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Abs~& [2+2J PhocycMtions between mane 2 and 2,3_ciilybvpyan dertvothw lead to o 
ntwtber ofintmsting tntetmeialces 3Hfor tumid +&he&. Following this strakgy the stemosekcttve 
spthests of a biologtcully active tamid mtmtcktng Uw potariw of the CD rtag po&m in taml is 
qorted. 

Investigations on the t3bwtumm relationship of taxoids are of great intemt for dmgde43ig11.’ The 

availabilityoftaxolfrom~~~ieverJI~andthelow~lubilityoftavoiinwatameansasgious 

~~~foritSapplioationincenr;atheaapy.lfBothcircumttaacescankO~ bythesynthesiSOfessily 

accerrsible taxoids with better soluMity in water. Recentty we reported the fht synthch of a biok@caHy active 

taxoid.4coatimringourprogrpmwectesignedanalogues~~c~~oftbeCDriogportioain 

taxol. We used our earlier developed mod&d deA4ayo methodoh& to umstmct the taxane skeleton aad 

mmduced ether and ke$al functionelities ia the C ring at the [2+2] photocy&xMim step. 

[2+2] Photocydaacbdition beeI4 enone 2 and ,dihydropyran derivative!3 led le&bmb& cuntmlM to 

tmacyclicsystemswhichweretmn&m&e iatotheemhaged-. 
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dihydropyrans (Scheme 1) with a high pressure mercuryhunp(5OOW)oraXearclamp(1O00W,~.>325mn). 

The [2+2] photocycloaddition of mne 2 with 2Jdihydropyran was carried out in dichloromethane at -60 OC. 

2,3-Dihydropyran was added to 2 regiochemically and stmcally controlled within 1.5 hours to give 3a in 

84%yield.Theregiochemistryofthtaddition~provedbytbe’HNMRspectrumandthestereochrmistrywas 

established by Nuclear Overhausr eB’ects between H-3, H-8 (taxane numbe&& and the protons of a methyl 

group. The stereochemistry at C, and C, (taxane number&) was not assigned because these stereocenters were 

planar&d in the following retro-aldol reaction. 

0 

+ 
d ii to 

* d 

3b 

3d 
+ 

S&me 1: i) hv, -60 “C ii) hv, rt, R=CO,C&, only main diastereomer shown. 

2-Methoxy-2,3dihydropymn reacted with enone 2 in dichlo~ at1S°Ctoyield3bin65%.A3:1ratio 

f+om the b and u-side attack was observed. The @mo&m&y was proved by comparison of the ‘H NMR 

data of 3b with the data of 3a. Under the same conditions 1,3-dioxene added to enone 2 giving a 3 : 1 mixture of 

the diastereomers resulting &om the p and a-side attack. The yield of the photocycloaddition baned on 

consumed stuting material was good (79%). The reaction rate, however, was quite low compared with the other 

examplesandbylongerreactiontimestheyidddroppadTodeterminethestereochemistryof3e,theayrl 

carbonate functionality was eliminated and the ketal cleaved. The results of the NOE exper&&s of the obtained 

~w~colleirtsntwiththe~stereochanistry.~1,4-Dioxme~withsaow2to3d.proloqged 
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irradiation times led to a photochemically induced elimination of 3d to 3e in good yield. Compound 3e 

represents another interest& interme&te towards higher tknctionabzed taxoids via oxidative cleavage of the 

double bond.’ With the compounds of type 3 a number of in&es@ intermediates for the synthesis of taxoids 

are described. 

31 R= CO&H, 
3f R=H 

S&me 2: i) Pd(Ph),cat., morpholine, THP, rt ; BF;OE\cat., acetone, rt. ii) L-SekctrideR, THF, -78 OC. 
iii) KOBu&OH, 70 “C. iv) Ciioyl chloride, EGN, DMAP cat., 0 “C. v) NMO, OsO,cat., rt vi) NaBHe 
MeOH, rt. 

The synthetic potential of these tetracyclic compounds is exemplified by the tran&ormation of 3a into the taxoid 

9 (Scheme 2). The ally1 carbonate t&ztionality of compound 3a was cleaved almost quantitatively using 

morpholine and catalytic amounts Pd(PPhJ, in tetrahydrotkan. Treatment of the resulting alcohol 3f with 

BF;OEt, in acetone gave compound 4 in 78% yield. 

Chemoselective and diasterem&ctive reduction of 4 at C-13 from the @side could be achieved usii 

L-SelectrideR as the reducing agent. The observed selectivities can be rationalized by sterical b.indrance. The 

following retro-aldol reaction was carried out at 70 ‘C in ‘BuOH/‘BuOK. Under these conditions C-3 (taxane 

numbering) was epimerized giving tricyclic compound 6 with the correct fnnsco~ected ring C. The 

trans-connection was assigned on the basis of the 10.5 Hz coupling constant between the vicinal protons H-3 

and H-S (taxane numbering). cis Hydroxylated chmamoyl acid was chosen to demonstrate that also in the side 

chain major simplifications were possible without loss of biological activity. The esterikation of compound 6 at 

C-13 proceeded in 70 % yield a&r changing the esterikation agent from cinnamoyl anhydride to cinnamoyl 

chloride. The cis hydroxylation of compound 7 was carried out with N-methyl morpholine N-oxide (NMO) and 
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catalytic amounts of OsO, to give 8 in 94% yield. The ketone at C-10 was reduced mcally 

controlled with NaBH, to /&lcohol9, the envisaged taxoid. In contrast to our earlier obser&ons we fbund 

only one of the two diastereomers tbatresult&omtheintroductionofthesidechain. Itwasassumedthatthe 

hydroxylation of the double bond was died by complexation of 050, at the oxygen in ring C. 

Reports from Nicolaou* and our group4 indicated that only one of the two diastereomers, which are formed 

when the side chain is established, is biologically active.The in virro tubulin test of taxoid 9 proved that we 

synthe&zed the biologically active diastereomer. The biological activity of compound 9 was comparable to the 

one of our earlier synthesized carbocyclic taxoid.4 

In summary, a variety of interest@ intermediates toward the synthesis of taxoids are accessible and a typical 

example for the transformation of an intermediate to a biologically active taxoid is given. Further synthetic and 

biological studies on structure-acti* relationship of taxoids are in progress. 

EXPERIMENTAL 

General remark8 
NMR spectra were taken on Bruker AM 400 and AC 200 spectrometers. “C multiplicities were determined 
using DEPT pulse sequences. IR spectra were taken on a Nicolet FTIR 750 spectrometer. Mass spectra were 
recorded on Varian MAT 711 and 44 S spectrometers. TLC analyses were performed on Merck 60 F 254 silica 
gel plates. Silica gel 60 (240400 mesh) was used for silica gel chromatography. THF was fkshly distilled from 
potassium and dichloromethane was khly distilled from Cd$ 

Ally1 (13-(1~0s0~~15,1~~~y~~~~~~[9~.1.~.~~ pentadecan-lO-onyi) carbonate 
3a:A solution of enone 2 (1.5 g, 4.7 mmol) and dihydropyran (20 mL, 198 mmol) in 200 mL CH$4 was 
degassed by ultrasound while bubbling argon through the reaction mixture for 10 min. The sotion was 
irradiated with a mercury high pressure lamp (500 W) for 1.5 h at -60 “C. Solvent and unchanged dihydropyran 
were removed by distillation. Flash chromatography (petroleum ether (PE) : ‘butyl methyl ether (MTBE) = 1: 1) 
of the residue gave 3a (1.58 g, 3.9 mm01 ,84% yield). 
‘H-NMR (400 MHz, CDC4): 6 = 1.13 (s, CI-Q, 1.24 (s, CH& 1.75-1.9 (m, 4I-I)) 1.95-2.05 (m, 2H), 2.15-2.25 
(m,w),2.85 @s, lH),3.08(bd, J=SHz, lH), 3.5(dt, J=6.5, 11.0,3.7Hz, SH),4.49(bd, J=8.OHz, IH), 
4.60 (dddd, J = 13., 5.5, 1.0, 1.0 Hz, lH), 4.67 (dddd, J = 13.0, 5.5, 1.0, 1.0 Hz,, U-I), 5.26 (dddd, J = 10.5, 1.0, 
1.0, l.OHz, H-I), 5.38 (dddd, J = 17.0, 1.0, 1.0, l.OHz, 1H) , 5.95 (ddt , J- 17.0, 10.5, 5.5 Hz, 1H). ‘3C-NMR 
(CDC4): 6 = 20.61 (U-&),24.51 (CI-Q), 27.88 (CI$), 29.82 ((X&31.73 ((X&),34.40 (C), 35.81 (CH), 36.27 
(CI$), 41.85 (CH), 53,80 (CH), 5$.05 (CH), 62.99 (CI$), 63.70 (CH& 64.20 (C/I-L& 68.04 (CI-Q 73.02 (CH), 
87.02 (C), 105.81 (C), 118.45 (Cm, 131,91 (C), 154.12 (C), 216.31 (C). IR (CHC4 ): v[cni’] = 2800 - 3000 s 

17459,1695s, 1367m, 1249v5,1175m, 1113m,1066m.HRMS:C~0, c&.406.1992 found 
k6.1992. MS: 406 (M+ ,6), 323 (23), 279 (100). 235 (24), 141 (IZ), 84 (78), 69 (34). 

Ally1 (13-(1~dioxolmn~methoxy-lS,l5_dimtta pentadecan-lO-onyl) 
carbonate 3b: A solution of enone 2 (33 mg, 0,l mmol) and 2-methow-2,3-diiydropyran (ZmL, 17.5 mmol) in 
8 mL CH$4 was degassed by ultrasound while bubbling argon through the reaction mbcture for 10 min. The 
solutionWkPirradiatedwithaXearclamp(1000W)atambientt~ fix 55 min. Solvent and unchanged 
2-methoxydihydropyran were removed by di&illation. Afkx flash chromatogrsphy (PE : MTBE = 1: 1) of the 
residue two diiereomers 3b were obtained: 21 mg (0.048 mmol, 48 % yield) product of the &side addition and 
7 mg (0,016 mmol, 16 % yield) product of the a-side addition., 
Major diastereomer. ‘H-NMR (400 MHz, CDCJ): 6 = 1.16 (s , CH, ,3H), 1.24 (s, Cq, 3H), 1.6 - 2.25 (m. 
6I-Q 2.43 (m, lH), 2.83 (bs, lH), 3.09 (bd, J = 5.5 Hz, lH), 3.31 (s, 3H), 3.7 - 4.0 (m, 4H.), 4.53 (bd, J = 7.5 
Hz, IH), 5.57(dddd, J= 13.0, 5.5, 1.0, l.OHz, lH),4.68(dddd, J= 13.0, 5.5, 1.5, l.SHz, lH),4.77(dd, 
J=6.0,6.OHz, lH),5.26(ddt, J=10.5, 1.5, 1.5H2, 1I-Q 5.37(ddt, J-16.0, 1.5, l.SHz, lH),5.95(ddt, 
J = 16.0, 10.5,5.5 Hz).IR (CHC4 ): v[cm” ] = 3015 m, 2800 - 3000 5, 1745 s, 1698 s, 1454 m, 1368 s, 1294 s, 
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1277 s, 1250 s, 1205 s, 1114 s, 1059 a, 1035 s. HRMS : Q-&O, cak. 436.2097 found 436.2097 MS: 
436 (M+ ,6), 323 (22), 303 (24), 279 (%), 235 (20). 219 (12), 167 (IO), 141 (20), 114 (40), 86 (SO), 73 (IOO), 
58 (70). Minor dier.‘H-NMR (400 MHz, CDCl$6 = 1.04 (s, CJ& 3H), 1.14 (s, CB-& 3H), 1.9 - 2.4 
(m, 6H), 2.66 (m, lH), 2.77 (bd, J = 6.5 , lH), 2.87 (lx!, J = 5.5, IH), 3.14 (s, 3H), 3.85 - 4.0 (m, 4H), 4.57 
(dddd, J- 13.0, 5.5, 1.0, l.OHz, lH),4.68(dddd, J= 13.0.5.5, 1.5, l.SHq lH),4.73(dd, J=7.5, l.SHz), 
4.78 (dd, J = 5.5, 5.5 Hz, IH), 5.27 (dddd, J = 10.5, 1.5, 1.5, 1.0 Hz, IH), 5.38 (dddd, J = 17.5, 1.5, 1.5, 1.0 
Hz, H-l’), 5.96 (ddt, J = 17.5,10.5,5.5 Hz, 1H). IR (CHC1,): v[cni’] = 3012 m, 2800 - 3000 s, 1746 s, 1696 s, 
1454 m, 1368 s, 1249 s, 1205 s, 1135 s, 1051 s, 1030 s. HRMS : CAO, talc. 436.2097 found 436.2097 

Ally1 (13(1~dioxoLn~l5,1~~~~~~~~~[9~.1.~.~ patadecan-10-o@) cubonxte 
3c: A solution of enone 2 (800 mg, 2.21 mmol) and 1,fdioxene (6.7 g, 78 mmol) in 7 mL CH.$~ was degassed 
by ultrasound while bubbling argon through the reaction mixture for 10 min. The solution was irmdiated with a 
Xe arc lamp (1000 W) at 15 T for 55 minutes. Solvent and unchanged 1.3-dioxene (bp = 78 T) were removed 
by distillation. Flash chromatography (PE : MTBE 1 : 1) of the residue gave 628 mg (1.95 mmol, 78 % yield) 
starting material and 172 mg of dktereom 3c: 128 mg (0.3 1 mmol, 14 % yield) product of the psi& 
addition and 44 mg (0.11 mmol, 4.9 % yield) product of the a-side addition. Major dhtereomerz ‘H-NMR 

(400 MHz, CDC4: 6 = 1.10 (s, 0&, 3H), 1.23 (9, CI-&, 3H), 1.6 - 2.2 (q 6H), 2.82 (ddt, J = 8.5,6.0,6.0 Hz, 
IH), 2.97 (IN, lH), 3.32 (bd, J = 6.0 Hz, lH), 3.7 - 4.0 (m, SH), 4.02 (d, J = 6.0 Hz, 2H), 4.61 (dddd, J = 13.0, 
5.5, 1.5, 1.5 Hz, lH), 4.67 (dddd, J = 13.0, 5.5, 1.0, 1.0 Hq U-I), 4.75 (d, J = 5.0 Hz, lH), 4.77 (dd, J = 8.5, 1.0 
Hz, l), 5.2 (d, J = 5.0 Hz, lH), 5.27 (dddd, J = 10.0, 1.0, 1.0, 1.0 Hz, lH), 5.37 (ddd, J = 17.0, 1.5, 1.5, 1.5 Hz, 
lH), 5.95(ddt, J= 17.0, 10.0,5.5H.z, 1H). ‘3C-NMR(CDCl,):6=26.34(C&),29.62(CQ,32.61 (CIQ, 
32.85 (CJ-Q, 33.65 (C), 37.32 (CH.& 41.50 (CH), 51.81 (CH), 53.28 (CH), 63.8l(CH& 64.15 (CEE;), 68.13 
(C~,68.57(CH&68.98(CH),85.15(C),90.95(C~, 106.06(C), 118.73(CH& 131.67(CH), 153.94(C), 
214.57 (C). IR (CHCI,): v[cni’] = 2800-3000 s, 1744 s, 1700 s, 1456 m, 1367 m, 1258 s, 1245 s, 1189 s, 1021 
s. HRMS : C,,%,O, talc. 408.1784 found 408.1784 MS: 408 ( M+ ,3), 366 (2), 323 (28), 279 (lOO), 
235 (18), 167 (44), 149 (52), 141 (36), 86 (92), 69 (62). Minor diiereomer: ‘H-NMR (400 MHz, CDC4: 
S=l.ll(s,C&,3H), l.l5(s,CHy3H), 1.97-2.26(m,5H),2.36(dd,J=16.0,6.5Hz, lH),2.77(bd,J=6.5 
Hz, lH), 3.02(m, lH),3.16@d, J=6.5Hz, lH),3.8-4.2&,6H),4.59(dddd, J= 13.0, 1.5, 1.5, l.SHz, lH), 
4.68(dddd, J= 13.0, 1.5, 1.5, l.SHz, lJQ4.71 (d, J=S.OHz, U-I), 5.25(dd, J=8.0, l.SHz, H-l), 5.33(d, 
J= 5.0, lH), 5.57 (dddd, J= 10.0, 1.5, 1.5, 1.5 Hz, H-l), 5.68 (dddd, J= 17.5, 1.5, 1.5, 1.5 Hz, lH), 5.95 (ddt, 
J= 17.5, 10.0, 5.5H2, 1H). ‘3C-NMR(CDC1,): S=27.88(CH.&29.36(CH&,31.92(CI-Q), 34.15(C),34.35 
(CH), 36.40 (Cw, 41.92 (CH), 51.81 (CH), 54.92 (CH), 63.83 (CH& 64.30 (Cq, 68.25 (CI$), 69.14 (0, 
70.27(CH),86.21 (C),91.11 (Cq, 105.69(C), 119.04(C~, 131.68(CH), 154.32(C),215.72(C).IR 
(CHCL, ): v[cm-‘1 = 2800-3000 s, 1744 s, 1696 s, 1448 m, 142 m, 1240 s, 1204 vs, 1196 s, 1110 s, 1084 s, 1027 
s. HRMS : C,,J&O, cak. 408.1784 found 408.1784 MS: 408 (M+ ,2), 323 (44), 306 (16), 279 (94). 235 
(16), 211 (18), 167 (52), 149 (58), 129 (56), 86 (lOO), 73 (lOO), 69 (60), 57 (72). 

Ally1 (13-(1~dioxolm)-15,l~~ethyl-4,7-dio~~e~~~~o[9.3.l.~9.~~] pentadecan-Wonyl) carbonate 
3d and 
13-(1~dioxolaa)-l5,15-dimethyl-4,7-dioutetrreyelo[9.3.l.dJ.d~]pentrdee-2(9~nel0one 3e:A solution 
of enone 2 (100 mg, 0,3 1 mmol) and 1,4-dioxene (420 mg, 4.9 mmol) in 2 mL CH.$l, was degassed by 
ultrasound while bubbling argon through the reaction mixture for 10 min. The solution was irradiated with a Xe 
arc lamp (1000 W) at 15 “C for 6 h.Solvent and unchanged 1,Cdioxene were removed by distillation. Flash 
chromatography (PE : MTBE = 3 : 1) of the residue gave 18 mg of 3d (0.04 mmol, 14 % yield) and 49 mg of 3e 
(0.16 mmol, 52 % yield) as a mixture of diastereomers. 3d : ‘H-NMR (200 MHz, CTX4: 6 = 0.99 (s, C&, 
3H). 1.23 (s, C&, 3H), 1.7 - 2.3 (m, 5H), 2.9 (bs, lH), 3.4 - 4.0 (m, 9H), 4.35 (dd, J = 6.0, 3.0 Hz, lH), 
4.55-4.7(m, 3H), 5.25(dddd, J=9.0, 1.0, 1.0, l.OHz, lH), 5.4(dddd, J= 17.0, 1.5, 1.5, l.SHz, lH), 5.9 
(ddt, J = 17.0, 9.0,6.0 Hz, 1H). ‘3C-NMR (CDCI,): 6 = 27.7 (C&), 29.7 (CH& 31.6 (Cw, 34.2 (C), 35.9 
(CIQ41.0 (CH), 54.4 (CH), 55.9 (CH), 61.7 (w, 62.7 (w, 63.7 (CH& 64.1 (q, 68.1 (CH& 69.7 
(CH), 71.9 (CH), 87.2 (C), 105.0 (C), 118.9 (0, 131.6 (CH), 153.9 (C), 213,0(C). lR(CHCI,): 
v[cni’] = 3016 m, 2800 - 3000 s, 1747 s, 1701 vs, 1458 m, 1432 m, 1367 m, 1293 s, 1277 s, 1245 s, 1189 s, 
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1170 s, 1112 SARMS : c,,I&o* talc. 408.1784 found 408.1784 MS: 408 (I&, 2), 323 (2), 306 (19), 
279 (3), 263 (3), 234 (6), 219 (3), 191 (5), 177 (8) 167 (8), 141 (22), 99 (14), 86 (lOO), 73 (38). 69 (24), 57 
(86). 3e major diastewmerr ‘H-NMR (200 MHz, CDCl.$ 6 = 0.94 (s, q 3H), 1.14 (s, CX&, 3H), 1.6 - 2.4 

(m,6H),3.8-4.O(m,8H),4.82(d,J=4.OHz,lH),5.o6(d,J=4.OHz,lH).’3C-NMR(CDc1,):6=25.l 
(q), 27.0 (CJ-Q, 33.3 (CH& 35.8 (CJ-Q, 36.9 (C), 40.7 (CH), 54.8 (CH), 61.8 (CIQ, 62.6 ((X-Q, 63.3 
(C~,64.8(cIE3,7l.O(CH), 72.1 (CH), 106.7(C), 145.0(C), 173.8(C), 197.6(C). IR(CHcI,): 
v[cm-‘1 = 2800 - 3000 s, 1682 s, 1453 rir, 1429 m, 1362 m, 1231 s, 1227 s, 1175 s, 1160 s, 1110 s, 1052 s, 1032 
8. HRMS : C,&O, talc. 306.1467 found 306.1467 MS: 306 (I@, 4), 234 (5), 191 (15), 177 (S), 141 
(6), 99 (6) 86 (24), 69 (a), 55 (16). 3e minor dimtemmcr: ‘H-NMR (200 MHz, CDCl,): 6 = 1.16 (s, CX&, 
3H), 1.20(s, Cq, 3H), 1.6-2.4(m,6H),3.8-4.0(m, 8H),4.79@, J=S.OHz, lH),4.91 (d, J=4.OHz, 1H). 

1~1~Diosolm~~bydydroxy-15,1~~~~~~~[9~1.~.~~~~1~~ : To a 
solution of 3a (200 mg, 0.5 mmoi) in dry THF were added 5 mot% Pd@Ph& and 130 mg (1.5 nnnol) 
morpholine at ambient temperature. After 1.5 h the solvent and the morpholine were removed by disthkion 
lUld~fCdUCtdplWSlUC.TheydloWOil~plrifiedby~~ (MTBE:PE 2: 1)togiveX 
(153 mg, 0.48 mmol, 95 % yiehl).‘H-NMR (400 MHz, CDCI,): 6 - 1.1 (s, CH,, 3H), 1.21 (s, C&, 3H), 
1.45 - 1.52 (m, H-6, lH), 1.78 - 1.95 (m, H-6, H-l, H-7,4H), 2.04 - 2.18 (m, H-12, H-14,4H), 2.42 -2.58 (m, 
H-11, H-8,2H), 2.78 (bd, J = 5.0, H-9, lH), 3.62 - 3.68 (m, H-5, IH), 3.82 - 3.96 (m, H-18, H-19,4H), 4.0 - 
4.1 &H-5, lH).4.12(s,OH),4.3 (dd, J-8.0, l.OHz, 1H). ‘+XJMR(CDCl& b-21.31 (w,25.18(w, 
27.97 (CQ, 29.94 (CH& 31.67 (C&), 34.5 (C), 35.65 (CH), 35.67 (q), 45.20 (CH), 55.45 (CH), 57.11 
(CH), 63.32(Cw, 63.72(CX-Q), 64.37&H.& 726O(CH), 77.18(C), 106,67(C), 217.%(C).,IR(CHC4): 
v[cni’] = 3505 s, 2800 3000 s, 1697 ~31372 m,1107 vs. HRMS : C&OS talc. 322.718 found 322.718 

MS: 322 (M+, 7), 239 (NO), 195 (60), 84 (80), 69 (54). 

2Hydroxy-l5,l~im~y~~t~~~o[9~.l.~.~]~n~~-lO,l~iooe I: Under an argon 
atmosphere 25 p.L of a half concentrated BF;oEt, solution (20 mol%) were added to a solution of 3f (162 mg, 
0.5 mmol) in acetone (dried over PpO,o). After stir@ for 1 h at ambient temperature the reaction was 
completed (T.L.C. control) . The reaction mixture was poured into brin&tTBE , the aqueous layer was 
extracted with MTBE and the combii organic layers were dried over MgSO,. Atk Wation solvent was 
removed under reduced pressure and purification by tlash chromatography (MTBE : PI3 = 2 : 1) gave 102 mg of 
4 (0.39 mmol, 78 % yield).‘H-NMR (400 MHz, CDC12): 6 = 1.14 (s, C&, 3H), 1.36 (s, q 3H), 1.38 -1.5 (m, 

H-~u, lH), 1.63 - 1.75 (m, H-7a, IH), 1.8 -1.92 (m, H-6/$ II-J), 1.97 - 2.08 (m, H-78, H-l, 2H), 2.28 (dt, 
J = 18.0, 1.5 Hz, 812rx, 1H ,2.33 (dm, J = 5.0 Hz, H-144 lH), 2.46 (dm, J = 8.0 Hz, H-12, lH), 2.48 -2.58 

(m,H-14B,H-8,2H),2.71 (dd, J= 18.0, S.OHz,H-ll,lH),3.16(dt, J= 16.0, 3.OHz,H-9, D&3.56-3.64(m, 

H-5& lH), 3.93 - 4.0 (m, H-5/3, D-l), 4.17 (s, OH), 4.3 (dd, J = 8.0, 1.5 Hz, 1H). ‘3C-NMB (CDC4: 6 = 21.15 
(CH.& 24.47 (CH.& 27.97 (Cq, 29.94 (CH.,), 32.17 (cH2), 34.31 (C), 36.21 (CH), 36.34 (Cm, 41.87 (CE), 
53.74 (CH), 54.87 (CH), 63.75 (Cm, 71.98 (CH), 88.09 (CH), 216.32 (C), 217.94 (C). JR (CHC4 ): 
v[cmV’] = 3505 s, 2800 - 3000 s, 1718 vs, 1698 s, 1372 m, 1106 s, 1043 m. HBMS : C,&-&O, talc. 278.1518 

found 278.1526 MS: 278 @A+, 4), 239 (lOO), 195 (54), 168 (15), 84 (92), 69 (50), 55 (52). 

2,13-Dihydrory-15,15~e~y~~~~~~~[9~.l.~9.~~~~d~n-l~ne 5: Under an argon 
atmosphere at -78 ‘C 1.2 mL (1.2 mmol) of a L-Selectrider‘/THF solution were added dropwise to a solution of 
4(278mg,lmmol)inl0mLd1yTHF.A8ersthringfor2hat-78~Ctherea~tionmixturewaspouredinto 
brin&lTBE, the aqueous layer was extracted with MTBE and the con&ii organic layers were dried over 
MgSO,. After tiltration solvent was removed under reduced pressure and purilication by flash chromatography 
(MTBE : PE = 2 : 1) gave 257 mg (0.91 mmol, 92 % yield) of a colourless oil. ‘H-NMR (400 MHz, CDC4: 
6 = 1.04 (8, C&, 3H), 1.10 (s, C&, 3H), 1.18 - 1.40 (m, H&t, lH), 1.38 - 1.47 (m, 87q lH), 1.58 - 1.70 (m, 
6-HP, lH), 1.78 - 1.91 (m, H-7j$ H-l, 2H), 1.94 - 2.11 (m, H-12, H-14,4H), 2.38 - 2.50 (m, H-8, H-11, 2I-Q 
2.88 (d, J = 5.5 Hz, H-9, U-I), 3.34 (s, OH), 3.53 - 3.67 (m, H-5u, lH), 3.97 (bs, H-13, lH), 3.88 - 4.0 (m, 
H-5f& lH), 4.22 (dd, J = 8.0, 1.2 Hz, lH-), 4.54 (s, OH). “C-NMR(CDC4): 6 = 20.76 (Cw, 24.31 (CH& 
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27.63 (CJQ, 29.49 (CJ-Q, 29,95 (CJQ, 33.76 (CH& 34.59 (C), 34.83 (CH), 43.28 (CH,), 53.48 (CH), 57.02 
(CH), 62.85 (tX$), 63.07 (CH), 73.0 (CH), 75.89 (C), 218.27 (C). JK (CHCl$ v[cm’] = 3474 s, 2800 - 3000 
s, 1696 vs, 1274 m, 1105 m. HKMS : C,&,O, cak. 280.1675 found 280,1675 MS: 280 ( M+, 7), 260 
(50), 197 (IOO), 179 (80), 109 (30), 84 (90). 

13-Hydroxy-15,1~imethyCdOutrieyelo19.3.1’.11. @qpentadecan-2,lBdione 6: Compound 5 (80 mg, 
0.285 mmol) ~8s dissolved in 10 mL ‘BuOH/38 mg (0.34 mmol) &OK. The colour of the solution turned into 
intensive yellow. The reaction mixture was stirred for 1 h at 70 “C and then was poured into bri&MTFIE, the 
aqueous layer was extracted with MTF&E and the combined organic layers were dried over MgSO,. After 
filtration the solvent was removed under reduced pressure and puritication by flash chromatography (CH&l, : 
MeOH = 30 : 1) gave 64 mg ( 0.228 mmol, 80 % yield) of 6. ‘H-NMK (400 MHz, CDCQ: 6 = 1.01 (s, CH, 

3H), 1.20 (s, CH,, 3H), 1.33 - 1.47 (m, H-6(rz, D-J), 1.55 - 1.63 (m, H-78, lH), 1.75- 1.92 (m, H+, H-8,2H), 
1.95 - 2.03 (m, H-6B, lH), 2.07 (dt, J = 12.0,2.0 Hz, H-9u, lH), 2.13 (dm, J = 17.0 Hz, H-12a, lH), 2.32 -2.4 

(m, H-l, H-14a, 2H), 2.47 - 2.56 (m, H-12p, H-14b, 2H), 2.63 (dd, J = 9.0,4.0 Ha, H-11, H-J), 3.31 (m, H-58, 
H-L), 3.52 (dd, J = 12.0, 10.0, H-9q H-l), 4.03 (s, OH), 4.05 (dm, J = 11.0 Hz, H-Sa, lH), 4.44 - 4.52 (m, 
H-13, D-J), 5.01 (d , J = 10.5 Hz, H-3,lH). JK (CHCQ: v[cm-‘1 = 33% s, 2800 - 3000 s, 16% vs, 1685 s, 
1606 m, 1206 s, 1102 s, 793 m. HKMS : C&O, cak. 280.1675 found 280.1675 MS: 280 (hI’, 18), 
262 (7), 205 (21), 153 (40), 149 (37), 109 (55), 97 (91), 69 (100). 

(15,1~Dimetby1-2,1O-diou-4-oubieyrlo[9~.1’~” .@“]pentadee-13 3-pbenylacry~ate 7: Under an argon 
atmosphere a solution of 6 (42 mg, 0.15 mmol) and 3.6 mg (0.03 mmol) DMAP in 10 mL dry CT-J&J was 
prepared After cooling down to 0 “C 22 mg ( 0.3 mmol) EGN was added and during 30 minutes 50 mg (0.3 
mmol) Ciioyl chloride were dropped to the raction mixture. After stirkg for 24 h at ambient temperature 
the reaction mixture was hydrolyzed with 1M HCl , and the aqueous layer was extra&d with ether. The 
combined organic phases were neutrakd with NaHCO, solution and were washed with HO, dried over 
MgSO, and a&r filtration the solvent was removed under reduced pressure. Flash chromatography of (M’fBE : 
MeOH = 10 : 1 ) the residue gave 43.7 mg (0.1 mmol, 71 % yield) of 7.‘H-NMK (400 MHz, CDCQ: 6 = 1 .O (s, 

CH, 3H), 1.23 (s, CH,, 3H), 1.38 - 1.51 (m, H-7a, lH), 1.52 - 1.60 (m, H-7p, D-l), 1.74 - 1.85 (m, H&x, D-J), 

1.85 - 1.91 (m, H-8, H-J), 1.98 - 2.04 (m, H+, IH), 2.11 (dm, J = 12.0 Hq H-9u, D-l), 2.23 (dm, J = 17.0 Hz, 

H-14a, D-J), 2.47 (dt, J = 16.0,4.0 Hz, H-12& lH), 2.53 - 2.63 ( m , H-12p, H-14p, W) ,2.67 ( dm , 
J=14.0Hz,H-ll,1H),3.01(dt,J=12.0,2.0Hz,H-5a,1H),3.63(dd,J=12.0,10.0Hz,H-9~,1H 

),4.07(dm, J= 12.OHz,H-5p, lH),4.71 (d, J- lO.sHz,H-3, lH), 5.52-5.59(m,H-13, HQ6.51 (d, 

J = 16.0 Hz, H-19, H-J), 7.41 - 7.57 (IQ C&-L, 5H), 7.8 (d, J = 16.0 Hz, H-20, D-I). ‘3C-NMK (CDC&): 6 = 25.49 
(CH& 27.04 (Cw, 27.24 (Cm, 27.42 (CH& 32.58 (CH), 33.98 ((X$),34.91 (C), 43.42 (CJ-J& 54.47 (CH), 
56.75 ((X),65.02 (CH), 67.68 (CH& 82.31 (CH), 117.45 (CH), 128 (CH), 129.5 (CH), 130.75 (CH), 133.93 
(C), 145.94 ((X),165.86 (C), 209.73 (C), 212.6 (C). JK (CHCQ: v[cm-‘1 = 2800 - 3000 s, 1698 vs, 1636 m, 
1265 m, 908 s. HKMS : C&&O, talc. 410.2093 found 410.2093 MS: 410 (M+, 6), 234 (WI), 147 (38), 
131 (90), 103 (45) 97 (47), 77 (30). 

(15,15-Dimethy~2,10-di~~o[9~.11~”.~]~n~d~-l~yl) 
2’,3’-dihydroxy-3’-phenylpropionate 8: Compound 7 (140 mg, 0.34 mmol) dissolved in 20 mL &OH was 
added to a solution of acetone / HO (20 L : 40 L), 140 mg NM0 and a catalytic amount 0~0,. After stirring for 
24 h at ambient temperature the reaction was completed (T.L.C. control). The mixture was diluted with 
NaHCO, solution, the aqueous layer was extracted with MTBE and the combined organic phases were dried 
over MgSO,. After filtration the solvent was removed under reduced pressure and purification by flash 
chromatography &lTBE) gave 148 mg (0.33 mmol, 98 % yield) of a colourless foam.‘H-NMK (400 MHz, 
CDC&): 6 = 1.17 (s, 2 CH, 6H), 1.41. - 1.52 (m, H-7a, lH), 1.52 - 1.59 (m, H-78, H-L), 1.70 -1.77 (m, Hda, 
D-J), 1.77 - 1.82 (m, H-8, D-L), 1.90 -1.97 (m, H-68, HI), 2.07 - 2.17 (m, H-12u, D-J), 2.33 -2.45 (q &14a, 
H-l, 2H.), 2.47 -2.57 (m, H-12p, H-14p, 2H), 2.64 (dd, J = 10.0,4.5 Hz, H-l 1, H-J), 2.94 (bd, J = 6.0 Hz, OH), 
3.12 (bd, J = 6.0 Hz, OH), 3.32 (dd, J = 12.0,2.0 Hz, H-Sa, D-l), 3.37 (dd, J = 12.0, 10.0 Hz, H-9B, D-J), 4.07 
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(dm, J = 12.0 Hz, H-5& H-I), 4.41 - 4.45 (m, H-20, HI), 4.50 (d, J = 10.5 Hz, H-3, lH), 5.06 (m, H-19, H-Q, 
5.42-5,51(m,H-13, 1H),7.31-7.45(m,C~,5H).‘3C-~(C~~:6=25.5O(C~),26.88(C~,28.21 
(CH$, 33.03 (CI-I), 33.11 (CH.& 33.93 (CH), 34.69 (C), 39.11 (CH), 43.09 (Cw, 54.61 (CH), 56.95 (CH), 
67.22 (CH), 67.52 (Cw,75.14 (CH), 75.29 (CH), 82.25 (CH), 126.39 (CH), 128.55 (CH), 128.68 (CH), 
139.28 (C), 171.89 (C), 209.32 (C), 212.35 (C). IR (CHC!, ): v[cni’] = 3551 s, 2800 - 3000 s, 1733 s, 16% vs, 
1610 m, 1269 m, 1095 s, 1005 s. MS (FAB): M+Na+ = 467.4, M+H+ = 445.4, M-&O+H+ = 427.4, 
C,GO, = 444.4. 

(18-Hydroxy-15,15-dimethyI-2-0xo4cuatricydo[9.3. l’~“.~]pentadec-l3qI) 
2’~-dihydrory_3’-phenylp~i~~~ 9: Diketone 8 (27 mg, 0.06 mmol) was reduced by a NaBI&/ MeOH 
solution at 0 ‘C . The reaction was controlled by T.L.C. . Atler the reaction was completed the mixture was 
poured into water. ,me aqueous layer was extra&d with MTBE and the combined organic phases were dried 
over MgSO,. After filtration solvent was removed under reduced pmssure and purification by flash 
chromatography (MTBE : MeOH = 10 : 1) gave 21 mg (0.047 mmol ,80 % yield).‘H-NMR (400 MHz, 
CDCI,): 6 = 1.12 (s, 0, 1.17 (s, CH;), 1.24 - 1.31 (m, H-7cz, lH), 1.44 - 1.51 (m, H-7p, H-l), 1.53 - 1.62 (m, 

H&x, H-8,2H), 1.73 - 2.15 (m, H-12, H-14u, H-W. H-9B, H-11, H-l, 6H), 2.75 - 2.83 (m, H-12B, H-14j3, 
2H), 3.29 - 3.37 (m, H-5a, lH), 3.92 - 3.98 (m, H-10, HI’), 4.13 - 4.18 (m, H-5, H-i), 4.21 (d, J = 10.5 Hz, H-3, 
lH), 4.34 - 4.40 (m, H-20, lH), 4.91 - 4.% (m, H-19, IH), 5.32 - 5.47 (m, H-13, lH), 7.33 - 7.45 (m, C&-&, 
5H). IR (CHC4: v[cm-’ ] = 3675 s, 3540 vs, 2800 - 3000 vs, 1729 s, 16% vs, 1264 m, 1097 s. MS (FAB): 
M’Na’ = 469.3, m = 447.3, M-H$3+H’ = 429.3, C&O, = 446.3. 
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