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Abstract

New mcmywmmuuum salts were investigated as acylating agent of w-deacmlbamam II. Thus, synthesis of baccatin
I was performed in one step with 79% isolated yield and 98% selectivity using the iminium salt prepared from mesyl
chloride and N-ethylacetamide. © 1998 Elsevier Science Ltd. All rights reserved.
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precursor 10-deacetylbaccatin IIT (10-DAB) 1 is
R s Taxus)[1]. As "10-DAB 1 was found to be
of Taxus baccata 1.[2], baccatine III received much
arge-scale l_\ msymhesm of taxoids, a new class of

e C _11 l I ldenvauve 5 of baccatm I, obtamed
rotection of C-7 hydroxyl group with chlorotriethylsilane

C-10 position[4], which is a key intermediate for synthesis
prepaxa;o-- of baccatin I itself by desﬂvlatmg 5
1 :Ry=H,  Rp=H, Rg=H 7 1Ry=Ac, Rp=Ac, Rg=Ac
z: ﬁr-H, Rz- AG, R3=H 8 : R1-H, Hzﬂ"‘\l‘;, Ra-AC
3 : R1=H, R2= Ac, Raﬂa 9 : R1=AC, RZEAC, Ra*H
4 : H,-H. R2= H, R3-4b 10: R1-Ac, RZ'H‘ R3-Ac
5 : R1=SI(E°3, RZSAC. H3=H 11 R1IM. RZIH, RanH
6 : R1!H. R2=CHG, ﬁaSH 12: ﬁ1-H. RzBH. F13=AC

Scheme 1
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As attempts to prepare baccatin III by chemical[7] or binchemical[8] acetylation of 1 resulted
in low yield and/or low selectivity, we investigated new acetylating agents for the purpose.
Use of methyleniminium salts as acylating agent of hydroxylated compounds is well known in
the litterature but is mainly limited to O-formylation[9]. One report mentions the use of
chloromethyleniminium chlorides for propionylation and benzoylation of ethanol and phenol
with dialkylbenzamide and dialkylpropionamide[10]. Here we report the use of new
methyleniminium salts for both formylation and acetylation cf the tetraol 1 with high selectivity
(Scheme 2).
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Scheme 2
Formvlation of 10-DAR 1 (Table 1. entrv 1) has been nerformed with the adduct eenerated in
I yiation of 1U-DAD 1 (1able 1, entry 1) has been periormed with the aaduct generated in
situ from triflic anhvdride and dimethyvlformamide([11 -20°C in presence of fhe substrate
Y] lycnd ¢ dumethylformamiaejll] at -20°C m € the sudsirate

anhvdride hv thp amldp in woess (solvent)
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Table I: Acylation of 1
Entry Amide Eq. | Electrophilic reagent | Eq. Reaction conditions Hydrolysis conditions Yield
1 |Rs=H,Rs=R;=Me 29 [(CF3S0)0 1.2 1, -20°C, 10 min. H20, 3h., 0°C 6: 90%?
2 | Rs=*Me, Rg=Et, R=H 35 | CH3502CI 5.1 17h., 0°C then 1, 0°C, | AcONa aq. (6.2éq.), 25h., 20°C 2:79%2
30h.
3 |[Rs=Me,Rs=Ry= 36 |(p-CH3-Ph-SO2020 { 5.0 | DCE,0°C, 35 min., then | CHiCN, H;0, 5 min.,20°C 2:66%P
1, 4h30, 20°C
4 1Rs=Rs=Me R;=H 59 1 CICOCOC! 5.1 | DCE, Q°C, 25 min,, then | AcONa aq. (6.2éq.), 24h., 20°C 2:40%P
1,0°C, 19h
5 |Rs=R¢=Me, R;=H 57 | clcococt 100 | DCE,-15°C, 60 min., |NaHCO3 aq. (17éq.), 4h., 20°C | 2:75%P
then 1, -15°C, 16h30
6 |Rs=Rg¢=Et,Ry=H 47 | POCl3 5.1 |DCE,20°C, 15 min. then] CH,CN, HzO, 5 min., 20°C 2:22%h
1,20°C, 3h
7 [Rs=Rs=Me, Ri=H 59 |pCH3Ph-SOpCl | 52 | CHiCN,20min, 20°C, | AcONa aq. (6.2éq.), 24h., 20°C | 2:16%P
then 1,17h, 20°C
8 jRs=Rs=Me,R/;=H 58 | (CF330)0 28 DCE, 0°C, 1h., then 1, | AcONa aq. (6.2éq.),24h.,20°C| 2: 6%P
0°C, 17h

a: isolated yield ; b: reaction yield determined by external siandardization in CLHP, DCE: i,2-dichioroethane

Due to the high reactivity of the corresponding sulphonyloxyiminium salt, reaction was

completed within 10 minutes and selectivity for C-10 hydroxyl was found to be higher than

ydroxyl ound to be mgher
959 hv HPI.C (around ? 5% of a di-formvlated derivative and 0 9% of a mono-formvlated
P Al UJ A AL AINS \wvw‘.u ht sw? T WA B WA AvlmJ AVELV W WWVAATWLWATYTY WAIW V.S U NSA &8 AAAWAANW ASwAE Sy
denvative were detectad hv T.CC in the medium) Hvdrolveic of t baccafin iminium salt
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was made by addition of water to the medium resuiting im precipitation of the expected product
with an exceiient yieid'.

Acetylation of 1 was attempted with various iminium salts prepared from N-alkyl or N,N-
dialkylacetamide and eiectrophiiic reagent (Ta'bie I, entries 2 to 8). As previously, a large
excess of amide was used in order to minimize side reaction of unreacted electrophilic reagent
with the substrate. By contrast with formylation, acetyiation procedures began with previous
preparation of the adducts at temperature ranging from -20°C to room temperature within 30 to
80 minutes. With N-ethylacetamide and mesyl chlorid (entry 2), preparation of the adduct is
described by keeping the medium at 0°C for 17 hours’ but a one hour contact was found to
have no consequence on reaction kinetic and yieid.

Preparation of iminium derived from N-ethylacetamide and oxalyl chloride was achieved within
five minutes at 0°C as indicated by gas release but competitive formation of N,N’-diacetyl-
N,N’-diethyi-oxalamide{13] was observed by HPLC resuiting in undesirabie consumption of
the reagents (entry 4). This side reaction has been minimized using a higher amount of oxalyl
chlorid and performing both iminium preparation and reaction at -15°C, as shown by
improvment of the reaction yield (entry 5).

In most cases, reaction of tetraol 1 with iminium saits were not compiete, even after long
reaction times (entry 5 to 8). The use of triflic anhydride or p-toluenesulfonyl chlorid with N-
methylacetamide gave furthermore significant side reactions resulting in poor yields of 2
(entries 7 and 8). Completion was reached after a few hours at room temperature with the
adduct from N,N-diethylacetarmde and p-toluenesuifonic anhydride (entry 3) and after 25 hours
at 20°C with the adduct from N-ethylacetamide and mesyi chiond (entry 2).

Hydrolysis of baccatin iminiums were carried out by quenching the medium with water or an
aqueous solution of a base in such a way to keep acidic the medium. When a N-monoalkyi
acetamide was used, hydrolysis was kinetically controled by disappearance of the free imine
which is in equilibrium with the protonated form. Therefore, a limitation is the extraction of the
imine in the organic phase when hydrolysis is performed in biphasic conditions. In the case of
the adduct prepared from phosphorus oxychloride and N-methylacetamide, the N-methyl imine
of baccatine III was found to be the major component by HPLC after contact with water-

! Preparation of 6: In a 50 ml flask, fitted with a thermometer , a stirrer and a dropping funnel, are placed under nitrogen 12 m! of
N N-dimethviformamide (155mmol), 0.495 ml pyridine (6.1 mmol) and 3g of 10-DAB (5.4 mmol). After cooling to -20°C with a
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dry ice-acetone bath , tnﬂlc anhydnde (1.08 ml 6 4 mmol) is dropped wn.hm 10 minutes with a seringue to the reaction medium
which is further stirred for 10 minutes at -20°C and hydrolysed with 60 ml of water. After being maintained for 3 hours at 0°C
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obtained (97% purity by normalized pic area in CLHP, 90% yield). IHNMR (400 MHz, CDCl3, 8 inppm) : 1.11 (s, 3H: CH3) ;
1.13(s,3H: CHa); 1.69 (s, IH: OHen 1) ; 1.71 (s, 3H : CH;3) ; 1.87 and 2.58 (2 m, 1H each : CH; 6) ; 2.08 (s, 3H : CH3) ; 2.18

(d,J=5Hz 1H:OHin 13);2.25(d,J =SHz, IH: OHin 7); 2.29 (s, 3H : COCHy) ; 2.32 (d, J =9 Hz, 2H : CH; 14);3.91(d, J
=’IU—. IH-H1): 4|AandA‘t‘Xt7d Y.-SZRH—I 1H each : ("T-L”)ﬂ\ Ad7fm 1H - T—I‘I\ AQI Im 1H Hl'{\ ﬂm(hrnadd J

19+ 0 5 UK 3 2

IOHZ IH:H5):564(d, J=7Hz, IH:H2);6.46 (s, lH HlO) 700(t,J 7.5Hz,2HZOCOC6H5Hmeta);7.64(t,J=
7.5 Hz, 1H : OCOC¢H; H para) ; 8.13 (d, J = 7,5 Hz, 2H : OCOCgH;s H ortho) ; 8.23 (s. IH : OCOH). IR (KBr) : 3622, 3517,
3400, 3061 3019, 2990 to 2830, 1739, 1715, 1704, 1271, 1250, 1156, 1100 to 1000, 977, 719. MS (NH3) M/Z 590
M-&Nnn 573 rM+H\ 544  527; frll p=-60 = 1 (¢ = 0.5, acetone).
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z Preparation of 2: In a 250 ml reactor, fitted with a thermometer , a stirrer and a dropping funnel, are placed under nitrogen 60

=1 of N _atholnnatamida (£9Tmmaly  Afler cooline to -20°C. mesvl chiorid (7.2ml. 92 mmol) is drnnnpd within 15 minutes with a
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seringue and the reaction medium is maintained for 30 minutes at -20°C and then for 17 hours at 0°C 10g of 10-DAB III (17,9
mmol) are charged into the reactor and the suspensnon is stirred for 30 hours at 0°C. After transfer into a 1 liter reactor, a solution
of 15g of sodium acetate tnnyarate {110 mmol) in 300 mi water is added within 45 minutes and the resulting solution maintained
25 hours at 20°C. - The suspension is filtered and the solid is washed three times with 50 ml water. After drying overnight at 50°C,

9,0g of baccatin III are obtamed ( 92% purity by external standardization in CLHP, 79% yield). '"H NMR, IR and mass spectra are

consistent with the structure.
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acetonitrile (HPLC eluent) for a few minutes (entry 6, reaction yield underestimated). With N-
ethylacetamide and mesyichiorid, hydrolysis at pH=2 was stopped after 30 hours at 0°C, at
which stage the N-ethyl imine of baccatin III representated around 5% in area percent by
HPLC.

Selectivity of the acetylation was investigated in detail when optimal conditions were used
(entry 2). All acetylated denivatives 7-12 of tetraol 1 relative to C-7,C-10 and C-13 positions
were prepared and identified by HPLC (Figure 1). Analysis of the hydrolysed medium allowed
to detect less than 1% of the C-7 O-acetyl, C-7,C-10 O-diacetyl derivatives 11 and 9 and less
than 0.5% of the C-10,C-13 O-diacetyl derivative 8 (selectivity higher than 98%).

In conclusion, we demonstrated that methyleneiminium salts represents an useful alternative for
acylation of substrates where classical reagents do not suit and that baccatin III can be easily
prepared from 10-DAB in one step with high yieid and selectivity.
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