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Report

A new prodrug of paclitaxel: synthesis of Protaxel

Allen L Seligson,' Ronald C Terry,' Jerome C Bressi,' James G Douglass lll' and

Milos Sovak'

'Biophysica, 3333 N Torrey Pines Ct, Ste 100, La Jolla, CA 92037-1023, USA.

2’ and 7 Polyol carbonates of paclitaxel were synthesized and
screened as potential paclitaxel prodrugs. Paclitaxel is
released from 7-(2",3"-dihydroxypropylcarbonato) paclitaxel
(Protaxel) at rates inversely proportional to pH, by an
intramolecular cyclization. Compared to paclitaxel, maximum
tolerated i.v. or i.p. doses (MTD) of Protaxel are about 2.5- to
3-fold higher; its efficacy is substantially higher in human
cancer line xenografts in athymic mice, especially in prostate
PC-3, breast MDA-MB 468 and ovary OVCAR-1. [© 2001
Lippincott Williams & Wilkins.]
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Introduction

Paclitaxel (Taxol®, 1) is a useful drug for numerous
cancers' as well as for malaria’> and multiple
sclerosis.®> The therapeutic potential of 1 is limited
by hemato-toxicity, neuro—toxicity4 and development
of resistance.’ The span between the maximal
tolerated therapeutic dose and intolerable toxic levels
is narrow,° possibly reflecting the high hydrophobi-
city and thus chemotoxicity of 1. Poor aqueous
solubility necessitates formulation of emulsions con-
taining Cremophor EL@, an oil, of considerable
toxicity.4

Many attempts were made to improve on 1 by
derivatization with ester, carbamate and carbonate
linkages to produce non-ionic or charged moieties.” '
Enzymatically cleavable groups,'®'? tumor targeting
moieties,'® sugars''® and polymeric chains'"'* were
attached at the C-2" and/or C-7 hydroxyl, with the idea
of increasing aqueous/ethanolic solubility and sus-
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tained slow release of 1. None of these taxoids are
currently in clinical use.

2’-Alkylcarbonate derivatives showed poor aqueous
solubility and only marginal therapeutic improvement
over 1 in vivo.'* The mechanism of release of 1 from
these prodrugs is simple hydrolysis. We attempted to
apply our previously successful approach to the
detoxification of triiodinated benzenes, the radio-
graphic contrast media, by using polyols in non-ionic
species.'” By exploring several sites and modes of their
attachment to 1, we propose a novel prodrug of 1
with increased regional hydrophilicity, a stable for-
mulation and improved systemic tolerance, while
providing a sustained release of the parent compound.
We suspected that an intramolecular nucleophilic
cyclization pathway rather than simple hydrolysis and
increased stability with lower pH (which is character-
istic of most tumorsw) should decelerate release of 1
in that milieu. Here we report the synthesis, char-
acterization and kinetics of decomposition of several
paclitaxel derivatives (Figure 1) as well as preliminary
in vivo evaluation of Protaxel, a prodrug of paclitaxel.

Materials and methods

General methods

'H- and ">C{'H}-NMR were recorded on a Bruker
500 MHz instrument in CDCl; by NuMega Reso-
nance Labs (San Diego CA). Mass Spectrometry
analysis was performed by the Center for Mass
Spectrometry (La Jolla CA). Purity and identification
of taxoids 1-6 were determined by high-performance
liquid chromato-graphy (HPLC) using a C-18 Waters
Symmetry column in a 60/40 acetonitrile/5 mM
KH,PO4 (pH 3.5) mobile phase at 230 nm [for non-
polar intermediates a 75/25 acetonitrile/5 mM KH,PO4
(pH 3.5) mobile phase was used]. Paclitaxel (1) was
purchased from Handetech (Houston, TX). 1-O-Chlor-
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Figure 1. Structure of novel paclitaxel-polyol-carbonate adducts.

oformyl-2,3-O-isoproylidene-DL-glycerol was synthe-
sized according to a slightly modified procedure
described previously.'”® Synthesis and characterization
of taxoids 2, 4, 5 and 6 (including intermediates) are
shown graphically in Schemes 1 and 2 and Table 1,
and described in depth elsewhere.'”

Compounds

2',7-[Bis-(2",3"-isopropylideneglycericarbonoxy)]
paclitaxel (11). To a solution of 1 (2.0g,
2.34 mmol) and 1-O-chloroformyl-2,3-O-isoproylidene-
pL-glycerol (9.12 mg, 46.84 mmol) in CH,Cl, (40 ml)
at —70°C under an inert atmosphere was added
pyridine (2.84 ml, 35.13 mmol). The reaction was
removed from the cold bath and allowed to stir at
room temperature for 4.5 h. The reaction mixture was
washed with water (3 x 40 ml), the organic layer dried
over MgSOy, filtered and then reduced in volume to
about 5 ml. The resulting solution was purified by
silica gel chromatography (CH,Cl,/acetone) to yield
2.63 g 11 (84.1%). Purity by HPLC was greater than
98%. 'H-NMR (CDCly): 6 8.13 (d, 2H, OC(O) o-ArH),
7.75 (d, 2H, NC(O) o-ArH), 7.62 (t, 1H, OC(O) p-ArH),
7.53-7.49 (band, 3H), 7.43-7.35 (band, 7H), 6.91 (t,
1H, NH), 6.35 (s, 1H, C(10)-H), 6.27 (t, 1H, C(13)-H),
5.99 (t, 1H, C3)H), 5.69 (d, 1H, C(2yH), 5.51 (dd,
1H, C(7)-H), 5.44 (dd, 1H, C(2"-H), 4.97 (d, 1H, C(5)-H)
4.39-4.25 (band, 3H), 4.24-4.10 (band, 7H), 3.96 (d,
1H), 3.85 (dd, 1H), 3.75 (m, 1H), 2.61 (p, 1H, C(6)-H),
2.46 (d, 3H, C(4)-OAC), 2.41 (m, 1H, C(14)-H), 2.23
(m, 1H, C(14)-H), 2.14 (d, 3H, C(10)-OAc0), 2.01 (s, 3H,
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C(12)-CH3), 1.97 (m, 1H, C(6)}H), 1.81 (s, 3H, C(8)-
CH3), 1.41 (d, 3H), 1.38 (s, 3H), 1.35 (d, 6H), 1.21 (s,
3H, C(15)-CHy), 1.16 (s, 3H, C(15)-CHs).

2',7-(Bis-alloc)-Paclitaxel (9). To a solution of 1
(4.00 g, 4.68 mmol) and allyl chloroformate (9.94 ml,
93.68 mmol) in CH,Cl, (40.0 ml) at —70°C was added
1.0 M LiN[Si(CH3)3], in THF (18.72 ml). The reaction
was removed from the cold bath and stirred at room
temperature for 30 min. The mixture was washed
with H,O (x50 ml) and brine (2 x50 ml), the
organic layer dried over MgSOy, filtered, and concen-
trated to 20 ml. The resulting solution was purified by
preparative HPLC to yield 3.96 g (82.8%) of 9. Purity
by HPLC was greater than 99%. 'H-NMR (CDCly): o
8.13 (d, 2H, OC(O) o-ArH), 7.75 (d, 2H, NC(O) o-ArH),
7.62 (t, 1H, OC(O) p-ArH), 7.53-7.49 (band, 3H), 7.45-
7.36 (band, 7H), 6.92 (d, 1H, NH), 6.39 (s, 1H, C(10)-
H), 6.27 (t, 1H, C(13)-H), 5.99-5.87 (band, 3H), 5.70
(d, 1H, C(2)H), 5.51 (dd, 1H, C(7)-H), 5.43 (d, 1H,
C(2»H), 5.38-5.23 (band, 4H), 4.97 (d, 1H, C(5)-H),
4.73-4.60 (band, 4H), 4.34 (d, 1H, C(20)-H), 4.19 (d,
1H, C(20)-H), 3.97 (d, 1H, C(3)-H), 2.63 (m, 1H, C(6)-
H), 2.46 (s, 3H, C(4)-OAc), 2.40 (dd, 1H), 2.22 (dd,
1H), 2.15 (s, 3H, C(10)-OA0), 2.03 (s, 3H, C(10)-CH3),
1.97 (t, 1H), 1.82 (s, 3H, C(11)CHy), 1.21 (s, 3H,
C(15)-CH3), 1.17 (s, 3H, C(15)-CHy); "C{'H}-NMR
(CDClLz): & 201.96, 169.90, 169.07, 168.22, 167.45,
167.13, 154.13, 154.06, 141.45, 136.97, 133.94,
133.79, 132.88, 132.25, 132.13, 130.96, 130.43,
129.35, 128.96, 128.93, 128.73, 127.37, 126.81,
120.08, 118.98, 84.15, 81.07, 78.95, 77.49, 77.23,



76.98, 76.59, 75.56, 75.49, 74.72, 72.28, 69.76, 69.32,
56.30, 52.98, 47.18, 43.51, 35.59, 33.56, 26.68, 22.87,
21.58, 20.96, 14.76, 10.95; FAB LRMS m/e 1022, M +
H* caled for C5sHsoNO;g 1022.09; UV max 230 nm
(e 28556), min 272 nm (g 1564).

7-(2",3"-Dibydroxypropyl carbonoxy)paclitaxel
3). Method A. To a solution of 11 (3.75 g,
3.20 mmol) in THF (75 ml) was added 1 N HCI
(75 ml). The reaction was stirred at 35°C for 3 h to
give complete conversion to 2',7-[bis-2",3"-dihydroxy-
propylcarbonoxy)]paclitaxel (not isolated). After the
reaction reached ambient temperature it was diluted
with THF (75 ml), washed with brine (75 ml), 50/50
brine/water (75 ml), 0.1 M KH,PO; at pH 6.5
(2 x 75 ml) and again with brine (75 ml). The organic
layer was treated with 0.1 M KH,PO, at pH 6.5 (75 ml)
and stirred at 35°C for 2 h. The reaction mixture was
then washed with brine (75 ml), 50/50 brine/water
(75 ml) and again with brine (75 ml). The organic layer
was dried over MgSQOy, filtered and then concentrated
to approximately 15 ml. The resulting solution was
purified by preparative HPLC to yield 3 2.76 g (88.7%).
Purity by HPLC was greater than 99%. Method B. To a
rapidly stirred solution of 9 (2.70 g, 2.64 mmol) in THF
(135.00 ml) was added H,O (135.00 mD), 70% tert-
BuOOH in H,O (9.04 ml, 66.04 mmol) and 0.16 M
0sO4 in tert-BuOH (18.08 ml, 2.64 mmol). This
resulted in a homogeneous light yellow solution which
was allowed to stir at 35°C for 6 h and yielded
complete oxidation to 2,7-[(bis-2",3"-dihydroxypropyl-
carbonate)]paclitaxel (not isolated). The reaction was
allowed to reach ambient temperature over the course
of 1 h and then the pH was adjusted to about 7 with
0.1 M NaHCOj3 (2.08 mD. After 0.5 h the solution was
diluted with THF (135.00 ml), the reaction mixture
washed with brine (1 x70 ml then 2 x 135 ml), the
organic layer dried over MgSOy, filtered and then
concentrated to 14 ml. The resulting yellow solution
was purified by preparative HPLC to yield 2.12 g
(82.8%) 3. Purity by HPLC was greater than 99%. 'H-
NMR (CDCl3): 6 8.11 (d, 2H, OC(O) 0-ArH), 7.76 (d, 2H,
NC(O) o0-ArH), 7.62 (t, 1H, OC(O) p-ArH), 7.52-7.48
(band, 5H), 7.43-7.34 (band, 5H), 7.03 (d, 1H, NH),
6.26 (s, 1H, C(10)-H), 6.19 (t, 1H, C(13)-H), 5.80 (dd,
1H, C(3")-H), 5.67 (d, 1H, C(2)-H), 5.42 (dd, 1H, C(7)-
H), 4.95 (d, 1H, C(5)-H), 4.80 (d, 1H, C(2")-H), 4.58-
4.39 (dd, 1H, C2")-H) 4.32 (d, 1H, C(20)-H), 4.18 (d,
1H, C(20)-H), 4.06-3.94 (band, 4H), 3.90 (d, 1H, C(3)
H), 3.72-3.59 (band, 5H), 2.67 (m, 1H, C(6)-H), 2.39 (s,
3H, C(4)-0OAc), 2.36-2.29 (band, 3H), 2.22 (d, 4H),
1.98-1.93 (band, 2H), 1.83 (s, 3H, C(16)-0AcC), 1.82 (s,
3H, C(12)-CH3), 1.23 (s, 3H, C(15)-CHz), 1.16 (s, 3H,
C(15)-CH3); "C{'H}-NMR (CDCly): & 201.28, 201.18,

Syntbesis of Protaxel

167.48, 166.95,
154.46, 154.34, 141.41, 141.34, 138.18, 134.00,
133.84, 132.73, 132.20, 130.37, 129.27, 129.21,
128.93, 128.54, 127.26, 84.02, 81.15, 78.62, 77.48,
77.23, 76.97, 76.57, 76.24, 76.19, 76.12, 74.40, 73.31,
72.39, 70.02, 69.06, 62.96, 62.77, 56.19, 56.16, 55.21,
47.25, 43.47,35.76, 33.42, 26.80, 22.72, 21.18, 21.12,
21.07, 14.82, 10.92; FAB LRMS (NBA/CsD) m/e 1104, M
+ Cs* caled for C5;Hs7NO; g 1104.30; UV max 230 nm
(e 27891), min 274 nm (¢ 1489).

172.85, 171.58, 171.44, 170.70,

Identification of 1 and 4-(hydroxymethyl)-
1,3-dioxolan-2-one released from 3

Protaxel (10 mg) was dissolved in acetonitrile (300 ul)
and 2% NaHCOz (100 ul). After 15 min at room
temperature a 250 ul aliquot was removed. For gas
chromatography identification of 4-(hydroxymethyl)-
1,3-dioxolan-2-one the aliquot was quenched with
0.5N formic acid in methanol (400 ul) to pH 3-5,
concentrated under reduced pressure, the residue
partitioned between diethyl ether (1 ml), water
(100 ubD, brine (100 u) and the aqueous layer
sampled. For HPLC identification of 3 and 1 an aliquot
(250 uD) from the diethyl ether layer (above) was
concentrated under reduced pressure and dissolved in
the appropriate injection matrix for sampling. 4-
(Hydroxymethyl)-1,3-dioxolan-2-one and 1 were iden-
tified by comparison to authentic samples.

Half-life for the reversion of compounds 2—
6 to 1 in human serum at 37°C

Solutions of taxoids 2—6 in DMSO (5 mg/ml, 100 ul)
were added to human serum (900 ul) and incubated at
37°C. At the desired time points 20 ul aliquots were
removed and extracted with ethyl acetate for sampling
by HPLC (see method above).

pH dependency of 3 in solution

Solutions of 3 at 40 mg/ml in 50/50 ethanol/Tween
with citric acid concentrations of 0, 1, 2 and 5% were
prepared, and 0.5 ml aliquots transferred to vials and
sealed. These were stored at 22.5°C and removed after
6 months. For analysis, 300 ul of each solution was
diluted with 2.7 ml of 5% dextrose in water. Solutions
were analyzed for content by HPLC (see method
above) and the pH determined.

Stability of 3 in stock solution

A solution of 3 at 40 mg/ml in 50/50 ethanol/Tween
with 2% citric acid was prepared, and 0.5 ml aliquots
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transferred to vials and sealed. These were stored at
—20 and 4°C, and vials removed periodically for
analysis. The stability was assessed by HPLC (see
method above) after removing 300 ul of each solution
and diluting with 2.7 ml of 5% dextrose in water.

Rodent maximum tolerated dose (MTD)
studies

A complete report of pharmacology/toxicology stu-
dies in mice and rats will be communicated else-
where. Briefly, toxicity was assessed by determination
of acute and chronic MTD, defined as the maximum
cumulative dose compatible with unhampered survi-
val. Test subjects were BALB/cAnNIHsd mice, 5-6
weeks old weighing 14-23 g and Sprague Dawley
rats, 100-124 g upon arrival. Compound 3 was
formulated at 9 mg/ml in a mixture of ethanol,
DMSO, Tween 80 and D5W, and filtered through a
sterile 0.2 um filter. Test groups consisted of 10 mice
(or rats), five male and five female. The mice or rats
were administered either vehicle, as control, or 3 (by
iv. and/or i.p.) at approximately 0.15 ml/min. Mice
were observed for signs of toxicity twice daily post
injection.

Athymic mice bearing human tumors

Test subjects were athymic mice, 7 weeks old
weighing 25-30 g, injected on day O with human cell
line xenografts. After measurable tumors were estab-
lished, mice were treated i.p. with either 3 (formulated
at 4 mg/ml in ethanol, Tween 80 and D5W) or
paclitaxel (1.2 mg/ml in ethanol, Tween 80 and
D5W), a comparator, 4 times at the MTD level every

PhCOHN O
CICO,R Ph™
(3-6 eq) O\(O
_TinisiccHogl (1eq) OR
CH,Cly/-70°C
LiN[SI(CHg)s]> (4 eq)
\\CH20|2/-70°0 PhCOHN O
CICO,R :
(20 eq) S

second day. Vehicle was used as a control and the
tumor size was obtained every third day.

Results and discussion

Synthesis of the 1,2-diol substituted 2’-carbonates 2—5
is outlined in Scheme 1. Selective carbonylation at the
C-2' hydroxyl afforded intermediates 7'” and 8, when
1 was combined with the appropriate alkene chlor-
oformate'® and one equivalent of LiN[Si(CHz)s], base
in CH,Cl, at —70°C. Catalytic oxidation of the
intermediates with osmium tetroxide and tfert-butyl
hydroperoxide yielded 2 and 4 after isolation by
preparative C-18 chromatography. The disubstituted
intermediates 9 and 10 were synthesized under similar
conditions. Increasing the equivalencies of chlorofor-
mate and base enabled the substitution at both the C-2’
and C-7 position. After oxidation as described above,
selective in situ cleavage of the C-2' carbonate by
NaHCOj yielded the C-7 1,2-diol carbonates 3 and 5.

To avoid the use of toxic osmium tetroxide,
compound 3 was alternatively synthesized using the
protected 1,2-diol, solketal chloroformate (Scheme 2).
The combination of 1 with excess chloroformate and
pyridine yielded the intermediate 11, isolated in high
yield by silica gel chromatography using a methylene
chloride/acetone mobile phase. Compound 11 was
readily converted to 3 by acidification, deprotecting
the 1,2-diol functionalities, followed by treatment with
dilute base, selectively hydrolyzing the 2’-carbonate.
Purification by preparative HPLC gave 3.

The 2'-carbonate derivative 12 was synthesized in a
manner similar to 7 and 8 by limiting the quantities of
solketal chloroformate and diisopropylethyl amine.

7; R = CH,CH=CH, —a ., 2

8 R= CHZCHQCH=CH2 4
0~ “OR
9; R = CH,CH=CH, _ab_ 4

10; R = CH,CH,CH=CH, —&b . 5

Scheme 1. Synthesis of paclitaxel derivatives 2-5. Reagents and conditions: (a) 70% tert-butyl hydroperoxide in water (15—
40 eq.), 0.16 M OsO,4 (0.2—4 eq.) in tert-butanol, 10% formic acid in water, THF, 35°C, 1.5 h. (b) 0.1 M NaHCO;, THF, 0.5-

5 h, RT-35°C.
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Scheme 2. Synthesis of paclitaxel derivatives 3 and 6 using solketal chloroformate. Reagents and conditions: (a) 1N HCI, 35°C, THF, 3 h. (b) 0.1 M KH,PO, (pH 6.5), THF,
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Based on the selective cleavage of the 2'-carbonate in
the synthesis of 3, 12 was a suitable C-2' protected
derivative of 1. The preparation of 6 (Scheme 2),
exemplifies the utility of solketal carbonate as a C-2’
protecting group similar to TES,*® Troc*' and Alloc.'®

All reactions were monitored by C-18 HPLC analysis.
Yield, purity and characterization data are listed in
Table 1. Substitutions at the 2’ or 7 position were
evident by the downfield shift of the C(2)-H or C(7)-H
resonances in the 'H-NMR (Table 1). Aqueous
solubility and #n vitro kinetics (halflife in human
serum at 37°C) for reversion of 2—6 to 1 are listed in
Table 2.

After preliminary evaluation of compounds 2-6,
taking into account that efficacy of a prodrug would
not necessarily be reflected by in vitro cell assays, 3
(Protaxel) was selected as a development candidate.
Protaxel exhibited the best combination of synthetic
efficiency, ease of purification as well as good
solubility and stability in delivery vehicles. Protaxel is
stable at low pH, and under mild basic conditions
(near physiological pH) Protaxel is converted to
paclitaxel and the cyclic carbonate 4-thydroxy-
methyl)-1,3-dioxolan-2-one (Figure 2). The structure
of this intramolecular cyclization bi-product was
confirmed by comparison to an authentic sample
using gas chromatography. Thus, unlike in previously
described carbonate derivatives,'® hydrolysis, directly
producing glycerol and CO,, is not the predominant
pathway of release of 1 from Protaxel. The large rate
difference for release of paclitaxel in human serum
between the two C(7) substituted derivatives 3 and 5
(Table 2) also suggests that not simple hydrolysis, but a
cyclization mechanism applies to Protaxel. These two
compounds, differing by only one methylene group,
are sterically similar in the C(7) carbonate region. A
comparable rate of hydrolysis should be expected if a
similar mechanism is operating. The enthalpic driving

Table 1. Characterization of novel paclitaxel derivatives

force of formation for a five- versus six-membered ring
probably accounts for this large #,, difference.??

Lowering the solution pH depresses the reversion
rate of 3 to the parent drug 1 (Table 3). Stock solutions
of Protaxel formulated at 40 mg/ml in 50/50 ethanol/
Tween 80 with 2% citric acid were shown to be stable
for at least 1 month at 4°C and for at least 12 months at
—20°C. Water content ranging from zero to 1.4% did
not affect the stability appreciably. By 10:1 dilution of
the stock solution with 5% dextrose or saline contain-
ing citric acid as a preservative, the end use solution
are obtained with a pH ranging from 4.0 to 4.3. Such
solutions remain stable over 24 h at 23°C, can be
stored for up to a week at 4°C in a refrigerator and are
thus suitable for clinical use.

These studies demonstrate that in vitro release of 1
from the prodrug 3 is inversely pH dependent.
However, it is probable that upon binding of 3 to
bio-macromolecules and in vivo extra-vascular distri-
bution a much different rate of release of 1 can be
expected. One purpose of constructing a prodrug is

Table 2. Aqueous solubility and half-life (reversion to
paclitaxel) in human serum at 37°C of paclitaxel and its
derivatives

Paclitaxel and Aqueous solubility te (Min)®
derivatives (mg/mil)®

1 <0.01 -

2 - 1.5

3 0.05 10

4 - 70

5 0.02 3600

6 - 150

aSolubility determined by HPLC.8®
bt o defined as the time when 50% 1 is released from the prodrug as
determined by HPLC.

Paclitaxel derivative  Yield (%)2  HPLC purity (%)° "H-NMR (p.p.m.)° FAB-MS
C(2)-H C(3)-H C(7)-H

1 479 5.78 4.39

2 89 >98 5.44 6.00 443 972 (M+H)*

3 88 (83) >99 4.80 5.80 5.42 1104 (M+Cs)*

4 52 >99 5.44 5.99 4.45 1118 (M+Cs)*

5 75 >95 4.80 5.79 5.44

6 67 >97 479 5.80 5.45

8solated yields.

PPurity assessed by C-18 chromatography in a 60/40 acetonitrile/s mM KH,PO, (pH 3.5) mobile phase.

“"H-NMR run at 500 MHz (CDCl5), only selected data is shown.
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the potential for it to be delivered at a higher tolerated
dose, which upon release makes the parent available
in higher concentration to target locations. To assess
the biological benefits of 3 versus 1, several in vivo
parameters were examined.

The MTD for 3 was first assessed by single injection
in BALB/cAnNIHsd mice as 315 mg/kg by i.p. and
100-125 mg/kg by i.v. and 130 mg/kg by i.p. and 75-

PhCOHN O
Ph Y
OH
Protaxel (3)

Syntbesis of Protaxel

85 mg/kg by i.v., in Sprague Dawley rats. The chronic
toxicity of Protaxel versus paclitaxel was shown by
repeated i.p. injections in BALB/c mice to be 60-70
and 11-16 mg/kg, respectively. In athymic mice, the
chronic MTD of paclitaxel was approximately 14-
16 mg/kg/day, as compared to Protaxel at approxi-
mately 35-65 mg/kg/day. As a general guideline the
prodrug Protaxel is 2.5-3 times better tolerated than

O
1 + O)LO

o
1 4+ HOTY Tow

OH

+ COQ

Figure 2. Intramolecular cyclization pathway of paclitaxel (1) release from Protaxel (3).

Table 3. Stability of Protaxel stock solutions at 22.5°C for 6 months

Citric acid in stock solution (%)

pH of end-use solution?

Protaxel (%)° Paclitaxel (%)P*

None 5.87
1 4.94
2 440
5 3.72

87.7 10.2
94.7 3.79
98.2 1.35
98.9 0.41

35% Dextrose added.
bPurity determined by HPLC.
°Other minor impurities omitted.

200+

1904 —M vehicle (control) (n=20)

180 _g@— paclitaxel 16 mg/kg (n=20)
1;8_ —&— Protaxel 40 mg/kg (n=20)
150
140
130
120
110
1004
90-
80
704
60
50
40
30
204
10

IS B L .

Mean tumor area (mm?), with SD

T T ' 1
14 16 18 20 22 24 26
f Treatment days

T T T T 1
28 30 32 34

Days after tumor induction

— T 1 T T T T 1
36 38 40 42 44 46 48

Figure 3. Effects of Protaxel and paclitaxel on the size of PC-3 xenograft in athymic mice.
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its parent paclitaxel. From this MTD data, the doses for
therapeutic experiments were derived.

Protaxel’s therapeutic potential was orientationally
assessed in athymic mice bearing human cell line
xenografts of prostate (PC-3 and/or DU-145), ovary
(OVCAR-3), breast (MDA-MB-468), colon (HT-29),
kidney (CAKI-1) and lung (H-460) cancers. By day 36
post-induction, in athymic mice bearing PC-3 tumors,
only one out of 10 mice treated with paclitaxel
remained alive while 10 out of 10 treated with
Protaxel had survived. By day 47 the tumors had
regressed to half their original size, shown graphically
in Figure 3. The data for all tumor lines surveyed, at 30
days after treatment, is summarized in Figure 4. This
cumulative data establishes that the efficacy of
Protaxel in several human cancer xenografts including
drug-resistant ovarian, breast and prostate surpasses
paclitaxel in reducing tumor size. These studies as well
as plasma kinetics in rabbits and monkeys will be
described in greater detail elsewhere.

Conclusion

A series of analogs of paclitaxel-polyol-carbonates was
synthesized with the intention to produce a prodrug.
Compound 3, Protaxel, is stable under mild acidic
conditions and gradually releases 1 at rates propor-
tional to increasing pH, by an intramolecular cycliza-
tion pathway. Compared to paclitaxel, Protaxel can be
formulated in stable clinically applicable solutions, has
2.5-3 times higher systemic tolerance and is more
effective than paclitaxel in athymic murine models of
certain human cancers.
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