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The First Enantioselective Synthesis of the Chemotactic Factor Sirenin by an
Intramolecular [2 + 1] Cyclization Using a New Chiral Catalyst
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Summary: A simple. highly enantioselective synthesis of sirenin (1) (bioactive form) has been
developed which depends on the intramolecular [2 +1] cycloaddition reaction ofdiazo ester 5 to
form bicyclic ester 6 (95 : 5 enantioselectivity) using a new and remarkably stable monomeric
chiral Cu(l) complex (2) whose structure was proven by X-ray diffraction analysis.

Sirenin (1) is a remarkably potent sperm attractant of the water mold Allomycesl,Z which has been a
synthetic target for several groups. Although there have been a number of syntheses of racemic 1.3 and one
synthesis of the enantiomers of 1 via racemic intermediates with resolution.4 to date there has not been an
enantioselective synthesis. i.e. specific for the natural form of sirenin. In this paper we report a short and efficient
catalytic enantioselective synthesis of enantiomerically pure sirenin in the natural levorotatory form. The initial
synthetic investigations were concerned with the evaluation of known chiral Cu(1) and Rh(lI) catalysts for [2 + I]
cyc1oaddition to form the cyclopropane ring system. Since none of these reagents afforded acceptable levels of
enantioselection. we turned to the development of other catalysts. These studies have led to a new Cu(I) based
catalytic system (2) which proved to be a superior reagent for the synthesis of 1 and which is potentially more
broadly useful in synthesis.
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The propargylic alcohol 3 was treated with 2 equiv of Ni(CO)4 in 25 :3 : 6 EtOH-AcOH-H20 at 70°C
for 50 min. cooled to O°C and stirred with 0.5 vol of 5% H2S04 and 3 vol of ether for 25 min to give after
extractive isolation and chromatography on silica gel the hydroxy acid 4 in 64% yield.3C This hydroxy acid was
esterified (CHzNz in EtzO. 92%) and oxidized to the corresponding a.\3-unsaturated aldehyde (MnOz. hexane.
0°.20 min) which was transformed into the diazo ester 5 by the sequence: (I) hydrazone formation (NHZNH2 in
EtOH at 23°C for 2 h) and (2) oxidation (MnOz. CH2CI2. 0 DC. 2 h) (77% overall yield).3c The diazo ester 5
was stirred with 2 mol % of the (R,R,R)-catalyst 2 in CH2Cl2 solution at 0 °C for 3 h to afford cleanly the
bicyclic ester 6 of 90% ee. as determined by HPLC analysis (254 om) using a Chiralcel 00 column with 0.25% i•
PrOH in hexane as eluant at 23 °C.s Purification of 6 from the reaction mixture by chromatography on a
preparative Chiralcel 00 column (2 em diam) afforded enantiomerically pure 6 in 77% yield based on S.
Oxidation of 6 (SeOz. EtOH at reflux for 13 h) provided the aldehyde ester 7 (58%) which upon reduction
(LiAlH4. AlCI3. Et20 at -10 °C for 1.5 h) produced in 91% yield sirenin. [an~ _48° (c=0.8. CHCI3); lit. l [al2J
_45° (c=1.0. CHC\J). which was spectroscopically identical with authentic material.
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The key to the realization of the highly enantioselective synthesis of the bioactive form of sirenin (1)
described above was the development of the new Cu(l) catalyst 2. The experimental and conceptual steps which
led to the discovery of this new and potentially widely useful system will now be outlined. First of all. we
surveyed each of the promising known catalysts for enantioselective [2 + 1] carbenoid-olefin addition for their
effectiveness in the enantioselective transformation of 5 to 6. Shown below (Figure 1) are the results for each
catalyst as % ee under optimal conditions at 0° to 23°C for the product 6 or ent-6. The structures shown for the
Masamune-Evans bisoxazoline type catalysts are hypothetical since X-ray crystallographic analysis of the complex
R=t-Bu revealed a non-chelate helical polymeric structure in the solid state.8 However, NMR analysis of
solutions of these Cu(l) catalysts is consistent with less aggregated structures, the precise nature of which are not
now known.8 The unexpectedly poor results obtained for the conversion 5 --+ 6 with the known Cu(l)
bisoxazoline complexes suggested that catalysis by aggregated species might compete with that by the 1 : 1 chelate
structure and that Cu(I) complexes with ligands which allow a larger L-Cu-L angle in the chelate ring (between
120 and 180°) might be completely monomeric and much more effective. Accordingly, the (R,R,R) ligand 8 of
complex 2 was synthesized as outlined in Figure 2. The enantiomeric (5,5,5) ligand 9 was prepared
simiiarly.9.IO Treatment of 8 with 1 equiv of CuOTf • 0.5 C6H6 in CH2CI2 with stirring at 23°C for 2 h,
filtration, removal of solvent and recrystallization from 1,2-dichloroethane-2,2,4-trimethylpentane afforded the
1 : I complex 2 as colorless crystals: mp 275-276 °C; (S.S,S): [a]D23 -68° (c =1.38, CH2CI2); (R,R,R):

[a]D23 +68 0 (c =1.38, CH2CI2).
The structure of (5,5.5)-2 was determined by X-ray crystallographic analysis, the results of which are

summarized in formula 10 below. 11 The Cu(I) center is contained in a 9-membered chelate ring and is
coordinated with one of the tril1ate oxygens in the solid state; the N-Cu-N angle was determined to be 134°. This
complex is surprisingly stable in air either in the solid state or in solution. in contrast to the Masamune-Evans

Figure 1, Enantioselection (% eel for 5 ~ 6 or ent-6.

(yeo.)..~ (dO ).~ ~m ~~~
~o. , R Cu R Ph Cu PhI I

p-(t-Bu)Ph COaM. OT' OTt

McK.,,,,y D.vl.. 7b Ooyl,7. Maumun.,7. Evan.,'· P'.ltz1f 18hlh...""7,

4"' .. 30% .. R. C.H•• 61"''' 0% ..

R. "Su, 60%"
R. o-Tol,7' '1"'''

0D-) •.OV..? Ph (yeo.) ..~(?" ),c'OTl'c~ , Cu Ph so.
JTf /\

I I
OTf M' M..llyl

28% .,7g 0% ..7, 0% .. 7' 4% ..7'



8747

NaOH (aq).li

(>900/.)

Me-Q-COaH

Hoac-6-Me

M.-Q-coaMa

Meoac-QrMe

1

+

1
Hoae-Q-Me

Me-¢-COaH

Synthesis of 6.6'-dimethy~2,2'-diphenic
acid: Kanoh. S.; Muramoto. H.; Kobayashi,
N.; Motol, M.; Suda, H. Bull. Chern. Soc.
Jpn. 1987, 60,3659.

Figure 2. Synthesis of ligands 8 and 9.
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complexes which are very air-sensitive in solution. It is evident that the 9-membered ring and the 134° N-Cu-N
angle are important to the unusual stability and that this monomeric structure as the triflate ion pair is the
catalytically active species. Although the precise mechanism of the catalytic intramolecular cyclopropanation
reaction has not yet been experimentally demonstrated, it seems reasonable to assume the intermediacy of a Cu(l)•
carbenoid (which can be formulated as A). One possible pathway from such an intermediate is as follows. Steps
(a) and (b) may be separate in time or. more likely. synchronous (leading to a concerted [2 + I] cycloaddition

L 'R, + ,R' L R'~R
'cu-CHR + R'CH=CHR' ~ L,CH-i

H ~ ;CU+ +

II A (.) .,Cu-CH (b) L:
L' 'R R'

process from A). This mechanistic pathway is consistent with the observed absolute stereochemical course of the
reaction of 2 and 5 to form 6. A plausible transition-state assembly for this enantioseleetive reaction is shown by
stereopair 11.12 The corresponding (diastereomeric) transition state leading from 2 and 5 to ent-6 is relatively
unfavorable due to non-bonded steric repulsions involving the substrate and one of the t-butyl groups of the
catalyst.

Catalyst 2 and its enantiomer are readily synthesized and remarkably stable. even in solution in the
presence of air. and the corresponding ligands 8 and 9 are also stable and readily recoverable. We expect that
there are many possible useful applications of these and related compounds and such studies are underway. The
(R.S,R)-and (S,R,S) diastereomers have also been synthesized and studied. and have been converted to Cu(I)
complexes. However. as expected from the mechanistic considerations described above and from inspection of
accurate scale models. these complexes provide only mediocre levels of enantioselectivity in the transformation of
5 to 6.
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10 (X-ray, 8,8,5-2) (ent·2) 11 (stereopair from R,R,R-2)
In conclusion we emphasize that catalyst 2 and its structural analogs are very promising new catalytic

species, as is suggested by the efficient synthesis of 1 which is detailed herein.t3
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