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Figure 1. A crude model for a portion of the subunit antiparallel 3-sheet
of the IAPP 20-29 fibril which is consistent with the FTIR and ssNMR
data. The enclosed section resembles the idealized antiparallel 8-sheet.*

amide from the neighboring 'C amides.” The effect of the
substitution on the '>C amide mode will depend on whether the
substituted carbonyl was located in an extensively coupled (i.e.,
B-sheet) region of the amyloid. If the substituted amide is in the
center of a B-sheet, one observes a decrease in the overall coupling
of the 12C amides, resulting in a decrease in the observed splitting
and a shift of the intense amide I band to higher frequency. Eight
analogues of IAPP 20-29 in which a single amide carbonyl was
replaced with '3C were synthesized'® and analyzed in the film state
by FTIR (see Table I).!! The greatest decoupling effect was
observed for analogue G24, where the '2C amide peak absorbs
at 1643 cm™', as compared to 1628 cm™! in the natural abundance
peptide (shift = +15 cm™; see Table I, column A). The mag-
nitudes of the shifts in the '2C amide absorption frequency indicate
that residues G24 (+15 cm™), A25 (+9 cm™), 126 (+11 cm™),
and L27 (+10 cm™) are located in the idealized 3-sheet, whereas
the termini of the peptide are not.

Analysis of each labeled peptide amyloid by '*C cross-polar-
ization magic angle spinning (CPMAS) solid-state NMR!213
revealed significant variations which are consistent with the model
proposed above. Two structure-dependent variables were measured
(see Table I).!* The deviation from the “unstructured” chemical
shift value!*® (column C) and the line width (column D) are both
related to structural rigidity.'* According to each of these
measurements, the region between G24 and 1.27 is more highly
ordered than the termini of the peptide in the amyloid. The
observed upfield chemical shifts (F23-L27) are typical of shifts
measured for other 3-sheets in the solid state.!*

The position of the '*C amide I band for each analogue (column
B) reflects the intrinsic properties of that carbonyl as well as the
intermolecular dipole coupling with adjacent labeled amides in
the S-sheet.’ In order to experimentally eliminate the latter effect,
each labeled peptide film was combined with five parts of the
unlabeled peptide and analyzed by FTIR.!! The observed shift
in the 13C band on “isotopic dilution”, due to the loss of inter-
molecular coupling, was greatest for residues A25 (+9 cm™) and
126 (+9 cm™). The fact that intermolecular dipole coupling
maximizes in the middle of the sequence is consistent with a crude
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model of the 8-sheet in which residues A25 and 126 are proximal
to ?rsle another on both sides of the antiparallel 8-strand (see Figure
1).

This model resembles the idealized cross-3 fibril in the G24-L27
region.* The implication that this region is critical for amyloi-
dogenesis may explain the fact that rodents, in which A25 of IAPP
is substituted by proline, among other changes, do not form
pancreatic amyloid.® Finally, the regularity of the IAPP 20~-29
amyloid distinguishes it from the amyloid formed from a C-ter-
minal fragment of the amyloid protein of AD (834-42) which
contains an unusual structural feature.>1
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Biomimetic polyolefin cyclizations have proved to be a valuable
strategy for polycyclizations.! Mediating such processes via
intermediates complexed to transition metals may offer additional
avenues for control.? Synthetic efficiency will be enhanced if
polycyclization can be accomplished by simple isomerization of
some acyclic polyunsaturated species to a polycycle, with any other
reagent required only in catalytic amounts.> We envisioned the
feasibility of a stereospecific polycycloisomerization of an enediyne
catalyzed by palladium (eq 1), which requires a high level of
chemoselectivity in the initial hydropalladation step.
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Enediyne 1*° serves as our test substrate. An approximately
0.1 M solution of 1 in benzene is added to a mixture of 2.5 mol
% of (dba);Pd,»CHCI;® and 10 mol % of triphenylphosphine
(TPP). After the addition of 20 mol % of acetic acid, the reaction
is warmed to 70 °C. Upon the disappearance of starting material,
direct concentration and flash chromatography give a 75% yield
of diastereomerically pure tricycle 2,° tentatively assigned the
stereochemistry depicted upon mechanistic considerations (eq 2).
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Using these standard conditions, except for a change of ligand
where noted, a variety of ene-poly-ynes are cyclized. Either the
initiator acetylene and/or the terminator olefin may bear sub-
stituents (eq 3, 3b—e) or not (3a). The substituents may be ester,
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a) R=R'=H a) Ry=R,=R'=H 57%
b) R=E,R'=H b) Ry=E,R,=R'=H 75%
¢) R=H,R"=Ph €) Ry=Ry=H,R'=Ph 69%
d) R=E R'=Ph d) Ry =E, Ry =H. R =Ph 90%
e) R=E, R'=CH,0Ac ) Ry=H Ry, =E, R' = CH,0Ac 61%
f) R=CH,OCH; R = Ph f) Ra=H, Ry = CH,OCH, R = Ph 70%

aryl, or alkyl. The insensitivity of the chemoselectivity of the
hydropalladation step to acetylene substitution is remarkable. The
choice of phosphine may be important. The cyclization of enediyne
3e proceeds best with trifurylphosphine rather than TPP. Geminal
substituents on the tethers are not required (eq 4). Cyclization
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a) R=E n=160% b} R=H n=2 57%

of §b also shows the extension to six-membered-ring formation
even without the assistance of geminal substituents on either tether.
The six-membered-ring formation allows extension of the process
to a synthesis of the steroid nucleus with great variability of
substitution pattern (eqs 5 and 6). For the cyclization of eq 6,

(4) The following sequence for the preparation of substrate 1 typifies the
preparation of substrates. Full details on all routes will be reported in our
full account.
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tri-o-tolylphosphine is employed as the ligand.
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The mechanism of this reaction does appear to involve triene
I-B (eq 1). In several cyclizations, traces of this requisite triene
can be detected by NMR spectroscopy. For example, in the
cycloisomerization of Sb, signals at 6 5.60 (d, J = 1.6 Hz, vinyl
H), 5.24 (t, J = 2.8 Hz, CHOR), 5.20 (s), and 5.14 (s) (terminyl
methylene), assignable to the triene intermediate, can be seen to
build up and decay in time since the six-membered ring seems
to slow the electrocyclization of the hexatriene. The fact that high
diastereoselectivity is seen in all cases then derives from the ro-
toselectivity’ of the hexatriene to cyclohexadiene isomerization.
Molecular models reveal that the torsional selectivity depicted in
11 twists the 3,4-substituents such that X rotates away from the
neighboring ring. The opposite triene rotation depicted in 12

causes the twist of the 3,4-substituents to rotate X toward the
neighboring ring, which should significantly enhance unfavorable
nonbonded interactions and thereby be disfavored. The C,~C;
stereochemistry of 4e and 4f as Z derives from the 7.4 £ 0.1 Hz
coupling of H,~H;; however, the stereochemistry of 4d is assigned
as E from the 11.2 Hz coupling constant, which indicates a diaxial
orientation of these two hydrogens. While the stereochemistry
of 4e and 4f is that expected from a disrotation of the E,E-triene,
that of 4d is not. Since the latter corresponds to the thermody-
namically more stable isomer, it may derive from an easy epim-
erization « to the ester. Although cyclization of I-A (eq 1) is
conceivable, apparently 8-H insertion dominates. While further
mechanistic work is clearly required, the synthetic efficiency of
polycycle formation by cycloisomerization with high diastereo-
selectivity, despite the remoteness of the stereogenic centers, and
chemoselectivity should make this methodology useful for complex
synthesis. The results demonstrate the feasibility of high roto-
selectivity of hexatrienes to cyclohexatrienes and raise the question
concerning the factors that may influence such reactions.® The
lack of effect of the nature of the substituents on the initiator
acetylene provides great generality for the process.
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