H, 9.85; N, 8.85 C,I1,,NO requires: C, 70.6;
H,9.8; N, 9.15%); &;5.15 and 5(2xs, 2x1H, C=CH,), 3.4-3.65(bm, 4H, N(CH,),), 1.95(s, 3H, CHs), and 1.5-
1.7(m, 6H, (CH,),); m/z(%): 153(M",82), 152(100), 138(32), 69(56), 56(12) and 41(57).
N-Methacryloyl-1,2,3,4-tetrahydroisoquinoline (2g)."* Column chromatography eluting with 7:5 v/v
petroleum ether - ethyl acetate afforded the product (80%) as a pale yellow oil. &, 7-7.2(m, 4H, ArH), 5.0 and
5.25(2xs, 2x1H, C=CH,), 4.7(bs,’2H, NCH,Ph), 3.8(bs, 2H, N(CH,)), 2.9(t, 2H, (CH,Ph) and 2.0 (s, 3H, CH,);
m/z(%): 201(M*,100), 200(75), 186(21), 132(20), 117(27), 104(34), 77(16),69(32) and 41(42).
N:-Methacryloyl-8-fluoro-1,2,3,4-tetrahydropyrido[4,3-blindole (2h). Column chromatography eluting
with 1:2 v/v petroleum ether-ethyl acetate followed by crystallisation from ether afforded the product (56%) as
a colourless amorphous powder, m.p. 194°C (Found: C, 69.65; H, 5.85; N, 10.65; F, 7.65; C,;H;FN,O
69.75; H, 5.8; N, 10.85; IF, 7.35%); §, 8.26-8.2(bs, IH

N-Methacryloylindole (2i). Column chromatography eluting with 18:1 v/v petroleum ether - ether afforded
the product (76%) as a light yellow oil. (Found: C, 77.7; H, 6.2; N, 7.35. C,,;H,;NO requires: C, 77.85; H,
5.95; N, 7.65%); &y 8.4(d, 1H,, J7.9Hz, ArH), 7.6(d, 1H, J7.5Hz, ArH), 7.5(d, 1H, J3.75Hz, ArH), 7.4-
7.25(m, 1H, ArH), 6.6(d, 1H, J3.75Hz, ArH), 5.7 and 5.5(2xs, 2x1H, C=CH,) and 2.15(s, 3H, CH,); m/z(%):
185M%,59), 157(48), 117(19.5), 116(18.5), 89(33), 69(100), 63(21) and 51(5).

(E)-N-[2-Methyl-3-(3‘-pyrldyl)acryloyl] pyrrohdme (2j). Column chromdtography eluting with 9:1 v/v

m(l C ’72(\ H ‘7")- N
.6(s, 1H, ArH), 8.5
iH, ArH), 6.6(s, 1H, C=CH), 3.55(m, 411, N(CH,),), 2.1(s, 3H, CH,) and 1.95(m, 4H, (CH,),) m/z(%):
(M*+1, 15), 216(M"*,41), 215(11), 201(12), 147(100), 146 (63); 118(75), 117(68), 91(31) and 41(24).
(E)-N-(2-Methyl-3-undecylacryloyl)-pyrrolidine (2k). Column chromatography cluting with 7:5 v/v
petroleum ether - ethyl acetate afforded the product (64%) as a pale yellow oil. (Found: C, 76.4; H, 11.8; N,
5.35. C,;H,NO requires: C, 76.5; H, 11.5; N, 5.6%); 8,; 5.65(t, 1H, C=CH) 3.45(bs, 4H, N(CH,),), 2.1(q, 2H,
J7.Hz, C=C-CH,), 1.9(bs, 4H, (CH,),), 1.8(s, 3H, =C-CH,), 1.2-1.45(bm, 12H, (CH,),) and 0.86(t, 3H, CH,);

166(62), 138(100), 98(19); 69(49), !
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petroleum ether - ethyl acetate afforded the product (51%) as a colourless oil. (Found: C, 77.9; H, 7.65; N,
2

a
6.5. C,H,;NO requires: C, 78. 15; H, 7.9; N, 6.5%); &, 7.45-7.25(m, 5H, ArH), 6 65(5, 1H, C=CH), 3.57(bs,
4H, N(CH,),), 2.12(s, 3H, CH;) and 1.92(bs, 4H, (CH,),); m/z(%): 215(M",72), 200(22), 145(86), 138(26);

117(100), 91(36) and 70(37).
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needles, m.p. 67-68°C (Found: C, 77.5; H, 7.65; N, 6.9. C,;H(NO requires: C, 77.25; H, 7.9; N, 6.95%); &,
7.27-7.41(m, 6H, ArH and C=CH), 6.0(bs, 1H, NH), 5.9 and 6.0(m, 1H, C=CH-Ph), 5.17-5.28(2xd, J16.5Hz,
J23.5Hz, 2x1H, C=CH,), 4.0(t, 2H, NCH,) and 2.1(s, 3H, CH,); m/z(%): 202(M*,5), 201(34), 145(99.5),
117(100), 91(44) and 41(20.

General procedure for esterification of oxygen nucleophiles in the presence of CO and allene.
Nucleophile (2mmol) and Pd(PPh;,),, (5 mol%) were mixed in dry THF (10ml) and the solution was degassed
before addition of allene (1 bar) and CO (1 bar). The reaction mixture was heated to 100°C for 16h during

which time the pressure rosc to 5 bar After cooling the mixture was concentrated under reduced pressure and

Ln P seanae lase _..;,‘,..._.._L-.
uic 1 bxuuc yuuucu Uy LU umii Cr glapily.
Phenyl methacrylate (3a ) Column chromatography eluting with 9:1 v/v petroleum ether - ether afforded

the product (55%) as a colourless oil. 8, 7.1-7.4(m, 5H, ArH), 6.35 and 5.75(2xs, 2x1H, C=CH,) and 2.05(s,

3H, CH,); m/z(%): 162(M*,19), 94(27), 69(100) and 41(86).

1-Naphthyl methacrylate (3b). Column chromatography eluting with 9:1 v/v petroleum ether - ether

afforded the product (68%) as a colourless oil. (Found: C, 79.15; H, 5.95. C,, H,,0, requires: C,79.2; H,

5.7%); &, 7.85(m, 2H, ArH), 7.7(d, 1H, J8.1Hz, ArH), 7.45-7.5(m, 3H, ArH), 7.3(d, 1H, J8Hz, ArH), 6.5 and

5.9(2xs, 2x1H, C=CH,) and 2.15(s, 3H, CIL); m/z(%): 212(M",26), 115(41), 69(100) and 41(58).
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207(M",8), 139(6), 69(100) and 41(59).

3-Nitrophenyl methacrylate (3d). Column chromatography eluting with 9:1 v/v petroleum ether - ether
afforded the product (57%) which crystallised from petroleum ether - ethyl acetate as colourless needles, m.p.
63°C. (Found: C, 58.05; H, 4.5; N, 6.75. C,H,NO, requires: C, 58.0; H, 4.35; N, 6.75%); &,; 8.15(dd, 1H,
J1.6, 8.2Hz, ArH), 8.0(s, 1H, ArH), 7.5-7.6(m, 2H, ArH), 6.4 and 5.8 (2xs, 2x1H, C=CH,) and 2.1(s, 3H,
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afforded the proauct (067 ) willch Crystaiiise€d rrom petroicum Cuicr - €ulyl acialc as COIoUriess necuics, m.p.

96°C (Found: C, 57.8; H, 4.15; N, 6.5. C,HI,NO, requires: C, 58.0; H, 4.35; N, 6.75%); & d, 2H, J9.1Hz,

ArH), 7.3(d, 2H, J9Hz, ArH), 6.4 and 5.8(2xs, 2x1H, C=CH,) and 2.1(s, 3H, CH,); m/z(%) 207(M°, <1),
139(3), 109(8), 69(100), 63(14) and 41(57).

2-Tolyl methacrylate (3f). 10 Mol% of palladium tetrakis-triphenylphosphine were used in this experiment.
Column chromatography eluting with 9:1 v/v petroleum ether - ether afforded the product (65%) as a
colourless oil. (Found: C, 74.95; H, 6.8. C,H,,0, requires: C, 75; H, 6.8%); 8, 7.25-7.15(m, 3H, ArH),

7.0(d, 1H, I8Hz, ArlD), 6.4 and 5.75(2xs, 2x1H, C=CH,), 2.2(s, 3H, ArCH;) and 2.1(s, 3H, CH,); m/z(%):

7.U\My 113y JOURAL, ;u;j}, F dwind 2 A w123 1ih 1

176(M",33), 107(11), 91(4), 77(16), 69(100) and 41(63).

- n chromatography eluting with 9:1 v/v petroleum cther - ether afforded the
3-Tolyl methacryiate (3g). Column ¢ grapny 1 p

e oA~ ~ TY o~ g, 1T £ 90/ & TS
product (53%) as a colourless oil. (Found: C, 74.85; 1, 7.05. C,;H,,0O, requires: C, 75; H, 6.8%); o, /.25
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4-Tolyl methacrylate (3h). 10 Moi% of palladium tetrakis- -triphenylphosphine were used in this experiment.
Column chromatography eluting with 9:1 v/v petroleum ether - ether afforded the product (57%) as a
colourless oil. (Found: C, 75.0; H, 7.05. C; H,,0, requires: C, 75.0; H, 6.8%); &, 7.2(d, 2H, J8.35Hz), 7.0(d,
2H, J8.35Hz, ArH), 6.3 and 5.7(2xs, 2x1H, C=CH,), 2.3(s, 3H, ArCH,) and 2.0(s, 3H, CH,); m/z(%):
176(M*,29), 107(18.4), 81(6), 77(19), 69(100) and 51(8).

v
>

O-Methacryloyl acetoxime (4a). Column chromatography eluting with 2:1 v/v petroleum ether - ether
afforded the product (53%) as a colourless oil. (Found: C, 59.3; H, 7.7; N, 9.75. C,,;H,,0, requires: C, 59.55;
H 78 N Q9804 § 612 and SASMve IvIH OC=CH ) and 2 187 N&7MAve AIvIT v N /2000
Ay 14Uy 174 /-}JIU}, Vi V.10 v J. VJ\I-AJ, dwWiily o \/1121 Gl L.l J Tl UJ\JAD, SJAJLL, _JA\../IIS}, llUL\/U}

141(M",6), 69(100), 56(17) and 41(77).

O-Meihacryioyi cyclohexanone oxime (4b). Column chromatography eluting with 2:1 v/v petroleum ether -
ether afforded the product (56%) as a colourless oil. (Found: C, 66.0; H, 8.35; N, 7.5. C,,H;,NO, requires: C,
66.3; H, 8.3; N, 7.7%); 6,,6.15 and 5.6(2xs, 2x1H, C=CH,), 2.6-2.4(2xt, 2x2H, 2x(CH,),), 2.0(s, 3H,CH,), and
1.8-1.6(m, 6H, (CH,),); m/z(%): 181(M",6), 69(100), 56(17) and 41(77).
1,5-Bis(methacryloyl)-5-hydroxyindole(5). Reaction time of 16h. Column chromatography eluting with 3:1
v/v petroleum ether - ether afforded the product (47%) as a colourless oil. (Found: C, 71.65; H, 5.6; N, 5.5.
C,sH,(NO, requires: C, 71.4; H, 5.6; N, 5.2%); &, 8.0(d, 1H, J8.9Hz, ArH), 7.5(d, 1H, J3.8Hz, ArH), 7.3(d,

1H, 12.3Hz ArH), 7.1(dd, 1H, J2.3, JR OHz, ArH), 6.6(1H, I3 8Hz ArH), 6.4 and 5.75(2xs, 2x1H C=CH.,)
10, va.2nZ, Arn), /.144, 140, J2.2, J8.FHZ, Ar), 0.0(114, 8HZ, Arm), 0.4 and 5. /0{2XS, 2Xi1n, L=, ),
7 nnd & ALY e I 1 C=CLI Y 2 18(ve v 20T and 2 162ve 2v2HT A0 Y- mn/7004) VA0 25)
Jof Al D FI LA, LALKL, UT0I])), L LIO\JAD, JAJILL, JALILL) allll L. 1 JAD, JAJLL, DALILI ), UVLL70). 4UIIVL 4,0 J ),
241(19), 200(6), 69(100) and 41(59).

4-Hydroxyphenyl methacrylamide (6). Reaction time 16h. Column chromatography eluting with 4.5:4.5:1
v/v petroleum ether - ether-methanol afforded the product (57%) which crystallised from petroleum ether -
ethyl acetate as colourless needles, m.p. 152°C. (lit." m.p. 150.5-151.5 °C). (Found: C, 67.75; H, 6.4; N, 7.7.
C,,H,,NO, requires: C, 67.8; H, 6.2; N, 7.9%); &, (DMS0.D6): 9.5 and 9.2(2xbr s, 2x1H, NH and OH), 7.4(d,
2H, J9.Hz, ArH), 6.6(d, 2H, J9Hz, ArH), 5.4 and 5.7(2xs, 2x1H, C=CH,) and 1.9(s, 3H CH,); m/z):

177(M",80), 162(5), 122(5), 108(15), 81(12), 69(100) and (86).

Ad_Acrvlgovloxvnhenvl methacrvlamide {'7\ Reaction time 16h. Column chromatoeranhv elutine with 1:1 v/v
4-Acryloylexypheny! methacrylamide (7). Reactic lurmn chromatography g

petroleum ether - ether afforded the product (66%) which crystallised from petroleum ether - ethyl acetate as
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colouriess needies, m.p. 123°C (Found: C,68.4; H, 6.25; N, 5.5. C,H,;NO; requires: C, 68.6; H, 6.1;
5.7%); &y 7.6(d, 2H, J9Hz, ArH), 7.1(d, 211, J9Hz, ArH), 6.3 and 5.8(2xs, 2x1H, C=CH,), 5.7 and 5.5(2xs,
2x1H, C=CH,) and 2.0(s, 6H, 2xCH,); m/z(%): 245(M",29), 177(8), 69(100) and 41(66).

Further studies of these and related processes are in hand
We thank Leeds University and Zeneca for support.
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