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Abs t rac t :  

The first total synthesis of tanzawaic acid A(GS-1302-3) is described. The stereocontrolled synthetic route 
allowes the absolute stereochemistry to be determined. One key transformation in the sequence involves a 
Stille coupling with a highly hindered aryl triflate. Examples and results of several coupling reactions are also 
included. © 1998 Elsevier Science Ltd. All rights reserved. 

keywords: Biologically active compounds; Stille coupling reactions; Stereochemistry; Carboxylic acids and derivatives 

In our continuing search for biologically active substances from microorganisms, we reported tanzawaic 

acids (1-4), from Penicillium citrium SCRC-SA124.1 The isolation of the tanzawaic acids was guided by an 

inhibition assay for superoxide anion production. This process is closely related to inflammation, cancer and 

aging. 

Figure 1. 

Structure  of Tanzawaie  acids  
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Among these compounds, 1 and 2 had been patented as antimicrobial agents(GS1302-3 and -1 

respectively) by Kyowa Hakko Kogyo. 2 Tanzawaic acids, GS-1302s, and anticoccidal hynapens, 3 which were 

all isolated from Penicilliura sp., share a novel polyketide-type skeleton. The absolute stereochemistry of these 

compounds have remained elusive until now. Wide and intriguing biological activities prompted us to examine 

the stereochemistry by a total synthesis. 

Our synthesis began with a protected iodocresol 5(Scheme 1). The aryl iodide was condensed with 

lactamide 6 via halogen-lithium exchange. Acidic hydrolysis and mesylation afforded an ~x-mesyloxy ketone 8, 
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which was subjected to Suzuki-Tsuchihashi's reductive pinacol rearrangement 5 to give desired alcohol 9([tx]o 28 

-9.1 °, c 1.0 in CHCI3).6 Lewis acid additives employed in the original procedure, such as EhAI or Et2AIC1, 

were not necessary for smooth conversion, and optimal yields. This phenomenon may be due to the ortho- 

methoxy substitution effect, which was not investigated in the original works. 

Swem oxidation of 9 provided the aldehyde which was immediately converted to a geometrical mixture of 

~t,l]-unsaturated ester (E:Z, 2:3) by a Horner-Emmons reaction. 7 At this stage, diastereoselective reduction of 

the carbon-carbon double bond for both the (E) and (Z)- isomers were investigated, unfortunately without 

success. The mixture of the unsaturated esters 10 were therefore hydrogenated to 11. The esters was 

transformed to the corresponding acid chloride and subjected to Friedel-Crafts cyclization conditions to form 12. 

Deoxygenation of ketone 12 was achieved by catalytic hydrogenation without difficulty. Cleavage of the 

methyl ether with BBr 3 followed by sulfonylation gave the key intermediate aryl triflate 14 (~x:l~, 2:3). 

Scheme 1. 
Synthesis of aryl triflate 14. 

O. EE RO ~ HO 
" ~ N ( C H 3 ) 2  9 10 

5 O 6 b 1 - 7 : R = E E  E / Z = 2 1 3  
L~ 8: R= Ms * 94%ee 

C H 3 0 2 C  ~-. ~ 
11 O 12 

C10oc/~, = 213 h,i E. 13: R= CH3 
14: R= Tf 

Reagents and condi~ons: (a) n-BuLi, -78°C then 6 / THF, -78°C to room temp. (89°1o); (b) i) 1M HClaq. ii) MsCI, Pyr., -55°C, CH=CI 2 (85°1o in 2 steps); (c) 
DIBAL-H(2.Seq.), CH2CI 2, -78°C to 0°C (63%); (d)i) Swern o0(ida~on,-78°C, ii)(MeO)2P(O)CH(CHa)CO2Et , KHMDS, 18-crown-6/THF (84%); (e) H 2, 
Pd-C/MeOH (quart.); (f) i) UOH/THF-  CHaOH -H20(2:1:1), ii) (COCI)2, cat. DMF, CHzCI 2, iii) AICI 3/CH2CI2, 0°C to room temp. (91%); (g) H2, Pd-C / 

CHaOH (quant.); (h) BBr 3 /CH~CI 2, -78°C to room temp.(99%); (i) Tf20, (i-Pr)2NEt/CH2CI2, -78~C to room temp.(quant.). 

The Stille coupling was then investigated. An online reaction search using Beilstein database indicated 

no excunple of a S tille coupling with sterically demcmding o, o'-dialkyl substituted aryl tn'f~e, when at least one 

of the substituents is secondary. In fact, reactivity of model triflates(18, 19, 14) with dienostannane 21 

decreased rapidly as the number of the substitutions around reaction center increased under the standard Stille 

conditions (Table l, entry 1-3). 

At this stage, we decided to use vinyl stananne 22, due to the instability of dienostanane 21 under reaction 

conditions. After months of the extensive investigations, 8 we were encouraged to find that trace amounts of 

coupling product 15 were formed(entry 6) by preheating PdCl2(PPh3) 2 with both (o-tol)3P and the triflates 

before the addition of vinyl stannanes. Warming the entire mixture caused rapid decomposition of the vinyl 

stannane and no coupling product was obtained. In contrast to the general mechanistic scheme, 9 where a 

transmetalation of a stannane is the rate limiting step, we assumed that the oxidative addition of the triflate to 

palladium(0) species was so slow due to steric hindrance. The undesired side reaction of palladium(II) catalyst 



with stananes would lead to the formation of the stanyl salt which is known to deter tire reaction. 

upon the addition of a tin scavenger, Ph,P(O)ONBu,, developed by Liebeskind, 10 the yield was 
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Actually, 

drastically 

improved up to 17%(entry 8). Interestingly, the reaction was stereoselective, and the coupled product was 

predominantly the &isomer at ClO(a: p, 1: >9).” The triflate starting material was a 2:3 (a: p) mixture, 

therefore the yield based on only the btriflate, was about 25%. No other products derived from the a or e 

triflate were found in the reaction. 

Table 1. 

Stille coupling of Aryl triflates with Vinyl stannanes. 

Pd&(PPh& (0.15 eq.), 

ArOTf 
LiCl(4 eq.) 

- AeR 
phosphine(1 eq.), DMF 

Bu3Sn+‘R (5 W.)P 49°C 

entry stannane aryl triflate tin scavengerd time(hr) product (yields, K) 

1” 21 18 - 16 61 
2’ 21 19 - 20 12 

21 
;“, 22 

14 - 75 

18 - 20 51 

;: z 
20 - 2 42’ 

14 - 19 trace 

7b 22 14 PhzP(0)ONBu4 32 10’ 

&c 22 14 Ph2P(0)ONBu4 40 17‘ 

a) Triphenylphosphine was used. 

b) oTolylphosphine was used. 
c) NMP was used as a solvent. 
d) 0.12 eq. 

e) A diastereomeric ratio(@) of the coupling products at Cl 0 was 19. 

f) A diastereomeric ratio(a/p) of the coupling products at Cl0 was 1:9. 

QTf QTf n Bu3S~Co2c2Hs 

Bu3Srf- 
18 

19 
a/p 1:4 

2. 
Wp2:3 

14 22 

Although the yield remains to be improved, the above findings allowed us to conduct following 

transformations to 1 (Scheme 2). 

Scheme 2. 

Synthesis of Tanzawaic Acid A. 

14L3JJ$ -dyR CH 

15: x= lx2 
:= 3 

ClOa/P=1/9 h 7 
d 

tanzawaic acid A 
16: XI 0 2 (1: R= H) 

Reagent~~cwdilias: (a) seetable 1; (b) OsO,, NalO,. THF-H,O(1:2), (31%); (c) (MsC),P(O)CH,CHCHCO~CH~, N&i, DME(KJ%); (d) LiOH / THF- 

CH,OH-H,O @rant.). 
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First,  the oxidat ive  c leavage o f  an olefin with OsO4-NaIO 4 condi t ions  afforded 16 .  This  a ldehyde  was  treated 

wi th  H o r n e r - E m m o n s  reagent  fo l lowed by  basic  hydrolys is  gave 1, tanzawaic acid A(GS-1302-3 ) ,  wh ich  could 

be  separated f r o m  its C10  epimer  via H P L C  (ODS; MeOH:HE(k.TFA, 90:10:0.1) .  The  pro ton  N M R  and 

specific rotat ion were  in good  agreement  wi th  those  of  the authentic sample.  12 This  ev idence  suppor ts  the 

absolute  s tereochemical  a s s ignment  o f  tanzawaic acids and GS-  1302s depicted in f igure 1. 

In conclus ion ,  we  accompl ished the first total synthesis  of  tanzawaic  acid A(GS-1302-3 ) .  The  

s tereocontrol led route a l lows the absolute  s tereochemistry to be  determined.  A key step involved  the use  of  

L i eb es k i n d ' s  tin scavenger  in a StiUe coupl ing with a highly h indered  aryl triflate. These  new condi t ions  may 

have  general  synthet ic  utility. 
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