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The genusAglaia is the source of the rocaglamides, a unique Table 1. Development of Enantioselective Photochemical
. it a
group of natural products featuring a cyclopenta[b]tetrahydroben- Cycloaddition o 350 m
zofuran skeletoAWe recently reported the synthesis &f){methyl TADDOL, -70°C
roca_glatéL u;ing [3+ 2] dip_olar cyclogddition of an oxidopyrylium 3 + 4 _touene/CHCL 4 ohdo) + 6 (exo)
betaine2 derived from excited state intramolecular proton transfer 2) NaOMe/MeOH
(ESIPTY of 3-hydroxyflavone (3-HFB and methyl cinnamaté. 3) Me,NBH(OAc)s Ar O OH
The resulting cycloaddud was transformed to methyl rocaglate R R Af%—%’*f
1 and stereoisome® employing a base-mediatea-ketol rear- QD RN e L Tb Oijo
—di i Ar. Ar  R:Me, Ar:phenanthren-9-yl, 7c . -1-yl,
rangement/hydroxyl-directed reduction sequence (Schenie 1). -  R:H Ar phenanthven 5.1 7d s Ar: pyren-1-yl, 8a
. OH HO R phenyl, Ar : ph.enanthr-g-yl, Te A,>('—S<Ar
Scheme 1. Synthesis of (+)-Methyl Rocaglate Eﬁiﬁlﬁﬂifyy.' A*rf:-l%':zr"]_ﬂ"_‘)',‘lf'?g" LAR OH of
[e}
Moo )k]\ entry additive yield of 5, %° yield of 1/6, %° ee of 1/6, %
MO O o | M0 OmT 1 32 45/19 racemic
O ‘ 4 O N 2 7a 60 41/15 7/5
MeO o O MeOH, 0°C, | MeO o O 3e 7b 61 49/7 25/18
s o e , © o 4 7a 51 35/4 15/7
5 7b 92 52/9 40/36
6 7c 90 71/14 60/58
come  MeO oS come 7 7d 70 69/14 25/22
. O . Mo NEH(OAG) 8 7e 54 72/22 racemic
@ oo o O & 2 9 7t 79 67/19 71/51
1 O 10 7f 73 4719 53/30
exo methyl mcaglatec"‘/‘e endo methyl rocaglate OMe 11 79 58 61/16 82/68
12 8a 22 52/7 89/78

Herein, we wish to report an asymmetric synthesis of methyl
rocaglate employing enantioselective {32] photocycloaddition
mediated by functionalized TADDOL derivatives.

During our studies toward the synthesis #ff{methyl rocaglaté,
we found that the cycloaddition required polar protic solvents, such
as methanol, in order to proceed. It has been proposed that ESIPT

a8 Reactions conducted with 1 equiv of 3-HF, 1 equiv of additive, and 5
equiv of methyl cinnamate in toluene/GEl, (2/1) at—70 °C for 12 h.
blsolated yield.°Isolated yield for theo-ketol rearrangement/reduction
sequenced Determined by chiral HPLC (see the Supporting Information).
e Reaction conducted at°C in toluenef Reaction conducted in the presence
of anhydrous CHOH (5 equiv).

may be enhanced in such solvents due to the formation of solvatedl) at low temperature using a mixed solvent system (2:1 RhCH

complexes involving “double proton transferTo access chiral,
nonracemic methyl rocaglate, we therefore investigated use of chiral
Brgnsted acidsin aprotic solvents as hosguest complexes to
mediate photochemical cycloaddition. After screening a number
of hydrogen-bonding additives, we identified TADD®teagents

CH_CI,) to avoid low viscosity and poor substrate solubility. During
our investigations, we found that the nature of both the aryl
substituent and ketal side chain were important for high enantio-
selectivity. For example, use of additivié bearing a 9-phenan-
threnyl substituent and cyclohexyl ketal (entry 9) afforded 71%

as chiral mediators (Table 1). For example, photochemical cy- ee (53% overall yield). The highest enantioselectivity was achieved

cloaddition of3 with methyl cinnamatd (5 equiv) using 1-phenyl
TADDOL 7a (1 equiv) in toluene at OC afforded a 24% overall
yield and 7% ee of {)-methyl rocaglatel after ketol shift and
reduction (entry 2J.Use of naphthyl TADDOL derivativ&b led

using dimeric TADDOL 8a (89% ee, entry 12) but with low
conversion. Fortunately, recrystallizationlbbtained from TAD-
DOL 7gled to the formation of centrosymmetric raceniateystals
and the isolation oflL (94% ee, 86% recovery) from the mother

to an increase in enantiomeric excess to 25% (cf. entries 2 and 3)'quuor. The TADDOL complexing agent could be recovered in high

Investigation of reaction temperature showed noticeable effects on
the enantioselectivity of the cycloaddition (cf. entries 2 and 4, and
3 and 5). On the basis of optical rotation data, use of TADDOL
derivatives derived from-tartrate was shown to favor the natural
(—)-enantiomer ofl.

yield by precipitation from methanol. A control experiment
involving addition of7f and 5 equiv of methanol (entry 10) led to
a loss of enantioselectivity presumably due to achiral background
reactions promoted by the protic cosolvént.

Unexpectedly, when diphenyf¢ entry 8) TADDOL acetal was

Encouraged by these results, we proceeded to evaluate additiona!amployed as additive, methyl rocaglateand6 were obtained as

TADDOL derivatives in the photochemical cycloaddition (Table

T Boston University.
* Pomona College.
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racemates. X-ray crystal structure analysis 7& showed the
presence of a TADDOL conform¥rinvolving intramolecular
H-bonding between the hydroxyl groups and theystem of the

10.1021/ja062621j CCC: $33.50 © 2006 American Chemical Society
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Figure 1. Alternate TADDOL conformers determined by infrared spec-
troscopy and X-ray analysis.

Figure 2. Proposed arrangement for enantioselective photocycloaddition.

phenanthrene ring. The relevance of this conformer in solution was
further confirmed by infrared spectroscopy (Figure 1), in which
the hydroxyl stretching frequencies corresponding to intramolecular
hydrogen bonding between the two hydrdtgroups (additive’g)
are red-shifted in comparison to frequencies for the weakly
hydrogen-bonded additivée
To explain the enantioselectivity observed in the {3 2]
photocycloaddition, we propose an assembly involving oxidopy-
rylium 2 and TADDOL 7g (Figure 2). The well-defined arrange-
ment of TADDOL may form a hydrogen bond with the oxidopy-
rylium via its free hydroxyl group, which may stabilizes the dipdle.
A computational study (B3LYP/6-31G*)? of the oxidopyrylium
intermediate indicates a high degree of electron density on the
phenoxide oxygen, suggesting this site as a strong point of
interaction for hydrogen bonding. The stereofacial approach of the
dipolarophile may be controlled by shielding of the aryl group at
the pseudoequatorial position of the seven-membered ring formed
by an intramolecular H-bond between the two hydroxyl grotips.
Using the optimized conditions for enantioselective photocy-
cloaddition (entry 11), we achieved the synthesis of the natural
products rocaglad and rocaglamid@0' (Scheme 2). By using
as dipolarophile andg as additive, we obtained rocagl&o® in
96% ee after decarboxylati&hand reduction of intermediatel.®
Rocaglamidel0 could also be accessed frobi via reduction,
hydrolysis, and amide bond formation (94% ee).

In conclusion, we have developed an enantioselective synthesis
of the rocaglamides and related natural products. The key strategy

involves enantioselective dipolar cycloaddition of an oxidopyrylium
species derived from excited state intramolecular proton transfer
of 3-hydroxyflavones using specifically functionalized TADDOL
derivatives as chiral Brgnsted acids. Further applications of the

Scheme 2. Enantioselective Syntheses of Rocaglamide and
Rocaglaol

1) LiCl, DMSO,
100°C
2) Me,NBH(OAc);
MeO

HO
MeO o 7

1) Me4sNBH(OAc)3
2) KOH, MeOH/H,0
3) EDCI, DMAP,

Me,NH.HCI  MeO'

10
38% yield ( three steps)
ee: 94%

photocycloaddition process and synthesis of other rocaglamide
derivatives are currently in progress and will be reported in due
course.
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