OCArticle

General Route to 4a-Methylhydrofluorene Diterpenoids: Total
Syntheses of £)-Taiwaniaquinones D and H, &)-Taiwaniaquinol B,
(£)-Dichroanal B, and (+)-Dichroanone

Mainak Banerjee, Ranjan Mukhopadhyay, Basudeb Achari, and Asish Kr. Banerjee*

Medicinal Chemistry Diision, Indian Institute of Chemical Biology, 4 Raja S. C. Mullick Road,
Kolkata-700 032, India

ashisbanerjee@iicb.res.in
Receied December 16, 2005

MeO OAc
5, OMe © Me (+)Taiwaniaquinol B (1)
OBn " (+)Taiwaniaquinone D (3)
— i, (+)Taiwaniaquinone H (5)
S RE- (+)-Dichroanal B (7)
€ Me Mé e 010 (+)-Dichroanone (8)
13

A general and convergent route for the synthesis of the 4a-methylhydrofluorene diterpenoids has been
established through a common hexahydrofluorenone intermedifijeobtained via Pd(0)-catalyzed
reductive cyclization of a substituted 2-(2-bromobenzyl) methylene cyclohei&heThe strategy has

been successfully utilized for the synthesis-fj-taiwaniaquinones D3) and H 6), (&)-taiwaniaquinol

B (1), (+)-dichroanal B 7), and &)-dichroanone §).

Introduction
HO OMe
Recently a large number of highly rearranged abietane-type Me Me
diterpenoids possessing the uncommon 4a-methyl tetra- (or Me
hexa-) hydrofluorene skeleton were isolated mainly from a » OH
common Taiwanese pine trékiwania cryptomerioidesThese mdm! O
include taiwaniaquinols Blj*2and D @),'¢ and taiwaniaquino- 1

nes D @), F (4),1c and H 6)1 (Figure 1). A few more
structurally related diterpenoids such as dichroanal§)Aad
B (7), and dichroanoneB] were isolated fronBakia dichroan-
tha.2 Another novel diterpenoid, standishing),(was obtained
from Thuja standishi? Though the bioactivities of this family
of compounds are yet to be examined comprehensively, 4 5 6
preliminary studie¥ revealed that taiwaniaquinone [B)(
possesses antitumoral cytotoxic activity, and standishigjal (
has promising antitumérand aromatase inhibitorypotential.
The published results on their bioactivities and the unique

OH

Me MeH bH
(1) (a) Lin, W.-H.; Fang, J.-M.; Cheng, Y.-hytochemistry1995 40, 8 °

871-873. (b) Lin, W.-H.; Fang, J.-M.; Cheng, Y.-Bhytochemistry1996 . i :

42 1657-1663. () Chang, C.-1.. Chien, S.-C.. Lee, S.-M.. Kuo, Y.-H. T GURE 1. 4a-Methylhydrofluorene diterpenoids.

Chem. Pharm. Bull2003 51, 1420-1422. (d) Chang, C.-l.; Chang, J.-Y.; . .

Kuo, C.-C.; Pan, W.-Y.; Kuo, Y.-HPlanta Med 2005 71, 72—76. structural pattern make them attractive synthetic targets. Reports

(2) Kawazoe, K.; Yamamoto, M.; Takaishi, Y.; Honda, G.; Fujita, T.;  on the syntheses of the basic 4a-methyl hydrofluorene skeleton

88(23";’OEHésﬁes,ﬂ?dm;ﬁgﬁgocmmésrf{ﬁ]?ga %‘;ﬁ’gg‘jgg S Tanaka R, aT€ relatively few?1°though a large volume of literature exists

Me R/Ie

Tetrahedron Lett1999 40, 6419-6422. on the synthesis of the gibberellin group of diterpenoids
(4)klwam0t0, M.; Oztsu,hH.; Tokuda, H.; Nishino, H.; Matsunaga, S.; possessing a bridged hydrofluorene nucféus. the course of
Tanaka, RBioorg. Med. Chem2001, 9, 1911-1921. i ; P it

(5) (@) Minami, T.; lwamoto, M.; Ohtsu, H.; Ohishi, H.; Tanaka, R.; our S.tugles on the symhe.SIS of re_arranggd .p0|yCyC“C diter
Yoshitake, A Planta Med 2002 68, 742-745. (b) Hanson, J. Rat. Prod. peno.ldé we have recently d|5_C|05é?dm a preliminary account
Rep 2004 21, 312-320. the first total syntheses of dichroanal B) (and dichroanone
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SCHEME 1. Retrosynthetic Analysis

Banerjee et al.

1,3
OMe
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15
SCHEME 2. Synthesis of the Basic Hexahydrofluorene Skeleton 27a
0o 0o Br
OMe
s 2 (T
Me R = Et, 75% Me OBn
= 0,
COR R =Me, 92% COR
14a, R = Et; b, R =Me 23a, R=Et;b,R=Me
bc (o] OBn g 0 OBn OBn
23b —» 5 e o
OMe OMe OMe
Me Br Me Me Br Me Me Br
24
13
MeO MeO
Me Me OB”
47
OMe
H Me Me
Meme MeM
0,
27a 12a,b (60%) 26 (26%)

12a = cis, 12b = trans
cis:trans = 85:15

aReagents and conditions: (a) K&, 'BuOH, Nal, reflux, 6 h. (b) LiOH, MeOH, kD, rt, 12 h. (c) Si®, 80°C, 4 h, 64% over two steps. (d) MeuLi,
BFsEt,O, ELO, —30to 0°C, 1 h, 94%. (e) NaH, DMSO, MePRhTHF, —10 to 10°C, 1.5 h, 92%. (f) Pd(PRJy, HCOONa, DMF, 95-100°C, 30 h, 60%.

(g) Pd/C (10%), H, EtOH, 12 h. (h) Recrystallization, 72% over two steps.

(8) using Pd(0)-catalyzed reductive intramolecular cycliz&fon

directed toward this goal as well as the details of our earlier

as the key step to construct the basic hydrofluorenone inter- work on the synthesis of and8.

mediate 10). This crucial intermediate has the potential for

being equally effective for the synthesis of other rearranged Results and Discussion

abietane-type diterpenoids such as taiwaniaquinal)® @nd
taiwaniaquinones D3} and H 6). We describe herein our efforts

(6) (@) Mukhopadhyaya, J. K.; Pal, S.; Ghatak, U.9ynth. Commun
1995 25, 1641-1657. (b) Ghatak, U. R.; Chakravarty,Tetrahedron Lett

1966 7, 2449-2458. (c) Ghatak, U. R.; Chakravarty, J.; Banerjee, A. K.

Tetrahedron1968 24, 1577-1593. (d) Ghatak, U. R.; Chakravarty, J.;
Dasgupta, R.; Chakraborti, P. &.Chem. Soc, Perkin Trans1975 2438-
2445. (e) Chakravarty, J.; Dasgupta, R.; Ray, J. K.; Ghatak, Uréc.
Indian Acad. Scil1977 86A 317—325. (f) Chakraborti, P. C.; Ghosh, S.;
Kanijilal, P. R.; Satyanarayana, G. O. S. V.; Ghatak, Ulndian J. Chem
1979 18B 183-185.

(7) Angle, S. R.; Arnaiz, D. OJ. Org. Chem1992 57, 5937-5947.

(8) (a) Ishibashi, H.; Kobayashi, T.; Nakashima, S.; Tamura].@rg.

Chem 200Q 65, 9022-9027. (b) Ishibashi, H.; Kobayashi, T.; Takamasu,

D. Synlett1999 1286-1288.

(9) Bailey, W. F.; Daskapan, T.; Rampalli, $.Org. Chem2003 68,
1334-1338.

(10) Lomberget, T.; Bentz, E.; Bouyssi, D.; Blame, @g. Lett 2003
5, 2055-2057.

(11) Mander, L. N.Nat. Prod. Rep2003 20, 49-69 and references
therein.

(12) (a) Banerjee, M.; Mukhopadhyay, R.; Achari, B.; Banerjee, A. K.

Org. Lett 2003 5, 3931-3933;0rg. Lett 2004 6, 143 (correction). (b)
Sengupta, S.; Mukhopadhyay, R.; Achari, B.; Banerjee, A.Tétrahedron

Lett 2005 46, 1515-1519. (c) Sengupta, S.; Mukhopadhyay, R.; Achari,

B.; Banerjee, A. KJ. Org. Chem2005 70, 7694-7700.
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In a short retrosynthetic plan (Scheme 1), the hydrofluorene
diterpenoidsl and 3 could be obtained from the common
hexahydrofluorenone intermediafé® through trimethoxyhy-
drofluorenonell. As described already, and8 (and hencé)
are also derivable frorhi0, prepared in turn from the basic 4a-
methyl hydrofluorenel2. The latter is conveniently obtainable
through Pd(0)-catalyzed reductive Heck reaciiaf the exo-
olefin 13, which could be generated from Hagemann's ester
(148 and an appropriately substituted benzyl bromide

Synthesis of Common Intermediate 10T he required benzyl
bromide (5) was obtained from commercially available vanillin
using a sequence of standard reacti®adwith 27% yield over
seven steps (see Supporting Information). For the construction
of the 4a-methyl hydrofluoren&2, we adopted an established
route® involving alkylation of Hagemann's estddato give
the alkylated produc23a(Scheme 2) in good yield. Attempted

(13) The total synthesis of taiwaniaquinol B)(via a domino intra-
molecular FriedetCrafts acylation reaction has recently been reported
(see: Fillion, E.; Fishlock, DJ. Am. Chem. So2005 127, 13144-13145).

(14) Burger, A. P. N.; Brandt, E. V.; Roux, D. ®hytochemistrn1983
22, 2813-2817.



General Route to 4a-Methylhydrofluorene Diterpenoids

TABLE 1. Results of Heck Cyclization Reaction on Olefin 13

JOC Article

yield (%)
entry catalyst (mol %) reducing agent (equiv) terf@)( time (h) 12 (cisitrans) 26
1 Pd(OAc) (5) HCOONa (1) 86-85 24 56 (85:15) 32
PPh (20)
2 Pd(PPB)4(5) HCOONa (1) 95-100 30 60 (85:15) 26
3 Pd(PPh)4(10) HCOONa (1.5) 130 24 42 (80:20) 31
4 Pd(PPB)4(5) HCOONH; (1.1) 95-100 30 36 (85:15) 28
5¢ Pd(OAc)(120) reflux 24 no reaction
6° Pd(OAc) (10) HCOONa (1) 80 24 385:15) 24
PPh (10)
BusNBr (4 equiv)

aDMF used as solvent except for entry 5 where THF was usBased on recovered starting materfaEtsN (5 equiv) used as base.

SCHEME 3. Synthesis of Hexahydrofluorenone 33

Meo_  OAc Meo_ OH Meo_ OH o
Me Me 0 Me
a b cord Me e
27a —» — Me — » Me —»
Meme ' 28 Méme! 20 Méme ' 30
OH OMe OMe Meo_  OMe
MeO, Me MeOQ, Me MeO Me e Me
Me Me Me
Me —f » Mei, Me + Me
H OH
MéMe' . Méme' ! Meme = ©O Méme ™" O
32 33 34

aReagents and conditions: (a) A&, EgN, DMAP, CH,Cl,, 0 °C, 1 h, 92%.

(b) AICY, PhANG;, 5860 °C, 4 h, 64-67%. (c) MeMgl, THF, reflux, 2 h,

64%. (d) MeLi, E$O, —78°C, 1 h, 99%. () b Pd/C, HCIQ (cat.), EtOH, 30 min, 61%. (f) Mel, $CO;, acetone-MeOH (2:1), 1t, 12 h, 97%. (g) PCC,

Celite, benzene, reflux, 4 h, 40% (88) based on recovery &2.

hydrolytic decarboxylation c23ato synthesize cyclohexenone
24 proved unsatisfactory using usual conditi¢t8 (refluxing
with aqueous ethanolic KOH), producing a complex mixture
of products presumably due to oxidative side reactions involving
the heavily oxygenated aromatic ring. However, the alkylated
methyl este23b, obtained in 92% yield from the methyl ester
analoguel4b'é of Hagemann's ester, underwent smooth hy-
drolysis with aqueous methanolic LIOH. The resulting crude
acid produced the desired cyclohexen@davhen heated as a
slurry with silica gel. Treatment ¢4 with Me,CulLi furnished

the cyclohexanon@25, which on Wittig olefination afforded the
olefin 13 in excellent yield. Conversion of the bicyclic
intermediate to a tricyclic product was next accomplished via
Pd(0)-catalyzed cyclization in the presence of a hydride
donorf217nitially, the reaction was attempted in dry DMF in
the presence of 5 mol % Pd(OAcand 20 mol % PP# but
this surprisingly afforded an inseparable mixture of epimeric
hydrofluorenes12a and 12b in a ratio of ca. 85:15 (as
determined by'H NMR) along with a substantial amount of
the debrominated produ@s, in contrast to that reported for
the sterically uncongested analog@&ghe ring fusion in the
major isomer {24 was assigned ass by analogy with reports
on similar system$&2 Attempts to achieve better yields dPa

by changing the reaction conditit¥’18or the hydride donor
proved unfruitful (Table 1). The buttressing effécbf the
benzyloxy and theo-methoxy substituents in addition to the

S, 5162
CH
5112 o §1

, % 51.84
c/ﬁ
Hy

™\ ROESY Cross Peaks
----» HMBC Cross Peaks

HaCh
50.88

FIGURE 2. Selected ROESY and HMBC correlationsdiia

relatively low yield and stereochemical nonselectivity in the
cyclization of 13. However cleavage of th®-benzyl ether in
12ab and careful recrystallization of the resulting isomeric
mixture from methanol afforded the desired epird&g, also

the major isomer, in pure form. NMR spectral analysis of the
product supported thas ring fusion originally assumed on the
basis of analogy with similar ring systems. The methyl singlet
at o 1.62, showing a prominent HMBC correlation peak with
an aromatic carbon signad (L45.2), was easily assigned to the
ring juncture substituent (Figure 2). Tikel.12 methyl signal
showed ROESY cross-peaks with this as well as the other
methyl signal (até 0.88). The signal for the ring juncture
methine proton  1.84) showed cross-peaks with both the
1.12 and 1.62 methyl signals in the ROESY spectrum. The
benzylic proton signal, on the other hand, showed distinct

cyclohexylmethyl residue appeared to be responsible for the RoESsY correlation peak only with th& 0.88 methy! singlet.

(15) Pal, S.; Mukhopadhyaya, J. K.; Ghatak, UJROrg. Chem1994
59, 2687-2694.

(16) Begbie, A. L.; Golding, B. TJ. Chem. Soc., Perkin Trans1972
602—605.

(17) Link, J. T.Org. React2002 60, 157-534 and references therein.

(18) Larock, R. C.; Babu, STetrahedron Lett1987 28, 5291-5294.

The results suggest @s ring fusion with the twop-methyl
groups axially oriented on the cyclohexane ring. This also

(19) (a) Schlosser, MEur. J. Org. Chem 2001, 3975-3984. (b)
Westheimer, F. H. IrSteric Effects in Organic Chemistrilewman, M.
S., Ed.; Wiley: New York, 1956; pp 523655.
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SCHEME 4. Synthesis of Common Hexahydrofluorenone X0

MeO, OH MeO. OAc M
Me Me
a b
30 —» —
H
Meme 35 Me|\/|<.;H 36 Meme * 37

OAc
0 Me MeO Me
Me Me
. Me _d_ Me
A M

Banerjee et al.

OAc

OAc
MeO, Me
Me
+ Me
(¢]
eMe

ue? 010 Meme O 38

aReagents and conditions: (a) $i@0°C, 4 h, 96% based on recovery &. (b) Ac,O, EzN, DMAP, 0°C, 1 h, 93%. (c) H, Pd/C (10 mol %), EtOH,
6 h, 95%. (d) PCC, Celite, benzene, reflux, 10 h, 86%1@fbased on recovery &7.

SCHEME 5. Synthesis of Dichroanal B (7

Meo_ PAc Meo.  OMe
Me Me Me Me
o P,
10 —— Q Me —— » Q Me —>
Meme 39 Meme 40

f
Me —» ()7
CHO

e
Me —>

Meme 41

aReagents and conditions: (a) NaBKeCk-7H,0, —40 to 0°C, 1 h. (b) SOClpyridine,—10°C, 2 h, 96% over two steps. (c,RO;, Mel, acetone-

MeOH (2:1), rt, 12 h, 94%. (d) NBS, GEN, rt, 16 h, 92%. (ep-BuLi, DMF,
SCHEME 6. Synthesis of §)-Dichroanone (8}

OAc

MeO
=
a
» e
Br

Me Me 43

Me

OH
Me
: CJ
Me — ‘Q Me

THF, =78 °C, 4 h, 60%. (f) PhSH, NMP, CGOs, 160°C, 20 min, 91%.

MeQ
Me

c
—> (£)-8
OMe

Me Me
44

aReagents and conditions: (a) NBS, §&HN, rt, 24 h, 82%. (b) NaOMe, Cul, MeOH, DMF, 12C, 20 min. (c) CAN, CHCN—H,0 (2:1), 10 min, 62%

in two steps.

explains thelyc values observed (8.4,10.2 Hz) for the methine

proton as the dihedral angles determined from a model study

for the proposed structure are°3énd 162.

Acetylation of 27a (to 28) was thereafter carried out and
followed with Fries rearrangemefitto obtain the desired
2-acetyl phenoR9 (Scheme 3). After some experimentation
based on the choice of Lewis acid, solvent, or reaction
temperature, use of 1.2 equiv AGh dry nitrobenzene at 58
60 °C proved to be the most effective, affordi2g in good
yield (minor amount of the deacetylated prod@Zawas also
encountered, which could be recycled). Treatmen2®ivith
excess of MeMgl in dry THF under reflux afforded the unstable
benzylic alcohoB0in moderate yield; however, the yields were
almost quantitative when MeLi was used as the alkylating agent.
The product was immediately subjected to acid-catalyzed
hydrogenolysi&' (to 31) followed by methylation to affor@2.
Benzylic oxidation of32 however proved difficult using a
variety of reagents (PCC/Celité,CrO; in Ac,O—AcOH 2
Cr0Os/1,3-dimethyl pyrazolé? or PDC with TBHF5), which
produced either a complex mixture of products or higher yields
of the over oxidatioff product34.

An alternative approach was therefore adopted to cord@ert
to the common intermediatel (Scheme 4). Thus, heatir)
as a slurry with silica gel produced the styré3% Acetylation

(20) (a) Gammill, R. B.Tetrahedron Lett1985 26, 1385-1388. (b)
Blatt, A. H. Org. React.1942 1, 342-369.

(21) Burdeska, KSynthesisd982 940.

(22) (a) Ghosh, A. K.; Mukhopadhyay, C.; Ghatak, UJRChem. Soc.,
Perkin Trans. 11994 327-332. (b) Rathore, R.; Saxena, N.; Chandraseka-
ran, S.Synth Commun 1986 16, 1493-1498.

(23) (a) Nakayama, M.; Shinke, S.; MatsushitaByill. Chem. Soc. Jpn.
1979 52, 184-185. (b) Harms, W. M.; Eisenbraun, E.Qrg. Prep. Proced.
Int. 1972 4, 67—72. (c) Burnham, J. W.; Duncan, W. P.; Eisenbraun, E. J.;
Keen, G. W.; Hamming, M. CJ. Org. Chem1974 39, 1416-1420.
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SCHEME 7. Synthesis of {)-Taiwaniaquinone H (57

MeO OMe
Me

Me
a (o] b
8 —> (1)-5<— Q Me <-— 41
OMe
Me Me 45

aReagents and conditions: (a),®0;, Mel, acetoneMeOH (2:1),
reflux, 10 h, 58%. (b) NaOMe, Cul, MeOH, DMF, 12C, 20 min, 89%.
(c) AgO, HNG;, dioxane, rt, 30 min, 67%.

of 35 and thereafter hydrogenation of the resulting ace?éte
furnished 37. Benzylic oxidation of the hydrofluoren87
delivered the desired intermediai®. PCC proved to be the
best oxidizing agent, producing 86% of the desired ketone based
on recovery of the starting material (conversion 52%) with a
minor amount of the over oxidation produg8.

Following the same sequence of reactions, the epimeric
mixture of the cyclized products2aand12b (ca. 85:15) was
directly converted to the more staldis-ketonelO, eliminating
the necessity for separation of the epimeric intermediates. The
cis ring fusion for 10, assumed on the basis of anal&§y®
received support from the NOESY spectrum also. Thus the
singlet for the ring juncture methine proton showed cross-peaks
with two methyl singlets, including that for the angular methyl.

Synthesis of )-Dichroanal B (7). With a convenient
synthesis of the keton®0 accomplished, our next task was to

(24) (a) Salmond, W. G.; Barta, M. A.; Havens, J.1.0rg. Chem
1978 43, 2057-2059. (b) Smith, A. B., IlI; Liverton, N. J.; Hrib, N. J.;
Sivaramakrishnan, H.; Winzenberg, K.Am. Chem. S0d986 108 3040-
3048.

(25) Chidambaram, N.; Chandrasekaran,JSOrg. Chem 1987, 52,
5048-5051.

(26) (a) Ghosh, S.; Ghatak, U. B.Org. Chem1981 46, 1486-1490.
(b) Parham, W. E.; Czuba, L. J. Org. Chem1969 34, 1899-1904.
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SCHEME 8. Attempted Ring Bromination of 107
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Meo_ OAC Meo_  PAC " Ho.  OMe
Me Me Me N Me e
a
Me X Me ------ > Me
Br oo »> OH
H P
Méme 010 MéMe O46 mdpt o
Taiwaniaquinol B (1)
MeO OAc
Me Me
L . Me
MeMeBr o)
47
aReagents and conditions: (a) NBS, €\, rt, 3 days, 98%.
SCHEME 9. Attempted Synthesis of 11 from 32
OMe OMe OMe
MeO, Me MeO Me MeO Me
Me Me Me
a b ¢
32 > Me _S Me X Me
Br OMe OMe
H H H
Meme 48 MeMme 49 Meme 0] 11

aReagents and conditions: (a) NBS, §€H\, rt, 12 h, 92%. (b) NaOMe, Cul, DMFMeOH, 110°C, 2 h, 80%. (c) PCC, Celite, benzene, reflux, 10 h.

convert it to different hydrofluorene natural products. For the
synthesis of dichroanal Br), reduction of10 was carried out
under controlled conditio®, followed by dehydration with
SOCW/pyridine?8 to afford the acetat89 (Scheme 5). Subse-
quent hydrolysis 089 and methylation of the resulting phenol
yielded the tetrahydrofluorer®. Introduction of the aldehyde
group in 40 was realized by bromination with NBSto 41
followed by formylation®® and the resulting produet2 was
smoothly converted to (&)-dichroanal B 7) through depro-
tection of the catechol dimethyl ether residue by heating with
thiophenol. The synthetic product exhibited spectral data identi-
cal to those reportédor the natural material.

Synthesis of {)-Dichroanone (8).0nly three reactions were
required to complete the synthesis of the norditerpengid (
dichroanone & from 39 (Scheme 6). The aceta®d was
smoothly transformed to the bromo derivati¢8, which on
treatment with NaOMe in MeOH and DMF in the presence of
CulP? produced the unstable dimethoxy phenol intermedidte
This was immediately subjected to oxidation with C3Nn
the presence of acetonitritavater to afford {)-dichroanone
(8) in good yield, identified by comparison of the spectral data
with those for the natural produgt.

Synthesis of {)-Taiwaniquinone H (5). The synthesis of
the diterpenoid taiwaniaquinone H)(was achieved (Scheme
7) either by simple methylation of dichroanon® @r, more
conveniently, by conversion o4l to the corresponding tri-
methoxy derivative45 with NaOMe in the presence of Cul

(27) () Luche, J.-LJ. Am. Chem. Socl978 100, 2226-2227. (b)
Boutin, R. H.; Rapoport, HJ. Org. Chem1986 51, 5320-5327.

(28) Allen, W. S.; Bernstein, SJ. Am. Chem. Sod 955 77, 1028~
1032.

(29) Carreno, M. C.; Ruano, J. L. G.; Sanz, G.; Toledo, M. A.; Urbano,
A. J. Org. Chem 1995 60, 5328-5331.

(30) Maddaford, S. P.; Charlton, J. . Org. Chem1993 58, 4132~
4138.

(31) Nayak, M. K.; Chakraborti, A. KTetrahedron Lett1997, 38, 8749~
8752.

(32) Sishido, K.; Goto, K.; Miyoshi, S.; Takaishi, Y.; Shibuya, ¥
Org. Chem.1994 59, 406—-414.

(33) Horiguchi, Y.; Toeda, A.; Tomoda, K.; Suzuki, H.; SanoChem.
Pharm Bull. 1998 46, 1356-1363.

followed by oxidation with an acidic solution of freshly prepared
AgO0?4in dioxane. The spectral data of the synthetic compound
were in good agreement with those reported for the natural
productld

Synthesis of Taiwaniaquinol B (1). With the aim of
convertinglOto the trimethoxy ketoné&1 as the stepping stone
to 1 and 3, we subjectedlO to ring bromination with NBS
(Scheme 8). To our dismay this delivered, instead of the desired
46, theo-bromo ketonel7 exclusively. Similar result was also
obtained with the dimethoxy ketor88. In an alternative way,
bromination could be carried out on the electron rich hexahy-
drofluorene derivative32 to get the desired bromo compound
48in excellent yield (Scheme 9). However, the introduction of
the 9-oxo group, attempted using a variety of oxidizing
agentd?-25 and under different reaction conditions, could not
be effected satisfactorily. Conversion of the bromo derivative
48 to the trimethoxy derivative49 followed by attempted
oxidation to the desired ketonkl also led to a mixture of
intractable products.

A promising route for the total synthesis of taiwaniaquinol
B (1) was thereafter developed (Scheme 10) by employing the
dimethoxy benzyl alcohdd0 as the substrate for bromination.
The common intermediate0 was hydrolyzed and methylated
in situ to form the ketone3. This on controlled reductiGh
afforded the alcohob0, a single isomer of unknown stereo-
chemistry. Unlike the keton&0, it could be brominated at low
temperature to produdsl in good yield. This was then oxidized
using Jones reagent to the ketds# which was successfully
converted to the trimethoxy derivativél. Silver(ll) oxide
oxidation of11 smoothly afforded the quinor&3, which was
easily reduce® to (£)-taiwaniaquinol B 1). The spectral data
of the synthetic product matched closely with those of the natural
productla

(34) (a) Kende, A. S.; Tsay, Y.-G.; Mills, J. H. Am. Chem. Sod976
98, 1967-1969. (b) Snyder, C. D.; Rapoport, Bl. Am. Chem. S0d.972
94, 227-231.

(35). Reagents for Organic Synthesieser, L. F., Fieser, M., Eds.;
John Wiley and Sons Ltd.: Chichester, 1967; Vol. 1, pp 108083.
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SCHEME 10. Synthesis of Taiwaniaquinol B (13

MeO OMe MeO,
Me Me
10 2> Me 2o
MeMe
MeO, OMe MeO. Me
Me Me

M

Banerjee et al.

Me MeO, Me
Me

Me,

Méme OH 51

;;Iﬁ%“ﬂe—» (11

MeMe

aReagents and conditions: (a)®0s, Mel, acetone-MeOH (2:1), 96%. (b) NaBHCeCk, EtOH, —40 to 0°C, 1 h, 98%. (c) NBS/CECN, 0°C, 16 h,
78%. (d) Jones reagent, acetonéQ) 1 h, 98%. (e) NaOMe/Cul, MeOHDMF, 110°C, 1 h, 78%. (f) AgO/HNGQ, dioxane, rt, 30 min, 82%. (g) N&Oa,

ether-H;0, 2 h, 67%.

SCHEME 11. Synthesis of Taiwaniaquinone D (3)
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Me 82%
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Meme H MeMe

OMe o R

Q Me Me Me
Me
borc b f

Me Me —» (£)-3

o 54% ome 1%

Meme  CHO Meme  CHO
58 59

aReagents and conditions: (a) 1,3-Dithiane (3 equiMBuLi (2.5 equiv),—78°C to rt, 16 h. (b) CAN (2.4 equiv), C)CN—H-0 (2:1), 30 min. (c) AgO
(4 equiv), dioxane-H;0, HNO; 6 N, 30 min. (d) Mel, CHCN—H,0 (5:1), 12 h. (e) KHS@ 205°C, 30 min, 82%. (f) TMSCI, Nal, CkCl,, 0 °C to rt,

2h.

Synthesis of Taiwaniaquinone D (3)Conceptually, taiwa-
niaquinol B (1) appeared to be the most promising intermediate
to 3, requiring only the addition of a formyl group to carbonyl
with minor alterations in the aromatic substituents. However,
initial attempts to introduce a formyl group at the 9-oxo
functionality of 1 by umpolung reaction with 1,3-dithiane and
n-BuLi3® resulted only in the recovery of the starting material.
Attributing this to the reduced electrophilicity of the carbonyl
center due to conjugation with the initially generated quinol
dianion, we chosdl as the substrate for the reaction, which
indeed afforded (Scheme 11) the desired dithiane alceha

We therefore decided to test thes-unsaturated aldehydg7)

as the substrate for oxidation. Dehydratiorb6fwas smoothly
achieved by heating the compound with fused KHSO
furnishing 57 in 82% yield (18-20% when SOGHpyridine

was used). Though the projected transformation of the sterically
congested trimethoxy aldehyds? to the corresponding-
benzoquinone derivative&8 proved elusive, oxidation with CAN
produced a dark red product in moderate yield (54% based on
recovery of57), identified as the-quinone derivativés9 from

the presence of a long-range UV absorption peak. Demethylation
of 59with TMSCH9 and Nal at room temperature then smoothly

single isomer of undetermined stereochemistry, in very good delivered the £)-taiwaniaquinone D3), identified by spectral

yield. Attempted transformation &4 to thea-hydroxy formyl
quinone55 with CAN or AgO resulted only in desulfurization,
furnishing the hydroxy aldehydg6. The deprotection b4 was

in fact best achieveéd by stirring with Mel in acetonitrile-
water. Unfortunately, oxidation di6 with CAN or AgO gave
back the ketonell Literature survey reveals that tertiary
alcohols are prone to undergo fragmentation with the reagent.

(36) Ranu, B. C.; Jana, W. Org. Chem1999 64, 6380-6386.

(37) (@) Tanako, S.; Hatakeyama, S.; Ogasaward, Bhem. Soc., Chem.
Communl977 68—69. (b) Fetizon, M.; Jurion, MJ. Chem. Soc., Chem.
Commun1972 382-383.
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comparison with the natural produiét.

Conclusion

In conclusion, we have developed a convenient route for the
total synthesis of a number of hydrofluorene natural products

(38) Trahanovsky, W. S.; Macaulay, D. B. Org. Chem 1973 38,
1497-1499.

(39) Ghosh, A. K.; Ray, C.; Ghatak, U. Retrahedron Lett1992 33,
655-658.

(40) Olah, G. A.; Narang, S. C.; Balaram Gupta, B. G.; Malhotra].R.
Org. Chem 1979 44, 1247-1251.
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and their analogues. The protocol was followed to realize the 1188 cnt?; *H NMR (CDCl;, 300 MHz)6 0.76 (3H, s), 1.21 (6H,
total synthesis of £)-dichroanal B 7), (&)-dichroanone §), d,J = 6.8 Hz), 1.25 (3H, s), 1.42 (3H, s), 141.75 (4H, m),
(+)-taiwaniaquinol B {), and )-taiwaniaquinones D3) and 1.80-1.97 (1H, m), 2.10 (1H, s), 2.362.25 (1H, m), 2.39 (3H,

H (5). The methodology is general and applicable to the other S): 2.96 (1H, sept) = 6.8 Hz), 3.85 (3H, s), 7.45 (1H, s}iC
natural products of similar skeleton NMR (CDCl, 75 MHz) 6 18.0, 20.7, 23.0 (2C), 24.5, 27.7, 31.2,
' 31.8,32.6,34.2,37.3,42.4,61.1, 65.4, 116.6, 135.8, 142.6, 147 .4,

149.1, 151.4, 168.1, 207.0; Mass (BEijz 358 (M*), 316, 301, 247,

Experimental Section 234. Anal. Calcd for @H3004: C, 73.71; H, 8.44. Found: C, 74.00;
H, 8.56.
6-Benzyloxy-5-methoxy-1,1,4a-trimethyl-2,3,4,4a,9,9a-hexahy- Further elution with 10% EtOAc in petroleum ether afforded

dro-1H-fluorene (12a,b).To a solution 0f13 (7.6 g, 0.018 mol) ~ the o-hydroxy ketone38 (52 mg, 6%) as a white solid, and 315
in 130 mL OT dl’y DMF were added pa||adlum(0) tetrakistri- mg (40%) of Starting materiaB(?) was also recovered.
phenylphosphine (1 g, 0.88 mmol) and sodium formate (1.2 9, 0.018  g_Acetoxy-7-isopropyl-5,6-dimethoxy-1,1,4a-trimethyl-2,3,4,4a-
mol), and the suspension was heated at 230 °C for 30 h. The ~  tetrahydro-1H-fluorene (39).To a stirred solution 010 (430 mg,
reaction mixture was cooled, diluted with water, and extracted with 1 2 mmol) in ethanol (30 mL) was added Ce@H,O (447 mg,
ethyl acetate (3« 30 mL). The combined organic extracts were 1 2 mmol), and the temperature was brought down-#0 °C.
washed with brine, dried, and concentrated. The crude product wasyagH, (45.6 mg, 1.2 mmol) was added portionwise to the stirred
carefully column chromatographed over silica gel (petroleum ether) gq|ytion, the temperature was allowed to come t8C0 and the

to give 123D (cistrans = 85:15) (3.8 g, 60%) as a white solid:  tjrring was continued for 1 h. The reaction mixture was quenched
mp 55-56 °C; IR (KBr) v 2925, 1483, 1257, 1059 crh *H NMR with saturated NECI solution and extracted with ethyl acetate (2
(CDCl;, 300 MH2z) 6 0.89 (3H, s), 1.13 (3H, s), 1.24L.45 (4H, x 15 mL). The combined organic extracts were washed with brine
m), 1.54-1.68 (1H, m), 1.63 (3H, s), 1.741.89 (2H, m), 2.66 and dried. The solvent was evaporated to afford the crude alcohol

2.78 (2H, m), 3.87 (3H, s), 5.06 (2H, s), 6.75 (1H,Jd= 8 Hz), (420 mg, 1.17 mmol). The alcohol was taken in dry £CH (20
6.81 (1H, d,J = 8 Hz), 7.30-7.40 (3H, m), 7.46 (2H, d like] = mL) and cooled te-10°C. Pyridine (0.56 mL, 7 mmol) was added
7.1 Hz) [additional small peaks at 0.95 (3H, s) and 1.02 (3H, ) fo|lowed by SOC} (0.19 mL, 2.6 mmol) dropwise. The reaction
are attributed to théransisomer];*C NMR (CDClk, 75 MHz) 0 mixture was stirred at the same temperature Zoh and then

18.7,25.8,30.4, 31.0, 32.2, 33.8, 34.8, 35.4,47.2, 57.1, 60.8, 71-Z'quenched by adding excess saturated@lHolution. The organic
112.7,119.3, 127.3 (2C), 12_7-7’ 128.5 (20)3 135.7, 137.6, 145.9, part was separated out and the aqueous part was extracted with
146.4, 150.8 (one carbon signal undetermined due to overlap); cH,cl, (2 x 25 mL). The combined organic extracts were washed
[additional small peaks at 20.0, 20.2, 21.1, 29.8,33.1, 33.4,36.8, yith 2 N HCI, water, and brine and dried. The solvent was
41.5,47.1,61.0, 71.1, 112.1, and 120.0 are attributed ttrane evaporated and the crude product was purified by column chro-
isomer]. Mass (El)wz 351 (M* + 1), 350 (M"), 260, 228. Anal. matography over silica gel (1% ethyl acetate in petroleum ether)
Caled for GaH300,: C, 82.24; H, 8.63. Found: C, 81.98; H, 8.60. {5 furnish39 (394 mg, 96%) as a white solid: mp 882 °C; IR

The debrominated produ2s (1.55 g, 25%) was also eluted out  (KBr) v 2961, 2936, 1769, 1211, 1194 cin'H NMR (CDCls,

with petroleum ether as a colorless viscous liquid. 300 MHz)d 1.02-1.26 (2H, m, overlapped), 1.21 (6H, 3= 6.9
6-Hydroxy-5-methoxy-1,1,4a-trimethyl-2,3,4,4a,9,9a-hexahy-  Hz), 1.23 (3H, s), 1.27 (3H, s), 1.46 (3H, s), 1-5I.64 (2H, m),
dro-1H-fluorene (27a).A well-stirred suspension df2a,b(3.5 g, 1.88-1.98 (1H, m), 2.35 (3H, s), 2.35%2.44 (1H, m, overlapped),

0.01 mol) and Pd/C (10% w/w, 600 mg) in dry ethanol (30 mL) 2.95 (1H, septJ = 6.9 Hz), 3.82 (3H, s), 6.26 (1H, s), 6.96 (1H,
was fitted to a source of hydrogen (1 atm) and stirred vigorously s);3C NMR (CDCk, 75 MHz) ¢ 19.5, 20.7, 21.4, 23.3 (2C), 25.4,
for 12 h. The mixture was filtered through a pad of Celite and 27.5, 31.4, 35.4, 36.8, 42.4, 52.2, 61.3, 113.2, 120.4, 138.8, 140.3,
washed with ethanol. The combined filtrates were concentrated and141.5, 143.7, 147.3, 165.0, 169.2; Mass (&} 342 (M), 301,

the residue was column chromatographed over silica gel (2% EtOAc 300, 285, 231. Anal. Calcd for £H30s: C, 77.16; H, 8.83.

in petroleum ether) to give eis—trans mixture (85:15) of27a,h Found: C, 76.97; H, 8.88.

Recrystallization of the diastereomeric mixture from methanol in  7-Isopropyl-5,6-dimethoxy-1,1,4a-trimethyl-2,3,4,4a-tetrahy-
cold condition afforded the pureis-phenol27a(1.82 g, 72%) as dro-1H-fluorene (40).The acetyl tetrahydrofluorer9 (171 mg,

a white solid: mp 9495 °C; IR (KBr) v 3283, 2929, 1358, 1251 0.5 mmol) and KCOs; (276 mg, 2 mmol) were taken in 2:1 mixture
cm; 'H NMR (CDCls, 600 MHz) 6 0.88 (3H, s), 1.12 (3H, s),  of acetone and methanol (6 mL) and the mixture was stirred for 1
1.27 (1H, bdJ = 13.0 Hz), 1.38 (1H, dt) = 3.0, 13.0 Hz), 1.42 h. Then CHI (0.31 mL, 5 mmol) was added and the reaction
1.47 (2H, m), 1.58-1.68 (1H, m, overlapped), 1.62 (3H, s), 172 mixture was stirred for 16 h more. The solvent was evaporated,

1.78 (1H, m), 1.84 (1H, dd] = 8.4, 10.5 Hz), 2.67 (1H, dd} = and the residue was dissolved in a mixture of water (10 mL) and
10.5, 15.0 Hz), 2.72 (1H, dd,= 8.4, 15.0 Hz), 3.80 (3H, s), 5.29  ethyl acetate (10 mL). The aqueous part was extracted with ethyl
(1H, s, exchangeable), 6.73 (1H,1= 7.8 Hz), 6.82 (1H, dJ = acetate (2« 10 mL). The combined organic extracts were washed

7.8 Hz);13C NMR (CDCk, 75 MHz) 6 18.8, 25.5, 29.8, 30.8, 32.2,  with brine, dried and concentrated. Column chromatography of the

33.7,35.1,35.3,47.2,57.6,61.8, 113.8, 120.7, 134.9, 143.9, 145.2 residue over silica gel (1% EtOAc in petroleum ether) afforded

147.8; Mass (El)wz 261 (M+ + 1), 260 (M), 245. Anal. Calcd (144 mg, 92%) as a white solid: mp 680 °C; IR (KBr) v 2963,

for C17H240,: C, 78.42; H, 9.29. Found: C, 78.62; H, 9.36. 2933, 1448, 1408, 1023 cr *H NMR (CDClz, 300 MHz)6 1.02—
6-Acetoxy-7-isopropyl-5-methoxy-1,1,4a-trimethyl-1,2,3,4,4a,9a-  1.26 (2H, m, overlapped), 1.22.26 (12H, four overlapped methyl

hexahydro-fluoren-9-one (10) Celite (4.36 g) was heated to 140  signals), 1.46 (3H, s), 1.561.63 (2H, m), 1.9%1.97 (1H, m), 2.44

°C under vacuum fo2 h and cooled. To it dry benzene (40 mL) (1H, bd,J = 12.9 Hz), 3.31 (1H, septl = 6.9 Hz), 3.82 (3H, s),

was added followed by PCC (1.98 g, 9.2 mmol), and the slurry 3.90 (3H, s), 6.23 (1H, s), 6.88 (1H, $JC NMR (CDCk, 75 MHz)

was stirred for 15 min to make a homogeneous mixture. Then a 6 19.6, 21.5, 23.9 (2C), 25.5, 26.8, 31.5, 35.4, 36.8, 42.5, 52.2,

solution of hydrofluoren87 (792 mg, 2.3 mmol) in dry benzene  60.3, 60.7, 112.8, 120.4, 138.8, 141.2, 143.7, 147.7, 148.8, 164.0;

(40 mL) was added, and the reaction mixture was refluxed for 10 Mass (E)m/z315 (Mt + 1), 314 (M), 299, 271, 245. Anal. Calcd

h. After cooling, the reaction mixture was filtered through a pad for CxHz00, C, 80.21; H, 9.62. Found: C, 79.93; H, 9.58.

of Celite, and the bed was washed with benzene. The combined 8-Bromo-7-isopropyl-5,6-dimethoxy-1,1,4a-trimethyl-2,3,4,4a-

organic extracts were washed with water and brine, then dried andtetrahydro-1H-fluorene (41). NBS (76.9 mg, 0.432 mmol) was

concentrated. Column chromatography of the crude product over added portion wise to a stirred solution4di (123 mg, 0.36 mmol)

silica gel (4% EtOAc in petroleum ether) affordd® (428 mg, in dry acetonitrile (6 mL) at-5 °C and the mixture was stirred for

52%) as a white solid: mp 78; IR (KBr) v 2964, 1776, 1710, 16 h at room temperature. The acetonitrile was removed in a
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vacuum and the residue was chromatographed over silica gels), 1.571.65 (2H, m), 1.8#1.96 (1H, m), 2.35 (3H, s), 2.35

(petroleum ether) to afford1 (143 mg, 92%) as a white solid:
mp 104-105°C; IR (KBr) v 2959, 2934, 1448, 1338, 1021 cin
1H NMR (CDCl, 300 MHz) 6 1.02-1.19 (2H, m), 1.23 (3H, s),
1.29 (3H, s), 1.35 (3H, d] = 6.8 Hz), 1.37 (3H, dJ = 6.8 Hz),
1.44 (3H, s), 1.581.64 (2H, m), 1.8#1.97 (1H, m), 2.46-2.45
(1H, m), 3.61-3.65 (1H, m), 3.83 (3H, s), 3.85 (3H, s), 6.37 (1H,
s); 1%C NMR (CDCk, 75 MHz) 6 19.4, 21.2, 21.28, 21.35, 25.4,

31.4,35.6, 36.7, 42.5, 53.7, 60.0, 60.5, 121.1, 138.6, 139.1, 144.7,

2.42 (1H, m, overlapped), 3.56.60 (1H, m), 3.78 (3H, s), 6.40
(1H, s);13C NMR (CDCk, 75 MHz) 6 19.3, 20.76, 20.83, 21.2,
25.2,31.3,35.7,36.8,42.3,53.7,61.3, 121.1, 137.7, 141.0, 142.0,
144.5, 147.2, 166.1, 168.8 (two carbon signals remained undistin-
guished); Mass (Ellwz 422/420 (M, Br = 81/79), 380, 378, 365,
363, 311, 309. Anal. Calcd for £H,gBrOs: C, 62.71; H, 6.94.
Found: C, 62.53; H, 7.08.

(4)-Dichroanone (8).To a well-stirred suspension of Cul (19

148.7, 150.5, 164.9 (two carbon signals remained undistinguishedmg, 0.01 mmol) in dry DMF (0.2 mL) was added a freshly prepared

due to overlap); Mass (Elyvz 394/392 (M, Br = 81/79), 379,
377, 325, 323, 277. Anal. Calcd fopfl,sBrO,: C, 64.12; H, 7.43.
Found: C, 64.33; H, 7.59.
2-Isopropyl-3,4-dimethoxy-4b,8,8-trimethyl-5,6,7,8-tetrahy-
dro-4bH-fluorene-1-carbaldehyde (42).To a stirred solution of
41 (110 mg, 0.28 mmol) in dry THF (6 mL) was addeeBulLi
(0.21 mL, 1.6 M in hexane) slowly during 5 min at78 °C and
the mixture was stirred for 2 h. Then a cold solution of DMF (0.11
mL, 1.4 mmol) in dry THF (2 mL) was added dropwise through a
cannulae and the mixture was stirredr fdé h at the same

solution of NaOMe in dry methanol (8.5 mg of Na in 0.3 mL of
methanol) and the mixture was heated t0°@0 Then a solution of

43 (35 mg, 0.083 mmol) in dry DMF (0.2 mL) was added to the
hot suspension dropwise; the mixture was heated atClfor 30

min and then cooled. The reaction mixture was diluted with water
and extracted with ethyl acetate {310 mL) and the combined
organic extracts were washed with brine and dried. The solvent
was evaporated to give the unstable phefb{28 mg) as a sticky
liquid (immediately produces a red color when exposed to air),
which was dissolved in acetonitritevater (2 mL, 2:1) and kept at

temperature. The reaction mixture was quenched with an excess—5 °C. Then a solution of CAN (125 mg, 0.25 mmol) in

of saturated NRCI solution and allowed to come to room

acetonitrile-water (1 mL, 2:1) was added and the mixture was

temperature, the THF layer was separated and concentrated, andllowed to stir for 30 min. The solvent was evaporated, and the
the residue was taken in ether (25 mL). The aqueous part wasresidue was diluted with water and extracted with ethyl acetate.

extracted with ether (%« 20 mL). The combined ether extracts

The organic phase was washed with brine, dried, and concentrated.

were washed with brine and dried. The solvent was evaporated toThe crude product was purified by preparative TLC to afférd
dryness and the residue was chromatographed (silica gel, petrol/(16 mg, 65%) as an amorphous red solid: mp-1004 °C; IR

EtOAc, 98:2) to affordd2 (56 mg, 60%) as a white solid: mp 82
83°C; IR (KBr) » 2936, 1681, 1035 cnt; *H NMR (CDCl;, 300
MHz) 6 1.04-1.18 (2H, m), 1.25 (3H, s), 1.31 (3H, s), 1:42.44
(9H, overlapped signals of two methyl doublets and a methyl
singlet), 1.56-1.74 (2H, m), 1.88-1.97 (1H, m), 2.46 (1H, bd)

= 12.8 Hz), 3.81 (3H, s), 3.863.95 (1H, m, overlapped), 3.94
(3H, s), 7.09 (1H, s), 10.62 (1H, SFC NMR (CDCk, 75 MHz)d

(KBr) v 3271, 2934, 1639, 1318, 1090 cH NMR (CDCls,

300 MHz)6 1.04-1.16 (2H, m), 1.23-1.25 (9H, three overlapped
methyl signals), 1.29 (3H, s), 1.45 (3H, s), 1-5B73 (2H, m),
1.85-2.00 (1H, m), 2.38 (1H, ddj) = 2.0, 13.0 Hz), 3.22 (1H,
sept,J = 7.0 Hz), 6.45 (1H, s), 7.30 (1H, s)*C NMR (CDC, 75
MHz) ¢ 19.0, 20.0 (2C), 20.1, 23.9, 24.7, 30.9, 37.0, 37.3, 43.4,
55.3, 118.0, 122.7, 147.8, 148.9, 152.4, 177.1, 178.2, 185.7; Mass

19.4,21.0, 23.3, 23.4, 25.3, 26.3, 31.4, 35.8, 36.4, 42.5, 51.2, 60.0,(El) m/z 300 (M"), 285 (M" — Me), 231, 173. Anal. Calcd for
60.5,120.1, 123.2, 141.7, 143.4, 145.4, 148.8, 152.9, 168.8, 192.2,C19H,405: C, 75.97; H, 8.05. Found: C, 76.08; H, 8.13.

Mass (El)mvVz 343 (M™ + 1), 342(M"), 327, 273. Anal. Calcd for
CooH3003: C, 77.16; H, 8.83. Found: C, 76.90; H, 8.66.

The debrominated produd0d (28 mg, 32%) was also recovered
(eluted with 1% EtOAc in petroleum ether).

(&)-Dichroanal B (7). A mixture of 42 (26 mg, 0.076 mmol),
K2CGO; (4.2 mg, 0.03 mmol), thiophenol (15:4-, 0.152 mmol),

7-1sopropyl-5,6,8-trimethoxy-1,1,4a-trimethyl-2,3,4,4a-tet-
rahydro-1H-fluorene (45). The same procedure as described for
the conversion o#3to 44 (during the synthesis &) was followed
to synthesizél5from 41 (30 mg, 0.076 mmol). After usual workup,
column chromatography of the residue over silica gel (1% EtOAc
in petroleum ether) afforded5 (23.4 mg, 89%) as a white solid:

and dry NMP (0.3 mL) was heated in a tightly capped vessel at mp 82-84°C; IR (KBr) v 2938, 1453, 1409, 1046 crfj '"H NMR

160 °C for 30 min and then cooled. The reaction mixture was
poured inb 2 N HCI solution (10 mL) and extracted with ethyl
acetate (3x 5 mL). The combined organic extracts were washed

(CDCls, 600 MHz) 6 1.09-1.16 (2H, m), 1.23 (3H, s), 1.26 (3H,
s), 1.33 (3H, dJ = 6.9 Hz), 1.34 (3H, dJ = 6.9 Hz), 1.46 (3H,
s), 1.59-1.63 (2H, m), 1.941.96 (1H, m), 2.422.45 (1H, m),

with water and brine, dried, and concentrated. The crude product3.45 (1H, septJ = 6.9 Hz), 3.82 (3H, s), 3.83 (3H, s), 3.85 (3H,

was purified by preparative TLC to furnish(20.7 mg, 87%) as a
yellow solid: mp 148-150°C; IR (KBr) v 3444, 3284, 2921, 1641,
1551, 1274 cm!; *H NMR (pyridine-ds, 300 MHz) 6 1.08-1.17
(2H, m,), 1.20 (3H, s), 1.26 (3H, s), 1.41.57 (2H, m), 1.62 (6H,
d,J= 7.0 Hz), 1.68 (3H, s), 1.841.89 (1H, m), 2.88 (1H, bd]

= 12.5 Hz), 4.43 (1H, sepll = 7.0 Hz), 5.27 (2H, bs, exchange-
able), 7.54 (1H, s), 10.91 (1H, $¥C NMR (pyridineds, 75 MHz)

s), 6.35 (1H, s)13C NMR (CDCk, 150 MHz) 6 19.5, 21.6, 22.25,
22.28, 25.5, 25.6, 31.5, 35.5, 36.8, 42.5, 52.3, 60.2, 60.5, 62.0,
116.8, 130.3, 132.7, 145.0, 145.7, 147.2, 149.3, 162.9; Mass (ESI)
m/'z 367 (M™ + Na), 345 (M" + 1). Anal. Calcd for G,H3,03: C,
76.70; H, 9.36. Found: C, 76.41; H, 9.52.

()-Taiwaniaquinone H (5). A mixture of 45 (16 mg, 0.046
mmol) and freshly prepared silver(ll) oxide (35 mg, 0.275 mmol)

0 19.6, 20.2, 22.6, 22.7, 25.5, 27.0, 31.5, 35.8, 36.2, 43.0, 51.0, taken in dry dioxane (1 mL, freshly distilled over Na) was sonicated
120.5, 120.9, 139.0, 139.2, 140.8, 142.6, 167.0, 191.7 (the 142.6for 5 min. Then 6 N HNG; (0.1 mL) was added slowly (the solid
ppm signal may represent two carbon peaks as suggested for theAgO dissolved during the addition of acid to from a clear yellow

natural productf; Mass (El)m/z 315 (M* + 1), 314 (M), 299,
245, 91. Anal. Calcd for &H»¢05: C, 76.40; H, 8.33. Found: C,
76.59; H, 8.26.
6-Acetoxy-8-bromo-7-isopropyl-5-methoxy-1,1,4a-trimethyl-
2,3,4,4a-tetrahydro-H-fluorene (43). The same procedure as
described fo#1 was followed to synthesiz43 from 39 (171 mg,
0.5 mmol). The reaction mixture was stirred for 24 h. The

solution) to the reaction mixture. The mixture was stirred for 30
min, then diluted with water and extracted with ethex(20 mL).

The combined ethereal extracts were washed several times with
brine, dried and concentrated. Column chromatography over silica
gel (petroleum ether/EtOAc, 97:3) of the crude product ga{@8

mg, 67%) as a red amorphous solid: mp-7® °C; IR (KBr) v
2934, 1645, 1536, 1260 cr *H NMR (CDCls, 600 MHz)6 1.06—

acetonitrile was evaporated and the residue chromatographed (silical.12 (2H, m), 1.221.25 (9H, three overlapped methyl signals),

gel, petrol/EtOAc, 99:1) to afford3 (172 mg, 92%) as a white
solid: mp 128-130 °C; IR (KBr) v 2962, 1776,1193 cri; H
NMR (CDCl;, 300 MHz) 6 1.09-1.24 (2H, m, overlapped), 1.24

(3H, s), 1.30 (9H, bs, overlapped three methyl signals), 1.46 (3H,
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1.28 (3H, s), 1.45 (3H, s), 1.561.67 (2H, m), 1.931.93 (1H,

m), 3.25 (1H, sept) = 7.0 Hz), 3.99 (3H, s), 6.38 (1H, s)C
NMR (CDCls;, 150 MHz) 6 19.1, 20.1, 20.68, 20.70, 24.5, 24.8,
31.0, 36.7, 37.2, 43.4, 55.6, 61.4, 116.7, 136.0, 145.8, 150.6, 157.3,
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175.7, 178.8, 186.3; Mass (EStyz 315 (M" + 1). Anal. Calcd
for CooH2603: C, 76.40; H, 8. 33. Found: C, 76.56; H, 8.38.
7-1sopropyl-5,6-dimethoxy-1,1,4a-trimethyl-1,2,3,4,4a,9a-
hexahydro-fluoren-9-one (33).The same procedure as described
for the conversion 089 to 40 was followed to synthesiz&3 from
10 (300 mg, 0.84 mmol). Column chromatography of the residue
over silica gel afforde®3 (265 mg, 96%) as a white solid: mp
76—77°C; IR (KBr) 3473, 2972, 1708, 1461, 1313 cin'H NMR
(CDCl;, 300 MHz)6 0.77 (3H, s), 1.22 (6H, d] = 6.9 Hz), 1.26
(3H, s), 1.41 (3H, s), 1.381.43 (1H, m, overlapped), 1.48.78
(3H, m), 1.88-1.96 (1H, m), 2.06 (1H, s), 2.32.22 (1H, m),
3.28 (1H, sept) = 6.9 Hz), 3.89 (3H, s), 3.90 (3H, s), 7.36 (1H,
s); 13C NMR (CDClk, 75 MHz) ¢ 17.8, 23.2, 23.3, 24.3, 27.0, 30.7,
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to give 52 (146 mg, 98%) as a white solid: mp 688 °C; IR

(KBr) v 2951, 1708, 1303, 1022 crh *H NMR (CDCls, 300 MHz)

0 0.73 (3H, s), 1.23 (3H, s), 1.33L.37 (9H, s, overlapped three

methyl signals), 1.441.73 (4H, m), 1.76-1.85 (1H, m), 2.10 (1H,

s), 2.28-2.37 (1H, m), 3.76-3.85 (1H, m, overlapped), 3.85 (3H,

s), 3.92 (3H, s)%C NMR (CDCk, 75 MHz) ¢ 18.2, 20.8, 20.9,

24.6, 315, 31.7, 32.5, 34.2, 37.7, 41.0, 59.7, 60.3, 65.9, 115.0,

130.5, 141.6, 149.6, 153.6, 158.8, 204.5 (one carbon peak was not

distinguished); Mass (EHvz 410/408 (M, Br isotopes), 395, 393,

328, 326. Anal. Calcd for §H,oBrOs: C, 61.61; H, 7.14. Found:

C, 61.83; H, 7.27.
7-Isopropyl-5,6,8-trimethoxy-1,1,4a-trimethyl-1,2,3,4,4a,9a-

hexahydro-fluoren-9-one (11)To a well-stirred suspension of Cul

31.3, 32.7, 34.0, 37.0, 42.1, 59.8, 60.2, 65.0, 116.0, 133.0, 143.2,(84 mg, 0. 44 mmol) in dry DMF (1 mL) was added a freshly

149.8, 152.0, 156.5, 206.8; Mass (Eijz 331 (M" + 1), 330 (M"),
315, 261, 248, 247. Anal. Calcd for{Ei300s: C, 76.33; H, 9.15.
Found: C, 76.19; H, 9.03.
7-1sopropyl-5,6-dimethoxy-1,1,4a-trimethyl-2,3,4,4a,9,9a-
hexahydro-1H-fluoren-9-ol (50). To a stirred solution 083 (240
mg, 0.73 mmol) in ethanol (20 mL) was added Ce@H,0 (272
mg, 0.73 mmol) and temperature was brought down-#® °C.
Then NaBH (27.6 mg, 0.73 mmol) was added portionwise, the
temperature of the mixture was allowed to come t6@ The
mixture was stirred fol h and then quenched by adding excess
saturated NKCI solution and extracted with ethyl acetatex3L0

prepared 1.2 M solution of sodium methoxide in dry methanol (34
mg of Na in 2 mL of methanol) and the mixture was heated to 90
°C. Then a solution 062 (120 mg, 0.293 mmol) in dry DMF (2
mL) was added to the hot suspension dropwise and the mixture
was heated to 118C. The heating was continued for 30 min. The
reaction mixture was cooled, diluted with water and extracted with
ethyl acetate (3x 15 mL). The combined organic extracts were
washed with brine, dried and concentrated. Column chromatography
of the residue over silica gel (petroleum ether/EtOAc, 98:2) afforded
11 (54 mg, 78%) as a white solid: mp 935 °C; IR (KBr) v
2931, 1697, 1465, 1270, 1040 cln!H NMR (CDClz, 300 MHz)

mL). The combined organic extracts were washed with brine, dried 6 0.78 (3H, s), 1.24 (3H, s), 1.31 (6H, d,= 7.0 Hz), 1.38 (3H,
and concentrated to furnish the crude alcohol. Column chromatog-s), 1.45-1.75 (4H, m), 1.86-1.89 (1H, m), 2.03 (1H, s), 2.22

raphy over silica gel (petroleum ether/EtOAc, 99:1) gag235
mg, 98%) as a white solid: mp 9®8°C; IR (KBr) v 3520, 2961,
2932, 2865, 1450, 1409, 1313, 1024 ¢mtH NMR (CDCl;, 300
MHz) 6 1.17 (3H, s), 1.20 (3H, d] = 7.0 Hz), 1.21 (3H, dJ =
7.0 Hz), 1.28 (3H, s), 1.411.67 (4H, m, overlapped), 1.61 (3H,
s), 1.72-1.80 (2H, m), 2.05 (1H, bd] = 11.8 Hz), 3.29 (1H, sept,
J=7.0 Hz), 3.82 (3H, s), 3.86 (3H, s), 4.99 (1H,H+ 5.1 Hz),
6.98 (1H, s);3C NMR (CDCk, 75 MHz) ¢ 19.5, 23.5, 23.7, 25.3,

2.32 (1H, m), 3.49 (1H, sepd,= 7.0 Hz), 3.84 (3H, s), 3.88 (3H,

s), 3.89 (3H, s)I3C NMR (CDCk, 75 MHz) 6 18.1, 21.9 (2C),

24.6, 25.3, 31.5 (2C), 32.7, 34.2, 37.5, 41.9, 59.9, 60.3, 62.1, 65.6,

124.8, 134.8, 146.2, 152.7, 152.9, 158.6, 204.7; MassnZ 361

(M* + 1), 345, 278, 277, 247. Anal. Calcd fop£3,04: C, 73.30;

H, 8.95. Found: C, 72.99; H, 8.81.
2-Isopropyl-3-methoxy-4b,8,8-trimethyl-4b,5,6,7,8,8a-hexahy-

dro-fluorene-1,4,9-trione (53).The same procedure as described

26.9,29.8,31.4,32.8, 36.9, 37.8, 46.5, 59.7, 60.1, 60.2, 77.7, 116.7 for 5 (from 45) was followed to synthesiz63 from 11 (28 mg,

139.7, 141.9, 144.4, 149.9, 150.9; Mass (&I} 332 (M), 317,
314, 299. Anal. Calcd for §H3,05: C, 75.86; H, 9.70. Found: C,
75.68; H, 10.03.
8-Bromo-7-isopropyl-5,6-dimethoxy-1,1,4a-trimethyl-
2,3,4,4a,9,9a-hexahydroH-fluoren-9-ol (51). The same proce-
dure as described fatl was followed to synthesizg1 from 50
(200 mg, 0.6 mmol) except that the mixture was stirred-ab 0C

0.078 mmol). Column chromatography of the residue over silica
gel (petroleum ether/EtOAc, 97:3) of the crude product ga8e
(21 mg, 82%) as a yellow liquid: IR (neat)2948, 2872, 1726,
1656, 1586, 1462, 1143 crj *H NMR (MeOH-d4, 300 MHz) 6
0.96 (3H, s), 1.231.25 (9H, three overlapped methyl signals),
1.35-1.54 (2H, m, overlapped), 1.48 (3H, s), 1:5B72 (1H, m),
1.74-1.83 (1H, m), 1.99 (2H, t likeJ = 7.0 Hz), 2.12 (1H, s),

for 16 h. Acetonitrile was removed in a vacuum and the residue 3.26 (1H, sept) = 7.0 Hz), 4.01(3H, s)}*C NMR (MeOH-d,, 75
was column chromatographed over silica gel (petroleum ether) to MHz) 6 18.3, 20.7, 20.8, 24.9, 25.6, 27.9, 31.3, 33.1, 35.7, 36.9,

afford 51 (190 mg, 78%) as a white solid: mp 11112 °C; IR
(KBr) v 3547, 2939, 2869, 1449, 1336, 1094 ¢m'H NMR
(CDCls, 300 MHz)6 1.16 (3H, s), 1.29 (3H, s), 1.34 (6H, d=
6.9 Hz), 1.56-1.67 (4H, m, overlapped), 1.59 (3H, s), 1-72.88
(2H, m), 1.95-1.98 (1H, m), 3.57 (1H, septl = 6.9 Hz), 3.81
(3H, s), 3.83 (3H, s), 5.15 (1H, d,= 5.6 Hz);13C NMR (CDCE,

75 MHz)6 19.5, 21.0, 21.2, 25.1, 29.8, 31.4, 32.8, 36.7, 37.0, 48.4,

44.2, 61.6, 66.2, 135.5, 138.4, 158.9, 171.9, 184.5, 185.7, 206.7;

Mass (El)m/z 332 (M*™ + 2), 330 (M"), 315, 249, 247. Anal. Calcd

for C,oH.604: C, 72.70; H, 7.93. Found: C, 72.49; H, 8.07.
(£)-Taiwaniaquinol B (1). The quinoné&3 (18 mg, 0.054 mmol)

was dissolved in the minimum volume of ether (0.1 mL) and a

solution of sodium dithionite (94 mg, 0.54 mmol) in water (0.1

mL) was added. The biphasic solution was stirred vigorously for 2

58.5, 60.0, 60.2, 78.9, 115.2, 139.2, 139.5, 145.8, 150.0, 153.7 (oneh, diluted with water and extracted with ether £25 mL). The

carbon signal could not be distinguished); Mass (Bl 412/410
(M*, Br isotopes), 397, 395, 379, 361, 330, 315, 248, 199. Anal.
Calcd for G{H3:BrOs: C, 61.31; H, 7.60. Found: C, 61.42; H,
7.87.

8-Bromo-7-isopropyl-5,6-dimethoxy-1,1,4a-trimethyl-
1,2,3,4,4a,9a-hexahydro-fluoren-9-one (52)0 a stirred solution
of 51 (150 mg, 0.365 mmol) in acetone (3 mL) atO was added

combined ether extracts were washed with brine, dried and
concentrated. The crude compound was immediately purified by
preparative TLC to affordf)-taiwaniaquinol B 1) (11.6 mg, 67%)

as a white solid: mp 140141 °C (lit.2* 142—144°C); IR (KBr)

v 3442, 3276, 2950, 1650, 1627, 1426, 1328, 1112%¢cAH NMR
(CDCl3, 300 MHz) 6 0.88 (3H, s), 1.26 (3H, s), 1.38 (6H, d~=
7.0Hz), 1.45 (3H, s), 1.511.76 (4H, m), 1.99-2.06 (2H, m), 2.12

freshly prepared Jones reagent (0.44 mL, 0.438 mmol) dropwise (1H, s), 3.27 (1H, sept) = 7.0 Hz), 3.80 (3H, s), 5.28 (1H, s),

and the mixture was stirred for 2 h. Then few drops of 2-propanol

9.54 (1H, s)23C NMR (CDClk, 75 MHz) 6 17.5, 20.6 (2C), 24.4,

were added and the mixture was allowed to stir for few minutes 25.9, 28.8, 30.3, 33.0, 34.3, 36.5, 42.7, 62.1, 65.1, 118.3, 126.1,
until the color of the Jones reagent disappeared. The reaction138.4, 142.7, 151.1, 152.2, 211.1; Mass (&} 332 (M'), 317,

mixture was diluted with ether (10 mL) and water (5 mL). The

249, 149. Anal. Calcd for §H,504: C, 72.26; H, 8.49. Found: C,

ethereal part was separated out and the aqueous part was extractet?.43; H, 8.33.

with ether (2x 5 mL). The combined ether extracts were washed

9-{[1,3]Dithian-2-yl}-7-isopropyl-5,6,8-trimethoxy-1,1,4a-tri-

with brine, dried and concentrated. The residue was column methyl-2,3,4,4a,9,9a-hexahydroH-fluoren-9-ol (54).To a stirred

chromatographed over silica gel (3% EtOAc in petroleum ether)

solution of 1,3-dithiane (200 mg, 1.67 mmol) in dry THF (4 mL)

J. Org. ChemVol. 71, No. 7, 2006 2795



JOC Article

was added-BuLi (0.87 mL, 1.6 M in hexane) dropwise at25

Banerjee et al.

372 (M%), 343, 303, 275. Anal. Calcd forgHsz,04: C, 74.16; H,

°C and the stirring was continued at the same temperature for 908.66. Found: C, 74.08; H, 8.72.

min. Then the mixture was cooled to78 °C and a solution of.1
(200 mg, 0.56 mmol) in dry THF (2 mL) was added dropwise.

7-lsopropyl-8-methoxy-1,1,4a-trimethyl-5,6-dioxo-2,3,4,4a,5,6-
hexahydro-1H-fluorene-9-carbaldehyde (59)To a stirred solution

The reaction mixture was stirred at that temperature for 4 h. Then of 57 (15 mg, 0.040 mmol) in THFacetonitrile (0.45 mL, 2:1) at
it was allowed to reach room temperature slowly and left overnight. 0 °C was added a solution of CAN (55 mg, 0.10 mmol) in
After quenching the reaction mixture with ice water, the product acetonitrile-water (0.45 mL, 1:2) dropwise and the mixture was

was extracted with ethyl acetate (2 20 mL). The combined

stirred for 10 min. The solvent was removed and the residue was

organic extracts were washed successively with water and brinediluted with ethyl acetate (5 mL) and water (2 mL). The organic
and then dried. Evaporation of the solvent and purification of the part was separated, and the agqueous part was extracted with ethyl
crude product over neutral alumina (2% EtOAc in petroleum ether) acetate (2x 5 mL). The combined organic extracts were washed

afforded54 (224 mg, 84%) as white fluffy solid: mp 5254 °C;
IR (KBr) v 3531, 2936, 1458, 1412, 1340, 1119, 1030 ¢mH
NMR (pyridine-ds, 300 MHz)¢6 1.38-1.41 (9H, three overlapped
methyl signals), 1.41 (3H, dJ = 6.8 Hz), 1.26-1.50 (2H, m,
overlapped), 1.73 (3H, s), 1.86 (3H, s), 1-5886 (4H, m,
overlapped), 1.931.99 (1H, m), 2.082.12 (1H, m), 2.55 (1H,
s), 2.67-2.87 (4H, m), 3.53 (1H, sepd,= 7.0 Hz), 3.78 (3H, s),

with brine, dried and concentrated. The crude product was purified
by preparative TLC to give quinori9 (3.6 mg, 26%, 54% based
on recovery of57), as dark red colored sticky liquid along with
the starting materig7 (7.6 mg, 51%)Data for 59: IR (CCly) v
2928, 1699, 1645, 1459, 1385 cinUV (in EtOH) A max (€) 474
(348), 342 (5345), 273 (5766), 211 (20622); NMR (CDCls, 300
MHz) 6 1.17 (3H, s), 1.261.31 (9H, three overlapped methyl

3.82 (3H, s), 3.92 (3H, s), 5.42 (1H, s), 5.74 (1H, s, exchangeable); signals), 1.47 (3H, s), 1.651.73 (4H, m, overlapped), 1.82.91

13C NMR (pyridineds, 75 MHz) & 18.9, 22.2, 22.3, 26.2, 26.8,

(1H, m), 2.42 (1H, bdJ = 12.9 Hz), 3.05 (1H, sepl = 7.0 Hz),

27.7, 29.8, 32.5, 32.8, 34.08, 34.13, 35.2, 37.9, 47.0, 59.7 (2C), 3. 72 (3H, s), 10.31 (1H, s}3C NMR (CDCk, 75 MHz) 18.4,
61.6, 62.7, 63.6, 87.7, 132.6, 134.1, 144.7, 146.5, 151.3, 154.6;20.7, 20.9, 21.6, 25.9, 26.4, 34.2, 36.0, 38.1, 43.9, 56.5, 61.7, 134.0,

Mass (ESI)mWz 503 (Mt + Na), 463. Anal. Calcd for §H4004S;:

C, 64.96; H, 8.39. Found: C, 65.21; H, 8.31.
9-Hydroxy-7-isopropyl-5,6,8-trimethoxy-1,1,4a-trimethyl-

2,3,4,4a,9,9a-hexahydroH-fluorene-9-carbaldehyde (56)To a

well-stirred solution 054 (160 mg, 0.33 mmol) in CECN—H,0

(2.2 mL, 5:1 v/v) was added GH(0.2 mL, 3.3 mmol) and the

mixture allowed to stir for another 10 h. After removal of solvent,

134.4,145.8, 150.4, 160.7, 172.0, 176.9, 182.7, 194.7; Mass (ESI)
m/'z 365 (M™ + Na), 343 (M" + 1). Anal. Calcd for GiH2¢04: C,
73.66; H, 7.65. Found: C, 73.91; H, 7.79.

(%)-Taiwaniaquinone D (3). To a stirred mixture 069 (3.4
mg, 0.01 mmol) and Nal (3 mg, 0.02 mmol) in dry g8, (0.1
mL) at 0°C was added a solution of TMSCI (18., 0.12 mmol)
in CH.CI; (0.1 mL) dropwise and the mixture was stirred for 1 h.

the residue was taken in ether (25 mL), and the ether layer wasOne drop of methanol was added to the reaction mixture and

washed successively with B&0; (5%) and brine and dried. The

allowed to stir for 30 min. The mixture was diluted with gEl,

ethereal part was concentrated and the crude product was purified1 mL) and water (1 mL). The organic part was separated out and
by neutral alumina column chromatography (1% EtOAc in petro- the aqueous part was extracted twice with,CH (2 x 2 mL).

leum ether) to afford6 (112 mg, 86%) as a white solid: mp 135
136°C; IR (KBr) v 3436, 2939, 1724, 1459, 1337, 1046 ¢qH
NMR (CDCls, 300 MHz)6 0.91 (3H, s), 1.15 (3H, s), 1.19 (1H,
bs), 1.27 (3H, dJ = 7.0 Hz), 1.33 (3H, dJ = 7.0 Hz), 1.69 (3H,
s), 1.65-1.77 (2H, m, overlapped), 1.73.86 (2H, m), 2.0+2.06
(2H, m), 3.24 (1H, sept) = 7.0 Hz), 3.55 (3H, s), 3.72 (1H, bs,
exchangeable), 3.81 (3H, s), 3.86 (3H, s), 9.63 (1H!%);NMR
(CDCls, 75 MHz) 6 19.2, 21.9 (2C), 25.0, 25.8, 31.3, 31.7, 34.0,
36.3, 36.7, 48.4, 59.0, 59.9, 60.0, 62.5, 89.2, 129.4, 133.9, 146.
147.0, 149.4, 155.1, 201.6; Mass (Eijz 390 (M*), 374, 362, 361,
345, 331, 277, 263, 247, 237. Anal. Calcd fogld;,0s: C, 70.74;
H, 8.78. Found: C, 71.01; H, 8.89.
7-1sopropyl-5,6,8-trimethoxy-1,1,4a-trimethyl-2,3,4,4a-tet-
rahydro-1H-fluorene-9-carbaldehyde (57)The hydroxy aldehyde
56 (80 mg, 0.205 mmol) was fused with KHSQL g) at 200-205
°C during 30 min. After cooling to room temperature, the solid

The combined organic extracts were washed with 5% NakCO
water and brine, dried, and concentrated. The product was purified
by preparative TLC to give quinong (2.3 mg, 71%) as a red
gum: IR (CCk) v 3363, 2921, 2852, 1700, 1639, 1315 ¢mtH
NMR (CDCls, 500 MHz) 6 1.18 (3H, s), 1.2+1.24 (6H, two
overlapped methyl signals), 1.32 (3H, s), 1.48 (3H, s), +B75
(2H, m), 1.86-1.97 (1H, m), 2.44 (1H, br dJ = 13.0 Hz), 3.19
(1H, septJ = 7.0 Hz), 7.21 (1H, s, exchangeable), 10.42 (1H, s);
0,13C NMR (CDCk, 150 MHz) ¢ 18.3, 19.9, 21.4, 24.0, 25.7, 33.7,
35.3, 38.1, 43.4, 55.9, 123.2, 134.4, 147.2, 147.8, 152.2, 176.6,
177.3,185.1, 194.1 (the 19.9 ppm signal may represent two carbon
peaks as suggested for the natural prodtfdtjass (ESI)m/'z 351
(M* + Na). Anal. Calcd for GoH»404: C, 73.15; H, 7.37. Found:
C, 73.49; H, 7.48.
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