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Recently. the reversible phosphorylation of proteins has been recognized to be a major mechanism for the 
intracellular signal transductions in eukaryotic cells.1 The specific inhibitors of protein pho@ataXs (PP) become 
an useful tool for studying such the intracellular events. Tautomycin 1 was isoiated f&n Srrcptomyces 
spirovcticillatus as an antifungal agent2 and later was found to be a potent inhibitor of PP1 and PP2A.3 
Although molecular size and partial structure of 1 are similar to those of well-known phosphatase inhibitor 
oka&& acid (OA),d OA and 1 showed a different affmity for PPl and PP2A.394 Thus, systematic study of 
stmctum-activity relationship of 1 would elucidate the structllral req uirement for the inhibitory activity to design 
the new specific inhibitors for PPl and PP2A. Our interest shown above led us to develop an efficient synthesis 
of 1. 

Retrosynthetic disconnection of the carbon backbone at the C21-Ca bond divides the target into two 
subunits, named as the L&-wing 2 and the Right-wing 3 (Schcm 1). The key issue of our synthesis is a 
stereocontrolled aldol coupling of two key subunits. In the previous study, w have already established the 
efficient route ,to synthesize Cl-Cl& fragmtnL5 Herein, we describe the synthelris of tbe heavily functionalized 
Left-wing and the totat synthesis of tautomycin.6 

The synthesis of the Left-wing 2 began with alcohol 4 (Scheme 2). Oxidation to alde41yde followed by 
Wittig don gave Q @unsaauated ~~Sin9o%yield.TosetuptherequindchiralityatC~.wcselectcdthc 
Sharpless asymmetric dihydroxylation protocol (tautomycin numbering).7 Treatmnt of 5 with AD-mix-B 
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&forded (3’R. 4’.!+diol6 in 99 96 yield. Then, phydroxy group was selectively w by DDQ oxidations to 

afford bcnzylidene acetal7. Subsequent oxidation with Dess-Martin periodinane (DMP)9 gave unstable a-keto 
ester 8, which was directly subjected to Homer-Emmons olefiiation.lO In this reaction, maleate 9 was 

prefenz&alIy provided in 67 % yield acxompanying geomeuic isomer (28 %). Cleavage of acetal in 9 followed 
by protection with DEIPSClll and selective deprotection of primary silyl ether gave 10 in 83 % overall yield 
Sequential oxidation with DMP and then with NaC!l(& pmvided acid 11, which was es&fied with alcohol l2 by 
Yamaguchi methodt2 to yield 13 in good overall yield. Finally, oxidation to sulfoxide followed by Pummtxer 
reaction and methanolysis furnished 2 in 8 1% yield. ‘l’hus the synthesis of the Left-wing 2 has been attained in 
20 % overall yield for the thirteen-step sequence. 
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Sehanta 2 (a) SO&, DMSO. EtaN. CH&&: @) ‘BuO+CH-PPhs, CH&, Qo % (2 atap); (c) AD-mix-p, 

MaSOsNHs, ~uOH-H& CPC, 90 K; (d) DDQ, MS2A, CH&, 6%. 66 K; (a) C&a-Martin p&odlnana, Py, CH&; 

(1) EtO&CH(Cl+)PO(Oi!t)s. ~uOK. THF, a0 -&WC (67 %, 2 alapa); (g) PPTS, MaUi, 98 K; (h) DEIPSCI, Im, 

Ccl&, 89 SC; (l) Aeon-WTHF (4:1:4), 95 K; (9 DOW-Martin paMMane, Py, CH&, 87 X; (k) NaC&. Nal+PO,, 

PmathyWbutana, ~u0H-H~. 91 K; (I) 2,4, S-trbhb roknroykhbdda, EtsN, toluana: 12, DMAP. @PC. Q4 q 

(m) NalO,, MaOH-l+O, 97 9L; (n) TFAA, Py; NaHCOs, MaOH, 84 SC. 

Next, our attention moved to the crucial coupling of the Left-wing 2 and the Right-wing 313 (Scheme 3). 
The aklol reactions dealing with z-facial selectivity have been extensively studied in natural products synthesis. l4 
We initially m aklol reaction of metal enolates (Scheme 3). The lithium en@te derived from 3 was treated 
with aldehyde 2. followed by desilylation to give a 1 : 4 ratio of the two epirxxrs in favour of the undesired 

(2~aldol product 15 (Felkin addun considering C~methoxy group as a large group). Using the titanium 
enolate under the condition described by Evans,l~ an increased amount of @!I?)-8dduct 14 was obtained in 
improved yield (combined yield 63 %) with essentially same selectivity. Unfortuna& ly,allattemp&toreveXsethe 
selecdvity using metalalolate wae unsuccessful. 

In&to reversethed~inaldolI.eection,Lewisacid-catalyaedsilylend~additianl6 
(Mukaiyama aldol reaction) was examined. In the presence of TiC!L+ the silyl en01 ether derived from 3 was 
reacted with aldehyde 2. followed by desilylation to afford the desired anti-Fe&in product 14 as a single adduct 
(Scheme 3). Based on precedents for chelation-controlled Mukaiyama aldol reaction.17 the exceptional high 
selectivity in this reaction would be accounted for chelation of T~C!LI with CD-methoxy group of aldehyde 2. 
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2 2 
l)eldolmctbIl 
2) HF-CH&N-H@ 

14 (22R)-addud (desired) 
15 (22~eiddti 

14 (22R) 15 (225) 
UHMDS 7.5 % 30% 

TIc14. ‘pr2Ne 15% 43% 

TMSOTf. &N 54% 0% 

thenTIc 

Schmm3 

FinaIly. the coupling product 14 was converted to 1 as shown in Scheme 4. Pd-assisted selective oxidation 
of &%minal 01&m of 14 afforded methyl ketone 16.5 Deprotection of t-butyl group with trifluoroacetic acid or 
aqueous HF was IIlls- but was effected by the action of TESOI’f.1~ Thus, deprotection of t-butyl group 
with TESGTf and 2, dlutidine and concomitant ring closurel8 gave 1. Our synthetic sample was identical in all 
mspects with the natural tautomycin. 

a 
14 - &lop -1 

EtO& 
16 

&home 4 (a) OZ. WCI2, CuCI, DMF-H&, 72 %; (b) TESOTf, 2, &lutidine, CHfi12, 4t %. 

In conclusion, the fit total synthesis of tautomycin has been achieved via efficient aldol coupling of two 
large subunits. Gur synthetic route would provide efficient way to prepare various analogues of I for biological 
evaluation. 
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spectra. This work was supported by a Grant-in-Aids from the Ministry of Education, Science, and Culture of 
Japan. 



4812 

REFERENCES AND NOTES 

1. 
2. 

3. 
4. 

Cohen, P. Annu. Rev. Biochem. 1989,58. 453-508. 
(a) Isolation: Cheng, X.-C; Kihara, T.; Kusakahe. H.; Magae, J.; Kobayashi. Y.; Fang, R.-P.; Ni, Z.-F.; 
Shen, Y.-C.; Ko, K.; Yamaguchi. I.; Isono, K. J. Anribiot. l!B87,40,907-909. (b) Structure: Cheng. X.- 
C; Ubukata, M.; Isono, K. J. Antibiot. 1990.43,809-819. (c) Absolute configuration: Ubukata, M.; 
Cheng, X.-C; Isobe, M.; Isono. K. J. Chem. Sot., Perkin Trans. I 1993,617-624. (d) Biological 
activity: Ho& M.: Magae, J.; Han, Y.-G.; Karaki, H.; Hartshome, D. J. FEBS Z.ef?. BJ1.28.5, 145- 
148. Magae. J.; Watanabe, C.; Osada, H.; Cheng, X.-C; Isono, K. J. Antibior. l!b88,41,932-937. 
Magae, J.; Hino, A.; Isono, K.; Nagai, K. J. Antibior. 1992,45,246-251. Kurisaki, T.; Magae, J.; 
Isono, K.; Nagai, K.; Yamasaki, M. J. Antibiot. 1992.45,252-257. 
MacKintosh, C.; Klumpp, S. FEBS L.&t. 1990,277. 137-M. 
(a) Nishiwaki, S.; Fujiki, H.; Suganuma, M.; Nishiwalci, R.-M.; Sugimura, T. FEBS L&t. 1991,279, 
115-118; (b) Ishihara, H.; Martin, B. L.; Brautigan, D. L.; Karaki, H.; Ozaki, H.; Kate, Y.; Fusetani. N.; 
Watabe. S.; Hashimoto, K.; Uemura, D.; Hartshome. D. J. Biochem. Biophys. Res. Commun. 1989, 
159, 871-877. 

5. 
6. 

7. 

8. 
9. 
10. 
11. 
12. 

13. 

Oikawa, M.; Oikawa, H.; Ichihara, A. Terrahedron L&f. 1993.34.4797~4800. 
Other synthetic studies: (a) Ichikawa. Y.; Tsuboi, K.; Naganawa, A.: Isobe, M. %fVLEl’T 1993,907- 
908; (b) Nakamura, S.; Shibasaki, M. In Symposium Papers of 35th Symposium on the Chemistry of 
Natural Producrs; Kyoto (Japan), 1993; pp 527-534. 
Sharpless, K. B.; Amberg, W.: Bennani, Y. L.: Crispino. G. A.; Hartumg, J.: Joeng, K.-S.: Kwong. H.- 
L.; Morikawa, K.; Wang, Z-M.; Xu, D.; Zhang. X.-L. J. Org. Chem. 1992.57, 2768-2771. 
Oikawa, Y.; Nishi, T.; Yonemitsu, 0. Tetrahedron Left. 1983,24,4037-4040. 
Dess. D. B.; Martin, J. C. J. Org. Chem. 1983.48, 4155-4156. 
Huff. R. K.; Moppett, C. E.; Sutherland, J. K. J. Chem. Sot., Perkin Trans. 1 1972, 2584-2590. 
Toshima, K.; Mulcaiyama. S.; Kinoshita, M.; Tatsuta, K. Tetrahedron Left. N&&9,30,6413-6416. 
Inanaga. J.; Hirata, K.; Saeki, H.; Katsuld, T.; Yamaguchi, M. Bull. Chem. Sot. Jpn. 1979.52, 1989- 
1993. 
The Right-wing 3 was synthesized from our synthetic intermediate, Ct-Cl8 fi’agment mported pnzviously5 
via Roush crotylboration protocol. The details of the synthesis of thii segment will be reported in a fuU 
account. 

14. 

15. 
16. 
17. 

(a) Evans, D. A.; Ng:, H. P.; Rieger, D. L. J. Am. Chem. Sot. 1993,215. 11446-11459; (b) Evans, D. 
A.; Calter, M. A. Tetrahedron Lerr. 1993,34,6871-6874; (c) Roush, W. R.; Bannister, T. D.; Wendt, M. 
D. Tetrahedron Lett. 1993,34,8387-8390, (d) Martin, S. F.; Lee, W.-C. Tetrahedron L.&t. l993,34, 
2711-2714; (e) Paterson, I.; Cumminng. J. G. Tetrahedron Lett. 1!#2,33,2847-2850. 
Evans, D. A.; Rieger, D. L.; Bilodeau, M. T.; Urpf, F. J. Am. Chem. Sot. 1991, IZ3, 1047-1049. 
Mukaiyama, T. Org. React. 1982,28.203-331. 
(a) Reetz. M. T.; Kesseler. K. J. Org. Chem. 1985.50.5436-5438. (b) Reetz. M. T.; Jung, A. J. Am. 
Chem. Sot. 1983.105.4833-4835. (c) GeMari, C.; Ekmtta, M. G.; Bemardi, A.; More, G.; Scolastico, 
C.; Todeschini, R. Tetrahedron 1986,42,893-909. 

18. In 2,3dialkyhnaleic anhydride, the smooth equilibration between anhydride and diacid was qotted-a 

(Received in Japan 30 March 1994) 


