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TOTAL SYNTHESIS OF TYLOSIN 

Kunrakl Tatsuta*, Yoshrya Amemlya, Yoshtnobu Kanemura, Hrdeakl Takahashl, 

and Mltsuhu-o Klnoshlta 

Department of Apphed Chemistry, Kero Unlversrty 

Hlyoshl, Kohoku-ku, Yokohama 223, JAPAN 

Summary Tylosln has been synthesized by reglo- and stereoselectlve lntroductlon of the amino 
dlsaccharlde moiety and D-mycrnose onto the previously synthesized 16-membered-ring aglycone. 

Tylosln (1)) a 16-membered-ring macrohde antlblotlc, IS extremely used as a therapeutrc 

substance in treatment of mycoplasmosls in poultry 
1 

An aglycone (2) of tylosln has been stereo- 

speclflcally synthesized from D-glucose In these laboratories. 
2 

Herein, we report the first total 

3 
synthesis of tylosln (1) by reglo- and stereoselectlve lntroductron of the amino dlsaccharlde, 

namely 4-O- ( CL -L-mycarosyl) -D-mycamlnose, and D-myclnose onto the C-5 and C-23 hydroxyl groups 

of the macrohde aglycone The synthesis began with the conversion of the aglycone 2 into the 

ethylene acetal 5 as previously described in the total synthesis of carbomycln B 
4 

Acid hydrolyses 

(4% H3P04 In 50% aq THF, 60°, 

hemlacetal 35 (78%, mp 120°, [a] 

21h) of the aforesard 2 (mp 124O, [cr], +60°)5 afforded the 

D +25O), which was treated with ethylene glycol (TsOH, dloxane, 

350, 2 days) to give the hydroxyethyl furanoslde 46 (62%, mp 118”, [al, +53O) and 54 (ll%, mp 88O, 

LoI, +23“, imax 284 nm (E 21400)) after preparative TLC (Rf 0 37 and 0.39, PhMe-hexane-Me2C0 

1 1 1) The 8-glycostdatlon of 5 was widely lnvestrgated using a varrety of modified Koenlgs-Knorr 

condltlons , which involved recent methods 
7 

Thus, reaction of 5 with 1-cr-bromo-2,4-dlacetyl- 

mycamlnose hydrobromlde 3b (20 q e ulv ) ur the presence of HgO and HgBrZ8 (dloxane /Drlerlte, 20“, 

17h) , followed by methanolysls 3b (MeOH, 40°, 24h), gave the desired 8-glycoslde 65 as a single 

isolable product (22%, mp 129O, [al, +7 5”, X 
max 

284 nm (E 27300)) Rf 0 36 (CHC13-MeOH 8 1) 

ldentlcal ln all respects with the authentic sample , which was derived from mycamlnosyl tylonohde9 

by treatment with ethylene glycol and TsOH (MeCN, 20°, lh) followed by trltylatlon (TrCl/Py, 50°, 

18h) That the C-5 hydroxyl group 1s more reactive than the C-3 toward glycosldatlon IS consistent 

with the view in the total synthesis of erythromycln by Woodward et al 
6 

The second glycosldatlon of mycarose moiety to the C-4’ hydroxyl group was stereospeclflcally 

accomphshed by our method3 after protecting the C-2’ hydroxyl group Wrthout protection, the 

glycosldatlon unexpectedly 
3b 

gave the C-2’ glycoslde as the malor product Selective acetylation 

(Ac20/MeCN, 5” 0 5h) of 6 by using Its own basrclty gave 75 (60%, The 

glycal 8 3*5 ([al, 

mp 129O, [al, +2 5O) 

-165O) was prepared (TsC1/Et3N/MeCN, 20°, 4h) from 4-0-acetylmycarose (needles, 

mp 103O, Ial, -lOO”), whrch was In turn obtained from L-mycarose by acetylatlon (Ac20/Py) and 

selective hydrolysis (aq CHC12COOH/MeCN) Reactlon (PhMelMeCN, -30° to 20°, 5h) of 7 with 8 

( 4 equlv ) in the presence of 1,3-dlbromo-5,5-drmethylhydantoln (2 equlv ) afforded, after slhca 

gel column chromatography (PhH-Me2C0 6 1 and CHC13-Me2C0 15 l), a single condensed product g5 

(178, mp 132”, [al, -25O, Xmax 283 nm (E 20600), and unreacted starting materlal 7 (recovered in 
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52% yield). Use of N-lodosuccnumlde7 gave no desired product possibly owing to the nonselectlvely 

occurrlng halogenatlon of the double bonds of the aglycone. In the 13C-NMR spectrum of 9 the I 
chemical shift (6 173 7) of the slgnal due to the C-l carbon lndlcated the presence of an lntra- 

molecular hydrogen bonding 
10 

between the C-l carbonyl and C-3 hydroxyl groups, supporting the 

structure of the C-4’ glycoslde. It has been found In these laboratories 
3b 

that the presence of a 

bromine atom at the C-2” Induces the glycoslde to resist even drastic acid hydrolysis, while 2- 

deoxyglycosldes are generally lablle under acldlc condltlons . Consequently, deprotectlon of 9 with 

90% CF3COOH (So, lh) gave needles of the hydroxy aldehyde lo5 (828, mp 148O, [a], -50°) wlthout 

cleavage of the a-glycosldlc linkage. Debromlnatlon of 10 by using Bu3SnH (3 equlv ) with c&a’- 

azoblslsobutyronltrlle as catalyst (PhMe, Ar, 45O, 5h) afforded the 2”-deoxyglycoslde 115 (90%. mp 

145O (needles), [a], -70°, Xmax 284 nm (E 21900)), which was deacetylated (MeOH, 40°, 6Oh and 

then K2C03/MeOH, 20°, 4h) to give demyclnosyl tylosln 125 (80%. mp 152O, 1~11~ -590, x 283 nm 
max 

(E 21200)) ldentlcal In all respects with a sample of the same structure produced by a mutant stran 

of Streptomyces frQdlQt? 
11 

The third glycosldatlon was eventually achieved by a usual Koenlgs-Knorr conchtlon as follows. 

The labile 4-0-acetylmyclnosyl bromide was prepared (HBr-AcOH/CH2C12, 5O. 2h) from dlacetyl- 

myclnoses (a-acetate* syrup, [a], +56O, B-acetate needles, mp 106O, [aID +300), which were 

obtwned by acetylatlon (Ac20/Py) of D-myclnose 
12 

Condensation of 11 with the glycosyl bromide 

(10 equlv ) In the presence of Hg(CN)2 In MeNO (Drlerlte, 40°, 6h) gave, after sihca gel column 

chromatography (PhH-Me2C0 4.1 and CHC13-Me2C0 5: 1) , the a- and 8-glycosldes (13 and 14. Rf 

0.26 and 0 34 (PhH-Me2C0 3 1)). The 8-glycoslde 145 was further purlfled on Sephadex LH-20 

column chromatography (PhH-Me2C0 4-l) to give an analytical1 pure sample (228, mp 128O, [aID 

-510) The other glycoslde 13, without further purification , was submitted to selective deacety- 

latlon (MeOH, 40°, 2 days) to give 155 (32% porn 11, mp 120°, [a], -6.3”) , which was completely 

deacetylated (K2C03/MeOH, 20°, 2h) to yield the a-anomer (17)5 of tylosln (698, mp 123O, [al, -28O, 

x 
max 

284 nm (E 22800)). Similar deacetylatlon of 14 completed the synthesis, through 165 (mp 185’ 

(needles), [al, -45O), glvlng tylosin (15. 84%, mp 135-138O (amorphous from Me2CO-hexane), mp 

131° (monohydrate plates from Me2CO-H20), [aID -55O, Xmax 283 nm (E 27500)) ldentlcal In all 

respects (IR, UV, 
1 
H-NMR and antlbacterlal activity (Table 1)) with that obtained from natural 

sources. 

Compounds 11, 12 and 17 also were found to show fan-ly strong antlbacterlal activities (Table 1). 

Table 1 Mlnlmal Inhlbltory Concentration (mcg/ml) Of The Products 

Synthetic Natural Synthetic Natural” 
Tylosln(1) Tylosin 11 12 12 

Staph. uuTeus 209P 0 39 0 39 0 78 0 39 0.39 

Sarczna Zutea PC1 1001 co.2 <o 2 <o 2 <o 2 co.2 

B. subtzlzs E-558 0.39 0.39 0.78 0.78 0.78 

E. coZz NIHJ 50 50 3 12 3.12 3.12 

KZ. PC1 602 pnewnonzae 50 50 6.25 6.25 6.25 

Sh. dysenterzae JS 11910 6.25 6.25 3 12 3.12 3.12 

SaZ. enterztzdzs 1891 25 25 12 5 12 5 12.5 

17 

0.78 

co. 2 

0.78 

50 

50 

25 

50 
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RSO-l 23 

R’= R2= AC, R3=H 

R’= R*= R3= H 

R1=R2= AC, R3=Y 

R’= R2= AC, R3=Z 

Me8 

15 : R’=H, R2=Ac, R3= Y 

18: R’=H, R2=Ac, R3= 2 

17: R’=R’=H, R3=H0 
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