Tetrahedron Letters, Vol. 35, No. 22, pp. 3755-3758, 1994
Pergamon Elsevier Science Lid
Printed in Great Britain

0040-4039/94 $7.00+0.00
0040-4039(94)E0611-2

Intramolecular Horner-Wadsworth-Emmons Reaction in
Base Sensitive Substrates: Enantiospecific Synthesis of
Iridoid Monoterpene Lactones*

*
A. Nangia, G. Prasuna and P. Bheema Rao
School of Chemistry, University of Hyderabad
Hyderabad 500 134, INDIA

Abstract: The cyclopentapyranones (-~)-7 and (-)-13,
representing the cgis-fused 9-carbon core of iridoid lactones,
are synthesised from (+)-pulegone.

The Horner-Wadsworth~Emmons (HWE) reaction is an important C=C bond
forming process in natural product synthesis.1 A large number of
base/solvent conditions are reported for performing the HWE reaction on
base sensitive substrates which are prone to a-epimerisation and/or
B-elimination.2 Of the four possible combinations for the reaction of
phosphonate anion with carbonyl compound (intra- vs inter-molecular;
aldehyde vs ketone), the intramolecular varjiation with ketones is the
most difficult. This is because (i) it is not possible to react the
preformed phosphonate anion with Kketone, (ii) the base is directly
competing for all possible acidic sites on the substrate, and (iii) the
C-C bond forming process is slower than in aldehydes. Micolajczyk and
Midure3 have used sulfur stabilised phosphonate anions to overcome the
problem of B-elimination in the synthesis of unsaturated S§-lactones from
hydroxy-carbonyl compounds. Some time ago we synthesised model
cyclopentapyranone and cyclohexapyranone systems 3 from g-hydroxy
ketones 1 using intramolecular HWE (IMHWE) conditions that avoided

formation of exocyclic enones4 (Scheme 1). However, the issue of
possible a-epimerisation could not be addressed in compounds 2,3.
The iridoid lactones iridomyrmecin (4), isciridomyrmecin (5),

teucriumlactone (6) and boschnialactone (7) have attracted the attention
of synthetic organic chemists for over three decades now.5 They are
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logical synthetic targets owing to their interesting biological activity
and the presence of three contiguous non-epimerisable stereogenic
centres on the bicyclic backbone. We report in this Letter the IMHWE
reaction on 2-hydroxymethyl cyclopentanones derived from R-pulegone
leading to iridoid metabolites 4-7 without concomitant B-elimination and
a-epimerisation.

SCHEME—
&t
- - GO
n=1,2
H Me
Me H Me H Me H
(+)-4 (-)-5 )-8 (—)—7
SCHEME-2
- Lo
92%
9 10: R-H
11: R=C(0)CH2P(O)(OEL),
ent—4 & ent—5
0 .
ct:r o
ent—-6 V// H
(—)—13 12

Reagents (i) LAH, ether, 0°C (ii) 05, NaHCO,, CH,Cl,,
-78°C; then DMs, 0°C (iii) (Et0) ,P(0)CH,CO,H, DCC, CH,CL,

(iv) DBU, LiCl, CH,CN, rt, 1h (v) 5% Pd/C, H,, EtOAc, 4h



3757

SCHEME—3
0 w
GHan LN R > <:Q —> (=)-7
62% 44% f ] 98X
H H
14 15: R=C(0)CH,P(O)(OEt); 16

Reagents (i) O0,, NaHCO,, CH,Cl,, -78°c; then DMs, 0°c (ii)
(EtO) ,P(0)CH,CO,H, DCC, CH,Cl, (iii) DIPEA, LiCl, CH,CN, rt,
16h (iv) S% Pd/C, H,, EtOAc, 4h

3
21

trangs-Methyl pulegenate6 (8) was reduced (LAH) and ozonised under
buffered conditions (—78°C, NaHCOa, DMS work-up) to provide the somewhat
unstable pg-hydroxy Xketone 10. Esterification of alcohol 10 with
diethylphosphoncacetic acid under neutral conditions (DCC) provided
phosphonate 11. Exposure of substrate 11 to IMHWE conditions (DBU,
Licl, 1h) cleanly provided the unsaturated lactone 12 in 57% yield after
column chromatography (Scheme 2). Highly stereoselective exo-face
hydrogenation (Hz' Pd/C) occurred to install the third stereogenic
centre and afforded pyranone (_)_135,+ in excellent ee. Since the
¢is-fused pyranone 13 is the penultimate precursor in the synthesis of
iridoid lactones 4-6, a formal synthesis of ent-(-)-(4), ent-(+)-(5) and
ent-(-)-(6) is accomplished.

Inspection of boschnialactone ('l)7 reveals that it will arise from
cis-homoallylic alcohol 14. LAH reduction of a 60:40 mixture of gis-
and trans-ethyl pulegenates6 followed by silica gel purification
afforded the c¢is-alcohol 14, which was uneventfuly converted to Kketo

phosphonate 15 (Scheme 3). Subjecting phosphonate 15 to IMHWE
conditions (DBU, LiCl, 1h) afforded lactone 16 along with minor amounts
of epimeric 12. However, use of milder conditions (DIPEA = (i-Pr)zNEt,

LiCl, 16h) resulted in exclusive formation of desired lactone 1€ as
evidenced from H NMR analysis at 200 MHz. It is noteworthy that the
less stable and easily epimerisable gis stereochemistry was completely
retained under the mild yet facile reaction conditions. Again, highly
stereose%ective exo-face hydrogenation completed the synthesis of
(-)-(n.7""

The use of conventional basesl'2

such as NaH, NaOMe, t-BuOK, chos,
Cs,CO,, LiOH.Hzo, etc. resulted in partial or complete elimination.
The IMHWE reaction is successfully employed on base sensitive ketones to
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synthesise iridoid natural products in a highly enantio- and
diastereocontrolled manner from R-pulegone. The easy availability of
S-pulegone8 from S-citronellol makes the sequence adaptable to the
synthesis of natural metabolites 4-6. Structurally related natural
products9 such as dihydronepetalactone, mitsugashiwalactone and
onikulactone are currently being targeted.

Acknovledgements: We thank DST (New Delhi) for funding this research
and SAP/COSIST programmes of UGC (New Delhi) for support in School of
Chemistry; GP and PBR thank UGC for research fellowships. We are
grateful to Prof. James Takacs at University of Nebraska-Lincoln for
kindly providing us spectral data on pyranone (-)-13.

References and Notes:

# Dedicated to Prof. S. Ranganathan on his 60th birthday.

1. Wadsworth, W.S. Ord. Reactionsg (1977) 25 73.

2. a) Blanchette, M.A.; Choy, W.; Davis, J.T.: Essenfeld, A.P.;
Masamune, S.; Roush, W.R.; Sakai, T. Tetrahedron Lett. (1984) 25
2183. b) Somers, P.K.; Wandless, T.J.; Schreiber, S.L. J, Am. Chem.
Soc¢. (1991) 113 8045. <c) Blackwell, <C.M.; Davidson, A.H.;
Launchbury, S.B.; Lewis, C.N.; Morrice, E.M.; Reeve, M.M.; Roffey,
J.A.R.; Tipping, A.S.; Todd, R.S. J. Qrg. Chem. (1992) 57 1935. d)
Boger, D.L.; Curran, T.T. J. Org. Chem. (1992) 57 2235. e) Kann,
N.; Rein, T. J. Org. Chem. (1993) 58 3802.

3. Mikolajczyk. M.; Midura, W.H. Sypnlett. (1991) 245.

4. Nangia, A.; Bheema Rao, P. Tetrahedron Lett. (1992) 33 2375.

5. a) Callant, P.; Storme, P.; Van der Eycken, E.; Vandewalle, M.

Lett., (1983) 24 5797. b) Wang,T~F; Yang, C.F. J. Chen.

Tetrahedron
S8o¢., Chem. Commun. (1989) 1876. c¢) Takacs, J.M.; Myoung, Y.C.
Jett. (1992) 33 317. d4d) Agnel, G.; Owczarczyk, Z.;

Tetrahedron
Negishi, E-I. Tetrahedron Lett. (1992) 33 1543. e) Yokoyama, Y.:
Tsuchikura, K. Tetrahedron Lett. (1992) 33 2823.

6. Furniss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R. in
Vogel’s Textbook of Practical Organic cChemistry, 5th ed.; ELBS
Longman, U.K.; 1991, pp 1113.

7. Sakan, T.:; Murai, F.; Hayashi, Y; Honda, Y.:; Shono, T.; Nakajima,
M.; Kato, M. Tetrahedron (1967) 23 4635.

8. Corey, E.J.; Ensley, H.E.; Suggs, J.W. J. Org. Chem. (1976) 41 380.

9. a) Fleming, I.; Terrett, N.K. Tetrahedron Lett. (1984) 25 5103. b)

Amri, H.; Rambaud, M.; Villieras, J. Tetrahedron (1990) 40 3535.
+ All new compounds gave satisfactory spectroscopic and analytical

data. Optical rotation for (-)-(13): [a]250: -92.0 (¢ 1.0 in CHCI3),
-82.0 (c 0.5 in CC14); Reported [a]st: -72.49 (c 1.67 in CC14).

(Received in UK 8 February 1994; accepted 24 March 1994)



