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Immunosuppressive agents are widely used in the treatment of autotmmune
disease and in treating or preventing transplantation rejection, including
the treatment of graft-versus-host disease (GVHD), a condition in which
transplanted marrow cells attack the recipient's cells. Common 35
itnmunosuppressive agents include a2athioprine, corticosteroids)
cyclophospham~de, methotrexate) 6-mercaptopurine, vincristine, and
cyclosporin A. In general, none of these drugs are completely    ' 26 FEB
2003 WO 00/t2483 2 PCT/US99/Z0150 effective, and most are limited by severe
toxicity. For example, cyclosporin A) a widely used agent, is significantly
toxic to the kidney. In addition, doses needed for effective treatment may
increase the patient's susceptibility to infection by a variety of
opportunistic invaders. A number of compounds isolated from the Chinese
medicinal plant Tripterygium wilfordii 5 (TW) have been identified as
having tnununosuppressive activity. Representative compounds include
triptolide, 16-hydroxytriptolide) triptophenolide) tripdiolide, and
tripchlorolide, as described, for example, in Lipsky et al. (1994) and
Zheng et al. (1991; 1994). The administration and therapeutic effectiveness
of these compounds have been limited, however, by their low water
solubility. This problem has been addressed by formulating the 10 compounds
in mixtures of ethanol and polyethoxylated castor oil (e.g., "CREMOPHOR
ELT'""), allowing subsequent dilution in saline for intravenous
administration. However, such formulations have suffered from high
toxicity, due to the high concentration of solubilizing agent required to
dissolve these compounds. For example, the ratio of solubilizing agent
(ethanol plus "CREMOPHOR ELT"' ") to tr~ptolide in such formulations is
typically on the order of 1000:1 or 15 greater) due to the poor solubility
of triptolide (Morris) 1991; Morris et al.) 1991). Standardization of
dosage amounts is also more problematic with a suspension than with a
solution. It is therefore desirable to provide immunosuppressive compounds
having comparatively low toxicity and improved water solubility. Ideally,
such compounds would show imrnunosuppressive 



20 activity in their water soluble form, or would be convertible to an
immunosuppresswe form in YI YO. Summar~,of the Invention In one aspect, the
invention provides compounds which are useful as prodrugs for 25
immunosuppressive and anti-inflammatory therapy. The compounds are
derivatives of triptolide having hydrophilic substituents, represented by
structures I-III, as shown and described below. The compounds possess
greater water solubility than the non-derivatized parent compound,
triptolide, and are effective to hydrolytically convert to the parent
compound in vivo. These and other objects and features of the invention
will become more fully apparent when 30 the following detailed description
of the invention is read in conjunction with the accompanying drawings.
Brief Description of the Drawines Fig. 1 shows the preparation of
triptolide derivatized at the lactone ring, in accordance with 35 structure
I;   ' ' 26 FEB 2003 WO 00I12483 3 rcTNS99notso Figs. 2A-2C show examples
of specific embodiments of structure I; Fig. 3 shows the preparation of a
lactone ring-opened derivative of triptolide, in accordance wuh structure
II; Figs. 4A-4C show examples of specific embodiments of structure II; ~
Fig. S shows the preparation of an epoxy ring-opened derivative of
tnptolide) in accordance with structure III; and Figs. 6A-6C show examples
of specific embodiments of structure III. Detailed Description of the
Invention 10 I. Definitions The terms below have the following meanings
unless indicated otherwise. "Alkyl" refers to a fully saturated acyclic
monovalent radical containing carbon and hydrogen) and which may be
branched or a straight chain. Examples of alkyl groups are methyl, ethyl,
nburyl, t-butyl, n-hepryl) and isopropyl. "Cycloalkyl" refers to a fully
saturated cyclic monovalent 15 radical containing carbon and hydrogen,
which may be further substituted with alkyl. Examples of cycloalkyl groups
are cycIopropyl, methyl cyclopropyl) cycloburyl) cyclopenryl,
ethylcyciopenryl) and cyclohexyl. "Lower alkyl" refers to an alkyl radical
of one to six carbon atoms, as exemplified by methyl, ethyl, n-butyl,
i-butyl) t-butyl, isoamyi, n-penryl, and isopentyl. "Alkenyl" refers to a
monovalent or divalent unsaturated, preferably mono-unsaturated, radi20 cal
containing carbon and hydrogen, and which may be cyclic, branched or a
straight chain. "Lower alkenyl" refers to such a radical having one to four
carbon atoms. A "triptolide derivative" or "tnptolide analog, " as
described herein, refers to a compound based on triptolide)
16-hydroxytriptolide or tripdtolide (2-hydroxytriptolide) which is
derivatized at the 12,13-epoxy group or at the lactone ring of the parent
compound. 2S For the purposes of the current disclosure, the following
numbering scheme is used for triptolide and triptolide analogs: ' 30 35 17 



26 FEB 2003 WO 00I12483 4 PCTNS99720150 II. Tnptofide Analogs This section
describes the preparation of compounds as represented by structures I-III
and described further below. T'he present compounds, which are derivatives
of triptolide having hydrophilic subsatuents, possess greater water
solubtluy than the non-derivatized starting compound, and arc effective to
hydrolyze and convert in vivo to the parent compound. The compounds are
useful as prodrugs for irnmunosuppresswe and anti-inflammatory
applications. Although each of structures I-III shows a compound modified
at one location on the triptolide nucleus, compounds having more than one
such modification are also contemplated. (0 I~ RIO 20 S2 25 u6n 30 0 3~
26 FEB 2003 WO 00/12483 PCTNS99/20150 5 10 The compounds of the invention
may be prepared from triptolide) as obtained from the root xylem of the
Chinese medicinal plant Tripterygtum wilfordii (TW) or from other known
sources. The TW plant is found tn the Fujiang Province and other southern
provinces of Chma; TW plant material can generally be obtained in China or
through commercial sources m the United States. Methods for preparing
tnptohde and some of its derivatives (e.g. tripdiohde and
16-hydroxytnptolide) are known ~n the art and are described) for example,
in Kupchan et al. ( 1972, 1977); Lipsky et al. (1994), Pu et at. (1990);
and Ma et af. (1992). A. Compounds of Structure I In the compounds of
structure I, OR' is a hydrolyzable, hydrophilic group, e.g. a carboxylic
ester, an inorganic ester, or a mono-, di- or trisaccharide linked to the
parent compound via an anomeric oxygen. The carboxylic or inorganic ester
has a central atom selected from carbon, sulfur, phosphorus, and boron) and
attached to the central atom, at least one oxygen atom, and at least one
group of the form -O-Y-Z. In this group, Y represents a branched or
unbranched C,-C6 1~ alkyl or alkenyl chain, and Z represents hydrogen) or,
preferably, a polar group selected from keto, aldehyde, carboxylate,
carboxylic ester) hydroxy, alkoxy, polyether, thioI, alkylthio) amino,
alkylamino) cyano) vitro, sulfate, nitrate, phosphate) or a 5- to
7-membered heterocyclic ring whose ring atoms are selected from the group
consisting of carbon, nitrogen, oxygen and sulfur, where the ring atoms
include 3 to 6 carbon atoms. Such heterocycles include, for example, 20
pyridine) pyrrolidine, piperazine, and morpholine. 25 Examples of such
inorganic esters include sulfites (-O-S(=O)-OR), sulfinaies (-O-S(=O)-R),
sulfates (-O-S(=O)z-OR), sulfonates (-O-S(=O)_-R)) phosphates
(-0-P(=O)(OR),)) phosphonates (-O-P(=O)R(OR)), and borates (-O-B(OR)J. 



Where Z is an anionic species such as a carboxylate, the positively charged
counterion is preferably an inorganic metal) such as Na+, K+, or Mg+=, or a
protonated organic amine, e.g. tromethamine
(tris(hydroxymethyl)aminomethane). Where Z is a basic amine, the compound
may take the form of a protonated salt, with a negatively charged
counterion such as chloride) bromide, iodide, acetate, oxalate, maleate,
fumarate, mesylate or tosylate. Preferably, R~ is selected from 30 ~~ i>~ '
~ ~ ~ and R~e O R2 ,O' ~ X( O O m 3~   26 FEB 2003 WO 00l12483
PCT/US99120150 6 where R= is lower alkyl, R' is H or -(C =O)R, where R is
lower alkyl, R' Is H or lower alkyl, n = 0-4, m = 1-2, and X = CHI, O, or
NR'- The substituent OR' is OH or O-(C=O)R, where R is lower alkyl The
hydrophilic nature of the subsntuents increases the aqueous solubility of
the compounds, 5 and hydrolysis of ORS (e.g tn vivo) regenerates the
unsaturated lactone (butenolide) of triptolide. The compounds of structure
I may be prepared by reaction of the unsaturated tactone (butenolide) with
base, to generate the etiolate, followed by alkylation with an
electrophilic reagent such as R'-X, where X is a displacable leaving group,
or an activated acyl reagent, such as an acid chloride, anhydride, or
carbonyl imtdazole (see Hormi et al. and Garver er al.). See) 10 for
example, Fig. 1, where the butenolide etiolate, prepared by reaction with
sodium hydride in dry THF, is acylated with glutaric anhydride, to give the
carboxylic acid-terminated ester derivative. Note that acylation may also
occur at carbon to give a keto side product. In such cases, the products
may be separated by conventional methods) e.g. column chromatography on
silica gel. 15 Reacting the terminal acid with tromethamine gives the salt
shown in Fig. 2B. Other representative analogs of structure I are shown in
Figs. 2A and 2C. Inorganic ester derivatives are prepared by similar
base-catalyzed reaction of the butenolide with the appropriate activated
inorganic acid derivative) such as a halide or an anhydride (e.g. SO~). For
preparation of glycosides, R'X is a glycosyl halide or other activated
glycosyl 20 derivative. One such type of derivative is an acettmidate
activated glycoside, which may be prepared by reaction of a suitably
protected glycosyl halide with a secondary amide in the presence of Ag,O
and base (see e.g. Ferrier, in Kennedy, p. 352). In preparing this class of
compounds, as well as those in accordance with structures II and III,
below, it is generally desirable to protect the hydroxyl group at the 14
position. Therefore) OR' in these structures is 25 hydroxyl or, preferably)
-O(C=O)R) where R is lower alkyl. For ease of preparation, a simple ester
such as acetyl is typically employed. B. Comvounds of Structure II In
another embodiment, the triptoiide analogs are of the structure II) as
shown above. The 30 group OR' is as defined above, and is preferably lower
acyl, e.g. acetyl. The group ORS is preferably of the form -O-Y-Z or
-O-(C=O)-Y-Z, where Y is a branched or unbranched C,-C6 alkyl or alkenyl
chain, and Z is hydrogen or a polar group selected from keto, aldehyde,
carboxylate, carboxylic ester, amino, alkylamino) hydroxy, alkoxy,
polyether, thiol, aIkylthto, cyano, nitro, inorganic ester, or a 5- to
7-member heterocyclic ring whose ring atoms are selected 35 from the group
consisting of carbon) nitrogen, oxygen and sulfur, where the ring atoms
Include 3   26 FEB 2003 WO 00l12483 PCTNS99/20150 7 to 6 carbon atoms. R'
may also be a mono-, di- or trisaccharide linked to C l4 at an anomeric
center. 



Again, where Z is an anionic species such as a carboxylate) the positively
charged counterion is preferably an inorganic metal) such as Na'') K+, or
Mg'=, or a protonated organic amine, e.g. 5 tromethamine. Where Z is a
basic amine, the compound may take the form of a protonated salt) with a
negatively charged counterion such as chloride, bromide, iodide, acetate,
oxalate, maleate, fumarate) mesylate or tosylate. Preferably, RS is of the
form 10 ~d O~Ra O R2 O ~X O O ~ ~I m 1~ where R= is lower alkyl) R' is
-(C=O)R, where R is lower alkyl, R is H or lower alkyl,
p=0-6,m=1-2,n=1-4>andX=CHz,O,orNR2. These compounds are prepared by
transesterification of the lactone ring of triptolide with a
hydroxyl-containing compound. A hydrophilic alcohol (e.g., a saccharide) or
a substituted 20 heterocycle as shown in Fig. 3) is preferably used for the
transesterification, to increase the water solubility of the resulting
compound. The hydroxyl generated on ring opening of the lactone is reacted
with) for example, an acid chloride, as shown, to give a hydrolyzable
group, such as an ester,_ from which the alcohol may be regenerated
hydrolytically in viva. A typical synthesis is shown in Fig. 3, in which
triptolide is reacted with 1-(2-hydroxyethyl)25 motpholine in the presence
of a catalytic amount of DMAP. The free hydroxyl group which is generated,
as well as the free 14-hydroxyl) are then acylated to give the final
compound. Further examples are shown in Figs. 4A-4C. When such a compound
is administered as a prodrug, the ester groups are hydrolytically cleaved
in viva, and the ester and alcohol at the 3 and 4 positions react to
regenerate the lactone ring of triptolide. 30 C. Compounds of Structure III
In a further embodiment, the triptolide analogs have the structure III) as
shown above, where R6 is a leaving group selected from the group consisting
of alkyl sulfonate) fluoroalkyl sulfonate) aryl sulfonate, fluorosulfonate,
nitrate, alkyl phosphate, alkyl borate, trialkylammonrum, and 3~
dialkylsulfonium. Preferred leaving groups are tosylate, mesylate)
fluorosulfonate)   26 FEB 2003 WO 00/I1483 PCTIUS99f20150 8
tnfluoromethylsulfonate, nitrate, and alkyl phosphates or boronates,
represented by -OP(O)(OR),, and -OB(OR),, where R' is hydrogen or lower
alkyl. The group ORa is -OI-I or -O-(C=O)-R, where R is lower alkyl. These
compounds are prepared by base-catalyzed ring opening of the 12,13 epoxy
group of 5 triptolide, as illustrated in Fig. 5. As noted in Yu et al., the
12,13 epoxide of triptolide is less sterically hindered and reacts more
readily than the 7,8 and 9,11 epoxides The epoxide is regenerated in vivo
by displacement of the 12-leaving group, restoring the triptoiide
structure. In the synthesis shown in Fig. 5, the hydroxyl at C14 is first
protected as a benzyl ether) which is later removed by hydrogenation. The
nucleophile, typically hydroxide ion) attacks at the 10 less hindered
12-carbon of the epoxide. The resulting 12-hydroxyl group of the 1,2-diol
is then converted to the leaving group R6, in this case a tosylate. Other
examples of compounds of structure III are shown in Figs 6A-6C. If desired,
the I3-hydroxyl (and 14-hydroxyl) may be converted to a hydrolyzable group)
so that the compound will be more stable upon storage, but will still
convert (albeit more slowly) to 15 the epoxide in vivo Because the
13-hydroxyl is tertiary and thus slow to react, use of an unhindered,
reactive acylating agent) e.g., acetyl chloride, is preferred. III.
Therapeutic Compositions Formulations containing the triptolide analogs of
the invention may take the form of solid, 20 semi-solid, lyophilized
powder, or liquid dosage forms, such as tablets) capsules, powders,
sustained-release formulations, solutions, suspensions, emulsions )
ointments, lotions, or aerosols, preferably in unit dosage forms suitable
for simple administration of precise dosages. The compositions typically
include a conventional pharmaceutical carrier or excipient and may
additionally include other medicinal agents, carriers) or adjuvants.
Preferably, the composition 25 will be about 0.5 % to 75 % by weight of a
compound or compounds of the invention, with the remainder consisting of
suitable pharmaceutical excipients. For oral administration, such
excipients include pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharine, talcum, cellulose, glucose, gelatin,
sucrose, magnesium carbonate, and the like. If desired, the composition may
also contain minor amounts of non-toxic auxiliary substances such 30 as
wetting agents, emulsifying agents, or buffers. The composition may be
administered to a subject orally, transdermally or parenterally, e.g., by
intravenous, subcutaneous, intraperitoneal, or intramuscular injection. For
use in oral liquid 



preparation, the composition may be prepared as a solution, suspension,
emulsion, or syrup, being supplied either in liquid form or a dried form
suitable for hydration in water or normal saline. 35 For parenteral
administration) an injectable composition for parenteral administration
will   26 FEB 2003 WO 00l12483 PCT/US99/20150 9 typically contain the
tnptohde analog m a suitable intravenous solution, such as sterile
physiological salt solution. Liquid compositions can be prepared by
dissolving or dispersing the triptolide analog (about 0.5% to about 20%)
and optional pharmaceutical ad~uvants in a career, such as, for example, 5
aqueous saline, aqueous dextrose, glycerol, or ethanol) to form a solution
or suspension. The high water solubility of the compounds of the invention
make them particularly advantageous for administering in aqueous solution,
e.g. by intraperitoneal injection. Although aqueous solutions are
preferred, compositions in accordance with the invention may also be
formulated as a suspension in a lipid (e.g.) a triglyceride, a
phospholipid, or a polyethoxylated castor oil such as 10 "CREMOPHOR
ELT"'"), in a Iiposomal suspension, or in an aqueous emulsion. The compound
may also be administered by inhalation, in the form of aerosol particles,
either solid or liquid, preferably of respirable size. Such particles are
sufficiently small to pass through the mouth and larynx upon inhalation and
into the bronchi and alveoli of the lungs. In general, particles ranging
from about 1 to 10 microns in size, and preferably less than about 5
microns in 15 size) are respirable Liquid compositions for inhalation
comprise the active agent dispersed in an aqueous carrier, such as sterile
pyrogen free saline solution or sterile pyrogen free water. If desired, the
composition may be mixed with a propellant to assist in spraying the
composition and forming an aerosol. Methods for preparing such dosage forms
are known or will be apparent to those skilled in the 20 art; for example,
see Remin~ton's Pharmaceutical Sciences (19th Ed., Williams & Wilkins,
1995). The composition to be administered will contain a quantity of the
selected compound in a pharmaceutically effective amount for effecting
irnmunosuppression in a subject. IV. Therapeutic Uses 25 The compositions
of the present invention are useful in applications for which triptolide
has proven effective, particularly in immunosuppression therapy, as in
treating an autoimmune disease, preventing transplantation rejection, or
treating or preventing graft-versus-host disease (GVHD). Triptoiide and the
present analogs are also useful for treatment of other inflammatory
conditions, such as traumatic inflattimation) and in reducing male
fertility. 30 Common autoimmune diseases which are appropriate for
immunotherapy include asthma, atherosclerosis, Type I diabetes) multiple
sclerosis, psoriasis, systemic lupus erythematosis (SLE), rheumatoid
arthritis, and various allergies. In treating an autoimmune condition, the
patient is given the composition on a periodic basis, e.g., 1-2 times per
week, at a dosage level sufficient to reduce symptoms and improve patient
comfort. 35   26 FEB 2003 WO 00/12483 PCT/US99/20150 10 The dose that is
administered is preferably in the range of 1-25 mg/kg patient body weight
per day) with lower amounts being preferred for parenteral administration,
and higher amounts being preferred for oral administration. Optimum dosages
can be determined by routine experimentation according to methods known in
the art. Immunosuppresswe activity of compounds m vivo can be evaluated by
the use of established animal models known in the art. Such assays may be
used to evaluate the relative effectiveness of immunosuppressive compounds
and to estimate appropriate dosages for immunosuppressive treatment. These
assays include, for example, a well-characterized rat model system for
allografts, described by Ono and Lindsey (1969)) in which a transplanted
heart ~s attached to the 10 abdominal great vessels of an allogeneic
recipient animal, and the viability of the transplanted 



heart is gauged by the heart's ability to beat in the recipient animal. A
xenograft model, in which the recipient animals are of a different species,
is described by Wang (1991) and Murase (1993). A model for evaluating
effectiveness against GVHD involves injection of normal F, mice with
parental spleen cells; the mice develop a GVHD syndrome characterized by
splenomegaly and 15 immunosuppression (Korngold) 1978; Gleichmann, 1984).
Single cell suspensions are prepared from individual spleens, and microwell
cultures are established in the presence and absence of concanavalin A to
assess the extent of mitogenic responsiveness. For therapy in
transplantation rejection, the method is intended particularly for the
treatment of rejection of heart, kidney, liver, cellular, and bone marrow
transplants, and may also be used 20 in the treatment of GVHD. The
treatment is typically initiated perioperatively, either soon before or
soon after the surgical transplantation procedure, and is continued on a
daily dosing regimen, for a period of at least several weeks, for treatment
of acute transplantation rejection. During the treatment period, the
patient may be tested periodically for immunosuppression level, e.g., by a
mixed lymphocyte reaction involving allogenic lymphocytes, or by taking a
biopsy of the 25 transplanted tissue. In addition, the composition may be
administered chronically to prevent graft refection, or in treating acute
episodes of late graft rejection. As above, the dose administered is
preferably 1-25 mg/kg patient body weight per day, with lower amounts being
preferred for parenteral administration, and higher amounts for oral
administration. The dose may be increased or 30 decreased appropriately,
depending on the response of the patient, and over the period of treatment)
the ability of the patient to resist infection. For treating rheumatoid
arthritis, the composition may be administered by intravenous injection or
by direct injection into the affected joint. The patient may be treated at
repeated intervals of at least 24 hours, over a several week period
following the onset of symptoms of the 3 5 disease in the patient.   26 FEB
2003 WO 00/12483 PCTlUS99/20150 11 The compounds are also useful as
potentiators when administered concurrently with another immunosuppressive
drug for immunosuppressive treatments as discussed above. A conventional
immunosuppressant drug, such as cyclosporin A) FK506) azathioprine)
rapamycin, mycophenolic acid, or a glucocorticoid, may thus be administered
in an amount substantially less (e.g. 20% to 5 50% of the standard dose)
than when the compound is administered alone. Alternatively, the triptolide
analog and immunosuppresive drug are administered in amounts such that the
resultant immunosuppression is greater than what would be expected or
obtained from the sum of the effects obtained with the drug and triptolide
analog used alone. Typically, the immunosuppressive drug and potentiator
are administered at regular intervals over a time period of at least 2
weeks. 10 EXAMPLES The following examples are intended to illustrate but
not in any way limit the invention. While the invention has been described
with reference to specific methods and embodiments, it will be appreciated
that various modifications may be made without departing from the
invention. 15 Example 1 Synthesis of 18-Glutaryl Furanoid Troptolide
Analo~e 1 ) and Tromethamme Salt (Fie. 2B) Triptolide (1 eq.) in dry THF is
added dropwise, under an inert atmosphere, to a stirred suspension of a
slight excess of NaH in dry THF at -78C After approx. 0.5 hr, glutaric
anhydride (1 eq. or slight excess) is added dropwise, and the stirred
mixture is allowed to come to room 20 temperature over approx. 1 hr. The
mixture is concentrated, taken up in ether, washed with water and brine,
dried over anhydrous MgSO, and concentrated. The residue is purified by
chromatography on silica gel. To a stirred solution of 1 eq. of the
glutaryl ester in THF is added a slight excess of a methanolic solution of
tromethamine. The solution is concentrated, and the salt is recovered and
dried under 25 vacuum. Example 2 Synthesis of Lactone Ring OEened
Triptolide Analog lFi~ A solution of triptolide, excess
(2-hydroxyethyl)morphohne and a catalytic amount of DMAP 30
(dimethylaminopyridine) is stirred with mild heating in a polar aprotic
solvent such as THF. The reaction is monitored by TLC. Upon completion, the
reaction mixture is cooled) and acetic anhydride is added to acetylate the
14- and 19-hydroxyl groups. The solvent is removed under reduced pressure,
and the residue is taken up in ether, washed several times with water and
sodium bicarbonate solution, dried over anhydrous MgS04 and concentrated.
If necessary, the product is 3 ~ purified by silica gel chromatography.
26 FEB 2003 WO 00/12483 PCTNS99I20t50 12 



Exam~,le 3 Synthesis of 12-tosyloxv-13-hvdroxv triptolide (Fig 5) The
14-hydroxyl group is first protected by conversion to a benzyl ether. To
avoid reaction of the acidic hydrogens of the conjugated lactone with basic
reagents) such as metal hydrides, the 5 compound ( 1 eq) is reacted wtth
BzBr (2.5 eq) m the presence of Ag=O (2 eq) tn DMF under an Inert
atmosphere at 0C (see, for example, Mori et al.) The mixture is allowed to
come to room temperature with stirring and stirred for about 24 h. The
mixture is diluted with ether, washed with water and brine, dried over
anhydrous MgSO, and concentrated. The residue is purified, if desired, by
chromatography on silica gel. 10 The resulting 14-O-benzyl triptolide is
then heated with NaOH in aqueous THF to convert the 12,13 epoxide to the
diol. The solution is concentrated and the residue taken up in ether and
worked up as above. The diol ( 1 eq) is dissolved in CH_C12, and a solution
of TsCI ( 1. 5 eq) and triethylamine ( 1.5 eq) in the same solvent is
added. After the reaction is complete by TLC, the mixture is washed with 15
water and brine) dried over anhydrous MgSO,, and concentrated. The residue
~s purified by silica gel chromatography. The resulting benzyl
ether-protected tosylate is dissolved in dry THF, 5 % Pd/C (approx. 25 '
mg/meq of substrate) is added, and the mixture is purged with H~
(atmospheric pressure) and stirred at room temperature until deprotection
is complete, approx. 2-3 hrs. The solution is then filtered 20 and
concentrated to obtain the product.   26 FEB 2003 5 10 IT IS CLAIMED: 1. A
compound having the structure I: R10 l3 where OR' is selected from 15 20 25
30 (i) a carboxylic ester, carbonate, or inorganic ester, having a central
atom selected from carbon, sulfur, phosphorus, nitrogen, and boron, and
having linked to said central atom at least one group of the form -Y-Z or
-O-Y-Z, where Y is a branched or unbranched C,-C6 alkyl or alkenyl chain,
and Z is hydrogen or a polar group selected from keto, aldehyde,
carboxylate, carboxylic ester, hydroxy, alkoxy, polyether, thiol)
alkylthio, amino, cyano, nitro, sulfate, nitrate, phosphate, or a 5- to
7membered heterocycle having ring atoms selected from carbon, nitrogen,
oxygen, and sulfur, and three to six carbon ring atoms, and , (ii) a mono-,
di- or trisaccharide linked to C 14 at an anomeric center; and OR3 is OH or
O-(C=O)R, where R is lower alkyl. 2. A compound in accordance with claim 1,
wherein ORS is selected from group (i). 3. A compound in accordance with
claim 2, where R' is selected from / Rz ~~~~~ N o iz R 



where 35 RZ is lower alkyl, R' is H or lower alkyl, n = 1-4, m = 1-2, and X
= CHZ, O, or NR2. N m Q~R'~ and 0 0    26 FEB 2003 5 4. A compound havine
the ttruchire 11 10 15 20 where ORS is selected from V H" (i) -O-Y-Z or
-O-(C=O)-Y-Z, where Y is a branched or unbranched C,-C6 alkyl or alkenyl
chain, and Z is hydrogen or a polar group selected from keto, aldehyde,
carboxylate, carboxylic ester, amino, alkylamino) hydroxy, alkoxy,
polyether) thiol, alkylthio, cyano, nitro, inorganic ester) or a 5- to
7-member heterocyclic ring whose ring atoms are selected from the group
consisting of carbon, nitrogen, oxygen and sulfur, where the ring atoms
include 3 to 6 carbon atoms) and (ii) a mono-, di- or trisaccharide linked
to C14 at an anomeric center; and OR' is -O-(C=O)R, where R is lower alkyl.
5. A compound in accordance with claim 4, where ORS is selected from group
(i). 6. A compound in accordance with cla'~m 5, where RS is selected from
/Az _~~~~ N 25 ~ Rz where RZ is lower alkyl, R4 is H or lower alkyl, 30 n =
1-4, m = 1-2) and X = CH2, O, or NR2. 35 



OwR~ and O O    26 FEB 2003 7. A compound having the structure III. 15 R6 5
O 10 v where R6 is a leaving group selected from the group consisting of
alkyl sulfonate, fluoroalkyl sulfonate, aryl sulfonate, fluorosulfonate)
nitrate, alkyl phosphate, alkyl borate, trialkylammonium, and 15
dialkylsulfonium. 8. A compound in accordance with claim 7, wherein R6 is
selected from nitrate, tosylate, mesylate, fluorosulfonate,
trifluoromethylsulfonate, -OP(O)(OR4)Z, and -OB(OR4)2, where R' is hydrogen
or lower alkyl. 20 9. A compound prepared by reaction of the unsaturated
lactone of triptolide with base, to generate an enolate) followed by
alkylation with an electrophilic reagent R'-X, where X is a displacable
leaving group, and R' is selected from Ow 25 \~~~ N ~ N ~ and R O R2 O ~~ O
O where RZ is lower alkyl, R3 is H or -(C=O)R, where R is lower alkyl, R4
is H or lower alkyl, n = 0-4, m = 1-2, and X = CHI) O, or NRZ. 30
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