1462 LETTER
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niodiol. Most of the synthetic strategies start from chiral
groductg such asR)-mandelic aci®f and 2,30-isopro-

pylideneb-glyceraldehyd& Other approaches employ-
ing stoichiometric and catalytic asymmetric reactions as
key steps for the creation of the chiral centers have been
described? Herein, we report a concise synthesis of (+)-
goniodiol using a tandem reaction which can also be
useful for the preparation aftther stereocisomers and the
8S|gn of analogues.

Abstract: A new short and efficient synthesis of (+)-goniodiol is
reported using a catalytic asymmetric hetero Diels—Alder/allylbor
tion sequence.

Key words: asymmetric catalysis, hetero Diels—Alder, allylbora-
tion reaction, (+)-goniodiol

The extracts from leaves Gfoniothalamus species (An-
nonaceae) growing in Asia and India have been employe

in traditional medicine for the treatment, in particular, oRecently, we and others have simultaneously developed a

edema and rheumatismSeveral classes of bioactivegeneral method for the introduction of an hydroxyalkyl
compounds have been isolated from these plants incli@foup adjacent to the heteroatom in dihydropyran ring
ing acetogenirfsaand alkaloid$.From an ethanolic extract Systems using a catalytic asymmetric hetero Diels—Alder/
of stem bark ofsoniothalamus giganteus, McLaughlin et allylboration sequenceé.We envisioned that the cyclic al-
al. have found a new family of cytotoxic compounds, styylboronate7, obtained by the asymmetric inverse elec-
ryllactones® To date, more than thirty bioactive moleiron demand cycloaddition between ethyl vinyl ether and
cules belonging to this family were listed from otheheterodiené, could react with a conveniently protected
Goniothalamus specie$. Styryllactones can be divided in @ldehyde derived fromRj-mandelic acid4 to give the
two main groups according to the size of the lactone ringtermediateB with control of configuration at C-6, C-7
(y- andd-lactones). and C-8. Oxidation of acetal followed by migration of the

Among molecules having a six-membered lactone fundOLJbIe bond would lead to thef-unsaturated-lactone

tionality, some of them were found to be significantly angkeleton of (+)-goniodiol as depicted in Scheme 1.
selectively cytotoxic against several human tumors. For

example, (+)-goniodiol exhibits toxicity against the hu

man lung carcinoma cell line A-549 (Ef>=0.122 ug

mL-1), whilst showing no suckffects in a brine shrimp /I\/[l
assay (LG, > 500ug mL™2).® This natural product con- ph

tains a 5,6-dihydro42-pyran-2-one unit with three con-

tiguous stereocenters, structural core common to otk *)- gomodlol @ 8
styryllactones such as (+)€pi-goniodiof and (+)-8- w

TBDPSO

OEt

allylboration

methoxygoniodidl as shown in Figure 1.

Rl=OH, R?=H, R®= OH

AN (+)-goniodiol (1) =
R Rl= OH, R?= OH, R®= H ﬁj\ + l
Ph 7~ N0~ So  (+)-7-epi-goniodiol (2) asymmemc X OFt
R? "R3 Rl= OCHg, R2= H, R3= OH hetero Diels-Alder
(+)- 8-methoxygoniodiol (3) 5
Figure 1 Scheme 1 Retrosynthetic analysis.

Owing to its potent biological activity and the fact that i{R)-(tert-Butyldiphenylsilanyloxy)phenylacetaldehyd® (
can be further converted to other styryllactones, sevekaas prepared in three steps frdR)-(handelic acid. After
methods have been reported for the synthesis of (+)-gssterification with methanol in the presencepefsOH,
the silylation of the hydroxy group withBuPh,SiCl and
imidazole followed by the reduction of ester function with
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i-Bu,AlH at —78 °C led to the expected O-silylated man-
delic aldehydet in 77.2% overall yield (Scheme 2). The
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adduct? is the result of an hetero Diels—Alder reaction behe correspondinga,p-unsaturateds-lactone 11 was
tween ethyl vinyl ether and E2-3-(4,4,5,5-tetramethyl- achieved in 90% yield by isomerization of the double
1,3,2-dioxaborolan-2-yl)prop-2-end){? which is easily bond using a catalytic amount of DBU at room tempera-
prepared from propionaldehyde diethyl acetal. When there. Unfortunately, deprotection of the 1,2-diol under
reaction is catalyzed with Jacobsen’s chiral Cr(lll) comvarious basic conditions (0.5 N NaO#,0.25 N
plex 6! and a dehydrating agent, cyclic allylooron@te MeON&a?®), followed by a treatment with trifluoroacetic
was obtained in 85% yield with a high diastereo- anakid failed to give the expected (+)-goniodiol. In all cases,
enantiomeric purity (>95% de, 96% ee). The allylboratioa complex mixture of products was obtained. We also at-
reaction betweef and4 (2 equiv) can be performed intempted acidic conditions to cleave the cyclic carbonate.
toluene at 70 °C for 48 hours to give the dihydropy8an When11is warmed at reflux for six hours in MeOH with
in 78% yield, as unigue stereoisomEHowever, in order 6 N HCI, (+)-goniodiol was obtained in a poor vyield
to decrease the time of the reaction and quantity of ald@0%) with spectral properties identical to those reported
hyde used, reaction was carried out without solvent. Aftar the literature.*°

ten hours at 70 °C and using only one equivalem, of
compound was obtained in 65% yield that is still accept
able taking into account the high level of stereoselectivit
of this reactiort?

This hetero Diels—Alder/allylboration process could b
performed in one pot without purification 6f'¢ Howev-
er, since the chiral catalyst can influence the diastereo:
lectivity of the allylboration, we chose to carry out the
reaction sequence in two steps. It is worthy to note that,
our knowledge, it is the first example of allylboration in-
volving a chiral _cycliq-alkoxy-allylboronate and a chiral Scheme 3 Reagents and conditions: (a) TBAF (1.5 equiv), THF,
aldehyde described in the literatdfe. r.t., 3 h, 90%; (b) triphosgene (0.5 equiv), pyridine ,CH —70 °C,
Deprotection of the TBDPS group with TBAF, followed0-1 hi915%? (© (i)46AN|\;|sCI’CTHF|:’ r-tt-: lfSh;h(iiZ‘;OPO[/)C (11 ﬁqqi\%’ Ago'
H H i a (1.1 equiv), , , I.L., , 0 overall yiela,
by a treatment with triphosgene in the presence of pyﬁ_BL(J (o.ofeql)nv), THF, r.t.,i?zzh, 90%; (e) 6 N HCI, MEOH, reE‘Isz,
dine provided the cyclic carbon&én 85.5% yield for the ¢ h, 20%.
two steps (Scheme 3). The direct one-step conversion of

the lactol to the corresponding lactone using one equiva- . . .
lent of M-CPBA with boron trifluoride etheratecould | © improve the overall yield, we planned a new synthesis

not be carried out cleanly. Therefore, lactdgevas ob- ©f (*)-goniodiol via intermediat8 using benzyl ether as

tained in two steps (60%), after hydrolysis of the cycliPrOt€cting group to the alcohol (Scheme 4). Reactidh of

hemiacetal followed by oxidation. Conversionidfinto  With excess BnBr/NaH in the presence of a catalytic
y amount of BUN*I~ gave it90-benzyl derivativel2in 84%

yield. The use om-CPBA/BF;-OEt, system led success-
fully to the formation of the corresponding lactone. Treat-
ment with DBU in CHCI, at room temperature afforded
@ thea-pyronel3in 82% yield for the last two steps. Final-
O

‘\\Nl ly, cleavage of protecting groups, desilylation with HF/
=% pyridine and debenzylation with Tiglielded (+)-gonio-
on TBDPSO ""/o/ cl diol (1) which was f[hus obtained in 27% qverall yigld in-
abc _ aszmye stead of 9.2% starting from the advanced interme8ite
Ph™ "COM P, e In summary, (+)-goniodiol has been synthesized in 7 steps
and in 15% overall yield from &-3-borylacroleins us-
TBDPSO = ing a strategy based on an asymmetric three-component
w w L ° o o~ okt hetero Diels—Alder/allylboration sequence. The ready
o. O 0. .0 Ho "
/B B 8 TBDPm TBDPm
<+l 4. O_ 8 —2» py EE{o OEt&ph e OE>l
H (o) OEt (0] OEt Bn(:) Bn(E) H
5 7 12 13

Scheme 2 Reagents and conditions: (a) MeOH, p-TsOH (0.4  Scheme 4 Reagentsand conditions: (a) NaH (1.3 equiv), BnBr (&
equiv), reflux, 3 h, quantitative yield; (d)BuPhSiCl (1.5 equiy,  equiv), BuN*l~ (0.1 equiv), THF, r.t., 3 h, 84%; (lIm-CPBA (15
imidazole (2 equiv), DMAP (0.05 equiv), GEl,, r.t., 12 h, 93%;d)  equiv), BF;-OE% (1.5 equiv), CHCI,, 0 °Ctor.t., 14 h, 90%; (c) DB
i-Bu,AlH (1.1 equiv), B3O, —78 °C, 0.5 h, 83%; (& (0.05 equiv)4  (0.01 equiv), THF, r.t., 18 h, 91%; (d) HF/pyridine, r.t., 48 h, 5@8)o; (
A MS, r.t, 2 h, 85%; (e) 70 °C, 10 h, 65%. TiCl, (2 equiv), CHCI,, r.t., 1 h, 78%.
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availability of both isomers of mandelic acid and chromi-(14) The absolute configuration of the four stereocenters was

um(lll) complex, makes this procedure especially attrac-

tive for the synthesis of stereocisomers of (+)-goniodiol.
Application of this methodology to the preparation of

other natural styryllactones is currently underway at thgm)

laboratory.
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All new compounds were fully characterizéd NMR, 13C
NMR, elemental analysis or HRMS).

Compound: [a]p?°-145.9 ¢ 1.11, CHCJ). *H NMR (300
MHz, CDCL): 5 = 1.20 (t, 3HJ = 7.1 Hz), 2.12 (m, 2 H),
3.33(dg, 1 HJ=7.1, 9.5 Hz), 3.80 (dg, 1 H,=7.1, 9.0
Hz), 4.09 (m, 1 H), 4.40 (dd, 1 B= 3.6, 7.4 Hz), 4.92 (dd,
1H,J=3.8, 7.8 Hz), 5.34 (m, 1 H), 5.79 (m, 1 H), 5.82 (d,
1H,J=7.8Hz), 7.32 (m, 5 H}*C NMR (75 MHz, CDCJ):
§=15.2,30.5, 64.2,71.8, 79.7, 80.8, 98.0, 123.5, 127.2,
126.3,128.5,129.1, 132.9, 154.5. Anal. Calcd fgHGOs:
C, 66.20; H, 6.25. Found: C, 66.22; H, 6.33.
CompoundLl: [a]p?°—144.3 ¢ 0.62, CHCl,). *H NMR

(300 MHz, CDCJ): & = 2.22 (m, 1 H), 2.70 (m, 1 H), 4.15
(ddd, 1 HJ=1.1,3.8,12.8 Hz), 4.98 (dd, 1 B 1.1, 8.1
Hz), 5.87 (dd, 1 H) = 2.3, 9.9 Hz), 5.98 (d, 1 H,= 8.1 Hz),
6.85 (ddd, 1 H) = 2.1, 6.4, 9.9 Hz), 7.48 (m, 5 HJC NMR
(75 MHz, CDC)): 6 =29.6, 72.8, 78.0, 79.2, 119.7, 123.7,
125.3, 127.7, 128.4, 130.4, 153.0, 160.8. Anal. Calcd for
CH1,0s: C, 64.61; H, 4.65. Found: C, 64.46; H, 4.60.
Compoundl2: [a]p?° +64.1 € 0.32, CHCL,). *H NMR (300
MHz, CDCL): § = 1.02 (s, 9 H), 1.18 (t, 3 H,= 7.1 Hz),
2.05-2.30 (m, 2 H), 3.22 (dq, 1 8= 7.1, 9.5 Hz), 3.70 (m,
1H),4.23(d, 1 H)=11.1Hz), 4.35 (d, 1 H = 11.1 Hz),
4.44 (dd, 1 H)=3.2, 8.4 Hz), 4.67 (m, 1 H), 5.02 (d, 1 H,
J=6.7Hz), 5.52 (dd, 1 H,= 1.2, 9.8 Hz), 7.00-7.55 (m, 16
H), 7.67 (m, 2 H), 7.76 (M, 2 H¥C NMR (75 MHz,
CDCL): 6 =15.1,19.4, 26.9, 27.1, 31.4, 63.7, 74.4, 74.6,
75.1, 85.0,98.7, 124.4,127.2,127.3, 127.4, 127.5, 127.7,
127.9, 128.1, 128.6, 129.4, 129.5, 129.6, 133.4, 134.0,
134.8,136.0,136.1, 138.6, 141.2. HRMS (BSxcalcd for
C3gH440,Si [M + NaJ": 615.2907; found: 615.2902.
CompoundL3; [a]p?° +45.9 € 1.82, CHCL,). *H NMR (300
MHz, CDCL): § = 1.06 (s, 9 H), 2.00 (ddd, 1 8= 3.7, 6.2,
18.1 Hz), 2.42 (m, 1 H), 3.58 (dd, 18 2.5, 7.8 Hz), 3.90
(d, 1 H,J=18.4 Hz), 3.95 (d, 1 H = 18.4 Hz), 4.76 (td, 1
H,J=3.0,12.6 Hz), 5.11 (d, 1 H= 7.8 Hz), 5.89 (dd, 1 H,
J=2.4,9.8 Hz), 6.75 (ddd, 1 H= 2.1, 6.2, 9.8 Hz), 7.01
(m, 2 H), 7.19-7.68 (m, 18 HFC NMR (75 MHz, CDC)):
§=19.4,626.1, 27.1, 74.1, 74.5, 76.3, 83.9, 121.1, 127.3,
127.5, 127.6, 127.7, 127.8, 127.9, 128.0, 128.1, 128.2,
129.5, 129.7, 133.1, 133.5, 135.9, 136.0, 137.6, 141.3,
144.8, 163.5. HRMS (ES)/z calcd for GgHs50,Si [M +
Na]": 585.2437; found: 585.2434.
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