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The highly diastereoselective synthesis of the marine natural product, (—)-manzacidin B, is described. A
novel copper-catalyzed aldol reaction of the a-methylserine-derived aldehyde with an isocyanoacetate
possessing (1R)-camphorsultam as the chiral auxiliary proceeded in a highly diastereoselective manner
to give the (4R,5R,6R)-adduct, which was converted into manzacidin B in a few steps.

© 2012 Elsevier Ltd. All rights reserved.

Bromopyrrole alkaloids are a novel family of marine natural
products possessing potentially useful pharmacological activities
which include o-adrenoceptor blockers, antagonists of serotoner-
gic receptors, and actomyosin ATPase activators.! Among them,
manzacidins A (1), B (2), and C (3), isolated from the Okinawan
sponge Hymeniacidon sp. in 1991 by Kobayashi et al., possess a un-
ique structure consisting of an ester-linked bromopyrrolecarboxy-
lic acid and a 3,4,5,6-tetrahydropyrimidine ring in which one of the
amino groups is attached to the C6 quaternary carbon center.??
Due to their unique structures and detailed unexploited pharmaco-
logical profiles, the manzacidins have been intriguing synthetic
target molecules.* The relative and absolute structures of 1 and 3
have been confirmed by our first total syntheses.”® The relative
structure of manzacidin B (2), reported by Kobayashi et al..> was
determined by the synthesis of four possible diastereomers with
respect to the C4 and C5 stereogenic centers.®® Finally, the struc-
ture was unambiguously assigned (4R,5R,6R)-2 by the X-ray crys-
tallographic analysis of its synthetic intermediate (4R,5R,6R)-4
(vide infra) (Fig. 1).5° The synthesis of 2 including its enantiomer
and diastereomer has, recently, been reported by Mohapatra et al.

In our previous studies, we performed the synthesis of manzac-
idin B using the Cu-catalyzed Ito-Hayashi type aldol reaction’ of
the a-methyl-Garner aldehyde 5a with t-butyl isocyanoacetate as
the key step (Scheme 1). The reaction gave a mixture of trans-oxaz-
olines (4R,5R,6R)-6 and (4S,5S,6R)-7 (future manzacidin number-
ing) in 88% yield. Although the desired adduct 6 corresponding to
the natural 2 was obtained as the minor isomer (6/7 =1:7),528
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the inversion of the stereoselectivity from (4S,55)-7 to (4R,5R)-6
would provide an efficient synthetic route to manzacidin B. In this
letter, we describe the short and highly stereoselective synthesis of
2 by the Cu-catalyzed aldol reaction using an isocyanoacetate pos-
sessing a chiral auxiliary.

To achieve the requisite (4R,5R)-selectivity in the isocyanoace-
tate aldol reaction, reagent-controlled approaches (screening of
bases and catalysts), substrate-controlled approaches (the use of
structurally alternate aldehydes of 5a), and a double asymmetric
induction® using a chiral aldol donor were extensively examined
(Scheme 1).

The catalyst screening was carried out according to the previous
reaction conditions®® using 5 mol % Et3N as the base, since other
organic bases, such as i-Pr,NH, i-Pr,NEt, DBU, and DABCO, did
not affect the reaction in terms of the reaction rate, diastereoselec-
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Figure 1. Structures of the manzacidins.
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Scheme 1. Previous results and present synthetic plan.

tivity, and yields. Among the screening of several metal catalysts,
Cu(I) significantly accelerated the reaction rate and increased its
yield. In particular, the [bis(N-tert-butylsalicyliden-iminate)]cop-
per (Cu(t-butSal),) catalyst dramatically enhanced the reaction
rate and its yield (5 min, 94%) in comparison to CuCl (4 h, 88%).
However, the diastereomeric ratio of the products, (4R,5R)-6/
(4S,5S)-7, was not affected by this and other catalysts.!® We con-
sidered that the above propensities would be due to the rigid
and densely functionalized structure of the aldehyde 5a which
facilitated the substrate-controlled aldol reaction. Therefore, we
turned our attention to the use of the ring-opened aldol acceptors
5b,c,'! readily prepared from o-methylserine.!?

The treatment of 5b,c under the same reaction conditions gave
a mixture of the trans-oxazolines, in which the undesired (4S,5S)-
selectivity was decreased, that is (4R,5R)-8a/(4S,55)-9a=1:3 and
(4R,5R)-8b/(45,55)-9b = 2:3 (Scheme 2).°®!3 These results indi-
cated that the released ring constraint of the aldol acceptors
was moderately associated with the diastereoselectivity
(6:7=1:7 vs 8:9=1-2:3).

These results as mentioned above led us to speculate that the
combination of the ring-opened aldehyde 5b,c with an isocyanoac-
etate possessing a chiral auxiliary would inverse the undesired
(4S,5S)-selectivity to the desired (4R,5R)-isomer by the double
asymmetric induction, while the aldol reaction using a chiral isocy-
anoacetate has not yet been reported. We chose both enantiomers of
the isocyanoacetate bearing Evans’ oxazolidinone, (R)-10a, and (S)-
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Scheme 2. Cu(t-butSal),-catalyzed aldol reaction of 5b,c.

10b,'* and Oppolzer’s camphorsultam, (1R)-11a, and (15)-11b.1""13
To investigate the unprecedented reactivity and diastereoselectivity
of the chiral isocyanoacetate aldol reaction, we performed the reac-
tions of 10b and 11b with achiral isobutyraldehyde. These reactions
were catalyzed by Cu(t-butSal), to give a mixture of the aldol prod-
ucts in excellent yields. The use of the (1S)-camphorsultam 11b
showed a significant (2S,3R)-selectivity ((2R,3S)-14/(2S,3R)-
15 =1:9), while the (S)-oxazolidinone 10b afforded a 1:1 mixture
of the trans-oxazolines, 12, and 13 (cis/trans = 1/13).16'8 Thus, the
chiral camphorsultam 11 was found to be a superior chiral auxiliary
to the oxazolidinone 10 in view of the single asymmertric induction
(Scheme 3).

With these results in hand, we attempted the double asymmet-
ric induction using the chiral aldehydes 5b,c with each enantiomer
of the chiral aldol donors, 10a,b, and 11a,b. Both Evans-type aldol
donors, 10a,b were ineffective for the (4R,5R)-selectivity in all
cases to give a mixture of the corresponding aldol adducts,
((4R,5R)-isomer/(4S,5S)-isomer = 1-2:3),'° as observed during the
aldol reaction of 5b,c with the achiral tert-butyl isocyanoacetate
(1-2:3). On the other hand, the use of camphorsultams, 11a,b
exhibited remarkable diastereoselectivities for the aldol reaction.
To our delight, the reaction of the ring-opened aldehyde 5b with
(1R)-11a showed the (4R,5R)-selectivity for the first time to give
the desired (4R,5R)-16a as the major isomer (59%, 16a/
17a=13:1). The use of the MOM-protected 5c¢ with (1R)-11a was
the best combination to obtain (4R,5R)-16b%° in view of the yield
and diastereoselectivity (84%, dr = 13:1). The reaction of 5b,c with
(1S)-11b, the enantiomer of 11a, afforded (4S,5S5)-19a,b as an
exclusive diastereomer, respectively (Scheme 4).2! The exclusive
formation of (4S5,55)-19a,b (>20:1) from the aldehydes 5b,c with
(15)-11b can be explained as a matched pair double asymmetric
induction.® On the other hand, in spite of the mismatched pair be-
tween 5b,c and (1R)-camphorsultam 11a , the chiral auxiliary-
based diastereocontrol would be attributed to the high diastereo-
selective formation of the desired (4R,5R)-16a,b (13:1).

A proposed transition state model of the chiral camphorsultam
aldol reaction to give 16b is depicted in Scheme 5. To avoid steric
and/or electronic repulsions between the isocyanide and sulfone
groups, the Z-enolate would be preferentially formed.'>!¢ In this
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Scheme 3. Chiral auxiliary-assisted isocyanoacetate aldol reactions with
isobutyraldehyde.
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Scheme 5. Proposed transition state model and conversion to manzacidin B.

model, approaches from the re-face of the Z-enolate of (1R)-11a
and the re-face of the aldehyde 5¢ would be the kinetically favored
process to give (4R,5R)-16b as the major diastereomer. The struc-
ture of 16a was unambiguously assigned to the (4R,5R,6R)-isomer
by converting it into the corresponding aminolactone 4 and its X-
ray crystallographic analysis (vide supra).?? Finally, the removal of
the camphorsultam group of the MOM-protected 16b under alka-
line hydrolysis followed by acidic treatment gave the amino acid
20, which, upon a three step conversion using our established
method,” gave manzacidin B (2).2

In summary, we have developed a short and diastereoselective
route to manzacidin B. The total number of processes from the

aldehyde 5c¢ to 2, which did not involve any oxidation-reduction
sequences, included six steps and the overall yield was 48% (38%
from (R)-a-methylserine). The key to the total synthesis was the
Cu(t-butSal),-catalyzed isocyanoacetate aldol reaction of the alde-
hyde 5c¢ with (1R)-11a to give (4R,5R)-16b (13:1) in which the
undesired (4S,5S)-isomer was the predominant product upon the
aldol reaction of the structurally rigid aldehyde 5a with an achiral
isocyanoacetate. The Oppolzer’s camphorsultam was proven to be
an excellent chiral auxiliary for the diastereoselective isocyanoac-
etate aldol reactions even for mismatched pair double asymmetric
induction. Current efforts are focused on further application of the
present method for the synthesis of highly functionalized natural
products having consecutive amino and hydroxy groups.
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The reactions of 5a-c with 10a, b in the presence of 5 mol % Cu(t-butSal), and
5 mol % Et3N in 1,2-dichoroethane at room temperature for 5 min afforded a
mixture of the (4R,5R)- and (4S,5S)-oxazolines. Their (4R,5R)- and (4S,5S)-
ratios were as follows: 5a with 10a = 3:4 (78% yield), 5a with 10b = 2:3 (68%),
5b with 10a = 2:3 (57%), 5b with 10b = 1:2 (55%), 5¢ with 10a = 2:3 (81%), and
5c with 10b = 2:3 (62%).

No interconversion between the aldol products 16b and 17b was observed
when the mixture was treated under the same reaction conditions.

The reaction of the acetonide 5a with each enantiomer of the camphorsultams
11a, b afforded a mixture of the corresponding aldol adducts. The ratios were
as follows: 5a with 11a, (4R,5R)/(4S,5S5)-isomer =2:1 (51%); 5a with 11b,
(4R,5R)/(4S,5S)-isomer = 1:20 (58%).

The structure revision of manzacidin B in our previous paper ®® was guided by
this study involving the X-ray structural analysis of the aminolactone 4, and its
conversion to (4R,5R,6R)-manzacidin (2) whose spectroscopic data ('H and '3C
NMR) as well as the sign of the optical rotation were identical to those of the
natural 2. For details of the preparation of the aminolactone 4 from 16a and its
conversion to 2, see the Supplementary data.

Since manzacidins A and C are configurational isomers at C6 to be either 6S or
6R, we proposed that both natural products were biosynthesized from an (S)-
o-amino acid.>® Based on this hypothesis, we considered that the structure of
manzacidin B would be a C5 hydroxylated form of manzacidins A or C.
However, the absolute structure of manzacidin B, confirmed by our previous®”
and present studies, suggested its possible biosynthetic pathway as follows: (i)
manzacidin B was derived from an (R)-o-amino acid via a different
biosynthetic pathway from manzacidins A and C, or (ii) its biosynthesis
involved an epimerization at C4 after the hydroxylation of manzacidin C at C5
since both manzacidins B and C possessed the same (6R)-configuration.
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