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Bishenzyl-protected  all-cis-1,2,3-tris(hydroxymethyl)cyclopropane has been obtained in three steps from commercially available
all-cis-1,2,3-trisubstituted cyclopropane derivatives. Among them, the new tripodal
ligand all-cis-tris(diphenylphosphinomethyl)cyclopropane (TriCyp-PPP) has been demonstrated to furnish

1,4-diol (75% overall yield) and used to prepare a number of

cis-2-butene-

—with sz-allylpalladium chloride dimer —

a highly active catalyst for the allylation of diethyl methylmalonate enolate with allyl acetate.

The lack of sufficiently active catalysts for palladium-

for never being appropriate to achieve high turnover numbers

catalyzed reactions applicable to a wide range of substrate TONs), when 6 years ago a tetrapodal diphenylphosphine

and reaction conditions to date is one of the predominant

reasons why these reactions are not yet frequently applied (2) (a) Herrmann, W. A.; Brossmer, C:;f@e, K.; Reisinger, C.-P.;

as industrial processé<Over the past decade, a variety of

Priermeier, T.; Beller, M.; Fischer, HAngew. Chem1995,107, 1989—
1992; Angew. Chem. Int. Ed. Endgl995,34, 1844—1848. (b) Herrmann,

new and remarkably efficient catalyst systems have beenw. a; Ofele, K. v.; Preysing, D.; Schneider, S. & Organomet. Chem.

developed using palladacyclébulky monodentate ligands

to form coordinatively highly unsaturated palladium com-
plexes? or carbene ligandsto bring about unprecedented
activity and the ability to cope with sterically encumbered

2003 687, 229-248. (c) Beletskaya, I. P.; Cheprakov, A. ¥.Organomet.
Chem.2004,689, 4055—4082. (d) Dupont, J.; Consorti, C. S.; Spencer, J.
Chem. Rez2005,105, 2527-2571. (e) de Vries, J. alton Trans.2006,
421-429.
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or deactivated substrates. The classical systems using phosto7eé. (b) Wolfe, J. P.; Tomori, H.; Sadighi, J. P.; Yin, J.; Buchwald, S. L.
phine ligands had already been written off by several authorsJ: Org. Chem.2000, 65, 1158—1174. (c) Walker, S. D.; Barder, T. E;
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ligand 1, in short called “Tedicyp”, was introduced (Figure
1)52 This ligand performed exceptionally well in several
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Figure 1. Structural motif for the design of the TriCyp family of
ligands.

palladium-catalyzed reactions on a wide range of notoriously
poor substrates and brought about quite good T®AIsng
a similar line of thought, we envisaged a new “TriCyp”
family of ligands containing aall-cis-configured trisubsti-
tuted cyclopropane backbdifer use in palladium-catalyzed
transformations. Especiallgll-cis-1,2,3-tris(diphenylphos-
phinomethyl)cyclopropane (TriCyp-PPR) in connection
with palladium was hoped to provide an even higher catalytic
activity than1 because the metal center in the palladium
complexes of2 should be slightly less “shielde¥” by
phosphino groups while still maintaining a wide bite
angle?

all-cis-1,2,3-Tris(hydroxymethyl)cyclopropane’) ( was

all-cis-3-iodo-1,2-bis(benzyloxymethyl)cyclopropam, ©b-
tained in 90% yield, was cleanly converted into an aldehyde
by iodine—lithium exchange wittm-butyllithium and sub-
sequent trapping with dimethylformamide. The aldehyde in
turn was reduced with sodium borohydride to give the
bisprotected triob in an overall yield of 75% starting from

3. After deprotection 06, the triol 7 was converted into the
trismesylate8 in 85% yield (Scheme 1).

Scheme 1
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conceived as a suitable intermediate en route to TriCyp-PPP

2. Besides a synthesis @flacking experimental detaifsa

rather cumbersome seven-step access to the bisbenzyl

protected derivativé in around 40% overall yield and an

elegant, yet reasonably exotic, access to derivatives of the,

yet unknown 1,2,3-cyclopropanetriscarbaldehyde by ozo-
nolysis of bullvalen& have been reported. Therefore, a much
more efficient approach t@ was developed starting with a
diastereoselective iodocyclopropanationf the bisbenzyl
ether4 of commercially availableis-butene-1,4-diol3). The

(5) (a) Laurenti, D.; Feuerstein, M.; Pépe, G.; Doucet, H.; Santelli, M.
J. Org. Chem.2001, 66, 1633—1637. (b) Feuerstein, M.; Doucet, H.;
Santelli, M.J. Org. Chem2001,66, 5923—5925. (c) Kondolff, I.; Doucet,
H.; Santelli, M.Synlett2005, 2057—2061. (d) Feuerstein, M.; Doucet, H.;
Santelli, M.Tetrahedron Lett2005 46, 1717-1720. (e) Doucet, H.; Santelli,
M. Synlett2006, 2001—2015.
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69, 8062—8069.
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22, 4490—4499. (b) Ref 5e.
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P.W. N. M.; Kamer, P. C. J.; Reek, J. N. H.; DierkesORhem. Re:2000,
100, 2741—-2769. 3
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D’yakonov, I. A.; Kharicheva, EM. Zh. Org. Khim.1968,4, 256—263J.
Org. Chem USSR (Engl. Transllp68,4, 249—254. (c) Ettlinger, M. G.;
Kennedy, F.Chem. Ind.1957, 891. (d) Ettlinger, M. G.; Kagan, Chem.
Ind. 1962, 1574.

(10) (a) Mévellec, L.; Huet, FTetrahedron Lett1995,36, 7441—7444.
(b) Gauvry, N.; Huet, FTetrahedron1999,55, 1321—1328. (c) Gauvry,
N.; Comoy, C.; Lescop, C.; Huet, Bynthesisl999, 574—576.
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Among several tested phosphorus nucleophiles, lithium
diphenylphosphide, generated from diphenylphosphine by
deprotonation witm-butyllithium, gave the best yields in
the conversion of the trismesyla&to the corresponding
trisphosphine which was in situ protected as the trisborane
complex9 (Scheme 2). This complexation of TriCyp-PRP

Scheme 2

OMs 1) LiPPh,, THF,
0—-25°C,18h
2) BH3+THF, THF,

0°C, 15 min

OMs 93%
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HEt,N,
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9

PPh,

was performed to obtain an air-stable ligand precursor which
can be purified and stored easily. The desi@tcis-
configuration at the cyclopropane moiety was rigorously
proved by an X-ray crystal structure analysis (Figure 2).
Generation of the free trisphosphi@ievas accomplished by
stirring 9 with an excess of diethylamine at reflux overnight.

(12) (a) Charette, A. B.; Gagnon, A.; Fournier, JJFAm. Chem. Soc.
2002 124, 386—387. (b) Fournier, J.-F.; Charette, A. Bur. J. Org. Chem.
2004, 1401—1404.
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Figure 2. Structure of theall-cis-1,2,3-tris(diphenylphosphino- . . . .
methyl)cyclopropanetrisborane complex [TriCyp-PP@BH3)3, 9] as a first benchmark. In this reaction, applyingallylpal-
in the crystaf® ladium chloride dimer as a precatalyst, the ligand TriCyp-

PPP2 in terms of TON outperformed 1,4-bis(diphenylphos-

phino)butane (dppb), one of the established bidentate ligfands
Further elaboration of the partially protected precusor ~ With a slightly smaller bite anglé (Table 1).

provided access to differently substituted analogue® of

bearing other donor functionalities (Figure 3). Th@syas

Table 1. Effects of Different Ligands on the Isolated Yields of
Diethyl Allylmethylmalonate (15) in the Palladium-Catalyzed
Allylation of the Enolate of Diethyl Methylmalonatel 4) with

OMe PPh, Allyl Acetate
. 1) NaH, THF,
BH EQ 28530 min o 0
PhyP. BnO O 2) Pd/ligand
Me 3) allyl acetate Eto OFt
2BH; ppp, OBn O " THr s5°C time  M& T\
EtO
10 1" 14 15
Figure 3. Two differently substituted tripodal ligand precursors.
ratio® of time yield
entry Pd/ligand® substrate/ catalyst (h) (%) TON

methylated to its monomethyl ether (97% yield), the latter 1 dppb 5000 3 quant 5000
debenzylated by hydrogenolysis, and the resulting diol was 2  dppb 10000 3 91 9100
converted to the corresponding bismesylate which was in 3 dppb 50000 16 93 46500
turn substituted with lithium diphenylphosphide. The #  dppb 200000 1660 120000
monomethoxybisphosphine was isolated as the bisborane °  LnCYP-PPP 10000 3 9 9300

Yy ) phosp 6  TriCyp-PPP 200000 16 92 184000
complex10 (18% over. three steps). On the other hand, the 4 TriCyp-PPP 1000000 65 0O° _
mesylate of6 (96% vyield) was converted to the borane- g  TriCyp-PPO 200000 16 76 152000
pro?ectgd blspenzygloxymethylmonodlphenylphosphlnomethyl a 93-[C3Hs-PdClp/ligand = 1:2.° Calculated for allyl acetate. Only
derivative11in 78% yield. transesterification products observé@ecomposition of the catalyst stock

The phosphine ligand TriCyp-PPO was liberated from its solution after 1 day was observed.
borane complexl0 by heating in diethylamine. Amino
substituents as exemplified in the 1,2,3-trisaminomethylcy-
clopropane trishydrochloridel 8) were realized by conver- The bisphosphine TriCyp-PPO was tested in the same
sion of the trismesylat8 to the trisazide by substitution with ~ reaction as well. The yield df5 was significantly lower (76
sodium azide, and the trisazide was reduced by reaction withVS 92%), and the stock solution of the catalyst decomposed
triphenylphosphine (Staudinger reacfijrand subsequent ~ Within 1 day. Thus, it is impossible to judge whether the

hydrolysis (97% overall yield fron8, Scheme 3). palladium complex of TriCyp-PPO is inherently less active
To test the performance of the new ligadih palladium- ~ OF only less stable than the complex formed with TriCyp-

catalyzed reactions, the allylation of the sodium enolate of PPP2.

diethyl methylmalonatel@) with allyl acetat& was chosen In summary, an unprecedented efficient access to the

bisbenzyl-protectedll-cis-1,2,3-tris(hydroxymethyl)cyclo-

(13) (a) Scriven, E. F. V.; Turnbull, KChem. Rev1988,88, 297—368.

(b) Gololobov, Y. G.; Kasukhin, L. FTetrahedron1992,48, 1353—1406. (15) Sanger, A. RJ. Chem. Soc., Dalton Tran$977, 1971—1976. See
(14) (a) Consiglio, G.; Waymouth, R. MChem. Re»1989,89, 257— also refs 5a and 8.

276. (b) Tsuji, J. InPalladium Reagents and CatalystsInnovations in (16) The natural bite angt®of 2, considered in a bidentated complex,

Organic Synthesis; Wiley: Chichester, 1995; pp 290—422. (c) Trost, B. was computed by the PM3 semiempirical metifotb be 101°. This

M.; Crawley, M. L. Chem. Re»2003,103, 2921—-2943. compares with a natural bite angle of°9®r complexes of dppB.
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propane6 has been developed. The latter can serve as afrom inexpensiveis-2-butene-1,4-diol, compares favorably
convenient precursor to a varietyaif-cis-1,2,3-trisubstituted ~ with the commercially available dppb and the previously
cyclopropane derivatives with ligand properties. Furthermore, introduced Tedicyp ligand,> which has to be prepared in
the trisazidel2 might serve as a suitable precursor in the seven steps (33% overall yield) from a more expensive
formation of heterocycles using the *“click” chemistry starting material.
introduced by Sharpless et dlIn a first test, the new
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