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ABSTRACT

MeoD y@

OH R=0CHj3;, Manassantin A
R,R=-0OCH,0-, Manassantin B
R,R=-OCH,0-, epi C-8", Manassantin By

Stereocontrolled total syntheses of manassantins A, B, and B ; and saucerneol are described for the first time based on a novel cycloetherification
of end-differentiated benzylic alcohols as a common intermediate.

The manassantin group of structurally related and function- 1) 1¢4QOverexpression of HIF-1 in solid tumors is detrimental
ally unigue dineolignans has been recently isolated from to tumor suppression and compromises anticancer treatment
active root extracts oBaururus cernuus. (Saururaceae), regimens. Thus, selective inhibition of HIF-1 is an important
also referred to as “lizard tail”. This fragrant aquatic plant objective in the quest for a chemotherapeutic agent against
is found in the eastern United States well as in parts of  solid tumors* Remarkably, manassantins A and B are also
the orient Gaururus chinensig$) Although their structures  reported to inhibit PC-3 prostate cancer cell growdmd

and relative stereochemistries were only recently deternitned, other cell lines with 1G, values superior to those fais-

the medicinal value of the plant has long been recognized platin and doxorubicifi.Inhibition of TNF-c.in conjunction

by Native Americans, early colonists, and practitioners of
Korean folk medicine for a host of diseasddany medically
relevant activities have been associated with manassantin A

(1) and B @) in particular (Figure 1)-2 For example,
manassantin B has been shown to be a potent inhibitor of R MQOD
the key transcription factor HIF-1 (hypoxia-inducible factor- R

OH R=0CH3, Manassantin A, 1
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with E-selective expression may have relevance in the anti—syn-tetrahydrofuran unid can be derived from an
prevention of atherosclerosis and endothelial activation. intramolecular cycloetherification of a functionally dif-
Manassantin A has also been associated with selectiveferentiated acyclic precurs&. The intended stereochemistry
neuroleptic activity? In their intial report, Rao and Alvaréx of the ether-protected hydroxyl group iB would be
revealed the gross structure and only partial relative config- generated from aldehyd®, already harboring three contigu-
uration of1 and2. They coined the name manassantin from ous stereogenic centers. Sequential introduction of the
the Sanskrit words “manas” or mind and “santi” or peace requisite twoC-methyl groups in a stereocontrolled manner
(i.e., peace of mind). The tranquilizing effect of a nitrogen- would capitalize on 1,2-inductions of resident groups starting

free natural product from an aquatic plant was unprecedentedwith y-alkoxy-a,-unsaturated est@. Chirality would be

at the time.
Subsequently, Nagle and co-workérselied on the

derived from a catalytic asymmetric cyanohydrin formation
of E, starting from the 3,4-dialkoxy benzaldehyBeThus,

Mosher ester method to determine the configuration of the @ major initial challenge resided in the introduction of vicinal

benzylic carbon in the quas&l, symmetrical alcohols in the

syn-relatedC-methyl groups in an acyclic carbon chain

side chains and, by inference, the adjacent ether bearingharboring four contiguous stereogenic cent@s-C—B).

carbon atoms. The absolute configuration ofyam—anti—

syn-substituted central tetrahydrofuran ring was not deter-

The cycloetherification without racemization (B—A) of a
para-activated benzylic position was another concern in the

mined. The Nagle group has recently isolated a previously Synthesis plan. Finally, steps to install the phenolic append-

unreported diastereomer, B3) with an inverted configuration
of one of theC-methyl groups in the side chain and also
reported physical constants for manassantins A aré B.
Saucerneol (4) is a neolignan, also found in Seururus
cernuusL.'2Recently, the absolute configuration in the side

ages (A—1,2, 3) including two vicinal hydroxyethyl
stereogenic centers would present the penultimate hurdle in
the stereocontrolled projected assembly of manassantins A,
B, and B.

Cyanohydrirb (> 99% ee after recrystallization), obtained

chain was determined by Lee and co-workers using the from the corresponding aldehyde by a catalytic asymmetric

Mosher ester method.

We undertook the total synthesis of the three manassantin

(1—3) and saucernedl (Figure 1) to confirm the previously

assigned configurations and to provide viable synthetic

S

protocol according to Belokohyvas converted to the ester

6 in excellent overall yield (Scheme 1). Treatment with
Dibal-H gave an intermediate aldehyde, which was extended
to the enoat& via a Wittig olefination in over 85% yield

methods that could supplement the relatively small quantities (0" twO steps). Treatment dfwith lithium dimethylcuprate

of products isolated by extraction. Visual analysis of the
structure of manassantin A immediately reveals its ex-
quisiteC, symmetry. Except for the methylenedioxy group,

manassantin B is also endowed with the same symmetry

element unifying the disconnective analysis with a common
intermediate (Figure 2). Thus, the core tetrasubstitaied
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Figure 2. Disconnective analysis for the manassantins.

5478

in the presence of TMSCI afforded thati-C-methyl adduct

as the major diastereomer in 87% yield, which was converted
to the K-enolate and alkylated with Mel to gigen excellent
diastereomeric rati®. The ester group i8 was first reduced

to the corresponding alcohol, and the latter was back oxidized
with the Dess-Martin periodinane reagent to afford aldehyde
9 in excellent overall yield. A critical step was to be tested
at this juncture in the anticipated threo-controlled addition
of the 3-methoxy-4-benzyloxyphenylmagnesium bromide to
doubly sterically biased aldehy@eAfter numerous trial!
efficient addition took place in the presence of Ce&d an
activatof? to give a 2.5:1 mixture of epimeric alcohdlfa
and10bwhich could not be separated at this stage. Protection
of the epimeric mixture of alcohols as the MOM ethers,
followed by treatment with TBAF, and de-O-allylation gave
a separable mixture dfla (55%) and11b (21% for three
steps). The intended intramolecular etherification was best
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Scheme 1

OH 1. HCl (gas) oTBS 1. Dibal-H, toluene OTBS 1. TMSCI, (CH3),CuLi
Voo : . , : 2 Ny : THF, 87%, dr 12:1
e j@/\CN MeQH, Ether, 90% MGOD/\C()zMe PhyP= CO,Me, CH,Cl, MEOD/V\COZMB o
2. Imidazole, TBSCI o, 2. KHMDS, Mel
Allylo 5 DMF, 96% Allylo 6 85% (over two steps) Allylo 7 THF, 85%, dr 12:1
oTBS oTBS MeO MgBr OBn 4 Momcl,
: 1. Dibal-H MeO A CeCly, D MeO Hunig's base
Meo:©/\|)\COZMe 2. DMP CHO BhO ° O OMe 2. TBAF, THF
77%
AllylO 8 (over two steps) AllylO THF, 76% Allylo 10a, S-OH 3. Pd (PPhy)y,
dr2.5:1 10b, R-OH NaBH,, THE
OBn
MeO :
D 135) < MSCL NEts MeO OMe + minorisomer (11b)
Pd(OH ,/C RO + minorisomer (13b) < 21 "41% 21%
EtOAC major RO major isomer 55%
dr7:1
94% R— p-NB 13a r

LIOH, 82% ' R_l;_ I\}gamj P-NBCL EioN

HC COMe 1. Me,AICI, MeO(Me)NH.HCI
MeO BEMP, T MeO OMe A I—?ZCIZ o, (Me)
__ o i .
CH Cl,, 95% MeO, C o CO,Me 2. MeO MgBr
THF, 90%
MeO
Meoj@ 18 NMe3 BH.
m /ﬂ MeOH, 76% Manassantin A (1)

dr 5.5:1

achieved using thp-nitrobenzoate estdi2 as a precursor.  supported borohydrid&8 to give the desired diastereomer
Treatment ofL2 with mesyl chloride in CHCl, (Scheme 1) (dr >5:1) as the major product. Cleavage of the benzyl ether
in the presence of Bl gave the desired THF isom&Baas gave 20, and application of the same protocol as that
the major product (7:1). Cleavage of thitrobenzoate ester  described above first gave the bis-ettk, which was

in 13agave theC, symmetrical and end-differentiated core subjected to the three-step sequence to give manassantin B
THF unit14a. Hydrogenolysis of the benzyl ether led to the (2) as a major product (dr 6.5:1). Synthetic manassantin B
known saucernetin didl51° The triflate ester o5-methyl was found to be identical, in all aspects, with an authentic
lactate proved to be an excellent electrophilic partner in the sample kindly provided by Novartis (Basel).

double intermolecular 2 displacement with the phenolic The synthesis of manassantinBesented a new challenge
hydroxyl group in15. Using a phosphazene base (BEMP), because it containssyn-oriented hydroxylethyl ether linker
reaction took place with complete inversion to gii/é in in the methylenedioxyaryl portion of the molecule (Figure
95% yield. Conversion of6 to the corresponding Weinreb
amidé* followed by treatment with the Grignard reagent
prepared from 3,4-methylenedioxy-1-bromobenzene gave the

ketonel7 in 90% vyield. The selective reduction of the two Scheme 2
. ; . 1. MeAlCI

carbonyl groups ir17 was best accomplished with a polymer MeO(Me)NH.HC!
supported borohydrid&8® to afford manassantin Alj as . CH,Cly, 95%
the major product, easily separable from the misyn- H3C. -COMe 2 o MgBr
alcohol diastereomer (dr 5.5:1) in a total yield of 76%. The 14§EMP’ oTf M‘“‘O]@‘ o D/Tgi
physical constants df were in full accord with published CH,Cly MeO\’H\O 19 0Bn 3. 18, MeOH
data}a 92% o 77%, dr 5:1

The synthesis of manassantin B) (vas achieved in the 4. Mz, PAOR)/C
same manner starting from the enantiopure common inter- - FOAc, 96%
mediatel4a(Scheme 2). An & displacement of the triflate MeO 5 OMe HacYCOzMe
ester ofS-methyl lactate witi4a as described above gave ¢ jg\)\ D BEMP. oty
the etherl9 in excellent yield. Conversion to the Weinreb 20 oH CH,Cly, 92%
amide and treatment with 3,4-dimethoxy phenylmagnesium
bromide gave a ketone, which was reduced with the polymer @\/MCOD o OMe

(13) Schwesinger, R.; Schlemper, Ahgew. Chem., Int. Ed. Endl987, 2 O/\COZMe
26, 1167'. . Same as Scheme 1

(14) Shimizu, T.; Osako, K.; Nakata, Tetrahedron Lett1997,38, 2685. J 71% (over 3 steps)

See also: Basha, A.; Lipton, M.; Weinreb, S. Wetrahedron Lett1977, .
18, 4171. Manassantin B (2)

(15) Lee, A.-L.; Ley, S. V.Org. Biomol. Chem2003,1, 3957.
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1). The common precursd® was first elaborated to the allylboration of aromatic aldehydes temethylene lactones
ketone22 as described above in excellent yield (Scheme 3). are of interest®

The successful application of the sequential cuprate
addition and enolat€-methylation in our protocol is note-
worthy in view of the paucity of methods for the stereo-

Scheme 3 . . TR .
. controlled synthesis of vicinal carbon substitution in acyclic
1. MezAIC, MeO(Me)NH.HCI substrate$? The added practical advantage of our approach
19 T e i MGOD\“‘ o oV OMe is the MOM-mediated @ displacement of end-differentiated
]@/THF, 96%  BnO 2 o OMe benzylic alcohols in the elaboration of tlsgn—anti—syn-
MeO 0 tetrasubstituted THF core unit. This was best done with a

1. PSBH 18, MeOH, 75% para-nitrobenzoate phenolic estérThe last stereochemical

dr6.5:1 Meo "o octs e hurdl in th bly of th [
2. Hy, PA(OH)/C., EOAG, 94% j@ H urdle to overcome In the assembly of the manassantins

%;

HO L OMe consisted of the deployment of the phenolic ether side chain.
s SO0 oo / v o An approach to this construct in relation to the synthesis of
'—OTZ> T o neolignans was reported by Lee and Leyhenolic inter-
CH2CL93% oo, 0 23 o OMe mediates were used in3 displacement reactions afketo
1. MeAIC] oH tosylates, prepared in a three-step sequence employing an
MeO(Me)NH.HCI

CHZC,Z 889% MeO oMe oMo asymmetric dihydroxylation oZ-propenyl aromatics as a
MgBr< :©\ﬂ/\ j@ o source of chirality.

24 O OMe An expedient method to prepare phenolic ethers of lactic
NaBH, OH acid consists of an2-type displacement of the correspond-
MeOH / CH,Cly, 88%, dr 17:1 . . . .. .
Manassantin B1 (3) ing mesylates. Despite the simplicity of this method, there

are only a few reports of documented exampfddnfortu-

nately in the case of Cs phenolate and the mesylate ester of
L-ethyl lactate, a partially racemized product was obsef¥ed.
'We reasoned that the use of a hindered strong nitrogen base
such as a phosphazéfén conjunction with an excellent
leaving group such as a triflate would be a good combination.
Indeed, smooth displacement took place to give the inverted
ether in high yield. The reaction could also be successfully
carried out in a bidirectional mode en route to manassantin
A.

In conclusion, we have described an efficient and stereo-
controlled route for the first total synthesis of manassantins
A, B, and B and the neolignan saucerneol. Definitive
confirmation of the previously proposed absolute confirma-
tion of these biologically important complex lignans has now
been established through total synthesis.

»

THF 91%

Polymer supported borohydride reduction led, as expected
to the anti-alcohol (dr 6.5:1), which was converted to
saucerneoft by hydrogenolysis. BEMP-mediated displace-
ment of the triflate ester d®-methyl lactate withl proceeded
smoothly to give23in 93% yield. Conversion to the Weinreb
amide followed by reaction with the 3,4-methylenedioxy
phenylmagnesium bromide led to the expected ke®he
Reduction with NaBH in a mixture of MeOH and CkCl,
at low temperature gave manassantin(® as the prepon-
derant product (dr 17:1) in 89% yield. Comparison of
physical constants provided definitive proof of its structure
and absolute configuratiof.
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