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ABSTRACT
Pd,(dba); (0.5%)
EtOzC><f Ls (2%) EtO,C
EtO,C — TMS dioxane, 101 °C Et0,C
T™S
Bu
L= PtO
Bu/g
Bulky phosphite L ¢ and several sterically robust phosphoramidites are excellent ligands for promoting the Pd-catalyzed [3 + 2] intramolecular

cycloaddition between alkylidenecyclopropanes and alkynes. The use of these ligands allows for low catalyst loadings and facilitates the
otherwise sluggish cycloaddition of hept-6-ynylidenecyclopropane systems.

Metal-catalyzed cycloadditions are of great relevance in The cycloisomerization reaction has been carried out by
modern organic synthesis since they usually convey a heating the substrate in dioxane in the presence gfiBd)
substantial increase in complexity at a relatively low (6 mol %) and F¢PrO) (20 mol %) and is tolerant to a
economical and ecological cdsfor this reason, there is variety of substituents at the alkyne terminus. From a
ongoing interest in developing new types of cycloadditions mechanistic point of view, the reaction could involve the
that allow the transformation of readily available substrates
into target-relevant products using minimal amounts of the
metal catalyst.

We recently reported that alk-5-ynylidenecyclopropanes /\% paL " g
X - M . X

Scheme 1

such asl, which can be easily assembled by addition of

appropriate nucleophiles to allylcyclopropyltosylate, undergo =
an efficient palladium-catalyzed intramolecular {3 2]
cycloaddition to give bicyclo[3.3.0]Joctenes (Schemé“l). \ -

PdL,,

(1) For a review on transition metal-catalyzed cycloadditions, see: /\J\/ ------- - X
Lautens, M.; Klute, W.; Tam, WChem. Rev1996,96, 49-92. X _ Xy Pl

(2) For reviews discussing important parameters of modern organic =R c R
synthesis, see: (a) Wender, P. A.; Miller B. L.@nganic Synthesis: Theory A “a K4
and ApplicationsHudlicky, T., Ed.; JAl Press: Greenwich, CT, 1993; Vol.
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L.

followed by rearrangement to the intermedi@teReductive
elimination of this compound would provide the cycloadduct OO Q— O
2. The rearrangemem®t—C could occur either directly or o. o. /LO\
O
the prospect of inducing asymmetry by using an appropriate L
chiral ligand. The electronic similarity between phosphites
[¢) )_

This investigation has led to the discovery of new ligands O tBu/,
that accelerate the cycloaddition process to the extent that it Ls Le
binaphthyl-containing phosphoramidite, which has been _ _ o )
shown to give interesting results in several metal-catalyzed With the appropriate diol in the presence ofNt® Ligand

the Supporting Information©
The acceleration effects were studied on substidte

initial insertion of the metal complex into the distal bond of
through the intermediacy of isom&:5 o PN
Given that the cycloaddition reaction involves the genera- Y C;
1 Ls
and phophoramidites, coupled to the increasing demonstra-
tion of the utility of this latter type of ligands in several O O tBu
catalytic asymmetric transformatiohgrompted us to in- NN 0. >* b OQ
9y
L,

can be carried out in a truly practical and efficient manner . .
using low catalyst loadings. Figure 1. Ligands used in the study.
asymmetric C—C bond-forming reactioffsk Although the Ls was better prepgred ?n two steps by refluxing the diol i_n
asymmetric induction results obtained in the cycloaddition Neat phosphorus trichloride and, after removal of the remain-

because it is easily distinguishable from the prodilcby

gas chromatography (GC). The reactions were performed in

the alkylidenecyclopropane to give palladacyclobut#ne
tion of a stereocenter, it appeared reasonable to investigate
vestigate their behavior in our reaction system. PN
The initial assays were carried out with the well-known
refluxing dioxane (50 mM) using 1 mol % of Rdba) and

Table 1. Enantioselectivity Observed in the Pd-Catalyzed
Cycloaddition Using Phosphoramidite Ligand L

Pdy(dba); 6%) o 4 mol % of the ligand. The conversion results are represented
RO,C L, (24%) 2 i . .
- RO.C in Figure 2. It can be observed that the reaction rate with
ROL A =Me  SolventT 2 he ligandsL; andL; is quite similar and considerably higher
_ than that observed with PPrO);, which apparently requires
R = PhCH;Ch, an induction period. Replacement of the biphenol by two
entry solvent time (min)® T (°C) eeb (%) 2-propanol groups generates a ligand;)(that performs
1 dioxane 15 101 3 considerably worse. Remarkably, remova_l qf the branching
2 toluene 180 80 26 methyl groups from the benzylamino moietieslof leads

aTime required for complete consumption of the starting material. to a marked decrease in the accelerating power of the ligand
b Analyzed by chiral HPLC (Chiralcel O&PrOH/Hex 1:9, 0.5 mL/min). (ligandL,). On the other hand, the uselof, which features
a his(isopropyl)amine instead of the bis(1-phenylethyl)amine
of L,, produces a less dramatic but still significant decrease
substantial acceleration of the cycloaddition process with in the reaction rate. We also observed that in toluene the
respect to reaction rate achieved using the standafeirP(s. rate differences between the best ligands andPFQ); are
We therefore decided to further analyze this accelerating even greater than those observed in dioxane.
effect by examining the performance of different phosphora-
midites (Figure 1). (6) (@) Imbos, R.; Minnaard, A. J.; Feringa, B. I. Am. Chem. Soc.

The synthesis of ligands,, L 3, andL , was accomplished 2002 124, 184-185. (b) Francio, G.; Faraone, F.; Leitner, WAm. Chem.
ding t blished d bv heating th . CISoc.2002,124, 736—737. (c) Arnold, L. A;; Naasz, R.; Minnaard, A. J.;
according to published procedures by heating the requIr€lreringa, B. L.J. Org. Chem2002, 67, 7244—7254. (d) Boiteau, J. G.;

amine with a stoichiometric amount of phosphorus trichloride Minnaard, A. J.; Feringa, B. LJ. Org. Chem2003,68, 9481—9484. (e)

; _ Polet, D.; Alexakis, AOrg. Lett.2005,7, 1621—1624. (f) d’Augustin, M.;
in toluene (70°C) followed by room-temperature treatment Palais, L - Alexakis. AAngew. Chem.. Int. E@005.44, 1376—1378. (q)

Duursma, A.; Minnaard, A. J.; Feringa, B. 1. Am. Chem. SoQ003,

(3) Delgado, A.; Rodriguez, J. R.; Mascarefias, J. L.; Castedb,Am. 125, 3700—3701. (h) Kiener, C. A.; Shu. C.; Incarvito, C.; Hartwig, J. F.
Chem. So0c2003,125, 9282—9283. J. Am. Chem. So003, 125, 14272—14273. (i) Esquivias, J.; Gbmez
(4) For reviews on other metal-promoted cycloadditions of methylenecy- Arrayas, R.; Carretero, J. G. Org. Chem2005,70, 7451-7454. (j) Leitner,
clopropanes, see: (a) Binger, P.; Biich, H. Tép. Curr. Chem1987,135, A.; Shu, C.; Hartwig, J. FOrg. Lett.2005,7, 1093—1096. (k) Jensen, J.

77—-151. (b) Yamago, S.; Nakamura, @rg. React2002,61, 1-217. (c) F.; Svendsen B. Y.; la Cour, T. V.; Pedersen, H. L.; Johannsed, Mm.

Binger, P.; Schmidt, T. IrHouben-Weyl; De Meijere, A., Ed.; Thieme: Chem. Soc2002 124, 4558-4559. (I) Pefia, D.; Minnaard, A. J.; de Vries,
Stuttgart, Germany, 1997; Vol.E17c, p 2217. (d) Nakamura, |.; Yamamoto, J. G.; Feringa, B. LJ Am Chem SoQ002,124, 14552—14553.

Y. Adv. Synth. Catal2002, 344, 111-129. (e) Brandi, A.; Cicchi, S; (7) (@) Rimkus, A.; Sewald, NOrg. Lett.2003,5, 79-80. (b) Park, H.;
Cordero, F. M.; Goti, AChem. Re»2003,103, 1213—-1269. RajanBabu, T. VJ. Am. Chem. So002,124, 734—735. (c) van Rooy,
(5) Ongoing theoretical calculations from our group support these A.; Burgers, D.; Kamer, P. C. J.; van Leeuwen, P. W. N.Réc. Trav.

pathways. The results will be published in due course. Chim. Pays-Bad4996,115, 492.
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Table 2. Cycloaddition in the Presence of L

Pd,(dba)s (1%) Pd(dba)

EtO,C i L (4%) EtO,C. E10,C : % L EtO,C
s —_—

Et0,C° \—— TMs dioxane, 101°c  EtO:L B0, \_— R dioxane EtO.C

1b 2b ™S - 101 °C R
100 L 1b, R =TMS 2b,R=TMS
— L, 1¢, R =Me 2¢,R=Me
L
80 P‘(OrPr} entry 1 Pdo(dba); (%) Le(%) time®(h) 2 (yield, %)°
B 1 1b 1 4 05 2b (93)
& e ' 2 lc 1 4 0.5 2¢ (97)
2 L 3 1b 1 3 0.5 2b (96)
g ’ 4 1 1 2 0.5 2b (90)°
al 5 1b 1 2 1 2b (96)
6 1b 0.5 2 12 2b (91)¢
20 aTime required for complete consumption of the starting material.
bIsolated yield.c 95% conversiond 1.1 mmol scale.
0
1] 10 20 30 40 50 B0
time (min) reacts sluggishly under standard conditions (25% conversion
Figure 2. Plot showing the kinetics for the cycloaddition 1 in after 5 h in thepresence of 2 mol % Btiba) and 8 mol %

the presence of different ligands. Reaction aliquots were filtered of P(i-PrO}). Satisfyingly, heating a dioxane solution ®&f

through Florisil and injected into the GE&VS without further in the presence of 2% of Raba)y and 8% ofLs gave the

purification. Significant peaks due to byproducts were not found. expected cycloadduet in 80% yield (Scheme 2)
The data represent results from an average of three experiments. ’

From these results, it can be inferred that the steric Scheme 2

characteristics of the ligand rather than the electronic E . E
properties of the substituents on the phosphorus are the E I -2 . E

factors that most influence the reaction rate.

3 4
In the search for alternative bulky achiral ligands with

similar efficiency to that of chiral ligand&, or L, we £ b \/#

discovered that commercially available tris-(3,5telit- E>LN; OTs

butylphenyl)phosphite (ligantdg) promotes the reaction at E = CO,Et = H

even higher rates (complete conversion in less than 30 min, .

Table 2) The observation that the use of triphenyl phosphite  #Key: (a) Pd(dba}; (2%), L (8%), dioxane, reflux, 3 h, 80%;

as a ligand leads to a marked decrease in the reaction(?) P@(dbak (3%),Le (8%), dppe (1%), dioxane, 1 h, 1t, and reflux
- ) for 4 h, 78%.

efficiency (less than 10% of conversion after 2 h) cor-

roborates the steric origin of the acceleration effect promoted

b)_/ Le. This accgleration was also observe_d for substrates Particularly interesting was the finding that the proddict
with other substituents at the alkyne terminus, sucl@s  can pe immediately assembled from the sodium carbanion
(Table 2, entry 2). On the other hand, we observed that the o diethyl 2-(but-3-ynyl)malonate in a tandem, one-step
reaction also worked efficiently on using a 1:1 rather than a process involving the Pd-catalyzed coupling of the anion with
1:2 Pd/ligand ratio (entry 4, Table 2), which suggests the g|lyicyclopropyltosylate followed by in situ cycloaddition of
intermediacy of monoligated Pd specfes. _ the resulting enyn8. The tandem reaction did not proceed
With ligand L it is possible to reduce the loading of the o ysingl s as the only ligand, as this phosphite is ineffective
catalyst, meaning that the cycloaddition reactioribfcan in the coupling reaction. However, it can be efficiently
be efficiently carried out using only 0.5% of the Pd source chieved by adding a suitable proportion of dppe to the
(entry 5, Table 2). - _ reaction mixture, given that this bidentate ligand facilitates
The discovery of the efficiency of ligarids prompted us e first step without interfering in the cycloaddition (second
to investigate whether it could induce the cycloaddition of step)?
hept-6-ynylidenecyclopropanes such3as compound that The simplicity of this tandem process allows for ranking

: _the approach among those most competitive and practical
(8) For references on accelerating effects of related bulky phosphite

ligands on other type of metal-catalyzed reactions, see: (a) van Rooy, A; to construct bicyclo[4.3.0]nonane systems, a type of bicar-

Orij, E. N.; Kamer, P. C. J.; van den Aardweg, F.; van Leeuwen, P. W. N. bocycle that constitutes the main structural framework of a
M. J. Chem. Soc., Chem. Comm®891, 1096—1097. (b) van Strijdonck,
G. P. F.; Boele, M. D. K.; Kamer, P. C. J.; de Vries, J. G.; van Leeuwen, large number of natural prOdUd&'
P. W. N. M. Eur. J. Inorg. Chem1999,1073, 3-1076. (c) For a review
on palladium species monoligated to bulky ligands, see: Christmann, U.;  (9) The cycloaddition reaction does not proceed if dppe is used as the
Vilar, R. Angew. Chem., Int. EQR005,44, 366—374. only ligand.
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