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Flgure 3. View down the P(2)-Hg-P(1) axis of 3. The Hg atom is
obscured by P(2).

Thus, those on P(2) point down, away from the Cd; plane, those
on P(3) are above it, and those on P(1) lie both above and below
the plane. The Cd-methyl groups all lie essentially in the Cd,
plane giving each Cd atom a novel planar three-coordinate ge-
ometry.!* The Cd-P bond distances are all similar and range
from 2.568 (4) to 2.598 (3) A (2.585 (4) A av) and compare well
with the sum of the Bragg—Slater radii'* for Cd(II) (1.55 A) and
P(1.00 A). The Cd-C(methyl) distances range from 2.13 (2) to
2.18 (2) A (2.16 (2) A av). They may be compared to the Cd-C
distance of 2.14 A (av) in [(Me,SiCH,),Cd](bipy).!*

An ORTEP view of Hg(s-Bu,P), (3) is shown in Figure 2. As
expected the central Hg atom has a two-coordinate linear geometry
(P(1)-Hg-P(2) = 177.5 (1)°). The Hg-P bond lengths are similar
at 2.442 (3) (Hg-P(1)) and 2.451 (3) (Hg-P(2)). The structure
of 3 contains an interesting feature which concerns the orientation
of the P-t-Bu groups and phosphorus lone pairs. Each phosphorus
has a pyramidal geometry, however, the P-z-Bu groups on the two
phosphides are eclipsed with respect to each other. A view along
the P(1)-Hg-P(1) direction, which illustrates this feature is shown
in Figure 3. Thus both phosphorus lone pairs occupy the same
side of the molecule. This suggests that steric factors do not play
an important role in determining the molecular geometry of 3 in
the solid state. This may be due to the large size of the Hg atom.

Although the apparent M:P stoichiometries of 1 and 2 do not
correspond to those of the binary compounds such as Zn,P, and
Cd;P,, we are currently exploring the use of these and related
complexes as potential precursors to solid-state materials.
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The widespread occurrence and diverse biological activity of
indolizidine' and pyrrolizidine? alkaloids and the presence of many
in only minute quantities from the natural sources have made them
attractive research objectives. In asking how transition-metal-
catalyzed allylic alkylations might solve the structural problems
presented by these alkaloids, we targetted aflo-pumiliotoxin 339B
(1), one of the most complex indolizidines, and supinidine (2),*

N

/
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2
since both would derive from common chemistry in terms of
construction of the basic nucleus. While many syntheses of su-
pinidine exist,’ the architecturally challenging pumiliotoxins—a
diverse class of amphibian toxins“*—have been successfully tackled
synthetically only through the excellent efforts of the Overman
group.’

These targets also provide an ideal format to probe the more
general question regarding geometrical requirements of palladi-
um-catalyzed cyclizations involving allylic alkylations. Exami-
nation of eq 1 reveals that cyclization mode “a” invokes an exo-
cyclic transition state in terms of the orientation of the palladium
complex with respect to the forming ring, whereas mode “b”
invokes an endocyclic cyclization, a process that should become
disfavored as the tether is shortened.®® The facility of the en-
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docyclic mode of reaction is highlighted by the preferential for-
mation of eight- and nine-membered rings in lieu of the normally
greatly perferred six and seven in many palladium-catalyzed
cycloalkylations.!® Furthermore, the mechanistic diversity in
terms of reaction via 3 or 4 complicates the picture. Palladium
complex 4 would form a cyclic product through a formal reductive
elimination mechanism, and this mechanistic variation may lead
to a new set of cyclization rules. To probe the geometrical re-
quirements of these metal-catalyzed reactions in cases where the
endocyclic mode of reaction would lead to six- or five-membered
rings, a nucleophile which could react via either 3 or 4 was de-
sirable. The suggestion from our previous work!! that nitrogen
might be such a nucleophile makes the alkaloid targets 1 and 2
particularly good tests.

The synthesis of the indolizidine precursor followed the route
in Scheme 1.'? The mixture of epimers at the carbon bearing
the ethylthio group in adduct 7 was irrelevant since this carbon
was ultimately converted into a nonstereogenic center. A variety
of Pd(0) catalysis conditions effected the cyclization of vinyl
epoxide 8 but in inconsistent and irreproducible (24—50%) yields.
Optimization of the reaction was achieved by employing a catalyst
system consisting of (dba);Pd,-CHCI; and ligand 12 and adding
water as a proton source. These conditions effected a cleaner
transformation and provided indolizidine 9'4 in satisfactory and
reproducible yields.!* Since the diastereomeric hydroxy sulfides
7'% were separable, each diastereomer as well as a 2.3:1 mixture
of diastereomers was taken through this sequence. Each gave the
identical indolizidine confirming the excellent diastereofacial
selectivity of the addition to the amino ketone derived from 6.

With the success of the 6-endo cyclization established, we turned
our attention to the S-endo case, which would lead to the pyr-
rolizidines. By using similar chemistry,!6 a series of cyclization
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of five-membered ring formation via a 5-endo trig cyclization. For an example
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H. J. Org. Chem. 1984, 49, 3664.

(12) For an alternative preparation of ketone 3 and Cram diastereoselective
additions to 4 see Overman and Goldstein.”® For preparation of 8, see: Trost,
B. M.; Scanlan, T. S. Tetrahedron Lett. 1986, 27, 4141, For preparation of
viny! epoxides via metalated allyl sulfides, see: Furuta, K.; Ikeda, Y.; Me-
guriya, N.; Tkeda, N.; Yamamoto, H. Bull. Chem. Soc. Jpn. 1984, 57, 2781.
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Scheme I. Synthesis of Indolizidine Nucleus?
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4(a) (COCl),, DMF, CsHsN; CH;NHOCH;-HC), CsH;N; 81%; (b)
CH,MgBr, THF, 0 °C, 91%; (c) CF,CO,H, CH,Cl;; (d) 11, THF,
-78 °C; (CF,C0),0; 49-72% from 5; (¢) (CH,),;0BF,, CH,Cl,0;
NaOH, H,0, CH,O0H, equiv of 60-81%; (f) 1.5 mol % (dba);Pd,
CHCl;, 12 mol % 12, 10 equiv of H,O, THF, 65 °C, 66-73%; (g) t-
C.H,Li, THF, =78 °C; Ti(OC;H;-i),, -78 °C.

Scheme II. A Synthesis of (+)-allo-Pumiliotoxin 339B¢

$O,Ph  OTBDPS

4(a) 19, 5 mol % (dba);Pd,»CHCI,, 20 mol % dppf, 10 equiv of H,0,
THF, room temperature; (b) 6% Na(Hg), Na;HPO,, CH,;0H; 24%
overall; (¢) LAH, THF, -20 °C; 68%.

substrates 13~16 were prepared. All attempts to cyclize any one
of these to the pyrrolizidine failed.
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In spite of the fact that the carbon termini of the =-allyl
fragment are distorted from sp? hybridization and that the pal-
ladium does not depart but simply reorganizes from »° to 7?
coordination, the metal-catalyzed cyclizations bear a striking
similarity to conventional cycloalkylations in their inability to effect
a 5-endo cyclization. In considering reactions via structure 3 (eq
1), the palladium and its attendant ligands would appear to
function like a simple leaving group in which the trajectory be-
tween the incoming nucleophile and the “departing palladium(0)”
should approach 180°. Furthermore, reaction via structure 4 (eq
1) does not appear to be occurring with the substrates examined
herein.!”

The indolizidine 9, readily available in enantiomerically pure
form by this route, serves as an ideal precursor to allo-pumiliotoxin

(16) Synthesis of 11 involves addition of a metalated sulfide to the proline
derived vinyl ketone in direct analogy to the synthesis of 5 and 6. For
conversion of 11 to 12, see: Trost, B. M.; Angle, S. R. J. Am. Chem. Soc.
1985, 107, 6123. Details of these syntheses will be published in due course.

(17) An endocyclic process via 4 requires the normally square-planar
palladium complex to become tetrahedral.
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339B in which a palladium-catalyzed alkylation can resolve the
question of the stereochemistry of C(11) (see Scheme II).
Hydroxyl-directed epoxidation of the trifluoroacetate salt of 9 with
trifiuoroperacetic acid provided the vinyl epoxide 17.1418
Transfer of stereochemistry from C(6) to C(11) requires (1)
selective palladium initiated ionization from one conformer of the
vinyl epoxide, (2) alkylation to be faster than equilibration of the
w-allylpalladium intermediates, and (3) regioselective C—C bond
formation at C(11) even though this generates a sterically con-
gested exocyclic double bond. Construction of the alkylation
partner 19,' proceeds in a straightforward manner (eq 2) from

Ph,P  OTBDPS

1) {CICHy),, 50°
PhS._.CHO + —
~ 0 2) MCPBA, CH,Cl,
pt:}
| OTaDMs
PhSDy NN @
0
19

the known Wittig reagent 187 and phenylthioethanal.!® Palla-
dium(0)-catalyzed condensation of the vinyl epoxide 17 and allyl
sulfone 19 under neutral conditions, surprisingly also benefits
from the addition of water. Unlike the cyclization of 8, the
addition of water might have prevented generation of the requisite
nucleophile since the basicity of the medium is limited to that of
hydroxide in THF containing water. However, the success of the
alkylation demonstrates that such concerns are unwarranted.
Direct reductive desulfonylation of the crude alkylation product
20 provides a homogeneous ketone 21.14 Thus, faithful transfer
of the stereochemical information from C(6) to C(11) using the
palladium template has occurred. Threo-selective reduction as
previously reported’® was accompanied by concommitant desily-
lation of the tert-butyldiphenylsilyl group to give allo-pumiliotoxin
339B, [a]p? +7.0, [a]s72® +9.0°, [a]as?® +17.0° (¢ 0.20,
CH,;0OH).® Comparisons of the 'H and '’°C NMR spectra of
our sample to those of authentic (+)-1 confirm their identity.

The present work establishes the geometric boundary for
endo-type palladium-catalyzed cycloalkylations to be between five
and six and suggests an astonishing similarity of a palladium
cationic leaving group to a conventional leaving group. The virtue
of the palladium template to control conformational behavior and
thereby transmit stereochemical information along conforma-
tionally mobile systems?! demonstrates the uniqueness of
“palladium leaving groups”. With respect to pumiliotoxin, the
use of palladium-catalyzed alkylations of vinyl epoxides provides
a facile entry into the basic indolizidine ring system, allows a
concise convergent strategy, and controls the creation of the proper
stereochemistry at C(11) by chirality transfer. We believe this
sequence is potentially a quite general approach to this intriguing
alkaloid family.
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In this communication we report the induced dimerization of
negatively charged porphyrins in micromolar concentrations by
a 32-membered highly protonated macrocycle. .

Polyammonium macrocycles and macropolycycles have been
most studied as anion receptors.! The macrocycle
1,5,9,13,17,21,25,29-octaazacyclodotricontane {32]-Nj is octa-
protonated in weakly acid solution NgHg?*, 1, and binds strongly
to multicharged anions.>* Modification of electrochemical*’ and
photochemical® properties as well as chemical reactivity”® of the
complexed anion has been reported.

It occurred to us that there might be strong electrostatic at-
traction between NgHg®* and the negatively charged porphyrin
2 (a) R = SO;~, H,TPPS*. Examination of space-filling models
(compare 1 and 2) shows that the —SO;~ groups are quite close

(‘\Hq
H N,

H/NH‘ *HNTH
| H* . *H
N - *Hy
Nt R
()
1
2a R = SO3_
2b R = COy

to alternating NH,* groups on the macrocycle. Spectral titration
of H,TPPS* with NgHg** (prepared according to ref 3) at pH
6.0° gave an isosbestic at 403 nm and indicated formation of a
single, very stable, 2:1 adduct (eq 1). A similar behavior was

2H,TPPS* + NgH®* = (H,TPPS*),NHg#* Ky (1)

observed when the visible region was utilized. The value of K,
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