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ABSTRACT
CO.H
the formal ~ HO
[3 + 3] cycloadd H
total 6 steps I
from farnesol Blo = 3 ‘

15% overall yield

farnesal

rhododaurichromanic acids A/B

Total syntheses of (+)-rhododaurichromanic acids A and B and methyl (+)-daurichromenic ester are described here. Despite the complex
appearances of these compounds, their syntheses are completed in six steps with a 15% overall yield as a mixture by featuring our formal
oxa-[3 + 3] cycloaddition methodology.

Rhododaurichromanic acids A and Baand 1b, respec- isomerization of the C12C12 olefin from €)- in 2ato (2)-
tively) were isolateifrom Rhododendron dauricufa plant in 2b that could givelb upon cycloadditior.

known in areas of northern China, eastern Siberia, and
Hokkaido, Japan. Also isolated from the same study was a
known natural product, daurichromenic acid)® While 2a

is a highly potent anti-HIV agent with an B§&of 5.67 ng/

mL and a TI (therapeutic index) of 3720rhododauri-
chromanic acid A1a) also exhibits a relatively potent anti-

HIV property with an_ EGO of 0137/"g/m|‘ anq aTlof91.9. 1a: rhododaurichrom?anic acid A 1b: rhododaurichromanic acid B
Although rhododaurichromanic acid BRI differs from 1a ho *U 2+2]
only at the C12 stereocenter, it possesses no activity. The
biosynthetic relationship between rhododaurichromanic acid P OH O
A (1a) and daurichromenic acid?d) is reported to be a -
photochemical [2+ 2] cycloaddition in conjunction with an E
0
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o,fB-unsaturated iminium salt4® involves a Knoevenagel
condensation followed by anBelectron electrocyclic ring-
closure of 1-oxatrienes, providing a convergent synthesis
of 1-oxadecalins (Scheme 1. This sequential anionic-
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pericyclic strategy constitutes a stepwise formal [8 3]
cycloadditiod*° in which two o-bonds are constructed in
addition to a new stereocenter adjacent to the oxygen &tom.

More recently, we demonstrated that this methodology can

serve as a useful entry to chromen@ésvia oxidative
aromatization of6,%212 thereby allowing us to explore

The synthesis of daurichromenic aa is outlined in
Scheme 2. Aldehyd®,'® the precursor for preparing the

farnesol
the formal
[3 + 3] cycloadd

a Reaction conditions: (a) DMSO, GBI,, SOs-pyridine, EtN
(94%). (b) Piperidine, AgD, 90°C, EtOAc, 1 h; this mixture was

hen added to 5-methyl-1,3-cyclohexanedione in toluene;®0
2 18 h (70%). (c) LDA, THF,—78 °C; this was then added to

Scheme 2

syntheses of those natural chromenes and chromanes withyccome (71%). (d) DDQ, toluene, reflux (44%). (e) KOH,

important medicinal value’s:**We report here concise total
syntheses ofX)-rhododaurichromanic acids A and B and
methyl &)-daurichromenic ester.

(4) Hsung, R. P.; Shen, H. C.; Douglas, C. J.; Morgan, C. D.; Degen, S.

J.; Yao, L. J.J. Org. Chem1999 64, 690.
(5) For pyranyl heterocycle construction and related natural product

syntheses, see: (a) Hsung, R. P.; Cole, K. P.; Zehnder, L. R.; Wang, J.;

Wei, L. L,; Yang, X.-F.; Coverdale, H. ATetrahedron2003 59, 311. (b)
Cole, K. P.; Hsung, R. P.; Yang, X.-Fetrahedron Lett2002 43, 3341.
(c) Wang, J.; Cole, K. P.; Wei, L. L.; Zehnder, L. R.; Hsung, R. P.
Tetrahedron Let2002 43, 3337. (d) Cole, K. P.; Hsung, R. Petrahedron
Lett. 2002 43, 8791. (e) McLaughlin, M. J.; Hsung, R. B. Org. Chem.
2001, 66, 1049. (f) McLaughlin, M. J.; Shen, H. C.; Hsung, R. P.
Tetrahedron Lett2001, 42, 609. (g) Zehnder, L. R.; Wei, L.-L.; Hsung, R
P.; Cole, K. P.; McLaughlin, M. J.; Shen, H. C.; Sklenicka, H. M.; Wang,
J.; Zificsak, C. A.Org. Lett.2001, 3, 2141. (h) Zehnder, L. R.; Hsung, R.
P.; Wang, J.; Golding, G. MAngew. Chem., Int. EQ00Q 39, 3876. (i)
Zehnder, L. R.; Dahl, J. W.; Hsung, R. Fetrahedron Lett200Q 41, 1901.

(6) (@) Hsung, R. P.; Wei, L.-L.; Sklenicka, H. M.; Douglas, C. J.;
McLaughlin, M. J.; Mulder, J. A.; Yao, L. rg. Lett. 1999 1, 509. (b)
Shen, H. C.; Wang, J.; Cole, K. P.; McLaughlin, M. J.; Morgan, C. D.;
Douglas, C. J.; Hsung, R. P.; Coverdale, H. A.; Gerasyuto, A. |.; Hahn, J.
M.; Liu, J.; Wei, L.-L.; Sklenicka, H. M.; Zehnder, L. R.; Zificsak, C. A.
J. Org. Chem2003 68,1729.

(7) For key references on electrocyclic ring-closures involving 1-oxa-
trienes, see: Shishido, K.; Ito, M.; Shimada, S.-I.; Fukumoto, K.; Kametani,
T. Chem. Lett1984 1943.

(8) (a) Tietze, L. F.; Beifuss, UAngew. Chem., Int. Ed. Endl993 32,
131. (b) Tietze, L. FJ. Heterocycl. Chenl99Q 27, 47.

(9) For recent reviews on stepwise{33] formal cycloadditions leading

to bridged carbocycles, pyridines, or pyridones using enamines, enaminonesH. C.; Dong, Li.;

enol ethers, off-ketoesters, see: (a) Filippini, M.-H.; RodriguezChem.
Rev. 1999 99, 27. (b) Rappoport, Z. The Chemistry of EnaminesThe
Chemistry of Functional Groupsiohn Wiley and Sons: New York, 1994.
(c) Filippini, M.-H.; Faure, R.; Rodriguez, J. Org. Chem1995 60, 6872
and see refs 2133 cited therein.

(10) For stepwise carbo-[8 3] formal cycloadditions, see: (a) Seebach,
D.; Missbach, M.; Calderari, G.; Eberle, M. Am. Chem. S0d.99Q 112
7625. For related reactions: (b) Landesman, H. K.; Storkl.@m. Chem.
Soc.1956 78, 5129. (c) Hendrickson, J. B.; Boeckman, R. K. JrAm.
Chem. Soc1971, 93, 1307. (d) Alexakis, A.; Chapdelaine, M. J.; Posner,
G. H. Tetrahedron Lett1978 19, 4209.

3936

NaOH, LiOH, AICl;, or BBr3; decarboxylation occurred.
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farnesol. Ana,S-unsaturated iminium salt was then generated
via heating8 in the presence of piperidine and AX in Scheme 4
EtOAc using a sealed tube at 9.4 The iminium salt's
subsequent formal cycloaddition with 5-methyl-1,3-cyclo-
hexanedione was also accomplished using a sealed tube at
90 °C for 12—18 h providing the desired adduetas a 1:1
mixture of two diastereomers in 70% yield. This key
cycloaddition could be carried out on multigram scale.

The formation of thef-ketoesterl0 as a mixture of
isomers was best accomplished via addition of the lithium
enloate derived fror® to Mander’s reagent. Additives such
as HMPA provided a comparable outcome. Stereoselectivity
of this acylation is also inconsequential, as DDQ oxidation
of 10 led to the racemic methyl daurichromenic estérin
44% vyield. We were surprised to discover that numerous
attempts to saponify estetl failed to give &)-dauri-
chromenic aci®a. In most cases, decarboxylation occurred
readily in addition to decomposition.

To circumvent this problem, we examined photochemical
[2 + 2] cycloaddition of estefll. As shown in Scheme 3,

CO,Me

6 M NaOH

MeOH, Hy0, THF
n,20 h
94%

as a 1:1 isomeric mixture, although the reaction took a much
longer time.

Regular tungsten lamps or weak UV lamps were not useful
for this photochemical cycloaddition. Irradiations at low
temperature were also examined. However, the irradiation
was best carried out without using a standard reaction vessel
Scheme 3 or cooling bath but employing just the standard photochemi-
cal emersion well with a mercury lamp situated within the

Z OH O Co:i’ ‘f)y§°,;M filter inside the well and a regular sealed reaction flask or
P = oMe on vial being held next to the emersion well. Therefore, the
E o AV reaction formally proceeded at room temperature, and there
was no observable rise in temperature due to the irradiation.
1 To complete the total synthesis, cycloaddu@aand12b
hv, Pyrex | pexane 5 were successfully saponified ugit® M aqueous NaOH in
=30 | esh ratio of 12afb : 13 { v THF/MeOH without any complication to give rhododauri-

chromanic acids A and BL& and1b, respectively) in 94%
overall yield (Scheme 4). Final separation using HPLC

Scheme 5

13: single isomer =

ratio of 12a: 12b: 1: 1 [79%)]

irradiation of11in hexane (concentration 0.9 mM) using

a medium-pressure mercury lamp with a Vycor filter led to
rapid disappearance of the starting material and afforded the
desired cycloadducts2aand12bin 1:1 ratio with an overall
yield varying between 12 and 36%. Formation of the
cycloadductl2bis a direct result of photochemical isomer-
ization of the C11+C12 olefin in11 from (E)- to (2)- prior

to [2 + 2] cycloaddition. This isomerization was also
observed in LCMS analysis.

Also isolated was the [3.2.0] bicycloheptati@as a single
isomer, its relative stereochemistry was assigned according
to NOE experiments (arrows are shown). The relative
stereochemistry at the ring junction is assigned on the basis
of the notion that the [3.2.0] bicycloheptad8 should be
cis-fused. Irradiation ol 1 in hexane (concentratior 5.0
mM) using Pyrex as a cutoff filter provided a cleaner
outcome, affording cycloadduciRaand12bin 79% yield

14: 1-oxatriene
tautomerization l

OMe

CO,Me

S HO
2+2] H O
. 12
H11 E HSOH
\A

13
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(eluent= 1% aqueous acetic acid/GEN with a ratio of of (£)-rhododaurichromanic acids A and B, their syntheses
20:80) led to botHaand1b as individual isomers that gave  were accomplished in six steps (excluding HPLC separation)
spectroscopic data identical with reported valties. featuring our methodology with a 15% overall yield for the
Isolation of the byproductl3 was intriguing, and its  mixture of A and B. These efforts represent the first
formation is postulated in Scheme 5. Since this occurred only applications of our formal [3+ 3] cycloaddition approach
when irradiation was done at a shorter wavelength, ain the synthesis of natural chromenes and chromanes.
photochemical electrocyclic ring opening could occur com-
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