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ABSTRACT

Stille coupling of an arylstannane aminal 19 with the palladium complex 23 leads to atropisomeric esters 28 and 29. Conversion to macrocycle
30 is demonstrated, a potential precursor of natural and unnatural diazonamides.

The structure of diazonamide A was recently revised from structure. Here we describe our efforts to adapt a strategy

the originally proposed hemiacethito the bicyclic aminal

that we had reported for the synthesis of the incorrect

2.2 Both of these structures have now been prepared by totalheteroaromatic core structuBan an earlier study. We had

synthesig2¢34s0 there is no basis to doubt the identity of

originally targeted a bicyclic acetal, as 8 based on the

diazonamide A. Many questions remain to be addressed,conjecture that an analogous acetal may be the biologically
however, including the structural features needed for biologi- active form of diazonamid& Consequently, the revised
cal activity, the prospects for efficient enantiocontrolled structure of diazonamide A appeared to fit well with our
synthesis, and alternatives for assembly of the unique approach, assuming that the bicyclic aminal would serve in

heteroaromatic core of diazonamides.

After the massive effort expended by many groups to

the same beneficial role as had the bicyclic acetal in

prepare advanced intermediates targeting the incorrect strucTetrahedron Lett2001, 42, 627. (e) Magnus, P.; Mciver, E. Getrahedron

ture 1,56 another important interim goal is to establish which

of the original strategies is viable in the context of the revised
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chloroformate and various bases gave a labile product that
was not the desiredl4. Although decisive characterization
precursors 08. Accordingly, we targeted heteroaromatic core ©Of the initial product was not obtained, we susp€nt
structurest Containing a protected bicycnc aminaL as well Carboxylation of the oxindole based on the observation that
as a protected phenolic oxygen at C(4). The latter group is reaction of 13 with allyl chloroformate and NaH in the
designed to serve as a versatile handle for varying the C(4)Presence of DMAP provides thi-carboxyl isomerl4 in
substituent with the eventual goal of introducing unnatural Nearly quantitative yield. Initial formation of the presumed
macrocycles in place of the peptide ring. This prospect offers O-carboxyl imidate intermediate is followed by a slower
a way to clarify the role of the peptide macrocycle on rearrangement td4 catalyzed by DMAP.
biological activity. As reported below, the key features of ~ Reduction of14 to 15 was straightforward with use of
our macrocyclization approach have survived the change NaBH:in MeOH and THF. The crude reduction product was
from 3 to 4’ but the means for imp|ementing the Seeming'y then treated with methanesulfonic anhydride andgNEt
small adjustment from bicyclic acetal to bicyclic aminal had form the C(11) aminal6in 95% yield from14. The NMR
to be extensively redesigned. We also describe the outcomesPectrum of16 revealed a characteristic new singletdat
of initial attempts to conver into a bis-oxazole derivative. ~ 7-13 ppm corresponding to the C(11) aminal proton, and
Following a literature precedehthe phenoB? was treated confirmed loss of the PMB group. This is a consequence of
with i-PrMgCl to generate the alkoxidi This was combined ~ interaction between the benzylic ether oxygen with an
with the N-protected bromoisati® (from 7° and CICH- intermediateN-carboxyl iminium ion.
OTBS!YNaH) to give adduc® (97%). After treatment with With the aminal in place, the stage was now set to install
SOCH/NEt;, the crude chloridelO0 was deoxygenated to the functionality at C(16) necessary for cross-coupling. In
afford 11 (91% vyield from9). The C(10) quaternary center
was then installed by adding Mander's reagent (CNKZ€)

and NaH tol1, a procedure that provided clean conversion Scheme 3
to 12 in 97% vyield. A number of conventional fluoride OBn 0OBn
sources failed to give deprotected oxindb& but treatment
of 12with TAS-F! removed the siloxymethyl group to afford cico,all an O COMe
13 (quant). 13 % PMBO ﬁ» PMBO O
k . "
_ Reduction oft3was explored en rogte tq the C(11) a_mmal cH.Cl, \4 THF \/}io N
linkage (Scheme 3), the key functionality present in the 99% o/§ Br 0/{ Br
corrected diazonamide structu2eand in our targed. The ° ©
plan was to activate the oxindole carbonyl for selective e |5 aops
reduction by introduction of an easily removabieally! 1
carbamate group. However, treatment B3 with allyl COMe 1) Nk, THE COR
78 °C
(7) Hewawasam, P.; Erway, M.etrahedron Lett1998,39, 3981. B0 0 ‘ <—3) clsnMe.  BnO 0 o N 3§ Br
(8) Available from Aldrich. n o SnMes ) TMSCHN O/&
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(10) Benneche, T.; Gundersen, L. L.; Undheim,A¢ta Chem. Scand.
B 1988,42, 384. 18 R?= COallyl NaOH[— 16 R' = Me
(11) Scheidt, K. A.; Chen, H.; Follows, B. C.; Chemler, S. R.; Coffey, 19R*=H 99%~17R'=H
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our earlier synthesis of the bicyclic ace®&lthe analogous
step was carried out with a crystalline C(16) boronic &2id.
However, the boronic acid derived frodb could not be

crystallized and the crude material was unstable. Fortunately, BUOCGH4\§\ _NH, Me =N N

the trimethyltin derivativel8 needed for the analogous Stille BUOCLH, © -

coupling was better behaved. Thus was treated with

NaOH to afford the acidl7 and temporary carboxyl B0 0 f o

protection was accomplished by deprotonation with NaH to
give the sodium carboxylate in situ. Addition eBuLi (10
min at—78 °C) followed by trimethyltin chloride, acidifica-
tion, and TMSCHN workup to re-esterify the acid then
afforded stannan&8 (67% from16), and deprotection with
catalytic Pd(PP¥), and 1,3-dimethylbarbituric acid produced
1912

Stannand9was then tested in Pd-catalyzed cross-coupling
with oxazolyl indole20°¢ (Scheme 4), but numerous catalytic

34 R = CH,OH

The palladium compleX3 was then used in the Stille
coupling reaction with stannari® to assemble the crucial
C(16)—C(18) bond (Scheme 5). The first try gave 31% of
24 simply by heating23 with 19 (1:1 ratio, THF/65°C).

A similar experiment in benzene productin 37% yield
ComoJ 7 - at partial conversion, but prolonged heating did not improve
proce_dures were not successful. qu example, Farina’s St'"ethe yield. Better results were obtained by using a 1.8:1 ratio
couph_ng cond|t|o_n§ formed the (_jeswed C(16X(18) pond, of 19:23in benzene. This procedure affordelin 54% yield
but with conc_omltant ring-opening of the C(il) aminal and (79% based on recoverdd), and allowed practical recovery
decarpoxylathn of the_ C(10) eoster to give a product of both the exces49 (55%) and the unreactezBB (31%).
Rt/lagtztlvely assigned as inddid (49%), based on NMR and The reaction was difficult to drive to completion, probably

n :rt\aéttem { to obtain a faster reaction and suppr due to rate inhibition resulting from the PPteleased as

P PP eSSpalladium precipitates from the reaction mixture. However,

amme}l rlgg X]E)tenlng, sr'E0|ch|orr.1etrlctpt§1IIadlltum sogrcez V:ﬁr? good throughput was achieved by re-subjecting recovered
examined. After much experimentation it was found that ;4 .-423t5 the reaction conditions.

heati_ngZO with Pd(PPE). and _benzyltrimet_hylammonigm The *H NMR spectrum of24 in benzene-¢gl provided
f)h|0|’|de (BnMal\_ICI) at 70°C n THF provides aon easily ¢ idence for two atropisomers that interconvert slowly on
isolated, crystalline _arylpallad|um c_omplébe, 94/o_aft9r the NMR time scale at 20C. Two distinct signals were
chromatography* Without the chloride source, oxidative observed for the C(27) oxazole protond®.30 and 6.28
insertion of Pd(PPj\ occurred to form the palladium triflate ppm in a ca. 2:1 ratio. This ratio was also reflected in the
2215 but 22 was less stable and could not be purified. The C(29) oxazo.le .methyl .signals 4t1.98 and 1.53 ppm and
structure of23 was confirmed by X-ray crystallography the C(30) ester signals at3.52 and 317 pprﬁ

(Scheme 4P-phenyls omitted for clarity). Little change was seen in the NMR spectrum24f in
toluene-d from —20 to 40°C, but line broadening became

(12) Garrohelion, F.; Merzouk, A.; Guibe, B. Org. Chem1993,58,

6109.
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(14) Casado, A. L.; Espinet, B. Am. Chem. S0d.998,120, 8978. 1993,58, 5434.
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apparent at 60C. The first signs of coalescence were noted yield of 30 would be the limit (nonequilibrating conditions,
for the N-Boc signal (one broad singlet at1.417 ppm —78°C).
compared to distinct singlets at1.42 and 1.41 ppm at 20 The TH NMR spectrum (CDG) of macrocycle30 is
°C). At 90°C, coalescence was also observed for the C(27) strikingly similar to that of the acetal macrocy@eln stark
oxazole proton (broad singlet@6.22 ppm from two singlets  contrast t®24 and28/29, the spectrum &0 contains a single
at o 6.25 and 6.20 ppm at room temperaturs;* = ca. set of well-resolvedH signals at 20C. The C(27) oxazole
19 kcal/mol for rotation about the C(1:61C(18) bond of24. proton of 30 appears as a singlet 4t6.50 ppm (6.45 ppm
This corresponds to half-lives for atropisomer interconversion in 3) and the C(25) indole proton is a singletdaf.72 ppm
of ca. 1.5 h at-23°C and 3.5 min at OC. (7.78 ppm in3). More important, the C(29) methylene
In an attempt to close the macrocycle, ami2dl was protons appear as an AB quarteba4.07 ppm § = 15 Hz)
treated with LDA under the same conditions that had while the corresponding protons appear at 4.15 ppm
produceds (acetal series; OC, THF, 47% isolated}? This (J = 16 Hz).
experiment gave a complex mixture containing one substan- The C(30) ketone 130 offers several alternatives for the
tial product, tentatively identified as the ind@&. Formation eventual elaboration to the fused bisoxazole unit found in
of 27 suggests deprotonation at aminal nitrogen, followed the diazonamides. One option has been investigated with the
by ring opening to the imine and nucleophilic attack at the limited amount of racemic material at hand, starting with
C(30) ester to initiate carboxyl transfer. Lithium hexameth- the enolate amination &0, using diarylphosphinyl-hydroxy-
yldisilazide in place of LDA gave no improvement, and lamine reagen81'® and KHMDS as the base. Conversion
N-acetyl or benzoyl protection, as &b or 26, did not survive to the amino ketone was ca. 14%, based on isolation of the
LDA treatment. Clearly, a more base-resistant protecting acetamide32, and 40% of30 was recovered. Clearly, this
group was needed. step will have to be improved to validate the direct enolate
An N-MOM group was introduced by treatment24 with amination approach. On the other hand, treatme82oider
formalin and AcOH in methanol/THF, giving a 2:1 mixture the same pyridine/POgtonditions as used in Nicolaou’s
of atropisomeric produc8/29in quantitative yield (Scheme  synthesis of diazonamide*Ajave a mixture of the isolable
5). According to the'H NMR data, atropisomer intercon-  bis-oxazole83and34 according to NMR and MS evidence.
version was slower for28/29 than for 24, and signals  Upon standing in CDGlfor several hours34 decomposed
remained sharp up to 60C. Further warming resulted in  to 33 (>80% combined). Although the scale was small, the
line broadening, but decomposition occurred prior to coa- finding is important because it shows that the key transfor-
lescence. mation to bis-oxazol&3is possible with C(11) at the correct
On the basis of the above observations, it was clear thataminal oxidation state, and takes place without macrocycle
Dieckmann-type macrocyclization @8/29 would have to fragmentation to an indole. The result indicates that the
be conducted at temperatures below the threshold forheteroaromatic biaryl macrocycle is not especially strained
atropisomer interconversion. Cyclization at room temperature compared t@30.
had been tested in the synthesis3pfand had encountered Further elaboration d30 and33 will be investigated after
side reactions including loss of tiNeBoc protecting group.  completion of an enantioselective route using a related
In the case oR8/29, complications were already observed strategy. Experiments are also under way to develop a better
at —23 °C with use of LDA as the base. Thus, cyclization reagent for the enolate amination.
occurred within 2 min at-23 °C and30was formed in 37% )
yield. However, decomposition was apparent and recovery Acknowledgment. The authors thank Gorka Peris for
was modest. Better results were obtained -a%8 °C. helping to work out the conversion froirl to 12. This work
Although the yield of30 was lower (29% isolated), 63% of ~ Was supported by NIH (CA17918).
the 2:1 mixture of28/29 was recovered (92% material
balance). The sample had reequilibrated in the course of
workup and chromatography, and the atropisomer mixture
could be used in further macrocyclization experiments.
Attempts to assign atropisomer geometryZ8f29 with NOE
methods were inconclusive. It is possible, but by no means OL036179A
clear, that the conversion t80 is only 29% because the - - - )
reactive atropisomees is the minor component in the ¢ 48) FrepEay the metnod of Smulk and Vedel (emull 3 veders,
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