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An efficient and highly stereoselective synthesis of functionalized trisubstituted E-olefins from cyclopropyl carbinol derivatives via a Julia-
type olefination mediated by an intriguing Lewis acidic system consisting of CeCl 3*7H,0 and Nal in refluxing acetonitrile is reported. This
facile olefination allows for the iterative incorporation of methylcyclopropyl ketone as a C s prenylation synthon in the synthesis of acyclic

terpenoids, as demonstrated in the facile synthesis of plaunotol 6 E-isomer 12, a biologically significant diterpene diol, and naturally occurring
diterpene 17.

The stereoselective synthesis of substituted olefins continueghis paper an effective and highly stereoselective synthesis
to be an active research subject of methodological develop-of bifunctional trisubstitutede-olefins from cyclopropyl
ment! The classical Julia homoallylic transpositional pro- carbinol derivatives through the Julia-type olefination medi-
tocol, involving a protic or Lewis acid-mediated halogenative ated by an intriguingly mild Lewis acidic system consisting
ring-opening of cyclopropyl carbinol substrates, offered a of CeCk-7H,O and Nal in refluxing acetonitrile. Since the
practical, useful, and versatile method for the stereoselectiveearlier introduction of CeGi7H,O by Luché to organic
synthesis of substituted olefidsin connection with an  synthesis as a mild water-tolerable Lewis acid, this readily
ongoing synthetic program in this laboratory, we present in available hydrated rare-earth metal halide has emerged as
an attractive Lewis acidic mediator in organic synthésis.
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s To compare the efficiency and stereoselectivity of the

Scheme 1. Julia Olefination ofl Mediated by CeGt7H,0/ reagent system C_e@YHZO/I_\I_aI in CH;(?N_ with other
Nal frequently used acidic conditions, submission of acefate
OH  GeGly 7H,0MNal to conditions b and c, as illustrated in Scheme 2, furnished

M CH4CN, 80°C /L/\)\/\/QC not only a lower yield of the corresponding Julia olefination
15%,

product6 but also a much diminished stereoselectivity (cf.

1. Me;S*I-/NaH E (> 98%) E/Z ratios)® respectively. Notably, many other Lewis acidic
S Pt . conditions that were tested failed to promote the desired Julia
-aq. NHy

o cHo olefination to6, including Mgk etherate in CEKLCI, (condition
)\/\/K/\)Kq )\/\)\/\)\q d), a proven effective Lewis acidic catal§istfor the
2 4(65%) allylsilane synthesis from the corresponding cyclopropyl
carbinol in our previous work.

_ _ _ To elucidate the effects of the water content in the reagent
tion of CeCk-7H,0 and Nal in CHCN behaves as a uniquely  system and the alkaline metal halide used, we next examined
effective and mild Lewis acidic system which promotes the julia olefination of homoprenyl cyclopropyl carbinol

various synthetically valuable functional group transforma- zcetate7 under variable conditions. As shown in Table 1,
tions under mild conditions using convenient procedures. Our

current work represents another useful extension of this
reagent system in stereoselective olefin synthesis which is _ :
applicable in the chemical synthesis of oligoprenylated Table 1. Effects of HO and Alkaline Metal Halides

natural products. OAC CeCly - a0 + MX OAc
. . . . 3 2
During the screening to find an appropriate reagent system /K/\/Lq CH4CN, 80°C X o H
for an effective Julia-type halogenative olefination of pre- ;o1 8E) X
nylated diol 1, a geraniol-derived cyclopropyl carbinol,

+ Z-isomer

readily prepared from homogeranyl cyclopropyl ketone (2) entry n MX time (h) E/Ze  yield (%)
in two step_s (81% overall), we found tha_t, upon exposure to 7 Nal 15 ~19:1 66
a slurry mixture of CeGt7H,O (1.0 equiv) and Nal (1.2 2 0 Nal 15 5:1 61
equiv) in refluxing CHCN for half an hour (Scheme 1), the 3 925¢  Nal 15 9:1 70
desired Julia olefination produ@& was obtained in 15% 4 7 Lil 2.5 6.3:1  40°
isolated yield as practically purg-isomef and the major 5 7 KI 2.5 4.1:1  45¢
product isolated in 65% yield was characterized as a formal 6 7 KBr 5 5.1:1  41°
pinacol-type rearrangement produét To minimize the T NaBr 5 451 42
unwanted pinacol rearrangement pathway to aldekydee 8 7  "BuN'I" 8 trace

9 7 nBuyN+tI-/NaBr 4 4.7:1 57 (2.7:1)¢

then examined the corresponding monoacetylated derivative
5 under identical conditions (a), as shown in Scheme 2. To 2Ratio determined by'H NMR analysis” Isolated yield recorded.

¢ Prepared from Ce@I7H,O by partial dehydratiorf Ratio of X = Br/X

= |. ®Significant amount of dehydration products (below) were formed.

Scheme 2. Comparison of Julia Olefination Conditions OAc
OAc CAc S - E
W 27 o~ > M (47%)
OH
5 6 (E) + Z-isomer X
¥ e 800 05 X7 1. 69% (E-isomer only) the presence of water in the reaction mixture is obviously
b) ZnBry/Benzene X = Br, 55% (E/2.3 - 1) essential for a rapid and highly stereoselective olefination
5 ;ng:;HgAc = = one 205 £228. 1 in a reproducible yield, while the “dry” conditions (entry 2)
reflux, 2 h ' o led to a much diminished selectivity compared with that of
d) Mglo*(EGO)/CH,C No reaction the hydrated Ce@l(entries 1 and 3). The alkaline metal

cations seem to also play a critical role as illustrated in entries
4 and 5, where sodium iodide is proven to be the best halide
our delight, the corresponding acetoxylated homoallyl iodide salt in combination with CeGi7H,0 to form an effective,

6 was obtained in 65% isolated yield as geometrically pure yet mild Lewis acidic system (cf. entries 6 and 7), and the
E-isomer as judged by GC antl NMR analysis! bromo salts are much less effective than iodo salts. Surpris-
— . — ingly, the analogous quaternary ammonium iodide (entry 8)

i””,'\)l’gfcxngﬂlergLg;ﬁ%?:rfigséet(ﬁ%lBﬂm"SfmfrfsﬁoO'\fg%‘ﬁ'ﬁg' is completely ineffective, while combination with NaBr

2004,69, 1290. (e) Moreno-Dorado, F. J.; Guerra, F. M.; Manzano, F. L.; restored the reactivity but still led to a lower stereoselectivity
Aladro, F. J.; Jorge, Z. D.; Massanet, G. Wetrahedron Lett2003,44,

6991.

(5) Bartoli, G.; Marcantoni, E.; Sambri, ISynlett2003, 2101. (7) Acetylation of3 afforded an identical acetat

(6) Structure characterized by analysisdfNMR and NOE spectrum, (8) Stereochemistry of products were assigned by NOE experiments
and isomeric purity was determined by GC analysis. and ratios determined by GC analysis.
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Table 2. Effects of Cyclopropyl Carbinol Substituents Scheme 3. Synthesis of 6(E)-Plaunotol (12)

Ro CeCly* TH,0 + Nal R, OR OTHP
CH4CN, 80 °C Zn/cat. |
R1/OLH<] . Ry NP+ Zisomer neat i x . H
I | DMF Znl
9 10 (E) |
6, R=Ac 1. K,CO4
- * 6b
entry Ry R, E/Za yield (%)° 6a, R=THP<~ 2. EE;IH J\/
’ , 2 COLEt (A)
1 homoprenyl H 3.3:1 83 40% | TfO 2
2 homoprenyl OBz 10:1 70 (2 steps) y cat. Pd(PhsP),
3 homogeranyl OTBDPS 15:1 38 OH 1. DIBAL-H OTHP
4 4-phenylbutyl SMe E only 55 2.H . SH
5 homogeranyl Br 2:3 20¢ 74% S COLEt

aRatio determined by*H NMR analysis? Isolated yield recorded.
¢ Major product isolated is characterized as homofarnesyl iodide<(R,
51%, E/Z 3:1), a reductive debromination product (by Nal).

12

1"

The mild Lewis acidic character of this reagent system may
(entry 9). The solvent of choice is proven to be {OM, as ~ be attributed to the soft activation of hydrated CeGy
demonstrated by Bartoli et al. in their systematic studlies. ligand exchange, with the iodo anion in @EN leading to

With the above optimized Julia olefination conditions, we an effective oxophilic species for the generation of cyclo-

further examined the influence of substituents in the cyclo- Propylcarbinyl cationi and subsequent equilibration tio
propyl carbinol substrates. As shown in Table 2, sterically 10 demonstrate the synthetic usefulness of the now readily
bulkier carbinols (entries 2 and 3 versus entries 1 and 5) available trisubstituted homoallylic iodide8 and 8 in
appear favorable for thE-isomeric product, but apparently ~terpenoid synthesis, we accomplished the synthesis of
are less stereoselective than the corresponding acetoxylate@olyprenylated acyclic diterpenoids and17 accordingly.
carbinol 7 (cf. entry 1 of Table 1). A stronger carbocation As shown in Scheme 3, triene acetdtavas transformed

stabilizing group (MeS, entry 4) favors the saflésomer
formation equally.

into the corresponding THP ethéa in a routine two-step
procedure and, subsequently, into organozéir by a

On the basis of the above facts, we rationalized that the Mmodified method which was coupled with a Qunit (A)t2

highly E-selective olefination for substratésand7 may be
attributed to intramolecular acyl participation in the cyclo-
propylcarbinyl cationic specigsas depicted in Figure 1, in

O R
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OH x
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Figure 1. Mechanistic rationale for the highlig-selective Julia
olefination of cyclopropyl acyloxymethyl carbinols.

which a transient metastable cationic intermediatéhus
formed is responsible for the antiperiplanar cyclopropane
ring-opening by halide attack, leading to predominantly
E-olefinic products. The slightly loweE-selectivity in the

under typical Negishi conditiodscatalyzed by (P#P),Pd

to give the tetraendl in 40% isolated yield from6a.
Reduction of the estelrl with DIBAL-H followed by acidic
hydrolysis furnished the diterpene dib?'* in good yield,
the 6(E)-isomer of plaunotol, a naturally occurring antiulcer
and antibacterial diterpendl.Similarly, the corresponding
organolithium of iodo THP etheBa was added to cyclo-
propylmethyl ketone to give a carbindl3, which was
subjected to the modified Julia transpositional olefination
conditiong® to afford the homoallyl iodidd4 as a mixture

(9) (a) Prévost, CCompt. Rend1933,196, 1129. (b) Campell, M. M.;
Sainsburg, M.; Yavarzadeh, Retrahedron1984,40, 5063.

(10) Woodward, R. B.; Brutcher, F. \d. Am. Chem. Sod.958, 80,
209.

(11) Huo, S.-QOrg. Lett.2003,5, 423.

(12) (a) Saulnier, M. G.; Kadow, J. F.; Tun, M. M.; Langley, D. R;
Vyas, D. M.J. Am. Chem. S0d.989,111, 8320. (b) Wada, A.; Fukunaga,
K.; Ito, M. Synlett2001, 800.

(13) (a) Diederich, F., Stang, P. J., Edfetal-Catalyzed Cross Coupling
Reactions Wiley-VCH: Weinheim, Germany, 1998. (b) Negishi, E.
Handbook of Organopalladium Chemistry for Organic Synthedigey:
New York, 2002.

(14) For an earlier alternative synthesis, see: Ogiso, A.; Kitazawa, E.;
Kurabayashi, M.; Sato, A.; Takahashi, S.; Noguchi, H.; Kuwano, H.;
Kobayashi, S.; Mishima, HChem. Pharm. Bull1978,26, 3117.

(15) For other total synthetic studies, see: (a) Tago, K.; Minami, E.;
Masuda, K.; Akiyama, T.; Kogen, HBioorg. Med. Chem2001,9, 1781.

(b) Tago, K.; Arai, M.; Kogen, HJ. Chem. Soc., Perkin Trans.2D00,
2073. (c) Tago, K.; Kogen, Hletrahedror2000,56, 8825. (d) Honda, K.;

benzoate substrate (entry 2 of Table 2) may be a manifesta/garashi, D.; Asami, M., Inoue, SSynlett1998, 685. (e) Fujiwara, T.;

tion of the more significant hyperconjugative cation stabiliz-
ing effect of methyl group in the acetate substrates, which
may be also reflected in the classical Prévosins
dihydroxylatior? versus Woodwarctis-dihydroxylationt?

Org. Lett, Vol. 7, No. 14, 2005

Tsuruta, Y.; Takeda, TTetrahedron Lett1995,36, 8435. (f) Takayanagi,
H. Tetrahedron Lett1994,35, 1581. (g) Inoue, S.; Honda, K.; lwase, N.;
Sato, K.Bull. Chem. Soc. Jpr1990,63, 1629. (h) Sato, K.; Miyamoto, O.;
Inoue, S.; Iwase, N.; Honda, KChem. Lett1988, 1433.

(16) Balme, G.; Fournet, G.; Gore, Tetrahedron Lett1986,27, 1907.
These conditions produced the optiniakelective product4.
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s synthesis of acyclic prenylated terpencidsoupled with

Scheme 4. Synthesis of Natural AlE Diterpenel? the use of two readily available;@erminating units (Aor
B), as illustrated in the above rapid synthesis of plaunotol
OR a OTHP 6(E)-isomer12 and the first total synthesis of naturally
X > LTHR D AN A occurring diterpene compouriy.
| 61%
- 13 OH CeCly* 7TH,0
& RoAe ; Eﬁ?& TMSCI, Lil ‘o : OH Nal, CHoCN
8o RETHES ™ o 72%J CHCly, 1t ) b¢ 2 steps EjAOAC 80°C 15 Ohc
y 50% 67% _
18 19 20 ([o]p!7 +43)

This approach is also effective for the Julia olefination of

1 9.BBN a bicyclic cyclopropyl carbinol derivativel9 prepared
, J\Vcozm ® similarly from a ()-carvone-derived keton&8&? in two
52% | Lot PdCH(dpph steps, and the corresponding iodo ace2flavas obtained
PhaAs, Cs;CO; in good overall yield (eq 1). This chiral bifunctional;C
DMF, rt 1. DIBAL-H . .
2 Hr synthon may be of value in natural product synthesis.
OTHP i'g'-',’,ofH In summary, the mild Lewis acidic reagent system
. al- . . . .
M ~COMe —'> consisting of CeGI7H,O in refluxing CHCN has been
x 2% proven to be effective for the highly stereoselective synthesis

of bifunctional trisubstituted olefins, which add another
example in this useful reagent toolbox for functional group
manipulation and could find some other applications in the

of E/Z isomers (4:1), which was then treated with DBU in Synthesis of terpenoids or another natural products.
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It is noteworthy that the above facile synthetic sequences | g=1051+
(Schemes 3 and 4) allow for the iterative incorporation of

methylcyclopropyl ketone as a@renylation synthon in the (21) (a) Sato, A.; Ogiso, A.; Kuwano, fPhytochemistri198Q 19, 2207.

(b) Chiang, Y.-M.; Liu, H.-K.; Lo, J.-M.; Chien, S.-C.; Chan, Y.-F.; Lee,
T.-H.; Su, J.-K.; Kuo, Y.-HJ. Chin. Chem. SodTaipei) 2003,50, 161.

(17) For a review orB-alkyl Suzuki coupling, see: Chemler, S. R.;  For a relevant diterpene natural product, see: (c) Bohimann, F.; Zdero, C.;

Trauner, D.; Danishefsky, S. Angew. Chem., Int. E®001,40, 4544. Huneck, S.Phytochemistry1985,24, 1027.
(18) Ohba, M.; Kawase, N.; Fujii, TJ. Am. Chem. Sod 996,118, (22) For a review on isoprenoids, see: (a) Cane, D. E.,Gainpre-
8250. hensive Natural Products Chemistry: Isoprenoids including Carotenoids
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