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A concise synthesis of (—)-centrolobine via a diastereoselective ring
rearrangement metathesis—isomerisation sequence
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A total synthesis of (—)-centrolobine (1) based on a diaster-
eoselective ring rearrangement metathesis—double bond isomer-
isation sequence and a one-pot cross metathesis—-hydrogenation
procedure is described.

(—)-Centrolobine 1 is a tetrahydropyranic antibiotic isolated from
the heart wood of Centrolobium robustum (porcupine tree) and the
stem of Brosimum potabile.' Tt has shown activity against
Leishmania amazonensis promastigotes, a major health problem
in Brazil.

The asymmetric synthesis of (—)-centrolobine has been reported
recently by several groups. The stereoselective construction of the
tetrahydropyran core structure has previously been achieved by
Prins-cyclisation, > reductive etherification® or a one-pot cross
metathesis-hydrogenation—lactonisation procedure.’ We investi-
gated a new, variable approach towards the core structure of (—)-
centrolobine, which should also be of interest in the synthesis of
other substituted hetero- and carbocycles.

Among the different types of metathesis known, ring rearrange-
ment metathesis (RRM) has proven to be especially powerful.
Stereocenters are easily established in a ring and transferred to the
sidechain or vice versa. RRM has been applied in the synthesis of
fused carbocycles® and polycyclic ethers’ as well as piperidines,®’
pyrrolidines® and various natural products.'® Some years ago, we
presented the first case of diastereoselective ring closing meta-
thesis.!! Diastereoselective RCM has been applied in the synthesis
of highly functionalised rings,* also those containing quaternary
stereocenters!® as well as natural products, e.g. (—)-limaspermine'”
and the formal synthesis of (—)-eburnamonine.”> In our
laboratories we have now developed a new method of diaster-
coselective ring rearrangement metathesis (ARRM, Scheme 1).'
The RRM of prochiral rings with a stereocenter in the sidechain
like A should lead to carbo- or heterocycles B containing a new
stereocenter. The challenge for such a process is to shift the
reaction to the desired product with a synthetically useful

catalyst

Scheme 1 Concept (X = O, CHR, NPG, m =0, 1;n =0, 1).
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diastereoselectivity, whereby the reaction can be kinetically or
thermodynamically controlled.

We report herein the application of this new concept for the
stereoselective synthesis of 2,6-substituted dihydropyrans to the
total synthesis of (—)-centrolobine.

The retrosynthetic strategy is outlined in Scheme 2. The key
features of this approach involve a one-pot cross metathesis (CM)—
hydrogenation procedure introducing the para-hydroxybenzyl
moiety to 2. The terminal methyl group in 2 should be
advantageous in the CM to supress homodimerisation. We
envisaged that the cross partner 2 would be available from 4 via
ruthenium catalysed diastereoselective ring rearrangement meta-
thesis (ARRM) followed by double bond isomerisation of the
terminal alkene. The stereocenter at C-5 is established in the RRM
step diastereoselectively.' The enantiopure metathesis precursor 4
was to be obtained by an asymmetric allylic etherification.'®

The synthesis of (—)-centrolobine started with a reductive
opening of epoxide 9 with LiAlH, in quantitative yield to deliver
the alcohol 6 as a nucleophile for the ether synthesis (Scheme 3).'®

The next step required an enantioselective allylation of 6.
Transition metal catalyzed asymmetric allylations have been
investigated extensively.'” Palladium catalyzed allylic substitution
has been applied widely in synthesis.'® In the case of non-
symmetrical allylic substrates, the bond formation usually takes
place at the less substituted position. There are only a few
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Scheme 2 Retrosynthetic approach.
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Scheme 3  Reagents and conditions: (1) LiAlH,, Et,O, >98%; (i) BuLi,
Cul; then [Ir(COD)Cl],, 8, THF, 0 “C—RT, 87%, >98% ee; (iii)) 2 x 5%
[Ru(IH,Mes)PCy;(=CHPh)Cl,], benzene-ethylene, 50 °C, 6 h; (iv)
0.4 equiv. NaBHy, 55%; (v) 2 equiv. styrene 3, 10% (IH,Mes)RuCl,
PCy;((0-iPr)CHPh), toluene, RT then 5% Pd/C (50 wt% water), H,
(1 atm), 50%. Naph = naphthyl, Boc = fert-butylcarbonate.

examples known where the branched products are formed.! In
our case, we required the branched product of allylic etherification,
4, in high enantio- and regioselectivity. Recently, iridium catalysts
have been described which lead preferentially to the branched
products of allylic substitution yielding high regio- and enantios-
electivity. Helmchen et al. reported asymmetric substitutions with
amines and carbon nucleophiles employing iridium complexes with
phosphoramidite ligands.”® Reactions with phenoxides and copper
alkoxides were published by Hartwig er al.'>*' Following this
procedure, treatment of the copper alkoxide of cyclopentenol 6
with para-methoxy cinnamyl carbonate 5 in the presence of
[Ir(COD)CI, and the phosphoramidite ligand 8 gave the
cyclopentenylic ether in 87% yield and >98% ee (chiral HPLC).+

Different conditions were tested to investigate the conversion
of 4 to 7 via dRRM. In initial studies, different precatalysts
were compared. Whereas 5 mol% of the first generation
catalysts Grubbs I [Ru(PCys),(=CHPh)CL]** and Hoveyda I
[Ru(PCy(=CH(0-iPr)Ph) CLJ* led to poor diastereoselectivities
2 : 1, cis : trans), the employment of 5 mol% Grubbs II
[Ru(IH,Mes)PCy;(=CHPh)CLJ** gave a significant improvement
of the diastereoisomeric ratio, and 7 was obtained in 4 : 1 (cis :
trans) dr. Optimisation of the reaction conditions resulted in lower
catalyst loadings. Using 3 mol% of the Grubbs II catalyst in DCM,
the conversion was complete after 15 h at room temperature.
Variation of the reaction temperature did not result in a change of
the diastereoisomeric ratio. Performing the reaction under an
ethylene atmosphere was advantageous with respect to initiation
speed and suppressing dimerisation.

With the rearrangement product 7 in our hands, we now
envisaged the isomerisation of the terminal double bond to an
internal olefin. Different isomerisation catalysts for double bonds
have been described,” nevertheless an economic in sifu conversion
of the metathesis catalyst into an isomerisation catalyst was
desirable. The isomerisation of terminal to internal double bonds

by ruthenium hydride species during the work up is a well known
side reaction in olefin metathesis.®® The targeted double bond
isomerisation has also been reported by Snapper et al and
Schmidt as a one-pot RCM-isomerisation process to synthesize
vinylic ethers.”” The challenge in our case was to isomerise the
terminal double bond selectively. Because the attack of the
ruthenium catalyst at the less substituted, terminal double bond is
favoured, we expected that the terminal double bond would
isomerise more easily than the ring double bond and therefore
hoped to control the selectivity by temperature. Initially, MeOH
and base were added to the reaction mixture after dRRM and the
vessel was heated to generate the ruthenium hydride catalyst. At
100 °C, reaction took place, but unfortunately the cyclic double
bond was also isomerised. The addition of NaBH, followed by
heating to 100 °C gave the desired product in modest conversion.
Changing the solvent to benzene led to a significant improvement.
In the optimized procedure, the dRRM reaction was carried out
using the Grubbs II catalyst in benzene, which had been saturated
with ethylene, at 50 °C in a pressure vessel. After complete
conversion (dr = 4 : 1, GC-MS), 40 mol% of NaBH, was added to
convert the metathesis catalyst into an isomerisation catalyst, the
vessel was flushed with nitrogen and subsequently heated to 100 °C
for 30 h. The desired dihydropyran 2 was obtained in 60% yield
(95% purity by "H-NMR) with no isomerisation of the endocyclic
double bond. The relative stereochemistry was assigned by a
positive NOE of the protons in the 2,5-positions of the pyran ring.

With 2 in hand, we had to introduce the phenol group. Cross
metathesis has proved to be a useful tool for the introduction of
side chains.”® In particular, styrenes react selectively with alkyl
substituted double bonds to give the mixed cross product.”® The
cross metathesis with para-hydroxystyrene 3 was performed at
room temperature in toluene with 10 mol% of the Hoveyda—
Grubbs catalyst.® After complete conversion, palladium on
charcoal (5 wt%, 50% water) was added and a hydrogen
atmosphere was introduced. A positive side effect of the use of
this carrier is the adsorption of the remaining ruthenium species.
(—)-Centrolobine 1 could be isolated in 50% yield and >98% ee.
The hydrogenation was also performed by the conversion of the
ruthenium catalyst to a hydride species at 70 °C as well as with
ethanol as a solvent, but these procedures led to a cleavage of the
benzylic ether.’

In summary, we have shown that the new concept of
diastereoselective ring rearrangement metathesis is a powerful tool
in asymmetric synthesis with the example of the natural product
(—)-centrolobine. Two effective one-pot reactions have been
applied in this short synthesis and (—)-centrolobine 1 was obtained
in 5 steps with 22% overall yield and >98% ee.

The application of the method to further natural products is in
preparation and will be reported in due course. This work was
supported from the DFG (Graduate School 352).

Notes and references

1 1{1-(Cyclopent-3-enyloxy)-allyl]-4-methoxy benzene (4). A solution of
nBuLi (3.2 mL, 8 mmol, 2.5 M in hexane) was added dropwise to
cyclopentenol'® 6 (0.67 g, 8 mmol) in THF at —78 °C.!* The mixture was
stirred for 10 min and allowed to warm to rt. The solvent was removed
in vacuo and the residue was disolved in THF (4 mL). After addition of Cul
(1.6 g, 8.4 mmol), the slurry was stirred for 30 min at rt. A solution of
[Ir(COD)CI], (54 mg, 0.08 mmol) and the ligand 8 (102 mg, 0.16 mmol) in
THF (8 mL) was added and the mixture was cooled to 0 °C. Carbonate 5

This journal is © The Royal Society of Chemistry 2006

Chem. Commun., 2006, 1968-1970 | 1969



(1.06 g, 4 mmol) was added and the mixture was stirred at rt for 50 h,
poured into water and extracted with Et;O (3 x ). The organic layers were
dried (MgSO,4) and the solvent was distilled at normal pressure.
Chromatography (SiO,, Et,O : pentane 1 : 20) yielded 800 mg (87%) of
4 as a colourless oil (ee > 98%, HPLC, [o]f) = +4" (¢= 0.82 CDCly)). 'H-
NMR (500 MHz, CDCly): 6 = 7.28 (d, J = 8.3 Hz, 2H), 6.88 (d, /= 8.3 Hz,
2H), 5.95 (ddd, J = 17.2, 10.2, 6.5 Hz, 1H), 5.66-5.69 (m, 2H), 5.22 (dd, J =
17.2, 1.5 Hz, 1H), 5.14 (dd, J = 10.2, 1.5 Hz, 1H), 4.78 (d, J = 6.5 Hz, 1H),
428 (dt, J = 7.2, 3.7 Hz, 1H), 3.80 (s, 3H), 2.35-2.60 (m, 4H). 3C-NMR
(125.8 MHz): 6 = 159.0 (C), 139.6 (CH), 133.6 (C), 128.4 (CH), 128.3 (CH),
128.2 (CH), 128.1 (CH), 115.6 (CH>), 113.8 (CH), 80.5 (CH), 76.5 (CH),
55.3 (CHa), 39.5 (CH,p), 39.3 (CH,), 27.8 (CH). IR (ATR): 3062 (m),
2930 (m), 2835 (m), 1161 (m), 1511 (vs), 1247 (vs), 1036 (m), 925 (m),
827 (m). EI-MS: 230 (12, [M]"), 163 (30, [M — CsH,]"), 147 (100, [M —
CsH,0["). HR-MS calc.: [M]": 230.1308, found- 230.1307. EA calc.: C
78.23%, H 7.88%, found: C 77.80%, H 7.91%.

6-(4-Methoxy-phenyl)-2-propenyl-3,6-dihydro-2H-pyran (2): 230 mg
(1 mmol) of 4 were dissolved in benzene (¢ = 0.02 M), which had been
saturated with ethylene in a pressure vessel (0.33 L). 85 mg (0.1 mmol)
Grubbs II catalyst was added in two portions and the reaction mixture was
heated to 50 °C for 6 h. The conversion was monitored via GC-MS.
Subsequently, 15 mg (0.4 mmol) of NaBH, were added. The vessel was
flushed with nitrogen and heated for 30 h to 100 °C. The solvent was
distilled over a Vigreux-column and the residue was purified by flash
chromatography (SiO,, Et,O : pentane 1 : 100) to yield 130 mg (60%) of the
product contaminated with 5% impurity (zrans-isomer of the non-
isomerised RRM product). 'H-NMR (500 MHz, CDCls, 25 °C): 6 =
7.29 (d, J = 8.3 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 5.89-5.94 (m, 1H), 5.69—
5.74 (m, 2H), 5.59 (ddq, J = 15.5, 6.6, 1.5 Hz, 1H), 5.17 (bs, 1H), 4.21 (ddd,
J =170, 6.5, 3.0 Hz, 1H), 3.79 (s, 3H), 2.20-2.30 (m, 1H), 2.01-2.08 (m,
1H), 1.69 (dd, J = 6.6, 1.5 Hz, 3H). NOE (5.17 — 4.21: 1.9%)."*C-NMR
(125.8 MHz): 6 = 160.7 (C), 133.7 (C), 131.9 (CH), 130.2 (CH), 128.7 (CH),
112.8 (CH), 124.5 (CH), 113.8 (CH), 77.3 (CH), 75.0 (CH), 55.3 (CH,),
31.0 (CHy), 17.8 (CH3). IR (ATR): 3435 (m), 3035 (vw), 2926 (w), 2854 (w),
1703 (vw), 1598 (w), 1325 (m), 1158 (vs), 1095 (m), 815 (m). EI-MS: 230
(20, [MTH), 187 (30, [M — C3H4]"), 135 (100), 108 (15, [C;HgO]"). HR-MS:
cale. [M]": 230.1307, found: 230.1306.

(—)-Centrolobine (1): To 22 mg (0.1 mmol) 2 and 24 mg (0.2 mmol) 3*! in
0.2 mL toluene, 6.2 mg (0.01 mmol) Hoveyda—Blechert catalyst were added
and the mixture was stirred at rt overnight. Subsequently, 6 mg Pd/C (5%,
50 wt% H,0O) were added and an H, atmosphere was introduced. The
mixture was stirred for 4 d at rt and filtered over a pad of cotton wool. The
solvent was evaporated and the product was purified by flash chromato-
graphy (SiO,, EtOAc : hexane 1 : 15-1 : 10). 14 mg (50%) of 1 were
obtained. The spectroscopic data were consistent with the literature.> 'H-
NMR (500 MHz, CDCly): 6 = 7.31 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.8 Hz,
2H), 6.87 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 8.8 Hz, 2H), 4.59 (bs, 1H), 4.29
(dd, J=11.1,2.0 Hz, 1H), 3.80 (s, 3H), 3.44 (dddd, J =12.6, 6.4, 4.7, 1.8 Hz,
1H), 2.78-2.60 (m, 2H), 1.96-1.82 (m, 4H), 1.79-1.70 (m, 1H), 1.69-1.50
(m, 2H), 1.41-1.27 (m, 1H). [«J% = 60.0 (¢ = 0.25, CH,CL).

1 (a) L L. D. Albuquerque, C. Galeffi, C. G. Casinovi and G. B. Marini-
Bettolo, Gazz. Chim. Ital., 1964, 287; (b) A. F. Alcantara, M. R. Souza
and D. Pilo-Veloso, Fitoterapia, 2000, 71, 613; (c) A. A. Craveiro, A. da
Costa Prado, O. R. Gottlieb and P. C. Welerson de Albuquerque,
Phytochemistry, 1970, 9, 1869; (d) C. Galeffi, C. G. Casinovi and
G. B. Marini-Bettolo, Gazz. Chim. Ital., 1965, 95.

2 (a) S. Chandrasekhar, S. J. Prakash and T. Shyamsunder, Tetrahedron

Lett., 2005, 46, 6651-6653; (b) F. Colobert, R. D. Mazery, G. Solladié

and M. C. Carreno, Org. Lett., 2002, 4, 1723; (¢) S. Marumoto,

J. J. Jaber, J. P. Vitale and S. D. Rychnovsky, Org. Lett., 2002, 4,

3919-3922; (d) G. Sabitha, K. B. Reddy, G. S. K. K. Reddy, N. Fatima

and J. S. Yadav, Synlett, 2005, 2347-2351.

K.-P. Chan and T.-P. Loh, Org. Lett., 2005, 7, 4491-4494.

P. A. Evans, J. Cui and S. J. Gharpure, Org. Lett., 2003, 5, 3883-3885.

5 L. Boulard, S. BouzBouz, J. Cossy, X. Franck and B. Fifadere,
Tetrahedron Lett., 2004, 45, 6603-6605.

6 R. Stragies and S. Blechert, Synlett, 1998, 169-170.

7 (a) S. D. Burke, K. J. Quinn and V. J. Chen, J. Org. Chem., 1998, 63,
8626-8627; (b) J. P. A. Harrity, M. S. Visser, J. D. Gleason and
A. H. Hoveyda, J. Am. Chem. Soc., 1997, 119, 1488-1489; (c)
W. J. Zuercher, M. Hashimoto and R. H. Grubbs, J. Am. Chem.
Soc., 1996, 118, 6634-6640.

& W

8 H. Ovaa, C. Stapper, G. A. V. D. Marel, H. S. Overkleeft, J. H. V.
Boom and S. Blechert, Tetrahedron, 2002, 58, 7503-7518.

9 (@) U. Voigtmann and S. Blechert, Synthesis, 2000, 6, 893-898; (b)
J. Neidhofer and S. Blechert, Synthesis, 2004, 18, 3047-3054.

10 (@) N. Holub, J. Neidhofer and S. Blechert, Org. Lett., 2005, 7,
1227-1229; (b) S. Basra and S. Blechert, Strategies and Tactics in
Organic Synthesis, ed. M. Harmata, Elsevier, Amsterdam, 2004, vol. 4,
pp. 315-346.

11 C. M. Huwe, J. Velder and S. Blechert, Angew. Chem., 1996, 108,
2542-2544, Angew. Chem., Int. Ed., 1996, 35, 2376-2378.

12 Y.-i. Fukuda, M. Shindo and K. Shishido, Heterocycles, 2004, 62,
787-792.

13 (a) Y.-i. Fukuda, H. Sasaki, M. Shindo and K. Shishido, Tetrahedron
Lett., 2002, 43, 2047-2049; (b) Y. Murakami, M. Shindo and
K. Shishido, Synlett, 2005, 664-666.

14 V. Bohrsch, J. Neidhofer and S. Blechert, Angew. Chem., 2006, 118,
1324-1327, Angew. Chem., Int. Ed., 2006, 45, 1302-1305.

15 C. Shu and J. F. Hartwig, Angew. Chem., 2004, 116, 4898-4901, Angew.
Chem., Int. Ed., 2004, 43, 4794-4797.

16 F. Houliken, F. Bouchard, J. M. Frechet and C. G. Wilson, Can. J.
Chem., 1985, 63, 153-162.

17 Selected reviews: (a) T. Graening and H. -G. Schmalz, Angew. Chem.,
2003, 115, 2684-2688, Angew. Chem., Int. Ed., 2003, 42, 2580-2584; (b)
A. Pfalz, Chimia, 2004, 58, 49-50.

18 (a) B. M. Trost and M. U. Frederiksen, Angew. Chem., 2005, 117,
312-314, Angew. Chem., Int. Ed., 2005, 44, 308-310; (b) L. Acemoglu
and J. M. J. Williams, Palladium-Catalyzed Asymmetric Allylation and
Related Reactions, John Wiley & Sons, Hoboken, 2002 and references
cited within.

19 (@) S-K. Kang, D.-C. Park, J.-H. Jeon, H.-S. Rho and C.-M. Yu,
Tetrahedron Lett., 1994, 35, 2357-2360; (b) S.-L. You, X.-Z. Zhu, Yu-
Mei Luo, X.-L. Hou and L.-X. Dai, J. Am. Chem. Soc., 2001, 123,
7471-7472; (c) W.-H. Zheng, N. Sun and X.-L. Hou, Org. Lett., 2005, 7,
5151-5154 and references cited within.

20 (a) G. Lipowsky and G. Helmchen, Chem. Commun., 2004, 116-117; (b)

G. Lipowsky, N. Miller and G. Helmchen, Angew. Chem., 2004, 116,

4695-4698, Angew. Chem., Int. Ed., 2004, 43, 4595-4597; (c¢) H. Miyabe

and Y. Takemoto, Synlett, 2005, 11, 1641-1655; (d) D. Polet and

A. Alexakis, Org. Lett., 2005, 7, 1621-1624; (e) C. Shu, A. Leitner and

J. F. Hartwig, Angew. Chem., 2004, 116, 4901-4904, Angew. Chem., Int.

Ed., 2004, 43, 4797-4800.

(@) C. A. Kiener, C. Shu, C. Incarvito and J. F. Hartwig, J. Am. Chem.

Soc., 2003, 125, 14272-14273; (b) F. Lopez, T. Ohmura and

J. F. Hartwig, J. Am. Chem. Soc., 2003, 125, 3426-3427.

22 P. Schwab, M. B. France, J. W. Ziller and R. H. Grubbs, Angew.
Chem., 1995, 107, 2179-2181, Angew. Chem., Int. Ed., 1995, 34,
2039-2041.

23 J. S. Kingsbury, J. P. A. Harrity, P. J. Bonitatebus and A. H. Hoveyda,
J. Am. Chem. Soc., 1999, 121, 791-799.

24 M. Scholl, S. Ding, C. W. Lee and R. H. Grubbs, Org. Lett., 1999, 1,
953-956.

25 For reviews see: (a) Applied Homogeneous Catalysis with Organometallic
Compounds, ed. B. Cornils and W. A. Hermann, Wiley-VCH,
Weinheim, 2002; (b) B. Fontal, M. Reyes, T. Suarez, F. Bellandi and
J. C. Diaz, J. Mol. Catal. A: Chem., 1999, 149, 75-78; selected examples:
(¢) A. Sen and T.-W. Li, Inorg. Chem., 1984, 23, 3258-3261; (d)
M. Michalak and J. Wicha, Synlett, 2005, 2277-2280; (e) J. M. Reuter
and R. G. Salomon, J. Org. Chem., 1977, 42, 3360-3364.

26 D. V. McGrath and R. H. Grubbs, Organometallics, 1994, 13, 224-235.

27 (a) B. Schmidt, J. Org. Chem., 2004, 69, 7672-7687; (b) A. E. Sutton,
B. A. Seigal, D. F. Finnegan and M. L. Snapper, J. 4m. Chem. Soc.,
2002, 124, 13390-13391; (¢) B. Schmidt, Eur. J. Org. Chem., 2004,
1865-1880.

28 Selected reviews: (a) R. H. Grubbs, Tetrahedron, 2004, 60, 7117-7140;
(b) S. J. Connon and S. Blechert, Angew. Chem., 2003, 115, 19441968,
Angew. Chem., Int. Ed., 2003, 42, 1900-1923.

29 (a) G. D. Cuny, J. Cao, A. Sidhu and J. R. Hauske, Tetrahedron, 1999,
55, 8169-8178; (b) W. E. Crowe and Z. J. Zhang, J. Am. Chem. Soc.,
1993, 115, 10998-10999.

30 (a) S. B. Garber, J. S. Kingsbury, B. L. Gray and A. H. Hoveyda, J. Am.
Chem. Soc., 2000, 122, 8168-8179; (b) S. Gessler, S. Randl and
S. Blechert, Tetrahedron, 2000, 41, 9973-9976.

31 N. Bettach, Y. LeBigot, Z. Mouloungui, M. Delmas and A. Gaset,
Synth. Commun., 1992, 22, 513-518.

2

1970 | Chem. Commun., 2006, 1968-1970

This journal is © The Royal Society of Chemistry 2006



