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Abstract

The stereoselective synthesis of a number of (716-arene)tricarbonylchromium(O) complexes derived from podocarpic acid has been
achieved in good to excellent yield. Thestereochemistry of complexes 36and37 was established by X-ray crystallography. Reactions of
some of the deprotonated complexes with electrophiles were investigated. © 1997 ElsevierScience S.A.
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1. Introduction

Earlier we reported the functionalisation of ring C of
derivatives of the diterpenoid podocarpic acid (1) via
arene complexes of some transition metals. For exam
ple, nucleophile addition to a mixture of diastereoiso
meric (716.arene)tricarbonylchromium(O) complexes fol
lowed by either oxidation or protonation resulted in the
formation of tetracyclic steroidal compounds from the
tricyclic natural product [I -5J. A diterpenoid chromium
carbene complex has also been used as a key intermedi
ate in a cycJopentaannulation sequence [6]. Functionali
sation of (714.diene)tricarbonyJiron(O) and related
cationic (175-dienyI)tricarbonyliron(IJ) complexes of
podocarpic acid derivatives was less successful [7].
Recently, the synthesis of a number of ring-C aromatic
androstane analogues was achieved in high yield from
reaction of either an alkene or an alkyne with a direr
penoid 17 2~13-acyltetracarbonylmanganese(I) complex
[8,9J. The related 7l2-7-oxotetracarbonylmanganase(I)
complexes reacted with an alkene to afford C-14 alky
lated derivatives in high yields; in some cases cyclisa
tion to C-7 also occurred, giving novel tetracyc1ic 4H
acephenanthrylene derivatives [10].

We now report the stereoselective synthesis in high
yield of a number of (716-arene)tricarbonylchromium(O)
complexes of podocarpic acid derivatives. The genera-
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tion of aryl anions from some of these complexes and
theirquenching with an electrophile is also reported.

2. Results and discussion

Complexation of ring-C aromatic chiral diterpenoid
ligands using the method introduced by Pauson and
Mahaffy [I I], which involves reaction of the arene with
Cr(CO)6 at ca. 140°C in a solvent such as dibutyl ether
containing 10-20% tetrahydrofuran, invariably gives
rise to a mixture of the a and (3 diastereoisomers. The
ratio of these facial isomers is dependent not only on
the reaction time, but also on the nature and stereo
chemistry of substituents at C(4), a site relatively re
mote from the aromatic ring [12,13]. Other Cr(CO)3
transfer reagents such as Cr(CO)iNH3)3 [14J and
Cr(COMCH 3CN)3 [15J have also been employed.
Kundig et aJ. have introduced (176.naphthalene)tri
carbonylchromium(O) as a transfer reagent p": mlltting
the use of a lower reaction temperature [16J, which has
been shown to promote discrimination between the
diastereotopic faces of a suitably substituted arene and
lead to enhanced diastereoselection. For example,
Schmalz et aJ. [17J have applied Kundig's method to a
I-tetralol derivative and found that the relatively mild
conditions afforded the 116-Cr(CO)3 complex in excel
lent yield and with high diastereoselection compared
with the more vigorous thermal conditions of the Pau
son-Mahaffy procedure.
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Fig. I. Theatomic arrangement in36.

Table I
Complexation of diterpenoid ligands using (7/6-naphthalene)ui
carbonylchromiumto)

Cr(CO)6/BuZO-THF afforded the expected thermody
namically favoured a isomer 56 (42%). The stereo
chemistry of 56 was assigned on the basis of the shift
downfield (- 0.1 ppm) of the signal due to H(20)3 in
the I H-NMR spectrum relative to that in the free ligand
23. Furthermore, the upfield shifts of the signals due to
Col and C-5 in the 13C_NMR spectrum of 56 relative to
23 are in agreement with the Cl' stereochemistry of the
716.Cr(CO)3 moiety [13].

Attention was then turned to the milder and non-acidic
conditions offered by Kundig's method. With tricar
bonyl(716-naphthalene)chromium(O) as the transfer
reagent, optimum complexation was achieved by reac
tion of a diterpenoid ligand <0.2-0.3 g) with the de
gassed solution in Et02-THF, and the progress of each
reaction was monitored by TLC. Using this procedure,
the 7f3-0R (R = H, OMe and OCH20Me; 3-6, 9, 10)
diterpenoids were complexed to give exclusively the
corresponding f3-Cr(CO)3 isomer (31-33, 35-38) in
good to excellent yield (50-98%) (Table O.

The stereochemistry of complexes 36 and 37 was
assigned initially from NMR data [cf Refs. [5,13]] and
then continned as {J in each case by single crystal
X-ray diffraction (Figs. 1 and 2, Tables 2-6). }nterest
ingly, the average Cr-CO bond length 0 .834A) in the

a-Complex

48(16 %)
49(12%)
50(0%)

{3-CompJex

31 (60%)
32(98%)
3S(57%)
33(60%)
36(62%)
37 (74%)
38 (50%)
39 (34%)
40(50%)
41 (0%)

Ligand Reaction conditions

3 70·C/33 h
4 room temperature/72 h
5 70·C/40h
6 70·C/50h
8 70·C/32 h
9 room temperature/120 h
10 roomlemperature/96 h
II 60-65°C/20 h
12 70·C/33 h
13 room temperature/ 120 h

then 70·C/48 h

Forsome 12-methoxy diterpenoid substrates we have
reported [3] results supporting the view that an (l' tricar
bonylchromiumte) complex (in which one carbonyl lig
and eclipses C-14 in the solid state [12], and preferen
tially in solution) gives predominantly or exclusively
the 14-substituted product on reaction with a nucle
ophile [18]. Conversely, the f3 stereoisomer On which
C-13 is nearly eclipsed by a carbonyl ligand [12]) leads
to the 13-substituted product. In these earlier studies a
mixture of the a (mainly) and f3 complexes was used,
since they are often not easy to separate chromato
graphically on a scale suitable for use in synthesis. A
similar problem arises with separation of the decom
plexed regioisomeric substituted products. It is therefore
practically advantageous to develop synthetic methods
that will allow the exclusive formation and then use, of
only one 716-Cr(CO)3 diastereoisomer.

Substituents on the diterpenoid skeleton as far re
moved from ring Cas C-4 (f3-C02Me, f3-Me, [12,13];
==CH 2 [19]) have been shown to affect the diastereose
lection during arene complexation. For example, a f3
COzMe group at C-4, as in 2, favours the f3-Cr(CO)3
complex under kinetically controlled conditions and the
(l' isomer under thermodynamic control. With the aim
of influencing significantly the stereodirection of com
plexation by a group proximal to the aromatic ring, a
number of 7f3.0R (R:: H, Me, CH 20Me, OCOMe,
THP, l-BuMezSi; 3-13) derivatives of podocarpic acid
have been synthesised in the present work. It was
anticipated that use of milder Cr(CO)3 transfer reagents
with such substrates containing 7f3-0R groups would
promote complexation exclusively or primarily on the f3
face (the minor isomer under Pauson-Mahaffy condi
tions) of the diterpenoid, Further potential ligands for
complexation reactions, the tetraenes 26-28 in which
the effect of a C-4 f3 substituent was expected to be
moderated due to the flattening of ring B as a conse
quence of introduction of the 6,7 double band, were
synthesised by acid-catalysed elimination of water from
their corresponding 713-0H precursors.

Complexation of methyl 12-methoxypodocarpa
8,Il,13-trien-I9-oate (2) using Cr(CO)6/dibutyl ether
THF has been reported previously [12,13]. In the pre
sent work complexation of 2 with Cr(CO)3(PY)3[20] in
diethyl ether containing BF3. EtzO at room temperature
for 2 h afforded a mixture (1.2: I) (78%) of the f3
isomer 30 and the (l' isomer 42. Although lowering the
reaction temperature to oaC for the same time improved
the diastereoselection in favour of the f3 isomer (30:42
= 2:I), the combined yield was decreased (40%). Ex
tending the reaction time to 24 h at O°C reversed the
ratio in favour of the (l' isomer (30:42.= 1:4), presum
ably as a consequence of the reversibility of complexa
tion induced by the Lewis acid, but decreased the
combined yield still further (23%).

Complexation of the 7-oxo diterpenoid 23 with



G.R. Clark et al./ Journal of Organometallic Cf,emi.wy 545-546 (1997) 225-247 227

Fig. 2. Theatomic arrangement in37.

7{3-0Me compound 36 is longer than that 0.820 A) in
the 7{3-0CH 20Me analogue 37, althoughthe average
Cr-C:tryl distances are the same (2.241 A) for each.

Table 2
Crystal dataandstructure refinement for36and37

36

Otherwise the crystal structure datu are typical of re
lated diterpenoid 116-Cr{CO)3 complexes [5].

In contrast to theexclusive stereocontrol exhibited by
the benzylic OH, OMe, or OCH~OMe substituents,
complexation of either the 7{3.acetat~ 11 or the 7{3-tetra
hydropyranyl ether 12 using the Kundig procedure af
forded mixtures, although the (3 diastereoisomens) still
predominated [39/48,50%, 2.1 :1; 40/49,62%.4.2:1].
The 7{3-0THP ligand 12 was itself a mixture of four
isomers (two epimeric pairs, two conformers of each;
I H-NMR) reflecting the generation of a new stereogenic
centre in the ether substituent during its formation, and
four diastereoisomers were formed in the complexation
step. However, a pure sample of each of the two
{3-Cr(CO)3 complexes was isolated by chromatography
and then crystallisation. and their stereochemistry was
confirmed by their NMR data relative to that of an
inseparable mixture of the pair of a-Cr(CO)3 isomers.

37

Empirical formula
Formula weight
Temperature (K)

Wavelength (A.)
Crystal system
Space group
Unit celldimensions (A.)

Volume (A.3)

Z
Density (calculated. Mgm-3)
Absorption coefficient (mm-I)
F(OOO)
Crystalsize(mm)
9 range fordatacollection
Index ranges

Reflections collected
Independent reflections
Refinement method
Data/restraints/parameters
Goodness-of-fit on 1-"2
Final R indices [1> 2u(J)]

R indices (alldata)

Largest difference max. (e A-3)

Largest difference min. (e A. - 3)
lJJ = 1/[u2(FY + (ap)2+bPJ

Number ofobserved reflectionsl > 2u( I)]
Absolute structure parameter

C2JH)OCJ06
454.47
193(2)

0.71069
Orthorhombic
P2,2.2 1.

a = 9.975(7)
b=9.921(2)
c =21.593(3)
0'= 90.00c

(3= 90.00·
y= 90.00·
2137(2)
4
1.413
0.572
960
0.27X0.25 X0.25
1.89 to 26.45·
0::; Ii s 12
0::;k<12
0::; I::; 27
2471
2471 [R(int)=0.ססoo]

Full-matrix least-squares on F2

2470/0/380
1.030
RI =0.0325
wR2 = 0.0756
RI =0.0532
wR2 = 0.0838
0.304
-0.386
0=0.04%
b =0.33
2045
-0.06(3)

C24H32CJ07
484.50
292(2)

0.71069
Monoclinic
P2,
a = 10.5010(10)
b = 6.623(2)
c = 16.986(6)
a =90.000
(3 '" 92.95(2)0
y= 90.00·

1179.8(6)
2
1.364
0.526
512
0.33X0.25 X0.25
1.20to 25.97c

-12::;11::; 12
05,k::;8
0::;1::;20
2604
2519 [ROnt) =0.0222]
Full-matrix least-squares on F'
2519/1/294
\,037
RI '" 0.0381
wR2= 0.0876
RI =0.0652
wR2=0.0984

0.242
-0.256
a =0.0543
b=O.IO
1982
0.03(3)
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Table 3
AAtomic c~rdinntes (X 104

) and equivalent isotropic displacement
parameters (A2 X 103) for 36; V<q is definedus one third of the truce
of the orthogonaliscd Vfj tensor

Atom X y Z UC~

Cr 302(1) 9579(1) 135(1) 17(1)

0(1) 5053(3) 10154(3) 2068(2) 37(1)

0(2) 1835(3) 6897(2) 1030(1) 24(1)

0(3) -2672(3) 11071(3) 286(1) 26(1 )

0(4) 3240(3) 9631(3) -116(1) 40(1)

0(5) 281(4) 7559(3) -894(1) 35(1)

0(6) 106(4) 1174t(3) -823(1) 36(1)

c(I) 633(4) 1214\(4) 1914(2) 22(1)

C(2) 1532(4) 12804(4) 2399(2) :l4(1 )

C(3) 2092(5) 11767(4) 2849(2) 27(1)

C(4) 29()()(4) 10638(4) 2533(2) 23(1)

C(5) 2019(4) 10033(3) 2006(2) 19(1)

C(6) 2608(4) 8818(4) 1658(2) 21(1)

C(7) 1438(4) 7963(4) 1433(2) 19(1)

C(8) 384(4) 8799(4) 1105(2) 18(1)

C(9) 375(4) 10251(3) 1143(1) 17(1 )

C(lO) 1396(4) 11041(4) 1540(2) 18(1)

COI) -637(4) 10938(4) 827(2) 19(1 )

C(l2) -1707(4) 10264(4) 526(2) 22(1)

C(l3) -1689(4) 8855(4) 483(2) 21(1)

C(l4) -644(4) 8146(4) 773(2) 20(1)

C(8) 3931(4) 9556(5) 3026(2) 33(1)

C(l9) 4261(4) 11199(4) 233o{(2) 26(1)

C(20) 2406(4) 11750(4) 1113(2) 23(1)

C(21) - 3931(4) 10453(5) 126(2) 27(1)

C(22) 2413(5) 5794(4) 1353(2) 33(1)

C(23) 6314(5) 10605(5) 1865(2) 33(1)

C(24) 2111(4) 9619(4) 5(1) 23(1)

C(25) 269(5) 8321(3) -493(2) 22(1)

C(26) I85(S) 10906(4) -455(2) 22(1)

Attempted complexation of the relatively sterically con
gested 7,8+BuMe2SiO derivative 13 with the transfer
reagent at either room temperature (5 days) or 70°C (2
days) returned only naphthalene and the starting diter
penoid. Treatment of 13 with Cr(CO)6 in refluxing
Bu

20-THF
for 21 h was successful, but afforded a

mixture (7:3) (93%) of the a and f3 diastereoisomeric
tricarbonylchrorniumltll complexes (50, 41) as yellow
needles, m.p. 135-137°C. The \H-NMR spectrum of
the minor f3 complex 41 showed singlets due to H(I8)3
and H(20)3 at {) 1.24 and 1.23 ppm, respectively. The
resonances for C-l and C-5 occurred at 541.5 and50.8
ppm in the 13C_NMR spectrum, both signals being
downfield relative to those in the free ligand 13. The
corresponding signals for the major a isomer 50 oc
curred at {) 1.27 and 1.15 ppm [H(8)3' H(20)3]' and at
s 37.2 and47.6 ppm [C-I, C-5].

Application of the Kundig procedure to the 12-de
soxy-7f3-hydroxy diterpenoid 4 gave only the f3 isomer
32 in excellent yield (Table I). However, treatment of 4
with Cr(CO)6 in refluxing Bu20-THF for 24 h af
forded a mixture of the Q and f3 diastereoisomers 43
and 32 (68%), together with a mixture (24%) of the a

Table 4
Bond lengths(A) and angles (0) for .16

Cr-C(24) 1.826(4) C(24)-Cr-C(12)
Cr-C(26) I.S35(4) C(26)-Cr-C(I2)
Cr-C(2S) 1.842(4) C(25)-Cr-C(l2)
Cr-C(l4) 2.193(4) C(l4)-Cr-C(J 2)
Cr-C(I I) 2.221(4) C(lI)-Cr-C(l2)
Cr-C(8) 2.235(3) C(8)-Cr-C(l2)
Cr-C(\3) 2.241(4) c(I3)-Cr-C(J2)
Cr-C(9) 2.27S(3) C(9)-Cr-C{\2)
Cr-C(I2) 2.279(4) C(23)-O(l)-C(l9)
0(1 )-C(23) 1.405(5) C(22)-0(2)-C(7}
0(l)-C(l9) 1.425(5) C(I2)-0(3)-C(21)
0(2)-C(22) 1.420(4) C(2)-C(I)-C(lO)
0(2)-C(7) 1.427(4) C(3)-C(2)-C(I)
0(3)-C(12) 1.355(5) C(2)-C(3)-C(4)
0(3)-C(2l) 1.440(4) C(l9)-C(4)-C(lS)
0(4)-C(24) 1.157(5) C(l9)-C(4)-C(3)
O(5)-C(25) 1.IS0(4) C(IS)-C(4)-C(3)
0(6)-C(26) l.lS1(4) C(19)-C(4)-C(5)
C(J)-C(2) 1.528(5) C(IS)-C(4)-C(5)
C(I)-C(lO) 1.556(5) C(3)-C(4)-C(S)
C(2)-C(J) 1.521(6) C(6)-C(5)-C(l0)
C(3)-C(4) 1.539(S) C(6)-C(S)-C(4)
C(4)-C(l9) I.S28(6) C(IO)-C(S)-C(4)
C(4)-C(I S) 1.536(5) C(7)-C(6)-C(5)
C(4)-C(S) 1.5S8(5) 0(2)-C(7)-C(S)
C(5)-C(6) 1.536(5) 0(2)-C(7)-C(6)
C(5)-C(l0) 1.548(5) C(S)-C(7)-C(6)
C(6)-C(7) 1.523(5) C(l4)-C(S)-C(9)
C(7)-C(S) 1.514(5) C(l4)-C(S)-C(7)
C(8)-C(J4) 1.409(5) C(9)-C(S)-C(7)
C(S)-C(9) 1.443(4) C(I4)-C(8)-C\{l)
C(9)-C(J I) 1.396(5) C(9)-C(S)-Cr(1)
C(9)-C(J0) 1.54S(5) C(7)-C(S}-Cr(1)
C(10)-C(20) 1.537(5) C(II )-C(9)-C(S)
C(I I) C(l2 ) 1.417(6) C(lI)-C(9)-C(l0)
C(J2)-C{\3) 1.402(5) C(8)-C(9)-C(I0)
C(J3)-C(J 4) 1.405(6) ccu )-C(9)-Cr( I)
C(24)-Cr-C(26) 86.6(2) C(8)-C(9)-Cr(1)
C(24)-Cr-C(2S) 85.42 C(lO)-C(9)-Cr(l)
C(26)-Cr-C(25) 88.53(14) C(20)-C(J0)-C(9)
C(24)-Cr-C(J4) 122.4(2) C(20)-C(IO)-C(S)
C(26)-Cr-C(J4) 150.9(2) C(9)-C(10)-C(5)
C(2S)-Cr-C(l4) 90.9(2) C(20)-C(tO)-C(t)
C(24)-Cr-C(I I) 120.5(2) C(9)-C(IO)-C(I)
C(26)-Cr-C(11) 90.3(2) C(S)-c(IO)-Cm
C(2S)-Cr-C(J \} 154.0(2) C(9)-C(J I)-C(l2)
C(14)-Cr-C(l1) 77.82U2) C(9)-C(lI)-Cr
C(24)-Cr-C(S) 96.6(2) C(12)-C(lI)-Cr
C(26)-Cr-C(S ) IS4.2S(14) 0(3)-C( l2)-C{\3)
C(25)-Cr-C(8) 117.13(14) 0(3)-C(I2)-C(l1)
C(J4)-Cr-C(8) 37.09(14) C(l3)-C(I2)-C(J I)
C(II)-·Cr-C(S) 66.06(3) 0(3)-C(12)-Cr
C(24)-Cr-C(l3) IS9.0(2) C(13)-C(l2)-Cr
C(26)-Cr-C(13) 114.0(2) C(I J)-C(12)-Cr
C(25)-Cr-C(13) 90.S(2) C(I2)-C(13)-C(I4)
C(I4)-Cr-C(I3) 36.92(14) C(l2)-C(I3)-Cr
C(II)-Cr-C(\3) 66.11(14) C(l4)-C(13)-Cr
C(8}-Cr-C(l3) 66.9(2) C(l3)-C(l4)-CO;)
C(24)-Cr-C(9) 96.3(2) C(13)-C(l4)-Cr
C(26}-'Cr-C(9) 117.06(14) C(8)-C(l4)-Cr
C(25)-Cr-C(9) 154.40(14) O(l)-C(l9)-C(4)
C(I4)-Cr-C(9) 66.61(13) 0(4)-C(24)-Cr
C(I I)-Cr-C(9) 36.12(14) 0(5)-C(25)-Cr
C(8)-Cr-C(9) 37.27(10) 0(6)-C(26)-Cr
C(l3)-Cr-C(9) 78.55(14)

156.8(2)
89.3(2)

117.3(2)
6S.29(14)
36.68(14)
77.7(2)
36.1 H12)
65.5S(l4)

113.0(3)
112.6(3)
j 17.4(3)
111.80)
111.20)
113.7(3)
107.2(3)
109,0(3)
107.0(3)
IIS.9(3)
109.5(3)
108.0(3)
110.\(3)
116.30)
116.9(3)
107.5(3)
108.3(3)
113.3(3)
112.10)
118.9<4>
119.4(3)
121.6(4)
69.8(2)
73.0(2)

130.7(3)
117.7(4)
120.0(3)
I22.2(4}
69.7(2)
69.8(2)

134.4(3)
109.3(3)
115.0(3)
107.3(3)
108.1(3)
108.7(3)
IOS.2(3)
122.6(3)
74.2(2)
73.9(2)

125.0(4)
IIS.6(3)
119.4(4)
131.2(2)
70.5(3)
69.4(2)

118.7(4)
73.4(3)
69.7(2)

122.5(3)
73.4(2)
73.1(2)

109.9(3)
175.7(3)
177.8(4)

' 179.7(4)
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Table 5 Table 6
Atomic coor~inates ( x 104) and equivalent isotropic displacement Bond lengths (A) and angles (") fer 37
parameters (A2 X IOl ) for 37; IJeq is defined as one third of the trace Cr-C(25) 1.812(5) C(25)-Cr-C(9) 165.7(2)
of :hl!onhogonalised Uij tensor Cr-C(26) 1.823(6) C(26)-Cr-C(9) 102.6(2)

Atom X Y Z UUl Cr-C(24) I.S24(6) C(24)-Cr-C(9) /03.1(2)

Cr 1723\ j) 9992(J) S2410 ) 36(J) Cr-C(l 4) 2.205(5) C(l 4)-Cr-C(9) 65.9(2)

om -5154(3) /1/56(7) 11482(3) 66(]) Cr-CO I) 2.213(5) C(lI)-Cr-C(9) 36.4(2)

0(2) 1204(3) /1467(5) 6160(2) 40(1) Cr-C(I3 ) 2.229(5) C{l3)-Cr-C(9) 78.)(2)

0(3) 2309(3) 12852(6) 9821(2) 53(1) Cr-C(rs) 2.253(4) C(S)-Cr-C(9) 36.36(14)

0(4) 802(5) 6913(7) 9362(2) 87(1) Cr-C(l2) 2.258(.'i) C(12)-Cr-C(9) 65.4(2)

0(5) 4279(4) 8048(9) 8444(3) 100(2) Cr-C(9) 2.285(4, C(23)-0( I)-C(I 9) 111.6(4)

0(6) 1142(6) 7143(7) 6920(3) 102(2)
O(I)-C(23) 1.414(7) C(22)-0(2)-C{7) 113.8(4)

0(7) 1496(4) 13983(7) 5217(2) 67(1) O(l)-C(l9) 1.416(5) C(l2)-0(3)-C(21) 117.4(4)

C(I) - 2086(4) 13251(1I) 8603(3) 56(2) 0(2)-C(22) 1.419(6) C(22)-0(7)-C(27) 113.8(5)

C(2) - 3533(4) /3312(12) 8433(3) 62(2) 0(2)-C(7) 1.436(5) C(2)-C(])-COO) 112.4(4)

C(3) - 3874(4) 14101(9) 7607(3) 52(1)
o (3)-C(I2) 1.370(5) C(3)·C(2)-C(l) 111.5(4)

C(4) -3253(4) 12935(8) 6949(3) 42(1) 0 (3)-C(21) 1.410(6) C(2)-C(3)-C(4) 114.2(4)

C(5) -1801(4) 12723(7) 7171(2) 35(]) 0(4)-C(24) 1.16\(7) C(l8)-C(4)-C(3) 107.4(4)

C(6) - 1026(4) /1639(7) 6560(2) 38(1) 0 (5)-C(25) 1.168(6) C(l8 )-C(4)-C(l9) 1li8,8(4)

C(7) 324(4) 12504(7) 6637(2) 33(1) 0(6)-C(26) 1.148(7) C(3)-C(4)-C(l9) 111.3(4)

C(8) 848(4) 1.2477(7) 7486(2) 33(1) O(7)-C(22) 1.389(7) C(18)-C(4)-C(5) 108.6(4)

C(9) 56(4) 12207(7) 8128(2) 33(1)
O(7)-C(27) 1.404(6) C(3)-C(4)-C(5) 108.5(4)

C(IO) - ]403(4) /1904(7) 8013(2) 360)
C(I)-C(2) 1,533(6) C(19)-C(4)-C(~) 112,1(4)

C(l1) 633(4) 12248(8) 8893(3) 38(1) C(I)-C{\O) 1.546(6) C(6)-C(5)-C(4) !15.:!(3)

CO2) 1915(4) 12709(8) 9042(3) 41(1) C(2)-C(3) 1.522(7) C(6)-C(5)-C(l0) 1\19.3(3)

C(l 3) 2707(4) 12955(8) 8409(3) 43()) C(3)-C(4) 1.531(6) C(4)-C(5)-C{\0) m.6(:~)

C(l4) 2167(4) 12836(8) 7638(2) 38(1) C(4)-C(l8) 1.530(6) C(7)-C(6)-C(5) 1 ~.g(3)

C(l8) -3420(5) 14198(8) 6 I97(J) 56(1) C(4)-C(l9) 1.535(7) 0(2)-C(7)-C(8) 108.6(4)

C(l9) - 3896(4) 10878(8) 6805(3) 46(1) C(4)-C(5) 1.558(5) 0 (2)-C(7).-C(6) 113.2(4)

C(2C) -1726(4) 9680(8) 8162(3) 46(1)
C(5)-C(6) 1.530(6) C(8)-(;(7)-(:(6) 11 1.5(3)

C(ZI) 3623(5) 13:37(\3) 10000(3) 77(2) C(5)-C{\0) 1.560(6) C(l4)-C(8)-C(9) 119.2(4)

C(Z2) 1100(5) 12018(10) 5352(3) 55()) C(6)-C(7) 1,528(5) C(14)- C(8)-C(7) 118.4(4)

C(23) -5743(5) 9294(9) 6280(4) 66(2) C(7)-C(S) 1.518(6) C(9)-C(8)-C(7) 122.3(3)

C(24) 1162(6) 8083(9) 8916(3) 55(2)
C(8)-C(l4) 1.4 I6(6} C(l4)··C(,,)-Cr 69.7(3)

C(25) 3278(5} 8809(10) 8356(3) 62(2) C(8)-C(9) 1.416(5) C(9) .·C(li}-Cr 73.0(2)

C(26) 1362(6) 82:l ~(9) 7436(3) 55(1) C(9)-C(l 1) 1.405(6) C(7)-C(8)-Cr 131.8(3)

C(27) 28()()(5) 14305(12) 5~97(4) 84(2) C(9)-C(IO) 1.5<18(5) C(J I)-C(9)-C(8) 117.8(4)

C(l0)-C(20} 1.536n) C(lI) -C(9)-C(l0) 119.8(4)

C(I I)-C( \2) 1.39l{t;,) /2(S)- r.e.» -C(IO) 122.4(3)

C(l2)-C([3) 1.40/(6) c(II )-C(9)-Cr 69.0(2)

and f3 diastereoisomers 54 and 52 of the derived 7-oxo
C(l 3)-C(I4) 1.403(6) C(8)- C(9)- Cr 70.6(2)

complexes. As expected from these reaction conditions,
C(25)-Cr-C(26} 87.5(3) C(l0)-C(9)-Cr 132.6(3)

C(25)-Cr-C(24) 87.2(3) C(20)-C{ IO)-C(I) 109.4(4;

the ex diastereoisomer predominated in both sets of C(26)-Cr-C(24) 88.\ (3) C(20)-C(l0)-C(9) 109.2(4)

complexes. Similarly, treatment of the 7f3-hydroxy- C(25)-Cr-C(l4) \02.0(2) c(I)-cI 0)-C(9) 109.4(4)

12,19-dimethoxy diterpenoid 6 with hexacar- C(26)-Cr-C(l 4) 103.8(2) C(20)-C(IO)-C(5) 115.6(4)

bonylchromium(O) in Bu20-THF afforded, in addition
C(24)-Cr-C(l4) 165.1(2) C( I}-C{/O)-C(S) 106.3(4)

C(25)-Cr- C(I I} 136.4(2) C(9)-C(l0)-C(5) 106.6(3)

to recovered starting material, the ex diastereoisomers of C(26)-Cr-C(1 t) 135.6(2) C(I2)-C([ I}-C(9) 122.6(4)

both the 7f3-hydroxy complex 44 (36%) and the 7-oxo C(14)-Cr-C(l0 87.8(2) CO2)-C(I I)-Cr 73.6(3)

complex 55 (14%). Complexation of the 7J3-hydroxy- C(!4) -Cr-C(1J) 77.5(2) C(9)-C(lO-Cr 74.6(3)

19-methoxycarbonyl analogue 7 with Cr{CO)6 afforded
C(25)-Cr-C(l3) 87.6(2) 0(3)-C(l2)-C(I I) 115.6(4)

mainly the ex diastereoisomer 45 (75%) as a yellow
C(26)-Cr-C(l3) 137.4(2) 0(3 )-C(l2)-C(I3) 124.8(4)

C(24)-Cr-C(lJ) 133.8(2) en ])-C(l2)-C(l3) 119.6(4)

oil, together with a small amount of the f3 complex 34 C(l 4)-Cr-C(l3) 36.9(2) 0(3)-C(12)-Cr 130.6(4)

contaminated with a trace of the ex diastereoisomer of C(I O-Cr-C(3) 65.8(2) C(I I)-C(l2)-Cr 70.1(3)

the 7-oxo complex 56. The latter orange complex was C(25)-Cr-C(8) 135.7(2) C(l 3)-C(\2)-Cr 70.7(3)

also formed directly from the 7-ketone 23 in moderate
C(26)-Cr-C(8) 88.7(2) C(l 2)-C(l3)-C(l4) /18.8(4)

yield (42%). Under similar conditions, the 7f3. l2,19-tri-
C(24)- Cr-C(8) 136.7(2) C(l2)-C(l3)-Cr 72.9(3)

C(l 4)-Cr-C(8) 37.(J(2) C(14)-C(l3)-Cr 70.6(3)

methoxy diterpenoid 8 afforded only the ex complex 46 C(I I)-Cr-C(8) 65.5(2) C(13)-C(l4)-C(8) 121.6(4)

(69%). Benzylic oxidation (CH2 to CO) has been n~- C(3)-Cr-C(8) 66.6(2) C(l3)-C(I4)-Cr 72.5(3)

ported using Cr{CO)6!t-BuOOH [21,22]. The f~'fm,~t;on C(25)-Cr-C02) 103.2(2) C(8)-C(l4)-Cr 73.3(3)

of 7-oxo complexes during Pauson-Mahaffy complexa-
C(26)-Cr-C(12) 166.0(2) O(l)-C(l9)-C(l4) 109.9(4)

tion of the 7f3-hydroxy diterpenoids in the present work
C(24)-Cr-C()2) 101.3(2) 0(7)-C(22)-0(2) 11 3.0(4)

may reflect either the occlusion of some oxygen in the
C(l4)-Cr-C(l2) 65.5(2) 0(4)-C(24)-Cr 178.0(5)
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solvents, notwithstanding the three freeze-pump-thaw
degassing cycles used routinely, or the effect of some
Cr(Ill) generated in situ.

Theavailability of the 7-oxo a complex 56 opened a
stereoselective route to 7a-hydroxypodocarpanes. Treat
ment of a non-complexed 7-oxo diterpenoid with sodium
borcbydride leads either exclusively or mainly to a
7,B-alcohol by preferential delivery of hydride to the
underface of the molecule (e.g, 20 -+ 3, 100%; 21 -+ 4,
82%). Moreover, attempted inversion of configurction
of the acetate 11 using diethyl azodicarboxylate in a
Mitsunobu sequence (23] was unsuccessful, while appli
cation of a modified method to the parenr alcolu'1 6
gave only a low yield (25%) of an inseparable mixture
0:2) of rhe 7p-acetate 11 and the 7a-acetate 19. As
expected, however, treatment of the 'l-os» a-Cr(CO)3
complex 56 with sodium borohydride resulted in stere
ospecific delivery cf hydride to the upper face of the
molecule to afford the 7a-hydroxy a-Cr(CO)3 complex
51 (80%). This complex was isolated as a yellow oil
which showed the molecular ion at m/z 454 with an
accurate mass measurement that was correct for
C2ZHZ6Cr07• In the JH-NMR spectrum of the a com
plex 51 of the axial alcohol the signal due to H-7f3 at 0
4.33 ppm was a multiplet of lV'/ 2 16.0 Hz. In contrast,
the I H-NMR spectrum of the a crr,CO») complex 45of
the epimeric alcohol showed H-7a (axial) as a broader
multiplet (W1/ 2 '26.0 Hz) at 0 4.53 ppm.

Thermally promoted complexation of the 12-methoxy
6,6,7 tetraene 28 by reaction with Cr(CO)6 for 24 h
afforded not only the 6,6.7 a complex 59 (66%) butalso
the (3 stereoisomer of the 6,5.6 alkene 58 (I3%). Treat
ment of 28 with (176-naphthalene)tri
carbonylchromium(O) in Et20 containing THF for 60 h
at room temperature also afforded both 59 (58%) and 58
(22%), together with recovered 28 (20%). The fact that
only one 7]6 facial isomer was isolated for each of the
isomeric alkenes suggests that shift of the double bond
occurs only in the P-Cr(CO)1 complex, even at room
temperature. Presumably this 'reflects a thermodynamic
preference for the alkene to be non-conjugated in the
P-Cr(CO), complex. The a stereochemistry of the
6,8,II ,13.tetraene complex S9 was verified by its inde
pendent synthesis. Thus, dehydration of the7p-hydroxy
a complex 45 by treatment with potassium hydrogen
sulfate in benzene afforded the 6,6.7 a complex 59
(31 %) and its free ligand 28 (44%). Decomplexation
(diethyl ether/lightjair) of a mixture (3:2)of stereoiso
mers S8 and 59 followed by PLC afforded the

Table6 (continued)

C(J I)-Cr-C(J 2)
C(] 3)-Cr-C(J 2)
C(8)-Cr-C(l2)

36.2(2)
36.4(2)
77.4(2)

O(S)-C(2S)-Cr
Q(6)-C(26)-Cr

178.9(6)
179.C(S)

6,8,11 ,13-tetraene 28 (27%) and its non-conjugated A5.6

isomer 29 (42%). The lauer alkene was isolated as
white needles, m.p. liS-117°C. Accurate measurement
of the molecular ion at m/: 300 in the mass spectrum
was consistent with the formula C19H2~03 ' In the I H_
NMR spectrum of 2~ signals due to H·6 at 8 5.99 ppm
(dd, J 4.9,2.9 Hz), to H-7ax at 8 3.40(dd, J 21.5.4.9
Hz.) and to H-7eq at 8 3.49 (dd, J 21.5, 2.9 Hz) were
in agreement with the proposed structure.

As mentioned in the Introduction, functionalisation
of ring C 10 diterpenoid 7]6_Cr(CO)3 complexes has
been achieved in previous work by nucleophile addi
tion-oxidation or -protonation sequences, C-14 being
the preferred site of nucleophile attack in an a
stereoisomer. The availability in the present work of a
number of stereochemically pure 7j6_Cr(CO)3 com
plexes offered the opportunity briefly to explore the
regiochernistry of metallation-electrophile quenching in
ring C. Thus, treatment of the 7p-hydroxy {3-Cr(CO)3
complex 33 with t-BuLijTMEDA in THF at -?SoC
followed by trapping of the aryl anion with
chlorotrimethylsilane and decomplexation afforded the
13-trimethylsilyl-7f:l-ol 14 (36%), and an inseparable
mixture (1:1) of the l-l-trimethylsilyl-f-ketone 24 and
its 13-trimethylsilyl regioisomer 25 (10%). The regiose
lectivity is therefore ca. 8:I in favour of functionalisa
tion of C-13. The 13-SiMe3 product 14 showed I Hand
DC NMR, and infrared and mass spectral data consis
tent with the proposed structure. In particular, the I H
NMR spectrum showed only two singlets in the aro
matic region, confirming electrophile incorporation at
C-13.

Conversion of the benzylic hydroxy group into an
ether resulted in a cleaner reaction. Thus, treatment of
the 7~-methoxy a-Cr(CO)3 complex 46 in a similar
manner as for 33 afforded only the 13-trimethylsilyl
derivative 60 (80%). Similarly, deprotonation of the
stereoisomeric 7{3-methoxy {3-Cr(CO)J complex 36 with
t-BuLijTMEDA/THF/ - 78°C followed by reaction
with chlorotrimethylsilane and decomplexation also af
forded only the analogous 13-trimethylsilyl derivative
15 (97%).

Allylation of the anions generated from a mixture
(I: 1) of the 7p-methoxy a and f:l diastereoisomers 46
and 36 afforded a similar mixture (,.., I:1) of the a and
f:l 13-(3'·propenyl)tricarbonylchromium complexes 61
and 62 (87%). The presence of an uncharged chelating
dioxygenated ether substituent at the benzylic site is
known to deliver an alkyllithium base regioselectively
to the proximal proton of some (7j6-arene)chromium
complexes, resulting in Iithiation at the arrha (in the
present case, C-14) site [24]. However, deprotonation of
the p diastereoisomer of the 7,B-methoxymethoxy com
plex 37 followed by either silylation or methylation
afforded onlythe 13-trimethylsilyI17 and 13-methy163
derivatives in high yield (95 and 90%, respectively).
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If a benzylic substituent has any influence on kineti
cally controlled deprotonation, a difference in the re
gioselectivity of arene lithiation between the 7,B-alcohol
complex 33 and thederived 7,B-ether complexes 36, 37,
and 46 may have been expected [25], because the
electrostatic interaction between a 7,B-alkoxy anion and
an alkyllithium base (resulting in its potential delivery
to H-14) is absent in the latter compounds. The results
presented here, however, establish that the electron
withdrawing 116-Cr(CO)3 group coordinated to either
the IX face or the ,B face of ring C of 7,B-OMe or
7,B-OCH 2Me podocarpane derivatives always activates
exclusively H-13 to deprotonation/'electrophile addition
under standard kinetically controlled reaction condi
tions. That is, in these diterpenoid complexes the sub
stituent bound directly to the aromatic ring (i.e. the
12-0Me group) controls the regioselectivity of arene
lithiation. This regioselectivity parallels that established
[18] for simple achiral analogues; rnetallation of either
the anisole, fluorobenzene, or chlorobenzene complexes
always occurs ortho to the functional group. Moreover,
the preferred conformation of a Cr{CO)3 tripod appears
to have no controlling effect. The X-ray structure (Fig.
I) of the ,B isomer of (7,B ,12,19-trimethoxypodoc3tpa
8,II,13-triene)Cr{CO)3 36 showed the tripod in a stag
gered conformation, suggesting that lithiation might oc
cur at either C-D or C-14, or both. On the other hand,
eclipsing of H-14 in the solution conformation CH
NMR) of the stereoisomeric IX complex 46 suggests
preferential activation of H-14 towards deprotonation.
In fact, theexperimental results confirm thatH-13 is the
~avoured siteformetallationyelectrophile incorporation,
irrespective of the stereochemistry of T/6.Cr(CO) coor-
dination, 3

2.J. X-ray crystal structures for 36 and J7

Crystals suitable fordatacollection were mounted on
glass fibres and positioned on a Nonius CAD-4 diffrac
tometer. Unit cell dimensions were derived from least
squares fits to the observed setting angles of 25 reflec
tions, using monochromated Mo-K ex radiation. Inten
sity data collection employed the 2e/ w technique with
a total peak/background count time of 2:I. Reflections
were counted for 60 s or until u(I)/1 was 0.02.
Crystal alignment and decomposition were monitored
throughout data collection by measuring three standard
reflections every 100 measurements; no statistical varia
tion was observed. Thedata were corrected for Lorentz
and polarisation effects and equivalent reflections aver
aged. Computing was carried out using theSDP suite of
programs on a PDP-II for initial data processing,
SHELXS-86 [26] and SHELXL-93 [27] on an IBM
4341 or Microvax computer for structure solution and
refinement. Details of crystal data and intensity data
collection parameters are summarised in Table 2.

2.2. Structure solution andrefinement

The structures were solved by direct methods using
SHELXS-86 [21';). Refinement was by full-matrix least
squares [27], minimising the function 1:w(1I F 11

2


II Fe 1I ~)2. Atomic scattering factors were for n~utral
atoms. After initial isotropic refinement, anisotropic
thermal parameters were refined for all non-hydrogen
atoms. Hydrogen atoms were located from difference
maps and refined with a common thermal parameter. A
final electron density djfference map showed no feature
greater than 0.5 e A- 3• Weights used were w=
1/[(u 2(F

o)2 + (ap)2 + bP)] where P = [(Fo)2 +
2<F;Y]j3, and the final values of a and h are given in
Table 2.

Final atomic coordinates, bond distances and bond
angle~ are given in Tables 3-6. Lists of hydrogen
coordinates, thermal parameters, bond angles and ob
served and calculated structure factors are available
from the authors.

(I:RI- COzH, RZ-OH,R3=R4 - H
z:Rl = COzMe, RZ c OMe.R3 =R4=H
3: RI- CHzOMe. RZ = Rl =H,R4 = OH
4:RI = COzMe, RZ-Rl-H,R4-0H
S:RI ee CHzOMe, RZ - R3 = H,R4 =OMe
G:RI- CHzOMe, RZ - OMe, Rl. H,R4= OH
7:RI = COZMe, RZ = OMe, R3 =H."4=OH
8: RI- CHzOMe. RI= OMe, Rl =H.R4=OMe
9: RI" CHzOMe. RZ =OMe, Rl =H.R4 = OCHIOMe

10:RI= COzMe, R' =OMe. Rl =H.R4 =OCHzOMe
II: RI= CHzOMe. RZ =OMe, R3 =H.R4=OCOMe
I2:RI - CHzOMe, RZ= OMe,Rl =H.R4=OTH!'
13: RI= COlMe, RZ =OMe, R3 =H.R4 =t·BuMezSiO
14:RI=CHzOMe,RZ =OMe.R3=SiMel.R4 =OH
IS:RI = CH20Me,RZ=OMe.R3=SiMCl.R4 DOMe
16: RI =CH20Me, R2 = OMe. Rl -CHzCH;CHz. R4 nOMe
17: RI= CH20Me,R2 = OMe, R3 = SiMe3. R4 • OCHzOMe)

(18: RI • COzMc. R2. CHzOMe
19: RI n CH20Me, RZ.OCOMe)
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~
~ RJ

R'

\. 0
RI

(20:RI-CH1CM., R2RRIRRhll
II: RI-COzM.,RZ-RI-R'-i1
:2: RI- CHzOMe, RZ ROMe,RJ- R' RH
Z) : RI- COzMe, Rl - OMe,Rl R R' - H
24: RI- Cll:OMe,Rl R OMe,RIc SiMe]. R' • H
2S: RI- CHIOM., RZ ROMe, RIc H, R'· SiNel)

Rl

~
RI

(2~: RI- C01M., R2- H
17: Rt- CH2OM., Rl. OM,
18: Rt • COIM" Rl- OM.)

(29)

R2

_, ~Cr(CO)1

s;lXRI
Rl

(30: Rl = COzMe, RZ = OM.,Rl = H
31: Rl = CH20M.,R2= H,Rl = OH
3I : Rl =C02M., R2=H, Rl =OH
33:Rt =CH20Me,RZ=OMe,RI~ OH
34: Rl =C02M., Rl=OMe, Rl=OH
35: RI = CH20M.,R2 = H,Rl = OM,
36: Rt = CH20M.,Rl = Rl = OM.
37: RI = CH20M.,Rl = OM.,Rl =OCHlOM.
J8: Rl = COlM., Rl =OM., Rl =OCH20M.
39: RI = CHIOM.,Rl = OM.,Rl • OCOMe
40: RI = CH20M.,R2 = OM.,Rl =OTHP
41: RI = C02M., Rl =OM., Rl • t-BIlM'2SiO)

(42:RI ~ CalM., Rl = OM.,Rl =H
43: RI • C02M.,R2- H.Rl =OH
44: RI ~ CHlOM.,R2=OMe, Rl =OH
45: RI = COzM.,Rl =OM., It) = OH
46: RI ~ CH20M., R2=R) eeOM.
47: RI c CH20M.,R2=OM<, Rl =OCHlOMe
48: Rt c CHIOM., R2=OMe,Rl - OCOM.
49: tu • CHIOMe, R2= OM., Rl ·OTI!P
so:Rt =COlMe,Rl =OM.,Rl -t·BuMezSiO)

(51)

~ 1~C<1CO"
Wo

Rl ~

(51:Rt= C01M.,RZ =H
53:Rt =CH20M.,R2= OM.)

Rl

_,L6J...... Cr(CO)l

Wo
Rl

(54: P! =COzM.,~=H
55: Rl = CH20M.,Rl =OM.
56: Rl = COzM., R2= OM.)

OM.

~C<1C~'
RI

(57: RI =CHIOM.
58:Rl =CalM.)
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~
OMe Rl

Q ....Cr(COh

MeOCHl "" OMe

(60:Rt = SiMel
61:Rt mCI-/2CH"CHl)

OM.

~,«RJ

gj,~->
rJeOcHl" R

(62: Rt =CHlCH-CHz. RZ - OM.
63: Rt = Me,Rl = OCHzOMe)

3, Experimental

For general experimental details, see Refs. [1,6].
High field IH-NMR spectra were recorded at 400.13
MHzand 13 C_NMR at 100.62 MHz on a Bruker AM400
instrument operating at 9.2 T. Multiplicities were deter
mined by DEPT spectra,

3.J. Ligand synthesis

3.1.1. 19-MethoxypodocatJJa-8,J1.13-trien-7{3-ol (3J
Sodium borohydride (0.56 g, 14.7 mmol) was added

in five portions over 2 h to a stirred solution of 20 (1.10
g, 4.04 mmol) in THF(7 ml)and methanol (10 ml). The
mixture was then stirred overnight. Workup gave 3
(LlOg, 100%) as a clear oil. vma~ 3382, (OH), 1602,
1574 (C = C), 1108 ern-I. 8H 1.03, s, 3H, H(I8)3:
1.27, s, 3H, H(20)3; 2.37, m, IH, H6eq; 3.32, s, 3H,
19-0Me; 3.26 and 3.47, d. J 9.0 Hz, lH, H(I9)2; 4.76,
dd, J 9.9, 7.6 Hz, IH, H7;7.17-7.25, m, 3H, Hll, H12
and H13; 7.52, 01, IH. H14. 8e 19.0, C2; 25.8, C20;
27.6, C18; 30.4, C6; 36.0, C3; 37.7, CIO; 38.5, C4;
38.9, Cl; 49.7, C5; 59.4, 19-0Me;71.4, C7; 76.1 , C19;

124.5, C13; 125.9, C12; 127.2, CII; 127.6, C14; 137.9,
C8; 149.6, cs.

3.1.2. Methyl 7{3-hydroxypodocarpa-8,11,13-trien-19
oare (4)

Sodium borohydride (0.65 g, 17.2 mmol) was added
in portions over 2 h to a stirred solution of 21 (1.56 g,
5.74 mmol) in THF (30 ml) and methanol (40 ml), The
mixture was stirred overnight and then worked up.
Flash chromatography (hexanes.diethyl ether, 4:l) gave
4 (1.29 g, 82%) as globular crystals (hexanesydiethyl
ether), m.p. 174-177°C. (Found: M+', 288.1727.
CIHH2403 calc.: M, 288.1725). I1I/Z 288 (6, M+), 270
(32, M-H 20), 211 (22, 270-C02Me), 196 (43), 195
(JOO). Jlmax (CH2CI,) 3591 (OH), 1722 (C=O), 1485,

~ - J1470, 1449, 1233, 1152 em . 81l 1.08, s, 3H, H(20)3;
1.09, td, J 13.7,4.2 Hz, 1H, H3ax; 1.28, s, 3H, H(8)];
1.36, td, J 13.4, 4.0 Hz, Hlax; 1.58, bd, J 12.6 Hz,
!H, H5; 1.63, bd, J 14.1 Hz, lH, H2eq; 1.86, bd, J 8.1
Hz, 7-0H; 1.96, td, J 12.8, 11.3 Hz, IH, H6ax; 1.99,
qt, J 13.6,3.8 Hz, IH, H2ax; 2.25, bd, J 13.9 Hz, IH,
Hleq; 2.29, hd, J 13.8 Hz, IH, H3eq; 2.57, bdd, J
13.0,6.3 Hz, IH, H6eq; 3.67, s, 3H, 19-0Me; 4.75, bdt,
J 10.7, 7.4 Hz, IH, H7; 7.18-7.26, m, 3H, Hll, H12
and H13; 7.57-7.59, m, IH, H14. 8e 19.7, C2; 22.9,
C20; 28.3, C18; 31.8, C6; 37.4, C3; 39.0, CIO; 39.2,
CI; 43.6, C4; 50.0, C5; 51.3, 19·0Me; 71.3, C7; 125.3,
C13: 126.0, C12; 126.6, Cll; 127.5, C14; 138.4, C8;
147.6, C9; 177.6, C19.

3.1.3. 7[3,19-DimethoxypodocGlJ}a-8,ll,13-triene (5)
A solution of 3 {0.77 g, 1.89 mmol) and imidazole

(18 mg, 0.26 mmol) in THF (Is ml) was added drop
wise to sodium hydride (50% dispersion in oil, 0.45 g,
9.4 mmol). The mixture was heated to reflux for 3 h,
stirred overnight, and then excess sodium hydride dis
charged with methanol. Workup and flash chromatogra
phy(hexanes.diethyl ether, 6: I) gave 5 (0.79g, 78%) as
a clear oil. Vmax 1598 (C=C), 1254, 1106 cm- I

• 8H
1.05. s, 3H, H(I8)3; 1.25, s, 3H, H(20)3; 2.40, dd, J
12.5, 7.0 Hz, IH, H6eq; 3.30 and 3.55, d, J 9.1 Hz, IH,
H(l9),; 3.34, s, 3H, 19-0Me;3.47, s, 3H, 7-0Me; 4.49,
dd, J 9.8,7.1 Hz, IH, H7;7.14-7.27, m, 3H, HII, HI2
and H13; 7.47, m, IH, H14. 8e 19.0, C2; 24.9, C20;
25.7, C6; 27.6, C18; 36.0, C3; 37.8, C10; 38.2, C4;
39.0, CI; 49.4, C5; 55.4, 7-0Me; 59.4, 19-0Me; 75.9,
C19; 79.3, C7; 124.3, C13; 125.7, C12; 127.8, Cl1 ;
128.2, C14; 135.5, C8; 150.1, C9.

3.1.4. 12, 19-Dimethoxypodocarpa-8,11,13-rrien-7f3-o1
(6)

Sodium borohydride (1.89 g, 49.7 mmol) was added
in portions over 3 h to a stirred solution of 22 (5.00 g,
16.6 rnmol) in THF(30 ml)and methanol (40 ml), After
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stirring the mixture overnight workup afforded 6 (4.95
g, 98%) as white crystals, m.p. 122-123°C. (Found:
M+', 304.2034. C19H2S03 calc.: M, 304.2038). m/z
304 (58, M+); 286 (22, M-H 20), 273 (5, M-OMe),
150 (100). limn (CH2CI 2) 3585 (OH), 1609, 1574
(C=C), 1491, 1106, 1069 em- I. 8H 1.01, td, J 13.7,
4.1 Hz, tH, H3ax; 1.03, S, 3H, H(8).: 1.26, s, 3H,
H(20)3; 1.38, td, J 13.1, 3.8 Hz, lH, HIax; 1.44, dd, J
13.0, 1.2 Hz, IH, H5; 1.60, dp, J 14.4, 3.5 Hz, lH,
H2eq; 1.65, td, J 12.9, 10.4 Hz, IH, H6ax: 1.72, qt, J
13.6, 3.4 Hz, lH, H2ax: 1.84, bd, J 13.7 Hz, Hleq;
1.90, bd, J 7.2 Hz, IH, 7-0H; 2.24, bd, J 12.8 Hz, IH,
H3eq; 2.35, ddd, J 12.3, 7.2, 0.8 Hz, lB, H6eq; 3.27
and 3.49, d, J 9.1 Hz, IH, H(I9)2; 3.32, s, 3H,
19-0Me; 3.78, s, 3H 12-0Me; 4.72, dd, J 8.8, 7.2 Hz,
1H, H7; 6.75, dd, J 8.3, 2.5 Hz, H13; 6.76, bs, tH,
Hll; 7.42, d, J 9.5 Hz, IH, H14. 8e 19.0, C2; 25.7,
C20; 27.6, C18; 30.6, C6; 35.9, C3; 37.7, CIO; 38.6,
C4; 39.0, Cl; 49.8, C5; 55.2, 12-0Mc; 59.4, 19-0Me;
71.0, C7; 76.0, C19; 110.1, Cll; 111.3, C13; 128.5,
C14; 130.5, C8; 151.3, C9; 158.9, C12.

3.1.5. j;"rethyl 7fJ-hydroxy-12-methoxypodocarpa
8.JJ,13-trien-19-oate (7)

Sodium borohydride (1.41 g, 37.2 mrnol) was added
in portions to a stirred solution of 23 (5.87 g, 18.6
rnmol) in THF {45 ml) and methanol {85 rnl), The
mixture was stirred at room temperature for 18 hand
then worked up. Flash chromatography (hexanes.diethyl
ether, 1:J) gave 7 (5.78 g, 98%) as white needles
(methanol), m.p. 111-1BOC ([28] I10-112°C). vmax
3589 (OH), 1720 (C=O), 1610 em"! (C=C). 0H 1.08,
s, 3H, H(20)3; 1.08, td, J 13.5,4.3 Hz, 1H, H3ax; 1.28,
s, 3H, H(IB)3; 1.36, td, J 13.3,4.1 Hz, IH, Hlax; 1.56,
dd, J 12.5, 1.0 Hz, IH, H5; 1.62, bd, J 14.2 Hz, IH,
H2eq; 1.74, d, J 8.3 Hz, lH, 7-0H; 1.92, td, J 12.9,
11.0 Hz, IH, H6ax; 1.98, qt, J 13.6, 3.8 Hz, lH, H2ax;
2.20, bd, J 12.9 Hz, lB, Hleq; 2.29, bd, J 13.4 Hz,
HI, H3eq; 2.55, dd, J 13.1,5.7 Hz, IH, H6eq; 3.66, s,
3R, 19-0Me; 3.78, s, 3H, 12-0Me; 4.70, dt, J 10.8, 7.3
Hz, IH, H7; 6.77,bs, IH, Hl1; 6.78, dd, J 8.4,2.6 Hz,
1 H, H13; 7.50, d, J 8.2 Hz., H14. Be 19.7, C2; 22.8,
C20; 28.3, C18; 32.0, C6; 37.3, C3; 39.2, CIO: 39.3,
CI; 43.6, C4; 50.1, C5; 51.3, 19-0Me; 55.1, 12-0Me;
71.0, C7; llO.8, Cll; Il1.5, C13; 127.9, C14; 131.0,
C8; 149.3, C9; 158.9, C12; 177.6, C19. BH (Cfi D6)

0.83, td, J 13.2, 4.3 Hz, m H3ax; 1.08, 5, 3H, H(20)3;
1.10, s, 3H, H(l8)3; 1.20, td, J 14.4,4.1 Hz, lH, Hlax;
1.32, dd, J 12.7, 1.2 Hz, lH, H5; 1.46, bd, J 14.2 Hz,
lH, H2eq; 1.80-2.05. m, 2H, Hleq and 7-0H; 1.97, td,
J 12.8, 11.0 Hz, !H, H6ax; 2.07, qt, J 13.7, 3.8 Hz,
IH, H2ax; 2.31, bd, J 12.7 Hz, IH, H3eq; 2.47, dd, J
13.0, 6.3 Hz, tn, H6eq; 3.30, s, 3H, 19-0Me; 3.39, s,
3H, 12-0Me; 4.59, dd, J 10.8, 6.3 Hz, lH, H7; 6.74,
dd, J 8.5, 2.6 Hz, IH, H13; 6.83, d, J 2.6 Hz, lH,

Hll; 7.68, d, J 8.5 Hz, IH, H14. l)e (C6D() 20.2, C2;
23.1, C20; 28.3, C18; 32.5, C6; 37.6, C3; 39.5, ci,
CIO; 43.8, C4; 50.4, C5; 50.9, 19-0Me; 54.8, 12-0Me;
71.1, C7; 111.0, CII; 111.8, C13; 128.7. C14; 132.0,
C8; 149.5, C9; 159.5, C12; 177.2, C19.

3.1.6. 7{3 .u.19·Trimethoxypodocarpa-Sil Lli-triene
(8)

A solution of 6 (0.78 g, 2.59 mmol) and imidazole
(18 mg, 0.26 mmol) m THF (15 ml) was added drop
wise to sodium hydride (50% w/w dispersion in oil,
037 g, 7.7 mmol), The mixture was heated under reflux
for 4 h, cooled to room temperature, treated with
iodomethane (1.62 ml, 0.26 rnrnol) and then heated to
reflux for a further 5.5 h. Workup afforded 8 (0.81 g,
98%) as a clearoil. (Found: M+', 318.2187. C2oH3003
calc.: M, 318.2195). m/z 318 (2, M+), 303 (5, M-Me),
286 (90, M-MeOH), 241 (22), 185 (95), 174(100), 172
(85). Vmax 1605, 1565 (C=C), 1243, 1110, 1074, 1038
cm-I. 8H 1.03, s, 3H, H(l8)3; 1.24, s, 3H, H(20)3;
2.35, dd, J 12.6,7.2 Hz, IH, H6eq; 3.28 and 3.55, d, J
9.1 Hz, lH, H(I9)2; 3.33, s, 3H, 19-0Me; 3.44, s, 3H,
7-0Me; 3.77, s, 3H, 12-0Me; 4.42, dd, J 9.4, 7.2 Hz,
IH, H7; 6.72, bd, J 8.1 Hz, lH, H13; 6.75, bs, lH,
Hll ; 7.37, d, J 8.0 Hz, lH, Hl4. 8e 18.9, C2; 24.9,
C20; 25.5, C6; 27.5, C18; 35.9, C3; 37.8, CIO; 38.3,
C4; 38.9, Cl; 49.8, C5; 55.0, 7-0Me: 55.1, J2-0Me;
59.3, 19-0Me; 75.8, CJ9; 78.9, C7; 109.7, Cl1; 111.1,
C13; 127.9, C8; 129.1 , C14; 151.7, C9; 158.8, C12.

3. I.7. 12,19-Dimethoxy-7f3-methoxymethoxypodocarpa
8,1l,/3-triene (9)

Bromomethyl methyl ether(0.52 rnl, 6.30 mmol) was
added dropwise to a solution of 6 (0.16 g, 0.53 mmol)
inethyldiisopropylamine (I5 ml) under a nitrogen atmo
sphere at DoC. The resulting white precipitate was stirred
at O°C for I h and then at room temperature overnight.
Workup followed by flash chromatography (hexanes.di
ethyl ether, 2:1) gave: (i) 9 (0.15 g, 81 %) as a clearoil.
(Found: M+', 348.2299. C21H3204 calc.: M, 348.2300.
m/': 348 (30, M+), 303 (2, M-CH20Me), 316 (I8,
M-MeOH), 287 (30, M-OCH20Me), 255 (28, 287
MeOH), 241 (18), 185 (42), 173 (20), 161 (32), 45
(IOO, CH20Me). l'max 1608, 1572 (C=C), 1246, 1144,
1107, 1036 em-I. 0H 1.03, S, 3H, H{I8)3; 1.27, s, 3H,
H(20)3; 2.42, ddd, J 12.7, 7.4, 1.2 Hz, !H, H6eq; 3.28
and 3.55, d, J 9.1 Hz, IH, H(I9)2; 3.33, s, 3H,
19-0Me; 3.51, s, 3H, 7-0CH20Me; 3.78, s, 3H, 12
OMe; 4.72, dd, J 9.6, 7.5 Hz, JH, H7; 4.81 and4.98, d,
J 6.9 Hz. IH, OCH20Me; 6.74, dd, J 8.0,2.6 Hz, lH,
H13; 6.77, bs, lH, Hll; 7.35, bd, J 8.9 Hz, lB, H14.
Se 19.0, C2; 25.5, C20; 26.8, C6; 27.5, C18; 35.9, C3;
37.8, CIO; 38.3, C4; 38.9, Cl; 49.6, C5; 55.2, 12-0Me;
55.7, 7-0CH20Me; 59.3, 19-0Me; 75.8, C19; 76.22,
C7;95.4, 7-0CH 20Me; 109.8, Cll; 111.2, C13; 128.0,
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C8; 129.1, C14; 151.8, C9; 158.9, C12; and (ii) 6 (9
mg,6%).

3.1.8. Methyl 12-methoxy-7{3·methoxymethoxypodo
carpa-Sdl.ls-trien-lv-oate (JO)

Bromomethyl methyl ether (0.93 ml, 11.4 mmol) was
added dropwise to a solution of 7 (0.30 g, 0.95 mmol)
in ethyldiisopropylamine (IS ml) under a nitrogen atmo
sphere. The resulting white precipitate was stirred at
room temperature overnight. Workup followed by flash
chromatography (hexanes.diethyl ether, 4:1) afforded:
(i) 28 (67 mg, 23%); and (ii) methyl 12-methoxy-7a
methoxymethoxypodocarpa-8,II,13-trien-19-oate (18)
(8 mg, 2%) as a clear oil. (Found: M+', 362.2089.
CZIH300S calc.: M, 362.2093). mlz 362 (20, M+), 330
(28, M-MeOH), 317 (2, M-CHzOMe). 301 (77,
MOCH20Me), 269 (4, 301-MeOH), 257 (8), 241000,
301-HCOzMe), 225 (37), 215 (5), 199 (9), 185 (67),
171 (I8), 161 (17), 45 (25, +CHzOMe). lJmn~ 2948,
1726 (C:::;O), 1610, 1575 (C=C), 1504, 1465, 1273,
1144, 1038 em:". s, 0.97, s, 3H, H(20)3; 1.14, td, J
13.6,4.2 Hz, IH, H3ax; 1.27, s, 3H, H(I8)3; 1.47, td, J
13.4,4.1 Hz, IH. Hlax; 1.64, bd, J 14.3 Hz, lH, H2eq;
1.98. qt, J 14.2, 3.7 Hz, IH, H2ax; 2.03, bd, J 12.9
Hz, IH, HS; 2.07, td, J 12.9, 3.3 Hz. IH, H6ax; 2.21,
bd, J 13.0 Hz, tH, Hleq; 2.29, bd, J 13.5 Hz, lH,
H3eq; 2.42, dd, J 13.0.2.0 Hz, lH. H6eq; 3.48, s, 3H,
7-0CHzOMe; 3.66, s, 3H, 19-0Me; 3.78, s, 3H, 12
OMe; 4.68, dd, J 3.3, 2.0Hz, IH. H7; 4.71 and4.87, d,
J 7.0 Hz. IH. 7-0CHzOMe; 6.77, dd, J 8.4, 2.6 Hz,
tH, H13; 6.81, d, J 2.6 Hz. IH, H11; 7.18, d, J 8.5
Hz, IH, H14. Be 18.9, C2; 21.9, C20; 26.4, C6; 28.2,
C18; 37.4, C3; 38.7, ClO; 38.8, Cl; 43.6, C4;45.6, CS;
51.3, 19-0Me; 55.2, 12-0Me; 55.7, 7-0CHzOMe; 72.7,
C7; 94.5, 7-0CHzOMe; 110.8, C11; 111.7, C13; 126.6,
C8; 132.1, CI4; 150.2, C9; 159.5, C12; 178.0, C19; and
(iii) 10 (0.25 g, 75%) as a clear oil. (Found: M+',
362.2096. C21H3005 calc.: M, 362.2093). mlz 362
(35. M+). 330 (27. M-MeOH), 317 (4, M-CHzOMe),
301 (66. M-OCHzOMe), 289 (3), 269 (5, 301-MeOH),
257 (8), 241 (100, 301-HCOzMe), 225 (12). 215 (IO),
185 (37), 161(21), 45 (48, +CH 20Me). lImax 2948,
In5 (C=O), 161l, 1575 (C==C), 1503, 1470, 1232,
1149, 1038 cm", BH 1.08, s, 3H, H(20)3; 1.08, td, J
13.5. 4.2 Hz, ia, H3ax; 1.28, s, 3H, H(I8)3' 1.36, td, J
13.3,4.1 Hz, 1H, Hlax, 1.54, dd, J 12.8, 1.2 Hz, lH,
H5, 1.62, dp, J 14.3, 3.0 Hz, IH, H2eq; 1.98, qt, J
13.9, 3.7 Hz, tH, H2ax. 1.99, td, j 12.9, 10.9 Hz, IH,
H6ax. 2.21, bd, J 13.0 Hz, lA, Hleq. 2.28, bd, J 13.5
Hz. IH, H3eq, 2.61. ddd, J 13.1, 6.4, 1.0 Hz, lA,
H6eq, 3.54, s, 3H, 7-0CH20Me; 3.67, s, 3H, 19-0Me;
3.78, s, 3H, 12-0Me, 4.63, dd, J 10.8,6.5 Hz, lA, H7;
4.83 and 5.03, d, J 6.8 Hz, lH, 7-0CHzOMe; 6.76 (2),
dd, J 9.5, 2.6 Hz, IH, H13, 6.76 (3), d, J 2.6 Hz, IH,
HII, 741, dd, J 9.5, 0.6 Hz, lH, H14. 8e 19.7, C2,
22,6. C20; 28.0, C6; 28.3, C18; 37.3, C3; 38.8, CIO;

39.2, CI; 43.6, C4; 49.9, C5; 51.2, 19-0Me; 55.0,
12-0Me; 55.6, 7-0CHzOMe; 76.4. C7; 95.4. 7
OCH20Me; 11O.5.Cll; 1l1.4.C13; 128.3,CI4; 128.5,
C8; 149.6. C9; 158.8, C12; 177.4. C19.

3.1.9. 12,19-Dimethoxypodocarpa-8,II,13-trien.7{3-yl
acetate (1J)

Acetic anhydride (22 ml, 0.23 mol) was added to a
stirred solution of 6 (0.80 g, 2.60 mmol) in pyridine (23
ml), The yellow mixture was stirred at room tempera
ture overnight and worked up. Flash chromatography
(hexanes:diethyl ether. 1: I) afforded 11 (0.80 g, 90%)
as a yellow oil. (Found: M+', 346.2147. CZ1H3004
calc.: M. 346.2144). mlz 346 (23, M+). 286 (66,
M-OAcOH), 241 (42, 286-CH20Me), 185 (100), 174
(90), 172 (68). Jlma~ 1731 (C=O), 1610, 1565 (C::C),
1236, 11 111, 1020 cm". 8H 1.03, s, 3H, H(18)3; 1.28,
8, 3H, H(20)3; 2.12, s, 3H. OCOMe; 2.44, dd, J 12.0,
8.5, Hz, IH. H6eq; 3.27 and 3.45, d, J 9.1 Hz, m,
H(19)2; 3.30. s, 3H, 19-0Me; 3.78, s, 3H, 12-0Me;
6.00, t, J 8.6 Hz, lH. H7; 6.72, dd, J 8.5, 2.5 Hz, tH,
H13; 6.79, d, J 2.6 Hz, IH, HII; 7.09, d, J 8.5 Hz,
IH, H14. Be 18.9, C2; 21.5. 7-0COMe; 25.3. C20;
26.3, C6; 27.6. C18; 36.0, C3; 31.7, CIO; 38.2. C4;
38.8, CI; 49.5. C5; 55.2. 12-0Me; 59.3, 19-0Me; 72.8,
C7; 75.9, C19; 110.0, ell; 1l1.3, C13; 125.8, C8;
129.1, C14; 152.4, C9; 159.2, C12; 171.2, 7-0COMe.

3.1.10. 12,19-Dimethoxypodocarpa·8,11,13·trien-7a-yl
acetate (19)

A solution of diethyl azodicarboxylate 08.0 /Ll, 0.12
mmol) andacetic acid (6.0 /Ll, 0.10 mmol) in benzene
(2 ml) was added to a stirred solution of 6 (25 mg, 80
/LmoO and Ph3P(26 mg, 0.10mmol) in benzene (5 ml),
The mixture was heated to reflux for 5 h and then
stirred overnight at room temperature. Removal of the
solvent followed by flash chromatography (hexanes.di
ethyl ether, 3:1)gave an inseparable mixture (2:I) of 11
and 19 (7 mg, 25%) as a clear oil. The Ta acetate 19:
lJrnax 1731 em-I (C=O). 8H 0.99, s, 3H, H(18)3; 1.16,
s, 3H, H(20)3; 2.04, s, 3H,7-0COMe; 2.49, dd, J 12.1,
8.5 Hz, lH, H6eq; 3.30, s, 3H, 19-0Me; 3.87, s, 3H,
l2-0Me; 5.94, dd, J 3.7, 2.3 Hz, IH, H7; 6.75, dd, J
8.5,2.6 Hz, ut, H13; 6.84. d, J 2.6 Hz, m, H11; 7.09,
d, J 8.5 Hz, H14.

3.1.11. 12,19-Dimethoxy-7/3-tetrahydropyrany[oxy
podocarpa-Bill.H-triene (12)

Pyridinium p-toluenesulfonate (0.14 g, 0.56 mmol)
was added to a solution of 6 (2.00 g, 0.66 mmol) and
2.3-dihydropyran (1.53 ml, 16.8 mmol) in
dichloromeihane (I 1.0 ml), The mixture was stirred at
room temperature for 4 h and then worked up. Flash
chromatography (hexanes.diethyl ether, 8:I) afforded (l)
27 (I5 mg, 9%); and (ii) an inseparable mixture of 4
isomers (2 epimeric pairs, each consisting of 2 conform-
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ers) (0.3: 1: I:1) of 12 (2.25 g. 91 %) as a clear oil.
(Found: M+', 388.2618. C24H 3604 calc.: M, 388.2614).
mlz 388(60, M ~"). 375 (3. M-Me). 357 (4. M-OMe).
343 (6. M-CH20M(~}. 303 (37, M·-CsH90), 302 (52),
287 (80, M-OTHP). 255 (72, 277-MeOH), 185 (60),
175 (100), 161(70). 135 (40), 85 (65). "max 1609, 1576
(C=C), 1112. 1075, 1026 cm" , 0H 7.15, d, J 8.5 Hz,
IH, HI4 (minor isomer); 7.24. d. J 8.5 Hz. m. H14;
7.32, d, J 8.4 Hz, IH, H14; and 7.52, d. J 9.6 Hz, IH.
H14.

3.1.12. MethyI7{3·[(J,l-dimethylethylJdimethylsilylloxy
12·methox)'fJodocarpa-8,1 lLs-trien-ls-oate (3)

A solution of r-butyldimethylchlorosilane (0.79 g,
5.22 mmol) and DBU (0.93 g, 6.09 mmol) in benzene
(50 ml) was treated with 7 (1.10 g. 3.48 mmol). The
mixture was heated to reflux for 24 h and then worked
up. Flash chromatography (hexanes.diethyl ether, 1:1)
gave 13 (1.41 g. 94%) as a clear oil which crystallised
to givereedles, rn.p, 78-81"C, (Found: C. 69.6; H. 9.2.
C2sH4004Si calc.: C. 69.4; H, 9.3%) (Found: M+'-H,
431.2601. C2sH3904Si culc.: Nt-H, 431.2618). mlz
(CI) 431(3. M+-H) ; 375 (98, M-CMe3) . 360 (4. 375
Me), 301 (53. 375-C02Me), 300 (49, 375-HC02Me),
241 (100),225 (24), 185 (70), 75 (78). mlz (FAB) 431
(17, M+-H), 417 (4, M-Me), 375 (58, M-CMe3), 301
(54, 375-C02Me). 241 (56), 225 (I I), 185 (27), 73
(100). "max 2956, 1732 (C=O), 1610, 1574 (C=C),
1083 em-I . SH 0.17 and 0.21, s, 3H, SiMe2; 0.99, s,
9H, SiCMe3; 1.06(7), 3H, H(20)3 ; 1.07(4), td, J 13.6,
4.2 Hz, tH, H3ax; 1.27, s, 3H, H(I8»); 1.37, td, J 13.4,
4.1 Hz, tH, Hlax; 1.56, dd, J 12.3, 1.2 Hz, m, H5;
1.62, bd, J 14.3 Hz, IH, H2eq; 1.98, qt, J 13.9, 3.7
Hz, IH, H2ax; 1.99, td, J 12.8, 11.3 Hz, IH, H6ax,
2.19, bd, J 12.9 Hz, nt, Hleq, 2.29, bd, J 13.5 Hz,
IH, H3eq, 2.38, bdd, J 12.6,5.8 Hz, m, H6eq; 3.66, s,
3H, 19-0Me; 3.77, s, 3H, 12-0Me; 4.72, dd, J 11.0,
5.9 Hz, lH, H7; 6.74,d, J 2.4 Hz, tH, Hll; 6.75, dd, J
8.4, 2.5 Hz, IH, H13, 7.38, d, J 8.4 Hz. H14. Be -4.6
and -4.0, SiMe2; 18.3, SiCMe3, 19.8, C2, 22.8, C20,
26.0.3C, SiCMeJ; 28.2, C18; 31.7, C6; 37.4, C3; 39.3,
Cl ; 39.4, CIO; 43.5, C4; 50.4, C5; 51.2, 19-0Me; 55.1,
12-0Me;72.2, C7; 110.7, cu. 111.3, Cl3; 127.9, CI4;.
131.6, C8; 148.9, C9; 158.6, C12; 177.5, C19.

3.1.13. Methyl podocarpa-ti.8,1J,13-tetraell-19-oate
(26)

Sulfuric acid (3.6 ml, 3.0 mol I-I) was added to a
solution of 4 (0.64g. 2.2 mmol) in THF(13 ml) andthe
mixture wasrefluxed for 78 h. Workup afforded a white
solid which was purified by flash chromatography
(hexanes /diethyl ether, 4:1) to yield 26 (0.52 g, 87%)
as white crystals (methanol), m.p. 93-94SC. (Found:
M+', 270.1619. CIsH2202 calc.: M, 270.1620). m/z
270 (83, M+), 255 (4, M-Me), 238 (9, M-MeOH), 211
(I5, M-C02Me), 197 (70, 255-HC02Me), 182 (10),

168 (21), 155 (100), 141 (40), 128 (2)), us (23), 101
(17). "max (CH~CI 2) 2950, 1723 (C=O), 1655, 1602
(C=C), 1484, 1464, 1378, 1332, 1225, 1146 em-I. BH
0.87, s, 3H, H(20)3; 1.12, td, J 13.4,3.9 Hz, IH, H3ax;
1.31, s, 3H, H(18)3; 1.67, td, J 13.2,4.1 Hz, IH, Hlax;
1.72, bd, J 14.4 Hz, m, H2eq; 1.95, qt, J 13.7, 3.5
Hz, IH, H2ax; 2.23, bd, J 13.4 Hz, IH, Hleq; 2.34, bd,
J 13.4 Hz, tH, H3eq; 2.37, bs, IH, H5; 3.68. S, 3H,
19·0Me; 6.45, dd, J 9.8, 0.8 Hz, H6; 6.48, dd, J 9.8
Hz, H7; 7.04, dd, J 6.7, 1.9 Hz, tH, Hll; 7.15, td, J
6.9,2.0 Hz, IH, H12' ; 7.17, td, J 7.2,1.4 Hz, HI3';
7.20, J 7.8,2.1 Hz, IH, H14. Sc 19.4, C20; 19.7, C2;
27.8, C18; 36.0, C3; 37.3, CI; 38.0, CIO; 43.4. C4;
51.3, C5; 51.6, 19·0Me; 122.6, 125.5, 126.1 and 126.3,
CII, C12, C13 and C14; 127.5, C6; 130.1, C7; 132.6,
C8; 146.2, C9; 177.6, C19.

3.1.14. 12,J9-Dimethoxypodocarpa-6.8,11,13-tetraene
(27)

Sulfuric acid (2 ml, 5.0 mol I-I) was added to a
stirred solution of 6 (2.61 g, ItS7 mmol) in THF(10 ml)
at room temperature. After20 h the mixture was worked
up to give 27 (2.32 g, 94%) as white crystals, m.p.
57-59cC ([29] 56-59°C). (Found: M+', 286.1929.
CI9H2602 calc.: M, 286.1932). //lIz 286 (95, M+),
271(4, M-Me), 254 (7, M-MeOH), 241 (28, M
CH,OMe), 239 (34, 271-MeOH), 225 (12), 211 (14),
198"(19), 185 (97), 174 (100), 172 (88), 128 (19), lIS
(14), 45 (22). "max 2927, 1605, 1564 (C=C), 1486,
1443, 1072 cm-I. 8H 1.01, s, 3H, H(18)3; 1.04(5), s,
3H, H(20)3: 1.05(2), td, J 12.3, 4.1 Hz, m, H3ax,
1.60-1.72, m, 2H, Hlax and H2eq, 1.73, qt, J 13.6,3.0
Hz, H2ax; 1.91, bd, J 13.6 Hz, IH, H3eq, 2.16, bd, J
12.4 Hz, nt, H3eq, 2.19, t, J 3.1 Hz, IH, H5; 3.35, s,
3H, 19-0Me; 3.39 and 3.57, d, J 9.2 Hz, IH, H(19)2;
3.80, s, 3H, 12-0Me; 6.00, dd, J 9.7, 2.8 Hz, IH, H(6);
6.47, dd, J 9.6, 3.1 Hz, IH, H7; 6.67, dd, J 8.2, 2.6
Hz, IH, H13; 6.76, d, J 2.6 Hz, lH, HlI ; 6.99, d, J
8.2 Hz, tH. H14. Se 18.8. C2; 20.8, C20; 26.6, C18:
35.7, C3; 35.9, CI; 37.6, CIO; 37.9, C4; 51.0. C5;55.2,
12-0Me; 59.4, 19·0Me; 76.~, C19; 108.9, CII; 109.7,
C13; 126.1, C14; 126.6, C8; 127.1, C6; 127.4, C7;
149.9, C9; 159.2, C12.

3.1.15. Methyl 12-metllOxypodocarpa-6,8,lJ,13-tetraell
19-oate (28)

Sulfuric acid (4 ml, 5.0 mol I-I) was added to a
stirred solution of 7 (3.70g, 11.6 rnmol) in THF(50 ml)
at room temperature. The reaction mixture was stirred
for 20 h and then worked up to give28 (3.18 g 91%) as
white crystals, m.p. 82-84°C ([28] 85-86CC). (Found:
M+', 300.1725. CJ9H2403 calc.: M, 300.1725). mlz
300 (100, M+), 241 uo, M-C02Me), 225 (39, M
Me-HC0 2Me), 212 (8), 197 (8), 185 (56), 172 (I 8).
vmax 2936, 1726 (C=O), 1605, 1566 (C=C), 1489,
1463, 1307, 1220, 1144, 1074 em-I, 0H 0.85, s, 3H,
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H(20)3; I.12, td, J 13.5,4.1 Hz, lH, H3ax; 1.30, s, 3H,
H(18)j; 1.64, td, J 13.0,4.1 Hz, Hlax; 1.72, bd, J 14.2
Hz, IH, H2eq; 1.94, qt, J 13.9,3.7 Hz, IH, H2ax; 2.19,
bd, J 12.4 Hz, lH, Hleq; 2.30-2.37, m, IH, H3eq;
2.33, t, J 2.6 Hz, IH, H5; 3.68, s, 3H, 19-0Me;3.82,s.
12-0Me; 6.35, dd, J 9.9, 2.3 Hz, lH, H6; 6.42, dd, J
9.9, 3.0 Hz, IH, H7; 6.68, dd, J 8.2, 2.5 Hz, IH, H13;
6.79. d, J 2.5 Hz, m, Hll; 6.99, d, J 8.2 Hz, tH,
H14. Be 19.3, C20; 19.7, C2; 27.8, C18;36.0, C3; 37.3,
Cl; 38.1, CIO; 43.4, C4; 51.2. C5; 51.5, 19-0Me;55.2,
12-0Me; 109.7, Cll; 110.0, C13; 124.8, C14; 126.0,
C8; 127.3, C6; 127.4, C7; 148.1, C9; 159.1, C12; 177.5,
C19.

3.2. Complexation reactions

3.2. J. The ~ and f3 diastereoisomers of
tricarbonylli8,9,JJ,J2,13,14-1Jl-methyl 12-methoxy
podocarpa-Bil1,13·triell-19-oate1chromium(O) (42, 30)

A nitrogen-degassed solution of methyl 12
methoxypodocarpa-8,11,13-trien-19-oate (2) (0.19 g,
0.63 mmol) and tricarbonyltrispyridinechromlumlu)
(0.23 g, 0.60 mrnol) in diethyl ether (IO ml) and
BF3. Et20 (0.31 ml, 2.5 rnmol) was stirred at room
temperature under a nitrogen atmosphere for 1.5 h. The
brown yellow mixture was diluted with water and ex
tracted with diethyl ether. Removal of the solvent fol
lowed by flash chromatography (hexanes.diethyl ether,
4:1) afforded: (i) 2 (73 mg, 4%); (ii) 30 (95 mg, 35%)
as a yellow tablets (hexanesZdiethyl ether), m.p. 183
185°C ([12,13] m.p. 182-184°C); and (iii) 42 (0.12 g,
43%) as a yellow needles (hexanesydiethyl ether), m.p,
143-146°C ([12,13] 142-143°C).

When the reaction was conducted for 2 h at DoC a
mixture (2:1) (40%) of 30 and 42 was formed. Extend
ing the reaction time to 24 h afforded a mixture (l :4)
(23%) of 30 and 42.

3.2.2 . The ~ diastereoisom er of tricar
bon.v/{(8,9.J1,12,/3.J4-T/)-methyl Tl-methoxy-T-oxo
podocarpa-Bil1,J3-trien-19-oate1chromium(O) (56)

A nitrogen-degassed solution of 23 (0.46 g, 1.44
mmol) and hexacarbonylchromium(O) (0.35 g, 1.59
mmol) in dibutyl ether (40 ml) and THF {3.3 rnl) was
refluxed for 48 h under positive nitrogen pressure. The
cooled mixture was filtered (Celite) and the solvents
removed in vacuo to give a yellow oil. Flash chro
matography (hexanes.diethyl ether, 2:1) yielded, in or
der of increasing polarity: (i) 23 (0.16 g, 35%); and (ii)
56 (0.28 g, 42%) as orange crystals, m.p. 132-137°C.
(Found: M+, 452.0925. C22H2407Cr calc.: M,
452.0927). 11l/z 452 (I3, M+), 396 (2, M-2CO), 393
(3, M-C02Me), 368 (100, 1\1-3CO), 316 (12, M
Cr(CO)3)' 308 (t8), 300 (17),241 (20), 225 (to), 201
(8), 185 (12), 52 (30, Cr+). vmax 1974 (sharp, CsO),
1905 (broad, CsO), 1721 (ester, C=O), 1676 (ketone.

C=O), 1534, 1459, 1382, 1275 cm", 0H 1.18, s, 3H.
H(20)3; 1.28, s, 3H, H(I8)3; 2.93, dd, J 18.9,4.1 Hz,
m, H6eq; 3.20, dd, J 18.9, 13.8 Hz, tH, H6ax; 3.69. s,
3H, 19-0Me; 3.79. s, 3H, 12-0Me; 5.11, d, J 2.1 Hz,
IH, Hll; 5.24, ddt J 7.2, 2.2 Hz, tH, H13; 6.39, d, J
7.2 Hz, tH, H14. 0c 19.3, C2; 24.2, C20; 28.0, CIS;
35.3, C6; 36.8, C3; 37.0, Cl ; 37.3, CIO; 44.t, C4; 47.6,
C5; 51.7, 19·0Me; 55.8, 12-0Me; 73.9, cu. 76.3,
C13; 87.1, C12; 92.1, C14; 129.0, C8; 144.5, C9; 176.7,
C19; 195.7, C7; 231.0, 3C, CrCCO)3'

3.2.3. The f3 diastereoisomer of tricarbonyl[(8,9,u.12,
J3,14-1J)' J9-methoxypodocarpa-8, I 1,J3·triene-7[3
otlchromium(O} (31)

A nitrogen-degassed solution of 3 (0.30 g, 1.10
mmol) and tricarbonyl{1J6.naphthalene)chromium{0)
(0.35 g, 1.32 mmol) in diethyl ether (15 ml) and THF
(0.10 ml, 1.60mmol) was heated at 70°C for 33 h in a
closed reaction vessel. The reaction mixture was filtered
(Celite) and the solvents were removed in vacuo. Flash
chromatography (hexanes.diethyl ether.dichloro
methane, 6:1:2) gave, in orderof increasing polarity: (i)
tricarbonylln't-naphthalenekhmmiumtu) (74 mg); and
(ii) 31 (0.27g, 60%) asyellow crystals, m.p. 146-149°C.
(Found: C, 58.0; H, 6.4. C21H260SCr · 0.25C6H 14 calc.:
C. 61.5; H, 6.4%) (Found: M+', 410.1 185. C21H260sCr
calc.: M, 410.1185). m/« 410 (40, M+); 354 (4, M
2CD), 326 (lOO, M-3CO), 308 (67, 326-H2D), 256 (6,
M-Cr(CO)3-H20), 224 (30), 209 (61), 181 (9), 168
(40), 155 (100), 141 (70), 131 (85),52 (27, Cr+). "max

(nujol) 3498 (OH), 1947 (sharp, C==O), 1879 (broad,
C=O), 1540 (C=C), 1088. 1015 cm" , 0H 1.01, td, J
13.5,4.7 Hz, tH, H3ax; 1.03, s, 3H, H(8)3; J.23, bd, J
10.8 Hz, lH, H5; 1.30, td, J 12.8, 3.8, Hz, tH, Hlax;
1.38, s, 3H, H(20)3; 1.58, bd, J 13.8 Hz, tH, H2eq;
1.67, qt, J 13.3, 3.6 Hz, tH, H2ax; 1.70-1.79, m, IH,
H6ax; 1.75, bd, J 12.9 Hz, tH, Hleq; 1.85, d, J 10.8
Hz, m, 7-0H; 1.96, bd, J 12.4 Hz, IH, H3eq; 2.50,
dd, J 12.9,6.0 Hz, lH, H6eq; 3.28 and 3.34, d, J 9.1
Hz, lH, H(19)2; 3.30, s, 3H, 19-0Me;4.52, td, J 10.6,
6.0 Hz, tH, H7; 5.23, td, J 6.5, 1.2Hz, IH, H13; 5.39,
dd, J 6.2, 1.0 Hz, 1H, H11;5.45, td, J 6.3, 0.7 Hz, IH,
H12; 5.57, dd, J 6.6, 0.6, Hz, iu, H14. ~c 19.8, C2;
27.7, C20; 28.0, C18; 29.6, C6; 35.9, C3; 37.8, C1O;
37.9, C4; 40.9, Cl; 50.7, C5; 59.30, 19-0Me; 70.8, C7;
76.40, C19; 86.8, C13; ss.i, C12; 93.1,Cll; 95.7, C14;
117.7, C8; 127.9, C9; 233.5, 3C, Cr(CO)3'

3.2.4. The [3 diastereoisomer of tricar
bonyil!8,9, I I ,12,J3, 14-1J}-methyl 7f3-hydroxy
podocarpa-8,11,13-trien.19-oatelchromium(O) (32)

A nitrogen-degassed solution of 4 (0.19 g, 0.66
mmol) and tricarbonyl{1J6-naphthalelle)chromium(0)
(0.23 g, 0.86 mmol) in diethyl ether (12 ml) and THF
(91 iLl, 0.86 mmol) was stirred at room temperature for
3 days in a closed reaction vessel. The reaction mixture
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was filtered (Celite) and concentrated in vacuo. Flash
chromatography (hexanea/diethyl ether) gave. in order
of increasing polarity: (j) tricarbony I( 116~
naphthalene)chromium(O) (40 mg); and (ii) 32 (0.28 g,
98%) as yellow micro rods (hexanesydiethyl ether).
m.p, 165-170°C. (Found. M+', 424.0979 C21H2406Cr
calc.: M. 424.0978). mlz 424 (13. MT). 392 (2, M
MeOH), 368 (4, M-2CO). 340 (24, 368·CO). 338 (12,
)68-CHP), 322 (100, 340.H20). 307 (IO), 270 (8),
24:; (I I), 195 (13), 155 (14), 141 (12), 109 (5),69 (8),
52 (17. Cr+). "max (CH2CI2) 3595 (OH), 1963 (sharp,
C==O), 1887 (broad. C=O), 1724 (C=O), 1446, 1383
(C=C), 1113 cm", 5H 1.04, td, J 13.6,4.7 Hz, IH,
H3ax; 1.15. s, 3H, H(20)3; 1.25, s, 3H, H(I8)3; 1.26
1.37. m, m, Hlax; 1.39. d, J 12.4 Hz, lH, H5;
1.55-1.68, m, tH, H2eq; 1.84-2.05, m, 3H, Hleq,
H2ax and H6ax; 2.29. bd. J 13.7 Hz, IH. H3eq; 2.54,
dd, J 13.2,5.6 Hz, JH, H6eq; 3.65-3.69, m, lH, 7~OH;
3.70, s, 3H, 19-0Me; 4.55, td, J 11.1,5.7 Hz, IH, H7;
5.22, td, J 6.5, 1.3 Hz, lH, HJ3; 5.41, ddt J 6.1, 0.7
Hz, IH, HII; 5.48, bt, J 6.2 Hz, IH, H12; 5.55, bd, J
6.5 Hz, IH. H14. 5c 20.3, C2; 24.8, C20; 28.1, C18;
30.7, C6; 36.9. C3; 38.1. ClO; 40.9,CI; 43.5, C4; 50.6,
C5; 51.5, 19-0Me; 70.5, C7; 86.4, C13; 88.8, C12;
93.2,CII; 95.8,C14; 117.6, C8; 125.1, C9; 176.9, C19;
233.4, 3C, Cr(CO)3' 8H (CD3COCD3) 1.12, td, J 14.0,
4.5 Hz, tH, H3ax; 1.17, S, 3H, H(20)3; 1.24, s, 3H,
H(l8)3; 1.38, td, J 13.0,4.0 Hz, lH, Hlax; 1.50-1.64,
m, IH, H2eq; 1.56, bd, J 11.9 Hz, tH, H5; 1.90, qt, J
13.7, 3.8 Hz, IH H2ax; 2.00-2.14, m, 2H, Hleq and
H6ax; 2.21 , bd, J 13.5 Hz, lH, H3eq; 2.42, dd, J 13.1,
5.5 Hz, IH, H6eq; 3.67, s, 3H, 19-0Me; 4.54, ct, J 5.6
Hz, m, 7-0H; 4.69, dt, J 10.9, 5.5 Hz, IH, H7; 5.37,
bt, J 6.2 Hz, in, H13; 5.48, d, J 6.3 Hz, IH, Hll;
5.70, t, J 6.3 Hz, IH, H12; 5.88, d. J 6.7 Hz, IH. H14.
Be (CD3COCD3) 21.1. C2; 25.5, C20; 28.3, CI8; 31.2,
C6; 37.5, C3; 38.9, CIO; 41.2, Cl; 44.1, C4; 50.9, C5;
51.7, 19-0Me; 70.2, C7; 87.9, C13; 90.0, C12; 95.1,
cu. 97.4, C14; 120.4, C8; 125.9, C9; 177.5, C19;
235.0. 3C, Cl{CO)3'

3.2.5. Complexation0/4 with hexacarbonylchromiumitl}
A nitrogen-degassed solution of 4 (0.60 g, 2.08

rnmol) and hexacarbonylchromiumlu) (0.69 g, 3.12
mmol) in dibutyl ether (60 ml) and THF (6.7 ml) was
heated to reflux for 24 h under positive nitrogen pres
sure. The reaction mixture was filtered (Celite) and
concentrated in vacuo. Flash chromatography
(hexanesydiethyl ether; then CH2C( 2) gave, in orderof
increasing polarity: (i) a mixture (10:3: I, 0.10 g) of
(1]6-benzene)tricarbonylchromium(O), 21, and a uniden
tified tricarbonylchromium complex; (ii) a mixture (2:3)
(97 mg, 11 %) of the a and f3 diastereoisomers of
tricarbonyJ[(8,9,11,12,13,14-1])-methyl 7-oxopo
docarpa-8,ll,13-trien-19-oate]chromium(0) (54, 52) as
orange rods (hexanes /diethyl ether), m.p. 141-149<>C.

(Found M+', 422.00824. C21H2z06Cr calc.: M,
422.00821. mil. 422 (17, M+), 366 (2, M-2CO), 338
(100, 366-CO), 336 (10. 366-CH,0), 322 (12), 278
(14),52 (28, Cr+). vrn3x (CH2Clz) i97s (sharp, C==O),
1903 (broad. C=O), 1724 (ester, C=O), 1696 (ketone,
C=O), 1518, 1466, 1412 (C=C); 1381 em-I. The f3
diastereoisomer 52: BH 1.09, td, J 13.8. 4.4 Hz, IH.
H3ax; 1.24, S, 3H, H(20)3; 1.29, s, 3H, H(l8)3; 1.43, td,
J 13.3, 3.4 Hz, lH, Hlax; 1.67, dm, J 14.4 Hz. :H.
H2eq; 1.88, dd, J 14.4,2.4 Hz, lH, HS; 1.89-2.00, m,
IH, H2ax; 2.08, bd, J 13.2 Hz, IH. Hleq; 2.32, bd, J
13.6 Hz, IH, I-Beq; 2.94, dd, J 17.1,2.4 Hz, lH, H6eq;
3.06, dd, J 17.1, 14.4 Hz, IH, H6ax; 3.72, s, 3H,
19~OMe; 5.43, td, J 6.1, 1.2 Hz, IH, H13; 5.46, td, J
6.1, 1.7 Hz, IH, H12; 5.58, dd, J 6.1, 1.4Hz, m, HII;
5.91, dd, J 5.9, 1.8 Hz, IH, H14. 8c 20.0, C2; 22.8,
C20; 27.7, C18; 36.2, C3; 36.7, C6; 38.3, CIO; 40.8,
Cl; 43.6, C4; 51.0, C5; 51.7, 19-0Me; 86.8, cu. 90.4,
C13; 91.1, C14; 93.3, C12; 94.4, C8; 129.5, C9; 176.4,
C19; 197.2, C7; 231.7, 3C, Cr{CO)3; (iii) S4 (92 mg,
10%) as orange rods (hexanesydiethyl ether), m.p.
160-170°C (dec) . (Found : M +', 422.00818 .
C21H2206Cr calc.: M, 422.00820. m/: 422 (14, M+),
366 (4, M-2CO), 338 (100, 366·CO), 336 (14, 366
CH,O), 323 (4, 338-Me), 286 (4),278 (14), 211 (4),69
(IS), 52 (27, Cr+). "ma~ (CH2CI2) 1975 (sharp. C=O),
1910(broad, CEO), 1724 (ester, C=O), 1680(ketone,
C==O), 1520. 1466, 1415 (C==C), 1381 em-I. ISH 1.16,
s, 3H, H(20)3; 1.23-1.31, m, lH, H3ax; 1.29, s, 3H,
H(8)3; 1.76, dp, J 13.3,3.0 Hz, tH, H2eq; 1.85-1.94,
m, lH, Hlax: 1.94, qt, J 12.9,3.1 Hz, lH, H2ax; 2.01,
bd, J 11.7 Hz, lB, Hleq; 2.22,ddt J 13.8,4.1 Hz, lH,
H5; 2.31, bd, J 13.8 Hz, IH, H3eq; 2.98, ddt J 19.2,
3.8 Hz, lH, H6eq; 3.27, dd, J 19.1, 13.9 Hz. lH, Htiax;
3.70, S, 3H, 19-0Me; 5.28, d, J 6.7 Hz, tH, HII; 5.35,
td, J 6.4, 0.6 Hz, tH, H13; 5.65, td, J 6.4, 1.2 Hz, tH,
H12; 6.17, dd, J 6.7, 1.1 Hz, IH, H14. Be 19.3, C2;
24.2, C20; 27.9, C18; 35.4, C3; 36.7, C6; 37.0(4), Cl;
37.0(5), CIO; 44.1, C4; 48.0, C5; 51.7, 19-0Me; 85.9,
ell; 89.5, C13; 91.1, 2C, C8 and C14; 94.8, C12;
128.5, C9; 176.7, e19; 196.4, C7; 231.1, 3C, Cr(CO)3;
(iv) a mixture (2.2:1.2) of 32 and S4 (94 mg, 11%); (v)
32 (22 mg, 3%); (vi) a mixture 0.2: 1.0) (0.38 g, 43%)
of 32 and the a diastereoisomer of
tricarbonyl[(8,9,11 ,12,13,14-1])~methyl 7f3-hydroxy
podocarpa.8,11,13-trien-19-oate]chromium(0) (43); and
(vii) a mixture (1.0:3.2) (0.12 g, 14%) of 32 and 43 as
yellow micro rods (hexanesI diethyl ether), m.p. 160
167°C. (Found: M+·, 424.0975. CZI H2406Cr calc.: M,
424.0978). mlz 424 (20, M+), 406 (4, M-H20). 368
(2, M-2CO). 365 (2, M-CO-OMe), 340 (28. 368-CO),
338 (I9, 368.CHzO), 322 000, 340-H20), 307 (0),
248(12),211 (9),195(17),179(5),155(16),141 (14),
52 (22, Cr+). vrn:lx (CH2Cl z) 3595 (OH), 1962 (sharp,
C=O), IS84 (broad, C=O), 1724 (C=O), 1452, 1383
(C=C), 1233, 1193. 1149em-I. The a diastereoisomer
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43. eS H 1.11, s, 3H, H(20)3' 1.28 s, 3H, H(l8)3; 3.67, s,
3H, 19-0Me; 4.71, dt, J 11.0,4.3 Hz, lH, H7, 5.10, td,
J 6.4, 1.4 Hz, IH, H13; 5.42, dd, J 6.7, 1.0 Hz, IH,
Hll; 5.56, td, J 6.3, 1.1 Hz, lH, H12; 5.73, dd, J 6.4,
1.0 Hz, lH, H14. eSc 19.6, C2; 24.6, C20; 28.4, C18;
31.5, C6; 37.0, C3; 36.9, CIO; 38.9, CI; 43.7, C4; 47.8,
C5; 51.5, 19·0Me; 69.5, C7; 89.8, C13; 90.0, C12;
91.3, Cl l; 94.4, C14. Signals due to quaternary carbons
were not observed. eSH (C03COC03) US, s, 3H,
H(20)3; 1.25, td, J 13.1,3.8 Hz, IH, H3ax; 1.28, s, 3H,
H(8)3; 1.62-1.68, m, IH, H2eq; 1.75, bd, J 12.8 Hz,
IH, H5; 1.91-2.08, m, 3H, Hlax, H2ax and H6ax;
2.17, bd, J 13.0 Hz, m, Hleq, 2.28, bd, J 13.7 Hz,
IH, H3eq; 2.49, dd, J 13.5, 6.5 Hz, IH, H6eq; 3.67, s,
3H, 19-0Me; 4.63, dt, J 11.2,6.7 Hz, lH, H7; 4.91, d,
J 7.0 Hz, ia, 7-0H; 5.38, t, J 6.2 Hz, IH, H13; 5.81,
d, J 6.7 Hz, tH, Hll; 5.84, t, J 6.5 Hz, IH, H12; 5.92,
d, J 6.4 Hz, lH, H14. Bc (CD3COCD3)20.4, C2; 24.7,
C20; 28.7, C18; 31.8, C6; 38.1, C3; 39.0, CIO; 39.6,
CI; 44.3, C4; 49.0, C5; 51.7, 19·0Me; 69.7, C7; 92.0,
C13; 92.1, C12; 93.8, Cll; 96.6, C14; 115.9, C8; 123.5,
C9; 177.4, C19; 235.4, sc, CI{CO)3'

3.2.6. The {3 diastereoisomer of tricarbolly[{(8,9,
11,12,13,14-1I)-12.19-dimethoxypodocarpa-8,11,13
trien-7{3-o11chromium(O) (33)

A nitrogen-degassed solution of 6 (0.30 g, 0.99
mmol) and tricarbonyl(1I6-r, )hthalene)chromium(O)
(0.40 g, 1.50 mmol) in diethy. ether (15 ml) and THF
(0.12 ml, I.S0 mmol) was heated at 70°C for 50 h in a
closed reaction vessel. The reaction mixture was filtered
(Celite) and the solvents were removed in vacuo. Flash
chromatography (hexanes.ether.dichloromethane,
10:1:1, then 6:1:1) gave: (i) tricarbonyl(11 6•

naphthalene)chromium(O) (57 mg); (ii) the {3 di
astereoisomer of tricarbonyI[(8,9,l1 ,12,13,14-11)
12,19-dimethoxypodoearpa-8,11,13-trien-7-onejchro
mium(O) (53) (10 mg, 2%) as an orange-yellow solid.
(Found: M+, 438.1135. C22H2606Cr calc.: M,
438.1143). m/z 438 (10, M+), 382 (4, M-2CO), 354
(lOO, M-3CO), 339 uo, 354-Me), 322 (8, 354-MeOH),
302 (27, M-CI{CO)3)' 286 (18), 255 (I0), 239 (17),
215 (13),185 (24),175 (65),150 (20). vmax 2962,1961
(sharp, CaO), 1879 (broad, CEO), 1684 (C=O), 1272
cm", 5H 1.01, s, 3H, H(l8)3' 1.55, s, 3H, H(20)~,

3.30, s, 3H, 19 OMe, 3.76, s, 3H, 12-0Me, 5.10, dd, J
7.0,2.0 Hz, IH, H13; 5.38, d, J 2.1 Hz, tH, Hll, 6.29,
d. J 7.0 Hz, lH, H14, and (iii) 33 (0.25 g, 60%) as
bright yellow crystals, m.p. I29-132°C. (Found: C,
60.0; H, 6.4. C22H2806Cr calc.: C, 59.9; H, 6.6%)
(Found: M+, 440.1294. C22H2806Cr calc.: M,
440.1291). m/z 440 08, M+), 384 <3, M..,.2CO), 356
(31, M-3CO), 354(60), 339(37),304(48, MCI{CO»),
286 (60), 255 (20), 239 (47), 197 (20), 185 (100), 175
(70), 161 (40), 150 (55), 52 (40, Cr+). "max 3483 (OH),
1954 (sharp, C=O), 1883 (broad, C=O), 1842 (sharp,

C=O), 1537 (C=C), 1279, 1108 cm", eS H 0.98-1.04,
m, IH, H3ax; 1.02, s, 3H, H(l8)~; 1.22, d, J 11.9 Hz,
IH, H5; 1.31. td, J 13.2,4.2 Hz, lH, Hlax; 1.38, bd, J
11.6 Hz, IH, H6ax; 1.48, s. 3H, H(20)3; 1.53-1.62, m,
IH, H2eq; 1.58, bd, J 11.6 Hz, lH, 7-0H; 1.73, qt. J
13.8, 3.7 Hz, lH, H2ax; 1.75. bd, J 12.8 Hz, IH, Hleq;
1.94, bd, J 13.1 Hz, tH, H3eq; 2.31, dd, J 13.0, 6.1
Hz, IH, H6eq; 3.27 and 3.33, d, J 9.1 Hz, IH, H(19)~;
3.30, s, 3H, 19-0Me; 3.71, s, 3H, 12~OMe; 4.34, ddd, J
11.2, 11.1,6.1 Hz, IH, H7; 5.02, dd, J 6.8, 2.1 Hz, tH,
H13; 5.39, d, J 2.1 H;:;, m, Hll; 5.67, d, J 6.9 Hz,
IH, H14. eSc 19.8, C2; 26.3, C20; 27.8, C18; 29.9, C6;
35.8, C3; 37.8, CIO; 38.6, C4; 41.7, CI; 51.0, C5; 55.9,
12-0Me; 59.3, 19-0Me; 69.8, C7; 76.3, C13; 76.6,
C19; 81.1, CII; 89.8, C14; 110.6. C8; 132.5, C9; 141.3,
C12; 233.6, 3C, CI(CO)3'

3.2.7. Complexation of6with hexacarbonylchromiumdl)
A nitrogen-degassed solution of 6 (60 mg, 0.20

mmol) and hexacarbonylchromium(O) (48 mg, 0.22
mmol) in dibutyl ether (5.1 ml) andTHF (0.43 ml) was
refluxed for 20 h, cooled, filtered (Celite), and the
filtrate concentrated in vacuo. The residue was purified
by PLC (hexanes.diethyl ether, 1: I) to yield, in order of
decreasing polarity: (i) a mixture (1.0:1.5) (21 mg) of
6 and the a diastereoisorner of tricarbonyl
[(8,9,11,12,13,14-11 )-12, 19-dimethoxypodoearpa-8,II,
13-trien-7-one]ehromium(0) (55). The a diastereoiso
mer 55: eSH 1.07, s, 3H, H(18)3; 1.36, 3H, 5, 3H.
H(20)3; 2.66-2.76, m, 2H, H(6)2; 3.28, s, 3H, 19··0Me;
3.79, s, 3H, 12-0Me; 5.11, d, J 2.1 Hz, m, Hll; 5.23,
dd, J 7.2, 2.1 Hz, tH, H13; 6.33, d, J 7.2 Hz, lH,
H14; and (ii) the a diastereoisomer of tri
carbonyl[(8,9,ll ,12,13,14-11)-12,19-dimethoxypodocar
pa-8,11,13-tr ien-7,B-ol]chromium(0) (44) (31 mg, 36%)
as a yellow oil. (Found: M+', 440.1288. C22H2806Cr
calc.: M, 440.1291). m/: 440 (9, M+), 422 (16, M
H,O), 384 (3, M-2CO), 366 (8, 422-2CO), 356 (17,
M:'3CO), 354 (32), 338 (100, 356-H20), 322 (8),
29](30),239 (20),222 (20), 185 (28), 172 OS), 52 (57,
Cr+). "max 1960 (sharp, C=O), 1884 (broad, CEO),
1103 em-I. ~H 1.06, s, 3H, H(18)3; 1.36, s, 3H,
H(20)3; 3.30, s, 3H, 19-0Me; 3.68, s, 3H, 12-0Me,
4.52, m, Wl / 2 26 Hz, IH, H7, 5.15 5.20, m, 2H, H11
and HI3, 6.01, d, J 6.8 Hz, IH, H14. Be 18.6, C2,
27.6, C20; 27.7, C18; 30.3, C6; 35.7, C3; 36.7, Cl;
37.6, 2C, C4 and cio. 46.9, C5; 55.6, 12-0Me; 59.3,
19-0Me; 68.8, C7; 76.0, Cll; 76.2, C13; 76.8, C19;
94.4, C14; 103.4, C8; 128.3, C9; 142.5, C12; 234.4, 3C,
Cr(CO)3' BH (C6D6) 1.03, s, 3H, H(18)3; 1.10, 5, 3H,
H(20)3; 2.99, s, 3H, 19-0Me; 3.05, 5, 3H, 12-0Me;
4.094.20, m, WI / 2 26 Hz, lH, H7; 4.47, dd, n». 1.9
Hz, tH, H13; 4.95, d, J 1.9 Hz, IH, Hll; 5.69, d, J
7.0 Hz, lH, H14. 0c (C6D6 ) 18.9, C2; 27.4, C20; 28.1,
C18; 30.4, CG; 36.1, C3; 36.8, Cl; 37.6, CIO; 37.8, C4;
47.0, C5; 55.1, 12-0Me; 59.0, 19-0Me; 68.8, C7; 76.3,
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CII; 76.4, C13; 76.7, C19; 94.7, CI~; 103.2, C8; 128.3,
C9: 142.4, C12, 234.3, 3C, Cr(CO)3'

3.2.8. The a and {3 diastereoisomers of
tricarbony[{(B,9, 11,12,13,14-T/)-methyl 7f3-hydro>,,)'-12
methoxypodocarpa-B, 11,13-trien-Iv-oatelchromiumi0)
(45,34)

A nitrogen-degassed solution of 7 (0.15 g, 0.47
mmol) and hexacarbonylchromiumCO) (0.11 g, 0.52
mmol) in dibutyl ether 02.8 rnl) and THF (1.1 ml) was
heated at reflux for 18 h under positive nitrogen pres
sure. The reaction mixture was filtered (Celitel and the
solvents removed from the filtrate in vacuo to give a
yellow oil. Purification by PLC. (hexanes:diethyl ether,
I:I) yielded, in order of decreasing polarity: (i) a mix
ture (1.0:9.4:1.2) (44 mg) of 7,34 and 56 as an orange
oil. The {3 diastereoisomer 34: 8H 1.25, s, 6H, H(20)3
and H(l8)3; 2.50, dd, J 13.0,5.3 Hz, IH, H6eq; 3.69, S,

3H, 19-0Me; 3.71, s, 3H, 12·0Me; 4.37, m, Wl / 2 26.0
Hz, IH, H7; 5.05, d, J 5.9 Hz, lH, H13; 5.35, S, IH,
HlI; 5.70, d, J 6.7 Hz, IH, H14. Be 20.3, C2; 23.0,
C20; 28.0, C18; 31.1, C6; 36.8, C3; 38.8, CIO; 41.8,
CI; 43.4, C4; 50.9, C5; 51.5, 19-0Me; 55.9, 12-0Me;
69.6, C7; 76.9, Cll; 80.6, C13; 89.5, C14; 1l0.3, C8;
129.8, C9; 141.2, C12; 177.6, C19; 233.5, 3C, Cr(CO)3'
8H (C6D6) 0.61, td, J 13.2,3.9 Hz, IH, H3ax; 0.92, s,
3H, H(20)3 ; 1.19, s, 3H, H(l8)3; 2.28, rn, !H, H6cq;
2.98, s, 3H, 19-0Me; 3.28, s, 3H, 12-0Me; 3.94, m,
Wl / 2 25 Hz, JH, H7; 4.26, d, J 7.0 Hz, IH, H13; 5.03,
S, !H, HII; 5.36, d, J 6.8 Hz, IH, H14. 8e (C6D6)
20.5, C2; 23.1, C20; 27.8, C18; 31.4, C6; 36.9, C3;
38.6, CIO; 41.3, CI; 43.3, C4; 50.7, C5; 50.9, 19-0Me;
55.4, 12-0Me; 69.5, C7; 76.6, CII; 80.9, C13; 89.6,
C14; 109.7, C8; 128.3, C9; 141.2, C12, 176.4, C19,
234.3, 3C, Cr(CO)3' and (ii) 45 (0.16 g, 75%) as a
yellow oil. (Found: M+', 454.1079. C22H2607Cr calc.:
M, 454.1084). m/z 454 (7, M+), 436 (7, M-H 20),
395 (2, M-C02Me), 370 (9, M-3CO), 352 (100, 370
H20), 300 (13, 436 Cr(CO)3)' 276 (12), 241 (18), 225
(14), 185 (25), 52 (33, Cr+). vrnJ~ 1962 (sharp, C=O),
1888 (broad, C=O), 1722 em-I (C=O). 8H 1.15, s,
3H, H(20)3; 1.28, s, 3H, H(l8)3 ; 2.45, dd, J 11.5, 6.2
Hz, IH, H6eq; 3.67, s, 6H, 19-0Me and 12-0Me;4.53,
m, Wl / 2 26 Hz, lH, H7; 5.17-5.22, m, 2H, Hll and
H13; 6.05, d, J 7.4 Hz, IH, H14. 8e 19.5, C2; 25.1,
C20; 28.4, C18; 31.4, C6; 36.9, C3; 37.2, CI; 38.0,
CIO; 43.7, C4; 47.3, C5; 51.6, 19-0Me; 55.7, 12-0Me;
66.9, C7; 76.6, Cll; 77.8, C13; 93.4, C14; 103.6, C8;
125.2, C9; 141.6, C12; 177.2, C19; 233.7, 3C, Cr(CO)3'
8H (C6D6) 0.90, s, 3H, H(20»); 1.10, S, 3H, H(t8»);
2.93, s, 3H, 19-0Me; 3.21, S, 3H, 12-0Me; 4.07, m,
Wl / 2 25 Hz, lH, H7; 4.39, bd, J 7.1 Hz, IH, HI3;
4.98, S, lH, Hl1; 5.72, d, J 7.2 Hz, lH, H14. 8e
(C6D6 ) 19.9, C2; 25.0, C20; 28.4, C18; 31.6, C6; 37.3,
2C, CI and C3; 38.1, CIO; 43.8, C4; 47.6, C5; 50.9,

19-0Me; 55.1, 12·0Me; 69.0, C7; 76.1, CIl; 78.5,
C13; 93.6, C14; 104.0, C8; 125.3, C9; 142.0, C12;
176.6, C19; 234.4, 3C, Cr(CO)3'

3.2.9. Tile a diastereoisomer of tricarbonyl
{(S,9,11,12,13,14-T/)-methyl 12-merhoxy-7a-hydroxy
podocarpa-Bil I,13-triell-19·oatelcllromiulII(O) (51)

Sodium borohydride (8 mg, 0.21 mmol) was added
to a stirred solution of the a diastereoisomer 56<0.10 g,
0.22 mrnol) in THF (7 ml) and methanol (2 ml) and the
mixture was stirred for 2 h at room temperature. Workup
followed by flash chromatography (hexanes.diethyl
ether, 2:1) afforded 51 (80 mg, 80%) as a yellow oil.
(Found: M+', 454.1083. C22H2607Cr calc.: M,
454.1087). III/Z 454 (17, M+), 436 (3, M-H 20), 370
(17, M-3CO), 352 (78, 370-H20), 318 08, M
Cr(CO)3)' 300 (83, 436-Cr(CO»), 241 (62), 225 (70),
185 (l00), 52 (43, Cr+). vrnax 1961 (sharp, C=O), 1885
(broad, C==O), 1721 (C=O), 1541, 1459, 1275 em-I.
8H 1.06, s, 3H, H(20)3; 1.29, s, 3H, H(8)3; 3.67, s,
3H, 19·0Me; 3.72, S, 3H, 12-0Me; 4.33, bs, tH, WI / 2
16.0 Hz, H7; 5.01, d, J 5.6 Hz, IH, H13; 5.11, S, IH,
HII; 5.73, d, J 6.7 Hz, lH, H14. 8c 19.6, C2; 24.5,
C20; 28.3, C18; 29.7, C6; 36.8, C3; 37.0, CI; 37.6,
ClO; 43.1, C5; 43.9, C4; 51.5, 19-0Me; 55.6, 12-0Me;
63.5, C7; 73.8, CII; 75.8, C13; 96.6, C14; 107.2, C8;
128.8, C9; 143.6, C12; 177.3, C19;232.6, 3C, Cr(CO)3'
8H (C6D6) 0.81, s, 3H, H(20)3; 1.18, S, 3H, H(8)3;
2.94, S, 3H, 19-0Me, 3.23, s, 3H, 12 OMe, 3.98, m,
WI!' 16 Hz, lH, H7, 4.10, dd, J 6.8, 1.7 Hz, tH, H13,
4.84: d, J 1.9Hz, lH, HIl; 5.03,d, J 6.9 Hz, lH, H14.
8c (C6D6) 19.8, C2; 24.3, C20; 28.3, C18; 30.2, C6;
36.9, C3; 37.4, CI; 37.9, ClO;43.4, C5;43.8, C4; 50.9,
19 OMe, 55.0, 12-0Me, 63.5, C7; 73.6, ell; 76.1,
C13; 96.6, C14; 111.1, C8; 143.5, C12; 233.5, ac,
Cr(CO)3' C9 and C19 were not observed.

3.2.10. The {3 diastereolsomer of tricarbolly/{(8.9,l1,
12,13,14-11)-12,19-dimethox)'podocarpa-5,8,11,13-te
traenelchromiumitl) (57)

Treatment of a solution of 8 (0.19 g, 0.59 mmol) and
tricarbonyltrispyridinechromium(O) (0.22 g, 0.59 mmol)
in diethyl ether (7 rnl) with BF3. Et20 (0.22 ml, 1.76
mmol) at - 78°C, and then at O°C for 20 h, followed by
flash chromatography (hexanes:diethyl ether, 4:J) af
forded 57 (40 mg, 15%) as yellow micro needles
(hexanesydiethyl ether), m.p. 94-95°C. (Found: M+",
422.1188. C22H26CrOS calc.: M, 422.1185). m/z 422
(22, M), 366 uo, M-2CO), 338 (45, M-3CO), 322
(100), 290 (35), 274 (IS), 52 (70, Cr+). vrnax 1947
(sharp, C==O), 1862 (broad, C==O) 1465, 1387 em-I.
SH 1.19, S, 3H, H(J8)3; 1.29, s, 3H, H(20);l; 2.83,dd, J
20.2,6.3 Hz, iH H7ax; 3.12,bd, J 20.2 Hz, IH, H7eq;
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3.13 and 3.44, d, J 9.1 Hz, 1H, H(19)z; 3.33, s, 3H,
19-0Me; 3.68, s, 3H, 12-0Me; 5.04, dd, J 5.9, 0.8 Hz,
IH, H13; 5.21, d, J 0.9 Hz, lH, HII; 5.52, d, J 6.2
Hz, IH, H14; 5.83, bd, J 5.9 Hz, IH, H6.

3.2.11. Complexation of 28 with hexacar
bonylchromiul1l(0)

A nitrogen-degassed solution of 28 (0.35 g, 1.17
mmol) and hexacarbonylchromium(O) (0.39 g, 1.80
010100 in dibutyl ether (50 ml) and THF (5.5 ml) was
heated to reflux for 24 h under positive nitrogen pres
sure. The reaction mixture was then filtered (Celite) and
the solvents removed in vacuo to give a deep yellow oil.
Flash chromatography (hexaneszdiethyl ether) afforded,
in order of increasing polarity: (i) tricarbonyl(176-be
nzenelchromiurniD) (0.12 g); (ii) the a diastereoisomer
of tricarbonyl[(8,9,11,12,13,14"'17)-methyi 12-methoxy
podocarpa-6,8,11,13-tetraen-19-oate]chromium(O) (59)
(0.23 g, 46%) as yellow micro needles (hexanes/di
ethyl ether), m.p. 175-176°C. (Found: M+', 436.0974.
C2zH2406Cr calc.: M, 436.0978). m/z 436 (13, M+),
380(4, M-2CO), 352 (100, 380-CO), 337 (7, 352-Me),
321(3, 352-0Me), 307 (9), 278 (17), 224 (8), 185 (9),
52 (25, Cr+). VmaK (CHzCI 2) 1957 (sharp, C=O), 1877
(broad, C=O), 1724 (C=O), 1541, 1464 (C=C), 1225,
1148 cm": 8H 0.92, s, 3H, H(20)3; 1.34, s, 3H,
H(8)3; 2.34, bd, J 13A Hz, tH, H3eq; 2.63, t, J 2.7
Hz, lH, H5; 3.66, s, 3H, 19-0Me, 3.70, s, 3H, 12-0me;
5.12, d, J 2.1 Hz, HII, 5.20; dd, J 7.0, 2.2 Hz, in,
H13; 5.44, d, J 6.9 Hz, IH, H14; 6.03, dd, J 9.9, 3.1
Hz, IH, H6; 6.44, dd, J 10.0,2.4 Hz, IH. H7. 8e 19.2,
C2, 20.7, C20, 27.8, C18, 34.1 3 36.6, CI, 37.6, CIO;
43A, C4; 50.3, C5; 51.6, 19-0Me; 55.6, 12-0Me; 75.6,
CII; 76.9, C13; 92.9. C14; 96.0, C8; 120.4, C6; 122.4,
C9; 132.8, C7; 141.4, C12; 177.1, C19; 234.0, 3C,
Cr(CO)3; and (iii) a mixture (2:3) (0.17 g, 33%) of 59
and' the (3 diastereoisom er of
tricarbonyl[(8,9, II ,12,13, 14-17)-methyl 12-methoxy
podocarpa-5,8, II, 13-tetraen-19-oate]chromium(0) (58).
The {3 diastereoisomer 58: 8H 1.21, s, 3H, H(20)3;
1.43, s, 3H, H(l8)3; 1.45, td, J 13.1,4.0Hz, in, H3ax;
1.77, dm, J 13.8 Hz, IH, H2eq; 1.85-1.95, 01, IH,
Hleq; 1.87, qt, J 13.5, 3.2 Hz, J.H, H2ax; 2.01, td, J
13.1, 4.5 Hz, lB, Hlax; 2.27, dm, J 14.8 Hz, tH,
H3eg; 2.92, dd, J 20.2, 6.0 Hz, tH, H7ax; 3.27, dd, J
20.1, 1.9 Hz, iu, H7eg; 3.66, s, 3H, 19-0Me; 3.69, s,
3H, 12-0Me; 5.06, dd, J 6.7, 2.2 Hz, HI3; 5.26, d, J
2.2 Hz, lH, HII; 5049, d, J 6.7 Hz, m H14; 5.98, dd,
J 6.0, 2.1 Hz, IH, H6. Be 19.3, C2; 27.4, C20; 28.9,
C7; 29.5, C18; 35.2, C3; 36.2, CI; 37.9, CIO; 46.7, C4;
52.0, 19-0Me; 55.6, 12-0Me; 75.1, CII; 77.5, C13;
93.0, C14; 100.1, C8; 122.0, C6; 123.8, C9; 140.9, C5;
142.1, e12; 177.2, C19; 233.9, 3C, Cr(CO)3'

A solution of a mixture (2:3) (0.13 g, 0.30 01010)) of
59 and58 in diethyl ether (50 ml) was exposed to bright

sunlight while open to the air. After 7 h the reaction
mixture was filtered (Celite) and the solvents removed
in vacuo. Purification by PLC afforded, in order of
increasing polarity: (i) 28(24 mg, 27%); and(ii) methyl
12-methoxypodocarpa-5,8, II, 13-tetraen- i 9-oate (29)
(38 mg, 42%) as a clear oil which crystallised to give
needles, m,p. liS-117°C. (Found: M+", 300.1724.
CI9Hz403 calc.: M,300.1725). m/z 300 (58, M+), 285
(7, M-Me), 268 (2, M-MeOH), 253 (2, 268-Me), 241
no, M-COzMe), 225 (100, 285~HC02Me), 210 (5),
197(7),185(35),171(11),165(9),128(8). l'rnaK 2947,
1727 (C=O), 1656, 1610, 1504 (C=C), 1373, 1244,
1047 em-I. 8H 1.16, td, J 13.3, 4.1 Hz, IH, H3ax;
1.18, s, 3H, H(20)3; 1.38, s, 3H, H(l8)3; 1.58, td, J
13.5,4.1 Hz, Hlax; 1.66, dp, J 14.0,4.0Hz, tH, H2eq;
2.04, qt, J 13.7, 3.6 Hz, IH, H2ax; 2.22, dm, J 13.0
Hz, lH, Hleq; 2.34, dm, J 13.2 Hz, m, H3eq; 3.40,
dd, J 21.5,4.9 Hz, IH, H7ax; 3.49. bdd, J 21.6, 2.9
Hz, IH, H7eq; 3.64, s, 3H, 19-0Me; 3.79, s, 12-0Me,
5.99, dd, J 4.9, 2.9 Hz, IH, H6; 6.72, dd. J 8.3, 2.5
Hz, IH, H13; 6.87, d, J 2.6 Hz, IH, HI1; 7.02, G, J
8.3 Hz, lH, Hl4. Be 19.8, C2; 27.7, C20; 27.8, C18;
29.6, C7; 36.7, C3; 39.2, CIO; 39.9, CI; 46.8, C4;51.8,
19·0Me;55.2, 12-0Me; 111.0, Cll; 111.3, C13; 121.4,
C6; 124.7. C8; 128.5, C14; 141.1, C5; 146.8, C9; 158.1.
C12; 177.8, C19.

3.2.J2. Complexation of 28 with tricarbonyl(T/6-naph
thalenetchromiumi0)

A nitrogen-degassed solution of 28 (0041 g, 1.37
mmol) and tricarbonyl('l76-naphthalene)chromium(0)
(0.47 g, 1.78 mmol) in diethyl ether (15 010 and THF
(0.17 ml, 2.05 010100 was stirred at room temperature
for 60 h in a closed reaction vessel. The mixture was
filtered (Celite) and concentrated in vacuo. The crude
product was purified by flash chromatography
(hexanea/diethyl ether) to give, in order of increasing
polarity: (j) 28 (80 mg, 20%); (ii) tricarbonylt 'l76-naph
rhalenelchromiumtu) (0.I5 g); (iii) 59 (0.15 g, 25%);
and (iv) a mixture (2:3) of 58 and59 (0.32 g, 54%).

3.2.13. The a diastereoisomer of tricar
bOllyl{(8,9,11,12,13,14-1] l-methy! l Z-methoxypo
docarpa-6,8, 1J,13-tetraen-19-oatelchromium(0) (59)

A mixture of 45 (10 mg, 22 JLmoI) and potassium
hydrogensulfate (3 mg, 22 JLmoI) was heated to reflux
in benzene (1.0ml) for4.5 h. Workup followed by flash
chromatography (hexanes.diethyl ether, 1:1) yielded (i)
28 (3 mg, 44%); and (ii) 59 (3 mg, 31%).

3.2.14. The f3 diastereoisomer of tricarbonyl
ues.u.12,13,14-'17)-7{3,19-dimethoxypodocarpa-B,11.
l s-trienelchromiumiu) (35)

A nitrogen-degassed solution of 5 (0.22 g, 0.76
01010)) and tricarbonylt'l76-naphthalene)chromium(0)
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(0.24 g, 0.92 mmol) in diethyJ ether (10 ml) and THF
(90 j.£J, 1.15 rnrnol) was heated at 70°C for 40 h. The
reaction mixture was filtered (Celite) and the solvent
was removed in vacuo. Flash chromatography
(hexanes:diethyl ether, 7:1) gave, in order of increasing
polarity (i) tricarbonyll7]6-naphthalene)chromium(0) (56
mg); and {in 35 (0.18 g, 57%) as yellow crystals, m.p.
196-198°C. (Found: M+', 424.1346. C22H280SCr calc.:
M, 424.1342). m/z 424 (24, M+), 392 (2, M-MeOH,
368 (4, M-2CO), 340 (85, M-3CO), 338 (30), 323
(18), 308 000, 340-MeOH), 292 (18), 261 (22), 209
(20), 193 (18), 155 (30), 141 (28), 52 (75, Cr+). Vmux
(nujol) 1948 (sharp, Cs;O), 1871 (broad, Cs;O), 1540
(C=C), 1015 em-I. c5H 1.02, s, 3H, H(I8)3; 1.38, s,
3H, H(20)3; 2.45, dd, J 12.7, 6.0 Hz, IH, H6eq; 3.30
and 3.40, d, J 9.1 Hz, IH, H(I9)2; 3.30, s, 3H,
19-0Me, 3.55, s, 7 OMe, 4.13, dd, J 10.6,5.8 Hz, lH,
H7; 5.06, td, J 6.4, 1.3 Hz, lH, H13, 5.20, dd, J 6.4,
1.0 Hz, lH, Hll; 5.41, td, J 6.4, 0.9 Hz, lH, H12,
5.56, dd, J 6.6, 0.6 Hz, !H, Hl4. s, 19.8, C2; 24.0,
C6; 27.8, C20; 28.0, CI.8;, 35.9, C3; 37.7, CIO; 37.9,
C4; 40.7, ci. 50.2, C5; S /.J. 7-0Me; 59.3, 19-0Me;
76.3, C19; 78.9, C7; 86.2, C13; 87.4, C12; 93.1, Cll;
95.5, C14; 114.9, C8; 125.7, C9; 233.5, 3C, Cr(CO»)'

3.2.15. The a diastereolsomer of tricarbonyl
[(8,9,11,12,13,14-7])- 7f3,12, 19-trimethoxypodocarpa-8,
l l.B-trienelchromiumul) (46)

A nitrogen-degassed solution of 8 (0.38 g, 1.18
mmol) and hexacarbonylchromium(O) (0.33 g, 1.50
rnmol) in dibutyl ether (40 ml) and THF (3.3 ml, 4.6
mmol) was heated to reflux for 24 h. The mixture was
filtered (Celite) and the solvent removed in vacuo to
give a yellow oil which was purified by flash chro
matography (hexanes.diethyl ether,S:1)to give46 (0.37
g, 69%) as yellow crystals, m.p 106-108°C. (Found: C,
61.3; H, 6.9. C23H3006Cr calc.: C, 60.8; H, 6.7%)
(Found: M+', 454.1449. C23H 3006Cr calc.: M,
454.1448). m/z 454, (18, M+), 422 (2, M-MeOH),
370 (44, M-3CO), 398 (5, M-2CO), 368 (56, 398
CH20), 338(100, 370-MeOH), 322 (18), 291 (17),239
(22), 185 (20), 52 (32, Cr+). IIma~ 1954 (sharp, C=O),
1876 (broad, C=O), 1544 (C==C), 1272, 1209 cm-t.
BH 1.06, s, 3H, H(l8»); 1.15-1.24, rn, !H, H3ax; 1.18,
td, J 13.6, 4.3 Hz, m, H1ax; 1.33, s, 3H, H(20»); 1.56,
td, J 13.3, 10.0 Hz, IH, H6ax; 1.60-1.67, ro, 2H, H2eq
and H5; 1.80-2.00, m, 3H, Hleq, H2ax and H3eq;
2.35, ddd, J 13.2, 7.5, 1.5 Hz, IH, H6eq; 3.27 and
3.43, d, J 9.2 Hz, IH, H(l9)2; 3.32, S, 3H, 19-0Me;
3.45, s, 3H, 7-0Me; 3.67, s. 3H, 12-0Me; 4.13, dd, J
9.8,7 .6 Hz, lH, H7; 5.14, d, J 2.1 Hz, lH, HIl; 5.16,
dd, J 7.0, 2.1 Hz, lH, HI3; 5.95, d, J 7.0 :Hz, iH,
H14. Be 19.0, C2; 25.6, C6; 27.9, C20; 28.0, 18; 36.0,
C3; 37.0, C1; 37.7, CIO; 38.1, C4; 47.0, C5; 56.0,
12-0Me; 56.7, 7-0Me; 59.8, 19-0Me; 76.2, C7; 76.4,

C19; 77.3, CII; 77.4, C13; 95.3, CI4; ror .o,C8; 128.2,
C9; 142.8, C12; 234.1 , 3C, Cr(CO)3'

3.2.16. The f3 diastereoisomer of tricarbonyl
[(8,9,11,12,13,14-'T'/)-7/3,12, I9.trimerhoxypodocarpa-8,
11,1 3-trie/lelclzromium(O) (36)

A nitrogen-degassed solution of 8 (0.16 g, 0.5 mmol)
and tricarbonyltn'vnaphthalenelchromium 0.20 g, 0.75
mmol) in diethyl ether (8 ml) and TRF (60 j.£1, 0.75
mmol) was heated at 70°C for 32 h in a closed reaction
vessel. The mixture was filtered (Celite) and the solvent
was removed in vacuo. Flash chromatography
(hexanes.diethyl ether, 6:1)gave: (i) a mixture (5.1 :2.1)
of'(716-carbonyl(7]6-naphthalene)chromium(0) and8 (0.1
g), and (ii) 36 (0.13 g, 62%) as yellow crystals, m.p.
119-120°C. (Found: M+', 454.1444. C23H3oOr,Cr calc.:
M 454.1447) (Found: C, 61.0; H, 6.7. C23H3006Cr
calc.: C, 60.8; H, 6.7%). m/z 454 (I8, M+), 422 (2,
M-MeOR), 398 (5, M-2CO), 370 (44, M-3CO), 368
(56, 398-CH20), 353(20), 322(10),318 (18), 291 (14),
255 (12), 239 (28), 185 (40), 52 (28, Cr+). limn 1961
(broad, C=O), 1879 (broad, C=O), 1540, 1268, l l IS,
1097,1015 em-I . 5H 1.00, S, 3H, H(I8)3; 1.49, s, 3H,
H(20)3; 2.37, dd, J 12.6, 5.8 Hz, !H, H6eq; 3.26 and
3.39, d, J 9.3 Hz, IH, H(l9),; 3.31, s, 3H, 19-0Me;
3.53, s, 3R, 7-0Me; 3.69, s, 3"H, 12-0Me; 3.99, dd, J
10.4,5.8 Hz, IH, H7; 5.07, dd, J 6.9, 2.1 Hz, IH, Hl3;
5.35, d, J 2.1 Hz, !H, HII; 5.47, d, J 6.9 Hz, IH,
HI4. Be 19.8, C2; 24.3, C6;26.9, C20; 27.8, C18; 35.9,
C3; 37.9, CIO; 38.4, C4; 41.4, Cl; 50.6, C5; 55.9,
12-0Me; 56.9, 7-0Me; 59.3, 19-0Me; 76.3, C19; 78.1,
C7; 78.4, C13; 80.3, CII; 89.1, C14; 107.7, C8; 129.8,
C9; 139.8, C12; 234.1, 3C, Cr(CO)3'

3.2.17. The /3 diastereoisomer of tricarbon
yl[(8,9, 11,12,13,14-7])-12,19-dimethoxy-7f3-metlz
oxymethox ypodocarpa-S, 11, H-trienelchromiumul) (37)

A nitrogen-degassed solution of 9 (0.25 g, 0.72
mmol) and tricarbonyli716-naphthalene)chromium(O)
(0.25 g, 0.93 mrnol) in diethyl ether (9 ml) andTHF(90
p.l, 1.08 mmol) was stirred at room temperature for 5
days in a closed reaction vessel. The mixture was
filtered (Celite) and concentrated in vacuo. The crude
product was purified by flash chromatography
(hexanes.diethyl ether, 4:I) to give, in order of increas
ingpolarity: (j) tricarbonyl(716.naphthalene)ehromium(0)
(49 mg): and (ii) 37 (0.26 g, 74%) as yellow crystals,
m.p. 126-128°C. (Found: M+', 484.1556. C24H3207Cr
calc.: M, 484.1553). m/z 484 (18, M+), 400 (20,
M-3CO), 369(25, 400-0Me), 370(5, 400-CH?0), 338
(IOO, 400-HOCH2OMe), 322 (I0), 291 (IO), 255 (8),
239 (20), 185 (35), 52 (47, Cr+). vmux (nujol) 1938
(sharp, C=O), 1878 (broad, CEO), 1540 (C=C), 1268,
1102, 1097, 1020 cm- I • BH 1.00, s, 3H, H(l8»), 1.49,
s, H(ZO)3; 2.30, dd, J 12.9,6.0 Hz, IH, H6eq, 3.28 and
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3.33. d, J 9.1 Hz, IH, H(l9)2; 3.30, s, 3H, 19-01vk
3.50, s, 3H., 7 OCH 20Me; 3.69, s, 3H, 12·0Me; ../.3(,.
dd, J 10.6.6.2 Hz, lH, H7, 4.75 and 4.90, d, J 6.9:' : i~,

1H, 7-0CH20M~; .~.08, dd, J 6.9, 2.1 Hz, IH, H13;
5.36,d, J 2.1 Hz, IH, Hll, 5.47,d, J 6.9 Hz, IH, H14.
8e 19.8, C2; 26.0, C6; 26.8, C20; 27.8, C18; 35.8, C3;
37.9, CIO; 38.1, C4; 41.5, ci, 50.7, C5, 56.0, 2C,
7-0CH20Me and 12 OMe; 59.3, 19-0Me; 75.6, C19,
76.2, C7, 71.9, C13, 80.2, Cl1, 89.3, CI4, 95.7, 7
OCH20Me, 107.2, C8, 130.6, C9; 139.8, C12; 234.1,
3C, Cx{CO)3'

Treatment of 9 (30 mg, 86 ,u.moO with
tricarbonyll716-nuphthalene)chromium(0) (27 mg, 0.10
mmol) in diethyl ether (6 mJ)/THF (20 J.d, 0.25 mmol)
for 22 h at 70°C gave an inseparable mixture (1:1) of
37 and the ex diastereoisomer of tricarbon
yI[(8,9,ll, 12,13,14-71)-12,19-dim.:thoxy-7/3-methoxy
methoxypodocarpa-8,ll,13-triene]chromium(0) 47 (14
mg, 34%) as a yellow oil. The ex diastereoisomer 47:
81i 1.05, s, 3H, H(I8)3; 1.30, s, 3H, H(20)3; 2.30, dd, J
12.9,6.0 Hz, IH, H6eq; 3.28 and 3.39, d, J 9.1 Hz, IH
each, H(19)2; 3.33, s, 3H, 19-0Me; 3.47, s, 3H, 7
OCH 20Me; 3.68, s, 3H, 12-0Me;4.49, dd, J 10.6, 6.5
Hz, IH, H7; 4.74 and 4.85, d, .I 6.7 Hz, 2H, 7
OCH20Me; 5.13, bs, IH, Hl1; 5.15, dd, J 6.9, 2.1 Hz,
in, H13; 5.95, d, J 6.8 Hz, IH, H14.

3.2.18. The /3 diastereoisomer of tricar
bOlly/[(8, 9,11,J2.13,14-71)-merhyl 12-mer!loxy-7[3
methoxymetltaxypodocarpa-BilJ,J3-triell-19-oatelchro
m;um(O) (38)

A nitrogen-degassed solution of 10 (0.18 g, 0.50
mmol) and tricarbonyl(716.naphthalene)chromium(0)
(0.17 g, 0.65 mmol) in diethyl ether (12 ml) and THF
(60 Il.l, 0.75 mmol) was stirred at roomtemperature for
4 days in a closed reaction vessel. The mixture was
filtered (Celite) and concentrated in vacuo. The crude
product was purified by flash chromatography
(bexanes /diethyl ether) to give, in order of increasing
polarity: (i) tricarbonyl(716-naphthalene)chromium(0)
(60 mg): (ii) 10 (69 mg, 38%); and (iii) 38 (0.16 g,
50%) as yellow needles (hexanes/diethyl ether), m.p.
102-104°C. (Found: M+', 498.1348. C24H3008Cr calc.:
M, 498.1346). m/: 498 (9, M+), 439 (4, M-COzMe),
414 (I I, M-3CO), 384 (18, 414-CH?0), 382 (16,
414-MeOH), 367 (8, 382-Me), 362 (I,~ M-Cr(CO)3)'
352 (100), 337 (6), 301 (12), 278(9),241 (13),225 (8),
185 (16), 171 (8), 52 (1I, Cr+). "max 1954 (sharp,
C=O), 1865 (broad, C;:O), 1725 (C=O), 1540, 1465
(C=C), 1270, 1234, 1041 em-I. 8 H 1.02, td, J 13.3,
3.8 Hz, lH, H3ax; 1.24, s, 3H, H(20)3; 1.27-1.39, m,
IH, Hlax; 1.28, s, 3H, H(I8)3; 1.31, bd, J 12.4 Hz, IH,
H5; 1.58-1.66, m, IH, H2eq; 1.82-1.99, m, 3H, Hleq,
H2ax and H6ax; 2.28, bd, J 13.5 Hz, lH, H3eq; 2.49,
dd, .l13.3, 5.5 Hz, IH, H6eq; 3.53, s, 3H,7-0CH20Me;
3.69, s, 3 H, 12-0Me;3.70, s, 3H, 19-0Me;4.38, dd, J

10.8.5.7 Hz, lH, H7; 4.77 and 4.95, d, J7.0 Hz, IH,
7-0CH20Me; 5.13, dd, J 6.9, 1.9 Hz, lH, H13; 5.30,
J, J 1.9 Hz, IH, HII; 5.50, d, J 6.9 Hz, lH, H14. 8e
20.2, C2; 23.5, C20; 27.2, C6; 28.0, C18; 36.8, C3;
38.5, CIO; 41.5, CI; 43.4, C4; 50.5, C5; S1.4, 19-0Me;
55.9, 2C, 7-0CH20Me and 12-0Me; 75.1, C7; 78.5,
CIl; 79.5, C13: 89.0, C14; 95.7, 7-0CH20Me; 107.2,
C8; 127.8, C9; 139.9, C12; 176.9, C19; 233.9, 3C,
Cr(C0)3'

3.2.19. The ex and [3 diastereoisomers of tricarbonyl
[(8,9, JJ,12,13,14-71)·12,19-dimethoxypodocarpa-8,lJ,
13-trien-7[3-yl acetatelchromiumith (48, 3?)

A nitrogen-degassed solution of 11 (0.18 g, 0.50
mmol) and tricarbonyll716-naphthalene)chrornium(O)
(0.17 g, 0.63 mrnol) in diethyl ether (10 ml) and THF
(60 ~I, 0.76 mmol) was heated at 60-65°C for 20 h in a
closed reaction vessel. The reaction mixture was filtered
(Celite) and concentrated ill vacuo. Flash chromatogra
phy (hexxnes.diethyl ether, 6:I) gave: (j) 11 (37 mg,
21 %); (ii) tricarbonyl(716-naphthalene)chrom:um(O) (20
mg); and (iii) an inseparable mixture (2:1) of 39 and 48
(0.12 g, 50%) as a yellow oil which crystallised to give
yellow rods, rn.p, 111-114°C. (Found: M+', 482. U95.
C24H3007Cr calc.: M, 482.1397). mf; 482 (5, M+),
422 (14, M-MeC02H), 398 (4, M-3CO), 392 (5,
M-2CO-CH 20), 381 (46), 340 (45), 338 (100), 291
(40), 286 (20), 224 (21), 185 (32), 52 (39, Cr+). The [3
diastereoisomer 39: "max (nujol) 1965 (sharp, CsO),
IS74(broad,C=O), 1732 em-I (C=O). 8H 1.03,td, J
13.3,5.4 Hz, IH, H3ax; 1.03, s, 3H, H(18)3; 1.28, bd, J
11.7 Hz, lH, H5; 1.31, td, J 12.7,3.6 Hz, IH, Hlax;
1.55, s, 3H, H(20)3; 1.60, bd, J 14.1 Hz, IH, H2eq;
1.67-1.75, m, 3H, Hleq, H2ax and H6ax; 1.99, bd, J
12.7 Hz, lH, H3eq; 2.19, s, 3H, 7-0COMe; 2.27, dd, J
12.9,6.6 Hz, m, H6eq; 3.27and 3.33, d, J 9.2 Hz, 1H,
H(l9)z: 3.29, s, 3H, 19-0Me; 3.70, s, 3H, 12-0Me;
5.00, dd, J 6.8, 2.1 Hz, lH, H13; 5.30, d, J 6.8 Hz,
IH, H14; 5.31, d, J 2.1 Hz, IH, HII; 5.67, dd, J 10.6,
6.6 Hz, lH , H7. Sc 19.8, C2; 21.0, 7·0COMe; 25.7,
C6; 26.2, C20; 28.0, C18; 36.0, C3; 37.8, CIO; 38.5,
C4; 41.5, CI; 50.6, C5; 55.8, 12-0Me; 59.2, I9-0Me;
70.4, C7; 76.5, C19; 76.7, C13; 79.1, CII; 89.9, C14;
103.4, C8; 132.7, C9; 140.9, C12; 171.4, 7-0COMe;
233.7, 3C, Cr(CO)3' The ex diastereoisomer 48: "max
(CHCi3) 1962 (sharp, C=O), 1887 (broad, CsO), 1730
em-I (C=O). 81i 1.04, s, 3H, H(I8)3; 1.06, s, 3»,
H(20),; 2.13, s, 3H, 7-0COMe; 2.43, ddd, J 13.5,8.3,
2.1 HZ. IH, H6eq; 3.32, s, 3H, i9·0Me ; 3.70, s, 3H,
12-0Me, 3.41 and 3.70, d, J 9.2 Hz, IH, H(l9)2; 5.11,
dd, J 6.9, 2.2 Hz, IH, HI3, 5.14, d, J 2.2 Hz, IB,
HII; 5.62. t, J 8.8 Hz, lH, H7; 5.64, d, J 6.9 Hz, lH,
H14. Be 18.5, C2; 21.3, 7-0COMe; 26.1, C6; 27.1,
C20; 27.6, C18; 35.6, C3, 36.4, CI; 36.7, CIO, 36.9,
C4; 46.7, C5; 55.6, 12-0Me; 59.4, 19-0Me; 70.5, C7;
75.1, Ci3 ; 75.9, CII; 76.3, C19; 94.2, C14; unr, C8;
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127.8, C9; 142.4, C12; 170.2, 7-0COMe; 233.3, 3C,
Cr(CO)3'

3.2.20. The a and {3 diastereoisomers of tricarbonyl
[(8,9,11.12,13,14-7/)-12,1 9-dimethox)'-7{3-letrahydropy
ranytoxypodocarpa-B,11,13.rrielle1chromill/ll(0) (49, 40)

A nitrogen-degassed solution of 12 (0.30 g, 0.80
mmol) and tricarbonyll7/6.nap!rl!lalene)chromium(0)
(0.32 g, 1.20 mmol) in diethy1 ether (14.0 ml) and THF
(1.0 ml, 12.0 mmol) was heated at 70°C for 50 h. The
mixture was filtered (Celite) and the solvents were
removed in vacuo. Flash chromatography (hexanes: di
ethyl ether, 12: 1 then 3:7) gave, in order of increasing
polarity: (j) tricarbonylt7/6-naphthalene)chromium(0)
(IS mg); (ii) an inseparable mixture (6:6:2:1) (0.26 g,
62%) of a pairof {3 diastereoisomers of40and a pairof
a diastereoisomers of 49 as a yellow oil. (F(~und: M+',
524.1867. C27H3607Cr calc.: M, 524.1866). m/z 524
(14, M+), 468 (2, M-2CO), 440 (J00, M-3CO), 423
(30), 356 (16), 340 (55), 338 (70), 305 (20), 287 (65),
255 (30),185 (57),173 (20),161 (:lQ), 152 (50),52 (93,
cr"), The major (3 diastereoisomer of 40: SH 1.01 , s,
3H, H(I8)]; 1.51 s, 3H, H(20)3; 2.26. dd, J 12.7, 6.0
Hz, IH, H6eg; 3.26 and 3.30, d, J 9.3 Hz, IH, HU 9)2;
3.30, s, 3H. 19-0Me; 3.59, m, IH, H5'ax; 3.68, s, 3H,
12-0Me; 3.92-4.01, m, 1H, H5'eq; 4.50, dd, J 10.6,
6.0 Hz. IH, H7; 4.89, t, J 4.1 Hz, IH, HIt; 5.09, dd, J
6.7, 1.9 Hz, lH, HI3; 5.31,d, J 1.9 Hz, lH, Hll; 5.71 ,
d, J 6.9 Hz, IH, H14. 0c 19.6, C2; 19.13, C3'; 24.7, C4;
25.5. C6; 26.7, C20; 27.8, C18; 30.8, C2'; 35.9. C3;
37.9, CIO; 38.4, C4;41.5, Cl; 50.5, C5; 55.8, !2-0Me;
59.25, 19·0Me; 63.3. C5'; n.3, C7; 76.0, C19; 77.9,
C13; 79.4, CII ; 90.1 , C14; 95.0, CI'; 107.6, C8; 130.0,
C9; 140.0, C12; 234.1. 3C, CI{CO)3' The minor f3
diastereoisomer of 40: 0H 1.00, s. 3H, H(l8)3; 1.51, s,
3H, H(20)3; 2.38, dd, J 12.9, 6.0 Hz, IH, H6eq; 3.22
and 3.42, d, J 9.2 Hz, IH, H(I9)2; 3.31, s, 3H,
19·0Me; 3.55-3.61; m, lH, H5'ax; 3.69, s, 3H, 12
OMe; 4.00-4.10, m, 1H, H5'eq. 4.31, dd, J 10.6, 6.0
Hz, IH, H7,4.93, t, J 3.0 Hz. IH, HI'; '.04, dd, J 6.9.
2.0 Hz. m, H13, 5.31 , bs, IH. HII; 5.3:2, d, J 6.7 Hz,
lH, H14. 0c 18.7, C2; 19.8, C3'; 25.6, C6: 26.9. C4';
26.9. C20, 27.6, C18; 31.0, C2'; 35.6, C3; 37.9, CIO;
38.4, C4; 41.5, C); 51.0, C5; 55.9, 12·0Me; 59.4.
19-0Me; 61.8, CS'; 75.8, C19; 77.3, C7; 77.6, C13;
79.7. CII; "d9.7, C14; 100.0, CI'; 107.6, C8; 131.0, C9;
140.0, C12; 2:14.1, 3C, Cr(CO)3 ' The major Q' di
astereoisomer of 49: 0H 1.00, s, 3H, H(18)3 ' 1.25, s,
3H, H(20)1; 3.25 and 3.39, d, J 9.2 Hz, lH, H(I9),;
3.30, s, 3H, 19-0Me; 3.54-3.62, m, IH, HS''lx; 3.69, ; ,
3H, 12-otvic; 4.02-4.09. rn, IH. H5'eq; 4.29-4.36, m,
IH, H7; 4,97, bs, IH, HI'; 5.03, dd, J 6.9,2.2 Hz, IH,
H13; 5.10, d, J 2.2 Hz, IH, Hll ; 5.64, d, J 6.8 Hz,
IH, H14 , s, 18.8, 2C, C2 and C3'; 24.4, C4'; 25.6, C6;
~6.4, C20; 27.4, C18; 30.7, C2'; 35.8, C3; 37.1, CIO;
37.3, C4; 37.2, CI; 42.8, C5; 55.5, 12-0Me; 59.4,

19-0Me; 62.3, C5'; 66.5, C7; 74.3, C19; 75.7, C13;
76.5, CII; 95.0, CI'; 96.4, CI4; 110.6, C8; 131.0, C9;
140.0, C12: 234.1, 3C, Cr(CO)3' The minor a di
astereoisomer of 49: iSH 1.09, s,' 3H, H(8)3; 1.23, s,
3H, H(20)3; 3.25 and 3.42, d, J 9.2 Hz, H(l9)2; 3.30, s.
3H. 19-0Me; 3.51-3.58, m, IH, H5'ax; 3.69, s, 3H,
12-0Me; 3.96, bt, J 10.1 Hz, IH, H5'cq; 4.29, d, J 3.9
Hz, 1H, H7;4.94, bs, IH, HI'; 4.99, bd, J 6.8 Hz, lH,
H13; 5.10.• bs. IH. HII; 5.46, d, J 6.8 Hz, IH, HJiI.

3.2.21. The Q' and (3 diastereoisomers of tricar
bOllyf{( 8,9,11,12, 13.J4-7/)-methyl 7{3'[(J.J -dimethyl
ethyl)Jilllethyisilylloxy-Il-methoxypodocarpa-S,11.13
trien-lv- oatelchromiulIl(O) (50,41)

A nitrogen-degassed solution of 13 (0.45 g,l .04
mmol) and hexacarbonylchromiumte) (0.34 g. 1.56
mmol) in dibutyl ether (40 rnl) and THF (4.4 ml) was
heated to reflux for 21 h under positive nitrogen pres
sure. The reaction mixture was then filtered (Celite) and
the solvents removed in vacuo to give a bright yellow
oil. Flash chromatography (hexanesydiethyl ether) gave.
in orderof increasing polarity: (j) a mixture (3 : '7) (0.55
g, 93%) of 41 and 50 as yellow micro needles
(hexanesy'diethyl ether). m.p. 135-137°C. (Found: M+',
568.1955. C28H~n07CrSi calc.: M, 568.1948). m/z
568 uo, M+), 553 (2, M-Me), 509 (2, M-CO,Me),
484 (12, M-3CO), 482 (10. M-2CO-CH ,O). 467 (10,
482-Me), 425 (5), 411 (5),375 (9), 352 (iOO), 278 (8),
241 (I4), 185 (I4), 126 (8), 52 (13, Cr+). vmax (CH2C1 2 )

1957 (sharp. C==O), 1880 (broad, C==O), 1723 (C=O),
1605, 1542, 1464 (C=C), 1236, 1150 em-I . The {3
diastereoisorner 41: ()H 0.18 and 0.19, S, 31-1. SiMe2;
0.99, S, 9H, SiCMe3: 1.23, 31-1, H(20)3; 1.24. s, 3H,
H(I8),; 3.66, s, 3H, 19-0Me; 3.69, s, 3H, 12-0Me;
4.45-4.5 I.. m, lH, H7; 5.14, dd, J 7.0, 2.2 Hz, tH,
H13; 5.21 , d, J 2.2 Hz, IH, HI I; 5.33, d, J 6.8 Hz,
H14. ()e -5.1 and -4.2, SiMe2; 18.0. SiCMe3: 20.3.
cz, 23.7, C20, 25.7, 3C, SiCMe3: 27.9, C18; 30.6. C6;
36.8. C3; 38.5, CW;,41.5, Cl; 43.2,C4, 50.8, C5, 51.4,
19-0M~; 56.0, 12-0Me, 70.7, C7; 78.8, cu, 81.0,
C13, 87.2, C14. 111.7, C8, 126.5, C9; 139.0, C12;
176.9, C19; 233,9. C, Cr(CO)1' The Q' diastereoisomer
50: 8H 0.16 and 0.21, s, 3·H. SiMe2; 0.97. s, 9H,
SiCMe3; 1.15, 3H, H(20),; 1.27, s, 3H, H(I8)]; 3.66, s.
3H, 19-0Me; 3.67, s, 3H, 12-0Me; 4.49, dd, J 10.7,
6.4 Hz, IH. H7; 5.17, bs, IH, HII; 5.19, dd, J 6.9, 2.2
Hz, tH, H13; 5.88. d, J 6.8 Hz, H14. oe -5.0 and
-4.4, SiMe2; 18.0, SiCMe3; 19.5, C2; 25.2, C20; 25.8.
3C, SiCMe3; 28.2, C18; 31.4, C6; 36.9, C3; 37.2, CI;
38.2, CIO; 43.6, C4; 47.6, C5; 51.4, 19-0Me; 55.6.
12-0Me; 70.4, C7; 76.8, CII ; 77.8, C13; 93.7, C14;
104.4, C8; 125.2, C9; 141.8, C12; 177.0, C19; 233.8,
3C, Cr(CO)3; and (ii) 59 (18 mg. 4%).

Treatment of 13 with tricarbonylt 7/ 6_
naphthalenelchromiumlu) in diethyl ether/THF for 5
days at room temperature and then for 2 days at 70°C
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afforded only naphthalene and recovered starting mate 
rial.

3.3. Lithiation / electrophile addition reactions

3.3.1. Silylation of the f3 diastereoisomer of tricar
bonyl[(8,9,f1,12,13.14-T/J-I 2,19·dimethoxypodocarpa
8.11,13-trien-7f3.0!lchromium(oJ (33)

r-Butyllithium (1.31 mol ,-I , 0.19 ml, 0.25 mrnol)
was added dropwise to a solution of 33 (42 mg, 95
ILmoJ) and TMEDA (65 ILl, 0.45 mrnol) in THF (2.5
ml) at -78°C. After 25 min chlorotrimethylsilane (96
.aI, 0.76 mmol) was added and the mixture was stirred
for 4 h. Workup followed by decomplexation (dichioro
methane/air/sunlight) and purification by PLC
(hexanes.diethyl ether, 4:1) afforded: (j) an inseparable
mixture (1: t) (5 mg, 10%) of 12,19-dimethoxy-13-tri
methylsilylpodocarpa-S, II, 13-trien-7-one (24) and
12,19-dimethoxy-l4-trimethylsilylpodocarpa-8,11,13
trien-J-one (25). The 13 trimethylsilyl isomer 24: 8H
0.28, 3, 9H, SiMe3; 1.04, s, 3H, H(t8)3; 1.32, S, 3H,
Ht:O)J; 2.75, m, 2H, H(6)2; 3.33, S, 3H: II)-OMe; 3.79
s, 3H, 12-0Me; 6.73, S, tH, Hll; 8.06, s, IH, H14. The
14-trimethylsilyl isomer 25: 8H 0,33, S, 9H, SiMe3;

1.02, s, 3H, H(l8)3; 1.27, S, 3H, H(20)3; 2.75, m, 2H,
H(6),; 3.30, s, 3H, 19·0Me; 3.79, s, 3H, 12-0Me: 6.90,
bs, fH, HII; 7.04, bs, I H, H13; and (ii) 12,19-di
methoxy-ISrrimethylsilylpcdocarpa-S, II, 13-trien-7f3-01
(14)(13 mg, 36%) as a clearoil. (Found: M+', 376.2417.
C22HJ603Si calc.: M, 376.2434). m/z 376 (85, M+),
361 (30, M-Me), 359 (22, M-OH), 348 (10), 331 (37.
M-CH 20Me), 311 (20),303 (20, M-Me3Si), 222 (58),
207 (20), 175 (18), 161(15), 45 (85), 73 (100). vm
3416 (OH), 1597 (C==C), 1242, 1109, 1039 em-I. 8H
0.25, S, 9H, SiMe3; 1.03, s, 3H, H(8)3; 1.29, s, 3H,
H(20)3; 2.39 dd, J 12.3, 6.5, Hz. IH, H6eq; 3.28 and
3.46, d, J 9.2 Hz, IH, H(I9)2; 3.33, s, 3H, 19·0Me;
3.78, S, 3H, 12-0Me; 4.69-4.75, m, lH, H7; 6.66, s,
IH, HI1; 7.49, s, IH, H14.

3.3.2. Siiylaticn of the a: diastereoisomer of tricar
bOlly!f(S,9,I1,12,13,14-T/J-7f3,12.19-trimethoxypodocar
pa-S,1l .li-trienelchromiumitl) (46)

r-Butyllithium 0.31 mol T", 0.19 ml, 0.25 mrnol)
was added dropwise to a solution of 46 (40 mg, 89
.arnot) in THF(2.5 ml)at - 78°C. After 10minTMEDA
(40 .aI, 0.25 mrnol) was injected and the mixture was
stirred at -78°C for I h. Chlorotrimethylsilane (90 .aI,
0.71 mrnol) was added and the mixture was stirred at
- 78°C for 3 h and then allowed to warm to room
temperature overnight. Workup and purification by flash
chromatography afforded the a: diastereoisorner of tri
carbonyl[(8,9,n,12,13,14-71)-7f3 ,12,19-trimethoxy-13
trimethylsilylpodocarpa-B, II, 13-trieneJchrcmium(O)
(60) (42 mg, 90%) as yellow crystals (hexanesydiethyl
ether), m.p. 230-232°C. (Found: M+', 526.1844.

C26 H380(,CrSi calc.: M, 526.J843). m/z 52605, M+),
442 (10, M-3CO), 410 (100, 442-MeOH), 169 (IO), 73
(38), 52 02, Cr+). ~:nax (nujol) 1950 (sharp, CEO),
1867 (broad, CsO), 1526 (C=C), 1247, 1113, 1028
em-I. 8H 0.32, S, 9H, SiMe3; 1.07, s. 3H, H(I8)3;
1.36, s, 3H, H(20)J; 2.32, ddd, J 13.1, 7.6, 1.5 Hz, 1H,
H6eq; 3.27 and 3.49, d, J 9.1 Hz, IH, H(J9),; 3.32, s,
~H, J9-0Me: 3.45, s, 3H, 7·OMe; 3.69, s, 3H: 12-0Me;
4.09, dd, J 9.6, 7.7 Hz, IH, H7;4.93, s, tH, HII ; 5.97,
s, tH, H14. 8e -0.64, 3C, SiMe3; 18.6, C2; 25.4, C6;
27.5, C20; 27.7, C18; 35.4, C3; 36.3, CI; 37.2, CIO;
37.8, C4; 46.5, C5; 55.2, 12-0Me; 56.4, 7-0Me; 59.4,
19-0Me; 69.7, C7; 75.8, C19; 76.8, CII; 87.8, C13;
99.4, C8; 102.3, C!4; 128.6, C9; 147.1, C12; 233.9, 3C,
CI(CO)3'

3.3.3. Silylation of the (3 diastereoisomer of tricar
b0l1ylf(8,9,11,12,13.J4-T/)-7f3,12, 19-trimethoxypodocar·
pa-8,1 1,13-trienelchromium(O) (36)

r-Butyllithiurn (1.31 mol I-I in hexanes, 0.11 ml,
0.13 mmol) was added dropwise to a solution of 36 (21
rng, 46 JLmoI) and TMEDA (24.0 ILl, 0.16 mmol) in
THF (1.0 ml) at -78cC. After5 min chlorotrimethylsi
lane(50 J.d, 0.37 mmol) wasaddedandthe mixture was
stirred for 3 h. Workup followed by decornplexation
(diethyI ether/ air/sunlight) afforded 7,8,12, 19-tri
methoxy-B-trimethylsilylpodocarpa-B, II,13-triene (IS)
(18 mg, 97%) as a clear oil. (Found: M+', 390.2588.
C2JHJs03Si calc.: M 390.2590). m/z 390 (70, M+),
375 (34, M-Me), 359 (57, M-CH ,OH), 345 (14), 329
(28), 317 (30, M-Me3Si), 136 (40), 73 (100). vm•x
1599,1552, (C=C), 1237, 1109, 1037 em-I . 8H 0.24,
s, 9H, SiMe3; 1.03, s, 3H, H(t8)J; 1.26. s, 3H, H(20}3;
2.38. dd, J 12.5, 7.3 Hz, IH, H6eq; 3.27 and 3.55, d, J
9.1 Hz, IB, H(I9)2; 3.34, s, 3H, 19-0Me; 3.46, s, 3H,
7·0Me; 3.77, s, 3H, 12-0Me; 4.44, dd, J 9.2, 7.2 Hz,
lH, H7; 6.65, s, IH, HII; 7.42, s, lH. H14.

3.3.4. Allylatioll of a mixture (I : I) of the a 'and (3
diastereoisomers of tricarbO'lyl[(S,9,l1,12.13,14-'''')
7f3, 12,19-trimethoxypodocarpa-8,11,13·trienechromium
(0) (46. 36)

r-Butyllithium (J.31 mol I-I , 0.18 ml, 0.24 mrnol)
was added dropwise to a solution of a mixture (I: 0 of
36 and 46 (50 mg, 0.11 mmol) in THF (1.5 ml) at
-78°C. After 12min CuBr· SMe, (50 mg,0.24 mrnol)
was added and the mixture was stirred for 45 min
before being treated with 3-bromopropene (60 ILl, 0.66
mmol). The mixture was stirred for 1.5 h at -78°C and
then at room temperature overnight. Workup followed
by flash chromatography (hexanes.diethyl ether, 6:1)
afforded : (i) the f3 diastereoisomer of tri
carbonyl[(8,9,IL12,13,14-T/ )-7f3 ,I2,19-trimethoxy-1 3
(3'-propenyl) podocarpa-B, II, 13-triene]chromium(O)
(62) (25 rng, 46%) as a yelIow oil. (Found: M+',
494.1764. C26H3.P6Cr calc.: M, 494.1760. m/z 494
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(30, M+), 438 (5, M-2CO), 410 (87, M-3CO). 408
(74, 438.CH20), 393 (63, 408-CH20Me). 382 (50).
378 (l00, 41O-MeOH), 338 (0), 352 (20). 326 (25),
279 (25). 225 (3~), 214 (20). 204 (25). 52 (55. Cr+).
Vmnx (CHCI 3) 1957 (sharp, C=O), 1882 cm- I (broad,
C=O). 8H 1.01, s. 3H, HOB)3; 1,48. s, 3H. H(20)3;
2.35, ddt J 12.6, 5.8 Hi_. IH, H6eq; 3.01 and 3.08, bd.
J 7.1 Hz, IH, 13·CH2CH=CH2; 3.30. s. 3H, 19-0Me;
3.30-3.45. m, 2H, H(l9)2; 3.53, s. 3H, 7·0Me; 3.74 s,
3H, 12·0Me; 4.04, dd, J 10.5, 5.8 Hz. lB. H7; 5.09,
bs, lH, J3-CH2CH=CH2 (cis); 5.13-5.18. rn, lB,
13-CH2CH=CH2 (trails); 5.33, S. lB. HII: 5.34, 5.

lH, H14; 5.85, ddt, J 17.4, 9.5, 6.7 Hz. lH, 13
CH2CH~CH2' 0e 19.8, C2; 24.2. C6; 27.5. C20;
27.9. C18; 33.6. 13-CH 2CH=CH2; 35.9, C3; 37.9,
CIO; 38.3, C4. 41.1. Cl; 50.6.C5; 56.5. 12·0Me; 56.9,
7-0Me; 59.3, 19-0Me;75.8, C19; 76.4. en, 78.5. C7;
89.9, C14; 109.2; C8; 117.3, 13-CH2CH=CH2, 126.2,
C9; 135.1, 13-CH2CH=CH 2; 234.2, 3C. Cr(CO)3' CI2
antiCI3 were not observed; and (ii) the a diastereoiso
mer of tricarbonyl[(8,9,11.12.13.14-71)-713.12.19-tri
methoxy-13-(3'-propenyOpodocarpa-8,ll,13-trienelchro
mium(O) (61) (22 mg, 41%) as a yellow oil. (Found:
M+', 494.1764. C26H3406Cr calc.: M, 494.1760. m/i:
494 (40, M+), 463 0, !·11- 0 Me), 448 (3, 463-Me), 422
(3, 463-CH2CH=CH2), 410 (90, M-3CO), 378 (100,
41O-MeOH), 362 (I8), 352 (17), 225 (19), 52 (60,
Cr"), vmax (CHCI) 1956 (sharp, CaO), 1879 cm'"
(broad, C==O). 0H 1.06, 5, 3H, H(l8)3; 1.31, s, 3H,

, H(20)3; 2.34, dd, J 12.4, 7.8 H~, HI, H6eq; 3.11-3.43,
rn, 4H, 13-CH2CH=CH2 and (H19)2; 3.31, 5, 3H,
19-0Me; 3.45, s, 3H, 7-0Me; 3.69, s, 3H, 12-0Me;
4.18,dd, J 9.0, 7.8 Hz, lH, H7;5.06, s, lH, Hl1; 5.13.
bs, IH, 13-CH2CH=CH 2 (cis); 5.20, bd, J 5.4 Hz.
lH, 13.CH2CH=CH2 (trails); 5.81, s, tH, H14; 5.84
6.01, m, IH, 13-CH2CH=CH 2. 8e 18.6, C2; 25.3, C6;
27.3, C20; 27.5. C18; 33.0, 13-CH2CH=CH2; 35.5,
C3; 36.6, CIO; 37.1. C4; 37.7, CI; 47.3, C5; 55.9,
12-0Me; 56.4. 7-0Me; 59.4. 19-0Me; 71.2, C7; 75.8,
C19; 76.7, Cll; 96.1, C14; 109.7; C8; II7.7. 13
CH2CH=CH2; 130.0. C9; 134.7, 13-CH2CH=CH 2;

233.8, 3C. Cr(CO)3' CI2 and CI3 were not observed.
A solution of 61 in diethyl ether was exposed to

sunlight for 2 h and then purified by PLC to give
7{3, 12, I 9-trimethoxy-13-(3'-propenyJ)podoearpa
8,11,13-triene (16) as a clear oil. 8fl 1.03. s, 3H,
H(lB)3; 1.26, s, 3H, 1-1(20)3; 2.30, bd, J 13.8 Hz, (H,

H3eq; 2.36. ddd, J 12.7, 7.3, 1.3 Hz. IH. H6eq; 3.28
and 3.57, d, J 9.1 Hz" lH, H(l9)2; 3.30-3.36, m, 2H,
13-CH2CH=CHz; 3.34, s, 3H, 19-0Me; 3.44, s, 3H.
7-0Me; 3.79 s, 3H, 12-0Me; 4.23, dd, J 9.5, 7.1 Hz,
IH, H7; 4.93. bdd, J 10.0, 1.6 Hz, IH. 13
CH2CH=CH2 (cis); 5.09, bdd, J 17.2, 1.6 Hz., IH,
13-CH 2CH=CH 2 (trails); 6.00, ddt, J 17.0, 10.0, 6.6
Hz. IH; 13·CH2CH=CH2; 6.08, s, !H, HII; 7.18, s,
in. H14.

3.3.5. Sily/ation of the {3 diastereolsomer of tricar
bOllyf{(8,9, / /, 12,J3,/4-71)-12,19·dimethoxy·7{3·metllOxy
methoxypodocarpa.8,11,13-triellelchromiul1l(O) (37)

r-Butyllithiurn (1.31 mol r l , 0.15 rnl, 0.20 mmol)
was added dropwise to a solution of 37 (40 m g. 83
j.LmoJ) in THF(2.5 ml) at - 78°C, followed byTMEDA
(40 j.LI. 0.25 mrnol), After45 min chlorotrimethylsilane
(80 j.LI, 0.66 mmol) was added and the mixture was
stirred for 3 h at - 78°C and then at room temperature
overnight. Workup afforded a bright yellow oil which
was deeomplexed (diethYl/air/sunlight) and then puri
fied by PLC (hexanes.diethyl ether, 4:1) to give 12.19
dimethoxy-7{3-methoxymethoxy·13·trimethylsilylpodo
carpa-Bd I.If-triene (17) (19 mg, 95%) as a clear oil.
(Found: M+', 420.2694. C2~H4004Si calc.: M,
420.2696). m/z 420 (30, M+), 405 (9, M-Me), 375(8,
M-CH 20Me). 359 (40, M-OCH20Me), 348 (30. M
CH2SiMc2), 327 (IS), 315 (20), 287 (15), 255 (20),
233 (20), 185 (17), 73 (100), 45 (98). vmax 1598
(C=C), 1241, 1108, JQ40 cm", 8lj 0.24, s,9H, SiMe3;
10m. s, 3H. H(l8)3; 1.28, s, 3H, H(20)3; 2.40. dd, J
12.7,7.3 Hz. tHo H6eq; 3.28 and 3.49, d. J 9.1 Hz, m,
H(I9)2;3.34, S. 3H, 19-0Me;3.53,5, 3H,7-0CH20Me;
3.79, s, 3H, 12-0Me; 4.65-4.73, rn, IH, H7; 4.78 and
4.98, J 7.0 Hz, lH, 7·0CH20Me; 6.66, s, m, HII;
7.44, 5. 1H, H14. 8c -0.99, SiMe3; 19.0, C2; 25.5,
C20; 26.7, C6; 27.6, C18; 35.9, C3; 37.8, CIO; 38.5.
C4; 38.9, CI; 49.6. C5; 55.1, 12-0Me; 55.8, 7
OCH20Me; 59.4, 19-0Me; 75.8, C19; 76.0. C7; 95.2.
7-0CH20Me; 104.9. C11; 127.1, C8; 135.0. C14;
153.1, C9; 163.9. e12.

3.3.6. Methylation of the 13 diastereoisomer of tricar
bOlly/[(8,9,11,12.13,14-rj}-12,19-dimethoxy-7{3.methoxy
methox ypodocarpa-Sil l.ll-trienelchromiumitl) (37)

t-Butyllithium (1.31 moll-I, 0.15 ml, 0.20 rnmol)
was added to a solution of 37 (30 mg, 60 j.LIDOI) and
TMEDA (40 j.LI, 0.24 mmol) in THF (1.5 ml) at
-78°C. After 7 min iodomethane (40 j.LI. 0.62 mmoO
was added and the mixture was stirred for 2.5 h at
-78°C and then for 2.0 h at room temperature. Workup
followed by crystallisation of the crude product from
hexanesy'diethyl ether afforded the 13 diastereoisomer
of tricarbonyl((8,9, II, 12,13,14-rj)-12,19-dimethoxy
7{3-methoxymethoxy-13-methyl-podoearpa-8,1I,13-tri
enelchromtumto) (63) (27 mg. 90%) as yellow crystals.
m.p, 140-143°C. (Found: M+', 498.1719. C2sH3401Cr
calc.: M. 498.1709). m/: 498 (20, M+), 414 (22,
M-3CO). 437 (5, M-OCH20Me), 382 (72, M-3CO
MeOH), 352 (loa, 414-HOCH20Me). 305 (13), 269
(I I), 253 (14), 199 (27), 113 (18), 52 (38. Cr+). vmax
(nujol) 1933 (sharp, C==O), 1864 (sharp, C=O). 1842
(sharp, C=O), 1548 (C=C), 1464. 1051 em-I. 0H
1.00, s, 3H, H(J 8)3; 1.47, s, 3H, H(20)3' 2.14, S. ia,
13-Me; 2.30, dd, J 12.7, 6.1 Hz, IH, H6eq; 3.27 and
3.49, d, J 9.4 Hz. IH, H(I9)z, 3.30, s, 3H. 19-0Me,
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3.52. s, 3H, 7-0CH20Me; 3.76. s, 3H, 12·0Me, 4.36,
ddt J 10.6,6.1 Hz. IH. H7. 4.77and 4.93. d, J 7.0 Hz,
lH, 7-0CH20Me, 5.30, S, IH, HII; 5.38, S, lH, H14.
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