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Abstract

A tricyclic compound (1) that has a lathyrane-type framework was designed as a model compound of the key
intermediate of some diterpenes fromEuphorbiaceaandThymeleacea. Two fragments2 and3 were derived from
commercially available methyl cyclopentanone-2-carboxylate and (+)-3-carene, respectively. These fragments
were coupled by a Cr(II)–Ni(II)-mediated reaction, followed by cyclization under the same conditions to afford
1 in moderate yield. © 2000 Elsevier Science Ltd. All rights reserved.
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A variety of diterpenes with a unique structure have been isolated from the plants ofEuphorbiaceaand
Thymeleaceaspecies. The key intermediate of these skeletons is a lathyrane-type skeleton.1 Some other
skeletons, jatrophane, jatrapholane and tigliane seem to be derived from this framework2 as shown in
Scheme 1. Therefore, development of a facile, convenient route for the synthesis of the lathyrane skeleton
provides us with a new strategy for other diterpenes via framework transformation. We have reported
some transformation reactions to tigliane and jatrapholane frameworks from the lathyrane skeleton.3

We report herein a new route to the construction of the lathyrane-type framework. We designed a
model compound1, which has functional groups necessary for skeletal transformation.

The retrosynthetic route is shown in Scheme 2. Compound1 seems to be derived from2 containing
a five-membered ring and3 containing a three-membered ring. Both2 and 3 could be derived from
commercially available methyl cyclopentanone-2-carboxylate, and (+)-3-carene, respectively.

Synthesis of2 is shown in Scheme 3. Methyl cyclopentanone-2-carboxylate was converted to triflate
4,4 followed by Sonogashira coupling reaction with methyl acetylene to give6.5 This compound was
further derived to9 in three steps and subjected tocis-specific stannylcupration under Oehlschlager’s
conditions to give dienyl stannane10.6 Under these conditions, regioselectivity of this reaction was
approximately 3:1 for the desired product. The byproduct viatransaddition was not observed.
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Scheme 1. Adolf–Hecker postulate of biosynthesis of diterpenes fromEuphorbiacea

Scheme 2. Synthetic plan of model compound1

Scheme 3. Reagents and conditions: (a) Tf2O (1.0 equiv.), Et3N (1.0 equiv.), CH2Cl2, �78°C, 0.5 h, 95%; (b) Pd(PPh3)4 (0.3
mol%), CuI (5 mol%), MeCCH (10 equiv.), tol., rt, 2.5 h, 97%; (c) DIBAL-H (2.1 equiv.), tol.,�78°C, 1.5 h, 95%; (d) Swern
oxd., 88%; (e) HOCH2CH2OH (8.0 equiv.), PPTS (1 mol%), PhH, reflux, 4.5 h, 82%; (f)nBu3SnCu(nBu)CNLi2 (3.0 equiv.),
THF,�78°C, 0.5 h, then MeOH, 78% (3:1); (g) I2 (1.0 equiv.), Et2O, 0°C, 30 min quant.

The synthesis of the fragment3 is shown in Scheme 4. Ozonolysis of (+)-3-carene gave the known
ketone11.7 This compound was derived to aldehyde3 in seven steps. (8% overall yield from (+)-3-
carene.)

Compounds2 and3 were coupled with a Cr(II)–Ni(II) reagent8 to give 13 (Scheme 5). The stereo-
selectivity of this step was not observed (1:1). The methyl acetylene moiety was treated with Schwaltz’s
reagent followed by treatment with iodine,9 then by deprotection to afford14. Retreatment of14 with
the Cr(II)–Ni(II) reagent for cyclization afforded 11-membered ring compound15. Nevertheless, this
compound seems to have significant transannular interaction; Cr(II)–Ni(II) coupling was effective for the
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Scheme 4. Reagents and conditions: (a) O3, MeOH,�78°C then Me2S, TsOH, 81%; (b) TsNHNH2, PhH:MeOH (1:1), rt, 30
min; (c) nBuLi (2.1 equiv.), Et2O, 0°C, overnight; (d) HClO4, THF–H2O, rt, 4 h, 53% in three steps; (e) PCl5 (2.0 equiv.),
n-hexane, 0°C, 15 min; (f) O3, MeOH,�78°C, then Me2S, TsOH, 40% in two steps; (g)nBuLi (3.2 equiv.), THF:Et2O (1:1),
�78°C to rt then MeI, 68%; (h) HClO4, (cat.), THF–H2O, rt, 1 day, 70%

construction of the lathyrane-type framework. Compound15 was treated with IBX10 to give rise to the
target compound (1).11

Scheme 5. Reagents and conditions: (a) CrCl2 (4.0 equiv.), NiCl2 (5 mol%), DMF, rt, 3 h, 48%; (b) LiEt3BH (1.0 equiv.)
followed by Cp2Zr(H)Cl (2.1 equiv.), 50°C, 1 h, then I2, 68%; (c) Et2O–10% HCl aq., 0°C, 15 min, quant.; (d) CrCl2 (10
equiv.), NiCl2 (1 mol%), DMSO, rt, overnight, 43%; (e) IBX (1.0 M solution in DMSO, 2.0 equiv.), CH2Cl2, 2 h, 82%

The conformation of1 is determined by observation of NOE as shown in Fig. 1. Molecular mechanics
calculation of1a indicated that this conformer is much stabilized as compared with the other conformer
(1b).12 Conformer1a is the same as that of the lathyrane-type natural product.

As a result, we were able to establish a new synthetic route to the lathyrane framework using
Cr(II)–Ni(II) coupling reaction as the key-step. Compound1 is a versatile intermediate of jatrapholane
and tigliane frameworks via transannular cyclization and we are developing transformation reactions for
syntheses of diterpenes including phorbol, ingenol and others.
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Fig. 1. Two conformers of cyclization product1
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