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Pancratistatin is a potent anticancer natural product, whose clinical evaluation is hampered by the limited
natural abundance and the stereochemically complex structure undermining practical chemical preparation.
Fifteen aromatic analogues of conduritol~¢chiro-inositol, and dihydroconduritol F that possess four

of the six pancratistatin stereocenters have been synthesized and evaluated for anticancer activity. These
compounds serve as truncated pancratistatin analogues lacking the lactam ring B, but retaining the crucial
C10a-C10b bond with the correct stereochemistry. The lack of activity of these compounds provides
further insight into pancratistatin’s minimum structural requirements for cytotoxicity, particularly the
criticality of the intact phenanthridone skeleton. Significantly, these series provide rare examples of simple
aromatic conduritol and inositol analogues and, therefore, this study expands the chemistry and biology
of these important classes of compounds.

Introduction compounds possessing a carbon substituent in place of a

) ] ) o ) hydroxyl group are even more difficult synthetic targets due to

Inositols, conduritols, and their numerous derivatives continue the challenge of creating a carbecarbon bond with stereo-
to attract a great deal of attention due to their roles in living control. Such compounds, however, are particularly desirable
organismsand, consequently, diverse biological activifids.  from the biological perspective. For example, fungal metabolite
addition, synthetic chemists have utilized these classes of cyclophellitol (1) is a potent inactivator g8-glucosidase and a
compounds as intermediates in the synthesis of natural products
and other biologically relevant complex structu?e@ycllto_l (2) (@)Inositol Lipids in Cell SignallingMichell, R. H., Drummond, A.
preparation is challenging due to the dense stereochemistry ofH., Downes, C. P., Eds.; Academic: San Diego, CA, 1989. (b) Powis, G.;

the hydroxylated carbon cycles. Furthermore, analogues of thesgfozikowski, A. P. Inhibitors oiyo Inositol Signalling. InNew Molecular
Targets for Cancer Chemothergpgerr, D. J., Workman, P., Eds.; CRC:

Boca Raton, LA, 1994; pp 8195. (c) Kozikowski, A.; Fauq, A.; Malaska,

M.; Tuchmantel, W.; Ognyanov, V.; Powis, Gurr. Med. Chem1994 1,

T Department of Chemistry, New Mexico Institute of Mining and Technology.

* Department of Biology, New Mexico Institute of Mining and Technology.

8 Universitadi Napoli.

(1) (a) Posternak, TThe Cyclitols Holden-Day: San Francisco, CA,
1962. (b) Anderson, L. The Cyclitols. Ifthe Carbohydrates2nd ed.;
Pigman, W., Horton, D., Eds.; Academic: San Diego, CA, 1972; Vol. 1A,
pp 519-579.

5694 J. Org. Chem2006 71, 5694-5707

1-12. (d) Schedler, D. J. A.; Baker, D. ©arbohydr. Res2004 339,
1585-1595.

(3) For reviews on the synthesis of inositols and conduritols, see: (a)
Balci, M.; Sitbeyaz, Y.; Seen, H.Tetrahedronl99Q 46, 3715-3742. (b)
Hudlicky, T.; Entwistle, D. A.; Pitzer, K. K.; Thorpe, A. £hem. Re.
1996 96, 1195-1220.
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FIGURE 1. Cyclitol analogues with medicinal promise.
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FIGURE 2. Amaryllidaceae constituents with anticancer activity and
their ring B analogues.

promising anti-HIV agent (Figure Z).myclInositol cyclic
phosphonate analog@ds an inhibitor of phosphatidylinositol-
specific phospholipase €Conduritol F analogue3 and4 are
nanomolar inhibitors of. aureus tyrosyl tRNA syntheta8e.
Several amaryllidaceae constituents, including pancratistatin,
narciclasine, and their 7-deoxy congeners, have attracted
considerable interest due to their promising anticancer activities
(Figure 2). These natural products incorporate an arylcyclitol
structural motif and a significant body of synthetic work has
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in in vitro antiviral (RNA) assays due to reduced toxiciti
number of recent reports demonstrate that pancratistatin is
specifically toxic to cancer cells as opposed to normal ones,
whereas the currently used anticancer drugs, such as taxol and
etoposide, are equally toxic to both cell tydé®ancratistatin’s
clinical development has been hampered in part by its inadequate
supply and this problem continues to be addressed with total
synthesi¥? and biotechnological routés.

The elucidation of the pancratistatin’s cytotoxic pharmaco-
phore and synthesis of structurally simplified analogues is an
alternative strategy, which is currently pursued by a number of
laboratories? All three rings A, B, and C have been targeted
to obtain SAR data. The importance of ring B has been
addressed by Chapleur and co-workers, who showed that
lycoricidine analogues with the open ring B (absent C10a
C10b bond irb)142or the ester group in lieu of the amidg)¥*
were both devoid of anticancer activity. Additionally, Hudlicky
and co-workers synthesized the C10b-epimer of 7-deoxy-
pancratistatin 7) and found that it was inactiv®d Thus, it
appears that the configuration at the position C10b is critical
for activity as well.

(8) (a) Pettit, G. R.; Gaddamidi, V.; Herald, D. L.; Singh, S. B.; Cragg,
G. M.; Schmidt, J. M.; Boettner, F. E.; Williams, M.; Sagawa,JY Nat.
Prod. 1986 49, 995-1002. (b) Pettit, G. R.; Pettit, G. R., Ill; Backhaus,
R. A,; Boyd, M. R.; Meerow, A. WJ. Nat. Prod 1993 56, 1682-1687.

(9) Gabrielsen, B.; Monath, T. P.; Huggins, J. W.; Kefauver, D. F.; Pettit,
G. R.; Groszek, G.; Hollingshead, M.; Kirsi, J. J.; Shannon, W. M.; Shubert,
E. M.; Dare, J.; Ugarkar, B.; Ussery, M. A.; Phelan, MJJNat. Prod.
1992 55, 1569-1581.

(10) Quarzane-Amara, M.; Franetich, J.-F.; Mazier, D.; Pettit, G. R,;
Meijer, L.; Doerig, C.; Desportes-Livage,Antimicrob. Agents Chemother
2001, 45, 3409-3415.

(11) (a) McLachlan, A.; Kekre, N.; McNulty, J.; Pandey, Aoptosis
2005 10, 619-630. (b) Pandey, S.; Kekre, N.; Naderi, J.; McNultyAdtif.
Cells Blood SubstitutesBiotechnol.2005 33, 279-295. (c) Kekre, N.;
Griffin, C.; McNulty, J.; Pandey, SCancer Chemother. Pharmac@005
56, 29-38.

(12) Eight total syntheses of pancratistatin have been reported to date:
(a) Danishefsky, S.; Lee, J. ¥. Am. Chem. S0d.989 111, 4829-4837.

(b) Tian, X.; Kénigsberger, K.; Hudlicky, TJ. Am. Chem. S04995 117,
3643-3644. (c) Hudlicky, T.; Tian, X.; Kaigsberger, K.; Maurya, R.;
Rouden, J.; Fan, Bl. Am. ChemSoc.1996 118 10752-10765. (d) Trost,
B. M.; Pulley, S. R.J. Am. Chem. Soc1995 117, 10143-10144. (e)
Magnus, P.; Sebhat, I. K. Am. Chem. Sod.998 120 5341-5342. (f)
Rigby, J. H.; Maharoof, U. S. M.; Mateo, M. B. Am. Chem. So00Q
122 6624-6628. (g) Doyle, T. J.; Hendrix, M.; VanDerveer, D.; Javanmard,
S.; Haseltine, JTetrahedron1997 53, 11153-11170. (h) Pettit, G. R,;
Melody, N.; Herald, D. LJ. Org. Chem2001, 66, 2583-2587. (i) Kim,
S.; Ko, H. J.; Kim, E.; Kim, D.Org. Lett 2002 4, 1343-1345. (j) Ko, H.
J.; Kim, E.; Park J. E.; Kim, D.; Kim, SJ. Org. Chem2004 69, 112—

shown that the creation of a C10b-stereocenter renders pan-121.

cratistatin a more challenging synthetic target than narciclasine
which lacks this stereocentéPancratistatin has been found to
exhibit strong in vitro cancer cell growth inhibitory activities
against the U.S. National Cancer Institute (NCI) panel of cancer
cell lines as well as a number of in vivo experimental cancer
systems. Powerful antivira! and antiparasiti® activities of

(13) Pettit, G. R.; Pettit, G. R., lll; Backhaus, R. A.; Boettner, FJE.
Nat. Prod 1995 58, 37—43.

(14) (a) Chiéen, F.; Ibn-Ahmed, S.; Masion, A.; Chapleur, Yetra-
hedron1993 49, 7463-7478. (b) McNulty, J.; Mao, J.; Gibe, R.; Mo, R.
W.; Wolf, S.; Pettit, G. R.; Herald, D. L.; Boyd, M. Bioorg., Med. Chem
Lett 2001 11, 169-172. (c) Rinner, U.; Siengalewicz, P.; Hudlicky, T.
Org. Lett 2002 4, 115-117. (d) Hudlicky, T.; Rinner, U.; Gonzales, D.;
Akgun, H.; Schilling, S.; Siengalewicz, P.; Martinot, T. A.; Pettit, G.JR.

pancratistatin constitute a related area of promise. Although lessOrg. Chem 2002 67, 8726-8743. (e) Phung, A. N.; Zannetti, M. T;

potent, 7-deoxypancratistatin exhibits a better therapeutic index

(4) For a review on the chemistry and biology of cyclophellitol, see:
Marco-Contelles, JEur. J. Org. Chem2001, 1607-1618.

(5) Wu, Y.; Zhou, C.; Roberts, M. Biochemistryl997, 36, 356—-363.

(6) Jarvest, R. L.; Berge, J. M.; Houge-Frydrych, C. S. V.; Mensah, L.
M.; O’Hanlon, P. J.; Pope, A. Bioorg. Med. Chem. Let2001, 11, 2499~
2502.

(7) For recent reviews of synthetic work in this area, see: (a) Polt, R.
Amaryllidaceae alkaloids with antitumor activity. @rganic Synthesis
Theory and ApplicationdHudlicky, T., Ed.; JAl Press: New York, 1997;
Vol. 3, p 109. (b) Rinner, U.; Hudlicky, TSynlett2005 365-387.

Whited, G.; Fessner, W.-DAngew. Chemlnt. Ed 2003 42, 4821-4824.
(f) Rinner, U.; Hillebrenner, H. L.; Adams, D. R.; Hudlicky, T.; Pettit, G.
R.Bioorg. Med. Chem. Let2004 14, 2911-2915. (g) Rinner, U.; Hudlicky,
T.; Gordon, H.; Pettit, G. RAngew. ChemInt. Ed 2004 43, 5342-5346.
(h) Ibn-Ahmed, S.; Khaldi, M.; Chteen, F.; Chapleur, YJ. Org. Chem
2004 69, 6722-6731. (i) Hudlicky, T.; Rinner, U.; Finn, K. J.; Ghiviriga,
I. J. Org. Chem.2005 70, 3490-3499. (j) McNulty, J.; Larichev, V.;
Pandey, SBioorg. Med. Chem. LetR005 15, 5315-5318. (k) Pettit, G.
R.; Melody, N.J. Nat. Prod 2005 68, 207—211. (I) Moser, M.; Sun, X,;
Hudlicky, T.Org. Lett 2005 7, 5669-5672. (m) Pettit, G. R.; Eastham, S.
A.; Melody, N.; Orr, B.; Herald, D. L.; McGregor, J.; Knight, J. C.; Doubek,
D. L.; Pettit, G. R., lll; Garner, L. C.; Bell, J. AJ. Nat. Prod 2006 69,
7-13.
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FIGURE 4. Retrosynthetic analysis of the target arylcyclitols.

In our pursuit of a scalable synthesis of pancratistatin and its
aromatic analogues we have identified a series of aromatic

conduritols F 8, Figure 3) as key intermediates.
These compounds, along with the relatechiro-inositol and
dihydroconduritol F congener8® @nd 10), possess four of the

six pancratistatin stereocenters and serve as truncated pan-

cratistatin analogues lacking the lactam ring B, but retaining
the crucial C10aC10b bond with the correct stereochemistry.

In this article we report the synthesis and anticancer evaluation

of arylcyclitols 8, 9, and 10, providing further insight into
pancratistatin’s minimum structural requirements for cyto-
toxicity. Significantly, these series provide rare examples of
simple aromatic conduritol and inositol analogttemnd, there-

fore, this study expands the chemistry and biology of these

important classes of compountfs.

Results and Discussion

Kireev et al.
SCHEME 1
OMOM
o oH oH 1. AcCl, BnOH MOMOL_~__LOMOM
2. MOMCI, -ProNEt \(j:
3. Hy, Pd/C, 40psi 0" OH
0" "OH
38% 13
H,C=PPh,
THF
OMOM
: OMOM
MOMO OMOM MOMO,_~.__,OMOM
N X (COCl),, DMSO, EtzN; j/\(\
CO.Me PhyP=CHCO,Me HO

25% from 13
15 14

available starting material. The application of two Wittig
olefination reactions to e-xylose-derived intermediate would
be expected to providb.

A crucial element in the proposed synthetic plan is the choice
of a hydroxyl protecting group R. The identity of the group R
is dictated in part by the deprotection conditions necessary to
generate the target series from arylconduriolf particular
concern would be the synthesis of the se8dsecause an acidic
milieu could potentially cause the double bond isomerization
into conjugation with the aromatic moiety, while hydrogenolytic
conditions would result in olefin hydrogenation. Additionally,
in the transformatio to C, the hydroxyl protecting group is
also a stereochemistry-controlling moiety facilitating an anti-
selective addition. This process would need not only be highly
diastereoselective to avoid potentially troublesome chromato-
graphic separations of epimers, but also general for structurally
diverse aromatic residues.

Due to these potential impediments, we selected two protect-
ing groups MOM and Bn as suitable candidates for our proposed
synthetic sequence and pursued two independent approaches
with each one. Although prior to the initiation of this work there
had been no examples of a highly anti-selective arylcuprate
conjugate addition process to eitheMOMO- or y-BnO-o,/5-
enoates, various alkyl- and vinylcuprates had been used with
success in these reactioffs.

In the pursuit of the synthetic plan utilizing the MOM
protection, we developed a five-step synthesis of entiafeom
D-xylose (Scheme 1). Thus, the anomeric positiom-odylose
was protected as benzyl ether following a method that was
reported by Ireland and co-workers forarabinosé® The
mixture of a- and S-benzyl xylopyranosides was treated with
MOMCI in the presence of Hunig's base in @k, and then

The penultimate key intermediates, protected arylconduritols hydrogenolyzed at 40 psi for 10 h over 10% Pd/C. Oi-

A (Figure 4), would furnish the target seris9, and 10 by
way of the direct removal of the protecting groups R, olefin
dihydroxylation followed by deprotection, and hydrogenation

with the subsequent deprotection, respectively. Further retro-

methoxymethyb-xylopyranose 13) was obtained in 38% yield
over the three-step sequence. Disappointingly, each of the three
steps requires a chromatographic purification of the product,
complicating the scale-up. Wittig methylenation at the free

synthetic sequence includes ring-closing metathesis of dienes@nomeric carbon of3 was achieved by direct treatment with

B, terminal double bond installation in estefs, and a
diastereoselective arylcuprate conjugate addition to eridate

The relative stereochemistry of the three oxy-stereocenters in

enoateD points to the potential use af-xylose as a readily

(15) We thank a reviewer of this manuscript for bringing to our attention
the following two reports: (a) Sollogoub, M.; Mallet, J.-M.; Sin&y.
Angew. Chemlnt. Ed. 200Q 39, 362-364. (b) Sollogoub, M.; SingyP.
Molecules2005 10, 843-858.

(16) The preliminary communication: Nadein, O. N.; Kornienko(O#g.
Lett. 2004 6, 831—834.

5696 J. Org. Chem.Vol. 71, No. 15, 2006

2.5 equiv of HC=PPh in THF at 50°C. Both the product
yield and purification are compromised by the side products,

(17) (a) Ziegler, F. E.; Wang, Yd. Org. Chem1998 63, 426-427. (b)
Ziegler, F. E.; Wang, YJ. Org. Chem1998 63, 7920-7930. (c) Hanessian,
S.; Sumi, K.Synthesisl991 1083-1089. (d) Hanessian, S.; Wang, W.;
Gai, Y.; Olivier, E.J. Am. Chem. S02997, 119, 10034-10041. (e) Powell,
S. A.; Tenenbaum, J. M.; Woerpel, K. . Am. Chem. SoQ002 124
12648-12649. (f) Zhu, B.; Panek, J. &ur. J. Org. Chem2001, 1701—
1714.

(18) Ireland, R. E.; Courtney, L.; Fitzsimmons, BJJOrg. Chem1983
48, 5186-5198.
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SCHEME 2

OMOM
MOMO,_~_,OMOM
Ar,CuMgBr
Me;SiCl
>50:1

Ar A

CO,Me
16a,b,c

salcsalevy
a b ¢ OMe

76%

=
n

46%

61%

1. NalO,

2. NaBH,

3. Ac,O
91%

HCI

16a ——

MeOH
70%

SCHEME 3

OMOM

MOMO, OMOM

0-NO,PhSeCN,
o BusP; H,O,
{ 53%

o OH

LiAlH,, Et,0
90%

16¢c A

OMe 19

OMOM

MOMO, OMOM

(Cy3P)o(PhCH=)RuCl,
O A —_—
< | 97%

OMe 20

OMOM OH
: OMOM HO. ~ OH
‘ <O O ‘
e}
OMe

21 8e

MOMO,
GO
e}
OMe

evidently resulting from the competing deprotonation of the
o-position with the subsequent elimination of themethoxy-
methyloxy group. A one-pot Swern oxidation and olefination
with the commercial P#P=CHCO,Me reagent, performed
according to a report by Ziegler and co-work&f&?gives the
desired enoaté5 in 25% overall yield froml13.

The addition of arylcuprates, derived from the corresponding
aromatic Grignard reagents, to enoBbgproceeds with exclusive

HCI

MeOH
77%

anti-diastereoselectivities (based on the NMR analysis of crude
and purified reaction mixtures) in acceptable yields (Scheme
2). To confirm the assigned anti-stereochemistry, the addition

productl6awas treated with methanolic HCI to remove the
MOM protection. The resulting triol undergoes lactonization
under the reaction conditions to forhd. Cleavage of the vicinal
diol functionality with NalQ followed by treatment of the crude
aldehyde with NaBHand AgO gives known lacton&8, whose
NMR data are identical with those reported in the literafdre.

The completion of the synthetic sequence was investigated

with the arylcuprate addition produt6c Ester reduction with

(19) Ha, H.-J.; Yoon, K.-N.; Lee, S.-Y.; Park, Y.-S.; Lim, M.-S.; Yim,
Y.-G. J. Org. Chem 1998 63, 8062-8066.
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SCHEME 4
OBn
QH 1. MeOH, SOCI2 BnO. i OBn
HOUAOH  _refx2h \(I
\(I 2. BnCl, TBAI, NaH, DMF 0~ “OH
O™ "OH  3.1M H,SO0,, dioxane-H,0 -
60 °C. 10h recrystallization
! from MeOH
71% 2
OBn
1. CH,=PPhg, THF, 1, 6h;then  BnO.__~__OBn
reflux, 2h, silica gel plug
X
2. (COClI),, DMSO, EtsN;
PhgP=CHCO,Me, 1t, 4h COMe

facile column purification
26

84%

LiAIH 4 in ether gives primary alcohdl9, whose subsequent
conversion to arylselenide and selenoxide elimination affords
diene 20. Ring-closing metathesis, performed with the 1st
generation Grubbs’ catalyst in GBI, at room temperature,
cleanly provides protected arylconduri@il. Finally, deprotec-
tion without an accompanying double bond migration was
achieved with a dilute solution of HCI in MeOH at 8C with
careful monitoring of the reaction mixture by TLC.

Thus, the synthetic pathway to the target arylcyclitols has
been developed with use of MOM as a protecting group.
However, we have been frustratingly unsuccessful in our
attempts to scale-up the preparation of endd&eln contrast,
our parallel investigation of the synthetic plan based on the Bn
protection had been showing a lot of promise and our initial
concerns over the removal of Bn groups in the presence of the
olefinic functionality in arylconduritolsA (see the proposed
synthesis of the seriégfrom A in Figure 4) were completely
dispelled after this deprotection had been successfully optimized
with the dissolving metal reduction method. In the remaining
portion of this article we describe the synthesis of the aryl-
cyclitols 8, 9, and 10 using the Bn protection scheme and the
biological evaluation of these compounds.

Enoate26 had been utilized previously in a total synthesis
of (+)-cyclophellitol and is available fronp-xylose via a
synthetic sequence involving eight steps and six chromato-
graphic purificationg’2P We sought a more practical route,
which could be readily scaled-up. Thus, the mixturexefand
p-methyl xylosides, prepared by refluximgxylose and SOGI
in methanol, was directly benzylated with inexpensive BnCl/
BuyNI and NaH (Scheme 4). Hydrolysis of the crude benzylated
anomeric mixture yielded ti®-benzylp-xylopyranose 24),
which was purified by recrystallization from methanol in good
overall yield. This procedure has a significant advantage over
the previously reported methoésas it requires neither the
separation of the intermediate xylose anomers nor purification
of the synthetic intermediates. The sequence of Wittig meth-
ylenation at the free anomeric carbon, one-pot Swern oxidation,
and olefination with the commercial EFPF=CHCO,Me reagent
was significantly higher yielding than the one performed on
the MOM-protected material (Scheme 1). We attribute this
difference in reactivity to the less acidic nature of the
benzyloxy position in the aldehyde form &4 compared to the
o-methyloxymethyl one in the aldehyde form 8. This high
throughput five-step synthesis involves only one chromato-
graphic purification and it has allowed us to prepare ca. 100 g
of 26.

(20) (a) Tejima, S.; Ness, R. K.; Kaufman, R. L.; Fletcher, H. G., Jr.
Carbohydr. Res 1968 7, 485-490. (b) Tsuda, Y.; Nunozawa, T.;
Yoshimoto, K.Chem. Pharm. Bull198Q 28, 3223-3231.
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SCHEME 5
OBn
< OBn
BnO. : OBn H OBn
i BnO._~_,OB :
AraCuMgBr 1. LiAlH4, Et,O n n (CysP)a(PhCH=JRUC], BrO_~_LOBn
26 Me,Sicl Ar X 2. 0-NO,PhSeCN, W X TR
>50:1 COM BusP; Hz0, Ar | 80-95% A
85-97% 28 70-85% v
27a-g 29a-g 30a-g
BnO Y OB HO o OH oH oH
050, NMO " Hp PdiC HOW_~_OH| | HOA_oH
acetone-H:0 A7 0H 77-95% AT " OH Ar Ar
OH from 30 OH
9a-e 8a-e 10a-e
Li/NHg, - 78 °C, THF, 61-93% A
H,, Pd/C, THF-MeOH, 48h, 76-95%
OO et et SO ot O
Ar=
o}
MeO o} E cl
MeO OMe
a b c d e f 9
The reaction of enoat6 with a broad range of aromatic =~ SCHEME 6
organocopper reagents again affords exclusive anti-selectivities OBn
and gives addition produc&7a—g in excellent yields (Scheme BnO. OBn  1.0s0,, NMO
5). Similarly to the MOM-based chemistry the sequence o 2. Me,G(OMe),, TsOH
involving ester reduction, selenide formation, selenoxide elimi- 4 O 8- H, Pd’f
nation, and ring-closing metathesis provides protected aryl- 0 30c 69%
conduritols30a—g in good overall yields. Column purification OH NOE
of 30a—g was made facile by preliminary oxidation of the HOw i .OH o
ruthenium catalyst with DMS®: _ H H
At this juncture the generation of the target series of { ~0 — O " o-/o%H
arylcyclitols was attempted. Dihydroxylation of compounds o O{\ m HOH
30a—e with catalytic OsQ and NMO vyields single stereo- 31 HO "~ H

isomeric diols due to much greater steric accessibility of the
o-face of the double bond. These compounds undergo facile cuprate conjugate addition reactions, we searched for unambigu-
hydrogenolytic cleavage of benzyl ethers when their solutions ous proof of stereochemistry through NOE experiments. To this
in MeOH are stirred under a hydrogen balloon in the presence end arylconduritoBOcwas converted to arylinositol derivative
of 10% Pd/C catalyst for 2 days, providing the aromatiao- 31 by dihydroxylating the double bond, isopropylidenating the
inositol serie®. To generate the seri@sarylconduritols30a—e newly introduced cis diol, and thereaft&-debenzylating
were subjected to the dissolving metal reduction method. To (Scheme 6). The cis ring fusion forced the inositol ring into a
this end, compound80a—e were dissolved in THF and the  boat conformation; the proximity of Hand H, could clearly
resulting mixtures were titrated with a blue solution generated be detected by NOE difference experiments. Additionally, the
by the dissolution of chopped Li in liquid ammonia-ar8 °C. NMR spectra of arylconduritoBe obtained by using either
After the blue color persisted for 15 s the mixtures were MOM-based (Scheme 3) or Bn-based approaches (Scheme 5)
immediately quenched with solid NBI. Since the benzyl ether  are indistinguishable.
cleavage is faster under these conditions than the reduction of Due to unavailability of pancratistatin, biological evaluation
the aromatic or olefinic moieties, the utilization of this technique of the synthesized arylcyclitols was performed with the use of
allowed us to avoid overreduction and prepare the aromatic anticancer amaryllidaceae metabolites lycorine and narciclasine
conduritol F series in consistently good yields. Finally, the as positive controls. This choice is justified by the similar
exhaustive hydrogenation @0a—e over 10% Pd/C removes  activity profiles and potencies of narciclasine and pancratistatin.
the benzyl protection and reduces the olefinic functionality to Since lycorine is the most abundant amaryllidaceae alkaloid,
afford the aromatic dihydroconduritol F serie& Unfortunately, its isolation from Sternbergia luteaKer Gawl by using a
we were unable to deprotect the halogen-containing aryl- procedure reported by Evidente and co-work&ngas straight-
conduritols30f and 30g without a loss of the halogen atom. forward and provided 11.22 g/kg of dry bulbs. To obtain
The unsubstituted phenyl group-containing arylcycli®és9a, narciclasine various isolation methods and plant sources were
and 10a were produced from these compounds under both investigated. The base extraction method reported by Evidente
hydrogenolytic and the Li/Nkldeprotection conditions. was found to be the most efficient and high yield#dgVhen
Although 'H NMR analyses of the cyclized products sup- applied toNarcissus pseudonarcisskiég Alfred grown in New
ported our original anti-stereochemistry assignment in aryl- Mexico, it resulted in the isolation yield of 170.4 mg/kg of dry

(21) Ahn, Y. M.; Yang, K.; Georg, G. I0rg. Lett. 2001 3, 1411~
1413.

(22) Evidente, A; lasiello, I.; Randazzo, Ghem. Ind1984 348-349.
(23) Evidente, APlanta Med.1991, 57, 293-295.
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FIGURE 5. Biological evaluation of the arylcyclitol series. (A) Effect of lycorine (light gray, shaded columns), narciclasine (dark gray, shaded
columns), solvent control (0.1% DMSO in RPMI-1640 10% FBS medium, black column), and any compound from th8, $r@sl0 (open
columns) on the survival of Jurkat cells in Trypan Blue dye exclusion assay. (B) Induction of apoptosis in Jurkat cells treated for 20 h with lycorine
(light gray, shaded columns), narciclasine (dark gray, shaded columns), solvent control (0.1% DMSO in RPMI-1640 10% FBS medium, black
column), and any compound from the sei®9, or 10 (open columns) in flow cytometric annexin-V/propidium iodide assay. (C) Effect of lycorine

(1 uM, black circle marker), narciclasine (0.084, triangle marker)8a (300 uM, square marker), and any other compound from the s&(i8s

or 10 (300uM, open circle marker) on the growth of Jurkat cells estimated by the Trypan Blue dye exclusion method. Untreated Jurkat cells and
a solution of 0.1% DMSO in RPMI-1640 10% FBS medium were used as controls (open circle marker). (D) Growth inhibitory prop8dies of
toward Jurkat cells in Sulforhodamine B (SRB) assay.

bulbs. To our knowledge, this is the second highest yield further studies are underway in our laboratories to elucidate the
reported for the isolation of this natural product and represents origin of narciclasine’s anticancer properties.
a 2-fold increase relative to other isolation methods that had
been previously used with this Narcissus spe¢fes. Conclusions

Arylcyclitol series 8a—e, 9a—e, and 10a—e, along with
lycorine and narciclasine, were assayed for cytotoxic, apoptosis- The lack of activity of aromatic analogues of conduritol F,
inducing, and growth inhibitory properties with use of Jurkat L-chiro-inositol, and dihydroconduritol F that possess four of
and HelLa cell lines as models for human T-cell leukemia and the six pancratistatin stereocenters provides further insight into
adenocarcinoma, respectively. The results with Jurkat cells arepancratistatin’s minimum structural requirements for cyto-
given in Figure 5. While both lycorine and narciclasine showed toxicity, particularly the criticality of the intact phenantridone
consistent dose-dependent activities in all three assays, almosskeleton. Significantly, these compounds provide rare examples
all of the synthesized arylcyclitols were inactive in up to 300 of simple aromatic conduritol and inositol analogues and,
uM concentrations. The only exception is weak cell growth therefore, this study expands the chemistry and biology of these
inhibitory activity of phenylconduritol F analoguga (Glsg ~ important classes of compounds. Another notable finding of this
300uM, Figure 5C,D). Since none of the oxygenated aromatic study involves high anti-selectivities in arylcuprate conjugate
conduritol F analogues, whose structures more closely resembleaddition reactions to both tgt;0,e-OMOM-enoatel5 and tri-
those of the potent natural products (especidtlydd, and8e), y,0,e-OBn-enoate6. We have studied the origin of these high
exhibit any growth inhibitory properties, this activity is likely — diastereoselectivities in det&iland recently proposed a new
due to a different mode of action. Notably, narciclasine, which reductive elimination-based stereochemical m&8dbr this
is considerably more potent than lycorine, induces apoptosis in process.
Jurkat cells in submicromolar concentrations. Although it is

generally accepted that narciclasine is a potent cytotoxic natural rRh—_or o-% |¥ R_ .OR
product and a promising anticancer dAidts mechanism of <o ]
action is still poorly understoo®.0On the basis of these findings, Afoad Ar
R.__.OR' - anti ©92°
(24) Piozzi, F.; Marino. M. L.; Fuganti, C.; Di Martino, &hytochem- Ar,CuMgBr u
istry 1969 8, 1745-1748. A
(25) See: Pettit, G. R.; Melody, N.; Simpson, M.; Thompson, M.; Herald, CO.R"
D. L.; Knight, J. C.J. Nat. Prod 2003 66, 92—96 and references therein. 2 R._..OR'
(26) (a) Carrasco, L.; Fresno, M.; Vazquez, EEBS Lett 1975 52,
236—-239. (b) Jimenez, A.; Sanchez, L.; VazquezHABBS Lett 1975 55, A
53—-56. (c) Jimenez, A.; Santos, A.; Alonso, G.; Vasquez,Bibchim. L e CO,R"
Biophys. Actal976 425, 342—348. ' syn 2
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Thus, we showed that a single-alkoxy stereocenter is  76.3,76.2,64.5,61.1, 56.2, 56.0, 55.9, 55.7, 55.6; HRMSESI)
sufficient to attain very high anti-selectivities, and that if a group calcd for GiH2.0sNa (M + Na)" 305.1207, found 305.1216.
R is sterically demanding then the transition state leading to  (2R,3R,45)-2,3,4-Tri(methoxymethyloxy)-5-hexene-1-ol (14).
the anti-product is favored on the basis of both stereoelectronic T0 2 stirred suspension of methyltriphenylphosphonium bromide
and steric considerations. In this study we found that the identity (15-8 9, 44.3 mmol) in THF (50 mL) was added BuLi (17.7 mL of

) s . 2.5 M solution in hexanes, 44.3 mmol) dropwise af@. The
of the y-alkoxy group (MOMO vs Bn.O) IS |nconsequentlal and mixture was stirred fo2 h atroom temperature. To the above red
the 0- and e-alkoxy groups are unlikely to contribute to the

- ; solution was addeti3 (5.0 g, 17.7 mmol) in THF (50 mL) dropwise
control of stereochemistry. These observations are fully con- 4; 4550 °cC with continued stirring overnight at this temperature.

sistent with our proposed model. NH,CI (1 M, 50 mL) was added at room temperature to the reaction
Finally, we provided a recommendation for a convenient mixture and the latter was extracted with ethes(300 mL). The
isolation of narciclasine and reported its potent apoptosis organic extracts were combined, washed with brine, and dried
inducing properties. This work is expected to encourage further (MgSQy). After removal of the solvent under reduced pressure, the
efforts to understand the mechanism of action of these naturalresidue was adsorbed on silica gel and purified by chromatography
products and develop their active structurally simplified ana- \(lgé)hg%/ra)ldcl)??f:pz?g‘?é 5(200/2/ 6&"(/;5;/%20;2%);?29'3&% fztc):tg'glf?-OZ g
P o 8% . R 0. b X A
logues for clinical investigations. 4 5.70 (ddd,J = 17.9, 10.2, 8.0 Hz, 1H), 5.315.25 (m, 2H), 4.85
. . (d,J = 6.6 Hz, 1H), 4.69 (d) = 6.6 Hz, 1H), 4.65 (dJ = 6.9 Hz,
Experimental Section 1H), 4.64 (d,J = 6.6 Hz, 1H), 4.57 (dJ = 6.9 Hz, 1H), 4.51 (d,
Mixture of o- and B-Benzyl p-Xylopyranosides (11). To J=16.6 Hz, 1H), 4.27 (app § = 7.2 Hz, 1H), 3.75:3.65 (m, 3H),
stirring benzyl alcohol (50 mL) was added acetyl chioride (2 mL) 3-38 (s, 3H), 3.36 (s, 3H), 3.31 (s, 3HJC NMR (CDCL) 6 134.4,
followed byb-xylose (10 g, 66.7 mmol) and the resulting mixture 119.8, 98.9, 98.1, 94.1, 81.4, 79.9, 77.9, 62.8, 56.5, 56.1, 55.8;
was stirred for 24 h at 56C. The cold reaction mixture was then ~HRMSM/z(ESI) calcd for GH40:Na (M + Na)* 303.1444, found
dissolved in 500 mL of CkCl,, and the solution was run through 303.1419. .
a silica gel pad. After the solution was washed with,CH (500 ~Methyl (2E,4R,5R,65)-4,5,6-Tri(methoxymethyloxy)-2,7-octa-
mL), a- and -benzyl b-xylopyranosides were eluted with 10% dienoate (15).To oxalyl chloride (11.9 mL 62 M in CHxCl,
MeOH/CH.ClI, solution (500 mL). The solvent was removed under 23.7 mmol) in dry CHCI; (50 mL) at—78°C was added DMSO
reduced pressure to give virtually pure residue (11.8 g, yield 73.8%), (3.5 mL, 49.6 mmol) in CECl; (20 mL) over 10 min and the
which was used in the next step without additional purification. ~ Mixture was stirred for 20 min. Alcohdl4 (3.02 g, 10.8 mmol) in
Mixture of a- and 8-Benzyl 2,3,4-Tri-O-methoxymethyl-p- CHCl; (20 mL) was added over 10 min and the mixture was stirred
xylopyranosides (12).To a stirred solution ofx- and 5-benzyl for an additional 10 min period. Triethylamine (14.5 mL, 96 mmol)
p-xylopyranosides (15 g, 62.5 mmol) in dichloromethane (250 mL) N CHClz (20 mL) was added over 10 min and the white slurry
at room temperature were added diisopropylethylamine (97.8 mL, was stirred for 20 min at-78 °C. To the cold reaction mixture
0.56 mol) and methoxymethyl chloride (28.5 mL, 0.38 mol) over Was added methyl (triphenylphosphoranylidene)acetate (7.2 g, 21.6
a 10 min period. The reaction mixture was stirred for 12 h. Saturated Mmol) in one portion, and the resulting mixture was stirred for 10
aqueous NECI solution (100 mL) was then added. The organic h while it was allowed to warm to room temperature. Water (200
layer was separated, washed with 0.2 M HCk200 mL), water mL) was added to the reaction mixture, the two layers were
(200 mL), and brine (100 mL), dried with anhydrous MgS@nd separated, and the aqueous layer was extracted witiCIk8 x
concentrated under reduced pressure. The residue was adsorbed o0 mL). The combined organic layers were dried (Mgfsénd
silica gel and eluted with gradients: 10%, 30% EtOAc/hexanes evaporated under reduced pressure. The residual oil was presorbed

(500 mL) to obtain 19 g (82%) df2; R; 0.70 (50% EtOAc/hexanes); ~ On silica gel and purified by chromatography with gradients: 25%,
IH NMR (CDCly) 6 7.39-7.23 (m, 5H), 4.92 (dJ = 3.6 Hz, 1H), 30%, 35% EtOAc/hexanes to afford eno&t(1.48 g, 41.1%) as

4.84 (d,J = 6.6 Hz, 1H), 4.77 (dJ = 6.3 Hz, 1H), 4.76 (d) = a colorless oilf 0.50 (50% EtOAc/hexanes}¥ NMR (CDClg) 6
6.9 Hz, 1H), 4.74 (dJ = 12.1 Hz, 1H), 4.72 (dJ = 6.9 Hz, 1H), 7.02 (dd,J = 18.7, 6.1 Hz, 1H), 6.08 (ddl = 15.7, 1.4 Hz, 1H),
4.64 (d,J = 6.9 Hz, 1H), 4.61 (dJ = 6.6 Hz, 1H), 4.51 (dJ = 5.84 (ddd,J = 17.6, 10.5, 7.4 Hz, 1H), 5.38.32 (m, 2H), 4.84

12.1 Hz, 1H), 3.91 (app ) = 9.1 Hz, 1H), 3.75 (ddJ = 16.5, (d,J=6.9 Hz, 1H), 4.78 (d) = 6.9 Hz, 1H), 4.69 (d) = 6.9 Hz,
11.8 Hz, 1H), 3.62:3.56 (m, 2H), 3.75 (dd) = 9.6, 3.6 Hz, 1H),  1H), 4.64 (s, 2H), 4.57 (d] = 6.9 Hz, 1H), 4.45 (m, 1H), 4.27 (m,
3.39 (s, 3H), 3.34 (s, 3H), 3.23 (s, 3HC NMR (CDCL) 6 137.1, 1H), 3.74 (s, 3H), 3.65 (app J,= 5.0 Hz, 1H), 3.38 (s, 3H), 3.36
128.4, 128.3, 127.9, 98.0, 97.4, 96.7, 78.6, 77.2, 77.1, 76.7, 69.1,(S, 3H), 3.31 (s, 3H)}*C NMR (CDC}) 6 166.5, 145.5, 134.7,
60.7, 55.9, 55.6, 55.4; HRM&/z (ESI) calcd for GgHog0sNa (M 122.7, 119.5, 98.4, 95.7, 94.4, 81.3, 77.1, 75.9, 56.5, 56.3, 56.1,
+ Na)* 395.1676, found 395.1690. 51.8; HRMSnvz (ESI) calcd for GsHosOsNa (M + Na)™ 357.1520,
2,3,4-Tri-O-methoxymethyl-d-xylopyranose (13).A solution found 357.1516.
of 12 (6.5 g, 17.5 mmol) in THF (100 mL) underwent hydro- General Procedure for Arylcuprate Addition (16). A 1 mL
genolysis (40 psi) in the presence of 10% Pd/C catalyst (10 mol aryl bromide (15 mmol) solution in THF (30 mL) was added to
%) for 12 h. The resulting solution was filtered from the catalyst, magnesium turnings (0.36 g, 15 mmol). Magnesium was crushed
concentrated under reduced pressure, presorbed on silica gel, anéh the flask with a glass rod and the solution started to turn yellowish
purified by chromatography with gradients: 30% EtOAc/hexanes, and warm. The rest of the aryl bromide solution was added dropwise
50% EtOAc/hexanes to recover unreact@dollowed by 5% and to maintain gentle boiling of the stirred reaction mixture. After the
10% MeOH/CHCI, to obtain13 (3.02 g, 61.3%)R 0.28 (50% solution was cooled to room temperature Grignard reagent was
EtOAc/hexanes)H NMR (CDCly) 6 5.21 (m, 1H), 4.89-4.71 (m, transferred to a slurry of Cul (1.43 g, 7.5 mmol) in THF (10 mL)
5H), 4.65 (d,J = 6.6 Hz, 1H), 4.55 (app t] = 3.4 Hz, 1H), 4.41 at —20 °C via cannula. The resulting mixture was stirred-0
(m, 1H), 4.19 (ddJ = 9.6, 3.6 Hz, 1H), 3.89 (app §, = 7.2 Hz, °C for 30 min, then treated with TMSCI (1.63 g, 15 mmol}-&i8
1H), 3.79 (m, 1H), 3.763.49 (m, 2H), 3.47 (s, 3H), 3.41 (s, 3H),  °C, followed by the addition of enoa&(0.50 g, 15 mmol) in THF
3.36 (s, 3H), 3.27 (m, 1H), 3.09 (m, 1H¥®C NMR (CDCk) o (20 mL). Stirring was continued overnight, while the mixture was
98.4,97.8, 97.7, 97.6, 97.2, 97.1, 96.6, 92.4, 82.6, 78.9, 78.4, 76.6,allowed to warm to room temperature. The reaction mixture was
quenched with a mixture of concentrated XHH—saturated NECI

(27) (2) Manpadi, M.; Kornienko, ATetrahedron Lett2005 46, 4433 (2:9, 50 mL), dilgted with ether, and separated. Thg aqueous I.ayer
4437. (b) Kireev, A. S.; Manpadi, M.; Kornienko, A. Org. Chem2006 was extracted with ether (3 100 mL) and the combined organic
71, 2630-2640. layers were washed with brine, dried (Mgg§Qand concentrated
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under reduced pressure. The residue was presorbed on silica gelvas stirred for 28 h. The organic layer was separated, and the
and purified by column chromatography (25%, 30%, 35%, 40% aqueous fraction was extracted with ether X35 mL). The

EtOAc/hexanes) to afford exclusively anti-addition produdis— combined organic layers were washed with brine, dried (MgSO

C. and evaporated under reduced pressure. The residue was dissolved
Methyl (3S,4R,5R,6S)-3-Phenyl-4,5,6-tri(methoxymethoxy)- in absolute EtOH (2 mL). To this solution afQ was added NaBH

7-octaenoate (16a)46.0%; R: 0.51 (50% EtOAc/hexanesjH (0.15 g, 3.9 mmol) in one portion and glacial acetic acid (0.3 mL).

NMR (CDCls) 6 7.31-7.17 (m, 5H), 5.56 (ddd) = 18.2, 10.7, Stirring was continued for 12 h, and then the reaction mixture was
7.4 Hz, 1H), 5.275.32 (m, 2H), 5.26 (br dJ = 4.1 Hz, 1H), 5.22 quenched with a mixture of concentrated XHH—saturated NECI
(brd,J=10.5Hz, 1H), 4.78 (d) = 6.9 Hz, 1H), 4.73 (dJ=6.9 (1:8, 90 mL). The aqueous phase was extracted with EtOA¢ (5
Hz, 1H), 4.72 (dJ = 6.9 Hz, 1H), 4.63 (dJ = 6.9 Hz, 1H), 4.60 100 mL). The combined organic layers were washed with saturated.
(d,J=6.6 Hz, 1H), 4.49 (dJ = 6.6 Hz, 1H), 4.10 (app I = 7.0 NH4CI (2 x 100 mL) and brine, dried (MgSf) and concentrated
Hz, 1H), 3.85 (ddJ = 8.8, 3.0 Hz, 1H), 3.59 (m, 1H), 3.52 (s, under reduced pressure. The residue was dried by coevaporating
3H), 3.50 (s, 3H), 3.43 (dd] = 6.9, 3.0 Hz, 1H), 3.38 (s, 3H),  with toluene (5x 1 mL) and dissolved in anhydrous pyridine (3
3.30 (s, 3H), 2.98 (dd] = 15.7, 5.0 Hz, 1H), 2.65 (dd] = 15.7, mL). To this solution at 0C was added acetic anhydride (0.196 g,
10.2 Hz, 1H);13C NMR (CDCk) ¢ 172.9, 141.3, 134.7, 128.6, 1.92 mmol). The resulting mixture was allowed to warm to room
127.0, 119.5, 98.7, 98.6, 94.1, 80.9, 79.2, 77.7, 56.4, 56.4, 55.7, temperature and the reaction mixture was stirred for 5 h. The
51.4, 44.4, 37.5; HRMSn/z (ESI) calcd for G;H3,0sNa (M + mixture was extracted with ether (8 12 mL). The combined
Na)* 435.1989, found 435.1986. organic layers were washed with water (10 mL), dried (MgSO
Methyl (3S,4R,5R,6S)-3-(Benzof][1,3]dioxol-6-yl)-4,5,6-tri- and evaporated. The residue was presorbed on silica gel and purified
(methoxymethoxy)-7-octaenoate (16b)61.4%; Rr 0.43 (50% by column chromatography {510% EtOAc/hexanes) to afford
EtOAc/hexanes)!H NMR (CDCl) 6 6.75 (s, 1H), 6.71 (s, 2H),  lactonel8! (42 mg, 91%).
5.92 (s, 2H), 5.58 (ddd] = 18.4, 11.0, 7.4 Hz, 1H), 5.29 (br s, (3S,4R,5R,69)-3-(4-Methoxybenzofi][1,3]dioxol-6-yl)-4,5,6-tri-
2H), 5.24 (br dJ = 8.5 Hz, 1H), 4.80 (dJ = 6.9 Hz, 1H), 4.73 (methoxymethoxy)-7-octaen-1-ol (19)To a solution of estet6c
(d,J=6.9 Hz, 1H), 4.71 (dJ = 6.9 Hz, 1H), 4.62 (dJ = 6.9 Hz, (0.153 g, 0.32 mmol) in ether (15 mL) cooled t0 was added
2H), 4.51 (d,J = 6.9 Hz, 1H), 4.14 (app ) = 7.2 Hz, 1H), 3.76 LiAIH 4 (0.024 g, 0.63 mmol) in one portion. The reaction mixture
(dd,J=8.8, 3.0 Hz, 1H), 3.53 (m, 1H), 3.54 (s, 3H), 3.49 (s, 3H), was stirred fo 3 h while it was allowed to warm to room
3.44 (ddJ=6.9, 3.0 Hz, 1H), 3.39 (s, 3H), 3.32 (s, 3H), 2.94 (dd, temperature. Careful quenching with saturated,8IH10 mL) was
J=15.4,4.7 Hz, 1H), 2.57 (dd,= 15.4, 10.2 Hz, 1H)}C NMR followed by extraction with ether (& 50 mL). Organic layers
(CDCly) 6 172.9, 147.8, 146.5, 135.1, 134.7, 121.8, 119.7, 108.9, were combined, dried (MgS{Q) and concentrated under reduced
108.4, 101.0, 98.8, 98.7, 94.2, 81.1, 79.3, 77.9, 56.5, 56.4, 55.7, pressure to afford primary alcohb® (0.130 g, 90.2%) as a colorless
51.5, 44.1, 37.6; HRMS3nwz (ESI) calcd for GoHz,010Na (M + oil; R 0.05 (50% EtOAc/hexanes)i NMR (CDCl) 6 6.43 (d,J
Na)* 479.1887, found 479.1865. = 1.4 Hz, 1H), 6.40 (dJ = 1.4 Hz, 1H), 5.91 (s, 2H), 5.58 (m,
Methyl (3S,4R,5R,65)-3-(4-Methoxybenzofi][1,3]dioxol-6-yl)- 1H), 5.26 (m, 2H), 4.76 (d) = 6.9 Hz, 1H), 4.73 (dJ = 6.9 Hz,
4,5,6-trilmethoxymethoxy)-7-octaenoate (16c)76.0%;R: 0.39 1H), 4.72 (d,J = 6.9 Hz, 1H), 4.65 (dJ = 6.9 Hz, 1H), 4.61 (d,
(50% EtOAc/hexanesfH NMR (CDCly) 6 6.47 (d,J = 1.1 Hz, J=6.6 Hz, 1H), 4.50 (dJ = 6.6 Hz, 1H), 4.14 (app ] = 7.2 Hz,
1H), 6.42 (dJ = 1.1 Hz, 1H), 5.91 (s, 2H), 5.56 (m, 1H), 5.29 (br  1H), 3.85 (s, 3H), 3.73 (dd] = 8.5, 3.0 Hz, 1H), 3.49 (m, 1H),
s, 1H), 5.23 (br dJ = 6.9 Hz, 1H), 4.81 (dJ = 6.9 Hz, 1H), 4.74 3.43 (s, 3H), 3.40 (s, 3H), 3.31 (s, 3H), 3.06 (m, 1H), 2.16 (m,
(d,J=6.9 Hz, 1H), 4.70 (dJ = 6.9 Hz, 1H), 4.62 (dJ = 6.9 Hz, 1H), 1.76 (m, 1H), 1.22 (m, 2H}3C NMR (CDCk) 6 149.0, 143.6,
1H), 4.61 (d,J = 6.6 Hz, 1H), 4.50 (dJ = 6.6 Hz, 1H), 4.13 (app 136.5, 134.8, 133.9, 119.5, 108.4, 102.3, 101.4, 98.8, 94.2, 81.7,
t, J = 7.3 Hz, 1H), 3.85 (s, 3H), 3.73 (dd,= 8.8, 2.8 Hz, 1H), 79.8, 77.9, 61.2, 56.6, 56.5, 56.2, 55.7, 44.7, 34.6, 29.7; HRMS
3.54 (s, 3H), 3.53 (m, 1H), 3.49 (s, 3H), 3.43 (dds 6.9, 2.8 Hz, m/z (ESI) calcd for G;H340:0Na (M + Na)™ 481.2044, found
1H), 3.38 (s, 3H), 3.31 (s, 3H), 2.94 (dd= 15.7, 5.0 Hz, 1H), 481.2033.
2.58 (dd,J= 15.7, 10.5 Hz, 1H)}*C NMR (CDCk) 6 172.9, 148.9, 6-((35,4R,5R,69)-4,5,6-Tri(methoxymethoxy)octa-1,7-dien-3-
143.5, 135.8, 134.7, 134.1, 119.8, 108.3, 102.2, 101.4, 98.8, 98.7,yl)-4-methoxybenzof][1,3]dioxole (20).To a solution of alcohol
94.1,81.1,79.3,77.9,56.5,56.5, 56.4, 55.7, 51.5, 44.4, 37.6; HRMS 19 (0.130 g, 0.28 mmol) and-nitrophenylselenocyanate (0.097 g,
m/z (ESI) calcd for GzH3401:Na (M + Na)t 509.1993, found 0.43 mmol) in THF (10 mL) was added tributylphosphine (0.086
509.1996. g, 0.43 mmol) at room temperature. The reaction mixture im-
(4S,5R)-4,5-Dihydro-5-((1R,29)-1,2-dihydroxybut-3-enyl)-4- mediately turned deep brown and TLC showed complete disap-
phenyl-2(3H)-furanone (17). To the solution of the addition pearance of the starting material. The mixture was quenched with
productl6a(0.158 g, 0.34 mmol) in MeOH (26 mL) were added 1 M NaOH (5 mL) and stirred for 30 min. The mixture was diluted
4—6 drops of concentrated HCI. The reaction mixture was stirred with water (20 mL) and extracted with ether £350 mL). Organic
for 3 h at 60°C, cooled to room temperature, quenched with 7 layers were combined, dried (Mg®® and concentrated under
drops of concentrated NJ@H, and evaporated under reduced reduced pressure. The yellow residue was dissolved in THF (10
pressure. The residue was dried by coevaporating with acetone (20mL) and cooled to OC, and 30% HO, (0.48 g, 4.3 mmol) was
mL) and purified by column chromatography (40%, 45%, 50% added to the solution. After an overnight stirring at room temper-
EtOAc/hexanes) to afford lactori& (60 mg, 70%);R: 0.41 (50% ature the reaction mixture was quenched with Nakl&@ extracted
EtOAc/hexanes)!H NMR (CDCl) ¢ 7.39-7.23 (m, 5H), 5.77 with ether (3x 50 mL). Organic layers were combined, dried
(ddd,J =17.3, 10.5, 6.9 Hz, 1H), 5.39 (d,= 17.3 Hz, 1H), 5.24 (MgSQy), and concentrated under reduced pressure. The residue
(d,J =10.2 Hz, 1H), 4.50 (dJ = 6.3 Hz, 1H), 4.28 (app 1 = was presorbed on silica gel and purified by column chromatography
7.0 Hz, 1H), 3.85 (ddJ = 16.0, 7.2 Hz, 1H), 3.52 (d] = 6.3 Hz, (20%, 25%, 30% EtOAc/hexanes) to afford pure di@0g0.066
1H), 3.08 (ddJ = 17.9, 9.4 Hz, 1H), 2.67 (dd} = 17.9, 8.5 Hz, g, 52.8%) as a colorless off 0.54 (50% EtOAc/hexanes¥d NMR
1H), 1.25 (br s, 2H)XC NMR (CDCk) 6 176.7, 140.0, 136.1, (CDCly) 6 6.44 (s, 1H), 6.43 (s, 1H), 6.10 (m, 1H), 5.91 (s, 2H),
129.3,127.8,127.2,119.0, 86.1, 74.1, 73.5, 42.8, 36.9, 29.8; HRMS5.71 (m, 1H), 5.31 (m, 2H), 5.12 (m, 2H), 4.76 (s, 2H), 4.66Xd,

m/z (ESI) caled for GqHicONa (M + Na)t 271.0940, found = 6.9 Hz, 1H), 4.65 (dJ = 6.9 Hz, 1H), 4.56 (dJ = 6.9 Hz, 1H),
271.0951. 455 (d,J = 6.9 Hz, 1H), 4.14 (app t] = 6.7 Hz, 1H), 3.91 (dd,
(4R,59)-5-Acetoxymethyl-4-phenyl-4,5-dihydro-2(81)-fura- J=7.2,4.1 Hz, 1H), 3.86 (s, 3H), 4.62 (applt= 8.3 Hz, 1H),

none (18)!° To a solution of lacton&7 (0.05 g, 0.2 mmol) in ether ~ 3.48 (dd,J = 6.3, 1.9 Hz, 1H), 3.45 (s, 3H), 3.36 (s, 3H), 3.27 (s,
(2 mL) at 0°C was added Nal©(53 mg, 0.25 mmol). To the 3H); 3C NMR (CDCk) 6 149.0, 143.6, 138.2, 136.4, 135.0, 133.8,
resulting suspension was added water (1 mL). The resulting mixture 119.3, 117.4, 107.9, 102.4, 101.4, 98.8, 98.5, 94.2, 80.4, 80.0, 77.4,
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56.6, 56.4, 56.3, 55.8, 52.2; HRM8z (ESI) calcd for G;H3z,0sNa methanol gave 2,3,4-t@-benzylp-xylose as white needles (50.7

(M + Na)" 463.1944, found 463.1963. g, 71%); mp 137138 °C (lit.2° mp 139-142°C); R 0.45 (33%
6-((1S,4S,5R,6R)-4,5,6-Tri(methoxymethoxy)cyclohex-2-enyl)- EtOAc/hexanes).

4-methoxybenzofl][1,3]dioxole (21). To a solution of diene20 (2R,3R,4S)-2,3,4-Tri(benzyloxy)-5-hexene-1-ol (25Y*28To a

(0.066 g, 0.15 mmol) in dry CkCl, (10 mL) was added (GP).- stirred suspension of methyltriphenylphosphonium bromide (42 g,

(PhCH=)RuCkL (0.012 g, 0.015 mmol). After the solution was 0.1 mol) in THF (150 mL) was added BuLi (50 mIf ® M solution
stirred overnight DMSO (0.059 g, 0.75 mmol) was added and the in pentane, 0.1 mol) dropwise at’C. The mixture was stirred for
reaction mixture was stirred for an additional 6 h. The mixture was 2 h at room temperature. To the above red solution was added tri-
concentrated under reduced pressure and the residue was presorbéd-benzylxylopyranose (20 g, 0.048 mol) in THF (150 mL) dropwise
on silica gel and purified by column chromatography (30%, 35%, at 0 °C. The reaction mixture was stirred overnight at room
40% EtOAc/hexanes) to afford pure olefd (0.060 g, 97.1%) as temperature and then at reflux for 2 h. MH (1 M, 200 mL) was
a colorless 0ilRR 0.73 (50% EtOAc/hexanes)¥d NMR (CDCl) o added at room temperature to the reaction mixture and the latter
6.47 (d,J = 1.4 Hz, 1H), 6.43 (dJ = 1.4 Hz, 1H), 5.93 (s, 2H), was extracted with ether (8 200 mL). The organic extracts were
5.90 (dddJ=10.2, 3.0, 1.7 Hz, 1H), 5.31 (ddd= 10.2, 3.9, 1.7 combined, washed with brine, and dried (Mggp@fter the removal
Hz, 1H), 4.84 (dJ = 6.9 Hz, 1H), 4.77 (dJ = 6.9 Hz, 1H), 4.72 of the solvent, the residue was passed through a short column of
(br's, 2H), 4.66 (dJ = 6.9 Hz, 1H), 4.49 (dJ = 6.9 Hz, 1H), 4.15 silica gel with gradients: 15%, 35% EtOAc/hexanes, to obtain 16
(m, 1H), 3.90 (app t) = 4.7 Hz, 1H), 3.69 (m, 1H), 3.43 (s, 3H), g (80%) of the enol produck: 0.38 (33% EtOAc/hexanes).
3.38 (s, 3H), 3.28 (s, 3H}3C NMR (CDCk) 6 148.7, 143.2, 134.2, Methyl (2E,4R,5R,69)-4,5,6-Tri(benzyloxy)-2,7-octadienoate
133.8, 129.3, 127.6, 109.5, 104.1, 101.4, 97.2, 96.7, 96.4, 76.5,(26)17 To oxalyl chloride (27 mL of 2M in CKCl,, 54 mmol) in
76.3, 75.8, 56.7, 56.0, 55.8, 55.6, 44.6; HRIM& (ESI) calcd for dry CH,CI, (100 mL) at—78 °C was added DMSO (7.8 mL, 110
CooH2800Na (M + Na)™ 435.1625, found 435.1615. mmol) in CH.Cl; (40 mL) over 20 min and the mixture was stirred
(1R,2R,3S,6R)-6-(4-Methoxybenzofi][1,3]dioxol-6-yl)-4-cyclo- for 40 min. The above alcohol (10 g, 24 mmol) in &, (40
hexene-1,2,3-triol (8e)To a solution of21 (0.025 g, 0.06 mmol) mL) was added over 30 min and the mixture was stirred for an
in MeOH (10 mL) was added-12 drops of concentrated HCI. After  additional 1 h. Triethylamine (20 mL, 133 mmol) in GEl, (40
the reaction mixture was stirredrf@ h at 60°C it was cooled to mL) was added over 20 min and the white slurry was stirred for
room temperature, quenched with 3 drops of concentratefDINH 30 min at—78°C. To the cold reaction mixture was added methyl
and evaporated under reduced pressure. Acetone (20 mL) was adde(@riphenylphosphoranylidene)acetate (18 g, 54 mmol) in one portion,
and evaporated again to remove traces of water. The residue wasand the resulting mixture was stirred for 10 h while it was allowed
adsorbed on a preparative TLC plate and separated chromatographito warm to room temperature. Water (300 mL) was added to the
cally with 5% MeOH/CHCI, to obtain 13 mg oBe (76%);R; 0.04 reaction mixture, the two layers were separated, and the aqueous
(50% EtOAc/hexanesfH NMR (CDCl) 6 6.43 (s, 1H), 6.39 (s, layer was extracted with Ci€l, (3 x 200 mL). The combined
1H), 5.92 (s, 1H), 5.91 (s, 1H), 5.77 @= 9.9 Hz, 1H), 5.67 (dd, organic layers were washed with brine, dried (MgHQand
J=9.9, 3.6 Hz, 1H), 4.02 (br s, 1H), 3.88 (s, 3H), 3-60148 (m, evaporated under reduced pressure. The residual oil was split into
3H); 13C NMR (CDCk) ¢ 148.9, 143.3, 134.6, 131.7, 130.0, 128.0, two fractions, which were presorbed on silica gel and purified by
110.3, 104.4, 101.6, 73.5, 72.8, 70.6, 56.9, 47.2; HRMSB(ESI) chromatography with gradients: 5%, 15% EtOAc/hexanes to afford
calcd for G4H160sNa (M + Na)* 303.0839, found 303.0829. enoate26 (9.7 g, 84%) as a colorless oiR: 0.55 (25% EtOAc/
Mixture of o- and (-Methyl pb-Xylopyranosides (22). A hexanes).
methanolic solution of 1% HCI was prepared by a careful addition ~ General Procedure for the Arylcuprate Addition. One milli-
of SOCb (5 mL, 0.069 mol) to stirred dry MeOH (250 mL) at 0 liter of a required aryl bromide (7.03 mmol) solution in THF was
°C. d-Xylose (25 g, 0.17 mol) was added in one portion and the added to crushed Mg turnings (0.17 g, 7.03 mmol) in THF (10
resulting solution was refluxed for 4 h. The reaction mixture was mL) under nitrogen atmosphere. Once the reaction started the
allowed to cool to room temperature, neutralized by the addition solution warmed and slightly darkened. The rest of the aryl bromide
of solid NaHCQ (17.5 g, 0.21 mol), and concentrated under was added dropwise to allow a gentle reaction. The reaction mixture
reduced pressure. The residue was dissolved in EtOH (200 mL), was allowed to cool to room temperature and then cannulated to a
the solution was concentrated to one-half of the original volume, slurry of Cul (0.67 g, 3.52 mmol) in THF (10 mL) at78°C. The
toluene (100 mL) was added, and the mixture was concentrated tomixture was stirred at-78 °C for 40 min. MgSiCl (0.76 g, 7.03
dryness. The residual viscous oil was used without purification in mmol) and the enoate (0.703 mmol in 10 mL of THF) were added
the next step. sequentially at-78 °C. The yellow-brown suspension was stirred
Mixture of a- and -Methyl 2,3,4-Tri- O-benzyl-b-xylopyrano- overnight while slowly warming up to room temperature. The
sides (23)To NaH 60% suspension in mineral oil (34 g, 0.85 mol) reaction mixture was quenched with a mixture of concentrated
in a 1 L flask was added a solution of methyl xylosides from the NH,OH and saturated NA&I (1:9, 30 mL) and extracted with ether
previous step in DMF (500 mL) in 100 mL portions afQ with (3 x 30 mL). The combined organic layers were washed with brine,
vigorous stirring. After the hydrogen evolution was complete the dried with MgSQ, and concentrated under reduced pressure. The
mixture was treated with Bl (11 g, 0.03 mol) and BnCl (70 residue was absorbed on silica gel and purified by column
mL, 0.61 mol) and stirred for 30 min at® and then overnightat  chromatography (530% EtOAc/hexanes) to yield corresponding
room temperature. The reaction mixture was carefully quenched addition product27a—g as an oil.
with a cold aqueous solution of 10% NEI (130 g). Water (400 Methyl (3S,4R,5R,6S)-3-Phenyl-4,5,6-tri(benzyloxy)-7-octa-
mL) was added to the mixture and the aqueous layer was extractedenoate (27a).97%; R 0.66 (25% EtOAc/hexanesfH NMR
with ether (3x 200 mL). The combined organic extracts were (CDCl;) 6 7.46-7.23 (m, 20H), 6.01 (m, 1H), 5.44 (brd,=9.4
washed with water (2x 300 mL), then dried (MgSg) and Hz, 1H), 5.39 (br dJ = 17.1 Hz, 1H), 4.90 (dJ = 11.6 Hz, 1H),
concentrated under reduced pressure. The residual oil (about 2504.89 (d,J = 11.3 Hz, 1H), 4.74 (d) = 11.8 Hz, 1H), 4.67 (d) =
mL) was subjected to the next step without purification. 11.6 Hz, 1H), 4.57 (dJ = 11.3 Hz, 1H), 4.44 (dJ = 11.8 Hz,
2,3,4-Tri-O-benzyl-0-xylopyranose (24)2°25The crude mixture 1H), 4.11 (app tJ = 5.8 Hz, 1H), 4.04 (ddJ = 6.9, 5.2 Hz, 1H),
of xylosides from the previous step was heated under reflux for 10 3.80 (m, 1H), 3.55 (m, 1H), 3.54 (s, 3H), 3.09 (dd= 15.7, 4.4
h with 1 M H,SQO; (210 mL), AcOH (240 mL), and dioxane (220 Hz, 1H), 2.86 (ddJ = 15.7, 10.2 Hz, 1H)3C NMR (CDCk) o
mL). After allowing the mixture to cool to room temperature, 173.1,141.9,139.1, 139.0, 138.4, 135.6, 128.7, 128.6, 128.5, 128.3,
hexane (100 mL) and water (800 mL) were added with intense
stirring. The separated precipitate was collected by filtration, washed  (28) Kornienko, A.; d’Alarcao, MTetrahedron Lett1997, 38, 6497—
with hexane (2x 250 mL), and air-dried. Recrystallization from  6500.
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128.0, 127.9, 127.8, 127.6, 127.6, 127.0, 119.2, 82.4, 82.3, 81.5,1H), 3.81 (app tJ = 6.0 Hz, 1H), 3.66-3.51 (m, 1H), 3.45 (s,

75.0, 73.4, 70.9, 51.6, 43.6, 36.7; HRM8z (ESI) calcd for
C3gH3005 (M + H)* 551.2798, found 551.2795.

Methyl (3S,4R,5R,6S)-3-(4-Methoxyphenyl)-4,5,6-Tri(benzyl-
oxy)-7-octaenoate (27b)95%;R; 0.54 (25% EtOAc/hexanesii
NMR (CDCl) 6 7.41-7.36 (m, 15H), 7.09 (dJ = 8.5 Hz, 2H),
6.83 (d,J = 8.5 Hz, 2H), 5.95 (m, 1H), 5.39 (br d,= 9.5 Hz,
1H), 5.34 (br dJ = 17.9 Hz, 1H), 4.85 (dJ = 11.6 Hz, 1H), 4.83
(d,J=11.3 Hz, 1H), 4.68 (d) = 11.8 Hz, 1H), 4.61 (d) = 11.6
Hz, 1H), 4.54 (d,J = 11.3 Hz, 1H), 4.39 (dJ = 11.8 Hz, 1H),
4.06 (app tJ = 6.1 Hz, 1H), 3.93 (ddJ = 7.4, 5.2 Hz, 1H), 3.82
(s, 3H), 3.68 (m, 1H), 3.51 (s, 3H), 3.49 (m, 1H), 3.00 (dds
15.4, 4.4 Hz, 1H), 2.75 (dd] = 15.4, 10.5 Hz, 1H)*C NMR

3H), 3.39 (m, 1H), 2.89 (dd] = 15.7, 4.4 Hz, 1H), 2.68 (ddl =
15.7, 10.7 Hz, 1H)}3C NMR (CDCk) 0 172.9, 138.7, 137.5, 137.4,
135.4,129.8,129.7,128.4, 128.3,128.2, 127.9, 127.7, 127.5, 127 .4,
115.4, 115.2, 82.3, 82.2, 81.0, 74.7, 73.4, 70.8, 51.4, 42.6, 35.9;
HRMS m/z (ESI) calcd for GgHs;OsFNa (M + Na)t 591.2523,
found 591.2507.

Methyl (3S,4R,5R,6S)-3-(4-Chlorophenyl)-4,5,6-tri(benzyloxy)-
7-octaenoate (279)91%; R 0.46 (25% EtOAc/hexanes)p]?%
43.3 € 1, CHCE); *H NMR (CDCly) 0 7.48-7.04 (m, 15H), 6.98
(d,J = 8.2 Hz, 2H), 6.74 (dJ = 8.8 Hz, 2H), 5.945.82 (m, 1H),
5.35-5.20 (m, 2H), 4.73 (dd) = 11.8, 3.8 Hz, 2H), 4.62 (d] =
11.8 Hz, 1H), 4.52 (dJ = 11.8 Hz, 1H), 4.32 (dd) = 11.8, 7.7

(CDCl) 6 173.2, 158.5, 139.1, 139.0, 138.4, 135.6, 133.7, 129.4, Hz, 2H), 4.00 (app t) = 6.0 Hz, 1H), 3.80 (app t) = 6.0 Hz,
128.5,128.4, 128.2, 127.9, 127.8, 127.7, 127.5, 119.1, 114.0, 82.4,1H), 3.60-3.51 (m, 1H), 3.45 (s, 3H), 3.39 (m, 1H), 2.89 (dd=

81.6, 75.0, 73.2, 70.8, 55.3, 51.5, 42.8, 36.9; HRMIS(ESI) calcd
for C37H4106 (M + H)* 581.2903, found 581.2910.

Methyl (3S,4R,5R,6S)-3-(Benzof][1,3]dioxol-6-yl)-4,5,6-tri-
(benzyloxy)-7-octaenoate (27¢cR5%;'H NMR (CDCl) 6 7.38-
7.33 (m, 15H), 6.70 (d) = 8.0 Hz, 1H), 6.64 (br s, 1H), 6.59 (br
d,J=8.0 Hz, 1H), 5.93 (s, 2H), 5.92 (m, 1H), 5.38 (brdd+= 5.2
Hz, 1H), 5.34 (br dJ = 13.7 Hz, 1H), 4.83 (dJ = 11.8 Hz, 1H),
4.78 (d,J = 11.3 Hz, 1H), 4.65 (dJ = 11.6 Hz, 1H), 4.59 (dJ =
11.6 Hz, 1H), 4.50 (dJ = 11.3 Hz, 1H), 4.37 (dJ = 11.8 Hz,
1H), 4.07 (app tJ = 6.1 Hz, 1H), 3.86 (ddJ = 6.9, 5.2 Hz, 1H),
3.60 (m, 1H), 3.51 (s, 3H), 3.47 (app)t= 5.2 Hz, 1H), 2.93 (dd,
J=15.7, 4.4 Hz, 1H), 2.69 (dd,= 15.7, 10.5 Hz, 1H)}C NMR

15.7, 4.4 Hz, 1H), 2.72 (dd] = 15.7, 10.7 Hz, 1H)13C NMR
(CDClg) 6 173.1, 140.5, 138.6, 138.5, 135.2, 132.6, 129.7, 129.5,
128.6,128.4,128.2, 127.5,127.9, 127.7, 127.6, 127.5, 119.1, 116.7,
82.2,80.9, 74.8, 73.6, 70.8, 51.6, 42.7, 36.3; HRWS(ESI) calcd

for C3eH370sCINa (M + Na)t 607.2227, found 607.2222.

General Procedure for Ester Reduction A solution of a desired
ester27 (1.5 mmol) in ether (25 mL) was cooled to°C, and
LiAIH 4 was added (0.23 g, 6 mmol) in one portion. The reaction
mixture was stirred fo 3 h while slowly warming up to room
temperature. Careful quenching with saturated,GIH10 mL) was
followed by extraction with ether (& 25 mL). Organic layers
were combined, dried with MgS©Qand concentrated under reduced

(CDCl) 6 173.0, 147.7, 146.4, 138.9, 138.8, 138.2, 135.5, 135.4, pressure to afford the corresponding primary alcohols as viscous
128.5,128.4,128.2,127.9, 127.8, 127.7,127.5, 121.6, 119.2, 108.6 colorless oils. Reduction product®38a—g were used without
108.3, 101.0, 82.3, 82.2, 81.5, 74.9, 73.2, 70.8, 51.5, 43.0, 36.7; purification in the next step. A small portion of each crude alcohol

HRMS vz (ESI) calcd for GsHzs0; (M)* 594.2618, found
594.2612.

Methyl (3S,4R,5R,6S9)-3-(3,4-Dimethoxyphenyl)-4,5,6-tri(ben-
zyloxy)-7-octaenoate (27d)78%;R; 0.59 (25% EtOAc/hexanes);
[0]?% 37.7 € 1, CHCE); *H NMR (CDClg) 6 7.48-7.21 (m, 15H),
6.70 (d,J = 8.8 Hz, 1H), 6.62 (br dJ = 6.8 Hz, 2H), 5.95-5.83
(m, 1H), 5.32 (dJ = 3.0 Hz, 1H), 5.28 (br dJ = 9.6 Hz, 1H),
4.76 (dd,J = 11.8, 4.4 Hz, 2H), 4.60 (d] = 11.8 Hz, 1H), 4.51
(d,J=11.8 Hz, 1H), 4.40 (dJ = 11.8 Hz, 1H), 4.32 (dJ = 11.8
Hz, 1H), 4.00 (tJ = 6.0 Hz, 1H), 3.86 (dd) = 12.1, 7.4 Hz, 1H),
3.83 (s, 3H), 3.58 (s, 3H), 3.46 (s, 3H), 3.44 (m, 1H), 2.90 (®d,
=15.7, 4.4 Hz, 1H), 2.71 (dd] = 15.7, 10.5 Hz, 1H)}C NMR

was purified (35% EtOAc/hexanes) for characterization.
(3S4R,5R,659)-3-Phenyl-4,5,6-tri(benzyloxy)-7-octaen-1-ol (28a).

Rr 0.30 (25% EtOAc/hexanes)¥ NMR (CDClg) 6 7.35-7.12 (m,

20H), 5.91 (m, 1H), 5.36 (br d] = 8.8 Hz, 1H), 5.31 (br dJ =

16.5 Hz, 1H), 4.78 (dJ = 11.4 Hz, 1H), 4.77 (dJ = 11.2 Hz,

1H), 4.64 (d,J = 11.8 Hz, 1H), 4.54 (dJ = 11.4 Hz, 1H), 4.47

(d,J=11.2 Hz, 1H), 4.36 (dJ = 11.8 Hz, 1H), 4.05 (app 1] =

5.5 Hz, 1H), 3.88 (ddJ = 6.6, 5.4 Hz, 1H), 3.49 (app § = 6.2

Hz, 1H), 3.46 (m, 1H), 3.22 (m, 1H), 3.20 (m, 1H), 2.18 (m, 1H),

2.00 (m, 1H), 1.35 (br s, 1HC NMR (CDChk) 6 142.4, 139.1,

138.2,135.5,128.7,128.5, 128.4, 128.4, 127.9, 127.8, 127.5, 127 .4,

126.7, 119.0, 83.2, 82.7, 81.3, 74.9, 73.4, 70.8, 61.2, 43.4, 33.7,

(CDCly) 6 173.1, 148.8, 147.8, 138.9, 138.3, 135.5, 134.3, 128.4, HRMS n/z (ES]I) calcd for GsH3zs04 (M + H)* 523.2848, found
128.3,128.0, 127.6, 127.5,127.4,120.1, 118.9, 111.6, 111.2, 82.5523.2848.

82.4, 81.5, 74.8, 73.1, 70.8, 55.8, 55.6, 51.5, 42.8, 36.5; HRMS

m/z (ESI) calcd for GgH420/Na (M + Na)t 633.2822, found
633.2831.

Methyl (3S,4R,5R,69)-3-(4-Methoxybenzofi][1,3]dioxol-6-yl)-
4,5,6-tri(benzyloxy)-7-octaenoate (27e€)97%; R 0.42 (25%
EtOAc/hexanes)H NMR (CDCly) 6 7.36-7.28 (m, 15H), 6.33
(s, 1H), 6.32 (s, 1H), 5.94 (br s, 2H), 5.93 (m, 1H), 5.38 (s, 1H),
5.34 (br d,J = 6.6 Hz, 1H), 4.84 (dJ = 11.8 Hz, 1H), 4.78 (dJ
=11.3 Hz, 1H), 4.65 (dJ = 11.6 Hz, 1H), 4.56 (dJ = 11.6 Hz,
1H), 4.46 (d,J = 11.3 Hz, 1H), 4.37 (dJ = 11.8 Hz, 1H), 4.08
(app t,J = 5.8 Hz, 1H), 3.86 (ddJ = 6.3, 5.5 Hz, 1H), 3.65 (s,
3H), 3.59 (m, 1H), 3.51 (s, 3H), 3.48 (applt= 5.5 Hz, 1H), 2.90
(dd,J = 15.7, 4.7 Hz, 1H), 2.70 (dd} = 15.7, 10.5 Hz, 1H)iC

NMR (CDCl;) 6 173.0, 148.9, 143.5, 139.0, 138.9, 138.2, 136.4,
135.4,134.0, 128.5, 128.4, 128.1, 127.7,127.6, 127.5, 119.1, 107.8,

(3S,4R,5R,6S)-3-(4-Methoxyphenyl)-4,5,6-tri(benzyloxy)-7-
octaen-1-ol (28b). R 0.33 (25% EtOAc/hexanes)H NMR
(CDCls) ¢ 7.38-7.29 (m, 15H), 7.04 (dJ = 8.5 Hz, 2H), 6.81 (d,

J = 8.5 Hz, 2H), 5.91 (m, 1H), 5.36 (br d,= 8.8 Hz, 1H), 5.32
(br d,J = 16.0 Hz, 1H), 4.80 (dJ = 11.6 Hz, 1H), 4.77 (dJ =
11.0 Hz, 1H), 4.65 (dJ = 11.8 Hz, 1H), 4.55 (dJ = 11.6 Hz,
1H), 4.50 (d,J = 11.0 Hz, 1H), 4.37 (dJ = 11.8 Hz, 1H), 4.06
(app t,J = 5.8 Hz, 1H), 3.84 (ddJ = 6.6, 5.2 Hz, 1H), 3.80 (s,
3H), 3.49 (app tJ = 5.2 Hz, 1H), 3.46 (m, 1H), 3.32 (m, 1H),
3.16 (m, 1H), 2.16 (m, 1H), 1.95 (m, 1H), 1.58 (br s, 1HC
NMR (CDCl) 6 158.4, 139.1, 138.2, 135.5, 134.3, 129.6, 128.5,
128.4,128.4,127.9, 127.8, 127.7,127.5, 127.4, 119.0, 114.0, 83.3,
82.7,81.3,74.9,73.4,70.8,61.2,55.3, 42.6, 33.9; HRWVSESI)
calcd for GeH4105 (M + H)™ 553.2954, found 553.2947.
(3S,4R,5R,6S)-3-(Benzof][1,3]dioxol-6-yl)-4,5,6-tri(benzyloxy)-

102.1, 101.4, 82.5, 82.4, 81.5, 74.9, 73.2, 70.9, 56.4, 51.6, 43.2,7-octaen-1-ol (28c).Rr 0.12 (25% EtOAc/hexanesfH NMR

36.4; HRMSm/z (ESI) calcd for GgH400g (M) ™ 624.2723, found
624.2715.

Methyl (3S,4R,5R,6S)-3-(4-Fluorophenyl)-4,5,6-tri(benzyloxy)-
7-octaenoate (27).88%; R 0.78 (25% EtOAc/hexanes)p]?%
53.1 € 1, CHCE); 'H NMR (CDCl3) ¢ 7.42-7.23 (m, 15H), 7.01
(dd,J = 8.5, 5.5 Hz, 2H), 6.88 (app 4,= 8.8 Hz, 2H), 5.94-5.82
(m, 1H), 5.33 (br dJ = 8.8 Hz 1H), 5.27 (br dJ = 8.8 Hz, 1H),
4.74 (d,J=11.8 Hz, 2H), 4.62 (dJ = 11.8 Hz, 1H), 4.53 (dJ =
11.8 Hz, 1H), 4.33 (tJ = 12.1 Hz, 2H), 3.98 (app t] = 6.0 Hz,

(CDCl) 6 7.38-7.29 (m, 15H), 6.71 (dJ = 7.9 Hz, 1H), 6.65 (d,
J= 1.5 Hz, 1H), 6.56 (dd) = 8.0, 1.5 Hz, 1H), 5.93 (s, 2H), 5.92
(m, 1H), 5.39 (br dJ = 3.2 Hz, 1H), 5.34 (br dJ = 10.5 Hz, 1H),
4.81 (d,J = 11.6 Hz, 1H), 4.77 (d) = 11.0 Hz, 1H), 4.65 (dJ =
11.8 Hz, 1H), 4.56 (dJ = 11.6 Hz, 1H), 4.51 (dJ = 11.0 Hz,
1H), 4.38 (d,J = 11.8 Hz, 1H), 4.09 (app | = 5.8 Hz, 1H), 3.81
(app t,J = 5.4 Hz, 1H), 3.52 (app t) = 5.4 Hz, 1H), 3.48 (m,
1H), 3.32 (m, 1H), 3.12 (m, 1H), 2.13 (m, 1H), 1.90 (m, 1H), 1.40
(m, 1H); 13C NMR (CDCE) 6 147.9, 146.3, 139.1, 139.0, 138.2,
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136.2, 135.4, 128.5, 128.4, 127.8, 127.5, 127.4,121.8, 119.0, 108.7 solution (wt 35%) of hydrogen peroxide (0.56 g, 5 mmol) was
108.3, 101.0, 83.3, 82.6, 81.3, 74.9, 73.5, 70.8, 61.1, 43.0, 33.8;added. After overnight stirring at room temperature, the reaction

HRMS m/z (ESI) calcd for GgH3sOs (M)™ 566.2668, found
566.2663.
(35,4R,5R,69)-3-(3,4-Dimethoxyphenyl)-4,5,6-tri(benzyloxy)-
7-octaen-1-ol (28d)R; 0.32 (25% EtOAc/hexanes)y[?% 26.6 €
1, CHCE); *H NMR (CDClg) 6 7.50-7.21 (m, 15H), 6.73 (br dJ
= 7.9 Hz, 1H), 6.66 (br dJ = 9.0 Hz, 1H), 6.63 (br dJ = 8.2 Hz,
1H), 5.97-5.85 (m, 1H), 5.33 (br dJ = 11.2 Hz, 1H), 5.31 (br d,
J = 5.5 Hz, 1H), 4.77 (ddJ = 11.5, 4.9 Hz, 2H), 4.62 (d] =
11.8 Hz, 1H), 4.51 (dJ = 11.5 Hz, 1H), 4.42 (d) = 11.8 Hz,
1H), 4.35 (dJ = 11.5 Hz, 1H), 4.06 (app 1 = 6.6 Hz, 1H), 3.84
(s, 3H), 3.57 (s, 3H), 3.52 (m, 2H), 3.3B.26 (m, 1H), 3.15%
3.08 (m, 1H), 2.17#2.03 (m, 1H), 2.0£1.91 (m, 1H);3C NMR

mixture was quenched with dry NaH$@nd extracted with ether
(3 x 100 mL). Organic layers were combined, dried (Mgg@nd
concentrated under reduced pressure. The residue was presorbed
on silica gel and purified by column chromatography-2Pab,
EtOAc/hexanes) to afford pure dien28a—g as a colorless oil.
1-((35,4R,5R,69)-4,5,6-Tri(benzyloxy)octa-1,7-dien-3-yl)ben-
zene (29a)75% (3 steps)R 0.73 (25% EtOAc/hexanes}i NMR
(CDCly) 6 7.44-7.21 (m, 20H), 6.40 (m, 1H), 6.01 (m, 1H), 5.39
(br d,J = 8.5 Hz, 1H), 5.36 (br d) = 17.3 Hz, 1H), 5.20 (br d,
J=10.5Hz, 1H), 5.00 (br dj = 17.1 Hz, 1H), 4.77 (dJ = 11.3
Hz, 1H), 4.74 (dJ = 11.8 Hz, 1H), 4.68 (dJ = 10.7 Hz, 1H),
4.67 (d,J=11.3 Hz, 1H), 4.44 (d) = 11.8 Hz, 1H), 4.27 (d) =

(CDCly) 6 149.0, 147.7, 139.2, 139.0, 138.2, 135.5, 135.0, 128.4, 10.7 Hz, 1H), 4.11 (m, 2H), 3.59 (dd,= 9.4, 5.2 Hz, 1H), 3.52
128.3,128.2,127.7,127.6, 127.4, 127.3, 120.5, 118.8, 111.5, 111.2(app t,J = 5.0 Hz, 1H);'3C NMR (CDCk) ¢ 142.6, 139.1, 138.1,
835,82.8,81.2,74.8,73.4,70.8,61.2,55.9, 55.6, 42.8, 33.5; HRMS 137.8, 136.1, 128.8, 128.5, 128.4, 128.3, 128.2, 128.0, 127.9, 127.5,

m/z (ESI) calcd for G;H420sNa (M + Na)© 605.2873, found
605.2860.
(3S,4R,5R,65)-3-(4-Methoxybenzofi][1,3]dioxol-6-yl)-4,5,6-tri-
(benzyloxy)-7-octaen-1-ol (28e)R; 0.30 (25% EtOAc/hexanes);
IH NMR (CDClg) 6 7.35-7.28 (m, 15H), 6.33 (s, 1H), 6.32 (s,
1H), 5.94 (s, 2H), 5.93 (m, 1H), 5.39 (m, 1H), 5.35 (brds 5.2
Hz, 1H), 4.83 (d,J = 11.6 Hz, 1H), 4.79 (dJ = 11.3 Hz, 1H),
4.65 (d,J = 11.8 Hz, 1H), 4.55 (dJ) = 11.6 Hz, 1H), 4.48 (d) =
11.3 Hz, 1H), 4.38 (dJ = 11.8 Hz, 1H), 4.11 (app ] = 5.5 Hz,
1H), 3.82 (app tJ = 5.8 Hz, 1H), 3.65 (s, 3H), 3.54 (appl,=
5.5 Hz, 1H), 3.49 (m, 1H), 3.34 (m, 1H), 3.12 (m, 1H), 2.11 (m,
1H), 1.92 (m, 1H), 1.38 (br s, 1H}3C NMR (CDCk) 6 149.0,

127.4,126.5, 119.0, 117.4, 83.5, 83.1, 80.0, 75.4, 74.2, 70.4, 51.2;
HRMS mv/z (ESI) calcd for GsHz703 (M + H)* 505.2743, found
505.2757.
1-((3S,4R,5R,69)-4,5,6-Tri(benzyloxy)octa-1,7-dien-3-yl)-4-
methoxybenzene (29b)84% (3 steps)R 0.69 (25% EtOAc/
hexanes)H NMR (CDCl) 6 7.36-7.18 (m, 15H), 7.07 (dJ =
8.5 Hz, 2H), 6.82 (dJ = 8.5 Hz, 2H), 6.31 (m, 1H), 5.95 (m, 1H),
5.34 (br d,J = 8.5 Hz, 1H), 5.30 (br dJ = 15.4 Hz, 1H), 5.13
(dd,J =10.5, 1.7 Hz, 1H), 4.93 (dd} = 17.1, 1.7 Hz, 1H), 4.72
(d,J=11.3 Hz, 1H), 4.68 (dJ = 11.8 Hz, 1H), 4.63 (dJ = 11.0
Hz, 1H), 4.60 (d,J = 11.3 Hz, 1H), 4.38 (dJ = 11.8 Hz, 1H),
4.27 (d,J = 11.0 Hz, 1H), 4.06 (ddJ = 7.2, 4.7 Hz, 1H), 3.98

143.6, 139.1, 138.2, 137.1, 135.4, 133.9, 128.5, 128.4, 128.3, 127.8(app t,J = 5.8 Hz, 1H), 3.80 (s, 3H), 3.50 (dd,= 9.4, 5.5 Hz,
127.6, 127.5, 127.4, 119.0, 107.9, 102.3, 101.4, 83.4, 82.8, 81.3,1H), 3.45 (app tJ = 6.1 Hz, 1H);13C NMR (CDCk) 6 158.2,

74.9,73.4,70.8, 61.1, 56.4, 43.2, 33.7; HR&& (ESI) calcd for
CsH007 (M) 596.2774, found 596.2775.
(3S,4R,5R,6S)-3-(4-Fluorophenyl)-4,5,6-Tri(benzyloxy)-7-
octaen-1-ol (28f).R; 0.66 (25% EtOAc/hexanes)p]?p 55.9 €
1, CHCBE); 'H NMR (CDCl3) 6 7.48-7.16 (m, 15H), 7.03 (app t,
J=5.8 Hz, 2H), 6.91 (app t] = 6.6 Hz, 2H), 6.0+5.85 (m, 1H),
5.33 (br d,J = 9.6 Hz, 1H), 5.29 (br dJ = 8.5 Hz, 1H), 4.74 (d,
J = 11.6 Hz, 2H), 4.63 (dJ = 11.6 Hz, 1H), 4.53 (dJ = 11.6
Hz, 1H), 4.35 (dd,) = 11.8, 3.3 Hz, 2H), 4.02 (appd,= 6.3 Hz,
1H), 3.78 (app tJ = 5.8 Hz, 1H), 3.55-3.39 (m, 2H), 3.32-3.15
(m, 1H), 3.14-3.08 (m, 1H), 2.26-2.03 (m, 1H), 2.021.89 (m,
1H); 33C NMR (CDCk) ¢ 138.9, 138.8, 138.0, 135.3, 130.0, 129.9,

139.1,138.1, 136.1, 134.7, 129.3, 128.7, 128.5, 128.3, 128.2, 128.0,

127.9, 127.4, 127.3, 118.9, 117.0, 113.9, 83.4, 83.0, 80.2, 75.4,

74.1, 70.4, 55.3, 50.3; HRMBVz (ESI) calcd for GgH3gO4 (M) ™

534.2770, found 534.2757.
5-((3S,4R,5R,69)-4,5,6-Tri(benzyloxy)octa-1,7-dien-3-yl)benzo-

[d][1,3]dioxole (29¢).77% (3 steps)R; 0.69 (25% EtOAc/hexanes);

IH NMR (CDClg) 6 7.35-7.17 (m, 15H), 6.70 (dJ = 7.9 Hz,

1H), 6.64 (dJ = 1.5 Hz, 1H), 6.57 (ddJ = 7.9, 1.5 Hz, 1H), 6.25

(m, 1H), 5.93 (m, 1H), 5.92 (s, 2H), 5.33 (dd,= 8.4, 1.9 Hz,

1H), 5.29 (br d,J = 13.5 Hz, 1H), 5.11 (ddJ = 10.3, 1.9 Hz,

1H), 4.92 (ddJ = 17.2, 1.9 Hz, 1H), 4.71 (d] = 11.4 Hz, 1H),

4.66 (d,J=11.8 Hz, 1H), 4.62 (dJ = 10.9 Hz, 1H), 4.60 (d) =

128.5,128.4,128.3, 127.8, 127.7,127.5, 127.4, 118.9, 115.4, 115.211.4 Hz, 1H), 4.36 (dJ = 11.8 Hz, 1H), 4.29 (dJ = 10.9 Hz,

83.3,82.6, 80.9, 74.8, 73.7, 70.8, 60.9, 42.4, 33.3; HRMVISESI)
calcd for GsHzgO4F (M)+ 541.2754, found 541.2750.
(3S,4R,5R,6S)-3-(4-Chlorophenyl)-4,5,6-tri(benzyloxy)-7-
octaen-1-ol (28g).R 0.16 (25% EtOAc/hexanes)q]? 45.3 €
1, CHCB); H NMR (CDClg) 6 7.48-7.23 (m, 15H), 7.19 (dJ =
8.0 Hz, 2H), 7.0 (dJ = 8.2 Hz, 2H), 5.99-5.83 (m, 1H), 5.35 (br
d,J=9.6 Hz, 1H), 5.32 (br d) = 8.5 Hz, 1H), 4.74 (dJ = 11.6
Hz, 2H), 4.63 (d,J = 11.6 Hz, 1H), 4.53 (dJ = 11.6 Hz, 1H),
4.35 (dd,J = 11.8, 3.3 Hz, 2H), 4.04 (appd,= 6.3 Hz, 1H), 3.78
(app t,J = 5.8 Hz, 1H), 3.55-3.39 (m, 2H), 3.353.18 (m, 1H),
3.15-3.08 (m, 1H), 2.18-2.03 (m, 1H), 2.021.89 (m, 1H);**C

1H), 4.04 (ddJ = 7.5, 4.7 Hz, 1H), 3.94 (app J,= 5.8 Hz, 1H),

3.44 (m, 2H);*3C NMR (CDCk) ¢ 147.6, 146.0, 139.0, 138.1,

137.9, 136.5, 136.0, 128.7, 128.5, 128.3, 128.2, 128.0, 127.9, 127.5,

127.4, 121.3, 118.9, 117.2, 108.8, 108.3, 100.9, 83.3, 83.0, 80.1,

75.4,74.2, 70.4, 50.7; HRMBVz (ESI) calcd for GgHz¢O0s (M) *

548.2563, found 548.2562.
4-((3S,4R,5R,6S)-4,5,6-Tri(benzyloxy)-1,7-octadien-3-yl)-1,2-

dimethoxybenzene (29d)83%; R 0.66 (25% EtOAc/hexanes);

[0]?% 20.8 € 1, CHCE); *H NMR (CDClg) 6 7.50-7.13 (m,15H),

6.75 (br d,J = 8.0 Hz, 1H), 6.66 (br dJ = 7.7 Hz, 2H), 6.36-

6.24 (m, 1H), 6.0£5.89 (m, 1H), 5.32 (br dJ = 10.2 Hz, 1H),

NMR (CDCl;) 6 140.9, 138.8, 138.7, 135.2, 132.3, 129.9, 128.6, 5.30 (br d,J=17.3 Hz, 1H), 5.13 (dd]) = 10.2, 1.7 Hz, 1H), 4.94
128.5, 128.4, 128.3, 127.9, 127.7, 127.5, 127.4, 118.9, 83.1, 82.5,(dd,J = 17.3, 1.1 Hz, 1H), 4.68 (br ] = 11.3 Hz, 2H), 4.63 (dd,

80.8, 74.8,73.8, 70.8, 67.1, 60.8, 42.4, 33.0; HRMS(ESI) calcd
for CasH3g04Cl (M) T 557.2459, found 557.2463.

General Procedure for the Terminal Double Bond Installation
by Selenoxide Elimination Tributylphosphine (0.51 g, 2.5 mmol)
was added to the solution of an appropriate alc@ay0.5 mmol)

ando-nitrophenylselenocyanate (0.56 g, 2.5 mmol) in THF (30 mL).

J=11.0, 4.1 Hz, 2H), 4.35 (d] = 11.8 Hz, 1H), 4.20 (dJ =

11.0 Hz, 1H), 4.05 (ddJ = 7.4, 4.4 Hz, 1H), 3.98 (dd] = 6.6,

5.0 Hz, 1H), 3.84 (s, 3H), 3.62 (s, 3H), 3:50.43 (m, 2H);1%C

NMR (CDCly) 6 148.8, 147.5, 139.0, 138.9, 138.1, 137.8, 136.0,
135.3, 128.5, 128.4, 128.2, 128.1, 127.8, 127.7, 127.4, 127.3, 120.1,
118.8,117.1, 111.5, 111.2, 83.5, 83.2, 80.1, 75.4, 74.1, 70.4, 55.9,

The reaction went to completion immediately and was quenched 55.6, 50.6; HRMSm/z (ESI) calcd for G/H400sNa (M + Na)*

with 1 M NaOH solution (15 mL) for 30 min. The resulting mixture
was diluted with water (100 mL) and extracted with etherx(3
100 mL). Organic layers were combined, dried with MgSénd

587.2767, found 587.2786.
6-((3S,4R,5R,69)-4,5,6-Tri(benzyloxy)octa-1,7-dien-3-yl)-4-
methoxybenzofi][1,3]dioxole (29¢e).84% (3 steps)R; 0.65 (25%

concentrated under reduced pressure. The yellow residue wasEtOAc/hexanes)H NMR (CDClg) 6 7.39-7.19 (m, 15H), 6.36

dissolved in THF (30 mL) and cooled to @, and an aqueous
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(d,J = 1.4 Hz, 1H), 6.34 (dJ = 1.4 Hz, 1H), 6.28 (m, 1H), 5.98
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(m, 1H), 5.94 (s, 2H), 5.37 (br d,= 3.3 Hz, 1H), 5.32 (br dJ = 2.4,1.3 Hz, 1H), 5.73 (ddd,= 10.1, 4.7, 1.9 Hz, 1H), 4.794.64

10.5 Hz, 1H), 5.16 (dd] = 10.2, 1.9 Hz, 1H), 4.97 (dd} = 17.3, (m, 6H), 4.16 (m, 1H), 3.81 (m, 2H), 3.73 (applt= 4.5 Hz, 1H);

1.9 Hz, 1H), 4.75 (dJ = 11.6 Hz, 1H), 4.69 (dJ = 11.8 Hz, 1H), 13C NMR (CDCh) 0 147.6, 146.7, 139.0, 138.8, 132.5, 129.1, 128.6,

4.67 (d,J=10.7 Hz, 1H), 4.63 (dJ = 11.6 Hz, 1H), 4.39 (dJ = 128.4,128.1,128.0, 127.8, 127.7, 127.6, 123.5, 110.9, 107.9, 101.1,

11.8 Hz, 1H), 4.30 (dJ = 10.7 Hz, 1H), 4.08 (ddJ = 7.4, 4.4 80.1, 80.0, 79.2, 74.8, 73.1, 72.5, 45.6; HR& (ESI) calcd for

Hz, 1H), 3.97 (ddJ = 6.6, 5.0 Hz, 1H), 3.69 (s, 3H), 3.49 (dd, CssH3.05 (M) 520.2250, found 520.2265.

= 6.6, 4.4 Hz, 1H), 3.45 (dd, 1H}C NMR (CDCk) ¢ 148.8, 4-((1S,4S,5R,6R)-4,5,6-Tri(benzyloxy)cyclohex-2-enyl)-1,2-

143.5,139.0, 138.1, 137.6, 137.3, 136.0, 133.7, 128.6, 128.5, 128.3dimethoxybenzene (30d)81%; R 0.58 (25% EtOAc/hexanes);

128.2,127.9,127.8,127.4,127.3,118.9, 117.4, 107.6, 102.4, 101.3]a]?% —93.7 € 1, CHCE); 'H NMR (CDCl3) 6 7.60-7.19 (m,

83.5,83.1, 80.1, 75.4, 74.2, 70.4, 56.4, 51.0; HRWS(ESI) calcd 15H), 6.81 (d,J = 11.8 Hz, 3H), 5.91 (ddJ = 9.9, 2.5 Hz, 1H),

for Cs7H3g0s (M)* 578.2668, found 578.2677. 5.79 (dddJ = 9.9, 4.7, 1.6 Hz, 1H), 4.984.61 (m, 6H), 4.17 (m,
1-((3S,4R,5R,65)-4,5,6-Tri(benzyloxy)-1,7-octadien-3-yl)-4- 1H), 3.88 (s, 3H), 3.82 (m, 3H), 3.75 (s, 3H¥C NMR (CDCk)

chlorobenzene (29f).79%; R 0.59 (25% EtOAc/hexanes)y]?% 0 148.4, 148.0, 138.9, 138.8, 138.7, 131.0, 129.3, 128.4, 128.3,

106.0 € 1, CHCE); 'H NMR (CDClg) 6 7.53-7.15 (m,15H), 7.09 128.0, 127.9, 127.7, 127.5, 122.1, 113.9, 110.7, 79.9, 79.8, 79.5,

(dd,J = 8.8, 5.5 Hz, 2H), 6.95 (§J = 8.8 Hz, 2H), 6.44-6.26 (m, 74.5, 73.0, 72.1, 55.9, 55.8, 45.2; HRM8z (ESI) calcd for

1H), 6.11-5.86 (m, 1H), 5.36 (br dJ = 10.4 Hz, 1H), 5.33 (br d, CseHzeOsNa (M + Na)t 559.2454, found 559.2459.

J=17.9 Hz, 1H), 5.17 (dJ = 10.1 Hz, 1H), 4.92 (dJ = 17.3 6-((1S,4S,5R,6R)-4,5,6-Tri(benzyloxy)cyclohex-2-enyl)-4-

Hz, 1H), 4.71 (dJ = 11.0 Hz, 2H), 4.64 (ddJ = 10.7, 5.0 Hz, methoxybenzofl][1,3]dioxole (30e).96%; R: 0.57 (25% EtOAc/

2H), 4.39 (d,J = 12.1 Hz, 1H), 4.19 (dJ = 10.7 Hz, 1H), 4.06 hexanes)iH NMR (CDCl;) 6 7.42-7.31 (m, 15H), 6.54 (dJ =

(dd,J = 7.4, 4.4 Hz, 1H), 3.97 (dd] = 6.9, 4.6 Hz, 1H), 3.56 1.4 Hz, 1H), 6.47 (dJ = 1.4 Hz, 1H), 5.98 (s, 2H), 5.93 (ddd,

3.42 (m, 2H);3C NMR (CDCk) ¢ 138.8, 138.4, 138.0, 137.3, =09.9,2.8,1.1Hz, 1H), 5.78 (ddd=9.9, 4.7, 1.7 Hz, 1H), 4.80

135.9,129.7,129.6, 128.7, 128.5, 128.3, 128.2, 128.0, 127.9, 127.84.68 (m, 6H), 4.18 (m, 1H), 3.85 (m, 2H), 3.83 (s, 3H), 3.73 (app

1275, 127.3, 118.9, 117.5, 115.2, 114.9, 83.4, 83.0, 79.7, 75.3,t, J= 4.7 Hz, 1H);13C NMR (CDCk) ¢ 148.6, 143.1, 138.9, 138.8,

74.4, 70.3, 50.2; HRM$wz (ESI) calcd for GsHssOsFNa (M + 134.3,133.2,129.1, 128.5, 128.4, 128.0, 127.9, 127.7, 127.6, 127.5,

Na)* 545.2468, found 545.2469. 110.0, 104.4, 101.5, 79.9, 79.8, 79.3, 74.6, 73.2, 72.2, 56.6, 45.7;
1-((3S,4R,5R,69)-4,5,6-Tri(benzyloxy)-1,7-octadien-3-yl)-4- HRMS m/z (ESI) calcd for GsH340s (M)* 550.2355, found

fluorobenzene (299)71%; R; 0.78 (25% EtOAc/hexanes)[*% 550.2356.

109.1 € 1, CHCE); IH NMR (CDCl3) 6 7.53-7.12 (m, 15H), 7.25 1-((1S,4S,5R,6R)-4,5,6-Tri(benzyloxy)cyclohex-2-enyl)-4-fluoro-
(d,J = 8.0 Hz, 2H), 7.05 (dJ = 8.5 Hz, 2H), 6.36-6.24 (m, 1H), benzene (30f)73%; R; 0.68 (25% EtOAc/hexanes)]?% —53.0
6.09-5.94 (m, 1H), 5.35 (br dJ = 8.5 Hz, 1H), 5.33 (br dJ = (c 1, CHCR); '"H NMR (CDClg) 6 7.61=7.25 (m, 15H), 7.07 (t)
17.9 Hz, 1H), 5.16 (dJ = 12.1 Hz, 1H), 4.91 (dJ = 17.3 Hz, = 8.5 Hz, 4H), 5.97 (ddJ = 10.1, 2.5 Hz, 1H), 5.79 (dddl =

1H), 4.70 (d,J = 12.6 Hz, 2H), 4.64 (dd) = 10.7, 3.8 Hz, 2H), 10.1, 4.7, 1.6 Hz, 1H), 4.964.65 (m, 6H), 4.23 (m, 1H), 4.06

4.38 (d,J = 11.8 Hz, 1H), 4.18 (dJ = 10.7 Hz, 1H), 4.04 (dd) 3.78 (m, 3H);13C NMR (CDChk) 6 138.7, 131.8, 131.7, 128.8,
=7.1,3.8 Hz, 1H), 3.96 (ddl = 6.9, 4.6 Hz, 1H), 3.563.38 (m, 128.6, 128.4, 128.1, 128.0, 127.8, 127.6, 115.0, 114.7, 79.8, 79.7,
2H); 13C NMR (CDClk) ¢ 141.2, 138.8, 138.0, 137.0, 135.9, 132.1, 79.0, 74.6, 73.0, 72.5, 45.0; HRM8z (ESI) calcd for GHz;0sFNa
129.7,128.7,128.5, 128.4, 128.3, 128.2, 128.0, 127.9, 127.8, 127.5(M + Na)" 517.2155, found 517.2147.

127.4,118.9, 117.8, 83.4,82.9, 79.6, 75.4, 74.5, 70.3, 50.4; HRMS  1-((1S,4S,5R,6R)-4,5,6-Tri(benzyloxy)cyclohex-2-enyl)-4-chloro-

m/z (ESI) calcd for GsH3s0sCINa (M + Na)* 561.2172, found  benzene (309)77%;R: 0.51 (25% EtOAc/hexanes)[?% —130.8

561.2167. (c 1, CHCB); "H NMR (CDCl) ¢ 7.56—7.05 (m, 19H), 5.92 (dd,
General Procedure for Ring-Closing MetathesisAn appropri- J=09.9, 2.5 Hz, 1H), 5.73 (ddd] = 9.9, 4.7, 1.6 Hz, 1H), 4.98

ate diene29 (0.3 mmol) was dissolved in dry GBI, (16 mL) 4.56 (m, 6H), 4.15 (m, 1H), 3.968.71 (m, 3H);**C NMR (CDCk)

followed by the addition of the Grubbs’ catalyst ({P)(PhCH=)- 6 138.8, 138.6, 138.5, 137.2, 132.8, 131.6, 128.7, 128.5, 128.4,

RuCh (11 mg, 11.4umol). After 12 h, DMSO (0.11 g, 1.4 mmol)  128.1, 127.9, 127.8, 79.7, 79.6, 78.8, 74.6, 73.0, 72.5, 45.1; HRMS
was added, and the reaction mixture was stirred for an additional m/z (ESI) calcd for GsH31:0sCINa (M + Na)* 533.1859, found
6 h. The mixture was then concentrated under reduced pressure533.1860.
The residue was presorbed on silica gel and purified by column  Compound 31.To a solution 0f30c (0.114 g, 0.22 mmol) in 5
chromatography (£4% EtOAc/hexanes) to afford pure conduritol  mL of a mixture of acetoneH,0 (9:1) was added NMO (0.036 g,
analogues30a—g as an oil. 0.26 mmol) and 2.5% Os@n tert-butyl alcohol (0.224 g solution,
((1S,4S,5R,6R)-4,5,6-Tri(benzyloxy)cyclohex-2-enyl)benzene  0.022 mmol). The mixture was stirred overnight, then quenched
(30a). 92%; R; 0.66 (25% EtOAc/hexanes)H NMR (CDCl;) 6 with 10% NaHSQ (1 g), diluted with water (20 mL), extracted
7.48-7.30 (m, 20H), 5.99 (dd) = 10.1, 2.0 Hz, 1H), 5.85 (ddd,  with ether (3x 20 mL), and dried (MgSg). After the removal of
J=10.1, 4.3, 1.9 Hz, 1H), 4.864.68 (m, 6H), 4.25 (br s, 1H),  the solvent the crude diol was dissolved in DMF (5 mL).
3.91 (br s, 3H)*C NMR (CDCk) ¢ 138.9, 138.8, 138.7, 130.4,  2,2-Dimethoxypropane (0.046 g, 0.44 mmol) and TsOH (0.0023
129.0, 128.5, 128.3, 128.3, 128.0, 127.8, 127.7, 127.5, 127.4, 127.0g, 0.022 mmol) were added and the reaction mixture was stirred
79.9,79.8,79.1, 74.6, 72.8, 72.4, 45.8; HRM& (ESI) calcd for for 3 h atroom temperature. The mixture was diluted with water
Ca3H3303 (M + H)* 477.2430, found 477.2423. (30 mL), extracted with ether (%X 30 mL), and dried (MgSg).
1-((1S,4S,5R,6R)-4,5,6-Tri(benzyloxy)cyclohex-2-enyl)-4-meth- After the removal of the solvent the residue was chromatographed
oxybenzene (30b)89%; R 0.63 (25% EtOAc/hexanes)d NMR (25% EtOAc/hexanes). The pure acetonide (0.090 g) was dissolved
(CDCl) 6 7.42-7.28 (m, 15H), 7.24 (d) = 8.7 Hz, 2H), 6.90 (d, in MeOH (10 mL) and hydrogenolyzed overnight (50 psi BH0%
J=8.7 Hz, 2H), 5.97 (ddd) = 9.9, 2.4, 0.9 Hz, 1H), 5.78 (ddd,  Pd/C). The resulting solution was filtered through a layer of Celite
J=09.9,4.5, 1.7 Hz, 1H), 4.814.64 (m, 6H), 4.19 (m, 1H), 3.83  and the solvent was removed to give pGfe(0.049 g, 69% from
(s, 3H), 3.80 (m, 3H)23C NMR (CDCk) ¢ 158.7, 139.0, 138.9, 300); *H NMR (CDCl3) ¢ 6.82 (d,J = 1.4 Hz, 1H), 6.79 (dJ =
138.8, 131.3, 130.6, 129.3, 128.5, 128.4, 128.0, 127.9, 127.8, 127.58.0 Hz, 1H), 6.73 (ddJ = 8.0, 1.4 Hz, 1H), 5.93 (s, 2H), 4.58 (dd,
113.5, 80.2, 80.0, 79.3, 74.7, 72.9, 72.4, 55.3, 45.1; HRMS J=6.6, 6.1 Hz, 1H), 4.31 (dd] = 6.9, 6.1 Hz, 1H), 3.94 (dd]
(El) calcd for G4H3404 (M) 506.2457, found 506.2446. = 5.5, 3.9 Hz, 1H), 3.81 (dd] = 8.0, 6.9 Hz, 1H), 3.66 (dd] =
5-((1S,4S,5R,6R)-4,5,6-Tri(benzyloxy)cyclohex-2-enyl)benzo- 8.0, 5.5 Hz, 1H), 3.30 (ddl = 6.6, 3.9 Hz, 1H), 1.48 (s, 3H), 1.34
[d][1,3]dioxole (30c).94%;Rs 0.59 (25% EtOAc/hexanes}yi NMR (s, 3H);*H NMR (D20, 45°C) ¢ 7.17 (d,J = 1.7 Hz, 1H), 7.15
(CDCl) 6 7.41-7.28 (m, 15H), 6.81 (m, 1H), 6.78 (br s, 1H), (d,J= 8.0 Hz, 1H), 7.09 (ddJ = 8.0, 1.7 Hz, 1H), 6.21 (s, 2H),
6.75 (dd,J = 8.1, 1.5 Hz, 1H), 5.96 (s, 2H), 5.88 (dd#l= 10.1, 5.02 (dd,J = 8.5, 7.2 Hz, 1H), 4.58 (dd] = 8.5, 7.2 Hz, 1H),
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4.14 (dd,J = 4.4, 4.1 Hz, 1H), 4.00 (dd] = 9.1, 8.8 Hz, 1H),
3.82 (dd,J = 9.1, 4.1 Hz, 1H), 3.44 (dd] = 8.8, 4.4 Hz, 1H),
1.72 (s, 3H), 1.62 (s, 3HJ3C NMR (CDCk) 6 148.1, 147.0, 131.4,

122.3,109.6, 109.1, 108.5, 101.2, 78.7, 75.9, 75.1, 74.3, 74.0, 46.5,

28.0, 25.5; HRMSWz (ESI) calcd for GgH2007 (M) 324.1209,
found 324.1215.

General Procedure for the Preparation of the (R,2R,3S,6R)-
6-Aryl-4-cyclohexene-1,2,3-triol (8a-€). NH3 gas was liquefied
at —78 °C in two 50 mL flasks. The first flask was charged with
chopped Li (0.2 g, 28 mmol), while compouB@a—e (0.1 mmol)
in THF (5 mL) was added to the second one. After the complete
dissolution of Li, the deep blue solution was added dropwise via
cannula to the compour@Da—e until the blue color persisted for
15 s. The reaction mixture was quenched with dry,8H0.2 g,
3.7 mmol) and allowed to stand at room temperature until the
complete evaporation of NHThe residue was diluted with water
(20 mL) and extracted with EtOAc (% 30 mL). The combined
organic layers were washed with brine and dried with MgSte

solvent was removed, and residue was dissolved in dry methanol.

Activated carbon was added to the solution. After the solution was
stirred for 5 min, the carbon was filtered off with a Celite pad and
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tert-butyl alcohol (0.224 g solution, 0.022 mmol). The mixture was
stirred at room temperature for 48 h, and then quenched with 10%
NaHSQ (5 mL), diluted with water (20 mL), extracted with ether

(3 x 20 mL), and dried (MgSg). After the solvent was removed,

the crude diol was dissolved in MeOH (8 mL), and 10% Pd/C (75
mg, 0.06 mmol) was added. The suspension was stirred for 48 h
with an H, balloon. The catalyst was filtered off with a Celite pad
and solution was concentrated under reduced pressure. Redissolution
of the material in HO followed by lyophilization gave pure
compound®a—e as powders.

(1R,2R,3R,4S 5R 6R)-6-Phenylcyclohexane-1,2,3,4,5-pentaol (9a).
77%; R 0.21 (2% MeOH/EtOAC); ¢]%% 42.8 € 1, MeOH); *H
NMR (D;0) 6 7.50-7.28 (m, 5H), 4.28-3.50 (m, 6H);23C NMR
(D,0) ¢ 137.7, 130.0, 128.8, 127.4, 74.0, 73.2, 72.2, 71.6, 71.2;
HRMS vz (ESI) calcd for GoH160sNa (M + Na)™ 263.0889, found
263.0891.

(1R,2R,3R 4S AR 6R)-6-(4-Methoxyphenyl)cyclohexane-1,2,3,4,5-
pentaol (9b).95%; R; 0.35 (10% MeOH/EtOAc);d]%% 35.5 € 1,
MeOH); 'H NMR (D;0) ¢ 7.34 (d,J = 8.5 Hz, 2H), 7.00 (dJ =
8.5 Hz, 2H), 4.17 (m, 1H), 4.10 (d,= 6.6 Hz, 1H), 3.98 (dJ) =
8.0 Hz, 1H), 3.91 (dJ = 11.6 Hz, 1H), 3.89-3.76 (m, 1H), 3.84

solution was concentrated under reduced pressure. Lyophilization(s 3H), 3.53 (m, 1H)3C NMR (D.0) 6 157.9, 131.3, 130.1, 114.2,

of its aqueous solution affords pure compouBds-e as powders.
(1R,2R,3S,6R)-6-Phenyl-4-cyclohexene-1,2,3-triol (8a)85%;
R 0.36 (20% MeOH/EtOAC);d]%% —304.0 € 1, MeOH);*H NMR
(D20) 6 7.47-7.24 (m, 5H), 5.89-5.73 (m, 2H), 4.21 (dd) =
7.4, 1.6 Hz 1H), 3.95 (dd] = 10.7, 6.6 Hz, 1H), 3.84 (appd,=
6.0 Hz, 1H), 3.55 (ddJ = 10.7, 7.7 Hz, 1H)13C NMR (D;0) ¢
138.0, 130.6, 129.1, 128.6, 128.5, 127.5, 72.8, 72.7, 70.7, 47.5;
HRMS mvz (ESI) calcd for GoH140:Na (M + Na)™ 229.0835, found
229.0834.
(1R,2R,3S,6R)-6-Methoxyphenyl-4-cyclohexene-1,2,3-triol (8b).
85%; Ry 0.27 (20% MeOH/EtOAC); d]%% —220.0 € 1, MeOH);
I1H NMR (D;0) 6 7.25 (d,J = 8.0 Hz, 2H), 7.02 (dJ) = 8.0 Hz,
2H), 5.89-5.73 (m, 2H), 4.23 (dJ = 7.2, Hz 1H), 3.93 (m, 2H),
3.85 (s, 3H), 3.783.53 (m, 1H);:3C NMR (D;0) 6 158.2, 131.7,
130.5, 128.9, 113.9, 72.9, 72.7, 70.8, 55.6, 46.7; HRMS(ESI)
calcd for G3Hi;604Na (M + Na)t 259.0940, found 259.0936.
(1R,2R,3S,6R)-6-(Benzof][1,3]dioxol-5-yl)-4-cyclohexene-1,2,3-
triol (8c). 61%; R 0.39 (10% MeOH/CHCI,); [a]?%y —274.3 €
1, MeOH);*H NMR (D,0) 6 6.90 (d,J = 8.0 Hz, 1H), 6.83 (br s,
1H), 6.79 (br dJ = 8.0 Hz, 1H), 5.98 (s, 2H), 5.855.75 (m, 2H),
4.20 (brd,J=7.4 Hz, 1H), 3.92 (app t] = 8.8 Hz, 1H), 3.78 (m,
1H), 3.57 (app tJ = 8.8, Hz, 1H);13C NMR (D,0) 6 147.2, 146.4,
131.9, 129.1, 128.8, 123.9, 110.9, 108.3, 101.2, 72.9, 72.7, 70.
47.2; HRMSnm/z (ESI) calcd for GzH140sNa (M + Na)+ 273.0733,
found 273.0735.
(1R,2R,3S,6R)-6-(3,4-Dimethoxyphenyl)-4-cyclohexene-1,2,3-
triol (8d). 72%; R 0.45 (10% MeOH/CHLCIy); [a]?% —221.2 €
1, MeOH);*H NMR (D,0) 6 7.03 (d,J = 8.2 Hz, 1H), 6.90 (br s,
1H), 6.87 (br dJ = 8.5, Hz 1H), 5.96-5.71 (m, 2H), 4.22 (dJ =
6.3 Hz, 1H), 4.03-3.73 (m, 2H), 3.86 (s, 6H), 3.653.52 (m, 1H);
13C NMR (D;0) 6 147.8, 147.5, 131.1, 129.1, 128.7, 123.1, 114.4,
111.7,72.7, 70.7, 55.9, 47.0; HRM#z (ESI) calcd for G4H;40sNa
(M + Na)" 289.1046, found 289.1052.
(1R,2R,3S,6R)-6-(4-Methoxybenzofi][1,3]dioxol-6-yl)-4-cyclo-
hexene-1,2,3-triol (8€)93%; R 0.32 (10% MeOH/CHCIy); [a]%%
—199.6 € 1, MeOH);*H NMR (D,0) ¢ 6.49 (s, 1H), 6.39 (s, 1H),
5.93 (s, 2H), 5.80 (dJ = 9.3 Hz, 1H), 5.755.65 (m, 1H), 4.18
(br d,J = 7.4 Hz, 1H), 3.86 (s, 3H), 3.77 (s, 1H), 3.73 (m, 1H),
3.55 (dd,J = 18.2, 8.2 Hz, 1H)!*C NMR (D;0) ¢ 160.0, 156.7,
148.3,142.7,141.0, 134.0, 132.7, 129.3, 128.5, 128.3, 110.4, 110.2
108.6,104.7,101.7, 100.4, 72.7, 70.5, 56.7, 55.5, 47.5, 47.4; HRMS
m/z (ESI) calcd for GsH:160sNa (M + Na)t 303.0839, found
303.0829.
General Procedure for the Preparation of the (R,2R,3R,4S,
5R,6R)-6-Arylcyclohexane-1,2,3,4,5-pentaol (9ae). To a solution
of olefin 30a—e (0.22 mmol) in 5 mL of acetoneH,O (9:1) was
added NMO (0.036 g, 0.26 mmol) and a 2.5% solution of QisO
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74.0,73.2,71.5,71.2, 55.5; HRM8z (ESI) calcd for GsH1s0sNa
(M + Na)" 293.0995, found 293.1008.

(1R,2R,3R,4S 5R,6R)-6-(Benzof][1,3]dioxol-5-yl)cyclohexane-
1,2,3,4,5-pentaol (9¢)95%; Rr 0.42 (10% MeOH/EtOAC);d]%%
38.6 € 1, MeOH);H NMR (D;0) 6 6.89 (s, 1H), 6.85 (s, 2H),
5.93 (s, 2H), 4.17 (m, 1H), 4.07 (appX= 8.0 Hz, 1H), 3.92 (m,
2H), 3.79 (app tJ = 8.0 Hz, 1H), 3.45 (dd) = 10.5, 5.2 Hz, 1H);
13C NMR (D,0) 0 147.3, 146.0, 131.5, 123.3, 110.4, 108.6, 101.2,
73.8,73.2,71.8, 71.4; HRM®&/z (ESI) calcd for GsH160;Na (M
+ Na)*t 307.0788, found 307.0793.

(1R,2R,3R,4S 5R,6R)-6-(3,4-Dimethoxyphenyl)cyclohexane-
1,2,3,4,5-pentaol (9d)93%; R; 0.46 (10% MeOH/EtOAC);d]%3
44.7 € 1, MeOH);*H NMR (D20) ¢ 7.04-6.96 (m, 3H), 4.22 (br
s, 1H), 4.11 (app t) = 6.6 Hz, 1H), 3.99-3.78 (m, 3H), 3.87 (s,
3H), 3.85 (s, 3H), 3.52 (m, 1H}3C NMR (D;0) ¢ 148.0, 147.3,
130.8, 122.4,114.3,111.9, 73.9, 73.2, 71.6, 71.4, 55.9; HR¥4S
(ESI) calcd for GsH00/Na (M + Na)™ 323.1101, found 323.1095.

(1R,2R,3R,4S 5R 6R)-6-(4-Methoxybenzof][1,3]dioxol-5-yl)-
cyclohexane-1,2,3,4,5-pentaol (9e95%; R 0.47 (10% MeOH/
EtOAC); [0]?8 47.2 € 1, MeOH);H NMR (D;0) ¢ 6.69 (s, 2H),
6.01 (s, 2H), 4.27 (s, 1H), 4.14 (m, 1H), 3:99.85 (m, 3H), 3.96
(s, 3H), 3.53 (m, 1H)}C NMR (D,0) 6 148.6, 142.9, 133.9, 132.5,
110.1, 104.2,101.8, 73.8, 73.2, 71.9, 71.6, 56.9; HRMS(ESI)
calcd for G4H1g0gNa (M + Na)*t 337.0893, found 337.0882.

General Procedure for the Preparation of the (B5,2R,3R,4R)-
4-Arylcyclohexane-1,2,3-triol (10a-€). To a stirred solution of
olefin 30a—e (0.1 mmol) in THF—MeOH (9:1, 5 mL) was added
10% Pd/C (50 mg, 0.04 mmol). The suspension was stirred for 48
h with an H, balloon. The catalyst was filtered off with a Celite
pad and solution was concentrated under reduced pressure. The
residue was dissolved in ether (30 mL), washed with watex (3
20 mL) and brine, dried (MgS£), and evaporated under reduced
pressure. Redissolution of the material inCH followed by
lyophilization gave pure compound®a—e as powders.

(1S,2R,3R,4R)-4-Phenylcyclohexene-1,2,3-triol (10aR0%; R
0.85 (20% MeOH/EtOAcC); d]%% 145.4 € 1, MeOH); 1H NMR
(D20) 6 7.46-7.33 (d,J = 4.4 Hz, 4H), 5.32-5.23 (m, 1H), 3.84
3.92 (m, 2H), 3.79-3.71 (m, 1H), 3.28-:3.21 (m, 1H), 2.181.64

(m, 4H); 13C NMR (D,0) 6 142.5, 129.1, 128.6, 126.7, 74.5, 73.2,

71.4,43.4,27.6, 22.3; HRM®&/z (ESI) calcd for GoH160sNa (M

+ Na)t 231.0991, found 231.0990.
(1S,2R,3R,4R)-4-(4-Methoxyphenyl)cyclohexene-1,2,3-triol (10b).

95%; Rr 0.48 (10% MeOH/EtOAC);d]% 48.0 € 1, MeOH); *H

NMR (D,0) 6 7.51 (d,J = 8.5 Hz, 2H), 7.15 (dJ = 8.8 Hz, 2H),

4.04 (m, 2H), 3.99 (s, 3H), 3.95 (m, 1H), 3.38 (m, 1H), 2:2989

(m, 4H);13C NMR (D,0) ¢ 157.7, 135.3, 130.4, 114.3, 74.7, 73.5,
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71.7,55.8,42.7, 27.8, 22.7; HRMB8z (ESI) calcd for GsH150,Na
(M + Na)" 261.1097, found 261.1093.

(1S,2R,3R,4R)-4-(Benzof][1,3]dioxol-5-yl)cyclohexene-1,2,3-
triol (10c). 84%; R; 0.55 (10% MeOH/EtOAc); d]%% 41.9 € 1,
MeOH); *H NMR (D20) 6 6.98 (s, 1H), 6.92 (s, 2H), 5.99 (s, 2H),
4.12-4.75 (m, 3H), 3.21 (m, 1H), 2.211.62 (m, 4H);3C NMR
(D,0) 6 147.2,145.6,136.7, 122.1, 109.6, 108.4, 101.1, 74.6, 72.9,
71.2,42.8, 27.7, 22.0; HRM®&/z (ESI) calcd for GsH1¢0sNa (M
+ Na)t 275.0889, found 275.0896.

(1S,2R,3R,4R)-4-(3.4-Dimethoxyphenyl)cyclohexene-1,2,3-
triol (10d). 76%; R 0.46 (10% MeOH/EtOAc); d]?% 29.7 € 1,
MeOH); *H NMR (D20) ¢ 6.96 (s, 3H), 4.263.73 (m, 3H), 3.85
(s, 3H), 3.83 (s, 3H), 3.19 (m, 1H), 2.22.62 (m, 4H);3C NMR
(D:0) 0 147.9, 146.8, 135.8, 121.4, 113.1, 111.9, 74.5, 73.1, 71.3,
55.9, 42.8, 27.7, 22.3; HRM®&/z (ESI) calcd for G4H00sNa (M
+ Na)t 291.1203, found 291.1191.

(1S,2R,3R,4R)-4-(Methoxybenzof][1,3]dioxol-6-yl)cyclohex-
ene-1,2,3-triol (10€).95%; R 0.61 (10% MeOH/EtOAc); d]%%
44.1 € 1, MeOH); *H NMR (D;0) ¢ 6.72 (s, 2H), 5.99 (s, 2H),
4.12-3.82 (m, 3H), 3.96 (s, 3H), 3.16 (m, 1H), 2:21.61 (m,
4H); 13C NMR (D;0) ¢ 148.4, 142.9, 137.8, 133.4, 108.5, 103.2,
101.6, 74.6, 72.6, 71.0, 56.8, 42.9, 27.8, 21.6; HRMS3 (ESI)
calcd for G4H1806Na (M + Na)t 305.0995, found 305.0983.

Cell Culture. A human T cell leukemia cell line (Jurkat cells,
Clone E6-1) was cultivated in RPMI-1640 medium supplemented
with 10% (v/v) fetal bovine serum (FBS), 100 mg/L penicillin G,
100 mgl/L streptomycin, 1.0 mM sodium pyruvate, 1.5 g/L sodium
bicarbonate, and 4.5 g/L glucose at 3T in a humidified
atmosphere with 10% GOCells were diluted at a ratio of 1:5 every
2—3 days.

Drugs. All compounds undergoing the drug screening were
dissolved at 0.3 M dimethyl sulfoxide as a stock solution and diluted
in DMSO just before use. The maximum final concentration of
DMSO in medium was smaller than 0.1% (v/v).

Cell Counts. Jurkat control or drug treated cells were cultivated
in a 24-well tissue culture plate. To examine the viability of treated
Jurkat cells after appropriate culture for 20 h&00f 0.4% Trypan
Blue stain was added to 50 of a sample cell suspension. Using
a hemacytometer, both dead (Trypan Blue-positive) and live cells
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at 2200 rpm (400G) for 2 min. Supernatant was discarded and the
remaining pellet was resuspended in 4000f Annexin Binding
Buffer (ABB: Heinz-Hepes Buffer (HHB: 30 mM HEPES; 110
mM NacCl; 10 mM KCI; 10 mM glucose; 1 mM Mg@G| pH 7.4)

plus 9 mM CaCJ) and centrifuged for 2 min at 2200 rpm. The
supernatant was removed and the remaining pellet was resuspended
in 200u«L of Annexin Binding Buffer (ABB). Then, cells in ABB
were placed into an ice-cold bath and simultaneously fluorescently
labeled with both 1uL of propidium iodide (a 1 mg/mL stock
solution in ABB was kept at-20 °C) and 2uL of annexin-V FITC.

After being incubated at 37C for 15 min, each labeled sample
was transferred to a Falcon tube. Values of relative fluorescence
intensity were measured and analyzed. The results were then
calculated and tabulated as the percentage of apoptotic or necrotic
cells.

Sulforhodamine B (SRB) Assay.A laboratory test measures
cell growth inhibition. Jurkat cells in RPMI-1640 10% FBS were
inoculated into 96 well plates in 104L and incubated for 24 h.
Then, one plate was fixed in situ with 50L of 50% (w/v)
trichloroacetic acid (TCA), to represent a measurement of the cell
population at the time of drug addition. Jurkat cells in another plate
were treated in triplicate with ether solvent (DMSO, 0.1% (v/v)
final concentration) or with one of our compounds at the indicated
final concentration (0.01, 0.1, 1, 10, 50, 100, 300, and GRN).
Following drug addition, plates were incubated for an additional
48 h. After that, cells were fixed in situ by layering zQ of cold
50% (w/v) TCA directly on top of the incubation medium and
incubated for an hour at 4C. The supernatant was discarded, and
plates were washed five times with tap water and air-dried.
Sulforhodamine B solution (200L) at 0.4% (w/v) in 1% acetic
acid was added to each well, and plates were incubated for 30 min
at room temperature. After staining, unbound dye was removed by
washing five times with 1% acetic acid, and plates were air-dried.
Bound stain was subsequently solubilized with 200well of 10
mM Tris buffer, pH 10.5, and absorbance was read on an automated
plate reader at a wavelength of 490 nm.
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Flow Cytometric Annexin-V/Propidium lodide Assay. Flow
cytometry was used to quantitatively measure apoptotic and necrotic
rates. After being cultivated with medium alone (RPMI-1640
10%FBS) or medium containing 0.1% (v/v) DMSO, or one of the
tested compounds at the indicated final concentration (0.5, 5, 15,
50, 100, and 302M) for 20 h, 3x 10° Jurkat cells were centrifuged
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