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Summary: The asymmetric synthesis of eight spiro- 
oxindoles and related spirocyclics from the corresponding 
aryl iodide by palladium catalyzed cyclizations in the 
presence of the diphosphine ligand (R)-(+)-BINAP is re- 
ported. 

Catalytic asymmetric synthesis using transition-metal 
complexes is emerging as one of the most powerful meth- 
ods for the enantioselective preparation of organic com- 
pounds.2 In spite of the significant progress recorded in 
this area, few excellent methods yet exist for asymmetric 
carbon-carbon bond formation.2 Particularly underde- 
veloped is the asymmetric synthesis of quaternary carbon 
centers using chiral metal c~mplexes.~?~ Heck-type ary- 
lations and alkenylations of alkenes are a promising class 
of asymmetric C-C bond-forming reactions.4* Enan- 
tioselectivities of 180% were reported recently by Shi- 
badci4bd and Ozawa and Hayashi" for Heck reactions that 
directly form tertiary carbon centers. In 1989 we reported 
the first example of creating a quaternary carbon center 
through an asymmetric Heck reaction, although the en- 
antioselectivity was modest: In this paper, we report that 
a variety of spirocyclic compounds can be prepared with 
useful levels of enantioselection by asymmetric Heck cy- 
clizations. We also report the unexpected observation that 
either enantiomer of the chiral product can often be 
formed with good selectivity using a single enantiomer of 
a chiral diphosphine ligand. 

The synthesis of 3,3-spirooxindole 2 from the acryloyl 
2'-iodoanilide 1 was chosen for our initial studies (Scheme 
I).' These investigations examined a variety of chiral 
phosphine ligandsa and palladium catalyst precursors and 
solvents and employed 1-2 equiv of a silver saltg to favor 
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N.; Bastoe, C. Tetrahedron 1989,45,6901. (d) Blystone, S. L. C h m .  Reu. 
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Scheme I 

5 % Pd2(dbaI3, 
10 % R-(+I-BINAP. . .  
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1-2 equiv Ag3P04, 
MeCONMe2, 80 OC, 
26 h 

81 Yo 

1 10 % Pd2(dba)3, 

5 equiv PMP, 
MeCONMe2, 80 OC, 
140h 

77 % 

20 % R-(+)-BINAP, 
* 

(S)-(+)-2 71 % 8.8. 

(R)4-)-2 66 YO e.e. 

a catalytic cycle proceeding via cationic palladium(I1) in- 
termediate~.~~" 

Ehntioselectivities were highest, and most reproducible, 
with a catalyst prepared in polar solvents from (R)-BI- 
NAP,'O tris(dibennylideneacne)dipalladium, and either 
Ag2C03, Ag20, or Ag3P04. Under optimum conditions, 
(S)-(+)-2 was obtained in 71% enantiomeric excess and 
a chemical yield of 81% (Scheme 11.l' The absolute 
conf i a t ion  of (+)-2 was determined by hydrolysis to the 
corresponding enone, which could be purified to an ee of 
92% by recrystallization and subsequent bromination to 
afford 3 (eq 1). The a-bromoenone 3 was suitable for 
X-ray crystallographic analysis.12 

0 
\LNMe 

* Qf) (1) 
(1) HCI-H20, THF, 23 OC 

(+)-2 
(2) PhNMe3Br3, THF, - l o a 2 3  O C  \ 

Br (3) EtsN, 23 'C 

3 [ a ] ~ ~  -96.5 (c 0.3 MeOH) 65% 

Cyclization of 1 was much slower in the presence of silver 
salta of less basic anions (Ag02CCF3, M A C ,  AgNO,) and 
took place with virtually no asymmetric induction. Re- 
placement of the silver salt with K2C03 or Na3P04 resulted 
in a rapid cyclization, which occurred also with little face 
selectivity. Remarkably, cyclizations carried out without 
any added HI scavenger, or in the presence of tertiary 
amines, proceeded with good enantioeelectivity to form the 
R enantiomer of 2. Reactions conducted in the presence 
of the basic tertiary amine 1,2,2,6,6-pentamethylpiperidine 
(PMP) occurred slowly at 80 OC and afforded (R144-2 in 

(10) (R)-2,2'-Bis(diphenylphosphino)-l,l'-binaphthyl: Takaya, H.; 
Mashima, K.; Koyano, K.; Yagi, M.; Kumobayashi, H.; Taketomi, T.; 
Akutagawa, S.; Noyori, R. J. Org. Chem. 1986,51, 629. 

(11) Enantiomer ratios reported in this paper were determined by 
'H-NMR analysis at 500 MHz in the presence of the chiral shift reagenta 
Yb(tf&, E ~ ( h f c ) ~ ,  or Eu(tfc) 

(12) (a) Absolute confiiagon was assigned by the method of Rogers: 
Rogers, D. Acta Crystallogr. 1981, A37,734. (b) The authors have de- 
posited atomic coordinates for this structure with the Cambridge Crys- 
tallographic Data Centre. The coordinatas can be obtained, on request, 
from the Director, Cambridge Crystallographic Data Centre, 12 Union 
Road, Cambridge, CB2 lEZ, UK. 
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Table I. Asymmetric Synthesis o f  Either  Spirocyclic 
Enantiomer from the  Corresponding Aryl Iodide Using 

(R)-( +)-BINAP" 
0 

%!Me 
0 
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Communications 

kinetic resolution in the double-bond migration step, since 
the cyclohexenyl oxindole 4 was accompanied by varying 
amounts of the A3s4 double-bond regioisomer (Table I).16 
A related scenario leading to enhanced enantioselection 
in a bimolecular Heck reaction was recently described by 
Ozawa and Hayashi.& 

The enantioselectivities reported here are the highest 
obtained to date in palladium-catalyzed alkene insertions 
that form quaternary carbon centers. In cases where the 
major isomer can be further enriched by crystallization or 
chromatography, this method provides useful access to 
spirocyclic products of high enantiomeric purity. The 
unprecedented observation that either enantiomer of the 
Heck product can be formed using a single enantiomer of 
the BINAP ligand has several implications. Foremost, the 
selectivities observed in cyclizations of acryloyl 2'4odo- 
anilides accomplished in the presence of tertiary amine 
bases demonstrate, contrary to recent suggestions,4b*c that 
useful enantioselectivities in asymmetric Heck reactions 
can be realized in the presence of a halide counter ion. The 
insertion step of the base-promoted asymmetric reactions 
most likely proceeds via the pentacoordinate intermediate 
5 or a four-coordinate intermediate such as 6 in which the 
BINAP ligand coordinates through a single phosphorus 
atom." 

Qf-J \ 

e o  1 

Ag - 76%, (S) 65 '10 e.e. Ag - 81%, (S) 71 V0 e.e. 
R ~ N  - 74% (R) 75 % e.e. R3N - 77%, (R) 66 % 8.8. 

O$NMe 

Mem . 
Me 

Ag - gi%, (s) 41-50 % e.ee Ag - 99%, (+) 72 % e.e. 
R3N - 89%, (-) 71 % e.e. R3N - 66%, (R) 66 % e.e.' 

V 

\ Me% 

/ 
10 . 

Ag - 88% (-) 63 
R3N - 91%, (+) 25 % e.e 

e.e. 

6 
Ag - 74%, (s) 79-81 % e.e.b,e 
R3N - 45%, (R) 89-95 % e.e.C'e 

e o  12 

Ag - gooh, (+I 64 % e.ed 
R3N - 68Y0, (-) 8 % e.e. 

a Reaction conditions: Ag-5% Pd2(dbal3, 10% (R)-(+)-BINAP, 
2 equiv of Ag3P04, NJV-dimethylacetamide, 60-80 OC; RaN-lO% 
Pda(dba)3, 20% (R)-(+)-BINAP, 5 equiv of 1,2,2,6,6-pentamethyl- 
piperidine, Nfl-dimethylacetamide, 80-100 OC. *The A3v4 isomer 
was formed also (8% yield). 'The A3s4 isomer waa formed also 
(44% yield). The solvent was N-methyl-2-pyrrolidinone. 
'Enantiomeric purity determined by both 'H NMR" and HPLC 
(CHIRALCEL OD, 9 1  hexane/isopropanol) analysis. 

77% yield and 66% ee (Scheme I).13 
Table I summarizes our preliminary investigations of the 

scope of this method for the synthesis of optically active 
spirooxindoles and related spirocyclics (2, 4, 7-12).14 
Yields were typically good, and in all cases the silver- and 
amine-promoted cyclizations took place with opposite 
senses of enantioselection. The last two entries in Table 
I suggest that the scope of the silver-promoted asymmetric 
cyclization may be broader than the complementary re- 
action in the presence of amine bases. The excellent 
enantioselectivities observed for forming 4 likely arise from 

Ag - 91%, (+) 49-55 o/o e.e.d'e 
R3N - 66%, (-) 0-7 % e.e.' 

(13) A detailed study of the effect of HX scavengers on the rate and 
stereoselection of Heck reactions is underway. 
(14) Producta in Table I whose conf ia t ion  was established by direct 

chemical correlation with 3 are indicated by R and S descriptors. Prod- 
ucta whose assignment of absolute confiat ion is based solely on analogy 
are indicated without stereochemical descriptors. 

x 
6 x 

5 

Investigations aimed a t  further optimizing this prom- 
ising approach for the asymmetric synthesis of quatemary 
carbon centers are underway. 
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of (R)-BINAP. 

(15) Consistent with this interpretation, the (R)-A3v4 isomer produced 
in the PMP-promoted cyclization (44% yield) had a reduced enantiom- 
eric purity of 31%. The A3*' isomer of 4 waa correlated with the enone 
derived from (R)-(-)-2 by oxidation with Cr03.2 pyridine.16 

(16) Dauben, W. G.; Lorber, M.; Fullerton, D. S. J. Org. Chem. 1969, 
34, 3587. 

(17) Of these two possibilities, a four-coordinate mechanism would 
have the strongest experiment precedent, see: Samsel, E. G.; Norton, J. 
R. J .  Am. Chem. SOC. 1984,106, 5505. 


