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A number of bromopyrrole alkaloids have been found from
marine sponges which are known to exhibit pharmacologically
useful activities such as-adrenoceptor blockers, antagonists of
serotonergic receptor, actomyosin ATPase activators, Bts-
cently, Kobayashi et al. have isolated a novel class of the
alkaloids, manzacidin AC (la—1c),? from an Okinawan sponge
Hymeniacidonsp? which possess a unigque structure consisting
of an ester-linked bromopyrrolecarboxylic acid and a 3,4,5,6-
tetrahydropyrimidine ring in which one of the amino groups is
attached to the C4 quarternary carbon ceh#&lthough manza-
cidins exhibit similar biological activities to those of other
bromopyrrole alkaloids, only preliminary tests have been carried
out, owing to the extremely small amount of samples available
from marine sources.In the following, we describe highly
stereoselective synthesis of both natural manzacidida énd
C (1¢), which unambiguously assigned their absolute structures
to be (45,6R)-1a and (45,69-1c.
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The stereochemical relationship betwelenand 1c has been
proposed as either the C4 or the C6 diastereomer. We presume
that their C4 configuration would be the sai@&y considering
a plausible biosynthetic pathway which involveR){ or (9-
isonitrile intermediate as often seen in the structure of marine
natural product8Thus, diastereoselective construction & 4R)-
and (B4S)-diamines,2a and 2b, would lead tola and 1c,

respectively (Scheme l) This route relies on a stereoselective

construction of the amino nitril8 by the Strecker synthesis of
the amino ketonel. However, an asymmetric version of the
Strecker synthesis using an amide is unknown, and the stereo-
chemistry of a cyanide addition to the imireis unpredictable

in this case because its C2 chiral center also affects the facia
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4c —2C (4R)-3¢ (R = H) + (45)-3¢ (R=H) (4R/4S=1:5)

a(a) (1) EtN, Boc+-Phe-OSu, THFMeOH (7:1), 0°C, 2 h; (2)
p-TsOH, 2,2-dimethoxypropane, toluene, reflux, 2 h; (3) 0.1 equiv £dCl
1 equiv CuCl, Q, DMF—H0 (7:1), rt, 12 h (66% fron). (b) TMSOTHT,
2,6-lutidine, CHCIy, rt, 30 min. (c) TMSCN, ZnG], 2-PrOH, rt, 18 h
(81% from3a, 87% from3b, and 48% from3c).

selectivity, while in our previous work the nitrile addition to a
six-membered ketimine intermediate occurred from the sterically
less demanding.-face (eq 1§

L — XX~k

= i-Pr, Bn

To examine the stereochemical outcome of the nitrile addition
to the imineA, we prepared three types of Strecker precursors
having Boct-phenylalanyl amidela, its b-Phe isome#b, and
Boc-glycyl amide4c, respectively, from (@-allylglycinol 5
readily available from.-allylglycine or Boct-aspartate (Scheme
).” After chemoselective removal of the Boc group4at with

MSOTI{/2,6-lutidine? the resulting amine was treated with
trimethylsilylnitrile (TMSCN) to produce in 81% yield the amino
nitrile (4R)-3a as a single diastereom®ihe p-Phe isomerb
afforded (86)-3b (87%), exclusively. These results clearly indi-
cated that in each case the nitrile addition to the imine occurred
from the opposite side of the C6 benzyl group, for exampl&, B,
similar to the six-membered case (vide supra). On the other hand,
the glycyl amide4c gave a 1:5 mixture of {®&)-3c and (8)-3c,
indicating that the cyanide preferentially attacks from the sterically
less hindereg-face when the C6 substituent is absent. Thus, not
Ionly was the stereochemical outcome of the amino nitrile
formation clearly understood, but also the desired amino nitriles
3a and 3b, which correspond to the stereochemistrylefand

1c, were obtained, respectively, with excellent stereocontrol.

We next examined the conversion34d into (254R)-2a. This

process requires initial oxidation &a to the imino ketones,

(7) Ouerfelli, O.; Ishida, M.; Shinozaki, H.; Nakanishi, K.; Ohfune, Y.
Synlett1993 409-410.

(8) (a) Sakaitani, M.; Ohfune, YJ. Org. Chem199Q 55, 870-876. (b)
Shimamoto, K.; Ohfune, YJ. Med. Chem1996 39, 407—423.

(9) The structure oBawas determined by comparison of it$ NMR data
with those of the iso-propyl derivativ&l whose structure has been confirmed
by X-ray crystallographic analysis, see: Supporting Information.

(10) Although it is difficult to elucidate the conformation of the seven-
membered ring ketimine intermediaBe this was proposed as depicted in
Scheme 1 by means of thid NMR data of3aand the X-ray structure &d.
Boatlike conformation of a six-membered ring ketimine has been reported,
see: Schulz, G.; Steglich, WVChem. Ber1977, 110, 3615-3623. The high
stereoselectivity in the addition of a cyanide ion would be due to steric as
well as stereoelectronic reasons. It is noted that the nitrile group of the addition
product3 locates in axial which has an antiperiplanar relationship with the
neighboring amino lone pair providing stereoelectronic stabilization to the
axial orientation of the nitrile group.
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a(a) 03, MeOH, —78°C, 20 min (94%). (b) concd HCI, €C, 8 h, rt,
15 h, and 100C, 18 h. (c) (1) BogO, NaHCQ, dioxane-H,0 (1:1), t,
12 h; (2) MeNOH—-5H,0, BogO, CHCN, rt, 15 h; (3) CHN,, ELO
(70% from®6). (d) LiAlH 4, ELO, 0°C, 2 h (81%). (e) PDC, CiTl,, 1,
15 h (55%). (f) TFA, CHCI,, rt, 30 min, then CH(OMe) catalytic
amount of concd HCI, refluxd h (91%). (g) 2 equiv NaH, DMF, rt, 4 h
(100%)).

(4S,6R)-1a

wheret-BuOCI/EgN is often employed,and subsequent hydro-
lytic removal of the phenylalanyl group. However, not only this

reagent system but also other combinations of oxidants and base

were unsuccessfdt resulting in almost all cases in recovery of
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a(a) 0.1 equiv MeReg) urea-H,0,, 40°C, 15 min (87%). (b) concd
HCI, 85°C, 15 h (76%). (c) (1) 10% SOy, 120°C, 40 h; (2) BogO,
3 equiv NaHCQ, dioxane/HO (1:1), rt, 14 h; (3) MeNOH—-5H,0,
BocO, CHCN, rt, 14 h; (4) CHNy, AcOEt (79% from13: 14a/14b/15
= 6:1:1). (d) BogO, EtzN, DMAP, THF (80% from14aand 63% from
14b). (e) (1) 2.5 equiv 0.N NaOH, MeOH, rt, 24 h; (2) CbN,, ELO
(78% from140). (f) LiAIH 4, EO, 0°C, 2 h (61%). (g) PDC, CkCly, rt,
5 h (62%). (h) TFA, CHCIy, rt, 30 min, then CH(OMe) catalytic
mount of concd HCI, reflux3 h (79%). (i)11, 2 equiv NaH, DMF, rt,
4 h (68%).

D-Phe
(13/D-Phe =5: 1)

the starting material due probably to steric reasons as well as the

low acidity of the C6 hydrogen. Fortunately, we found that the
oxidation with ozone was quite effective for this conversion to
give in 94% yield the desired imino ketoBeWe presumed that
the reaction proceeded via since ozone is a small molecule

compared to other oxidants and has a bidentate chemical
characteristic acting as an internal base after oxidation of the

nitrogen (Scheme 2). On treatment with concentrated HCI,

underwent removal of the phenylpyruvic acid and simultaneous

hydrolysis of the nitrile group to afford diaminocarboxylic acid
7a, which without purification, was converted into protected ester
7b. This was reduced to dida,2 whose oxidation with PDC

occurred from the sterically less hindered hydroxymethyl group

to give 9. Construction of the tetrahydropyrimidine ring was
performed by successive treatments with (1) TFA and (2) methy
orthoformate to givel0 (91%). Completion of the synthesis now
required esterification of the bromopyrrolecarboxylate with

This was accomplished by means of trichloroacetylbromopyrrole

1183 to give 1a ([a]?> —22.4 € 0.52, MeOH))** Syntheticla

(11) Treatment oBa with t-BuOCI gave the corresponding-\CI deriva-

tive. However, subsequent dehydrochlorination did not proceed at all using

the following bases: DBU, DMAP,i{PrpNEt, DABCO, KHMDS, NaH
t-BuOK, and AgBR. The combinations of other oxidants and bases were not
successful: PhlO, CuBlt-BuOLi, PhSeBr/HO,, and Swern oxidation.

(12) Optical purity of the diol8aandl16awas ascertained to e95% ee
by converting them into the corresponding bisH{ or (—)-MTPA ester8b
and 16b, respectively, see: Supporting Information.

(13) Synthesis of 2-trichloroacetylpyrrole, see: (a) Bailey, D. M.; Johnson,
R. E.; Albertson, N. FOrg. Synth 1971, 51, 100-102. (b) Bailey, D. M.;
Johnson, R. EJ. Med. Chem1973 16, 1300-1302.

(14) The synthetida showed a smallerd], value than the reported one
although the optical purityX95% ee) of synthetida had been confirmed
using the dioBa.*? The [a]p value of synthetida using other solvent: of]?’p
—19.7 € 0.65, CHCN/0.1N HCI = 1:1).

(15) Trioxorhenium oxidation of an amine, see: Goti, A.; Nannelli, L.
Tetrahedron Lett1996 37, 6025-6028.

(16) We propose that-Phe was eliminated fror via the iminei although
the amino ketonei could not be isolated from the reaction mixture due
probably to its subsequent decomposition.
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(17) The [x]D value of syntheticlc was much larger than the reported
value in this cas&* The [o]p value of syntheticlc using another solvent:
[0]%% +75.8 € 0.5, CHCN/0.1N HCI = 1:1). Since only a small amount of
1cwas isolated from the sponge, the discrepancy of ttjg Yalue between
synthetic and naturdlc would be due to contamination of an impure material
in naturallc which was inseparable even by repeated HPLC purification. In
fact, unidentifiable impure material is observed in it NMR spectra of
naturallc, see: Supporting Informatioh.

ey

was identical in all respect$H{ and*3C NMR, HRMS, and HPLC
profile) including the sign of specific rotation with naturbh
(lit.? [a]®"> —28 (c 0.67, MeOH)). Thus, the absolute structure
of natural ()-1a was unambiguously assigned td&S@R)-1a.

The successful synthesis b led us to examine the synthesis
of 1c from the (45)-amino nitrile 3b. We again faced difficulty
upon oxidative removal of the-Phe moiety of8b which did not
produce desired imine -6 even by ozone. With an expectation
that12 would give (4)-6, 3b was converted into hydroxylamine
12 by trioxorhenium oxidatiod® Teatment ofLl2 with a base did
not give (£)-6, but with concentrated HCI it produced unexpect-
edly cyclic ureal3 (76%).p-Phe was a byproducil®p-Phe=

| o 1) 16 We propose that the carberarbon fragmentation between

C6 and C7 of the protonated hydroxylamiDeoccurred to give
E which re-cyclized tdl3 (Scheme 3). Treatment of the urgéa
with 10% H,SO, gave a mixture of hydrolyzed products which,
upon protection, afforded a mixture @#a (59%), 14b (11%),
and15 (7%). Both the pyrrolidined4aand14b were converted
into 15in three steps, respectively. The est&was reduced to
diol 16awhose conversion intdc was successfully performed
in the same manner as that td from 9a. Syntheticlc showed
completely identical spectral data with those of repofidthe
sign of specific rotation of synthetitc ([a]?, +89.0 € 0.73,
MeOH))'” was also the same plus as that reported-for1c (lit.2
[0]?p +37 (€ 0.23, MeOH)). Thus, both naturat-j-1aand &)-
1c were found to possess the santcbnfiguration.

In summary, we have synthesized both naturgt{aand ()-
1c via a Strecker synthesis of amino ketonéa and 4b,
respectively. Not only was sufficient synthetic material (14 steps,
14% overall forla, and 15 steps, 3.5% fdrc) obtained to permit
further pharmacological studies on these alkaloids, but also the
present route enables the synthesis of the enantiomers or diaster-
eomers ofl using the combination ofR)-5 with b- or L-Phe.
Furthermore, general applications of the methods employed for
the oxidation of the amino nitrile3a and3b are currently being
investigated.
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