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Figure 1. Structures of schintrilactones.
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Schintrilactones A 1 and B 2 (Fig. 1) are two nortriterpenoids
isolated from Schisandra chinensis, a Chinese medicinal plant of
Schisandracea family.1 Structures of these compounds were estab-
lished based on spectroscopic data and density functional theory
calculations of circular dichroism. Compounds 1 and 2 possess a
highly oxygenated structurally complex carbon skeleton not previ-
ously encountered in nature. Interestingly they occur as a slowly
interconverting diastereomeric pair at C20 stereogenic center. Both
these compounds exhibit weak anti-HIV-1 activity.

Several compounds2 isolated from Schisandracea family have re-
cently elicited considerable synthetic interest3 due to their struc-
tural complexity and wide ranging biological activity. However,
studies toward the synthesis of schintrilactones remained elusive.
We herein report preliminary results of our investigation toward
the synthesis of schintrilactones culminating in a facile route to
the construction of a highly functionalized CDE tricyclic ring
system.

Our retrosynthetic analysis (Scheme 1) began with disconnec-
tion of C1–C10 and C20–C22 bonds of 1 and 2 to lead to the tricycle
3. While the double bond in the seven-membered ring of 3 can be
employed to introduce the C9 angular OH group through allylic
hydroxylation,4 it can also be used to construct the C1–C10 bond
after adjustment of the oxidation level at C10. The substituent ‘R’
should be a functionalized carbon chain that could be elaborated
to construct the B ring. Compound 3 would be obtained from the
tricycle 4 through conjugate addition of appropriate nucleophile.
The tricycle 4 could in principle be available from tandem
ll rights reserved.
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ring-opening metathesis (ROM) of the norbornene derivative 5
and bidirectional ring-closing metathesis (RCM) of the resulting
tetraene derivative. The norbornene derivative 5 could be expected
to be available from 2-norbornenone 6.
H R5 6

Scheme 1. Retrosynthetic strategy.
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Scheme 2. Synthesis of tricyclic lactone 11. Reagents and conditions: (i) LDA, 5-
bromo-1-pentene, �78 �C, THF/HMPA (3:1), 50%; (ii) LiAlH4, Et2O, �20 �C, 1 h, 90%;
(iii) Et3N, acryloyl chloride, DCM, 0 �C, 1 h, 95%; (iv) 10 (4 mol %), ethylene, DCM, rt,
8 h, 94%.
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In order to demonstrate the feasibility of the above-mentioned
synthetic plan toward the construction of CDE ring system of 1 and
2, we initially focused on metathesis of the norbornene derivative
9. ROM–RCM of norbornene derivatives with alkyl chains having
terminal alkene units has been exploited by us5 and others6 for di-
rect construction of a variety of ring systems. In all these cases only
simple norbornene derivatives lacking any oxygen functionality in
the norbornene core have been employed. Although metathesis of
norbornenes with different oxygen functionalities at 2- and 7-posi-
tion7 has been investigated, ROM–RCM of norbornene derivatives
with oxygen functionality at norbornene core has not been
reported.

The compound 9 was prepared as indicated in Scheme 2. Reac-
tion of lithium enolate derived from 2-norbornenone 6 with 5-bro-
mo-1-pentene furnished exclusively the alkylated compound 7 in
very good yield. The exo-stereochemical assignment to the alkyl
group was based on analogy to the formation of exo-alkylated
O O
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Scheme 3. Synthesis of enantiopure functionalized CDE ring of schintrilactones. Reagents
(ii) H2NNMe2, D, quant; (iii) LDA, 13, 0 �C, 4 h, 80%; (iv) (a) 80% AcOH, rt, 16 h; (b) 2,2-dim
1 h, 80%; (vi) Et3N, acryloyl chloride, DCM, 0 �C, 1 h, 90%; (vii) Grubbs’ I (4 mol %), ethylen
25 and 80% for 26; (ix) CH2:CHMgBr, CuI, TMEDA, �78 �C, 2 h, 75%; (x) PdCl2, CuCl, DM
products on alkylation of 2-norbornenone with alkyl halides.8

The carbonyl group was then reduced with LiAlH4 to form the hy-
droxy compound 8. The structure of the hydroxy compound was
established from comparison of the coupling constant of the C2–
H which appeared at d 3.8 as a triplet (J1,2 = J2,3 = 3.3 Hz) with that
reported in the literature.9 Treatment of 8 with acryloyl chloride
produced the acrylate derivative 9 in 95% yield. Metathesis of 9
was accomplished by treatment of its solution in dichloromethane
at rt with Grubbs’ catalyst 10 to afford exclusively the tricycle 1110

in 94% yield.
The facile ROM–RCM of the norbornene derivative 9 to form the

tricycle 11 led us to extend this protocol for the synthesis of a func-
tionalized tricyclic analogue that could be elaborated to the natural
products. Toward this end, alkylation of 6 with the enantiopure al-
kyl bromide 13 was undertaken (Scheme 3). The bromide 13 was
prepared from the readily available11 unsaturated ester 12a
through reduction of the ester functionality followed by treatment
of the resulting alcohol with CBr4–PPh3. Attempted alkylation of
the enolate of 2-norbornenone 6 with bromide 13 led to an intrac-
table mixture from which no alkylation product could be isolated.
However, alkylation of the hydrazone 1412 with the bromide 13
afforded an inseparable mixture of the alkylated products 15 and
16 in ca. 3:2 ratio in 80% yield. Regeneration of the carbonyl group
from the mixture of the hydrazones 15 and 16 on treatment with
aqueous acetic acid was accompanied by deketalization to lead
to a mixture of the diols. The diol unit in these compounds was
protected with 2,2-dimethoxy propane to give a mixture of the
norbornenones 17 and 18 in overall good yield. The norbornenones
17 and 18 were then transformed to the metathetic precursors 21
and 22 through reduction (NaBH4) of the carbonyl group followed
by reaction of the hydroxy groups in the resulting products with
acryloyl chloride.

With the metathetic precursor in hand, we pursued its metath-
esis. When a mixture of the norbornene derivatives 21 and 22 was
treated with Grubbs’ catalyst 10 under the condition used for
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and conditions: (i) (a) LiAlH4, Et2O, 0 �C, 1 h, 95%; (b) CBr4, PPh3, DCM, 0 �C, 2 h, 90%;
ethoxy propane, p-TSA, DCM, rt, 3 h (70% for two steps); (v) NaBH4, MeOH, �20 �C,

e, DCM, rt, 12 h, 55% for 23 and 33% for 24; (viii) 10 (2.5 mol %), DCM, rt, 3 h, 90% for
F/H2O (4:1), O2, rt, 6 h, 92%.



Figure 2. X-ray structure of 25.

Figure 3. X-ray structure of 29.
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metathesis of 9, a mixture of tricyclic lactones 25 and 26 was ob-
tained in 80% yield. Although metathesis of 21 and 22 gave directly
the tricycles 25 and 26, separation of 25 from 26 was difficult.
However, metathesis of the mixture of 21 and 22 with Grubbs’
1st generation catalyst [Cl2Ru(PCy3)2@CHPh] afforded a mixture
from which the bicycle 23 and the tetraene 24 could be isolated
in 55% and 33% yields, respectively, after column chromatography.
Compounds 23 and 24 were then separately allowed to react with
Grubbs’ catalyst 10 to furnish the pure tricyclic lactones 25 and 26
in 90% and 80% yields, respectively. The structure of the compound
25 was established through its single crystal X-ray analysis
(Fig. 2).13 Thus the minor lactone obtained after metathesis of
the mixture of 21 and 22 was assigned the structure 26. This auto-
matically dictated the structures of the other compounds depicted
in Scheme 3. The major tricyclic lactone 25 possesses the desired
stereochemistry at three of the four asymmetric centers at the ring
fusions. Repeating the reaction sequence presented in Scheme 3
with the bromide prepared from the unsaturated ester 12b,11a

the tricyclic lactone analogue 27 with the required C-5 configura-
tion might be obtained.

In order to demonstrate that the lactone 25 can be used for the
introduction of the carbon chain toward the total synthesis of 1
and 2, 1,4-addition of vinylmagnesium bromide to 25 in the pres-
ence of CuI was carried out. The lactone 28 was obtained in 75%
yield as a single diastereomer. The stereochemical assignment to
the lactone 28 is based on its transformation to the keto-lactone
29 using Wacker oxidation.14 The structure of the compound 29
was established by single crystal X-ray structure (Fig. 3).13

In conclusion, we have developed a short route for the synthesis
of an enantiomerically pure highly functionalized tricyclic ring sys-
tem that represents the CDE core of schintrilactones A and B.
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