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Synthon via Two Aldol Condensations™
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Abstract: An efficient stereocontrolled synthesis of a taxol A-ring synthon using two aldol
reactions as key steps is presented. © 1998 Elsevier Science Ltd. All rights reserved.
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Fig. 1 Taxoi i

Taxol 1, a clinically useful antitumor agent, since it was isolated' from the Pacific yew tree, has attracted
considerabie interest from synthetic organic chemisis owing to iis remarkable anticancer activity and its limited
supply. Efficient routes to taxane diterpenoids’ have recently been described and many more are in progress’.
However, convenient access to the fully functionalized A-ring, C-ring and the construction of the sterically
congested eight-membered B-ring remain challenges in taxol synthesis.
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Among the syntheses of taxol A-ring, a multisubstituted cyclohexene ring (see Fig.1), the Diels-Alder
route has been the most popular one, adopted by many groups.’ In addition, Kitagawa's ring enlargement’ and
Frejd’s intramolecular cyclization routes® are quite attractive. Herein, we report a route to taxol A-ring synthon
based on stereocontrolled aldol reactions, in which a stereoselective intermolecular aldol reaction and a
regioselective intramolecular aldol reaction are used successfully.

RESULTS AND DISCUSSION

The retrosynthetic disconnection outlined in Scheme 1 uses the 1,7-ketoaldehyde I as the crucial

intermediate which could be traced to the two key building blocks IV and V. The former can be readily
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The reaction proceeded as below (Scheme 2). Starting material 2 can be prepared by several procedures’
and is also available commercially. Reduction of 2 with LAH gave 3 quantitatively. Hydroxyl protection of
compound 3 with NaH/BnBr in DMF afforded its benzyl ether 4 in 92% yield. Wacker oxidation of 4 with O,
/PdCl, in DMF-H;O (7:1) solution at room temperature for 24 hr. produced ketone 5 in 83% yield, which was
then transformed to its silyl enol ether form 6 upon treatment with LDA/Me;SiCI/Et;N in CH,Cl; at -78°C.

Compound 6 was used directly without further purification. Finally, the Lewis acid catalvtic chelation-

r
controlled aldol addition of silyl enol ether 6 to 2-benzyloxypropanal® gave the desired adduct 7a with
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Scheme 2 a. LAH, Et,0,92%. b. NaH, BnBr, DMF, 82%. ¢. O, PdCl,, CuCl,

DMFMH,0, 83%. d. LDA, THF, -78 © C; TMSCI, NEt,, 95%. e. 2-benzyloxypro-
pansal TICl,, CHyCly, -78 ° C, 97% (syn . anti .- 99:1).
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Difficuities were encountered when we attempted the deoxy-methyienation of the carbonyi group m

from Ph;PCH;l, t-BuOK in PhH at room temperature for 12 hr. gave no desired methylenic product 8, the

main product was the o,f3-unsaturated ketone 8’which was formed through undesired dehydration of the B-
hydroxyketone in compound 7a.
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Scheme 3 a. PhaPCH3l, t-BuOK, PhH, rt., 12h. b. Zn/TiCl ¢/CH2I2, THF,
rt. 12h, 88%.

Protection of the hydroxyl group also did not lead to the desired compound . When 7b and 7c,
protected by TBS (TBSCI, imidazole, DMF, r.t., overnight) and MOM (MeOCH;OMe, P,0s, CHCL;, r.t.,
overnight) respectively, were treated with PhsP=CH, only complex mixtures were obtained in both cases, even
though TBS and MOM are compatible with base. After this failure, we tried Zn/TiCL/CH,I; as methylenation
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on treatment with Zn/TiClL/CH,l,
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reagents. Promisingly, oomnmmd 7a, with hydroxyl group unmasking
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(3:1:1.5) under mtmm:n at room temperature nvermght generated the single pro oduct 8 in 88% weld
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Scheme 4  a. TBSCI, imidazole, DMF, 50 © C, 10h, 85%. b. LVEtNH 5,

THF, -78 © C, 15min_, 78%. c. Swern oxidation. d. cat, PTSA, piperidine,
rt., overnight, 62%.

Finally, as shown in Scheme 4, protection of the hydroxyl group in compound 8 with t-butyldimethylsilyl
ether gave compound 9 in good yield. Removal of the benzyl protecting groups in dibenzyl ether 9 under
nitrogen with Li/EtNH, at -78°C for 15 min. gave diol 10 in 78% yield. Subsequent Swern oxidation of diol 10
afforded dicarbonyl compound 11 in 93% yield. Without further purification, ketoaldehyde 11 was directly
converted to the six-membered ring structure 12 through a high regioselective intramolecular Aldol
condensation reaction under mild conditions (cat.PTSA, piperidine, r.t., overnight). We noted that, when we
adopted the Terashima's intramolecular aldol cyclization method'® (HOAc, piperidine, PhH, r.t., overnight), a
complex mixture was produced; we thought that partial removal of the silyl protecting group and/or subsequent
dehydration may have occurred.

Compound 12, a general taxol A-ring synthon, containing the complete carbon framework and full
(=4 A -r J
differentiated functionalities, which allows selective introduction of carbon chain moieties at C2 and C10, can

In summary, we developed an efficient regioselective and stereoselective route to taxol A-ring from cheap
and acnaccithla ctarting matariale whicrh ~anld ha fiithar noad for nraviding chiral A_wano comthan aacil; and
aillud avuuddiIuvle auuuus Hialviialy, vvilivil YUUlu UV duluiuvi U, 1 IuUl lll U VI villialr Mt yuwuu va y auu
economically in the synthesis of taxol and its analogs



EXPERIMENTAL

General methods. Infrared spectra were recorded on a Shimadzu IR-440 spectrometer and only the strongest
and structurally most important peaks were listed in cm™. '"H NMR spectra were obtained on a EM 390A(90
MHz) or on a Bruker AM 300(300 MHz) spectrometer using TMS as internal standard. Mass spectra were run
on a Finnigan 4021 and HP5989A spectrometer. HRMS were recorded on Finnigan MAT spectrometer. Flash
chromatography was carried out using silica gel (300-400 mesh made in Yantai, China ).

3,3-Dimethyl-4-pentenol (3):
To the suspension of LAH (5.78g, 0.125mol) in ether (500ml) was added 2 (15.6g, 0.1mol) at 0°C then the
suspension was allowed to warm to room temperature and stirred for 1 h. Aqueous NaOH was added to

the solid was washed with ether. the

ction. The mixture was filtered thrm]gh d of celite and the so washed ether,
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combmed oro , ried aver Na,SQ, After removal of
comomed organic aturated aqueous | Ldried gver Na;S(;. After remo

solvent, the residue w unﬁed by ﬂash colunm chromatograph (petroleum : ethyl acetate = 2 : 1) to give the
tetla ~nrmannd 210 S OV9L) ac a anlarlace nil- TR 2IRE TNON 2008 1ALN 1472 1298 12AN 11NQ an
LALEN \.«Ullqluuuu -7 \I\I.Jé’ 7 b /v’ a3 a4 VUIULIWOD U, 1IN JJOJ, J\I7\I, LTT I, luJU, 1vrQ, lJuJ, Lo, 11\10, O ’
LT ARABD/ON RALT. 1Y 1 NQ FATT o) 1 KR8 (DIT 4 2 AQ /LT A A ON MM Y AOQS /1LY AN £ 0N /10T A1\
N-INVIR YU VINZ, Uly) 1.6 (011, 8), 1.07 (21, ), 5.40 (211, 1), 4.0V (16, S), 4.95 (i1, 4j, 5.0V (i1, Qa);
EIMS m/z 113 (M™-1), 97, 91, 81

3,3-Dimethyi-5-benzyloxy-i-pentene {(4):

To a stirred solution of 3 (5.7ig, 50mmoi) in DMF (i00mi), NaH (2.4g, 60mmoi) was added in portions at
0°C, then the mixture was allowed to warm to room temperature and stirred for 0.5 h, after which a solution of
benzyl bromide (7.13ml, 60mmol ) m DMF (20ml) was added dropwise. After further stirring at room
temperature for 3 h, the mixture was poured into pre-cooled water (200ml) and extracted with ether (3 x
50ml), the combined organic layer was washed with 10%HCI and brine, then dried over Na,SO,. Removal of
solvent and purification by flash column chromatography (petroleum : ethyl acetate = 20 : 1) gave the title
compound 4 (9.3g, 92%) as a colorless oil; IR 3110, 3000, 2940, 1650, 1460, 1370, 1110, 920, 740, 702; 'H-
NMR (300 MHz, CDCL) 1.04 (6H,s), 1.70 (2H, t, J 7.4), 3.50 (2H, t, J 7.4 ), 4.48 (2H, s), 4.90 (1H, s), 4.97
(1H, m ), 5.82 (1H, dd, J 10.0, 17.3), 7.35 (5H, m); EIMS m/z 203 (M*-1), 177, 149, 105, 91.

3,3-Dimethyl-5-benzyloxy-2-pentanone (5):
O, was bubbled through a stirred solution of PdCl, (0.9g, Smmol), CuCl (2.23g, 22.6mmol) in 140ml of DMF
and 20ml of H;O for 2 hr. Compound 4 (2.3g, 11.3mmol) was added to the solution and O, was bubbled

tb_rgugh for a additional 60 hr. at room temperature s Water (IOOml) was added to dilute the reaction mixture



CDCL) 1.12 (6H, s), 1.88 (2H, t, J 6.55), 2.12 (3H, s), 3.47 (2H, t, 6.55), 4.41(2H, s), 7.28 (5H, m); EIMS
m/z 221 (M'+1), 176, 113, 91

3,3-Dimethyl- 5-benzyloxy-2-trimethylsilyloxy- 1-pentene (6):

Butyllithium (3.5ml, 5. Smmol) was added to a solution of i-pr,NH (0.77ml, 5.5mmol) in THF (20mi) at -78°C,
then the mixture was allowed to warm to room temperature and stirred for 20 minutes. The mixture was then

recooled to -78°C, 5 (1.1g, Smmol) was added and stirred for 1h, then TMSCI (1.1ml, 8.5mmol) was added
and stirred for 10 minutes. Saturated aqueous NaHCO; was added and the mixture was warmed to room
temperature. The aqueous layer was extracted with CH,Cl, (3x50ml), the combined organic layer was washed
with saturated aqueous NaHCO:; and brine, then dried over Na,SO,. Removal of solvent and purification by
flash columm chromatography (petroleum : ethyl acetate = 40 : 1) gave the title compound 6 (1.42g, 96.5%) as
a brown oil; 'H-NMR (90 MHz, CCL) 0.2 (SH, s), 1.08 (6H, s), 1.73 (2H, t), 3.42 (2H, t), 4.04 (2H, d), 4.46
(2H.s), 7.28 (5H, s).

3,3-Dimethyl-1,7-dibenzyloxy-6-hydroxy-4-octanone (7a):

A solution of 2-benzyloxypropanal (0.36g, 2.2mmol) and 6 (0.6g, 2mmol) in CH,Cl, (4ml) was cooled to -
78°C and TiCly (0.33ml, 3mmeol) was added dropwise.The mixture was stirred for 2h and saturated aqueous
NaHCO; was added to quench the reaction. The aqueous layer was extracted with CH,CL (3x10ml) and the

combined organic layer was washed with saturated aqueous NaHCQ; and brine, then dried over Na,SO,,
removal of solvent and purification by flash column cl.uoma.ography (petroleum : ethyl acetate = 10 : 1) gave
the title compound 72 (0.68g, 88%) as a colorless oil; IR 3560, 2900, 1700, 1450, 1360, 1100, 740, 690; 'H-
NMR (300 MHz, CDCL) 1.12 (6H, s), 1.13 (3H, d, J 6.27), 1.88 (2H, m), 2.46 (1H, br.s), 2.67 (2H, m), 3.46
(3H, m), 4.0 (1H, m), 4.40 (2H, 5), 442 (1H, d, J 11.9), 4.60 (1H, d, J 11.9), 7.28 (10H,m); EIMS m/z 385
{(M'+1), 367 (M'+1-H,0), 259, 141, 91; HREIMS: calcd. for CoH:,04 m/z (M'-1) 383.2222, found
383.2188.

3,3-Dimethyl- 1,7-dibenzyloxy-6-hydroxy-4-methylene octane (8):

Diiodomethane (0.12ml, 1.5mmol) was added at 25°C to a stirring suspension of zinc (0.3g, 4.5mmol) in THF
(4ml) under nitrogen. After 30 min,,a dichloromethane solution of TiCL (1.0M, 1ml, 1.0mmol) was added at
0°C and the resulting dark brown mixture was stirred at 25°C for 30 min.. A solution of ketone 7a (0.384g,
1.0mmol) in THF (2ml) was added dropwise at 25°C. After being stirred at 25°C overnight, the mixture was
diluted with ether and the organic layer was washed with 1N HCI solution and brine. Removal of solvent and
purification by flash column chromatography (petroleum : ethyl acetate = 5 : 1) gave the title compound 8
(0.34g, 88%) as a colorless oil; IR 3467, 3090, 3032, 2969, 1634, 1454, 1365, 1097, 736, 697; "H-NMR (300
MHz, CDCl;) 1.08 (3H, s), 1.10 (3H, s), 1.25 (3H, d, J 6.2), 1.76 (2H, m), 2.20 (2H, m), 2.49 (1H, br.s), 3.42
(2H, m), 3.50 (1H, m), 3.75 (1H,m), 4.45 (2H,s), 4.48 (1H,d, J 11.8), 4.68 (1H,d, J 11.8), 4.98 (2H,s), 7.34
(10H,m); FABMS m/z 383 (M'+1), 405 (M*+Na).



3,3-Dimethyl-6-t-butyldimethyisilyloxy-4-methyiene- i, 7-dibenzyioxy octane (9):

To a solution of 8 (0.315g, 0.82mmol) m DMF (0.5ml)°C was added imidazole (0.168g, 2.46mmol), TBSCI
(0.186g, 1.23mmol). The mixture was allowed to stand overnight at 50°C. Water (2ml) was added to quench
the reaction and the aqueous layer was extracted with ether (3 x Sml),the combined organic layer was washed
with brine,dried over Na,SO,. Removal of solvent and purification by flash column chromatography (petroleum
: ethyl acetate = 10 : 1) gave the title compound 9 (0.37g, 92%) as a colorless oil; IR 3090, 3030, 2980, 2880,
1635, 1460, 1365, 1260, 1095, 840, 740, 700; '"H-NMR (300 MHz, CDCl;) 0.01 (6H, d), 0.88 (9H, s), 1.08
(6H, s), 1.18 (3H, d, J 6.3), 1.78 (2H, m), 2.05 (1H, dd, J 9.2, 15.0), 2.40 (1H, dd, J 1.2, 15.0), 3.40 (2H, ¢, J
7.5), 3.58 (1H, m), 3.97 (1H, m), 4.46 (2H, s), 4.58 (1H, d, J 12.1), 4.62 (1H, d, J 12.1), 4.89 (1H, s), 4.92
(1H, d, J 1.1), 7.34 (10H, m); EIMS mv/z 496 (M"), 481, 361, 331, 279, 181, 131, 91.
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x 10mi), the combined organic layer was washed wiih brime,dnied over Na;S0,, removai of soiveni
and purification by flash colurnm chromatography (petroleum : ethyi acetate = 2 : 1) gave the title compound 10
(0.062g. 78%) as a colorless oil; IR 3400, 3100, 3000, 1638, 1462, 1380, 1260, 1080, 840, 780; '"H-NMR
(300 MHz, CDCl;) 0.08 (6H, d), 0.88 (9H, s), 1.04 (3H,s), 1.09 (3H, s), 1.18 (3H, d, J 6.1), 1.57 (1H, m),
1.74 (1H, m), 2.16 (2H, m), 3.22 (1H, m), 3.58 (2H, m), 3.62 (1H, m), 5.00 (1H, s), 5.03 (1H, s). EIMS m/z
317 (M'+1), 299, 281, 185, 173, 159, 131,

3,3-Dimethyl-4-methylene-6-t-butyldimethylsilyloxy-7-oxo octanal (11);

A stirred solution of oxalyl chloride (0.3ml, 3.2mmol) in CH,Cl, (10ml) was treated dropwise with a solution
of DMSO (0.5ml,6.7mmol) in CH;Cl, (5ml) at -78°C, the mixture was stirred for 10 minutes, then 10 (0.41 g,
1.3mmol) was added. After further stirring for Ih, triethylamine (1.85ml) was added. The mixture was stirred
for a further 10 minutes, then was allowed to warm to room temperature, water (10ml) was added to quench
the reaction and the aqueous layer was extracted with CH,Cl, (3x10ml), the combined organic layer was
washed with saturated aqueous NaHCO; and brine, then dried over Na,SO,;.

2 (_),f_n- I'rimethvl-3-t-butvildir hvlsilvloxv-5-methvlene cvclohexene carboxaldehvde (12):
4, chy tutyldimeinyisutyloxy meinviene cycionexenc carpoxaiéenvee (12)
T'a solution of 11 (156ma Q0 Smmol) in b ene ( 10m) was added nineridine (0 05ml 0 SmmaoDand n-
10 a soution of 11 (:00mg, Lommel) m denzene (1vmi) was aqaed ppengme (U.0ome, L.ommel)ang p
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compound 12 (85.2mg, 58%) as a colorless oil; IR 2980, 2850, 1725, 1638, 1470, 1360, 1260, 1100, 840,



780; 'H-NMR (300 MHz, CDCl) 0.03 (6H, s), 0.88 (9H, s), 1.19 (6H, s), 2.17 (2H, s), 2.36 (3H, d, J 6.1),
417 (1H, 1,1 6.1), 5.01 (1H, s), 5.03 (1H, ), 9.64 (1H, t, J 2.7); EIMS m/z 295 (M*+1), 255, 237, 209, 199,
191, 163, 143, 135, 119, 107, 75; HREIMS: calcd. for Ci7H300,Si m/z 294.2015 found 294.2036.
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