
Tetrahedron Leucrs, Vol32. No 33, pp 41594162 1991 
Prmtcd m Great Rntam 

ocuo-4039/9 1 s3 00 + 
Pergamon Press plc 

Synthesis of Solenopsin B via Stereoselective Reduction 

IIil oshizo Kotsuki,* Toshio Kusumi, Masae Inoue, Yasuyuki Ushio, and Masamitsu Ochi 

of Bicyclic N,O-Ketals 

Absfrud: A new enzmtronselectwe total syntheals of (-)-solenopsm B waq described ~tartmg from L-@armc aczd as 

an optuzally actIke natural wurce, m w&h stereoselectwe reducbon of hlcychc N,O-ketals wth DIBALH was used as 

the key reaction step 

Recently, we have developed an efficient procedure for the synthesis of 6-8 membered cychc ether 
derivatives via stereoselective reduction of bicyclic ketals (Scheme 1; X=0, n= l-3). t The usefulness of this type 

of transformation has been gradually recognized by several groups. 2 Since the precursors of o-keto-acetomdes 

are readily accessible from conventional choral pools, 3 the procedure IS extremely useful for preparing 
enantiomerically pure cyclic ethers. 

As an extension of our study m this field. we were particularly interested m the application of the method to 
the reduction of bicyclic N,O-ketals owmg to the scarcity of similar reports 2d-f Thus, replacing one of the two 
oxygen atoms by mtrogen as illustrated in Scheme 1 (X=NH), that is, passing through bicyclic N,O-ketal 
intermediates, the process will consitute an efficient entry to cyclic amino derivatives with well defined relative 
and absolute stereochemistry. 

X=OorNH 

Scheme 1 

In order to demonstrate the feasibrhty of this strategy, an enannoselectrve synthesis of (-)-solenopsm B (l), 
a piperidine alkaloid isolated from the fire ant,” was undertaken. Durmg this study a similar work was disclosed 
by Wasserman et al. but is only limited to racemic compounds. 2e In this Letter we wish to describe our elegant 
approach to the target molecule starting from L-glutamic acid as a convenient chnal sources as outlined m Scheme 
2.6 

Commercially available L-glutamic acid 5-methyl ester7 was converted mto 4-ammo-5hydroxypentanoic 
acid (2) according to the method developed by Shimamoto and Ohfune. 8 Then a versatile chiral budding block 

of iodide 5, [aJ18D +19.8* (c 1.00, CHC13), was prepared from 3 by the conventtonal 3-step procedure in 
81.7% overall yreld. Alkylation of 5 with a bthium amon of the 1,3-dithiane derrvative 6 usmg a THFMmethyl- 
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propyleneurea fDMPU) mtxture as solvent proceeded cleanly to afford 7, followed by removal of the dithiane 
functtonaltty by treatment wtth Hg(OAc)2 m aqueous CH3CN furmshed ketone 8 in high yield (gram scale). 

After examination oiffie several reaction conditions to o&am the optimum yields in the next transketabzation step, 
we found that the carefully controlled reaction of 8 m the presence of a catalytic amount of (+)-S-camphor-lO- 
sulfomc acid (CSA) in refluxmg CHC13 was the best9 and the desired key mtermediate of bicyclic N,O-ketal 9, 

[alT3b +21.0* (c 1.0, CHC13). was isolated m 82% yield. Similarly as described m our prevrous papers,’ 9 

was subsequently reduced with 4 equiv of DIBALH in CH2CI2 at 0 0C to provide trans-alcohol 10, [a]23D 

-21.1° (c 1.26, CHC13), m almost quantitative yield. The stereoselectlvny of thts reduction was found to be 

excellent (>99%) Judgmg from the TLC and ‘H NMR evidence of the crude mixture m accord with the result 
reported by Wasserman et al.22 Unambiguous confirmation of this stereochemical assignment was achieved by 

comparing directly with the correspondmg CIS isomer denved from lO.*O 

With the desired alcohol 10 m hand, we then proceeded with the final stage. 

In order to complete our synthetic scheme, deprotection of the Boc group and 
removal of the hydroxyl function from 10 are necessary. Unfortunately, we found . 0 
that all attempts to realize these subJects under a variety of conditions (cone HCl m 

AcOEt; p-TsCl in pyridine) were unsuccessful due to the formation of the cyclic 

,&‘;,,,)I@z 

carbamate denvattve 13 (IR. 1740 cmmt)5 as the maJor byproduct This unexpected 13 
reactivtty of 10 to produce 13 would be due to attack of proximal hydroxyl to the 

Boc group. 
After numerous trials with alternative procedures, we found that the Ham’s reagent system, Bu3P- 

PhSSPh,l 1 to be most satisfactory for our purpose. Inmally, accordmg to the literature procedure, the reaction of 
10 wtth 3 equiv of PhSSPh and 4 eqmv of Bu3P was carried out m refluxing THF. However, the reaction was 

very slow and even after refluxmg for 85 h only 28% of 11 was produced along with 55% of recovery. As 
described m the preceding paper, we were delighted to find that ths difficulty could be overcome by utilizmg high 
pressure techmque. Thus, when the same reaction was conducted at 10 kbar pressure and 62 OC for 40 h, 

phenylsulfide 11 was obtamed m 88% yield. Desulfurization of 11 with Raney Ni followed by deprotectton of 

the Boc group with 3 equiv of TMSOTfl2 in CH2C12 afforded (()-solenopsin B (l), [a]22D -2.@ (c 1.00. EtOH) 

{lit.t3 [alZ3b -0.51” (r 1.97, EtOH)j, m 83.7% yield. The spectral data mcludmg IR, tH and t3C NMR, and 

MSlHRMS of this synthetic material were in good agreement with the hterature data.13 
In summary. a new enantioselective synthesis of solenopsm B (1) was accomplished by using 

stereoselective reducion of blcychc N,O-ketals as the key reaction step, in which L-glutamic acid was employed 

as a versatile chiral source. The overall yield of 1 from iodide 5 was 54.5% for 7-step sequence. 
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MHz) as noted in the following Scheme. The full details of these results will be reported elsewhere. 
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