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Abstract—An unprecedented cyclooctane to cyclononene ring expansion in the pleuromutilin skeleton, affording two main
products, has been discovered. The process entails an intramolecular cyclization of an olefin onto an oxonium ion, followed by
1,2 migration of a carbon of the cyclooctane ring. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

The diterpene antibiotic pleuromutilin (1) was first iso-
lated by Kavanagh in 1951.1 The compound is active
against a variety of drug-resistant Gram-positive bacteria
and mycoplasmas, and is an inhibitor of bacterial protein
synthesis.1,2 Anchel3 initiated the chemical and structural
studies of pleuromutilin, an area of investigation more
fully developed in the work of Arigoni and Birch.4,5

Arigoni was the first to determine the complete structure
of pleuromutilin,4 a unique fused 5-6-8 tricyclic skeleton
with eight asymmetric centers, three of which are quater-
nary.

Although pleuromutilin has succumbed to total synthesis
efforts,6,7 the major method for analog discovery has
been semi-synthesis from the readily available and inex-
pensive natural product itself. A group at Sandoz has
published extensively on further chemical modifications
of the natural product produced in efforts to develop an
agent for human use that has sufficient efficacy and is less
prone to metabolic degradation than pleuromutilin.8

Their efforts resulted in the development of azamulin,9

a C-14 derivative that was found to be quite safe in
healthy volunteers during Phase I trials.10 Unfortunately,
azamulin was rapidly inactivated by extensive
cytochrome p450 mediated metabolism,11 and the pro-
gram at Sandoz for human therapy was subsequently
abandoned. Recently, a group at GlaxoSmithKline has
begun to describe their efforts on the development of a
pleuromutilin derivative for human use.12

The chemistry of the pleuromutilin ring system, as
described by Arigoni, Birch and the Sandoz group, is
replete with transannular chemistry of the medium ring,
intramolecular reactivity, fragmentations, and unex-
pected rearrangements. As part of a group at Bristol-
Myers Squibb exploring potential therapeutic
opportunities in the pleuromutilin class, we encountered
an unprecedented rearrangement of the cyclooctane ring
of a pleuromutilin intermediate. Here we report this
interesting ring expansion, and propose a mechanistic
rationale for the process.

2. Chemistry

For some of our efforts, we required large quantities of
the C-11 methoxymethyl, C-14 tert-butyl diphenylsilyl,
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orthogonally protected intermediate 4 (Scheme 1). We
produced C-14 silyloxy protected derivative 3 by treat-
ing pleuromutilin with t-butyl diphenylchlorosilane and
imidazole in DMF using standard conditions (97%
yield). Conversion of 3 to C-11 methoxymethyl pro-
tected 4 was readily achieved (�93% yield) on large
scale batches (�65 g) using dimethoxymethane and
P4O10 in chloroform for short periods of time at room
temperature.13

During one of our runs, we observed that new products
began to form if the reaction leading to 4 was allowed
to proceed for longer periods of time. In an effort to
produce more of these by-products for analytical char-
acterization and structural determination, we allowed
the reaction to stir for 4 days at room temperature. We
also added additional equivalents of P4O10 to try and
drive the reaction to completion. After 4 days, TLC
analysis indicated the presence of two new main com-
ponents along with minor amounts of other impurities.

Two chromatographic resolutions (taking center cuts)
were required to isolate the major new products in pure
form. Careful inspection of 1H–1H COSY, HMBC,
HMQC and nOe NMR spectra has allowed us to assign
to these two new components the structures 5 and 6.14

The isolated yields of 5 and 6 were 13% and 21%,
respectively. More of each component is present in
mixed chromatographic fractions, thus the actual yields
of 5 and 6 are much higher. Cyclononene 5 is part of a
high Rf pair (�0.75 in 35% EtOAc/hexane) with what
appears to be a trace amount of remaining 4. A low Rf

pair forms later (�0.25 in 35% EtOAc/hexane) and is
constituted of cyclononene 6, and an uncharacterized
minor product.

A possible mechanism for the production of 5 and 6
from 4 is illustrated in Scheme 2. The C-11
methoxymethyl protecting group of 4 fragments under
acid catalysis to afford the oxonium ion 7. This oxo-
nium ion is then intercepted by the vinyl group at C-12,

Scheme 1.

Scheme 2.
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in an intramolecular cyclization process.15 Formation
of the cationic intermediate 8 is followed by the 1,2
migration of C-11 from C-12 to the carbonium ion,
generating the more stable tertiary cation 9. The
cyclization occurs through a transition state where the
nascent pyran ring has a chair-like structure, yielding
stereoselectively the trans-fused 9-5 ring system. In the
alternative possibility where 8 is not a discrete interme-
diate, migration of C-11 to the proximal carbon atom
of the olefin at C-12 might occur in concert with
trapping of the oxonium ion. In this concerted scenario,
the face selectivity of the migration step is dictated by
the chair-like structure of the transition state for the
cyclization.

The thermodynamic impetus for the migration is cer-
tainly the formation of the more stable tertiary cation
9. Once formed, 9 can suffer alternate fates. The first is
the loss of the proton designated Ha to produce
cyclononene 5. Another is the loss of the proton desig-
nated Hb to generate the exo-methylene intermediate
10. Attack of a methoxymethylene oxonium elec-
trophile (formed by acid-catalyzed cleavage of
dimethoxymethane) on the olefin of 10 regenerates a
tertiary cation in the form of 11, that can lose proton
Ha to yield cyclononene 6.16

We decided to explore a few Lewis acidic conditions to
attempt to improve upon the yield of 5 and/or 6 from
the C-11 methoxymethyl derivative 4. Five equivalents
of ZnBr2 in methylene chloride at room temperature for
3 hours completely removed the MOM group of 4 to
yield alcohol 3; no rearranged products were detected.
Similar results were obtained using 5 equiv. of ZnCl2
(0°C to rt, 3 h) or 8 equiv. of SnCl4 (−20°C, 45 min).
No reaction occurred with titanium(IV) isopropoxide in
methylene chloride (2 equiv., rt, 45 min). It should be
noted that these reactions were conducted in the
absence of dimethoxymethane. It is possible that the
presence of extra dimethoxymethane with the P4O10 in
the reaction mixture is crucial to the rearrangement
process. When 4 is exposed to 10 equiv. P4O10 in CHCl3
for a period of days, very little reaction is observed. A
trace amount of alcohol 3 is formed, along with a small
amount of other components. When 4 is exposed to 10
equiv. P4O10 and 10 equiv. dimethoxymethane in
CHCl3, the rearrangement proceeds normally. Thus, it
appears that conditions that favor repeated acquisition
of an intermediate such as 7 are necessary to drive the
reaction to completion.

The scale-up of this reaction has afforded gram quanti-
ties of 5 and 6 for use as intermediates in the produc-
tion of novel pleuromutilin derivatives.17 We believe
that the process described here will be of interest to
those engaged in the synthesis of pleuromutilins, and
others interested in medium ring syntheses.

References

1. Kavanagh, F.; Hervey, A.; Robbins, W. J. Proc. Natl.
Acad. Sci. 1951, 37, 570–574.

2. (a) Egger, H.; Reinshagen, H. J. Antibiotics 1976, 29,
923–927; (b) Nurse, K.; Sterner, T.; Ferguson, D.; Takle,
A.; Davies, S.; Ham, P.; Dean, D.; Hunt, E.; Woodnutt,
G.; King, F.; Meek, T.; Hegg, L. Nucleic Acids Symp.
Series 1999, 41, 11–12; (c) Hogenauer, G. In Antibiotics ;
Hahn, F. E., Ed.; Springer-Verlag, 1979; Vol. 5, part 1,
pp. 344–160.

3. Anchel, M. J. Biol. Chem. 1952, 133–139.
4. Arigoni, D. Gazz. Chim. Ital. 1962, 92, 884–901.
5. Birch, A. J.; Holzapfel, C. W.; Rickards, R. W. Tetra-

hedron 1966, Suppl. 8, Part II, 359–387.
6. Gibbons, E. G. J. Am. Chem. Soc. 1982, 104, 1767–1769.
7. Boeckman, R. K., Jr.; Springer, D. M.; Alessi, T. R. J.

Am. Chem. Soc. 1989, 111, 8284–8286.
8. (a) Berner, H.; Schulz, G.; Schneider, H. Tetrahedron

1980, 36, 1807–1811; (b) Berner, H.; Schulz, G.;
Schneider, H. Tetrahedron 1981, 37, 915–919; (c) Berner,
H.; Schulz, G.; Fischer, G. Monatsh. Chem. 1981, 112,
1441–1450; (d) Berner, H.; Vyplel, H.; Schulz, G.; Stuch-
lik, P. Tetrahedron 1983, 39, 1317–1321; (e) Berner, H.;
Vyplel, H.; Schulz, G.; Schneider, H. Tetrahedron 1983,
39, 1745–1748; (f) Schulz, G.; Berner, H. Tetrahedron
1984, 40, 905–917; (g) Berner, H.; Vyplel, H.; Schulz, G.
Monatsh. Chem. 1983, 114, 501–507; (h) Berner, H.;
Vyplel, H.; Schulz, G.; Stuchlik, P. Tetrahedron 1984, 40,
919–923; (i) Berner, H.; Vyplel, H.; Schulz, G.; Stuchlik,
P. Monatsh. Chem. 1983, 114, 1125–1136; (j) Berner, H.;
Vyplel, H.; Schulz, G.; Fischer, G. Monatsh. Chem. 1985,
116, 1165–1176; (k) Berner, H.; Vyplel, H.; Schulz, G.;
Schneider, H. Monatsh. Chem. 1986, 117, 1073–1080; (l)
Berner, H.; Vyplel, H.; Schulz, G. Tetrahedron 1987, 43,
765–770.

9. (a) Berner, H.; Fischer, G.; Hildebrandt, J.; Laber, G.;
Vyplel, H. Curr. Chemother. Immunother. 1982, 1, 345;
(b) Hildebrandt, J. F.; Berner, H.; Laber, G.; Turnowsky,
F.; Schutze, E. Curr. Chemother. Immunother. 1982, 1,
346–347; (c) Wenzel, A. F.; Baumgartner, R.; Georgo-
poulos, A.; Hildebrandt, J.; Laber, G.; Schutze, E.;
Walzl, H. Curr. Chemother. Immunother. 1982, 1, 347–
349; (d) von Graevenitz, A.; Bucher, C. In Proc. Int.
Congr. Chemother. 13th ; Spitzey, K. H.; Karrer, K., Eds.;
Verlag H. Egermann: Vienna, Austria, 1983; Vol. 5,
108/3–108/5; (e) Werner, H. In Proc. Int. Congr.
Chemother. 13th ; Spitzey, K. H.; Karrer, K., Eds.; Verlag
H. Egermann: Vienna, Austria, 1983; Vol. 5, 108/11–108/
14; (f) Hildebrandt, J.; Berner, H.; Laber, G.; Schutze, E.;
Turnowsky, F. In Proc. Int. Congr. Chemother. 13th ;
Spitzey, K. H.; Karrer, K., Eds.; Verlag H. Egermann:
Vienna, Austria, 1983; Vol. 5, 108/24–108/28.

10. Ganzinger, U.; Stephen, A.; Obenaus, H.; Baumgartner,
R.; Walzl, H.; Bruggemann, S.; Schmid, B.; Racine, R.;
Schatz, F.; Haberl, H. In Proc. Int. Congr. Chemother.
13th ; Spitzey, K. H.; Karrer, K., Eds.; Verlag H.
Egermann: Vienna, Austria, 1983; Vol. 5, 108/53–108/57.

11. (a) Schuster, I.; Fleschurz, C.; Hildebrandt, J.;
Turnowsky, F.; Zsutty, H.; Kretschmer, G. In Proc. Int.
Congr. Chemother. 13th ; Spitzey, K. H.; Karrer, K., Eds.;
Verlag H. Egermann: Vienna, Austria, 1983; Vol. 5,
108/42–108/46; (b) Nefzger, M.; Battig, F.; Czok, R. In
Proc. Int. Congr. Chemother. 13th ; Spitzey, K. H.; Kar-
rer, K., Eds.; Verlag H. Egermann: Vienna, Austria,
1983; Vol. 5, 108/47–108/49.



D. M. Springer et al. / Tetrahedron Letters 43 (2002) 4857–48604860

12. (a) Brooks, G.; Burgess, W.; Colthurst, D.; Hinks, J. D.;
Hunt, E.; Pearson, M. J.; Shea, B.; Takle, A. K.; Wilson,
J. M.; Woodnutt, G. Bioorg. Med. Chem. Lett. 2001, 9,
1221–1231; (b) Hunt, E. Drugs Fut. 2000, 25, 1163–1168.

13. Fuji, K.; Nakano, S.; Fujita, E. Synthesis 1975, 276–277.
14. Unoptimized procedure: Alcohol 3 (1.56 g) is dissolved in

12 mL CHCl3. Dimethoxymethane (2.25 mL) is added,
followed by 1.8 g P4O10, and the mix is stirred 20 h at
room temperature. Another 1.8 g P4O10 is added, and
stirring continued another 20 h. More P4O10 (1 g) is
added, and after 48 h the mix is partitioned (carefully)
with ether and sat. NaHCO3. The aqueous is extracted
with ether, and the combined organic phase is washed
with water, then brine. The ether layer is dried (MgSO4)
and evaporated to afford an oil that is chromatographed
on silica (2×) using EtOAc/hexanes to afford 5 (0.206 g)
and 6 (0.359 g) as clear oils. Data for 5: (300 MHz,
CDCl3, partial) � 7.73–7.68 (m, 4H), 7.46–7.37 (m, 6H),
5.99 (d, 1H, J=6 Hz), 5.24 (d, 1H, J=6 Hz), 4.23 (d, 1H,
J=10 Hz), 4.13 (d, 1H, J=10 Hz), 3.82 (dd, 2H, J1=
J2=4 Hz), 3.39 (dd, 1H, J1=J2=4 Hz), 3.36–3.29 (m,
1H), 2.77 (dq (quintet), 1H, J1=J2=4 Hz), 2.24–2.15 (m,
2H), 2.10–2.00 (m, 2H), 1.99 (br s, 1H), 1.95–1.87 (m,
1H), 1.81 (s, 3H), 1.65–1.50 (m, 3H), 1.47 (s, 3H), 1.34–
1.27 (m, 1H), 1.24–1.15 (m, 1H), 1.11 (s, 9H), 1.04 (d,
3H, J=4 Hz), 0.70 (d, 3H, J=4 Hz). Data for 6: (300
MHz, CDCl3) � 7.60 (d, 4H, J=4 Hz), 7.37–7.27 (m,
6H), 5.90 (d, 1H, J=6 Hz), 5.16 (d, 1H, J=6 Hz), 4.14

(d, 1H, J=10 Hz), 4.03 (d, 1H, J=10 Hz), 3.86–3.78 (m,
1H), 3.70–3.63 (m, 1H), 3.40–3.32 (m, 3H), 3.30–3.21 (m,
1H), 3.20 (s, 3H), 2.62 (dq (quintet), 1H, J1=J2=4 Hz),
2.35–2.25 (m, 2H), 2.14–2.06 (m, 2H), 2.00 (br s, 1H),
1.98–1.89 (m, 2H), 1.86–1.80 (m, 2H), 1.61–1.33 (m, 3H),
1.38 (s, 3H), 1.27–1.18 (m, 1H), 1.14–1.05 (m, 1H), 1.02
(s, 9H), 0.93 (d, 3H, J=4 Hz), 0.62 (d, 3H, J=4 Hz).

15. For examples of similar intramolecular cyclizations see:
(a) Gasparski, C. M.; Herrinton, P. M.; Overman, L. E.;
Wolfe, J. P. Tetrahedron Lett. 2000, 41, 9431–9435; (b)
Overman, L. E. Aldrichim. Acta 1995, 28, 107–120; (c)
Overman, L. E. Acc. Chem. Res. 1992, 25, 352–359.

16. While other mechanisms may possibly explain the forma-
tion of 5 and 6 from 4, to us the events of Scheme 2
appear to be the most likely explanation. It is possible
that continued reaction may eventually lead to more of 6
at the expense of 5; however, we did not further expose 5
to the reaction conditions to test this surmise.

17. We synthesized a number of C-14 derivatives in this
cyclononene class of compounds; however, almost all of
these compounds were devoid of anti-bacterial activity.
This is not too surprising since pleuromutilin structure–
activity relationships indicate a free hydroxyl at C-11 is
critical for antibacterial potency. We attempted to cleave
the tetrahydrofuran ether ring to form a hydroxyl substi-
tuted nonene, but were not successful after application of
a few reaction conditions.


	A novel ring expansion of the pleuromutilin skeleton
	Introduction
	Chemistry
	References


