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Nakadomarin A {) was first isolated from a marine sponge Scheme 1. Biosynthsis of Nakadomarin A from Ircinal
collected at Okinawa by Kobayashi and co-workelts. structure
was elucidated by exhaustive NMR study and shown to have a
unique hexacyclic skeleton. Nakadomarin A was thought to be a
member of the manzamine fam#yand an interesting biogenetic
pathway from ircinal A 2) was proposed (Scheme 13 Although
some biological activities ofL have been reported, including
cytotoxicity, antimicrobial activities, and inhibitory activity against
cyclin-dependent kinase 4, its limited availability has prevented a
complete survey of its biological activitySynthetic studie/® of Scheme 2. Retrosynthetic Analysis of Nakadomarin A
this molecule have been reported byr$taer, Magnus, and us. RCM ==
However, no total synthesis of has yet been reported. In )
connection with our synthetic study of manzamine alkal§ids
started a total synthesis &fto confirm its structure, including its 1=
absolute stereochemistry, and to prepare enough natural naka-
domarin A and its analogues for further biological testing.

A retrosynthetic analysis of nakadomarin A showed that both
15- and 8-membered azacycles could be obtained by ring-closing
metathesis (RCM) (Scheme 2Y.o construct strained ABCD core
ring systenb, a novel intramolecular Mannich-type cyclization of
a furan to an iminium cation i6 was attractive as a potential route
in considering the proposed biogenetic pathway. Nreeyliminium
ion 68 could be obtained from spirp-lactam7, which could be
prepared by SuzukiMiyaura coupling of8° and 9 followed by the furan ring was reduced with LiBHTheN-benzyl group ir20
hydrogenation. Further retrosynthetic analysis of the key intermedi- was converted to a Boc group by deprotectigmotection proce-
ate9 led to unsaturated estéo. dures to give21. Next, reduction of both Boc imide and carbonates

Condensation ofR)-(—)-1151° with benzylamine, followed by  with DIBALH, followed by treatment with AgO/pyridine, gave
catalytic dihydroxylation and oxidative cleavage of the 1,2-diol, the este22 as a 3:2 inseparable mixture of the two diastereomers
gave aldehydel?, which was immediately converted ta,S- in 62% yield (six steps from9). No over-reduction was observed
Unsaturated estd3 by Wlttlg Olefination. |ntram0|ecu|ar Michael even when a |arge excess of DIBALH was used. Treatmegfof
additiort! of 13 upon treatment with DBU in EtOH gave the desired \yith p-TsOH, followed by deprotection of the THP ether, gave the
spirolactam as a major product (3.3:1) in an inseparable mixture gesired tetracyclic produ@3 in 87% yield as a single isomer. In
of the diastereomers. The mixture was then hydrolyzed to acids t0 the next phase of the synthes28 was elaborated to set the stage
remove less polar impurities, including phosphine oxide, and re- {5 the formation of the 15- and 8-membered rings by sequential
est.erified tq giveJT4. Reduction ofl4 gave the separable alcohol  pem reactions, where the sequence began with the parallel
15in 54% yield [eight steps fromR)-11]. Deprotection of the ketal - ofnctionalization of the two protected primary alcohols. Selenation
group with 70% HCIQ gave keto alcohol6. Its primary alcohol ¢ 53¢qj10wed by oxidation of the selenide resulted in the formation

was selectlve_ly protected as THP ether to prevent |ntermplecular of 24. Deprotection of the Boc followed b-acylation gave the
acetal formation. The ketorie7 was converted to the enol triflate

18. Due to steric hindrance of tid-benzyl group, SuzukiMiyaura
coupling of18with furan-3-boronic este#® proceeded under strong
basic condition® using PdCJ(dppf) to give the coupling product
in 95% vyield. Stereoselective hydrogenatiboccurred from the
p-side (vide infra) to givel9 (5.7:1), as expected from a previous
model study.

The stage was now set for the crucial construction of ring B by
cyclization to iminium cation. Before this crucial transformation,
a protecting benzyl group on a nitrogen in ring D was converted to
a Boc group, since carbamate protection is essential for the efficient
reduction of lactams to cyclic aminals. First, an ester side chain in
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diene 25 (54% from 23). When 25 was exposed to the second-
generation Grubbs cataly®6,'* a facile RCM reaction ensued to
furnish azocine lactar@7 in 70% yield. The same reaction using
30 afforded27 in only 15% yield after 48 h with recovery &5
(36%)15 Hydrolytic removal of acetate followed by oxidation
furnished an aldehyde that underwent a Wittig reaction under salt-
free conditions to give8 (53%, three steps), which was character-
ized by X-ray crystallography Reductive removal of the sulfon-
amide from28 and N-acylation gave29 (77%, two steps). When
the diene29 was exposed to the Grubbs ruthenium cataB@st®

the second RCM reaction occurred to give a mixture of geometrical
isomers Z/E = ca. 2:3 by NMR) from which (24)-31was isolated

T Present address: Department of Chemistry, Faculty of Science, Kanagawa!n 26% _yIEId' Reduction (_Jf bislactam (ZﬂvSl\{Vlth Red-Al resulted
University, Hiratsuka, Kanagawa 259-1293, Japan. in the first total synthesis of)-nakadomarin A (free)l, [0]?%
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aConditions: (a) BnNH, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (WSHLI, HOBt, DMF, 91%; (b) cat. Os§) NMO, aq THF, rt; (c) NalQ,
CH:CI2:H20 (2:1), rt; (d) PRBP=CHCQO:Et, CH.Cly, reflux; (e) DBU, EtOH; (§ 2 N NaOH, MeOH; (g) AcCl, EtOH, 54% (8 steps); (h) LiBHVieOH,
THF, 99%; (i) 70% HCIQ, CHxCly, rt, 91%; (j) DHP, cat. CSA, 91%; (k) i) LIN(TMS) THF, —78 °C, ii) PhNTf,, 87%; (1) 8, PdCh(dppf), KsPO4, 80°C,
3 h, 95%; (m) i) B, 10% Pd-C, MeOH, rt, 1.5 h, 71% @-H:83-H = 1:5.7), ii) PPTS, EtOH, iii) separation of diastereomers, (iv) DHP, cat. CSA, 69%;
(n) LiBH4, MeOH, THF, 99%; (o) Li, lig. NH; (p) PhSQCI, ag NaHCQ, 80% (2 steps); (q) (BogD, EtN, cat. DMAP, 98%; (r) DIBALH, CHCI,,
toluene; (s) AgO, pyridine, 80% (2 steps); ()-TsOH, CHCly; (u) 1 N HCI, THF, 87% (2 steps); (v) 2-nitrophenylselenocyanatBusP; (w) mCPBA,
aq KoHPOy; (X) TFA, CH.Cly; (y) 5-hexenoic acid, WSEICI, HOBt, 73% (4 steps); (226 (20 mol %), CHCl,, 2 mM, 50°C, 1.5 h; (aa) 2 N NaOH,
MeOH, rt, 1.5 h, 64% (2 steps); (bb) Deddlartin periodinane, 80%; (cc) BR=CH,, 72%; (dd) Na, naphthalene; (ee) 5-hexenoic acid, W&, HOBE,
77% (2 steps); (ff)B30 (15 mol %), CHCl,, 0.5 mM, 50°C, 24 h, 26% (22), 44% (24£); (gg) Red-Al, toluene, reflux.

(-)-(242)-31 (+)-Nakadomarin A [(+)-1]

= +79.2 € 0.12, MeOH), in 86% yield (Scheme 3). The same spectra for selected compounds (PDF). X-ray crystallographic data in

reduction of (24&)-31 gave (t)-(24E)-nakadomarin A in 63% yield. CIF format. This material is available free of charge via the Internet at
Although the'H NMR spectrum of synthetict)-nakadomarin http://pubs.acs.org.
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