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The stereoselective synthesis of (

deoxygenation.

+)-goniothalesdiol (1) was accomplished in nine steps starting from commercially available (
dimethyl p-tartrate (3). The key features were a completely diastereoselective reduction of a
at C-5in 7 and formation of the 2,5-  cis-substituted tetrahydrofuran ring in 10 from a stereoselective Et

-)-(25.39)-
P-ketosulfoxide to generate the stereogenic center
3SIHTMSOTf-promoted reductive cyclization/

The genugGoniothalamugAnnonaceae) is well-known as

furan derivative, (+)-goniothalesdiol (1), was isolated from

an interesting source of various bioactive compounds suchthe bark of the Malaysian tre@oniothalamus borneensis

as acetogeninsalkaloids? styryl lactones,and flavanoids.

Recently, a new natural 2,3,4,5-tetrasubstituted tetrahydro-
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(Annonaceae) and was revealed to have significant cytotox-
icity against P388 mouse leukemia cells and insecticidal
activities® The structure and relative stereochemistrylof
was assigned on the basis'ef and**C NMR spectroscopy,
and the absolute configuration was confirmed by semi-
synthesis from natural (+)-goniothalenol (altholactohe).

The first approach to this class of compounds was
published by Yod&who carried out an asymmetric synthesis
of (+)-5-epigoniothalesdiol?) from b-tartaric acid via a
Lewis acid promoted hydrogenation reaction.

HO_  OH HO,  OH

y \S bs
5 n
Ph™s3g"'s "="C0O,CH3

Ph'p 0 s~ CO,CH;
(+)-goniothalesdiol (1) (+)-5-epigoniothalesdiol (2)

Since then, four syntheses of the bioactive metabolite
goniothalesdiol have been described. The first total synthesis



of the natural enantiomerH)-1, reported in 2002 by Gracza, TMSOTf-promoted reductive cyclization/deoxygenation to
started fronp-mannitol and required 11 steps, one of which generate, respectively, the stereogenic centers at C-5 and C-2
was nonstereoselective (it generated a 50:50 mixture ofof the tetrahydrofuran ring.

stereoisomers}: This approach, based on a palladium(ll)-  Our asymmetric synthesis of§-goniothalesdiol ) started
catalyzed oxycarbonylation methodology for the construction with the protection of commercially available-}-(2S,3S)-

of the tetrahydrofuran ring, was completed with a 0.5% dimethyl p-tartrate (3) with benzyl trichloroacetimidate in
overall yield. More recently, the same author has reported the presence of triflic acid to afford, in 69% yield, the

an optimized synthesis ofH)-1 that proceeded in 10 steps  dibenzyl ether derivative (2S,3S)8cheme 1}*

and 1% overall yield® The second preparation of gonio-
thalesdiol, published by Yoda, provided)-1, the unnatural
enantiomer, through a lengthy 16-step reaction sequence th
was based on a Lewis acid induced deoxygenation of a highly
functionalized lactone derived fromglucurolactoné.An-

Scheme 1. Synthesis of Sulfinyl Lactone &4S,5R,SR)-ffom
Commercially Available (—)-(2S,3S)-dimethgtartrate (3)

other approach tof)-1 was reported by Carda and Marco Hos}—\“so "
in 2004 and was based on stereoselediviéaldol reactions NH CHe0,C - COLH,
of L-erythrulose derivative%. This formal synthesis of CISCJ\OBn
goniothalesdiol allowed the preparation, in 11 steps, of a CH,Cl,, cyclohexane
lactone intermediate (7.6% overall yield), which could be rt, 12 h, 69% o
converted into (+)-Jy means of three additional transfor- BnO_  OBn REys BnO, .OBn
. . s Me”™ ™ “p-Tol s

mations (2% overall yield). Very.recent}ﬁ}: Yadav has CHi0,C  COLCH; ToaTre™ CHiOC
described the last synthesis ef)tgoniothalesdiol employing f 78°C,2h 5 © LopTo
Sharpless catalytic asymmetric epoxidation and Sharpless : R
asymmetric dihydroxylation reactions, in 11 steps, starting 3 steps . DIBALH, ZnBr,
from cinnamyl alcohol. 32% v THF, -78°C, 1.5h

In connectlo_n with a program devoted to asymmetric Bro,  OBn BnO.  OBn
synthesis mediated by sulfoxid€sywe have recently de- i_SS Si0, DarN.
scribed a highly stereoselective approach to different sized R C CHs0,C o
cis-disubstituted cyclic ethers based on the&SE/TMSOTf- 7 LSOp-Tol 6 SOp-Tol
promoted reductive cyclization of enantiopure hydroxy ! |
sulfinyl ketones which are, in turn, accessible through the CFACO,H, CH,Cly, 45 °C, 12 h

well established diastereoselective reduction of an adequately
functionalized$-ketosulfoxidet?

In this paper, we extend the scope of this methodology to The addition of 2 equiv of the anion generated from

the efficient construction of a natural product bearing a enantiomerically pure-()-(SR)-methyl-p-tolyl sulfoxidets

ieetﬁ;lrjsbstnuted tetrahydrofuran structure and fourstereogenlcand LDA to the diestest gave rise to the corresponding

-ketosulfoxide SR)-5, together with several byprod-
The stereoselective total synthesis of natura)-gonio- B ulfoxide (%3SSR) 9 Y v yp

. X . . ucts (Scheme 1). The reaction was shown to be very sensitive
thalesdiol (1) that we are reporting proceeds in a nine-step

» d loits the diast lecti d to factors such as temperature, scale-up of the reaction and
reaction sequence and explolls the diastereoselective re ucE)artial degradation during chromatographic purification.
tion of a -ketosulfoxide and &is-stereoselective ESiH/

Under the best conditions-(/8 °C, 1.2 mmol of compound
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working efficiently even in molecules with other oxygenated
centersu. to the carbonyl group, which could compete with
the sulfoxide in the diastereocontrol of the procEss.
Nevertheless, attempts at purification of carbi@dly silica

gel chromatography led to partial transformation into lactone
(3S,4S,5R,SR){Bcheme 1). Moreover, several attempts at
protecting the OH group of compouided to the exclusive
formation of lacton€r. Due to the easy transformation ®f
into 7, we decided to optimize this process by working with
the nonpurified crude reaction mixture obtained from the
reduction step. Under the best conditions (trifluoroacetic
acid® in CH,Cl, at 45°C for 12 h), lactone7 could be
isolated pure, after flash chromatography, with a 32% yield

Due to the reduced chemical yields observed when
chromatographic purification of derivative® and 9 was
attempted, we again decided to use this mixture without puri-
fication for the next step of the reaction sequence (Scheme
2). Thus, the treatment of the mixture ®&and9 under the
typical conditions used for reductive cyclization of hydroxy
sulfinyl ketones developed by us (TMSOTfz&iH, CHCl,,

0 °C, 20 min) led to stereoselective formation of the 2i%-
tetrahydrofuran (2BS4R5RSR-10, in 85% yield, together
with 15% of the 2,5-trangderivative (2R,3S,4R,5S,SR)-11
(Scheme 2). Tetrahydrofuran derivativd$and11 resulted
from the reductive cyclization of hydroxy sulfinyl ketoe
and the reductive deoxygenation of hemiketlsy E:SiH

for the three-step reaction sequence starting from tartrateand TMSOTf acting as a Lewis acid. Thas relative

derivative4 (Scheme 1).
With lactone? in hand, we next directed our efforts to

stereochemistry of derivativé0 was determined from a
NOESY experiment which demonstrated the close spatial

introduction of the phenyl substituent and stereoselective proximity between the two protons,tand H; situated on

construction of the 2,5-citetrahydrofuran skeleton of the

the carbons adjacent to the heterocyclic oxygen atom

natural product (Scheme 2). Our first attempts at introducing (Scheme 2). The stereochemical course of this reaction is

Scheme 2. Synthesis of Sulfinyl 2,%is-Tetrahydrofuran
(2R,3S,4R,5R,SR)-Tom Sulfinyl Lactone ($,4S,5R,SR)-7

BnQ, OBn
0Ny
7 RSOp-Tol
PhMgBr (5 equiv)
BF; OEt, (2.5 equiv)
THF, -78°C, 2h
BnO OH BnO,  .OBn
v S
Ph R SOp-Tol S
SRR . Ph72—>’$,,/§?0pTol
O OBn Ho" ©
8 9
Et,SiH, TMSOTE
67% for 2 st
CH,Cl,, G °C, 20 min o for < steps
BnQ, OBn
Zﬂi“ BnO_  OBn
R R oS
R _sop-Tol R
PR ¥ + b SOp-Tol
Hs = Hy P~ o /7
~—
nOe 10 8 : 15 11

the phenyl ring at C-2 using PhLi alone or in the presence

of different Lewis acids (MAICI, BF;-OEL) were unsuc-

cessful. Nevertheless, the use of PhMgBr as nucleophile,

gave rise, with an 80% conversion, to a mixture of hydroxy
phenyl ketone (33R4RSR-8, as the minor compound, and

cyclic hemiketal (3S,4S,5R,SR)-9, as a mixture of epimers

at C-2, albeit in low yields (3640%), after chromatographic
purification. Although the use of additives such as zZn@r

TMSOTT( did not enhance the effectiveness of the reaction,

the addition of 5 equiv of PhMgBr in the presence of;BF
OEt, led to total conversions and yields approaching 60%
after SiQ flash chromatography.
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the same to that previously observed by us in unsubstituted
5-keto-2-hydroxypentyl sulfoxidé¥ and by Yoda in systems
with a CHOBnN at C-4%° but opposite to that achieved by
the same author on a derivative bearing a OTBS group at
C-45 Both diastereoisomed and11 could not be separated

at this stage, and we continued the reaction sequence toward
(+)-goniothalesdiol (1) with this mixture until the final
separation at the last step of the synthesis.

Having synthesized the tetrasubstituted tetrahydrofliéan
with its four stereogenic centers with the correct absolute
configuration of the natural product, we transformed its
methylsulfinyl substituent at C-5 into the three-carbon chain
bearing the methyl ester present in goniothalesdigl (
(Scheme 3). Thus, treatment of sulfoxid® under the
Pummerer reaction conditiof¥§(i) trifluoroacetic anhydride
(TFAA), 2,6-lutidine; (ii) HgCk, H,O] afforded the corre-
sponding aldehyde R 35,4R,5R)-12. This compound again
proved to be very unstable and, without further purification,
was submitted to the Wittig reaction with fFF=CHCQMe
in CH,Cl, at 0°C for 1 h. After chromatographic purification,

a 55:45 mixture of the corresponditigans and cis olefins
(2S,3R,4R,5R)-18nd (2S,3R,4R,5R)-1Mdas isolated with a
78% overall yield for the two last steps starting from
sulfoxide 10 (Scheme 3).

To complete the synthesis it was necessary to deprotect
the benzyloxy groups at C-3 and C-4 and reduce the double
bond of derivatives (E)-1&nd (2)-14(Scheme 3). These
transformations had been previously reported by Yoea,
route to the unnatural enantiomer-)tgoniothalesdiol,
employing catalytic amounts of Pd (black) in 4.4% HCO©H
MeOH, a reaction that proceeded in 66% yield. Nevertheless,
the application of such methodology to the mixture Bj-(

13 and (2)-14 was very troublesome and after much
experimentation, we found the best conditions using Pd black
(1.2 equiv) in a mixture of MeOH/HCOOH (4.4%) at 36

for 6 h. Under these conditions and after flash chromatog-

(19) (a) Yoda, H.; Mizutani, M.; Takabe, ISynlett1998, 855—856. (b)
Yoda, H.; Mizutani, M.; Takabe, KTetrahedron Lett1999,40, 4701—
4702.

(20) Sugihara, H.; Tanikaga, R.; Kaji, Aynthesid978, 881.
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Scheme 3. Synthesis of {)-Goniothalesdiol (1)
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raphy, we could isolate three products: (+)-goniothalesdiol
[(2S,3S,4R,5R)-1], in 41% yield, R23S,4S)-15, formed by

+7.5 (€ 0.23, EtOH), lit"?[0]?% = +6.5 (c 0.6, EtOH), lit™
[0]?% = +6.9 (c0.38, MeOH), lit® [0]?% = —7.1 (c0.15,
EtOH)} showed physical and spectroscopic parameters
identical to those described for the natur&){goniothales-
diol (1)5

In summary, we have reported a total stereoselective
synthesis of natural 4)-goniothalesdiol (1) from com-
mercially available {)-dimethylp-tartrate in nine steps and
5% overall yield. The key steps of our synthetic sequence
were the diastereoselective DIBAL/ZnBreduction of a
p-ketosulfoxide to generate the stereogenic center at C-2 and
the E§SIH/TMSOTf-promoted reductive cyclization/deoxy-
genation which allowed the stereoselective formation of the
cis-2,5-substitution of the tetrahydrofuran ring.
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reductive opening of the tetrahydrofuran ring followed by copies offH NMR, *C NMR and HRMS spectra for selected
lactonization, in 35% vyield, and (+)-5-epigoniothalesdiol derivatives. This material is available free of charge via the
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mixture of tetrahydrofurand0 and 11 (Schemes 2 and 3).

Syntheticl {[0]?% = +6.4 (c0.36, EtOH)} {it:® [0]%% =
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