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Abttract: Chital (phosphinoaruroxazoline)Pd umplexes with stereogenic 
phosphorus wem used es catalysts Ibr alkylation of cydoakenyl acetates which 
gave prrWxts with up to 85% 88. E&eilent reactivity allowd reactions Mth 8s 
IiMe as 0.02 md% of FXi. Five- and six-membered ring synthons of interest for 
syntheses of biologically active compounds with > 99% ee were obtained via 
twystal&di0n of ioNacMes. 

Recently, we2 and others’ introduced Pd complexes of chiral phasphinaaryl-oxazolines (A) as very 

effective catalysts for enantioselective allylic alkylation and amination. For acyclic substrates enan- 

tiomeric excessas of up to 99 % (1,3~iphenyK?-propenyI system) were obtained. However, the pre- 

paratively particularly interesting allylic substitutions of cycloalkenyl substrates gave initially almost 

racemic products. Improvement was achieved by employing ligands B-E with a stereogenic phos- 

phorus centre and systematic optimization of reaction conditions. Induced by the very considerable 

attentii currently diiected at cyclic substrates, by the groups of Brown*, Kang’, Minam?, Togni7 and 

Trost’, we here report our results with focus on preparative aspectso. 
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For work in asymmetric catalysis determination of enantiomeric purity of reaction products is of cru- 
cial importance. Previous work had relied on optical rotation and 1H NMR chiral shift reagents of 

which the first is often unreliable and the second is often not precise. We were able to achieve the 

diraot separation of 2b, 2c and 2d on a GC cyclodextrkm column’O. As a copsequenae, precise maxi- 

mal optical retatipns c+d be determined. The values of maxlmel optioeb rotations from this and ear- 

lier work are displayed in Table 1. The value found for 2b is in agreement with recently reported 

work’, but at variance with older work for which enantioselectivities probably must be corrected to 

lower values than stated. From esters 2a-c iodolactwes 4a-c were formed and were found sepa- 

rable by HPLC on a Daicel column”. This allowed us to precisely determine optical rotations for the 
five-membered ring compounds, in particular la. 

Tsbk 1. Absolute values of optical rotations of malonater 28-d 
(RI = CH.$ (extrapolated lo 100% ee). 

Compound 
za 

tb 

2c 

2d ’ 

[OCJ, Ref. 
73.1 (c = 3.09, CH#zl2) 8 
99.6 (c 3: 3.21, C&Cl2) this w. 
98.7 (c = 2.27, CHCl& this w. 
31.2 (c = 2.80. CHCId 7 
36.4 (c = 2.60, CHCll) 4 
14.0 (c = 1.36. CHfil2) 5 
44.3 (c = 2.94. Cl+Cl2) 8 
46.1 (c= 3.11, CHs12) this w. 
46.1 (C P 2.88. CHCIS) this w. 

8.3 (c = 4.52, CHfild 8 
7.1 (c = 2.92, Cl+&) this w. 
7.8 (c = 3.04, CHCls) this w. 

103.1 (c = 2.89, CHCU this w. 

In our initial experiments with oyclohaxenyl acetate as substrate, severd diphenylphosphinophenyl 

oxazolines, for example A, were employed as ligends. These gavenearly racamic products (Table 2. 

entry l), in contrast to the high degree, of enantioselection typical for acyclic substrates. Molecular 

models based on X-ray dataa. make it clear that ligands of type A are not effective because there 

are no direct interactions of the axial group R* and phenyl groups at phosphorus in the compara- 
tively narrow area of space occupied by a cyclic allylic group. The models suggested that ligands 

with a stereogenic phosphorus centre should be better suited. Indeed, the epimeric 1-naphthyl deri- 

vatives B and C gave rise to enantiomeric products (entries 2, 3) with some selectivity. Even better 

results were achieved with the biphenyl derivatives D and E”. 

Further improvement was achieved by variation of substrate structures and reaction conditions. Of a 

series of malonates CH2(COORl)2 that with the smallest group Rl gave the best results. Of a variety 

of solvents, highest selectivity was provided by dioxane. The molar ratio Pd:ligand showed a marked 

effect: reactivity and selectivity were significantly improved by an increase from 1 :I .I to 1:3 (of. 

entries 4 and 5). Complexation of the cation with orown ether or employing tetraalkylammonium 
salts, which can have dramatic effects bn enantioseleotivity according to recent report&*, led to a 

decrease in yields and enantioselectivities. In contrast, maximal enantioselectivity was obtained with 

Li+ as counter ion (entries 6-l 2). The leaving group in the substrate did not effect the selectivity, but 

reactivity and yield varied significantly (entries 7-9). 



8597 

Tabk 2. Allytic alkytatton of S(acylorry)-cycloeUnes 

Entry n X Ligand Method’ Sotvent Counter t Me@ ‘Ice& 

Ion [%I fconfip.) 
1 6 OAC A A THF K* 3d 30 0 

2 6 OAC C A THF K+ ld 81 22(s) 
3 6 OAc B A l-HF K’ 18h 83 32(R) 
4 6 OAc B Bd dioxene Na+ 20h 19 35 u?J 
5 6 OAC B B dioxane Na’ 1 h 81 45 fR) 

6 0 OAc B B dioxane Li+ ld 76 47 (R) 

7 6 OAc D B dioxane Li+ 10h 73 51 (R) 
8 6 OCOPh 0 B dioxane Li+ 6h 98 49 (R) 
9 6 OCOOMe 0 B dloxane Lt+ 2h 99 5tJ(R) 
IO 6 OAc on&E B dioxane Li+ 3h 93 Y(R) 
11 5 OAc ant-E B dioxane Li* 1 h 81 62’ (R) 

12 7 OAc D B Uioxane Li+ 17h 84 83. (R) 
13 8 OAc B B dioxane Li* Zd 26 36 (RI 
14 8 Br 0nt-E B THF Na+ 1 d 64 85 (S) 

a) in all experiments the ratio of Pd : 1 was 0.01. Method A: Readion of 1 mmol of substrate with 3 mmol of dimethyl 
malonate, 3 mmol of N,O-Ms-trimethylsilylawtamlde (BSA) and $0 mol of KOAc in 3 ml of &lVFnt at room 
temperature; ratio Pd : ligand = 1 : 1.1. Method B: Reaction of 1 mmol of substrate with the salt prepamd from 2 mmol 
of dimathyl malon@e and 1.5 mmol of NaH or q uLi in 3 ml of solvent at mom temperature; ratio Pd : ligand = 1 : 3. b) 
Yields refer to products after isolation and chrornatographic purification. c) Enantiomeric excess was determined by GC 
(psrmethyl B-CD), cf. ref. 10. d) In this emment the ratio Pd : B was 1:l .l_ e) Enantiomerk excess was detenninsd by 
HPLC analysts of the corresponding iodolactones on Deice1 Chiralcel OJ (n-bexane : EtOH 90 : 10. flow: 0.5 mUmin). 

Table 3. Allylic alkylation of Schloro-cyctopentene (1, X = Cly 

Entry Ratio of Ratio of Temp. t Yield %ee 

Pd : 1 Pd : ent-E rC) Ihl [%I 

1 0.002 113 -30 12 97 80 

2 O.tW 1:3 -35 15 98 62 
3 0.0005 1:1.5 0 5 7lb 62 

4 o.ooo2 1:1.5 0 14 89 59 

a) For a representative procedure see note 16. b) The reaction 
was run on a 0.1 mol scale. c) The reaction was run on a 1 mol scale. 

With reaction conditions optimized as far as possible with the oxazoline iigands, we needed a 

method of providing enantiomerically pure material. Eventually, it was found that the readily 

accessible iodolactones 4a Ia and 4b (Scheme t) are crystalline (mp of 68-88.5 “C and M-96 “C for 

4a and 4b, respectively, and mp of the racemic compounds 35-36 “Cl= and 88 Xl*, respectively) 

and enantiomerically pure 4a and 4b (~99.6% 88, HPLC) were easily obtained after recrystallization 

from ethyl acetate/n-hexane. Both compounds are most valuable starting materials for syntheses of 
biologically active compounds. The iodolactone 4c did not crystallize. 

For synthetic applications it was desirable to reduce the amount of catalyst to a minimum and to op- 
timize reaction time and cost of the starting materials. Therefore, 3-cyclopentenyl chloride, easily 

available on a 100 g scale by reaction of I-ICI with cyclopentadiene14, was used and showed excal- 
lent reactivity and yield (Table 3). In order to suppress the non-catalyzed allylic alkylation which 

starts at ca. 0 ‘C under the conditions employed, reactions were run at -35 ‘C with freshly dished 

starting material. Even at 0 “C the catalyzed reaction could 8uccessfully compete with the noncata- 
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lyzed. A subsequent reduction of the amount of catalyst from 1 mol% down to a minimum of 0.02 

mol% did not show any influence on enantioselectivity while reaction time slightly inoreasad. Yields 

were nearly quantitative when pure starting materialf5 was employed (cf. representative proca- 
dure16). It is our general experience that with freshly purified starting materials ailylic alkylations can 
be often catalyzed with much smaller amounts of Pd complexes than the currently typically 

employed 2-5 mol%. 
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