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Abstract-A diastereo-controlled total synthesis of (+l-geodiamolide 

A 1 1 )  has been accomplished via a prior synthesis of t h e  

tetrapropionate derived fragment 1 1  and of the iodinated N -  

methyltyrosyltripeptide 17, the latter involving direct iodination of 

the tripeptide, and subsequent coupling of both fragments followed by 

the trichlorobenroyl chloride-mediated macrolactonirat~on. 

In 1987, Chan and his co-workers1 announced the isolation and structure 

elucidation of l+)-geodiamolides A ( 1 )  and B I21 from the marine sponge Geodla sp. 

as additional members of the sponge cycladepsipeptide precedented by jaspamide 

131.~ Our interest in the total synthesis of these cyclic depsipeptides stemmed 

not only from their unique structural features but also from their biological 

activities reported. We now report a diastereo-controlled total synthesis of l+)- 

geodiamolide A (1 ).3 

OH 

1 Geodiamolide A X = I 
2 Geadiamolide B X = Br 

Scheme 1 

3 laspamide 



Geodiamolide A (1) is composed of a polypropionate fragment of twelve carbons and 

a tripeptide unit which contains the unique amino acid moiety 3-iodo-E-methyl-2- 

tyrosine in an 18-membered ring. A polypropionate fragment was constructed 

stereoselectlvely from (S)-!-)-propylene oxide4 by the following sequence. The 

ring-opening of (S)-(-)-propylene oxide with the diaxlion of propionic acid gave 

the lactones ( 4 )  and (51 as a l :l mixture of dlastereaisomers in 62% combined 

yield. Treatment of a mixture of the lactanes (4) and (5) wlth lithium 

diisopropylamide ILDA) in THF at -78'C followed by protonation with 11%)-(-)-10- 

camphorsulfonic acid at 78'C resulted in preference of 5 over 4 l=. 6.6:l 

Reduction of this mixture of 4 and 5 with diisobutylaluminum hydride in toluene at 

78'C and subsequent treatment of the resulting lactols with propanedithiol and 

boron trifluoride etherate afforded the 1.3-dlthiane derivative (6). LulD 2 7 

+ 19.7' ( g  1.42, CHC13), in 588 yield along with its diastereoisomer (8% yield). 

Silylatlon of 6 [L-butyldimethylsilyl chloride (TBSCI), imidazole, DMFl and 

oxidative hydrolysis of the resulting silyl ether (E-chlarosuccinlmide and silver 

nitrate16 afforded the aldehyde ( 7 ) ,  [cr]D26 t23.2' (5 0.06, CHCl)), in 38% yield. 

Reaction of 7 with isopropenylmagnesiurn bromide in THF at -78-C gave the alcohols 

(8) and (9) as a mlxture (ca. 1:ll of diastereoisomers in a combined yield of 95%. 

Treatment of the ketone, obtained by the Swern oxidation of a mlxture of 8 and 9, 

with Red-A1 in toluene at -78'C gave the alcohol (91. [olD2' +30.4' (c 0.90, 
CHCl3). in 72% yleld along wlth 8 (15% yield). The alcohol (9) was then acylated 

with propionyl chloride and the resulting propionate ( 1 0 )  was subjected to the 

enolate Claisen rearrangement7 (LDA/THF/-78'C. TBSCI-HMPA, and then warmed to room 

temperature) to give the acyclic acid (11 [olD26 -9.7'15 1.30, CHCl3). in 77% 

yield along with its epimer (6% yield). 

Next we examined a construction of the tripeptide (17). Methylation (NaH, MeI, 

THF) of ~ - ~ - b u t y l d i r n e t h y l ~ ~ l y 1 - ~ - B o c - ~ - t y r o s i n e  benzyl ester 1121, readily - 

available from g-tyrosine, provided E-methylurethane ( 1 3 )  I" 828 yield. Removal - 
of the E-L-butylorycarbonyl protecting group in 13 [TFA-CH2C12!1 :2). 4 h. O'Cl 

followed by treatment with E-Boc-kalanine anhydride in CH2ClZ in the presence of 

EtjN gave the dipeptide (14). [o]D24 r25.8' (c 1.75, MeOH), in 78% yield. 



HETEROCYCLES, Vol 29, No 10, 1989 

1) DlBAL 

A H 0  
,,$'. 2) LDA, 

then &CSA 
5 

BF3.0EtZ 
4 6 

1) TBSCI, 
imidazole, 
DMF - 

2) AgN03, 
NCS 

TBSO uCHO TBso JJ+ + T B s o m  
OH t ) ~  

9 
1) Swern Ox. t 
2) Red-AI 

LDA, then 
0 - TBSO TBSO COSH 

TBSCI-HMPA 
pyridine, -78°C'" 
DMAP 11 

10 0 

Scheme 2 

Removal of the benzyl group in 1 4  (HZ, 10% PdIC, EtOH) and subsequent 

dicycloheuylcarbodiimide (DCC)-promoted coupling of the resulting acid with&- 

alanine +-butyl ester in CH2C12 in the presence of l-hydroxybencotriazole (HOBT) 

at O'C for 5 h provided the linear tripeptide (151, + 8.0' Is 1.04, MeOH),  

in 728 yield. Subsequent treatment of 1 5  with iodine and Hg(OAcI2 afforded the 

monoiod~de (16). [olDZ5 + 31.5' ( 2  1.1, CHC13), in 76% yield. The selective 

removal of the E-L-butoxycarbonyl group in 16 was effected by treatment with L- 
butyldimetylsilyl trifluoromethanesulfonate ITBSOTf) in the presence of 2,6- 

lutldine in CH2C12, followed by hydrolysis with a saturated NH4Cl solution9 to 

give 17 in 80% yield. The DCC-promoted coupling10 of 17 with l 1  in the presence 

of  HOBT in CH2C12 for 6 h at O'C afforded 18, lalD25 + 15.7' (c 1.04, CHClji, in 

79% yield. The simultaneous cleavage of the L-butyl ester and partial 

desilylation of 18 were effected by treatment with TFA-ethanedithiol-CH2C12 

(3:1:12) at O'C to give the seco acid (19). [olD2= +20.8" Is 0.47, CHC13), in 59% 
yleld. Lactonizat~on of 19 using the Yamaguchi procedure 12.4.6-trichlorobenzayl 

chlorideltriethylamine and then 4-dimethylaminopyridine l ~ ~ ~ ~ ) / b e n z e n e / r e f l u x l ~ ~  



afforded the desired 18-membered ring compound (20) ~n 18% yield. Desilylation 

of 20 With E-Bu4NF in THF furnished l+)-geodiamolide A (l), lalD26 +55.1° (c 
0 . 0 7 7 ,  CHC13) [lit.' [alD25 t53'Ic 0.04,  CHC13)l, in 7 9 %  yield, whose structure 

was established by direct comparison with an authentic sample of the natural 

material. 

A Synthesis of the bromo congener 12)'~ was also accomplished by starting with the 

direct bromination of the tripeptide 15 with bromine. 

OTBS OTBS OTBS 

Mel, NaH 6 
T - * 
6. ,-C0,CHzPh *rC02CH2Ph Me L. rCO,CHPh 

BocNH Boc NMe SNM~ 
12 13 0 

14 

m*,. 1) 11, DCC, HOBT 

- . " T T  
3) 12, then Hg(OAc), M e 0  - 2) TFA-ethanedithiol 

R'O * R 0  
0 M e 0  - then DMAP 

2) n-Bu,NF 
18 R' = TBS, R' = 1-Butyl 20 R = TBS 
19 R' . R ' = H  1 R = H  

Scheme 3. 

ACKNOWLEDGMENT 

We are grateful to Dr. Manchand (Hoffmann-La Roche) and Professor Chan (University 

of the West Indies) for kindly providing us with the authentic sample of 

geodiamolide A and the spectral data for geodiamolide B. We also acknowledge 

financial support from Pfirer Pharmaceuticals ~ n c .  



HETEROCYCLES, Vol 29, No 10, 1989 

REFERENCES AND NOTES 

1 W. R. Chan, W. F. Tinto, P. S. Manchand, and L. J. Todaro, J. Org. Chem., 

1987, 5 2 ,  3091. 

2 T. M. Zabriskie, J. A. Klocke, C. M. Ireland, A. H. Marcus, T. F. Molinski, D. 

J. Faulkner. C. Xu, and J. C. Clardy, J. Am. Chem. Soc., 1986, 108,  3123. 

3 A part of this work was presented at the 107th Annual Meeting of 

Pharmaceutical Society of Japan, Kyoto, April, 1987 and at the 109th 

Annual Meetlng of Pharmaceutical Society of Japan, Nagoya, April, 1989. 

After presentation of our abstract paper for the latter, a paper dealing 

with the total synthesis of geodiamollde A using slmilar tactics appeared; 

J. D. White and J. C. Amedio, Jr., J. Org. Chem., 1989, 5 4 ,  738. 

4 M. K. Ellis and B. T. Golding, Org. Synth., 1985. 63, 140. 

5 S. Takano, J. Kudo, M. Takahashl, and K. Ogasawara, Tetrahedron Lett., 1986, 

2 7 ,  2405. 

6 E. J. Corey and B. W. Erickson, J. Org. Chem., 1971, 36, 3553. 

7 ( a )  R. E. Ireland, R. H. Mueller, and A. K. Willard, J. Am. Chem. Soc., 1972, 

94,5897. ( b )  R. E. Ireland, R. H. Mueller, and A. K. Willard, J .  Am. Chem. 

Soc., 1976, 9 8 ,  2868. 

8 U. Schmidt. W. Siegel, and K. Mundinger, Tetrahedron Lett., 1988, 29, 1269. 

9 M. Sakaitani and Y. Ohfune, Tetrahedron Lett., 1985, 26, 5543. 

10 Grieco and his coworker employed a slrnllar method for their synthesis of 

geodiamolide B: P. A. Grieco and A. P. Medrano, Tetrahedron Lett., 1988, 29, 

4225. 

1 1  J. Inanaga, K. Hirata, H. Saeki, T. Katsuki, and M. Yamaguchi, Bull. Chem. 

Soc. Japan, 1979, 52, 1989. 

12 The detailed experimental results will be presented in due course 

Received,  2 4 t h  July, 1989 


