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Enantioselective Synthesis of Pentacycloanammoxic Acid
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The anaerobic microb€andidatus Brocadia anammoxidans

of 1is unstable relative to two molecules d){1,3,5-hexatriene

utilizes nitrite ion and ammonia as an energy source (by conversionas reference by nearly 20 kcal/malAHs).3 We estimate from data
to N, and HO) in a compartment that is enclosed in an unusually in the literaturé that the strain energy df is, at a minimum, ca.
dense membrane. The principal lipid components of the membrane75 kcal/mol, approximately 3 times that of cyclobutane. The first

(ca. 90%) are derivatives of a highly unusugl, @atty acid, 1
(Scheme 1), or mirror image? It has been found that this rigid
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lipid forms a tight membrane which is thought to protect the
organism from the toxic intermediates (e.g., HONithd HNNH,)
involved in the energy-yielding production of,Nind HO. The
unusual ladderane structure biand also its scarcity (because of
difficulties in culturing C. B. anammoxidanand admixture with

synthesis ofl in racemic form, which was reported recently from
this laboratory? confirmed the assignment of the structure. The
absolute configuration of naturally producéds still unknown.

An indication of the difficulty of culturingC. B. anammoxidans
comes from the fact that insufficierdt is available even for the
determination of optical rotation or absolute configurafiorhe
scarcity of naturally produced and the fundamental questions
regarding its absolute configuration and pathway of biosynthesis
provided the motivation to develop a new synthesis that was (1)
enantioselective, (2) unambiguous with regard to absolute config-
uration, and (3) capable of producing as muchs required for
biochemical and biophysical investigations. The pathway of that
synthesis is summarized in Scheme 1.

Irradiation of a mixture of cyclobutene and 2-cyclopentenone
(2 equiv) in dry CHCN with a medium pressure mercury lamp
(Hanovia, 450 W) at-30 to —5 °C for 20—24 h produced, after
removal of solvent and flash chromatography on silica gel (sg),
theexol:1-adduc® in 78% yield (scale: 30 g a?). The tricyclic
ketone2 was transformed into the-diazoketone3 by o-formylation
of the sodio enolate & in tetrahydrofuran and Regitz diazo transfer
by reaction of the resulting-hydroxymethylene derivative with
4-toluenesulfonyl azide (Tslin CH,CI,. Irradiation of a metha-
nolic solution of3 (Hanovia, 450 W ultraviolet lamp) at 23C
produced a 3:1 mixture &fndoandexomethyl esters, which were
saponified to the corresponding acidsThe acidg} were converted
via the corresponding acid chloridesNshydroxy-2-thiopyridone
(Barton) esters, which without isolation were irradiated in BreCl
at 10°C for 10 min to effect replacement of the COOH group by
bromine by a radical-chain process. The resulting cyclobutyl
bromide derivative was transformed into the tricyclic olefity
dehydrobromination at 50C with KOt-Bu in dimethyl sulfoxide,
under reduced pressure<{20 mm Hg) to transfe’5 from the
reaction mixture to a-78 °C cold trap as formed.

Ultraviolet irradiation (Hanovia 450 W lamp) of a solution of
the tricyclic olefin 5 with (R)-4-dimethylphenylsilyl-2-cyclopen-
tenone 6) (molar ratio 1.25:1) in CKCN solution under Nat 25
°C for 12 h produced after sg chromatography (92:8 hexanes:
EtOAc) 50% yield of theexosilyl adduct7 along with ca. 7% of
theendasilyl diastereomer. (A simple synthesis@®fs outlined in
Scheme 2.) Treatment af with 2 equiv of sodium hexamethyl-
disilazane in THF at-78 °C followed by 4 equiv of MgSiCl
(TMSCI) generated the silyl enol ether which upon exposure to
N-bromosuccinimide in THF at30 to—50 °C gave thex-bromo
derivative of the pentacyclic ketore Reaction of thisx-bromo-
B-silyl ketone with tetran-butylammonium fluoride (TBAF) in THF

many other lipids) pose a challenge to synthetic chemistry. There at 23°C provided, after sg column chromatography, the crystalline

are no clues as to possible synthetic pathwaykgimce the mode

pentacyclica,5-enone8, which could be reduced to the saturated

of biosynthesis of this very strained molecule is quite mysterious. ketone9 using sodium hydrogen telluride in EtOH at 23.” The
As has been pointed out recently, the pentacyclic ladderane corestructure of8 was confirmed by single-crystal X-ray diffraction
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with KMnQ, in aqueous acetone to provide, after extractive workup,
cyclobutyl mesylate in 81% overall yield. Heating cyclobutyl
mesylate with K@Bu in DMSO at 65°C° provided a distillate
of pure cyclobutene (60%).

The synthesis of theR)-a,3-enone 6 started with readily
available R)-4-tert-butyldimethylsilyloxy-2-cyclopentenofg(Scheme
2) in three steps: (1) conjugate addition under steric control of the
2:1 dimethylphenylsilyllithium:CuCN reagent, (2) desilylation, and
(3) dehydration.

These studies are being continued to gain further information
on the absolute configuration and biosynthesis.6H NMR studies
on the thermal stability of the methyl ester dfin deuterated
o) chlorobenzene have revealed a half-life of only td at 140°C.

Figure 1. ORTEP representation of the X-ray structure8of

Scheme 2

(Ph?f:eﬁ)sgzc"/ From this result, it is clear despite the uniqueness of the anammoxic
— > lipid it may not have left a signature in geological sediments.
THF 50 1o 0° resg SiPhMe; With regard to the question of the biosynthesis f the
perspectives of synthetic chemistry may prove helpful. Although
HF(aq), the original synthesis of4f)-13 and the new synthesis outlined
C';%QNsl 80% herein have relied heavily on photochemical reactions, it is doubtful
that photochemical processes are involved in the biosynthegis of
o o since the environment &. B. anammoxidaris dark and anaerobic.
If the biosynthesis were to occur by a cascade-type polycyclization,
H M é\ it would have to be novel in terms of the chemistry used because
SiPhMe, C5Hf3NB’u2° ; Hd:- SiPhMe, of the_ unfavorgble energetics anq the paut_:lty of the known chemical
6 86% reactions of this type. One possible candidate as substrate for such

a cascade polycyclization pathway would be the allenigfétty

9, []%3% +407 € = 0.35, CHC}), allows unambiguous assignment
of the absolute configuration shown, which is that expected from
the known absolute configuration of,5-enone6 that led to the
exosilyl photoadductr.

Racemic was readily prepared by photoaddition of 2-cyclopen-
tenone to the achiral tricyclic olefiB. The (+)- and ()-enanti-
omers ofd were obtained from this racemic mixture by HPLC sep-
aration on a CHIRALPAK AD column (Chiral Technologies, In€.).

The (+)-ketone9 was converted to thexoaldehydelO by the
following sequence: (1j-diazoketone formation by the Regitz
method (as above foR — 3), (2) photoinduced Wolff ring

analysis (see Figure 1). The application of the octant rule to ketone ?C'd 9,10.12,16,18,19-docosahexaenoic &dulany case, unravel-

ing the biosynthetic mechanism is fully as challenging as the
chemical synthesis.

Finally, it should be noted that the highly selective photoreac-

tion 5 + 6 — 7 represents a useful and general solution to the
long-standing problem of creating an enantioselective version of
[2 + 2]-photocycloaddition. The use of the bulky silyl group@n
was essential to success; TBSO was ineffective.

Supporting Information Available: Experimental procedures and

characterization data for the process shown in Schemes 1 and 2 (PDF).
X-ray crystallographic date fd (CIF). This material is available free
of charge via the Internet at http://pubs.acs.org.

contraction in methanol to form the pentacyclic ladderane methyl

esters €xo + endq, (3) i-Bu,AlH reduction—Swern oxidation

sequencéto a mixture of the correspondirexo—endoaldehyde

mixture, and (4) equilibration of the mixture to tlesxoaldehyde

10 (as a 28:1lexo—endomixture) using a 0.06 M solution in Bt

at 23°C for 6 days (80% yield for isomerization; 43% overall).

The chiralexo aldehydelO was then transformed into the chiral

acid1 by a combination Wittig reactiondiimide reduction process

as previously described forH)-pentacycloanammoxic acfdEs-

terification of 3 afforded the chiral methyl estérl. Both chirall

and 11 made from the )-ketone9 were dextrorotatory. We are

currently awaiting a reference sample of naturally produced

pentacycloanammoxic acid to establish its absolute configuration.
The synthesis outlined in Scheme 1 was greatly facilitated by

the development of a convenient and practical process for preparing

cyclobutene on a molar scale in laboratory glassware. The starting

material was cyclopropyl carbinol, a compound that has been

prepared industrially by the sequence 1,3-butadiene monoepoxide

— 2,3-dihydrofuran— cyclopropanecarboxaldehyda,(Al,03) —

cyclopropyl carbinol (NaBg).° Cyclopropyl carbinol was converted

to the corresponding mesylate (630,Cl, E;N, CH,Cl,, —20 to

0 °C, 97-99% yield). Treatment of the mesylate with 0.06 equiv

of BF3-Et;0 in CH,Cl, at 22°C for 12 h gave in quantitative yield

a mixture of cyclobutyl mesylate and but-3-enyl mesylate (ratio

ca. 11:1). The latter was removed from the mixture by oxidation
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