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On the key role of water in the allylic activation catalysed by Pd (lI)
bisphosphinite complexes
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Abstract. Palladium and platinum complexes of bisphosphinites and bisphosphines derived from mandelic
acid have been prepared and characterized. Their ability to catalyze allylation of imines with allyltribu-
tylstannane has been studied. Bisphophinite complexes of Pd (Il) are shown to be ideal and they work
best in the presence of one equivalent of water. The near neutral conditions employed make the catalysts
suitable for a wide variety of substrates.
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1. Introduction system described here, results in considerably im-
proved yields. Although chiral forms of the catalysts
Allylation of carbonyls and imines is an excellentre readily accessible from the available chiral pool
and convenient source of homoallylic alcohols angf alcohols, optical yields are disappointingly low.
amines respectively. These are important intermediates
in the synthesis of many natural products of great
medicinal valué. While homo allylic alcohols are

more readily accessible due to the r(_aady allylation cffhe complexes described here were readily generated
carb_onyl cpmpou_nds, the _corresppndmg rpute to horﬂ%m the bisdiphenylphosphinyl chloride complex
allylic amines via allylation of imines is less fa-¢jq ey, (PPRCI),] (2) which in turn can be obtained
voured due to reduced electrophilicftyActivation from the reaction of PREI with [MCl,(1,5-COD)]
of the imine with a Lewis acid increases its electrch\/I = Pd/Pt) (). Treatment of 2) With2 alcoholsin
philicity towards the allyl f_ragmg?lf_ but alsp Pro-situ generates phosphinite complexes of Pd/Pt. A
motes thde r_zady hyquIyﬁ_'rS] of |hm|ndes .Wh'c? IS aF%mge of alcohols, diols, chiral and achiral could be
””W?‘”te. side reaction. ys.t € design ot a NOflseq in this reaction. Diols capable of chelation
Lewis acid catalyst for allylic imination is quite apermitted isolation of molecular complexes which
challenge. h ored th could be readily characterized. However, diols ori-
A recent report has explored the use bisirrallyl ;nted in atrans fashion led to polymeric molecules

Results and discussion

palladium complexas a catalyst in the presence o nd did not afford discrete molecules.

phosphine$. The chemical and optical yields reporte reparation of diphosphinites followed the proce-

in that study, encouraged us to seek a better met e reported by Bergamimind coworker€. Once

for catalytic aIrLyIatloE of |m|rr11es._ ¢ _ ;:E?ordinated to the metal, tH@sphosphintes were
We report here the synthesis of a new series gamd to be quite stable. Thus chiral 1,2-diols such

catalysts based on phosphinites, readily generated ol alveol derived f ducti f opticall
from the alcohols and PR®I; metal coordinated or pheny? glycol derived from reduction ot optically

otherwise.

They promote the allylation of imines using allyl- R Cat R

. . (1 mol%) =
tributlystanane as the source of the allylic fragment. f 4 A SNBY, - W

The reaction is best carried out in the presence of ogeN THE.RT HN
equivalent of water but is in no way unique as it has1 2 R
been observed in other systems as Wélhe catalyst a; R = p-(CO,Me)C¢H,, R' = trans - PhCH=CH

*For correspondence Figure 1.
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plete in 8 h, if one equivalent of water was present.
OHLiAH, @ This represented considerable acceleration over the
reaction conducted in the absence of water (entry 3
cis-M(PPh,CI),Cl, table 1 and entry 1 table 2) Using greater than one
equivalent of water was detrimental to the yield as it
led to hydrolysis of imine. We attempted the cataly-
sis of the reaction with complexes having triaryl-
phosphines instead of the phosphinites and found
cl them ineffective.
@ Attempts to extend the reaction to allylation of alde-

hydes were not very successful as catalyst decompo-
sition was observed during the reaction. In order to

I, R isomerll , S isomer (M = Pd) study the electronic demands on the allylation, elec-
Il, R isomerlV, S isomer (M = Pt) tron-withdrawing and electron-donating substituents
were used on the amine and aldehyde that went into
Scheme 1. the making of the imine. The results are given in table
3. The maximum yields and minimum reaction times

PPh,Li

780

n, ~ were observed with electron withdrawing substituents.
Based on the advantage provided by electron

@jv MsCl, Py

©)v withdrawing groups, we propose nucleophilic allyla-

tion of a Pd coordinated imine. This would suggest a

six-membered intermediate shown in scheme 4.

@jv /Ph Since one equivalent of water is required, a stoichio-

“p metric reaction of one of the intermediates is a key

step. One possible role for water could be the libera-

tion of the active form of the catalyst from the prod-

V: Risomer (M = Pd) VI; R isomer (R = Pt) uct-complexed-catalyst. Surprisingly, under similar

VII; S isomer (M = Pd) VIII ; S isomer (R = Pt) conditions, the platinum complexes were found to
be ineffective.

/
\

Scheme 2.

) . . 3. Experimental section
pure mandelic acfdwere used in this study to obtain

optically pure complexes. All reactions and manipulations were routinely per-
The corresponding bisphosphines were also cofsrmed under a dry nitrogen atmosphere by using
veniently synthesised by reaction of the methanes@randard Schlenk techniques. Tetrahydrofuran and
phonates derived l):rom optically active phenyl giethyl ether were doubly distilled over sodium/
glycols with PPLI benzophenone and LiAld Dichloromethane was
purified by distillation from FOs. PPRCI was puri-
2.1 Catalytic allylation and the influence of waterfied by distillation under nitrogen prior to usei and
3P NMR spectra were recorded on Bruker AMX
Initial tests were carried out on the allylation of imine400 MHz spectrometer. Peak positions are given in
derived from cinnamaldehyde using allyltributylstanppm relative to TMS ') and to external PO,
nane with 10 mol percentage of the catalyst (table 1j'P). Elemental analyses (C, H, N) were performed
Surprisingly, when the most active catalyst was testeéging Thermo Finnigan FLASH EA 1112 analyser.
using smaller quantity (1 mol %), the reaction wa®ptical rotations were obtained on a Jasco DIP-370
faster. However, the reaction was not acceleratétstrument.
further when, 0 mol% of catalyst was used. No Literature methods were used for preparation of
further attempts were made to optimise the amoufittCl (1,5-COD)}* and [PdC{(1,5-COD)J*. Catalysts
of catalyst. A second surprise we encountered in this-VIIl were made according to literature proce-
reaction was its reaction in the presence of wateture™® All complexes were recrystallized from di-
With 1 mol % of the catalyst, the reaction was conthloromethane/diethyl ether.
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a: R =p-(COOMe)GH4, R =transPhCH=CH; b: R = Ph,
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Table 1. Allylation of imine 1a

Reaction time Isolated yield Catalyst amount

Entry Catalyst (h) (%) (mol. %)

1 I 24 77 10

2 Il 42* 40 10

3 1 24 88 10

4 v 48 37 10

5 \Y 36 82 10

6 VI 72 00 10

7 VI 38 86 10

8 VI 72 00 10

9 I 16 94 1
10 I 80 92 1}
11 I 17 87 1

*Including 36 h at RT followed by 6 h of reflux

Table 2. Effect of water.

Reaction time Isolated yield Catalyst amount
Entry Catalyst (h) Water (%) (mol. %)
1 1 14 leq 89 (20)
2 [l 8 leq 95 (o)
3 [l 37 leq 93 (@)
4 [l 13 Excess 83 ()]

R
ﬁ + /\/SnBu?
N

Standard reaction condition: To a solutiorilef(0[07 mmol) in dry THF allyltribu-
tylstannane (M9 mmol) was added and stirred for 10 min at RT. Catdlyst

(1 mol%) was added followed by degassed water (1 equiv) and the reaction mixture
stirred for the given time. The product was separated by column chromatography

R
Cat(1mol%)

R

2 sodium sulphate and then concentrated to give

085 g (93%) (lit.** 71%) of (R)-(-)-GHsCHOH

R’ = Ph: c; R = p-@Hs(OMe), R = Ph; d; R 5p-CHi(COMe), CHOH. Recrystallisation from toluene—hexane 2}
R =h; e; R=Ph, R=p-GHi(NO); f; R =p-CHis(OMe), gave colourless plates, m.p. 66267 [a]**, —392°
R’ = p-CHa(NO,); g; R = p-GHy(COMe), R = p-CeHa(NO); 1

he R=Ph R= pCHa(OMOY: T R =pLeHaOMa), R =p. (€ 40, EIOH); “H NMR (CDCE) 6 731 (m, 5H,
CsHa(OMe): j: R =p-CeHa(COMe), R = p-CoHa(OMe); k: CeHs), 480 @, 1H, CH), 368 (Tg, 2H, CHy), 290
R = Ph, R =transPhCH=CH; I; R =p-CsH4(OMe), R =trans-  (br, 1H, OH), 248 (br, 1H, OH);“C NMR (CDC})

PhCH=CH.

01405, 1285, 1279, 1261, 747, 680.

Scheme 3. vert S-(+)-mandelic acid into (B); S-(+)-

CsHsCHOHCH,0OH, [a]?%p +386° (c 40, EtOH).

(A); (R)-(-)-Phenylethane-1,2-diol. A solution of
(-)-(R)-mandelic acid (1 g, 7 mmol) in dry di- 3.1 Preparation of catalyst
ethyl ether (20 ml) was added dropwise to a stirred
suspension of LAH (#9 g, 3943 mmol) in diethyl (1); R-(=)-Ph(OPP$)CHCH,(OPPh)PdCL: A typi-

ether (20 ml) at 1%C over a period of 2 h. After the cal procedure for making the catalyst is as follows.

addition was complete, the reaction mixture was ré solution of PPECI (0128 ml, @735 mmol) in dry

fluxed for 3 h and cooled in an ice bath. Dilute HCtlegassed THF (2 ml) was added dropwise to a stirred

was cautiously added to the stirred solution till theolution of [PdC] (1,5-COD)](0@ g, G350 mmol) in

Pz pH was between 4 and 5. The resulting suspension
was passed through celite and washed with diethyl
THERT  HN, ether (50 ml). The diethyl ether solution was dried over

A completely analogous procedure was used to con-
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THF (5 ml) at room temperature under nitrogen. Aacuum desiccator for 12 h[95 g, 81%). gH.P.0,
yellow suspension of [Pd&PPhCI),] was formed PdCLICH,CI, calcd for C 515, H 393 found C
which was not isolated. An aliquot of the suspensid0B0, H 379. [a]*, —426° (¢ 10, CHCL); *H
was evacuated to dryness and dissolved in dry @DGIMR (400 MHz, CDC}) J 7[06—-808 (m, 20H, Ph)
to confirm formation of the complex [Pd@®PhCl),] 5.84 m, 1H, CHOP) 411 (m, 1H, CHHOP) 389 (m,
*P NMR (998 ppm)® (R)-(-)-phenylethane-1,2-diol 1H, CHHOP). *P NMR (16202 MHz, CDC}) &
(0048 g, @50 mmol) was added (in 2 ml THF) to1252 (d) and 118 (d), “Jep = 356 Hz.
the reaction mixture and stirred for 12 h. A light yel- (Il ); R-(=)-Ph(OPPHCHCH,(OPPR)PtClL: Com-
low precipitate separated out. The reaction mixtuggdex [PtCL(PPhCI),] was prepared by adding
was concentrated to half the volume and dry diethiPhCI (013 g, 059 mmol) to [PtCJCOD)] (01 g,
ether (20 ml) was added to complete the precipitati@®27 mmol) in dry THF'® (R)-(-)-Phenylethane-
with stirring for one more hour. The precipitate wag,2-diol (0036 g, 039 mmol) also dissolved in THF
filtered and washed with diethyl ether, and dried inwas added to the reaction mixture and stirred for
30 h. (0167 g, 80%) GH,sP,0.PtCh [a]*p —4509°
(c 10, CHCE) *H NMR (400 MHz, CDC}) § 71—
Table 3. 7097 (m, 20H, Ph) &0 (m, 1H, CHOP) 408 (m, 1H,
CHHOP) 392 (m, 1H, CHHOP). *P NMR
(16202 MHz, CDC}) 6 950 (*Jpi_p = 4105 Hz) and
841 (“Jpp= 3914 Hz).

Reaction Isolated Ref.
Entry Iminel time (h) vyield2 (%) (product 2)

1 la 8 95 6 (I11'); S-(+)-Ph(OPPHCHCH,(OPPB)PACh: Pre-

g 12 28 gg’* 2 pared used for preparing) (Cs,H.sP.0.PdC}L (83%)

4 1d 9 96 6 [a]*°> —401° (c 10, CHCE) *H NMR (400 MHz,

5 1e 17 88 6 CDCL) 6 7106-801 (m, 20H, Ph) 84 (m, 1H, CHOP)

6 1f 8 90 8 409 (m, 1H, CHHOP) 390 (m, 1H, CHHOP).*'P NMR

7 1g 9 96 6 (16202 MHz, CDC}t) o6 1252 (d) and 11% (d),

8 1h 30 95 9 ZJPPz 356 Hz.
1‘3 1! gg gg g (IV): S-(+)-Ph(OPPHCHCH,(OPPh)PtCh: Pre-
11 1|J( 17 85 10 pared by similar procedure described for preparation
12 12 93 4 of (Il) ( 87%) GaHadP20,PtCh[a]*p +472° (c 10,

CHCly) 'H NMR (400 MHz, CDC}) 5 711-801 (m,

*Based on'H NMR. The reaction was run on a 10 m
scale, the ratio of reagents was aIIyIstannanes/iminSZOH' Ph) @9 (m, 1H, CHOP) 410 (m, 1H, CHHOP)

catalyst Il = I2/1/001 in 1 ml THF at 25C *Complete 391 (M, 1H, ClHL'DP)- *P NMR (162021 MHz,
conversion of imine was not observed even at 50 h  CDClz) 4 959 ("Jpi_p= 4105 Hz) and 88 (Jpp=

3920 Hz).
o ﬁ 3.2 Catalytic reactions
\ Cl \ +
/\/ShBu“CBdU T {:F/’d\u — o Allylation of imines: N-(4-Methoxycarbonyl)phenyl)-
>/ 1-phenyl-1,5-hexadien-3-ylaming2a); A typical
R\_y  Procedure for allylation is as follows. Iminka
R (20 mg, @754 mmol) was dissolved in dry degas-
. sed THF in a round-bottom flask under nitrogen. Al-
G}d%v/\/sm% EP:%R' :<*Pd/f/\; lyltributylstannane (28, 009 mmol) was added
N p’ ‘N\% ©ON( and the mixture was stirred for 10 min before the
t \ R H R H catalyst, palladium compleix (05 mg, @754 umol)
was added under nitrogen. The mixture was stirred
PN o / at room temperature and the reaction progress moni-
AT+ N tored by TLC. On completion, the reaction mixture
U BusSn R was passed through a silica gel column. Elution us-

ing 10% ethyl acetate in petroleum ether gave a light
Scheme 4. yellow thick liquid, (21 mg, 91%),d]*%, +108°, *H
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NMR (400 MHz, CDC}) 6783 d, 2H,J = 88 Hz), References
728 (m, 5H), €39 d, 2H,J = 88 Hz), €35 (d, 1H,
1. (&) Yamamoto Y and Asao N 19€hem. Rev93

J =162 Hz), 617 dd, J = 158, 58, 1H), 583 (m,
1H), 519 (m, 2H), 429 (r, 1H), 414 @, 1H,
J =52 Hz), 383 (5, 3H), 250 (M, 2H).

4. Conclusion

We have prepared a series of new bisphosphinite
complexes of Pd (Il) and Pt (Il) derived from opti- ,
cally pure mandelic acids. The utility of these com-

plexes were investigated in the allylation of diverses.
imines. We have found that addition of one equiva-

lent of water reduces the reaction time. The Pd-
catalysed allylation proceeds under essentially neu-
tral conditions. The reactions tolerate a variety
of functional groups making it a useful catalyst sys-
tem. 7.

At this stage we can only provide a tentative role

for water in the rate enhancement. It is probably re;
quired for the formation of the active form of the
catalyst. Further investigations are in progress tg

probe this role.
10.
11.
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