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Abstract—Oxidation of 20-hydroxy-4,5-ene-7-oxotaxinidederived from a natural taxoid taxinine B via four steps gave a corresponding
aldehydeb, which afforded a new dimeric taxo@through regio- and stereospecific hetero Diels—Alder cycloaddition. Similar hetero Diels—
Alder reaction of 4:5,6:7-diene aldehyti@ gave two new dimeric taxoids4 and15. In addition, Lewis acid-catalyzed Diels—Alder reaction

of 20-hydroxy-4:5,6:7-diene taxoitl2 with N-methylmaleimide led to cycloaddueo 16 andy-butyrolactoneendel7, while a similar
Lewis acid-catalyzed Diels—Alder reaction B? with taxoid 7ayielded only cycloadduatxo-18. 7aand7b, the two isomers of alcohdl,
yielded two 5-ethyl substituted derivativ@sand 9 through highly stereoselective Michael addition in the presence of diethylaluminum
chloride. The structure and stereochemistry of the dimers were established by spectroscopic experiments including 2D NMIRZQ00ies.
Elsevier Science Ltd. All rights reserved.

Introduction bark and the needles of variolisxusspecie$' and partial

synthesis from 10-deacetylbaccatin#iwhich is available

The novel diterpenoid paclitaxel (TaX9)| first isolated in reasonable yield from the needlesTaxus baccatand
from the Pacific yew tredaxus brevifoliaby Wani et al other Taxusspecies?

is a powerful therapeutic drug for cancer chemothetapy

exhibits remarkably high cytotoxicity and strong antitumor

activity against different tumors resistant to existing anti- Ph o
cancer drugd.Paclitaxel is now apgroved for treatment of /k/l\
advanced ovarian and breast canteend shows promise

also for treatment of lung, skin, and head and neck cancers
with encouraging results® In the past two decades, par-
ticularly in the recent ten years, structural complexity,
important biological activity and novel mechanism of

actior! of paclitaxel have stimulated extensive chemical Although the partial synthesis of paclitaxel from 10-deacetyl-

biological and medicinal researthand a number of baccatin 11l has alleviated the immediate paclitaxel suppl
research groups have attempted to synthesize it and its P PPy

improved analogs for clinical use. To data, six total synthe- Proplem, 10-deacetylbaccatin Ill is still obtained by direct
ses of paclitaxel have been repor?eldowever one of the |solqt|on fromTaxusspecies. ThIS. process yields not only
major problem&®having been encountered i,n the pharma- paclitaxel and 10-deacetylbaccatin Il but also other useful

ceutical development of paclitaxel is scarcity of the drug f:é%'dtzxgiggsfoc?g.rgffclectO%irf;%ﬂ m Tooreaéﬁ;&'g g;’?(')'
owing to its low abundance in yew tissue and none of the y 0P

ol ynintc spproaches nave been uabl o argescaif A0S 5211 1 TS eseach 2. o oo
production. The major current commercial production 9

methods are that of direct isolation frofaxus brevifolia aya_|lable from Japanese yew to P?‘C"taxe' and analogs.for
clinical use or other biological activity, several novel taxoid

_— ) ) ) o dimers and derivatives were obtained via regio- and stereo-

Keywords biologically active compounds; taxoids; regiospecificity; stereo- - gpacific Diels—Alder cycloadditions of taxinine B and taxi-

specificity; Diels—Alder reactions. ! L . .

* Corresponding author. Fax:81-22-717-8783; cine | derivatives. These interesting results have prompted

e-mail: chengg@biochem.tohoku.ac.jp us to present our observations here because so far very few
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studies on the synthesis and biological activity of taxoid
dimers have been reportéd.

5-Hydroxytaxinine B1 was readily prepared following the
known method® from taxinine B, one of the taxoids
obtained from Japanese yeWaxus cuspidataand other
Taxusspecies.” Epoxidation ofl usingm-chloroperbenzoic
acid (Scheme 1)niCPBA)**'8 gave a sole product which
was determined to be the4(20)-epoxy-5-hydroxytaxinine
2 by NOESY correlations of H-20a5(2.87, d) to H-2 §
5.58, dd) and K19 (6 1.00, s), plus H-20b{ 2.65, d) to
H-5 (8 3.47, brt) and H-B (6 1.96, m). Dehydration a2 by
means of methanesulfonyl chloride (MsCYR}™ led to
a-4(20)-epoxy-5,6-ene-taxinine B, which subsequently
was treated with boron trifluoride diethyl etherate in
dichloromethane at—78C for 2h, resulting in the
rearranged alcoholt in 62% vyield?® The latter can be
explained by complexation of the Lewis acid with the
a-epoxide followed by double bond migration, 1,2-hydride
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AcQ OAc OAc

potassiumt-butoxide gave a mixture of-isomer7a and
a-isomer7b in a 4:1 ratio?® This reaction did not occur in
benzene at room temperature or even under reflux for 24 h,
but led only to recovery of starting materials. However, a
mixture of 7a and 7b underwent stereoselective Michael
addition instead of Diels—Alder reaction in the presence of
diethylaluminum chloride leading to34hydroxymethylene-
Sa-ethyl-7-oxotaxinine B3 and 4x-hydroxymethylene-5-
ethyl-7-oxotaxinine B9 as determined by NMR data and
NOESY experiment§® The NOESY data of8 revealed
NOE correlations of H-20a§( 3.52, dd) to H-2 § 5.62,
dd) and H-19 (6 0.97, s), and H-3§ 3.12, dd), H-& (&
2.32, d) and B18 to CH (6 1.24-1.26, m) of the ethyl
including H-3 and H-14 (6 2.48, d) to H-4 § 1.92, m).
The NOE correlations of H-25(5.58, dd), H-® (6 2.68, dd)
and H-19 (6 0.96, s) to H-4 § 2.01, m), H-3 § 3.19, dd)
and H-6x (6 2.24, dd) to H-5§ 1.90-1.93, m) and H-20B(
3.21, dd), and H-14 (8 2.54, d) to H-20 (6 3.21, 3.60, dd)
were observed in9. Michael additions of BAICI to

shift and deacetylation generating the carbonyl group at C-7 B-isomer 7a and a-isomer 7b, respectively leading t@

in 4. It was found that oxidation oft with tetrapropyl-
ammonium perruthenate along with 4-methylmorpholine
N-oxide (TPAP/NMO¥' easily yielded o,B-unsaturated
aldehyde 5, which readily afforded a new dimeric
compound6 as a sole product in 90% yield, through
regio- and stereospecific Diels—Alder cycloaddition in
benzene for 8 h under reflux. Only 50% conversiorb b

6 was observed whe® was allowed to stand at room
temperature for two days. However, treatment4ofvith

AcQ OAc [p-face

Et

9

o—chelated transition state 7b

and 9 can be explained via the transition states shown in
Fig. 1, proposed for the preferred conformationsafand

7b based on minimum energy calculatidisThe a-face
provides more favorable access for nucleophilic attack by
ethyl anion in theB-chelated state derived frofrisomer

7a, whereas the-face is more favorably accessed for
nucleophilic attack by ethyl anion in the-chelated
state derived from a-isomer 7b. Similar Michael
addition products have been obtained as by-products in a

B-chelated transition state 7a

Figure 1. Transition states for Michael addition @fisomer7a anda-isomer7b.
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Figure 3. Key *H-'3C long-range correlations &
Figure 2. Relative stereochemistry 6fdeduced from NOESY experiment

(only key NOE correlations donated). C-20 (6 145.2), C-4 and C-5; H-5 to C-20 and C-4 This
was supported by comparison with the olefin chemical shift

Diels—Alder reaction of Evans'’s acrylamfievith 1-methyl- (6 103.4-107.3 and 142.3-145.4) of a reported dihydro-

pyrrole catalyzed by BAICI. % pyran?’ In addition, an aldehyde group connected to 'C-4

was determined by HMBC correlations of H-5, H-&nd
The structure and stereochemistry (Fig. 2pafere identi- H-5' to C-20 (6 203.4). The stereochemistry & was
fied by spectroscopic experiments including 2D NMR. deduced from NOESY studies (Fig. 2). For example,
Compound6 was found to have a molecular formula NOESY correlations of H-5 to H{§ H-6'8, and Hs-19
CsoHgsO18, @ dimer of 5, by HRFABMS mvz 977.4159 indicated H-5 as possessing tiReorientation, while the
(MH™). The *H NMR (Table 1) spectrum oB showed a-orientations were assigned to both H-#&nd aldehyde
characteristic signals for each pair of three acetyl methyls, group (CHO) by NOESY correlations of H-;3H-6'a, and
three oxymethines, and four methyls which were unambig- H-10' to H-5 as well as H-5and H-3a to a proton of
uously assigned to each half moiety of the dimer'fg aldehyde group.
NMR (Table 1) and 2D NMR H-'H COSY, HMQC,
and HMBC) data. HMBC correlations of:H-3, H-5,,18, Formation of6 from 5 is explained via a highly regio- and
and H-19 to C-7; H-3 to C-4 and C-5; H-5 to C-3 and C-6, stereospecific hetero Diels—Alder cycloaddition between
plus H-3, H-5, H,-6’, and H-19' to C-7'; H-3' to C-4 and the a,3-unsaturated aldehyde moiety of one molecule and
C-%; H-5' to C-3 and C-6 indicated the presence of two the ethylene (C-4and C-5) of another. In fact, a similar
respective cyclohexanone for each half of the dimer. The dimerization has been reported for formation of bistheo-
presence of a dihydropyran ring (O-<2@-20—~C-4-C- nellasterone from theonellasterdffe.
5-C-4'—C-5) was established by HMBC (Fig. 3) corre-
lations of: H-20 to C-4 § 102.8), C-5 and C/5H-5 to C-4, This high regio- and stereospecificity observed in the

Table 1.*H NMR, *C NMR and*H-'H COSY of the dimei6

No. H J (Hz) B¢ H-'H cosy No. H J (Hz) e 'H-'H cosy
1 2.14 (dd) 6.5, 2.2 48.3 (d) H-2, H-p4 1 2.17 (dd) 6.9,25 48.4 (d) Hi2H-148
2 5.58 (dd) 6.5, 2.2 69.8 (d) H-1, H-3 2 5.64 (dd) 6.7,2.5 72.4 (d) HLIH-3'
3 3.47 (d) 6.5 46.1 (d) H-2 3 3.11 (d) 6.7 44.5 (d) H-»2
4 102.8 (s) 4 59.7 (s)
5 3.31 (d) 75 32.1 (d) H{6, H-6a 5 4.12 (dd) 11.6,4.5 71.2 (d) H.6, H-6'8
6B 2.90 (dd) 18.2,7.5 34.0 (1) H-5, Hef 6'B 2.88 (dd) 14.5,11.6 33.7 (t) HL5H-6/ac
6a 2.24 (d) 18.2 H-5, H-8 6 2.27 (dd) 14.5,45 H5 H-6'B
7 211.5 (s) 7 208.6 (s)
8 56.2 (s) ] 54.8 (s)
9 5.99 (d) 11.0 75.6 (d) H-10 9 5.97 (d) 10.8 76.2 (d) H-10
10 6.09 (d) 11.0 72.7 (d) H-9 10 6.12 (d) 10.8 73.0 (d) H/9
11 150.1 (s) 11 149.6 (s)
12 140.6 (s) 12 139.8 (s)
13 198.6 (s) 13 198.3 (s)
148 2.82 (dd) 19.8, 6.5 37.8 (t) H-1, H-&4 148 2.98 (dd) 19.8,6.9 37.2 (t) HLH-14«
14 2.48 (d) 19.8 H-18 14« 2.56 (d) 19.8 H-143
15 39.7 (s) 15 38.5 (s)
16 1.69 (s) 25.2 (q) 16 1.74 (s) 23.6 (q)
17 1.28 (s) 36.1 (q) 17 1.19 (s) 34.2 (q)
18 2.19 (s) 13.9 (q) 18 2.18 (s) 14.1 (q)
19 1.01 (s) 18.5 (q) 19 0.97 (s) 17.8 (q)
20 6.34 (s) 145.2 (d) 20 9.67 (s) 203.4 (d)
Ac 2.12 (s) 170.9 (§) Ac 2.11(s) 171.0 (%)
2.08 (s) 169.9 (8) 2.08 (s) 169.9 (9)
2.06 (s) 169.6 () 2.04 (s) 169.7 (3)
21.3(q) 21.2 (q)
20.9 (q) 20.9 (a)
20.7 (q) 20.8 (a)

2Interchangeable.
® Interchangeable.
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Diels—Alder cycloaddition has stimulated us to further 86% total yield. The structure and stereochemistry of dimers

investigation into the Diels—Alder reactivity of other avail-
able taxoids (Scheme 2). Compouti@,'** derived from
5-cinnamoyltriacetyltaxicin®, which is another major
taxoid isolated from the needles of a Japanese Yaxus
cuspidata underwent dehydration leading 14, which was

14 (Figs. 4 and 5) andl5 (Figs. 6 and 7) were fully
characterized by their spectra data including wide 2D
NMR studies. HRFABMS indicated a molecular formula
Cs,Hg4015 for both 14 and 15 by nvz 999.3980 g\/H‘ Na)*

and 977.4163 (MH), respectively. ThéH and**C NMR

followed by boron trifluoride-induced ring opening to give along with HMQC of14 (Table 2) showed signals for each

20-hydroxy-4:5,6:7-diene taxicine 12.2° Oxidation of 12

pair of three acetyl methyls, three oxymethines, and four

by the TPAP/NMO system yielded a corresponding alde- methyls which were assigned to each half moiety of the

hyde 13. Interestingly,13 was allowed to stand at room

dimers. These tentative assignments were further confirmed

temperature for two days to afford a separable mixture by *H-'H COSY (Table 2) and HMBC experiments. Fortu-

ratio (5:1) of two dimeric taxoid44 and 15 in 74% yield
(based on 90% conversion @B), whereas a mixture ratio
(ca. 11:1) ofi4 and15was observed under reflux for 7 h in

nately, similar signals of two pairs of three acetyl methyls,
three oxymethines, and four methyls belonging to each half

Figure 4. Relative stereochemistry @#deduced from NOESY experiment
(only key NOE correlations donated).

VIR
HMBC

Figure 5. Key 'H-*C long-range correlations df4.

Figure 6. Relative stereochemistry @b deduced from NOESY experiment
(only key NOE correlations donated).

HMBC

Figure 7. Key 'H-C long-range correlations dfs.
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Table 2.*H NMR, *C NMR and'H-'H COSY of the dimer14
No. H J (Hz) 3¢ 'H-'H cosy No. H J (Hz) 3¢ 'H-'H cosy
1 77.6 (s) 1 78.1 (s)
2 5.56 (d) 4.8 71.9 (d) H-3 2 5.63 (d) 45 73.1 (d) H3
3 3.58 (d) 4.8 45.4 (d) H-2 3 3.45 (d) 45 43.8 (d) H»2
4 105.2 (s) 4 139.4 (s)
5 3.94 (d) 1.7 44.1 (d) H-6 5 5.88 (d) 15 138.1 (d) H6
6 5.60 (dd) 95,17 127.6 (d) H-5, H-7 "6 3.65 (dd) 7.0,15 36.7 (d) HL5H-7'
7 5.68 (d) 9.5 128.7 (d) H-6 7 4.21 (d) 7.0 74.6 (d) H-6
8 48.4 (s) 8 49.9 (s)
9 5.94 (d) 10.8 75.7 (d) H-10 9 5.90 (d) 10.5 76.1 (d) H-10
10 6.15 (d) 10.8 72.4 (d) H-9 10 6.10 (d) 10.5 72.7 (d) H9
11 150.2 (s) 11 151.7 (s)
12 139.6 (s) 12 140.6 (s)
13 199.7 (s) 13 198.7 (s)
148 2.98 (d) 19.8 38.8 (1) H-1c8 148 2.95 (d) 19.8 39.6 (1) H-14
14« 2.64 (d) 19.8 H-18 14« 2.59 (d) 19.8 H-143
15 42.1 (s) 15 42.8 (s)
16 1.69 (s) 20.2 (q) 16 1.65 (s) 19.8 (q)
17 1.21 (s) 34.2 (q) 17 1.24 (s) 33.7(q)
18 2.21 (s) 14.2 (q) 18 2.17 (s) 13.7 (q)
19 0.98 (s) 17.8 (q) 19 0.95 (s) 16.8 (q)
20 6.36 (s) 145.8 (d) 20 9.56 (s) 192.6 (s)
Ac 2.13 (s) 171.4 () Ac 2.13 (s) 171.5 ()
2.09 (s) 170.1 (8 2.11 (s) 169.9 (%)
2.07 (s) 169.6 (8) 2.08 (s) 169.5 ()

21.4 () 21.3 (q)

21.0 (q) 20.9 (q)

20.6 (q) 20.7 (q)

2 Interchangeable.
b
Interchangeable.

moiety of the dimerl5 were also observed itH and **C
NMR (see Experimental section). The presence of a dihy-
dropyran ring had been found in botd and 15 as6, was
established by HMBC data (Figs. 5 and 7). That the dihy-
dropyran ring in1l4 was fused via (O-26-C-20—~C-4—C-
5-C-6'—=C-7—0-20) was evident from HMBC correla-
tions of: H-20 to C-7, C-4 and C-5; H-5 to C-4, C-20,
C-6' and C-7; H-6' to C-4 and C-5 plus H+7to C-20 and
C-5, while the HMBC correlations of H-205(9.62, s) to
C-5(680.1,d), H-56 3.92,d) to C-4(6 48.7, s) and C-5

and H-5 (6 4.56, d) to C-20§ 145.4, d) and C-5§ 45.7, d)
suggested that the dihydropyran ring was fused via
(0-20-C-20~C-4-C-5-C-4—=C-5+-0-20) in 15. The
stereochemistry 014 and 15 was suggested by NOESYs
experiments as illustrated in Figs. 4 and 6. The NOE corre-
lations of H-5 to H-19 and H-19/, H-7' to H-3 and H-10

as well as H-6to H-7' indicated that H-5 possessed the
B-orientation and both H‘6and H-7 were in thex-orien-
tation in 14. That H-5, H-5 and the aldehyde group it
possessed the same stereochemistry as thétals shown

by NOE correlations of k19 and H-2 to H-5, both H-5
and a proton of aldehyde to H-3The dimeric taxoidsl4
and15 may have arisen frorhi3 through regio- and stereo-

aldehyde (0-20, C-20, C-4, and C-5) moiety of one
molecule with either the 6,7 or the 4,5 ethylene of another
molecule.

Although the above results have demonstrated th@t
unsaturated aldehydes, suctbamnd13, can easily undergo
Diels—Alder cycloaddition producing dimeric taxoids, all
reactions are hetero Diels—Alder cycloadditions in which
the diene is the 4,5-ene-20-oxo moiety (open chain) and
not the 4:5,6:7-diene of the C-ring. In order to study the
reactivity of the 4:5,6:7-diene in a Diels—Alder reaction,
the 20-hydroxy-4:5,6:7-diene taxicinelR was selected to
react with the monodentate dienophNemethylmaleimide.
The reaction was monitored by TLC. Unfortunately, no
cycloadducts were observed in either benzene under reflux
or CH,CI, at room temperature even under reflux for 12 h.
However, this Diels—Alder cycloaddition took place
successfully in the presence of a catalytic amount of
Sc(OTf:* at room temperature in Gl, for 4 h to give

a cycloadductl6 and a rearranged cycloaddugtbutyro-
lactonel? in a 89:11 ratio (Scheme 3). The products were
identified asexoadduct16 andenday-butyrolactonel 7 by
means of spectra data and NOESY experim@r($l and

specific hetero Diels—Alder reactions of the 4,5-unsaturated *C NMR data see Experimental section). The presence of a

Scheme 3.



1186

SC(SO3CF3)3 (o)
CH.Clo

12 + 7a

Scheme 4.

bicyclo[2,2,2]octene moiety in both6 and 17 was estab-
lished by HMBC correlations of H-3 and H-21 to C-4, C-5,
and C-7; H-7 and H-22 to C-6, C-8, and C-21; H-5 to C-3,
C-4, C-6, and C-21 and H-6 to C-5, C-7, C-8, and C-22. In
addition, HMBC correlations of H-7§2.96, d) and H-22§
3.19, d) to C-23 plus H-215(3.29, d) and H-22 to C-23 and
C-24 indicated a 1-methyl-3,4-dihydro-2,5-dioxopyrro-
lidine ring fused by C-21 and C-22 to the cyclohexane
ring in 16. The NOE correlations observed between H-2
(6 5.62, d) and H-5§ 6.21, d), H-19 (6 1.01, s) and H-6
(6 6.31,d), H-3 6 3.21, d) and H-21 plus H-21 and H-22 as
well as the absence of NOE between H-7 and H-22
suggested g-orientation of the 5,6-ene moiety andorien-
tations €éndo position) of H-21 and H-22 for theexo
cycloadduct16. In comparison to that ofl6, the NMR
data of 17 showed chemical shifts of 420 (6 4.23 and
3.89, d,Jyn 9.6 Hz) and C-20§ 69.5) moving to downfield
by V64 0.60 ppm andé¢ 7.9 ppm and signals for an amide
proton NH (6 6.30, brs) as well a8 171.4 (G-0) and 178.5
(C=0) assigned for CONHCHand y-butyrolactone by
comparison with the chemical shifts of saturated anide
171.6 andwy-butyrolactones 178.0% respectively. This
indicated the presence of g-butyrolactone (O-28-C-
20-C-4-C-21-C-24~0-20) in 17 fused by C-4 and
C-21 to a cyclohexane ring, and was confirmed by HMBC
correlations of H-21 to C-4, C-20, and C-24 and H-20 to

Q. Cheng et al. / Tetrahedron 56 (2000) 1181-1192

The carbon (C-24) in theendo position of endel6 is
positioned for nucleophilic attack by the oxygen of
20-hydroxy group leading to the-butyrolactonel?.

Based on the fact that 20-hydroxy-4:5,6:7-diene taxicine |
12 could act as the diene in a Diels—Alder cycloaddition
with N-methylmaleimide giving cycloadduct$and17, we
expected that the dien&2 could undergo Diels—Alder
cycloaddition with taxoid dienophil&a to give anende

or exacycloadduct. Indeed, we observed that Lewis acid-
catalyzed Diels—Alder cycloaddition betwedr2 and 7a
(Scheme 4) took place successfully in the presence of
Sc(OTfy for 12 h, to giveexocycloadductl8 as a sole
product in 75% vyield. The structure and stereochemistry
of 18 were unambiguously established by full NMR spectra
data (see Experimental section) and 2D NMR (Figs. 8 and
9). It was worthy to note that no couplingl{;) was
observed in the resonances&®R.95 (d) andé 2.87 (dd)
assigned, respectively, to be the bridgehead proton H-7 and
H-5' by *H-'H COSY, which was supported by the absence
of NOE. In addition, strong NOE correlations of H-3 (
3.25, d) to H-6 (6 3.35, d), H-3 (6 3.17, dd) to H-5and
H-5 to H-6 demonstrated that both H-5and H-8
possessed the-orientation €ndeposition).

In conclusion, several taxoid dimers obtained through

C-4, C-21 and C-24. No NOE relationship was observed highly regio- and stereospecific hetero Diels—Alder or

between H-3 and H-21 and NOE correlations of both H-5
and H-20a to H-21 was consistent withygbutyrolactone
ring possessing as-orientation via C20—C4 and C24-C21

Lewis acid-catalyzed Diels—Alder cycloaddition have
been demonstrated. The structure and stereochemistry of
all new dimers have been elucidated by spectroscopic

bonds fused to cyclohexane ring (C-ring). Furthermore, the experiments including 2D NMR. This chemistry can be

Jun 1.6 Hz coupling observed between H-7 and H-22, the

presence of NOE between H-7 and H-22 and NOE corre-

lation of H-22 to H-21 all indicated H-22 possessing the
B-orientation éxoposition). Thus, the formation gfbutyro-
lactonel? can be explained to arise from cycloaddectc
16in situ followed by intramolecular nucleophilic addition.

Figure 8. Relative stereochemistry df8 deduced from NOESY experi-
ment.

expected to be applied for the synthesis of other dimeric
taxoids. Moreover, the formation afxoadduct16 and

of vy-butyrolactonel7 probably might be applicable to
the synthesis of new taxoid analogs possessing biological
activity. Biological studies of all new dimers and
compounds are in progress.

Me (:)Ac
VI
HMBC

Figure 9. Key 'H-C long-range correlations dfg.
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Experimental (s, 3H, HK-18), 2.58 (d, 1H,J=19.8, H-14), 2.67 (d, 1H,

J=4.0, H-20b), 2.82 (dd, 1H}=19.8, 6.6, H-14), 3.01 (d,
H NMR (500 MHz), *C NMR (125 MHz) and 2D NMR  1H,J=4.0, H-20a), 3.45 (d, 1H]=6.7, H-3), 5.56 (dd, 1H,
were performed on a Varian Unity INOVA 500 spec- J=6.7, 2.4, H-2), 5.76 (d, 1HJ=10, H-5), 5.87 (dd, 1H,
trometer in CDCJ using TMS as an internal standard. J=10, 2.5, H-6), 5.89 (d, 1HJ=11.0, H-9), 6.10 (d, 1H,
Chemical shifts are expressed in parts per million (ppm) J=11.0, H-10), 6.24 (d, 1H}=2.5, H-7)."*C NMR &: 14.7
and coupling constantg)(are given in Hertz (Hz). Optical (g, C-18), 17.9 (g, C-19), 20.6, 20.8, 21.1, 21.8{¢#4xCHjz
rotations were recorded on a HORIBA SEPA-300 Polari- of Ac), 24.7 (q, C-16), 34.7 (g, C-17), 37.8 (t, C-14), 38.2 (s,
meter. MS and HRMS were measured on a JEOL JMS-700C-15), 44.2 (d, C-3), 48.4 (d, C-1), 48.7 (s, C-8), 53.1 (t, C-
spectrometer using ElI and FAB modes. Dichloromethane 20), 70.3 (d, C-7), 71.1 (d, C-2), 72.6 (d, C-10), 75.4 (d, C-
was refluxed and distilled from Cahinder nitrogen. Ben-  9), 76.4 (s, C-4), 127.6 (d, C-5), 128.1 (d, C-6), 140.1 (s, C-
zene was distilled from and kept over sodium. All commer- 12), 150.4 (s, C-11), 169.4, 169.8, 169.9, 171:%54xCO
cially available reagents were used without further of Ac), 199.2 (s, C-13). FAB-MSwz 555 (M+Na)", 533
purification. Chromatography was carried out on a Merck (MH)", 473 (MH—AcOH)", 413 (MH-2AcOH)", 395
silica gel 60 (230-400 mesh). Preparative TLC was (MH—H,O—2AcOH)". HRFABMS m/z found 555.2201,
performed on Merck silica gel 60,& plates (0.85 mm caled for GgHagO10Na (M+Na)™ 555.2204.
thickness).

20-Hydroxy-4,5-ene-7-oxotaxinine B (4)To a solution of
4,20-Dihydro-4a(20)-epoxy-5-hydroxytaxinine B (2).To 3(0.177 g 0.33 mmol) in CKCl, (5 mL) was added boron
a solution of 5-hydroxytaxinine B (0.25 g, 0.47 mmol) in  trifluoride diethyl etherate (abt. 47% solution, 0.2 mL) at
CH,Cl, (20 mL), was addedm-chloroperbenzoic acid —78C. The resulting mixture was stirred for 2 h under
(0.28 g, 1.64 mmol) and NBPQO, (0.47 g, 3.29 mmol). nitrogen and then partitioned between chloroform (15 mL)
The reaction mixture was stirred at room temperature for and saturated aqueous NaH{£@ mL). The organic phase
3 h under nitrogen, and was then extracted with ethyl acetatewas separated, washed with brine and dried over anhydrous
(20 mLx3). The combined organic layers were washed with MgSQ,. The solvent was removed under reduced pressure
saturated agueous NaHGQiried over anhydrous MgSO  and the residue was chromatographed (ethyl acetate—hexane
and removed under reduced pressure. The residue was3:2 v/v) to give4 as a colorless oil in 62% yield (0.102 g).
chromatographed on silica gel (ethyl acetate—hexane 2:1'H NMR &:0.97 (s, 3H, H-19), 1.21 (s, 3H, B17), 1.72 (s,
vlv) to give 2 as a white amorphous solid in 91% vyield 3H, Hs-16), 2.08 (s, 3H, Ac), 2.09 (s, 3H, Ac), 2.13 (s, 3H,
(0.235g).'H NMR &: 1.00 (s, 3H, H-19), 1.27 (s, 3H, Ac), 2.14 (dd, 1H,J=6.5, 2.2, H-1), 2.19 (s, 3H, #118),
Hz-17), 1.67 (m, 1H, H-6), 1.70 (s, 3H,416), 1.96 (m, 2.58 (d, 1H,J=19.8, H-14), 2.60 (brs, 1H, OH), 2.64 (dd,
1H, H-6), 2.01 (s, 3H, Ac), 2.07 (s, 3H, Ac), 2.08 (s, 3H, 1H, J=18.6, 1.5, H-6), 2.80 (dd, 1H]=19.8, 6.5, H-14),
Ac), 2.14 (s, 3H, Ac), 2.18 (dd, 1HI=7.0, 2.2, H-1), 2.24  3.18 (dd, 1H,J=18.6, 2.5, H-6), 3.72 (d, 1H]=5.5, H-3),
(s, 3H, H-18), 2.45 (d, 1HJ=19.8, H-14), 2.65 (d, 1H, 4.24 (d, 1H,J=10.2, H-20b), 4.47 (d, 1H]=10.2, H-20a),
J=4.5, H-20b), 2.69 (brs, 1H, OH-5), 2.85 (dd, 1H, 5.64 (dd, 1HJ=5.5, 2.2, H-2), 5.76 (m, 1H, H-5), 5.96 (d,
J=19.8, 7.0, H-14), 2.87 (d, 1HI=4.5, H-20a), 3.47 (brt,  1H,J=10.8, H-9), 6.14 (d, 1H}=10.8, H-10).**C NMR &:
1H, H-5), 3.61 (d, 1HJ=6.5, H-3), 5.58 (dd, 1HJ=6.5, 13.8 (g, C-18), 18.2 (g, C-19), 20.7, 20.9, 20.8¢33xCH;
2.2, H-2), 5.78 (dd, 1HJ)=11.5, 5.0, H-7), 5.92 (d, 1H, of Ac), 24.7 (q, C-16), 33.8 (q, C-17), 37.5 (t, C-14), 38.2 (t,
J=11.0, H-9), 6.09 (d, 1H,J=11.0, H-10).}*C NMR &: C-6), 38.6 (s, C-15), 47.2 (d, C-3), 48.7 (d, C-1), 54.6 (s,
14.5 (g, C-18), 18.7 (g, C-19), 20.6, 20.8, 20.9, 21 %(4 C-8), 67.3 (t, C-20), 69.8 (d, C-2), 72.9 (d, C-10), 76.1 (d,
4xCHj; of Ac), 24.7 (g, C-16), 35.6 (q, C-17), 36.7 (t, C-6), C-9), 129.8 (d, C-5), 136.1 (s, C-4), 140.4 (s, C-12), 150.8
37.8 (t, C-14), 38.4 (s, C-15), 44.6 (d, C-3), 47.8 (s, C-8), (s, C-11), 169.5, 170.0, 171.1%8, 3xCO of Ac), 198.8 (s,
48.6 (d, C-1), 52.5 (t, C-20), 63.6 (d, C-5), 69.8 (d, C-7), C-13), 209.8 (s, C-7). FAB-MSwz 491 (MH)", 431
71.2 (d, C-2), 72.7 (d, C-10), 75.4 (s, C-4), 75.6 (d, C-9), (MH—AcOH)", 353 (MH-2AcOH—-H,0)". HRFABMS
140.5 (s, C-12), 151.2 (s, C-11), 169.4, 169.9, 170.1, 171.4m/z found 491.2274, calcd for fgH3s09 (MH) © 491.2279.
(4xs, 4CO of Ac), 199.6 (s, C-13). HREIM®vz found
550.2402, Calcd for §Hs¢011 (M) 550.2412. 7,20-Dioxo-4,5-enetaxinine B (5).To a solution of 4

(25 mg 0.05 mmol) in dry CECN (2.0 mL) was added
4,20-Dihydro-4«(20)-epoxy-5,6-enetaxinine B (3)To a 4-methylmorpholinéN-oxide (17 mg, 0.15 mmol), molecular
solution of 2 (0.225g, 0.41 mmol) in CKCl, (10 mL) sieves 4A (activated 12 mg) and tetrapropylammonium
cooled to OC under N was added methanesulfonyl chloride perruthenate (5 mg, 0.015 mmol). The reaction mixture
(0.03 mL, 0.43 mmol) followed by slow injection of triethyl- was stirred at room temperature for 3 h and chromato-
amine (0.3 mL, 2.15 mmol) in 15 min. After stirring for graphed by preparative TLC (ethyl acetate—hexane 3:1 v/v)
additional 3h at 35-40C and being cooled to room togive5as a colorless oil in 96% yield (23 mdH NMR §&:
temperature, CKCl, (20 mL) was added. The organic 0.95 (s, 3H, H-19), 1.24 (s, 3H, B17), 1.70 (s, 3H, K16),
phase was separated, washed with water, 5% HCI and2.07 (s, 3H, Ac), 2.09 (s, 3H, Ac), 2.11 (s, 3H, Ac), 2.17 (dd,
brine solution, and dried over anhydrous MgS@fter 1H, J=6.5, 2.4, H-1), 2.21 (s, 3H, #18), 2.52 (dd, 1H,
removal of solvent under reduced pressure, the residueJ=18.5, 1.5, H-6), 2.61 (d, 1H}=19.5, H-14), 2.78 (dd,
was chromatographed (ethyl acetate—hexane 2:3 v/v) tolH, J=19.5, 6.5, H-14), 3.21 (dd, 1HI=18.5, 2.0, H-6),
9ive 3 as a white amorphous solid in 68% yield (0.15g). 3.78 (d, 1H,J=6.0, H-3), 5.60 (dd, 1HJ=6.0, 2.4, H-2),
H NMR 6:0.96 (s, 3H, H-19), 1.23 (s, 3H, B17), 1.68 (s, 5.87 (dd, 1HJ=2.0, 1.5, H-5), 5.97 (d, 1H}=11.0, H-9),
3H, Hs-16), 2.02 (s, 3H, Ac), 2.07 (s, 3H, Ac), 2.08 (s, 3H, 6.15 (d, 1H,J=11.0, H-10), 10.52 (s, 1H, CHO}*C NMR
Ac), 2.13 (s, 3H, Ac), 2.15 (dd, 1H=6.6, 2.4, H-1), 2.21  é: 13.6 (g, C-18), 17.6 (g, C-19), 20.7, 20.9, 21.x@3
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3XCH; of Ac), 24.3 (g, C-16), 33.7 (g, C-17), 38.4 (t, C-14),

38.7 (t, C-6), 39.1 (s, C-15), 45.2 (d, C-3), 48.7 (d, C-1),
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(1.5mL) was added diethylaluminum chloride (1.0 M
solution in hexanes, 0.06 mL) af® under nitrogen. The

54.8 (s, C-8), 70.2 (d, C-2), 72.9 (d, C-10), 76.2 (d, C-9), mixture was stirred at room temperature for 2 h (the reaction
138.9 (s, C-4), 141.0 (s, C-12), 142.3 (d, C-5), 151.8 (s, was monitored by TLC). Saturated aqueous;8HO0.1 mL)

C-11), 169.6, 169.9, 170.9 X8, 3XCO of Ac), 193.2 (d,
C-20), 198.4 (s, C-13), 208.6 (s, C-7). HREIMS®z found
488.2039, calcd for §Ha,0, (M) " 488.2044.

Dimer of 7,20-Dioxo-4,5-enetaxinine B (6)A solution of5

was added, followed by extraction with GEl, (5 mLx2).

The combined organic layers were dried over anhydrous
MgSQO, and the solvent was removed under reduced
pressure. The residue was chromatographed by preparative
TLC (ethyl acetate—chloroform 1:1 v/v) to givgin 59%

(20 mg, 0.041 mmol) in dry benzene (2 mL) was heated at yield (19 mg) and® in 22% vyield (7 mg) as a colorless oil.
80°C for 8 h (the reaction was monitored by TLC). The Compound 8: [a]&’=+18.5 (c 0.04, CHG) 'H NMR &:
reaction mixture was cooled to room temperature and puri- 0.81 (t, 3H,J=7.0, CH), 0.97 (s, 3H, H-19), 1.24-1.26
fied by preparative TLC (ethyl acetate—hexane 3:1 v/v) to (m, 2H, CH), 1.27 (s, 3H, HB-17), 1.68 (s, 3H, k16), 1.83

give 6 as white solid in 90% (18 mg). mp 232-284
[2]3=+64.3 (c 0.02, CHG), FAB-MS m/z 977 (MH)",

959 (MH—H,0)", 857 (MH-2AcOH)", 839 (MH-

H,0—2AcOH)", 821 (MH-2H,0—2AcOH)", 471, 411,
351. HRFABMSm/z found 977.4159, calcd for 4gHgsO1
(MH)* 977.4167."H NMR and *C NMR are shown in
Table 1.

20-Hydroxy-5,6-ene-7-oxotaxinine B §-isomer 7a) and
(a-isomer 7b). To a solution of4 (59 mg 0.12 mmol) in
methanol (5 mL) was added potassitrhutoxide (10 mg,

(m, 1H, H-5), 1.92 (m, 1H, H-4), 2.06 (s, 3H, Ac), 2.10 (s,
3H, Ac), 2.12 (s, 3H, Ac), 2.16 (dd, 1H=6.5, 2.2, H-1),
2.19 (s, 3H, H-18), 2.32 (d, 1HJ=18.4, H-6), 2.45 (brs,
1H, OH), 2.48 (d, 1HJ=19.6, H-14), 2.74 (dd, 1HI=18.4,
7.0, H-6), 2.80 (dd, 1HJ=19.6, 6.5, H-14), 3.12 (dd, 1H,
J=6.7, 4.5, H-3), 3.17 (dd, 1H]=10.2, 2.5, H-20b), 3.52
(dd, 1H,J=10.2, 1.8, H-20a), 5.62 (dd, 1H=4.5, 2.2,
H-2), 5.92 (d, 1H,J=10.5, H-9), 6.10 (d, 1HJ=10.5,
H-10). °C NMR &: 13.5 (g, CH), 14.2 (g, C-18), 18.1 (q,
C-19), 20.6, 20.9, 21.2 &), 3XCH; of Ac), 22.4 (t, CH),
23.6 (g, C-16), 34.2 (q, C-17), 35.5 (t, C-6), 38.7 (t, C-14),

0.09 mmol). The resulting mixture was stirred at room 39.9 (s, C-15), 40.4 (d, C-5), 41.6 (d, C-4), 43.7 (d, C-3),
temperature for 12 h (the reaction was monitored by 48.2 (d, C-1), 53.8 (s, C-8), 63.6 (t, C-20), 72.1 (d, C-2),
TLC). CH,CI, (10 mL) was added after removal of methanol 72.8 (d, C-10), 76.2 (d, C-9), 169.6, 170.1, 171.X<3

under reduced pressure. The organic layer was separated3xCO of Ac), 199.4 (s, C-13), 210.6 (s, C-7). FAB-MS

washed with brine and dried over anhydrous MgSThe

mz 543 (M+Na)", 520 (MH)", 460(MH—AcOH)".

solvent was removed and the residue was chromatographedHRFABMS m/z found 543.2568, calcd for 4gH;sOsNa
by preparative TLC (ethyl acetate—chloroform 2:3 v/v) to (M+Na)*" 543.2567.Compound 9: [a]3=+34.2 (c 0.01,

9ive 7aand7b as a colorless oil in 74% yield (44 mgja:
HNMR 6:1.01 (s, 3H, H-19), 1.25 (s, 3H, B17), 1.72 (s,
3H, Hs-16), 2.07 (s, 3H, Ac), 2.09 (s, 3H, Ac), 2.11 (s, 3H,
Ac), 2.13 (dd, 1H,J=6.5, 2.4, H-1), 2.17 (s, 3H, #18),
2.48 (m, 1H, H-4), 2.50 (d, 1H}=19.5, H-14), 2.56 (brs,
1H, OH), 2.74 (dd, 1HJ=19.5, 6.5, H-14), 3.14 (dd, 1H,
J=8, 6.5, H-3), 3.25 (dd, 1H]=10.3, 3.0, H-20b), 3.59 (dd,
1H, J=10.3, 2.5, H-20a), 5.56 (dd, 1H=6.5, 2.4, H-2),
5.84 (d, 1HJ=7.0, H-6), 5.94 (d, 1H}=10.8, H-9), 6.12 (d,
1H,J=10.8, H-10), 6.44 (m, 1H, H-5}3C NMR 6: 14.1 (q,
C-18), 17.9 (g, C-19), 20.7, 20.9, 20.94¢@ 3xCHj; of Ac),

CHCl;) *H NMR 6: 0.85 (t, 3H,J=7.0, CH), 0.96 (s, 3H,
Hs-19), 1.23-1.25 (m, 2H, CHl, 1.31 (s, 3H, H-17), 1.65
(s, 3H, H-16), 1.90-1.93 (m, 1H, H-5), 2.01 (m, 1H, H-4),
2.07 (s, 3H, Ac), 2.10 (s, 3H, Ac), 2.13 (s, 3H, Ac), 2.12 (dd,
1H, J=6.5, 2.4, H-1), 2.21 (s, 3H, #18), 2.24 (dd, 1H,
J=14.6, 4.8, H-6), 2.50 (brs, 1H, OH), 2.54 (d, 1H,
J=19.5, H-14), 2.68 (dd, 1HJ=14.6, 11.5, H-6), 2.84
(dd, 1H, J=19.5, 6.5, H-14), 3.19 (dd, 1H]=11.0, 4.5,
H-3), 3.21 (dd, 1H,J=10.2, 2.6, H-20b), 3.60 (dd, 1H,
J=10.2, 3.0, H-20a), 5.58 (dd, 1H=4.5, 2.4, H-2), 5.94
(d, 1H,J=10.8, H-9), 6.08 (d, 1H]=10.8, H-10)*C NMR

23.1(q, C-16), 34.5 (g, C-17), 38.2 (t, C-14), 39.2 (s, C-15),
44.1(d, C-3), 48.3 (d, C-1), 51.2 (d, C-4), 54.2 (s, C-8), 63.2
(t, C-20), 69.7 (d, C-2), 72.6 (d, C-10), 75.9 (d, C-9), 129.1
(d, C-6), 139.9 (s, C-12), 149.7 (d, C-5), 150.1 (s, C-11),

5:13.7 (g, CH), 13.9 (q, C-18), 17.8 (g, C-19), 20.7, 20.9,
21.1 (3q, 3XCHs; of Ac), 21.8 (t, CH), 23.1 (g, C-16), 33.8
(g, C-17), 35.4 (t, C-6), 39.1 (t, C-14), 39.6 (s, C-15), 40.1
(d, C-5), 42.4 (d, C-4), 44.2 (d, C-3), 47.9 (d, C-1), 53.4 (s,

169.5, 169.8, 171.3 &, XCO of Ac), 197.4 (s, C-7),
198.6 (s, C-13). FAB-MSmz 514 (MH+Na), 513
(M+Na)*, 490 (M), 430 (M—AcOH)". HRFABMS m/z
found 513.2088, calcd forfgH3.0sNa (M-+Na)" 513.2098.
7bin mixture with7a, 'H NMR &: 0.99 (s, 3H, H-19), 1.27
(s, 3H, H-17), 1.70 (s, 3H, B16), 2.06 (s, 3H, Ac), 2.09 (s,
3H, Ac), 2.11 (s, 3H, Ac), 2.15 (dd, 1H=6.7, 2.4, H-1),
2.20 (s, 3H, H-18), 2.40 (m, 1H, H-4), 2.44 (d, 1H=19.8,
H-14), 2.81 (dd, 1HJ=19.8, 6.7, H-14), 3.26 (d, 1H=6.5,
H-3), 3.42 (dd, 1H,J=10.3, 2.5, H-20b), 3.67 (dd, 1H,
J=10.3, 3.0, H-20a), 5.57 (dd, 1H=6.5, 2.4, H-2), 5.83
(d, 1H,J=6.9, H-6), 5.90 (d, 1HJ}=10.8, H-9), 6.11 (d, 1H,
J=10.8, H-10), 6.42 (d, 1H}=6.9, H-5).

43-Hydroxymethylene-5u-ethyl-7-oxotaxinine B (8) and
4a-Hydroxymethylene-53-ethyl-7-oxotaxinine B (9).To
a solution of7a and 7b (30 mg, 0.06 mmol) in ChKCl,

C-8), 64.0 (t, C-20), 72.2 (d, C-2), 72.8 (d, C-10), 75.9 (d,
C-9), 169.6, 170.0, 171.3 X3, 3xXCO of Ac), 198.7 (s,
C-13), 208.4 (s, C-7). FAB-MSnz 543 (M+Na)", 502
(MH—H,0)", 460 (MH—ACcOH)", 382 (MH—H,O—2A-
cOH)". HRFABMS m/z found 543.2561, calcd for
CogHic0gNa (M+Na)" 543.2567.

4,20-Dihydro-4a(20)-epoxy-5-hydroxytaxicin-l (10).To a
solution of 5-hydroxytriacetyltaxicin-l (500 mg, 1.0 mmol)

in CHCl, (50mL), was added mCPBA (600 mg,

3.5 mmol) and NgHPQ, (1.04 g, 7.3 mmol). The reaction
mixture was stirred at room temperature for 3 h, and then
extracted with EtOAc and washed with saturated aqueous
NaHCGQ;. The organic layer was dried over Mggs@nd
evaporated. The residue was chromatographed on silica
gel (ethyl acetate—hexane 2:1 v/v) to give 480 mg (92%)
of 10 as a white amorphous solid. Its spectroscopic data
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were identified as those of the compound previously
described in Ref. 14a.

4,20-Dihydro-4a(20)-epoxy-5,6-enetaxicin-l1 (11)Follow-

ing the procedure for preparation 8f using 10 (0.40 g,
0.79 mmol) gavdllin 62% (0.239 g) as a white amorphous
solid after chromatography (ethyl acetate—hexane 1:1 v/v).
'H NMR 6: 0.97 (s, 3H, H-19), 1.20 (s, 3H, B17), 1.65

(s, 3H, K-16), 2.07 (s, 3H, Ac), 2.10 (s, 3H, Ac), 2.10-2.13
(m, 1H, H-7), 2.14 (s, 3H, Ac), 2.24 (s, 3H,3H38),
2.42-2.44 (m, 1H, H-7), 2.46 (d, 1Hd=4.5, H-20b), 2.67
(d, 1H,J=19.5, H-14), 3.02 (d, 1H]=4.5, H-20a), 3.14 (d,
1H, J=19.5, H-14), 3.61 (d, 1HJ=4.5, H-3), 5.60 (d, 1H,
J=4.5, H-2), 5.75 (d, 1HJ=10.0, H-5), 5.78 (m, 1H, H-6),
5.94 (d, 1H,J=10.5, H-9), 6.17 (d, 1H)=10.5, H-10).*C
NMR §:14.2 (g, C-18), 17.4 (g, C-19), 19.6 (g, C-16), 20.7,
20.9, 21.3 (¥q, 3xCHz of Ac), 28.1 (t, C-7), 33.9 (q, C-17),
38.2 (t, C-14), 43.1 (s, C-15), 44.4 (d, C-3), 44.8 (s, C-8),
52.8 (t, C-20), 72.3 (d, C-2), 72.7 (d, C-10), 75.5 (d, C-9),
76.8 (s, C-1), 77.8 (s, C-4), 126.5 (d, C-5), 127.3 (d, C-6),
141.9 (s, C-12), 151.6 (s, C-11), 169.6, 170.0, 171X5(3
3XCO of Ac), 199.6 (s, C-13). HRFABMSwz found
491.2276, calcd for §H3:04 (MH) " 491.2279.

20-Hydroxy-4:5,6:7-dienetaxicin-1 (12). Following the
procedure for preparation off, using 11 (0.295g,
0.6 mmol) and boron trifluoride diethyl etherate (abt. 47%
solution, 0.35 mL) gavé&2in 51% yield (0.15 g) as a white
amorphous solid after chromatography (ethyl acetate—
hexane 2:1 v/v)!H NMR &: 0.95 (s, 3H, H-19), 1.17 (s,
3H, Hs-17), 1.67 (s, 3H, K16), 2.07 (s, 3H, Ac), 2.10 (s,
3H, Ac), 2.22 (s, 3H, KB18), 2.54 (brs, 1H, OH), 2.58 (d,
1H,J=19.5, H-14), 3.07 (d, 1H]=19.5, H-14), 3.87 (d, 1H,
J=10.4, H-20b), 4.03 (d, 1HJ=5.0, H-3), 4.21 (d, 1H,
J=10.4, H-20a), 5.59 (d, 1HJ=9.8, H-7), 5.62 (d, 1H,
J=5.0, H-2), 5.70 (d, 1H,J=5.4, H-5), 5.76 (dd, 1H,
J=9.8, 5.4, H-Gg, 5.98 (d, 1HJ=10.3, H-9), 6.09 (d, 1H,
J=10.3, H-10)."°C NMR &: 13.8 (g, C-18), 18.1 (g, C-19),
20.3(q, C-16), 20.7, 21.0, 21.4%8, 3xCH;z of Ac), 34.2 (q,
C-17), 39.2 (t, C-14), 42.9 (s, C-15), 47.2 (d, C-3), 47.9 (s,
C-8), 65.6 (t, C-20), 72.4 (d, C-2), 72.8 (d, C-10), 75.7 (d,
C-9), 77.0 (s, C-1), 122.8 (d, C-5), 128.9 (d, C-7), 129.7 (d,
C-6), 137.2 (s, C-4), 140.4 (s, C-12), 150.7 (s, C-11), 169.5,
169.9, 171.5 (8s, 3XCO of Ac), 199.2 (s, C-13). FAB-
MS miz 491 (MH)", 473 (MH-H,0)", 413 (MH-
AcOH—H,0)". HRFABMS nvz found 491.2280, calcd for
CaoeH3s00 (MH) " 491.2279.

4:5,6:7-Diene-20-oxotaxicin-1 (13).Following the proce-
dure for preparation 05, using12 (0.1 g, 0.2 mmol) gave
13in 92% vyield (0.092 g) as a colorless oil after chroma-
tography (ethyl acetate—hexane 1:1 vAH. NMR &: 0.99

(s, 3H, H-19), 1.20 (s, 3H, B#17), 1.69 (s, 3H, B#16), 2.07

(s, 3H, Ac), 2.11 (s, 3H, Ac), 2.14 (s, 3H, Ac), 2.19 (s, 3H,
Hs-18), 2.54 (d, 1HJ=19.5, H-14), 2.96 (d, 1HJ=19.5,
H-14), 3.89 (d, 1HJ=4.8, H-3), 5.60 (d, 1HJ=4.8, H-2),
5.74 (dd, 1H,J=9.8, 5.2 H-6), 5.80 (d, 1HJ=9.8, H-7),
5.83 (d, 1HJ=5.2, H-5), 5.97 (d, 1HJ=10.5, H-9), 6.12 (d,
1H, J=10.5, H-10), 10.31 (s, 1H, CHOYC NMR &: 14.1

(g, C-18), 17.7 (q, C-19), 20.2 (g, C-16), 20.6, 20.9, 21.3
(3%q, 3XCH3 of Ac), 33.9 (q, C-17), 38.7 (t, C-14), 42.6 (s,
C-15), 46.5 (d, C-3), 48.2 (s, C-8), 71.9 (d, C-2), 72.6 (d,
C-10), 75.7 (d, C-9), 76.9 (s, C-1), 125.6 (d, C-6), 133.2 (d,
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C-7), 138.3 (s, C-4), 140.2 (s, C-12), 143.3 (d, C-5), 149.8
(s, C-11), 169.5, 170.2, 171.4%8, 3xCO of Ac), 193.6 (d,
C-20), 198.8 (s, C-13). HREIMS found 488.2040, calcd for
CogH,00 (M) 488.2044.

Dimers of 4:5,6:7-diene-20-oxotaxicin-1 (14) and (15).
Following the procedure for preparation 6f using 13
(70 mg, 0.143 mmol) at 8C for 7 h (the reaction was
monitored by TLC) gavel4 in 79% vyield (55 mg) and.5
in 7% vyield (5 mg) after chromatography (ethyl acetate—
hexane 3:1 v/v)Dimer 14: mp 251-253C, [«]3=+54.7
(c 0.015, CHCJ) FAB-MS mVz 999 (M+Na)", 977 (MH)",
941 (MH-2H,0)", 857 (MH-2AcOH)", 839
(MH—H,0—2AcOH)", 779 (MH—H,0—3AcOH)", 737
(MH—4AcOH)", 489, 429, 411. HRFABMS found
999.3980, calcd for GHesO1gNa (M+Na)™ 999.3986.*H
and™C NMR see Table Dimer 15: [a]3=+72.6 (¢ 0.01,
CHCL), 'H NMR &: 0.96 (s, 3H, H-19), 0.98 (s, 3H,
Hs-19), 1.23 (s, 3H, H-17), 1.27 (s, 3H, B-17), 1.67 (s,
3H, Hx-16'), 1.70 (s, 3H, H-16), 2.06 (s, 3H, Af, 2.07 (s,
3H, Ac), 2.09 (s, 3H, Af, 2.10 (s, 3H, Ac), 2.13 (s, 3H, Ac),
2.13 (s, 3H, A¢), 2.17 (s, 3H, H-18), 2.22 (s, 3H, H-18),
2.55 (d, 1H,J=19.5, H-14), 2.64 (d, 1H,J=19.8, H-14),
2.96 (d, 1H,J=19.5, H-14), 3.02 (d, 1H,J=19.8, H-14),
3.38 (d, 1HJ=4.5, H-3), 3.54 (d, 1HJ=5.0, H-3), 3.92 (d,
1H, J=1.8, H-5), 4.56 (d, 1H,)=2.0, H-8), 5.58 (d, 1H,
J=5.0, H-2), 5.59 (dd, 1H}=10.1, 2.0, H-6), 5.61 (dd, 1H,
J=9.8, 1.8, H-6), 5.66 (d, 1HJ=9.8, H-7), 5.68 (d, 1H,
J=10.1, H-7), 5.72 (d, 1H,J=4.5, H-2), 5.89 (d, 1H,
J=11.0, H-9), 5.91 (d, 1HJ=10.8, H-9), 6.09 (d, 1H,
J=11.0, H-10), 6.14 (d, 1HJ=10.8, H-10), 6.30 (s, 1H,
H-20), 9.62 (s, 1H, H-20. **C NMR &: 13.7 (g, C-18), 14.0
(g, C-18), 17.8 (q, C-19, 18.2 (g, C-19), 19.8 (q, C-1p
20.0 (g, C-16), 20.6, 20.7, 21.0, 21.0, 21.3, 21.XdH6
6XCH; of Ac and Ac), 33.8 (g, C-17), 34.2 (q, C-1)
38.6 (t, C-14), 39.4 (t, C-14), 42.6 (s, C-15), 43.2 (s,
C-15), 43.8 (d, C-3), 44.1 (d, CLB 45.7 (d, C-5), 47.9 (s,
C-8), 48.4 (s, C-8), 48.7 (s, Ct} 72.3 (d, C-2), 72.4 (d,
C-10),72.6 (d, C-2), 72.7 (d, C-10); 75.2 (d, C‘B 75.4 (d,
C-9), 76.9 (s, C-1), 77.4 (s, CJ180.1 (d, C-5), 103.6 (s,
C-4),127.4 (d, C-6), 127.6 (d, C¥% 128.7 (d, C-7), 128.9
(d, C-7), 139.6 (s, C-12), 140.7 (s, C{1,2145.4 (d, C-20),
149.8 (s, C-11), 151.4 (s, C-91169.6, 170.1, 171.4 £,
3xCO of Ac) 169.5, 170.0, 171.4 %3, 3xCO of Ac'), 198.8
(s, C-13), 199.7 (s, C-13), 202.7 (d, C-20FAB-MS m/z
977 (MH)*, 917 (MH—AcCOH)", 881 (MH—2H,O—A-
cOH)", 841 (MH—H,0—2AcOH)", 839 (MH—H,O—2A-
cOH)", 761 (MH-2H,0—3AcOH)", 489, 453, 393.
HRFABMS m/z found 977.4163. calcd for {GHgs045
(MH)* 977.4167.

Cycloadduct (exo-16) andy-butyrolactone (endol7). A
solution of 12 (40 mg, 0.082 mmol)N-methylmaleimide
(13 mg, 0.12 mmol) and scandium trifluoromethanesulfo-
nate (6 mg, 15 mol%) in CKCl, (2 mL) was stirred at
room temperature for 5h under nitrogen. The reaction
mixture was chromatographed directly by preparative
TLC (ethyl acetate—chloroform 3:1 v/v) to givd6
(37 mg, 76%) and.7 (5 mg, 10%) in 86% yield as a white
solid. exo16: mp: 165-167C, [¢]3¥=+43.5 (c 0.02,
CHCl;), *H NMR 6:1.01 (s, 3H, H19), 1.25 (s, 3H,
Hs-17), 1.61 (s, 3H, K16), 2.05 (s, 3H, Ac), 2.09 (s, 3H,
Ac), 2.11 (s, 3H, Ac), 2.19 (s, 3H, #18), 2.67 (s, 3H,
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NCH,), 2.68 (d, 1H,J=19.8, H-14), 2.96 (d, 1HJ=2.0,
H-7), 2.98 (d, 1H,J=19.8, H-14), 3.19 (d, 1HJ=8.6,
H-22), 3.21 (d, 1H,J=4.5, H-3), 3.29 (d, 1H,J=8.6,
H-21), 3.47 (d, 1HJ=10.2, H-20b), 3.62 (d, 1H}=10.2,
H-20a), 5.62 (d, 1H}=4.5, H-2), 5.94 (d, 1HJ=11.0, H-9),
6.17 (d, 1H,J=11.0 H-10), 6.21 (d, 1HJ)=7.5, H-5), 6.31
(dd, 1H,J=7.5, 2.0, H-6).°C NMR é: 14.1 (q, C-18), 20.1
(g, C-19), 20.7, 21.2, 21.3 K8, 3XCHj; of Ac), 24.3 (q,
C-16), 30.1 (g, C-17), 38.6 (q, C-25), 39.1 (t, C-14), 41.8
(s, C-15),43.2(d, C-3),47.6 (s, C-8),51.6 (d, C-22),51.9(d,
C-21), 52.2 (d, C-7), 54.8 (s, C-4), 61.6 (t, C-20), 71.9 (d,
C-2), 72.4 (d, C-10), 75.4 (d, C-9), 76.8 (s, C-1), 130.6 (d,
C-6), 131.2 (d, C-5), 140.2 (s, C-12), 149.8 (s, C-11), 169.6,
170.1, 171.4 (8s, 3xCO of Ac), 177.4 (s, C-23), 177.8 (s,
C-24), 199.2 (s, C-13). FAB-MSwz 602 (MH)", 542
(MH—ACOH)", 524 (MH—H,O—AcOH)", 449 (MH-
H,O—2AcOH—-Me)*. HRFABMS mv/z found 602.2591,
caled for GHsOuN (MH)" 602.2599. endol7: mp
153-155C, [a]’=+32.8 (c 0.006, CHG), 'H NMR 6:
0.99 (s, 3H, H19), 1.31 (s, 3H, H17), 1.65 (s, 3H,
Hs-16), 2.06 (s, 3H, Ac), 2.08 (s, 3H Ac), 2.11 (s, 3H,
Ac), 2.21 (s, 3H, H18), 2.79 (d, 3H,J=4.8, NHH,),
2.74 (d, 1H,J=19.6, H-14), 2.98 (dd, 1HJ)=2.0, 1.6,
H-7), 3.01 (d, 1H,J=19.6, H-14), 3.17 (dd, 1HJ=7.8,
1.6, H-22), 3.31 (d, 1HJ=7.8, H-21), 3.50 (d, 1HJ=4.6,
H-3), 3.89 (d, 1H,J=9.6, H-20b), 4.23 (d, 1H,J=9.6,
H-20a), 5.58 (d, 1HJ=4.6, H-2), 5.79 (d, 1HJ=7.2,
H-5), 5.88 (dd, 1HJ=7.2, 2.0, H-6), 5.91 (d, 1H]=10.5,
H-9), 6.19 (d, 1HJ=10.5, H-10), 6.30 (brs, 1H, NH}*C
NMR §: 13.6 (g, C-18), 19.7 (g, C-19), 20.5, 21.1, 21.4
(3xg, 3XCHj; of Ac), 24.1 (g, C-16), 26.2 (g, C-25), 33.2
(g, C-17), 38.9 (t, C-14), 41.5 (s, C-15), 44.6 (d, C-3), 48.2
(s, C-8),50.9 (d, C-22),52.7 (d, C-7), 53.4 (d, C-21), 55.8 (s,
C-4), 69.5 (t, C-20), 72.3 (d, C-10), 72.6 (d, C-2), 75.8 (d,
C-9), 77.2 (s, C-1), 130.3 (d, C-6), 131.4 (d, C-5), 140.7 (s,
C-12), 150.2 (s, C-11), 169.4, 169.8, 171.X$33*CO of
Ac), 171.4 (s, C-23), 178.5 (s, C-24), 198.8 (s, C-13). FAB-
MS m/z 602 (MH)", 542 (MH—ACOH)", 526 (MH-
H,O—CONHMe)", 484 (MH—AcOH—CONHMe)", 482
(MH—2AcOH)", 464 (MH—2AcOH—H,0)". HRFABMS
m/z found 602.2589, calcd for GH,OuN (MH)™"
602.2599.

Compound 18. A dimer derived from 20-hydroxy-
4:5,6:7-dienetaxicin-1 (12) and (20-hydroxy-5,6-ene-7-
oxotaxinine B (7a).A solution of 12 (10 mg, 0.02 mmol),
7a (10 mg, 0.02 mmol) and scandium trifluoromethanesul-
fonate (2 mg, 20 mol%) in C§Cl, (1 mL) was stirred at
room temperature for 12 h under nitrogen. The reaction
mixture was chromatographed directly by preparative
TLC (ethyl acetate—hexane 3:1 v/v) to g8 in 75%
yield (15 mg) as a white solid. mp: 225-227 [a]3=
+57.1 (c 0.012, CHG), *H NMR &: 0.98 (s, 3H, H-19),
0.99 (s, 3H, H-19), 1.26 (s, 3H, HB17), 1.29 (s, 3H,
Hs-17), 1.67 (s, 3H. B16), 1.70 (s, 3H, K16'), 2.05 (s,
3H, Ac), 2.06 (s, 3H, Ac), 2.09 (s, 3H, Ac), 2.09 (s, 3H, Ac),
2.10 (s, 3H, Ac), 2.11 (s, 3H, Ac), 2.18 (s, 3H;-#8), 2.15
(dd, 1H,J=6.5, 2.4, H-1), 2.21 (s, 3H, H-18), 2.45 (m, 1H,
H-4'), 2.54 and 2.58 (brs, 2H, 20H), 2.53 (d, 1819.5,
H-14"), 2.69 (d, 1H,J=19.8, H-14), 2.78 (dd, 1H]=19.5,
6.5, H-14), 2.87 (dd, 1H,J=8.7, 6.7, H-5), 2.95 (d, 1H,
J=2.1, H-7), 3.01 (dd, 1HJ=19.8, H-14), 3.17 (dd, 1H,
J=7.0, 6.0, H-3), 3.23 (dd, 1H,J=10.3, 3.0, H-2(),
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3.25 (d, 1H,J=4.5, H-3), 3.35 (d, 1H,)=8.7, H-6), 3.44
(d, 1H,J=10.2, H-20b), 3.60 (dd, 1HI=10.3, 2.5, H-20a),
3.67 (d, 1H,J=10.2, H-20a), 5.59 (dd, 1H)=6.0, 2.4,
H-2'), 5.68 (d, 1H,J=4.5, H-2), 5.89 (d, 1HJ=10.5,
H-9), 5.93 (d, 1H,J=10.8, H-9), 6.14 (d, 1HJ=10.5,
H-10)), 6.17 (d, 1H,J=10.8, H-10), 6.20 (d, 1HJ=7.5,
H-5), 6.29 (dd, 1H,J)=7.5, 2.1, H-6)*C NMR &: 13.9 (q,
C-18), 14.1 (g, C-18), 18.2 (q, C-1p 19.8 (g, C-19), 20.6,
20.7, 20.9, 20.9, 21.2, 21.3%6, 6XCH; of Ac and Ac),
24.6 (g, C-16), 25.1 (g, C-15 31.3 (q, C-17), 34.8 (q,
C-17), 38.2 (t, C-14), 38.9 (s, C-19, 39.4 (t, C-14), 40.2
(s, C-15), 43.1 (d, C5, 43.7 (d, C-3), 44.1 (d, C!} 46.8
(d, C-6), 47.6 (s, C-8), 48.4 (d, C%), 48.7 (s, C-8, 51.4 (d,
C-4), 51.7 (d, C-7), 53.6 (s, C-4), 61.5 (t, C-20), 62.6 (t,
C-20), 69.8 (d, C-2), 72.1 (d, C-2), 72.6 (d, C-1p72.8 (d,
C-10), 75.5 (d, C-9), 75.8 (d, C)9 77.1 (s, C-1), 130.5 (d,
C-6), 131.4 (d, C-5), 140.6 (s, C-12141.2 (s, C-12), 150.8
(s, C-11),151.2 (s, C-1), 169.5, 169.6, 169.9, 170.0, 171.4,
171.5 (6¢s, 6xCO of Ac and A¢), 198.6 (s, C-13, 199.4 (s,
C-13), 210.2 (s, C-“J. HRFABMS m/z found 1003.4293,
calcd for G,HegO1gNa (M+Na)™ 1003.4299.

Acknowledgements

This work was financially supported by Grant-in-Aid for
scientific research from the Ministry of Education, Science
and Culture of Japan. JSPS fellowship to Dr Q. Cheng is
acknowledged.

References

1. Wani, M. C.; Taylor, H. L.; Wall, M. E.; Coggon, P.; Mcphail,
A. T.J. Am. Chem. S0d.971, 93, 2325-2327.

2. Taxane Anticancer Agents: Basic Science and Current Status
Georg, G. I, Chen, T. T., Ojima, I., Vyas, D. M. Eds.; American
Chemical Society: Washington, DC, 1995; vol. 583, pp 31-57.
3. Suffness, MAnn. Rep. Med. Chem993 28, 305-314.

4. Rowinsky, E. K.; Cazenave, L. A.; Donehower, R.X Natl
Cancer Inst199Q 82, 1247-1259.

5. Mcguire, W. P.; Rowinsky, E. K.; Rosenshein, N. B
Grumbine, F. C.; Ettinger, D. S.; Armstrong, D. K.; Donehower,
R. C.Ann. Intern. Med1989 111, 273-279.

6. (a) Rowinsky, E. K.; Donehower, R. Eng. J. Med1995 332
1004-1008. (b) Arbuck, S. G.; Blaylock, B. A. faxol: Science
and Applications Suffness, M., Ed.; CRC Press: Boca Raton, FL,
1995; pp 379-415.

7. (a) Schiff, P. B.; Fant, J.; Horwitz, S. Blature1979 277, 665—
667. (b) Manfredi, J. J.; Horwitz, S. Bharmacol. Therl984 25,
83-125.

8. (a) Kingston, D. G. I.Pharmac. Ther.1991, 52, 1-34. (b)
Kingston, D. G. I.Trends Biotechnol1994 12, 222-227. (c)
Nicolaou, K. C.; Dai, W.-M.; Guy, R. KAngew. Chem. Int. Ed.
Engl. 1994 33, 15-44. (d) Guenard, D.; Gueritte-Voegelein, F.;
Lavelle, F.Curr. Pharm. Desigri995 1, 95-112. (e) Georg, G. |;
Boge, T. C.; Cheruvallath, Z. S.; Clowers, J. S.; Harriman, G. C. B.;
Hepperle, M.; Park, H. InTaxol: Science and Applications
Suffness, M., Ed.; CRC Press: Boca Raton, FL; 1995, pp 317-375.
9. (a) Nicolaou, K. C.; Yang, Z.; Liu, J. J.; Ueno, H.; Nantermet,
P.G.; Guy, R. K.; Claiborne, C. F.; Renaud, J.; Couladouros, E. A;;
Paulvannin, K.; Sorensen, E. Mature 1994 367, 630-634;
Nicolaou, K. C.; Nantermet, P. G.; Ueno, H.; Guy, R. K



Q. Cheng et al. / Tetrahedron 56 (2000) 1181-1192

Couladouros, E. A.; Sorensen, EJJAmM. Chem. Sod.995 117,
624—633; Nicolaou, K. C.; Liu, J. J.; Yang, Z.; Ueno, H.; Sorensen,
E. J.; Claiborne, C. F.; Guy, R. K.; Kwang, C.-K.; Nantermet, P. G.
J. Am. Chem. So&995 117, 634—-644; Nicolaou, K. C.; Yang, Z.;
Liu, J. J.; Nantermet, P. G.; Claiborne, C. F.; Renaud, J.; Guy, R.
K.; Shibayama, KJ. Am. Chem. S0d.995 117, 645-652; Nico-
laou, K. C.; Ueno, H.; Liu, J. J.; Nantermet, P. G.; Yang, Z.;
Renaud, J.; Paulvannin, K.; Chadha, RAm. Chem. So0d.995

117, 653-659. (b) Holton, R. A.; Somoza, C.; Kim, H. B.; Liang,
F.; Biediger, R. J.; Boatman, P. D.; Shindo, M.; Smith, C. C.; Kim,
S.; Nadizadeh, H.; Suzuki, Y.; Tao, C.; Vu, P.; Tang, S.; Zhang, P.;
Murthi, K. K.; Gentile, L. N.; Liu, J. HJ. Am. Chem. S0d.994

116, 1597-1598; Holton, R. A.; Kim, H. B.; Somoza, C.; Liang, F.;
Biediger, R. J.; Boatman, P. D.; Shindo, M.; Smith, C. C.; Kim, S.;
Nadizadeh, H.; Suzuki, Y.; Tao, C.; Vu, P.; Tang, S.; Zhang, P.;
Murthi, K. K.; Gentile, L. N.; Liu, J. H.J. Am. Chem. S0d.994

116 1599-1600. (c) Masters, J. J.; Link, J. T.; Snyder, L. B;
Young, W. B.; Danishefsky, S. Angew. Chem. Int. Ed. Engl.
1995 34, 1723; Danishefsky, S. J.; Masters, J. J.; Young, W. B.;
Link, J. T.; Snyder, L. B.; Magee, T. V.; Jung, D. K; Isaacs, R. C.
K.; Bornmann, W. G.; Alaimo, C. A.; Coburn, C. A.; Di Grandi,
M. J.J. Am. Chem. So4996 118 2843-2859. (d) Wender, P. A;;
Badham, N. F.; Conway, S. P.; Floreancig, P. E.; Glass, T. E;
Grénicher, C.; Houze, J. B.;"d&chen, J.; Lee, D.; Marquess, D.
G.; McGrane, P. L.; Meng, W.; Mucciaro, T. P.; Miebach, M.;
Natchus, M. G.; Paulsen, H.; Rawlins, D. B.; Satkofsky, J.; Shuker,
A. J.; Sutton, J. C.; Taylor, R. E.; Tomooka, K.Am. Chem. Soc.
1997, 119 2755-2756; Wender, P. A.; Badham, N. F.; Conway,
S. P.; Floreancig, P. E.; Glass, T. E.; Houze, J. B.; Krauss, N. E.;
Lee, D.; Marquess, D. G.; McGrane, P. L.; Meng, W.; Natchus,
M. G.; Shuker, A. J.; Sutton, J. C.; Taylor, R.EAm. Chem. Soc.
1997, 119 2757-2758. (e) Morihara, K.; Hara, R.; Kawahara, S.;
Nishimori, T.; Nakamura, N.; Kusama, H.; Kuwajima,J. Am.
Chem. Socl1998 120, 12 980-12 981. (f) Mukaiyama, T.; Shiina,
I.; lwadare, H.; Saitoh, M.; Nishimura, T.; Ohkawa, N.; Sakoh, H.;
Nishimura, K.; Tani, Y.; Hasegawa, M.; Yamada, K.
Saitoh, K.Chem. Eur. J1999 5, 121-161.

10. Adams, J. D.; Flora, K. P.; Goldspiel, B. R.; Wilson, J. W.;
Finley, R.; Arbuck, S. G.; Finley, RJ. Natl Cancer Inst.
Monographsl993 15, 141-147.

11. Paclitaxel is being produced commercially by direct isolation

1191

18. Hosoyama, H.; Shigemori, H.; In, Y.; Ishida, T.; Kobayashi, J.
Tetrahedronl998 54, 2521-2528.

19. Cheng, Q.; Hassner, A. Synthesisyethiral nitroalkene from
p-mannitol, unpublished results. Similar reference see: Melton, J.,
McMurry, J. E.,J. Org. Chem.1975 40, 2138-2139.

20. This reaction was performed at room temperature, a 6/8/6/7
ring derivative was also obtained in a small amount in addition to
3. In the case ofl2, the amount of other two derivatives 6/8/6/7
ring and A-ring contraction was increased at higher temperature.
For similar BR-induced reactions of taxoids see Hosoyama, H.;
Shigemori, H.; Kobayashi, Jetrahedron Lett1999 40, 2149—
2152 and Ref. 14a.

21. Ley, S. V.; Norman, J.; Griffith, W. P.; Marsden, S. P.
Synthesis1994 639—666.

22. It was detected b{H NMR (500 MHz) in a crude mixtureZa

can be obtained as a pure product by chromatography by prepa-
rative TLC twice. TheB-orientation of 4-hydroxymethylene ira

was suggested from NOE correlations of H-2;19 to H-20 and
H-3, H-14x to H-4. Similarly, thea-orientation of 4-hydroxy-
methylene in7b was suggested from NOE correlation of H-2
and H-19 to H-4 and H-14 to H,-20 as well as H-3 to H-20b.

23. Key NOE correlations a8 and9 are as follows:

Key NOEs of 8

Key NOEs of 9

24. Calculations were performed on Macintosh using CS Chem
3D Pro. 3.2. in Tohoku University, Japan.

25. Evans, D. A.; Chapman, K. T.; Bisaha,JJAm. Chem. Soc.
1988 110 1238-1256.

26. Cheng, Q.; Oritani, T. Unpublished results.

27. () Li, Y.-M.; Jiang, S.-H.; Gao, W.-Y.; Zhu, D.-YPhyto-
chemistry1999 50, 101-104. (b) Helfrich, E.; Rimpler, Horst.
Phytochemistry1i999 50, 619—-627.

28. Kobayashi, M.; Kawazoe, K.; Katori, T.; Kitagawa,Ghem.

from Taxus species by several companies, such as Hauser Pharm. Bull.1992 40, 1773-1778.

Chemical Research, Inc., Boulder, CO; NaPro Bio Therapeutics,
Inc., Boulder, CO; and Beijing Union Pharm. Plant, Institute of
Materia Medica, Chinese Academy of Medical Sciences, Beijing,
China.

12. Holton, R. A,; Biediger, R. J.; Boatman, P. Taxol: Science
and Applications Suffness, M. Ed.; CRC Press: Boca Raton, FL,
1995, pp 97-121.

13. Denis, J.-N.; Greene, A. E.; Guenard, D.; Gueritte-Voegelein,
F.; Mangatal, L.; Potier, P1. Am. Chem. S0d.988 110 5917—
5919.

14. (a) Cheng, Q.; Oritani, T.; Horiguchi, Tetrahedron1999

55, 12099-12108. (b) Cheng, Q.; Oritani, T.; Horiguchi,Ghin.
Chem. Lett1999, in press.

15. (a) Appendino, G.; Belloro, E.; Jakupovic, S.; Danieli, B.;
Jakupovic, J.; Bombardelli, ETetrahedron1999 55, 6567—
6576. (b) Hosoyama, H.; Shigemori, H.; In, Y.; Ishida, T.;
Kobayashi, JTetrahedron Lett1998 39, 2159-2162.

16. Bathini, Y.; Micetich, R. G.; Daneshtalab, Bynth. Commun.
1994 24, 1513-1517.

17. Woods, M. C.; Chiang, H.-C.; Nakadaira, Y.; Nakanishi, K.
J. Am. Chem. S0d.968 90, 522-523.

29. Appendino, G.; Gariboldi, P.; Pisetta, A.; Bombardelli, E.;
Gabetta, BPhytochemistryi992 31, 4253-4257.

30. Kobayashi, SEur. J. Org. Chem1999 15-27.

31. The assignment @xoor endostereochemistry of the cyclo-
adducts16 and 17 was carried out on the basis dH NMR
(500 MHz, CDC}) conducted at Z&« on the cycloadductd 6

and 17. For assignment of the stereochemistry, our attention
focused on the through bond coupling and NOE relationships
displayed by the bridgehead proton H-7 and a proton H-22 in the
exoor endoposition arising from cycloaddition. It is accepted that
in the bicyclo[2.2.2]octene skeleton, generated by cycloaddition,
that the bridgehead proton displays a very small coupling to a
proton in theendoposition whereas it displays a large coupling
to a proton in theexo position. In the case of cycloaddut6, no
coupling J7 2,0 Hz) observed in the resonance$&.96 (d) andb

3.19 (d) could be assigned b{H-'H COSY experiment to
coupling between the bridgehead proton H-7 andethdoproton
(H-22) in the bicyclo[2.2.2]octene skeleton. In contrast, 1.6 Hz
coupling @-.7) was observed in the resonanceséa.98 (dd)
and 6 3.17 (dd) assigned to coupling between the bridgehead
proton H-7 and theexo proton (H-22) in the bicyclo[2.2.]octene



1192 Q. Cheng et al. / Tetrahedron 56 (2000) 1181-1192

skeleton of17. These observations infer thd6 possessegxo
stereochemistry wheredd possesseendostereochemistry. This
tentative assignment was further confirmed by NOE experiments
which demonstrated a pattern of NOE which was consistent only
with exo(H-22) stereochemistry. The key NOESY correlations of
exo16 andendel7 as follows (500 MHz, CDCI3):

endo-17

32. Zhao, T.-Z.Carbon-13 NMR Spectroscopghao, T.-Z. Ed.;
Henan Scientific and Technical Press: Henan, China, 1993, pp
127-132.



