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SUMMARY 

A labelled derivative of the microtubule poison tazol 
ha8 been developed on acetylation of the ?-OH function 
of tml oi th  ['HI acetic anhydride. The [*HI 7-acetyl 
taxot synthesized was chemicatZy and radiochemically 
pure and has not undergone radiOty8iS cluring 2.5 years. 
This compound W Q ~  also stable in the presence of  
microtubule proteins. Ths I D  of 7-acetyl tmi! f o r  
stabilization of microtubules %s two times the IDso o f  
taxot. Hence it can be used as a probe for biologzcat 
studies. The acetylation of the hydrowl group a t  
position C-7 is a general method applicable t o  other 
tax01 derivatives as starting compounds. 
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INTROOUCTION 

Taxol is a diterpenoid (1) that stabilizes microtubules both in vivo (21 

and i n  v i t r o  (3). Taxol and some derivatives, recently prepared by 

hemisynthesis, show promising antitumor properties, as indicated by their 

action on various murins cancers [1 ,4 -6) .  Moreover, the differential 

sensitivity, to taxol and baccatine derivatives, of microtubules assembled from 
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mammalian b r a i n  t u b u l i n  and from t u b u l i n  der ived from lower  eucaryotes suggests 

t h a t  some microtubule poisons might be u s e f u l  as a n t i p a r a s i t i c  agents (71. 

Although the  mode o f  a c t i o n  o f  t a x o l  has been stud ied in oiuo (81 and in v i t ro  

(9, 101. us ing t r i t i a t e d  t a x o l  l a b e l l e d  by a c a t a l y t i c  exchange method (91, 

many questions are s t i l l  unanswered. For  example, Manfred1 and Horwi tz  (11) 

r a i s e d  the  p o s s i b i l i t y  t h a t  t a x o l  does no t  b i n d  t o  f r e e  t u b u l i n  e i t h e r  in UiUO 

or in u i t r o ,  w h i l e  Lataste e t  a t  (71 have s t ressed t h e  discrepancy between t h e  

in vi tro and in v i m  e f f e c t s  o f  baccat ine d e r i v a t i v e s  on lower eucaryotes. 

Moreover, t h e  recent  completion o f  a human t o x i c i t y  t r i a l  w i t h  t a x o l  (721 

r e q u i r e s  f u t u r e  pharmacokinetic s tud ies  w i t h  t h i s  drug and i t s  t u m o r i s t a t i c  

d e r i v a t i v e s .  Although t h e  synthes is  o f  a s i m p l i f i e d  taxane r i n g  has been 

r e c e n t l y  achieved (13). t a x o l  and i t s  d e r i v a t i v e s  are p resen t l y  on l y  a v a i l a b l e  

by e x t r a c t i o n  from the  bark o f  seve ra l  species o f  t h e  genus T m 8  [1,4,14,151. 

I n  order  t o  l a b e l  t h e  molecule o f  t axo l ,  we have developed a new hemisynthet ic  

procedure for t h e  a c e t y l a t i o n  o f  t h e  7-OH f u n c t i o n  w i t h  t r i t i a t e d  a c e t i c  

anhydride (161. B r i e f l y ,  t h e  procedure i nvo l ved  p r o t e c t i o n  o f  t h e  hyd roxy l  

group of t h e  s i d e  chain at tached a t  C-13 w i t h  a 2-2-2 t r i c h l o r o e t h y l o x y -  

carbonyl  group, t h e  a c e t y l a t i o n  o f  t h e  7-OH f u n c t i o n  w i t h  c S H I  a c e t i c  anhydride 

and t h e  removal o f  t h e  p r o t e c t i v e  group by reduc t i on  w i t h  z i n c  powder i n  a c e t i c  

ac id ,  

EXPERIMENTAL 

Reagents (F ig .  11 : Taxol ( 1 1  was a g i f t  o f  t h e  N a t u r a l  Product Branch o f  t he  

Na t iona l  Cancer I n s t i t u t .  Cephalomannine CSI and 10-deacetyl baccat ine I11 [zl 

were i s o l a t e d  from the  bark and the  leaves r e s p e c t i v e l y  o f  Taxus baccata (141. 

Synthesis o f  t r i t i a t e d  7 -ace ty l  t a x o l  (F ig .  21 : P r o t e c t i o n  o f  t h e  hydroxy l  

group i n  p o s i t i o n  2 '  o f  t h e  s ide  chain at tached a t  C-13 was performed i n  a 

micro-reactor  (P ierce1 w i t h  195 mg (228 umolesl o f  t a x o l  (11, which was 

d isso lved i n  6 ml o f  methylene c h l o r i d e  con ta in ing  86 ul (1066 umoles) o f  

p y r i d i n e .  The s o l u t i o n  was cooled t o  -3O'C us ing  an acetone/dry i c e  mixture.  

Then 225 mg (1066 umolesl o f  2,2,2 t r i c h l o r o e t h y l  ch loroformate d i sso l ved  i n  

2 ml of methylene c h l o r i d e  a t  room temperature was added s low ly  i n t o  t h e  t a x o l  
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solution and the mixture was stirred gently for 1 hr at -3OOC. Water ( 5  ml) was 

added and the mixture was allowed to warm to room temperature. The addition of 

water before the temperature increase was performed in order to keep the 

formation of 2’,7-di(2,2,2-trichloroethyloxycarbonyl) taxol (3) to a minimum. 
The crude product (Fig. 3A) was extracted into methylene chloride and the 
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taxol and some of its derivatives used as starting 

compounds. 1 : taxol I 5 : cephalomannine and : 10-deacetyl baccatine 111. 

mixture of unreacted taxol (11, 2’(2,2,2-trichloroethyloxycarbonyll taxol (21 

and 2’.7-di(Z,2.2-trichloroethyloxycarbonyl) taxol (3) was applied to a 

silicagel column (100 x 1.2 cm) equilibrated and eluted with methylene 

chloride/methanol (98/21. The recovery of 180 mg pure 2’(2,2,2-trichloro- 

ethyloxycarbonyl) taxol (2) represented a 76 % yield. In order to acetylate the 

hydroxyl group in position C-7.33 pmoles of .!?HI sodium acetate (3 Ci per 

m l e .  100 mCi, hersham TRK 121 were dissolved in 0.2 ml o f  water, which Was 
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then placed i n  a micro-reactor  [P ie rce ] .  Water was evaporated, t he  

m ic ro - reac to r  heated a t  190°C f o r  one h r  under reduced pressure [0.01 mm 

mercury1 and then cooled t o  room temperature. Then 40 u1 o f  te t rahydrofurane 

and 2.4 u1 o f  a c e t y l  c h l o r i d e  were added and t h e  m ix tu re  was s t i r r e d  overn ight  

a t  room temperature. To t h e  m i l k y  suspension t h a t  resu l ted ,  6.8 mg 

(6 .6  umolesl o f  2'~2,2.2-trichloroethyloxycarbonyll t a x o l  (21 d isso lved  i n  

CH s 
.CH, 

Acetylation 1 c\H3 CHf 

cn 

).'o 

* 
c\H3 CH, 

FIG. 2 : Scheme f o r  synthes is  o f  "HI 7-ace ty l  t a x o l .  2 : t a x o l  I 2 : 

2'[2,2.2-trichloroathyloxycarbonyl)taxol I 4 : 2'(2,2,2-trichloroethyl- 

oxycarbonyl l  7 -ace ty l  t a x o l  and 2 : 7-acety l  t a x o l .  The a s t e r i s k  i n d i c a t e s  t h e  

l a b e l l i n g  w i t h  t r i t i u m .  

40 u1  p y r i d i n e  was added and t h e  m ix tu re  was heated t o  80°C f o r  f i v e  hrs, 

a l l o w i n g  t h e  format ion o f  2~~2,2,Z-trichloroethyloxycarbonyll7-acetyl t a x o l  (41 
(Fig. 3B1. Then so lvents  were removed by f l u s h i n g  w i t h  a stream o f  n i t rogen.  I n  

order  t o  remove t h e  p r o t e c t i n g  group 200 ti1 o f  a c e t i c  a c i d  and 5 mg o f  z inc  

powder were added and t h e  m ix tu re  was s t i r r e d  f o r  one h r  i n  an o i l  bath h e l d  at 

4OoC. The suspension was poured i n t o  2 ml o f  methylene c h l o r i d e  and f i l t e r e d  
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through glass wool i n  o rde r  t o  e l i m i n a t e  p a r t i c u l a t e s .  The so lvent  was then  

removed by f l u s h i n g  w i t h  a stream o f  n i t rogen.  The res idue  (F ig.  3C) was 

chromatographed on a semi-preparative HPLC column (Micro-bondapak C18, Waters), 

e l u t e d  w i t h  a m ix tu re  o f  methanol/water (80/20). The amount o f  t r i t i a t e d  

7-acety l  t a x o l  which was recovered accounted f o r  61% o f  t h e  

2 '  ~2,2,2-trlchloroethyloxycarbonyl) t a x o l  used as a s t a r t i n g  compound. The 

s t r u c t u r e  of t he  7 -ace ty l  t a x o l  (21 was confirmed by p ro ton  magnetic resonance 

and mass spectrometry, u s i n g  un labe l l ed  7 -ace ty l  t axo l ,  prepared under t h e  same 

condi t ions.  The mass spectrometry was performed us ing  a Ribermag 10-10A 
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FIG. 3 : HPLC ana lys i s  o f  t h e  r e a c t i o n  products  a t  Uarious stages I n  t h e  

synthes is  o f  [ ' H I  7-ace ty l  t a x o l .  The HPLC was performed w i t h  a Micro-bondapak 

C16 column (Waters) eluted, w i t h  a mix tu re  o f  methanol/water (80/20), a t  a f l o w  

r a t e  o f  1 m l  pe r  min. 1 : t a x o l  I 2 : 2'~2,2,2-trichloroethyloxycarbonyl) 
t a x o l  I 3 : 2',7-di(Z,2,2-trichloroathyloxycarbonyl) t a x o l  1 2 : 7-ace ty l  

2'(2,2,2-trlchloroethyloxycarbonyl) t a x o l  J 5 : 7-ace ty l  t a x o l  and PYR : 

py r id lne .  A : p r o t e c t i o n  o f  t h e  hydroxy l  group a t  p o s i t i o n  2' o f  t h e  chain i n  

C-13 o f  t a x o l .  6 : a c e t y l a t i o n  o f  t h e  hydroxy l  group a t  p o s i t i o n  7 o f  t h e  2' 

(2,2,Z-trichlorpethyloxycarbonyl~ t a x o l  and C : removal o f  t h e  p r o t e c t i v e  group 

a t  p o s i t i o n  2' o f  t h e  s ide  chain at tached a t  C-13 o f  t h e  7 -aca ty l  

2'~2,2.Z-trichloroethyloxycarbonyll t a x o l .  
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spectrometer in order to obtain a desorption chemical ionisation mass spectrum, 

with ammonia as the reagent gas, showing the following M/Z peaks : 913 (MNH4)', 

896 (MH)'. 878 (MH-H20)+. The spectrum obtained using proton magnetic resonance 

in CDC13 (IEF 400 MHz) was the following : C2H : 5.68 2 (J 7) I C3H : 3.90 I! 
(J = 71 I C5H : 4.95 I 

CIOH : 6.27 2 J C13H : 6.20 t (J = 9) J CI4H2: 2.33 p! I CI6H3 : 1.23 9 I 

CI7H3 : 1.16 5 I CI8H3: 1.82 5 I CI9H3 : 1.82 2 I 2 x CZOH : 4.26 d - 4.32 d 
(J = 91 I COCH3 : 2.02, 2.16 and 2.39 J C2,H : 4.82 (J = 3) J C3,H : 5.82 $ 

IJ = 3 8 9) I C3,Ph : 7.36 and 7.41 and NH : 7.08 4 (J = 91. 

(J = 9) I 2 x C6H : 1.88 p! - 2.62 2 I C7H : 5.65 

RedioestivJty (cpm I 10.~) 

s 
1 

Abmrptlon (254 nm) 

0 10 2 0  

Elutlon time (minutes) 

FIG. 4 : HPLC analysis of the "HI 7-acetyl taxol obtained after purification 

on a semi-preparative column. HPLC was performed as described in Fig. 3 except 

that the elution was made with methanol/water [70/30). Radioactivity was 

measured by scintillation counting 14 v1 aliquots in 2 ml of Aquasol 11. New 

England Nuclear). 
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The two p repara t i ons  o f  a c e t y l  t a x o l  which have been synthesized were 

pure as judged by HPLC ana lys i s  (Micro-bondapak C18 column, Waters, e l u t i o n  

w i t h  methanol/water, 70/30), t h e  r a d i o a c t i v i t y  present i n  t h e  peak o f  7 -ace ty l  

t k x o l  accounting f o r  99.5 % o f  t h e  t o t a l  r a d i o a c t i v i t y  recovered (Fig.4). The 

s p e c i f i c  a c t i v i t y  o f  t h e  7 -ace ty l  t a x o l  (1.4 C l  p e r  m o l e )  was h a l f  t h e  

s p e c i f i c  a c t i v i t y  o f  t h e  t r i t i a t e d  a c e t i c  a c i d  which was used. i n  agreement 

wi th t h e  synthes is  of t r i t i a t e d  a c e t i c  anhydride. CSH1-acetyl t a x o l  (0.17 mM1 

remained s t a b l e  f o r  more than 17 months when kept  i n  methanol/water (80/201 a t  

-2OoC, s ince o n l y  4% o f  t h e  t o t a l  r a d i o a c t i v i t y  d i d  no t  cochromatograph w i t h  

7 -ace ty l  t a x o l  a f t e r  t h i s  p e r i o d  o f  storage. 

Synthesis o f  7 -ace ty l  cephalomannine : The procedure o f  synthes is  was t h e  same 

as t h e  one used f o r  t h e  synthes is  o f  7 -ace ty l  t a x o l  except t h a t  cephalomannine 

(6)  served as t h e  s t a r t i n g  compound ins tead  o f  t a x o l .  The s t r u c t u r e  o f  7 -ace ty l  

cephalomannine was confirmed by p ro ton  magnetic resonance and mass 

spectrometry. The mass spectrometry (chemical i o n i z a t i o n )  o f  7 -ace ty l  

cephalomannine showed t h e  f o l l o w i n g  M/Z peak : 874 (MH)+, 611, 551, 491, 429, 

369, 309, 264, 246 and 123. The spectrum obta ined us ing  p ro ton  nuc lear  magnetic 

resonance was t h e  f o l l o w i n g  i n  C0Cl3 : C2H : 5.68 

(J = 71 I C5H : 4.95 r! (J = 91 I 2 x C6H : 1.86 E - 2.62 J C7H : 5.65 E J 

CIOH : 6,27 2 I CI3H : 6.20 t [J = 9) I C,4H2 : 2.33 E I C,6H3 : 1.23 2 I 

C,,7H3 : 1.16 2 J CI8H3: 1.82 J CI9H3 : 1.82 2 I 2 x CZ0H : 4.26 < - 4.32 2 

(J = 7) I C3H : 3.90 

(J = 91 I COCH3 : 2.02, 2.16 and 2.36 J C2,H : 4.74 I! I C3,H : 5.67 E I C3,Ph : 

7.36 and 7.41 I NH : 6.58 4 ( J  = 9) J amides : C5,H3 : 1.82 

( 3  = 7 )  and C6,H : 6.47 4 ( J  = 7 ) .  

5 I C6,H3 : 1.74 

Synthesis o f  7 -ace ty l  baccat ine I11 : Ace t i c  anhydride was prepared as 

descr ibed f o r  t h e  synthes is  o f  7 -ace ty l  t a x o l .  Then 10-deacetyl baccat ine 111 

(:I, i n  p y r i d i n e  was added and t h e  m ix tu re  heated t o  6OoC fur 4 hrs .  The 

products  o f  t h e  r e a c t i o n  (Fig. 5 )  were chromatographed on a semi-preparative 

HPLC column (Micro-bondapak C18, Waters) and e l u t e d  w i t h  a m ix tu re  o f  

methanol/water (50/50). The amount o f  t r i t i a t e d  7 -ace ty l  baccat ine I11 which 
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was recovered accounted f o r  24% o f  t h e  10-deacetyl baccat ine I11 used as a 

s t a r t i n g  compound. The s t r u c t u r e  o f  7-acety l  baccat ine I11 (9, was confirmed by 

p ro ton  magnetic resonance and mass spectrometry (17). The mass spectometry 

(chemical i o n i s a t i o n )  o f  7 -ace ty l  baccat ine I11 showed t h e  f o l l o w i n g  M/Z 

peaks : 629 (MH'), 611, 569, 551, 509, 491, 387, 327. 309 and 123. The spectrum 

obtained us ing proton nuc lear  magnetic resonance was t h e  f o l l o w i n g  I n  C0Cl3 : 

C2H : 5.62 d [5=7) j C3H : 4.00 (5-71 j C5H : 4.97 - d (J=9) i 2xC6H : 

1.80-2.60 E C7H : 5.59 m 
i C,4HZ : 

2.28 E I CI6H3 : 1.13 5 i CI7H3 : 1.08 5 CI8H3 : 2.03 5 I CI9H3 : 9.79 5 I 

~ x C ~ ~ H  : 4.14 - 4.31 (J=9)  J COCH3 : 2.10, 2.16, 2.29 i Ph : 7.46, 7.58, 

8.08. 

CIOH : 6.26 5 J CI3H : 4.86 4 (J=81 

Absorption( 264nm) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 12 24 36 48 60 72  84 00 

Elutlon t i m e  ( m l n u t u )  

FIG. 5 : HPLC ana lys i s  o f  t he  r e a c t i o n  products  i n  the  synthes is  o f  

CSH17-acetyl baccat ine 111. The HPLC was performed as descr ibed i n  F ig .  3 

except t h a t  t h e  e l u t i o n  was made w i t h  methanol/water (50/501. PYR : p y r i d i n e  i 

- 8 : baccat ine I11 and 9 : 7-ace ty l  baccat ine 111. 
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BIOLOGICAL INTEREST 

caHI  7 -ace ty l  t a x o l  (21 has been synthesized f rom t a x o l  [I) by a 

hemisynthet ic  procedure i n v o l v i n g  t h r e e  steps. As judged by HPLC ana lys i s  t h i s  

t r i t i a t e d  t a x o l  d e r i v a t i v e  appears s t a b l e  under the  experimental cond i t i ons  

used t o  assemble tubul in i n t o  microtubules in v i t ro  : 37'C. 0.1M 

piperazine-N,N'-bis (2-ethanesul fon ic  ac id1 (Pipes) pH 6.9, ImM EGTA, 0.5 mM 

MgC12 and I m M  GTP (181. Ne i the r  t h e  a d d i t i o n  o f  1.5 % d ime thy l  su l fox ide ,  a 

so lvent  used t o  s o l u b i l i z e  many m ic ro tubu la r  poisons (3,19,201. nor  t h e  

presence o f  1.2 mg pe r  m l  o f  two-cyc le sheep b r a i n  microtubule p r o t e i n  (18) had 

an ef fect  on t h e  s t a b i l i t y  o f  ['HI 7 -ace ty l  t a x o l .  even a f t e r  a 6h i ncuba t ion  

a t  37'C. 7 -ace ty l  t a x o l  was o n l y  two t imes l e s s  po ten t  than t a x o l  i n  prevent ing 

m ic ro tubu le  disassembly. Using two-cycle p i g  b r a i n  t u b u l i n  (181, t h e  IDs0  o f  

7 -ace ty l  t a x o l  and t a x o l  were 1.0 and 0.5 UR r e s p e c t i v e l y  a t  37'C. These 

r e s u l t s  i n d i c a t e  t h a t  [ * H I  7 -ace ty l  t a x o l  w i l l  be a va luable t o o l  t o  probe t h e  

t a x o l  b ind ing  s i t e  on t h e  t u b u l i n  molecule (16 ) .  Using t h e  same cond i t i ons  o f  

synthes is  w i t h  cephalomannlne (El (ID5O : 0.7 uMl we obta ined 7 -ace ty l  

cephalomannine ( 1 O s 0  : 1.0 vM1. Moreover, t a x o l  d e r i v a t i v e s  l a c k i n g  t h e  s ide  

chain at tached a t  C-13 l i k e  10-deacetyl baccat ine I11 (zl, which a re  i n a c t i v e  

on mammalian b r a i n  microtubules (101 b u t  a re  as a c t i v e  (71 as t a x o l  on P h y s a n a  

microtubules (211 should be r e a d i l y  l a b e l l e d  by a c e t y l a t i o n  o f  t h e  7-OH 

func t i on .  Despi te  the  smal l  losses o f  a c t i v i t y  which seem t o  r e s u l t  from t h e  

a c e t y l a t i o n  o f  t he  7-OH f u n c t i o n  o f  va r ious  t a x o l  de r i va t i ves ,  t he  a c e t y l a t i o n  

process w i t h  a c e t i c  anhydride i s  simple and prov ides a convenient method f o r  

p repar ing  va r ious  r a d i o a c t i v e  analogs o f  t a x o l  and i t s  de r i va t i ves .  
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