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Abstract: Regiospecific pentamolecular queuing cascades involving formation of 5 new bonds
and cycloacylpalladation have been achieved. The processes employ vinyl and aryl halide or
triflate starter species together with allenes and carbon monoxide (1atm) and both preformed and
in situ generated Pd(0) catalysts. © 1997 Elsevier Science Ltd.

The scope of our palladium catalysed cyclisation-anion capture methodology' has been considerably
extended by the introduction of substrates that expand the relay phase of the cascade and which, in appropriate
cases, permit switching between inter- and intra-molecular processes in the relay phase leading to
polymolecular queuing cascades. We have provided examples of tri- and tetra-molecular queuing cascades™
and in this communication we report examples of pentamolecular queuing cascades employing both carbon
monoxide and allene in the relay phase and aryl and vinyl halides or triflates as the starter species.l

2-Methallyliodobenzene (1a) and the analogous triflate (1b) were selected as representative aryl starter

species.
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A series of reactions were carried out with (1a) and (1b) varying the allene and the "anion-transfer"

agents Y (Scheme 1) (Table 1). These cascades incorporated 2 molecules of carbon monoxide, result in the

formation of 5 new bonds and constitute pentamolecular queuing processes.

Table 1. Pentamolecular queuing cascades.”

Starter Species Allene” Y Time(h)
la 2,R=R'=H piperidine 17
la 2,R=R'=H pyrrolidine 16
la 2,R=R'=H morpholine 18
la 2,R=R'=H Ph (NaBPh,) 0.5
la 2,R=R'=Me piperidine 2.5
la 2,R=Rl=Me morpholine 18
la 2,R=H,R1=Ph piperidine 0.5
1b 2,R=R'=Me morpholine 20
a.

Yield(%)®

55
57

67°
50

30°
78°
30¢
30°

All reactions carried out in toluene at 110°C using a catalyst system comprising 10mol%
Pd(OAc),, 20mol%PPh;, K,CO; (4mol.eq.), Et,;NCI (1mol.eq.) and Y(2mol.eq).

Allene gas (1atm) and CO (latm) employed in a Schlenk tube. Appropriate reactions employed

dimethylallene (5-10 mol.eq.) and phenylallene (1.1 mol.eq.).
Isolated yields.
5 mol% Pd(PPh;), used as catalyst.

10mol% PdCl, (dppf) used as catalyst.

The inherently slow rate of 4-exo-trig cyclopalladation of the initial oxidative addition product (2)
(Scheme 1) allows carbonylation to occur generating (3) which has a considerably enhanced cyclisation rate

(5-exo-trig cycloacylpalladation). A second carbonylation is followed by acylpalladation of the allene at the

centre carbon atom® and anion capture at the least substituted terminus of the n-allyl species to give (5). In
this cascade five new bonds are formed [shown in bold in (5)]. The isolated yields underestimate the actual
yields due to the instability of the products to chromatography on silica. This is illustrated by the reaction of
(1a) with allene, CO and piperidine. When piperidine (2mol.eq.) was added to the cooled reaction mixture
prior to workup the Michael adduct (6) was formed. Chromatography then resulted in a retro-Michael reaction
but gave (5, R=R'=H, Y=N-piperidinyl) in 75% overall yield from (1a).
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Vinyl bromide (7)5 was alkylated with methallyl chloride to provide the cascade substrate (8) (52%).
Reaction of (8) with carbon monoxide 1,1-dimethylallene and piperidine using Pd(PPh;), as catalyst afforded
(9) (54%) (Scheme 2).
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(i) NaH, LiBr, methallyl chloride® o
(ii) 1,1-dimethylallene (10 mol.eq.), CO (1 atm), piperidine (2 mol.eq.)
Bu,NBr (1 mol.eq.), 5 mol% Pd{PPh;),, toluene, 100°C, 3.5h

Scheme 2

A vinyl triflate example has been examined using (10) as substrate. Reaction (DMF, 110°C, 3h) of
(10) with 1,1-dimethylallene (5mol.eq.), CO (latm) and morpholine (3mol.eq.) in the presence of 10mol% of
PdCl,(dppf) afforded a mixture of (11) (32%) (6:1 mixture of diastereomers) and (12) (10%). A related
tetramolecular process was carried out by reacting (10) with CO(latm) and PhSnMe; (1.1mol.eq.) using the
same catalyst and conditions but with the addition of LiCl (3mol.eq.). This reaction afforded (13)(51%) as a

3:1 mixture of diastereomers.
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In summary, pentamolecular queuing cascades employing vinyl and aryl halides and triflates as starter
species have been achieved with regiospecific incorporation of allene and a mono- and di-substituted allenes

in addition to carbon monoxide.

We thank the EPSRC, Zeneca and Leeds University for support.

References.
1. Grigg, R.; Loganathan, V.; Sridharan, V.; Stevenson, P.; Sukirthalingam, S.; Worakun, T.;

Tetrahedron, 1996, 52, 11479-11502 and references therein.



4492

Cascades involving CO/MR[M=B(III),Sn(IV)]: 3-component cascades: Grigg, R.; Redpath, J.;
Sridharan, V.; Wilson, D.; Tetrahedron Lett., 1994, 35, 4429-4432, 4-component cascades: Grigg,
R.; Redpath, J.; Sridharan, V.; Wilson, D.; ibid 1994, 35, 7661-7664; Grigg, R.; Putnikovic, B.; Urch,
C.; ibid, 1996, 37, 695-698.

Cascades involving allene/nucleophiles: Grigg, R.; Sridharan, V.; Terrier, C.; Tetrahedron Lett., 1996,
37, 4221-4224; Grigg, R.; Savic, V.; ibid, 1996, 37, 6565-6568; Grigg, R.; Rasul, R.; Savic, V.; ibid,
1997, 38, 1825-1828.

Attack at the centre carbon of allene is the normal process provided there are no untoward steric
constraints. For recent examples see: Vicart, N.; Caze, B.; Gore, J.; Tetrahedron, 1996, 52, 9101-
9110; Caze, B.; Pure Appl. Chem., 1990, 62, 1867-1878; Grigg, R.; Xu, L.-H.; Tetrahedron Lett.,
1996, 37, 4251-4254; Larock, R.C.; Zenner, JM.; J. Org. Chem., 1995, 60, 482-483; Ma, S.; Negishi,
E.L,J Am. Chem. Soc., 1995, 117, 6345-6357; Grigg, R.; Sridharan, V.; Xu, L.-H.; Chem. Commun.,
1995, 1903-1904. For exceptions see: Grigg, R.; Rasul, R.; Redpath, J.; Wilson, D.; Tetrahedron
Lett., 1996, 37, 4609-4612; Doi, T.; Yanagiswa, A.; Nakanishi, S.; Yamamoto, K.; Takahashi, T.; J.
Org. Chem., 1996, 61, 2602-2603.

Curran, D.P.; Liu, H.; Josien, H.; Do, S-B; Tetrahedron, 1996, 52, 11385-11404; Newcome, G.R.;
Broussard, J.; Staines, S.K.; Sauer, J.D.; Synthesis, 1974, 707-709.

(Received in UK 2 April 1997; accepted 9 May 1997)



